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Selective Voltmeter . . . . . . . . . . . . . . . . . . .  447. 498 
Self-Test Digital Multimeter . . . . . . . . . . . . .  47. 48. 49 
Serial Interface. Hardwired . . . . . . . . . . . . . . . . .  568 
Shorts. Coaxial and Waveguide . . . . . . . . . . . . . .  406 
Signal Analyzers. Digital . . . . . . . . . . . . . . . . . . .  469 

. . . . . . . . . .  440 
Signal Analyzers. Spectrum . . . . . . . . . . .  135. 452-468 
Signal Coupler Preamplifier . . . . . . . . . . . . . . . . .  240 
Signal General . . . . . . . . . . . . . . . . . . . . . .  322. 323 

Signal Source . . . . . . . . . . . . . . . . . . .  322. 323. 332 

Recorders 

Signal Analyzers. General Information 

Signal Generators and Accessories . . . . . . . . . .  34 1-363 

Signature Analysis . . . . . . . . . . . . . . . . . . . . . . .  472 
Sinewave Generators . . . . . . . . . . . . . . . . . .  322-329 
Sinewave Oscillator . . . . . . . . . . . . . . . . . . . . . .  326 
Single Span Plug-In Module . . . . . . . . . . . . . . . .  229 
Slotted Lines. Coaxial and Waveguide . . .  403. 404. 405 
Slotted Line Detector . . . . . . . . . . . . . . . . . . . . .  404 
Slotted Line R F  Probe . . . . . . . . . . . . . . . . . . . .  405 
Slotted Line Sweep Adapters . . . . . . . . . . . . . . . .  405 
Software. Basic Control System . . . . . . . . . . . . . .  542 
Solid State Displays . . . . . . . . . . . . . . . . . . . . . .  559 
Solid State Lamps . . . . . . . . . . . . . . . . . . . . . . .  559 
Spectrometers . . . . . . . . . . . . . . . . . . . . . . . . . .  562 
Spectrum Analyzer . . . . . . . . . . . . .  135. 452.468. 470 
Square Wave Gen . . . . . . . . . . . . . . . .  327. 329. 332 
Standards: Frequedcy and Time . . . . . . . . . . . . . .  280 
Standing Wave Ratio (SWR) Meter . . . . . . . . . . . .  412 
Step Attenuators . . . . . . . . . . . . . . . . . . . . . . . .  396 
Step Recovery Diodes . . . . . . . . . . . . . . . . . . . .  558 
Strip Chart Recorder . . . . . . . . . . . . . . . . . .  215. 233 
Structural Dynamics . . . . . . . . . . . . . . . . . . . . .  472 
Sweep/Offset Plug-In . . . . . . . . . . . . . . . . . .  330. 331 
Sweep Oscillators. General Information . . . . . .  364. 365 
Sweep Oscillators . . . . . . . . . . . . . . . . . . . .  366-379 
Sweep Plug-In . . . . . . . . . . . . . . . . . . . . . .  330. 331 
Sweeping Slotted Line . . . . . . . . . . . . . . . . . . . .  405 
Switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  558 
Switches. Coaxial . . . . . . . . . . . . . . . . . . . . . . .  410 
Swivel Adapter . . . . . . . . . . . . . . . . . . . . . . . . .  411 
Synchronizer. Phase Lock . . . . . . . . . . . . . . . . . .  379 
Synthesizer. Frequency . . . . . . . . . . . . . . .  348 to 351 
Synthesizers - General Information 
Synthesizers. Spectrum . . . . . . . . . . . . . . . . . . . .  471 
System Desk . . . . . . . . . . . . . . . . . . . . . . . . . .  481 
System Enclosures . . . . . . . . . . . . . . . . . . . .  486. 487 
Systenl. Fourier Analyzer . . . . . . . . . . . . . . . . . .  470 
System. Modal Analysis . . . . . . . . . . . . . . . . . . .  472 
System. Random Vibration Control 
System. Rotating Machinery Analysis 
System. Signature Analysis . . . . . . . . . . . . . . . . .  472 

. . . . . . . . . . .  319 

. . . . . . . . . . . .  472 
. . . . . . . . . . .  472 

T 
Tape Cassette . . . . . . . . . . . . . . . . . . . . . . . . . .  536 
Tape Punch . . . . . . . . . . . . . . . . . . . . . . . . . . .  537 
Tape Recorder. Digital Magnetic . . . . . . . . . .  244. 541 
Telecommunications Test Equipment . . . . . . . .  488-513 
Telephone Oscillators . . . . . . . . . . . . . . . . . . . . .  500 
Temperature Plug-In Module . . . . . . . . . . . . . . . .  229 
Terminal Control System Software 
Terminal Interface. Display . . . . . . . . . . . . . . . . .  540 

. . . . . . . . . . . .  542 



ALPHABETICAL INDEX 

Terminal Multiplexer. Asynchronous . . . . . . . . . . .  537 
Terminations. Coaxial and Waveguide . . . . . . . . . .  406 
Test Leads . . . . .  474 
Testmobiles . . . .  478 
Test Oscillators . . 335 
Test Sets. Transmisslull . . . . . . . . . . . . . . . . . . . .  496 
Thermal Printer . . . . . . . . . . . . . . . . . . . . . . . .  246 
Thermistor Mounts. Coaxial and Waveguide . . .  386. 387 
Thermometer . . . . . . . . . . . . . . . . . . . . . . .  550. 551 
Time Base External Modult . . . . . . . . . . . . . . . . .  221 
Time Base Plug-In Module . . . . . . . . . . . . . . . . .  218 
Time Domain Reflectometers . . . . . . . . . . . . .  131. 132 
Time Internal Counters . . . . . . .  252. 258. 261. 264. 270 
Time Mark Generator . . . . . . . . . . . . . . . . . . . .  154 
Time Standard . . . . . . . . . . . . . . . . . . . . . . . . .  282 
TIMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  493 
Tip Kit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
Tracking Generator . . . . . .  448. 449. 456. 460. 462. 464 

Transceiver Test System . . . . . . . . . . . . . . . . . . .  523 
Transfer Function Analyzer . . . . . . . . . . . . . . . . .  470 

Training/Video Tapes . . . . . . . . . . . . . . . . . . . . .  569 

Transmission Impairment Measuring Set . . . . . . . . .  493 
Transmission Line Test Equipment. Coaxial . . . . . .  390 
Transmission & Noise Meter Psophmeter . . . . . . . .  501 
Transmission Test Set . . . . . . . . . . . . . . . . . .  502. 503 
Transistors . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-8 
Triangle Wave Generator . . . . . . . . . . . . . . . . . .  332 
Trigger/Phase Lock Plug-In . . . . . . . . . . . . . .  330. 331 
Trigger Countdown . . . . . . . . . . . . . . . . . . .  132. 133 
True RMS Voltmeter . . . . . . . . .  29. 38. 39. 44. 45. 46 
Transistor Bias Supply . . . . . . . . . . . . . . . . . . . .  436 
Transistor Test Fixtures . . . . . . . . . . . . . . . .  435. 436 
Tuners. Microwave . . . . . . . . . . . . . . . . . . . . . .  409 
Twenty Additional Blank Reference BD . . . . . . . . .  87 
Twenty Preprogrammed Ref . Bds . . . . . . . . . . . . . .  

TWT Amplifiers . . . . . . . . . . . . . . . . . . . . . . . .  20 
Type N Short . . . . . . . . . . . . . . . . . . . . . . . . . .  406 
Typewriter . . . . . . . . . . . . . . . . . . . . . . . . . . . .  537 

U 
Universal Bridge . . . . . . . . . . . . . . . . . . . . . .  64. 65 
Universal Carriage (Slotted Section) . . . . . . . . . . . .  404 
Universal Counters . . . . . . . . . . . . . . . . . . .  264. 270 
Universal Interface . 3 

V 

Variable Phase Functic 9 

87 
Two Channel Amplitude Measurements . . 420. 421. 422 

Vector Impedance Met 7 

Vector Voltmeter . . . . . . . . . . . . . . . . . . . . . . . .  439 
Vibration Analyzer . . . . . . . . . . . . . . . . . . . . . .  470 
Vibration Controller . . . . . . . . . . . . . . . . . . . . .  472 
Video Tapes . . . . . . . . . . . . . . . . . . . . . . . .  570. 571 
VLF Comparator . . . . . . . . . . . . . . . . . . . . . . .  289 
Voltmeter. Vector . . . . . . . . . . . . . . . . . . . . . . .  439 

W 

Wave Analyzer . . . . . . . . . . . . . . . . . . . . . .  448. 449 
Wave Analyzer . . . . . . . . . . . . . . . . . . . . . . . . .  446 
Wave and Distortion Analyzers . . . . . . . . . . .  450. 451 
Waveform Analyzer. Fourier . . . . . . . . . . . . . . . .  470 
Waveguide 

Crystal Detectors . . . . . . . . . . . . . . . . . . . . . .  402 
Detector Mount . . . . . . . . . . . . . . . . . . . . . . .  402 
Directional Couplers . . . . . . . . . . . . . . . . . . . .  401 
Frequency Meters . . . . . . . . . . . . . . . . . . . . . .  408 
Harmonic Mixer . . . . . . . . . . . . . . . . . . . . . .  410 
Holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  411 
Instrumentation and Accessories . . . . . . . . . . . .  394 
Low-Pass Filters . . . . . . . . . . . . . . . . . . . . . . .  407 
Movable Shorts . . . . . . . . . . . . . . . . . . . . . . .  406 
Phase Shifters . . . . . . . . . . . . . . . . . . . . . . . .  409 
Precision Attenuators . . . . . . . . . . . . . . . . . . .  398 
Shorting Switch . . . . . . . . . . . . . . . . . . . . . . .  406 
Slide Screw Tuners . . . . . . . . . . . . . . . . . . . . .  409 
Sliding Loads . . . . . . . . . . . . . . . . . . . . . . . .  406 
Sliding Short . . . . . . . . . . . . . . . . . . . . . . . . .  406 
Slotted Section . . . . . . . . . . . . . . . . . . . . . . . .  404 
Stand . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  411 
Terminations . . . . . . . . . . . . . . . . . . . . . . . . .  406 
Thermistor Mounts . . . . . . . . . . . . . . . . . .  386. 387 
Variable Attenuators . . . . . . . . . . . . . . . . . . . .  398 

Waveguide-Waveguide Adapters . . . . . . . . . . . . . .  411 
4-Wire Digital Ohmmeter . . . . . . . . . . . . . .  47. 48. 49 
Word Generator . . . . . . . . . . . . . . . . . . . . . . . .  315 
Writable Control Store . . . . . . . . . . . . . . . . . . . .  540 

X 

X-Ray Systems. Cabinet . . . . . . . . . . . . . . . . . . .  556 
X-Ray Systems. Portable . . . . . . . . . . . . . . . . . . .  557 
X-Ray Systems. Scientific & Industrial . . . . . . . . . .  555 
X-Y Displays . . . . . . . . . . . . . . . . . . . . . . .  170. 171 
X-Y Plotters . . . . . . . . . . . . . . . . . . . . . . . . . .  227 
X-Y Recorders . . . . . . . . . . . . . . . . . . . . . .  214-226 



HP-35 Scientific Pocket Calculator . . . . . . . . . . . . . .  
HP-45 Advanced Scientific Pocket Calculator ...... 
HP-46 Scientific Desktop Calculator . . . . . . . . . . . . .  
HP-65 Programmable Pocket Calculator . . . . . . . . . .  
HP-70 Business Pocket Calculator . . . . . . . . . . . . . . .  
HP-80 Financial Pocket Calculator . . . . . . . . . . . . . .  
HP-8 1 Financial Desktop Calculator . . . . . . . . . . . . .  
100 
105A/B Quartz Frequency Standards . . . . . . . . . . . . .  287 
1 17A VLF Comparator ....................... 289 
123A Oscilloscope Camera . . . . . . . . . . . . . . . .  156. 157 
140B Oscilloscope Mainframe . . . . . . . . . . . . . . . . . .  149 
140T Spectrum Analyzer Mainframe . . . . . . . . . . . .  456 
141B Variable Persistence Storage Mainframe . . . . .  148 
141T Spectrum Analyzer Mainframe . . . . . . . . . . . .  456 
180 series Plug-in Oscilloscopes . . . . . . . . .  110. 130. 135 

Mainframes ........................... 1 17. 454 

Mainframes ........................... 113. 454 

53 1 
531 
53 8 
532 
533 
533 
538 

180C/D High Writing Speed Oscilloscope 

181A/AR/T/TR Variable Persistence/Storage 

182C/T Large Screen Oscilloscope Mainframe 
183A/B/D Wideband Oscilloscope Mainframe 
184A/B High Speed Oscilloscope Mainframes . 

116. 135 
136. 137 
114. 115 

195A Oscilloscope Camera . . . . . . . . . . . . . . . .  
197A Oscilloscope Camera . . . . . . . . . . . . . . . .  

156. 157 
156. 157 

200 
200AB Audio Oscillator ....................... 
200CD Audio Oscillator ...................... 
201C Audio Oscillator ........................ 
202H FM/AM Signal Generator . . . . . . . . . . . . . . .  
203A Variable Phase Generator . . . . . . . . . . . . . . . .  
204C Sine. Square Wave Oscillators . . . . . . . . . . . . .  
204D Sine. Square Wave Oscillators . . . . . . . . . . . . .  
207H Univerter ............................. 
209A Sine. Square Wave Oscillators . . . . . . . . . . . . .  
214A Pulse Generator ........................ 
226A Time Mark Generator . . . . . . . . . . . . . . . . . . .  
230B Tuned RF Amplifier ..................... 
236A Telephone Test Oscillator . . . . . . . . . . . . . . . . .  
250B RX Meter ............................. 
281 series Coaxial-Waveguide Adapters . . . . . . . . . .  
292 series Waveguide-WaveoliiAp AAantPrc 

326 
326 
326 
360 
329 
327 
3 27 
360 
327 
294 
154 
20 

500 
67 

41 1 
A1 1 

300 
3 1 OA Wave Analyzer ......................... 
3 12/ 3 13A Wave Analyzer . . . . . . . . . . . . . . . . .  448. 449 

44 . 
3 12C Selective Levelmeter & Generator . . . . . .  508. 509 
331A Distortion Analyzer ..................... 450 
332A Distortion Analyzer ..................... 450 
333A Distortion Analyzer . . .  
334A Distortion Analyzer ... 
340B Noise Figure Meter . . . . . . . . . . . . . . . . .  --. 
342A Noise Figure Meter . . . . . . . . . . . . . . . . .  388. 389 
343A VHF Noise Source . . . . . . . . . . . . . . . . . .  388. 389 
345B IF Noise Source .................... 388. 389 
347A series Noise Sources . . . . . . . . . . . . . . . .  388. 389 

MODEL NUMBER INDEX 

349A Noise Source ...................... 388. 
350D Attenuators & Decade Capacitator . . . . . . . . .  
354A Coaxial Step Attenuators . . . . . . . . . . . . . . . . .  
355 series Coaxial Step Attenuators . . . . . . . . . . . . . .  
360 series Coaxial Low.pass. Filters . . . . . . . . . . . . .  
362A series Waveguide Low.pass. Bandpass Filters . 
375 series Waveguide Variable Attenuators . . . . . . . .  
3 82 series Waveguide Precision Variable Attenuators 
393A Coaxial Variable Attenuator . . . . . . . . . . . . . .  
394A Coaxial Variable Attenuator . . . . . . . . . . . . . .  

389 
75 

396 
396 
407 
407 
398 
398 
396 
396 

v.. ........ - D  .............. 
-Function Meter . . . . . . . . . . . . . . . . . . .  25 
Lip-on Milliammeter . . . . . . . . . . . . . . . . .  24 
lower Meters . . . . . . . . . . . . . . . . . .  385, 386 
I x m - * - -  1Q3 122 

400 
4OOE/EL AC Vnltmptpr . . . . . . . . . . . . . . .  
400F/FL AC V 
400GL AC Vol 
403B AC Voltn 
410C General Purpubc: iviui~i-ruiiuiuil I V I C L G I  . . . . . .  
415E SWR Meter ............................ 
419A DC Null volt-ammeter . . . . . . . . . . . . . . . . . . .  
420A/B Coaxial Crystal Detector . . . . . . . . . . . . . . .  
422A series Waveguide Crystal Detectors . . . . . . . . .  
423A Coaxial Crystal Detector . . . . . . . . . . . . . . . . .  
424A series f'rirctal Wavpclnide lktectors . . . . . . . . .  
427A Multi . 
428B DC C1 
432 series P 
435A Power ivic:ic:i ...................... 
440A Detector Mount ........................ 
442B Slotted Line RF Probe . . . . . . . . . . . . . . . . . . .  
444A Slotted Line Detector .................... 
446B Slotted Line Detector .................... 
447B Slotted Line Detector .................... 
448A/B Slotted Line Sweep Adapter . . . . . . . . . . . . .  
456A Current Probe for Voltmeters ............. 
461A General Purpose Amplifiers . . . . . . . . . . . . . . .  
462A General Purpose Amplifiers . . . . . . . . . . . . . . .  
465A General Purpose Amplifiers ............... 
467A Power Amplifier/Power Supply . . . . . . . . . . . .  
477B Coaxial Thermistor Mount . . . . . . . . . . . . . . . .  
478A Coaxial Thermistor Mount . . . . . . . . . . . . . . . .  
X485B Waveguide Detector .................... 
486A series Waveguide Thermistor Mounts . . . . . . .  
487B series Waveguide Thermistor Mounts . . . . . . .  
489A TWT Amplifier ......................... 
491C TWT Amplifier ......................... 
493A TWT Amplifier ......................... 
495A TWT Amplifier ......................... 

28 

1" 

412 
23 

402 
402 
402 
402 

500 
532 series Waveguide I 
536A Coaxial Frequent, .................. 
537A Coaxial Frequency Meter ................ 
580A Digital-to-Analog Converter . . . . . . . . . . . . .  
581A Digital-to-1 

600 
606B Signal Gent 
608E Signal Genrlarvl ....................... 

. J"J 

405 
405 
404 
405 
404 
405 
476 

18 
18 
18 
18 

387 
386 
402 
386 
387 

20 
20 
20 
20 

408 
236 
236 

354 
355 
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i -4 MODEL NUMBER INDEX 

612A Signal Generator ........................ 356 
618C Signal Generator ........................ 358 
620B Signal Generator ........................ 358 
626A Signal Generator ........................ 359 
628A Signal Generator ........................ 359 
651B Test Oscillator .......................... 335 
652A Test Oscillator .......................... 335 
653A Test Oscillator .......................... 335 
654 Test Oscillator ........................... 335 
680 Strip Chart Recorder ...................... 235 

700 
740B DC Standard Voltmeter . . . .  
745A AC Calibrator . . . . . . . . . . .  
746A AC Calibrator . . . . . . . . . . .  
752 series Waveguide Directional Couplers . . . . . . . .  
774D Coaxial Dual Directional Coupler . . . . . . . . . .  
775D Coaxial Dual Directional Coupler . . . . . . . . . .  
776D Coaxial Dual Directional Coupler . . . . . . . . . .  
777D Coaxial Dual Directional C 
778D Coaxial Dual Directional C 
779D Coaxial Directional Coupli 
786D Coaxial Directional DetecL . . . . . . . . . . . . . .  yvv 

787D Coaxial Directional Detector . . . . . . . . . . . . . .  400 
788C Coaxial Directional Detector . . . . . . . . . . . . . .  400 
789C Coaxial Directional Detector . . . . . . . . . . . . . .  400 
796D Coaxial Directional Coupler . . . . . . . . . . . . . .  400 
797D Coaxial Directional Coupler . . . . . . . . . . . . . .  400 
798C Coaxial Directional Couder . . . . . . . . . . . . . .  400 

401 
399 
399 
399 

!oupler . . . . . . . . . .  399 
!oupler . . . . . . . . . .  399 
zr . . . . . . . . . . . . . .  400 
m .. A n n  

.... . . . . . . . . . . . . . . . . . .  

e ..................... 403 
800 
805C Coaxial Slotted Lint 
809C Universal Carriag 14 
8 1 OB series Waveguide 14 
814B Slotted Lines . . .  15 
815B series Waveguide ........................... d5 
816A Slotted Coaxial Sections . . . . . . . . . . . . . . . . . .  404 
817A/B Coaxial Swept Slotted Line System . . . . . . .  403 
870A Waveguide Slide Screw series Tuners . . . . . . .  409 
885A series Wa 
895A DC Powei 

:e ...................... 40 
....................... 40 

........................ 40 
Cl,.tt ,J c,3,.t;fino An 

veguide Phase Shifters . . . . . . . . . . .  409 
rSupply ....................... 208 

900 
905A Coaxial Sliding Load .................... 406 
907A Coaxial Sliding Load .................... 406 
908A Coaxial 50 Ohm Termination . . . . . . . . .  134. 406 
909A Opt 012 50 Ohm Termination . . . . . . . . . . . . .  134 
909A Coaxial Termination ..................... 406 
9 10 series Waveguide Terminations . . . . . . . . . . . . . .  406 
91 1A Coaxial Sliding Load .................... 406 
914 series Waveguide Sliding Loads . . . . . . . . . . . . .  406 
920 series Waveguide Moving Shorts . . . . . . . . . . . . .  406 
X923A Waveguide Sliding Short . . . . . . . . . . . . . . . .  406 
X930A Waveguide Shorting Switch . . . . . . . . . . . . .  406 
P932A Waveguide Harmonic Mixer . . . . . . . . . . . . .  406 
934A Coaxial Harmonic Mixer . . . . . . . . . . . . . . . . .  406 

938A Frequency Doubler Set . . . . . . . . . . . . . . . . . .  
940A Frequency Doubler Set . . . . . . . . . . . . . . . . . .  
970A Probe Digital Mi-'+:--+-- 

1000 
lOOOA Testmobile ....................... 445. 446 
lOOlA Testmobile ....................... 445. 446 
1001B Testmobile ....................... 445. 446 
1002A Testmobile ....................... 445. 446 
1002B Testmobile ....................... 445. 446 
1003A Testmobile ....................... 445. 446 
1003B Testmobile ....................... 445. 446 
1004A Testmobile ....................... 445. 446 
1004B Testmobile ....................... 445. 446 
1006A Testmobile ....................... 445. 446 
1008A System Work Table . . . . . . . . . . . . . . . . .  445. 446 
1009A System Work Table . . . . . . . . . . . . . . . .  445. 446 

1051Al1052A Combining Cases . . . . . . . . . . . . . . . .  481 

Countdown ........................... 132. 133 

359 
359 

ic 2 7  

lOlOB High Speed Liquid Chromatograph . . . . . . . .  

1 104A/ 1 106B Opt 001 1 8 GHz Trigger 

1104A/1108A 10 GHz Trigger Countdown . . .  
1 105Al1106B 20 ps Pulse Generator . . . . . . . . . . . .  
1 105A/ 1 108A 60 ps Pulse Generator . . . . . . . . . . . .  

562 

132. 133 
134 
134 

1109B High Pass Filter (type N )  . . . . . . . . . . . . . . .  134 
11 10A Current Probe .................... 152. 153 
1 1 11A AC Current Amplifier . . . . . . . . . . . . . .  152. 153 
11 16A Testmobile. Oscilloscope . . . . . . . . . . . . . . . .  478 
11 17B Testmobile. Oscilloscope . . . . . . . . . . . . . . . .  478 
11 18A Testmobile. Oscillc--- .- 
1120A 500 MHz Active P 
1121A AC Probe . . . . . . .  
1122A Probe Power Supp 
1124A 100 MHz Active Probe 
1125A 250 MHz Impedance Converter Probe . . . . .  
1200A/B Dual Channel Oscilloscope. 

1201A/B Dual Channel Storage Oscilloscope. 

1205A/B Dual Channel Oscilloscope. 
5 mV/ div ............................ 

1220A Dual Channel Oscilloscope. 15 MHz . . 
1221A Single Channel Oscilloscope. 15 MHz . . 
1300A Large-Screen Analog System Display . . . . . .  

478 
151 

0. 467 
2. 153 

151 
151 

144- 147 

. . . . . . . . . . . . . . . . .  

100 pV/ div ........................... 

100 pV/div ........................... 144-147 

144- 147 
142. 143 
142. 143 

172 
1310A 48.3 cm (19 in.) Display . . . . . . . . . . . .  168. 169 
1311A 35.6 cm (14 in.) Display . . . . . . . . . . . .  168. 169 
1317A 43.2 cm (17 in.) Display . . . . . . . . . . . .  164. 165 
1321A 53.3 cm (21 in.) Display . . . . . . . . . . . .  166. 167 
1330A X - Y  Display ...................... 170. 171 
1331A/C X - Y  Display. Storage . . . . . . . . . . . . .  170. 171 
1332A High Resolution Display . . . . . . . . . . . .  162. 163 
1601L Logic State Analyzer . . . . . . . . . . . . . . . . .  78. 79 
1620A Pattern Analyzer ...................... 82 

497 
1700 series Portable Oscilloscopes . . . . . . . . . . . . . . .  101 
1700B Portable Oscilloscope. 35 MHz ....... 104. 105 
1700B Option 300. 35 MHz . . . . . . . . . . . . . . .  108. 109 

1645A Data Error Analyzer . . . . . . . . . . . . . . . . . . .  



1702A Portable Storage Oscilloscope . . . . . . . .  

1707B Option 300. 50 MHz . . . . . . . . . . . . . . .  

75 MHz ............................. 104. 105 
1710B Portable Oscilloscope. 200 MHz . . . . . .  102. 103 
1720B Oscilloscope. 275 MHz . . . . . . . . . . . . . .  98-100 

and time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94-96 

106. 107 
1703 Portable Storage Oscilloscope. Delayed 

Sweep ............................... 106. 107 
108. 109 

1707B Portable Delayed Sweep Oscilloscope. 

1722A 275 MHz. Direct Readout of volts 

1801A Dual Channel Vertical Amplifier. 
50 MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120. 121 

124 
1804 Four Channel Vertical Amplifier. 

50 MHz . . . . . . . . . . . . . . .  137 123 

1805A Dual Channel Vertical 
100MHz . . . . . . . . . . . . . . .  

1806A 100 V Dual Channel D 

1807A Dual Channel Vertical 

1808A Dual Channel Vertical Amplifier. 

1809A Four Channel Vertical Amplifier. 

1803A Differential DC Offset Amplifier . . . . . . . . . .  

Amplifier . . . . . . . . . . . . . .  

35 MHz ............................. 120. 121 

75 MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

100 MHz . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122. 123 
1810A 1 GHz Dual Channel Sampler . . . . . . . . . . . .  130 
1811A 4 or 18 GHz Sampler . . . . . . . . . . . . . . .  128. 129 
1 8 1 SA/ B TDR/ Sampler . . . . . . . . . . . . . . . . . .  132. 133 
1816A Sampling Head. 4 GHz . . . . . . . . . . . . .  132. 133 
1817A Sampler. 12.4 GHz . . . . . . . . . . . . . . . .  132. 133 
18 1 SA Time Domain Reflectometer. 170 ps tr . . . . .  
1820C Time Base . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
1821A Time Base/Delay Generator . . . . . . . . . . . . . .  

13 1 

125 
1824A Time Base and Sweep Expander 
1825A Time Base and Delay Generator 
1830A Dual Channel Vertical Amplifier. 

250MHz ....................... 
1831A Direct Access Vertical. 600 MHz . . . . . . . . .  140 
1831B Direct Access Vertical. 500 MHz . . . . . . . . . .  140 
1834A 200 MHz 4-Channel Amplifier . . . . . . . . . . .  138 
1835A 200 MHz Dual Channel Amplifier . . . . . . . . .  139 
1840A TimeBase . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
1841A Time Base/Delay Generator . . . . . . . . . . . . .  141 
1900A Pulse Generator Mainframe . . . . . . . . . . . . . .  3 12 
1901A Pulse Generator Mainframe . . . . . . . . . . . . . .  312 
1905A Rate Generator ........................ 3 1 1 
1906A Rate Generator ........................ 3 11 
1908A Delay Generator ....................... 310 
19 1 OA Delay Generator ....................... 3 10 
1915A Variable Transition Time Output . . . . . . . . .  305 

305 
305 

1920A Pulse Output .......................... 305 
1921A Positive Output Plug-in . . . . . . . . . . . . . . . . .  305 
1925A Word Generator ....................... 308 
1927A Fan-in Amplifier ....................... 3 1 1 
1928A Fan-out Amplifier ...................... 3 11 

308 

19 16A Variable Transition Time Output . . . . . . . . .  
1917A Variable Transition Time Output . . . . . . . . .  

1930A PR Binary Sequence Generator . . . . . . . . . . .  

. . . . . . . . . .  126 

. . . . . . . . . .  126 

. . . . . . . . . .  140 

. . . . . . . . .  420-423 

. . . . . . . . .  420-423 

. . . . . . . . . . . . . . . . . .  354 

. . . . . . . . . . . . . . . . . .  332 

. . . . . . . . . . . . . . . . . .  333 
Hi Accuracy . . .  320. 321 

27n 271 u: A ,. ,... r n n . r  

2000 
2070A Data Logger .......................... 56 
2402A Integrating Digital Voltmeter . . . . . . . . . . .  52. 53 
2607A Line Printer .......................... 537 
2748B High Speed Tape Reader . . . . . . . . . . . . . . . .  536 
2801A Quartz Thermometer . . . . . . . . . . . . . . . . . . .  550 
2802A Digital Thermometer . . . . . . . . . . . . .  40. 43. 551 
2811B Quartz Pressure Gauge . . . . . . . . . . . . . .  552. 553 
2895B A Tape .............................. 537 

3000 
3040A Network Analyzer . . . . . . . .  
3041A Network Analyzer . . . . . . . .  
3042A Network Analyzer . . . . . . . . . . . . . . . . .  420-423 
3043A Network Analyzer ..................... 426 
3050B Auto Data Acquisition System . . . . . . . . . .  
3200B VHF Oscillator ........................ 352 
3300A Mainframe Plug-in Function Generator . . . .  
3301A Plug-in Function Generator . . . . . . . . . . . . . .  
3302A Plug-in .............................. 331 
3304A Plug-in .............................. 331 
3305A Plug-in .............................. 331 
3310A Function Generator .................... 334 

57-59 

330 
330 

-9 1 33 1 OB Function Generator . . 
33 11A Function Generator . . 
33 12A Function Generator . . 
3320A Frequency Synthesizer 1 
3320B Frequency Synthesizer 111 nLL.uiaby . . .  
3320C Level Generator . . . . . . . . . . . . . . . . . . .  508. 509 
3330B Automatic Synthesizer . . . . . . . . . . . . . .  322. 323 
3352A Laboratory Data System . . . . . . . . . . . . . . . .  562 
3373B Electronic Digital Integrator . . . . . . . . . . . . .  562 
3380A Reporting Integrator . . . . . . . . . . . . . . . . . . .  562 
3400A True RMS Voltmeter . . . . . . . . . . . . . . . . . . .  29 
3403C True RMS Volt1 ’ 38. 39 
3406A RF Voltmeter . . . .  31 
3450B Multi-Function . . 50. 51 
3462A Digital VoltmetGl ...................... 52 
3469B Multimeter ........................... 35 
3470A Digital Multimeter . . . . . . . . . . . . . . . . . . .  40-43 
3480C Digital Voltmeter . . . . . . . . . . . . . . . . .  44. 45. 46 
3480D Digital Multimeter ..................... 44 
3482A DC Range Unit for 3480A/B . . . . . . . . . . . .  45 
3484A Multi-Function Unit for 3480A/B 45 
3489A Data Punch/Coupler . . . . . . . . . . . . . . . . . . .  55 
3490A Digital Multimeter . . . . . . . . . . . . . . . .  47. 48. 49 
3550B Portable Test Set . . . . . . . . . . . . . . . . . . .  502. 503 
355 1 A Transmission Test Set . . . . . . . . . . . . . . . . . . .  492 
3552A Portable Transmission Test Set . . . . . . . . . . .  492 
3555B Transmission & Noise Measuring Set . . . . . . .  501 
3556A Psophometer (same as 3555B) 501 
3575A Gain/Phase Meter . . . . . . . . . . . . . . . . .  424. 425 
3580A Spectrum Analyzer . . . . . . . . . . . . . . . . .  452. 453 
3581A Signal Wave Analj 
3581C Selective Voltmeter 
3590A Selective Voltmeter 
3591A Selective Voltmeter 

J A v .  

. . . . . . . .  

. . . . . . . . . . .  

A A l  

3594A Sweeping Local Oscillator Plug-in . . . . . . . . .  507 

merer . . . . . . . . . . . . . . . . .  

Meter . . . . . . . . . . . . . . . . .  
..................... 
.. 

rzer . . . . . . . . . . . . . . . . . .  
..................... 498 
..................... 507 
..................... 507 

... 
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3702B IF/BB Receiver . . . . . . . . . . . . . . . . . . .  504. 505 
3710A IF/BB Transmitter . . . . . . . . . . . . . . . .  504. 505 
3722A Noise Generator ....................... 473 
3730A Down Converter: RF to IF . . . . . . . . . .  504. 505 
3740A IF Switch ............................ 506 
3750A Attenuator ........................... 506 
3760A Data Generator . . . . . . . . . . . . . . .  318. 510. 511 
3761A Error Detector .................... 510. 511 
3770A Amplitude/Delay Distortion Analyzer . . 494. 495 
3800A Distance Meter ........................ 564 
3800B Distance Meter ........................ 564 
3805A Distance Meter ........................ 564 

244 3960A Portable Instrumentation Tape Recorder . . . .  

4000 
4050A Analog Comparator .................... 72 
4204A Digital Oscillator ...................... 328 
4260A Universal Bridge ....................... 64 
4265B Universal Bridge ....................... 65 
4270A Capacitance Bridge ..................... 66 
4271A Digital LCR Meter . . . . . . . . . . . . . . . . . . .  68. 69 
4282A Digital High Capacitance Meter . . . . . . . .  70. 71 
4328A Milliohmmeter ........................ 62 
4329A Resistance Meter ...................... 63 
4332A LCR Meter ........................... 61 

4350A/B High Capacitance Meter . . . . . . . . . . . . . .  72 
4436A Attenuator ........................... 75 
4437A Attenuator ........................... 75 
4440B Decade Capacitor ...................... 75 
4800A Vector Impedance Meter . . . . . . . . . . . . . . . .  73 
4815A Vector Impedance Meter . . . . . . . . . . . . . . . .  427 

5 13 
513 
513 
513 
51 2 
512 
512 
493 

4342A Q Meter ............................. 74 

4900A Cable Fault Locator .................... 
4901A Cable Fault Locator .................... 
4904A Cable Fault Locator .................... 
4905A Ultrasonic Translator Detector . . . . . . . . . . .  
49 1 OF Open Fault Locator ..................... 
4912F Conductor Fault Locator . . . . . . . . . . . . . . . .  
4913A Test Desk Fault Locator . . . . . . . . . . . . . . . . .  
4940A Transmission Impairment Measuring Set . . . .  
5000 
5000A Logic Analyzer ...................... 80. 8 1 
501 1T Logic Troubleshooting Kit . . . . . . . . . . . . . . .  86 
5015T Logic Troubleshooting Kit . . . . . . . . . . . . . . .  87 
5035A Basic Logic Lab ....................... 88 

5050B Digital Recorder ....................... 248 
5055A Digital Recorder ....................... 247 
K02-5060A Standby Power Supply . . . . . . . . . . . . . .  29 1 

282 
E2 1-506 1 A Flying Clock (Cesium) . . . . . . . . . . . . . .  282 

282 
282 
282 
291 

51 50A Thermal Printer ....................... 246 

5035T Logic Lab ............................ 89 

5061A Cesium Beam Frequency Standard . . . . . . . .  

5062C Cesium Beam Frequency Reference . . . . . . . .  
5065A Rubidium Frequency Standard . . . . . . . . . . .  

5085A Standby Power Supply . . . . . . . . . . . . . . . . . .  
5087A Distribution Amplifier . . . . . . . . . . . . . . . . . .  290 

E21-5065A Portable Rubidium Time Standard . . . . .  

5210A Frequency Meter ...................... 279 
5245L/M Electronic Counters .................. 260 
5246L Electronic Counter ..................... 260 
5248L/M Electronic Counters . . . . . . . . . . . . . . . . . .  260 
5252A Prescaler Plug-in ....................... 259 

258 
5254C Frequency Converter Plug-in . . . . . . . . . . . . .  258 

258 
258 

5257A Transfer Oscillator Plug-in . . . . . . . . . . . . . . .  258 
5258A Prescaler Plug-in ....................... 259 
5261A Video Amplifier Plug-in . . . . . . . . . . . . . . . . .  259 
5262A Time Interval Plug-in . . . . . . . . . . . . . . . . . . .  259 
5264A Preset Plug-in ......................... 259 
5265A Digital Voltmeter Plug-in . . . . . . . . . . . . . . . .  258 
5267A Time Interval Plug-in . . . . . . . . . . . . . . . . . . .  258 
5300A Counter Mainframe .................... 272 
5300B Counter Mainframe .................... 272 
5301A 10 MHz Counter Module . . . . . . . . . . . . . . . .  273 
5302A 50 MHz Universal Counter Module . . . . . . . .  273 
5303B 500 MHz Counter Module . . . . . . . . . . . . . . .  274 
5304A Timer/Counter Module . . . . . . . . . . . . . . . . .  274 
5305A 1100 MHz Counter Module . . . . . . . . . . . . . .  275 
5306A Digital Multimeter/Counter . . . . . . . . . . . . . .  275 
5307A Frequency Counter Module . . . . . . . . . . . . . .  276 
5308A Timer Counter Module . . . . . . . . . . . . . . . . . .  276 
53 1 OA Battery Pack Module . . . . . . . . . . . . . . . . . . .  278 
53 1 1 B Digital-to-Analog Converter . . . . . . . . . . . . . .  277 
53 12A ASCII Converter ...................... 277 
5323A Automatic Counter ..................... 279 
5326A Universal Counter ..................... 264 
5326B Universal Counter/Digital Voltmeter . . . . . .  264 
5326C Multi-Function Counter . . . . . . . . . . . . . . . . .  264 
5327A Universal Counter ..................... 264 
5327B Universal Counter/Digital Voltmeter . . . . . .  264 
5327C Multi-Function Counter . . . . . . . . . . . . . . . . .  264 
5330A Preset Counter ........................ 279 
5330B Preset Counter ........................ 279 
5340A Microwave Frequency Counter . . . . . . . . . . .  262 
5341A Microwave Frequency Counter . . . . . . . . . . .  262 
5345A Electronic Counter . . . . . . . . . . . . . . . . .  252-254 
5353A Channel C: Plug-in for 5345A . . . . . . . . . . . .  255 
5354A 4 GHz Frequency Converter . . . . . . . . . . . . .  255 
5360A Computing Counter .................... 261 
5375A Computing Counter Keyboard . . . . . . . . . . . .  261 
5379A Time Interval Plug-in . . . . . . . . . . . . . . . . . . .  261 
53 8 1 A Frequency Counter ..................... 269 
5382A Frequency Counter ..................... 269 
5451 B Fourier Analyzer ....................... 470 
5453A Transmission Parameter Analyzer . . . . . . . . .  496 
5468A Transponder .......................... 496 
5501A Laser Transducer ...................... 548 
5526A Laser Interferometer . . . . . . . . . . . . . . . .  546. 547 
5700A Laboratory Gas Chromatographs . . . . . . . . .  562 
5750B Research Gas Chromatograph . . . . . . . . . . . .  562 
5830A Reporting Gas Chromatograph . . . . . . . . . . .  562 
5950A ESCA Spectrometer .................... 562 
5980A Mass Spectrometer ..................... 562 

5253B Frequency Converter Plug-in . . . . . . . . . . . . .  

5255A Frequency Converter Plug-in . . . . . . . . . . . . .  
5256A Frequency Converter Plug-in . . . . . . . . . . . . .  



rerSupply ...................... 197 

v.erSupply ...................... 197 
lrer Supply ...................... 197 

qer Supply ...................... 197 
,.̂ " 0 ..-- 1 .. 197 

I . . . . . . . . . . . . . . . .  197 
ed Voltage Sources . 21 1 
. . . . . . . . . . . . . . . . .  211 
. . . . . . . . . . . . . . . . .  211 
. . . . . . . . . . . . . . . . .  202 

qnq 

...................... 182 

...................... 182 
. . . . . . . . . . . . . . . . .  196 

6000 
6101A DC POP 
6102A DC POP 
6104A DC POP 
6105A DC Pov 
6106A DC POWGL o'upp'y ......................... 
6 1 1 OA-6 1 16A DC Power Supplj 
6128C-6131B Digitally Control11 
6140A Digital Current Source . 
6145A Digital Current Source . 
6177C DC Power Supply . . . . .  
6 1 8 1 B DC Power Supply ...................... 
61 86C DC Power Supply ...................... 

6220B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  

6227B DC Power Supply . . . . . . . . . . . . . .  
6228B DC Power Supply ...................... 
6236A DC Power Supply ...................... 
6253A DC Power Supply ...................... 
6255A DC Power Supply ...................... 

LVLI 

202 
6200B-6209B Power Su 
6211A-6218A DC Powe 

6224B DC Power Supply 
6226B DC Power Supply 

196 
178 
182 
182 

6256B DC Power Supply 
6259B DC Power Supply 
6260B DC Power Supply 
6261B DC Power Supply ......................... 
6263B DC Power Supply ...................... 186 
6264B DC Power Supply ...................... 186 
6265B DC Power Supply ...................... 186 

6268B DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  

6266B DC Power Supply . 
6267B DC Power Supply . 
6269B DC Power Supply 
6271B DC Power Supply 
6274B DC Power Supply 
628 1 A DC Power Supply 
6282A DC Power Supply 
6284A DC Power Supply ...................... 
6285A DC Power Supply ...................... 

IUL 

182 
6286A DC Power Supply 
6289A DC Power Supply 
6290A DC Power Supply 
6291A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  
629412 DC Power Supply . . . . . .  
6296A DC Power Supply . . . . . .  
6299A DC Power Supply . . . . . .  
6384A DC Power Supply ...................... 
6427B DC Power Supply ...................... 
6428B DC Power Supply ...................... 
6433B DC Power Supply ...................... 

I I 

190 
190 
190 

6434B DC Power Supply 
6438B DC Power Supply 
6439B DC Power Supply . . . . . . . . . . . . . . .  
6443B DC Power Supply ...................... 
6448B DC Power Supply ...................... 
6453A DC Power Supply ...................... 
6456B DC Power Supply ...................... 

190 
190 
190 
190 

..................... 186 

..................... 186 
126 

. . . . . . . . . . . . . . . .  182 

. . . . . . . . . . . . . . . .  182 

. . . . . . . . . . . . . . . .  182 
1 7 9  

6459A DC Power Supply ...................... 
6464C DC Power Supply ...................... 
6466C DC Power Supply ...................... 
6469C DC Power Supply ...................... 

6475C DC Power Supply ...................... 
6477C DC Power Supply ...................... 
6479C DC Power Supply ...................... 
6483C DC Power Supply ...................... 

65 16A DC Power Supply ...................... 

6525A DC Power Supply ...................... 
6823A DC Power Supply/Amplifier . . . . . . . . . . . . .  
6824A DC Power Supply/Amplifier . . . . . . . . . . . . .  
6825A DC Power Supply/Amplifier . . . . . . . . . . . . .  

6472C DC Power Supply ...................... 

6515A DC Power Supply ...................... 

6521A DC Power Supply ...................... 
6522A DC Power Supply ...................... 

6826A DC Power Supply/ Amplifier 
6827A DC Power Supply/Amplifier 
6830A DC Power Supply/Amplifier 
6831A DC Power Supply/Amplifier 
6832A DC Power Supply/Amplifier . . . . . . . . . . . . .  
6920B AC/DC Meter Calibration . . . . . . . . . . . . . . .  
6940B Multi-Programmer 
6941B Multi-Programmer I 

190 
190 
190 
190 
190 
190 
190 
190 
190 
194 
194 
194 
194 
194 
200 
200 
200 
"90 

10 
10 
10 

200 
340 .. A 

217 
222 
222 

.................... 217 

.................... 221 

.................... 223 

.................... 223 

7000 
7004B X - Y  Recorder ......................... 
701 OA X - Y  Recorder ......................... 
701 5A X - Y  Recorder ......................... 
7034A X - Y  Recorder ..... 
7035B X - Y  Recorder . . . . .  
7040A X - Y  Recorder . . . . .  
7041A X - Y  Recorder . . . . .  
7044A X - Y  Recorder ......................... 
7045A X - Y  Recorder ......................... 
7046A X-Y Recorder ......................... 
7047A X - Y  Recorder ......................... 
7100B Strip Chart Recorder. 2 Pen . . . . . . . . . . . . . .  
7101B Strip Chart Recorder. 1 Pen . . . . . . . . . . . . . .  
7123A Strip Chart Recorder . . . . . . . . . . . . . . . . . . .  
7127A Strip Chart Recorder. 1 Pen . . . . . . . . . . . . . .  
7128A Strip Chart Recorder. 2 Pen . . . . . . . . . . . . . .  
7130A Strip Chart Recorder. 2 Pen . . . . . . . . . . . . . .  
7131A Strip Chart Recorder. 1 Pen . . . . . . . . . . . . . .  
7132A Strip Chart Recorder. 2 Pen . . . . . . . . . . . . . .  
7133A Strip Chart Recorder. 1 Pen . . . . . . . . . . . . . .  
7143A Strip Chart Recorder . . . . . . . . . . . . . . . . . . .  

7202A Graphic Plotter ........................ 
7203A Graphic Plotter ........................ 

7260A Optical Mark Reader . . . . . . . . . . . . . . . . . . .  

7155A Portable Strip Chart Recorder . . . . . . . . . . . .  

7210A Digital Plotter ......................... 

7261A Optical Mark Reader . . . . . . . . . . . . . . . . . . .  
7402A 2-Channel Oscillographic Recorder . . . . . . . .  
7404A 4-Channel Oscillographic Recorder . . . . . . . .  
7414A 4-Channel Oscillographic Recorder . . . . . . . .  
7418A 6 to 8 Channel Oscillographic Recorder . . . .  

224 
224 
226 
224 
228 
228 
230 
228 
228 
232 
232 
233 
233 
230 
234 
227 
227 
545 
544 
544 
237 
237 
239 
239 



MODEL NUMBER INDEX 

7562A Log Voltmeter/Converter . . . . . . . . . . . . . . .  30 
7563A Log Voltmeter/Amplifier . . . . . . . . . . . . . . . .  30 
7591A Point Plotting System . . . . . . . . . . . . . . . . . . .  220 

562 
7670A Automatic Sampler ..................... 562 
7610A High Efficiency Gas Chromatograph . . . . . . .  

. . . . . . . . . . . . . . . .  297 

. . . . . . . . . . . . . . . .  315 

. . . . . . . . . . . . . . . .  301 

. . . . . . . . . . . . . . . .  302 

8000 
8002A Pulse Generator . 296 
8004A Pulse Generator ....................... 296 
8005B Pulse Generator . . . . . . .  
8006A Pulse Generator . . . . . . .  
8007B Pulse Generator . . . . . . .  
8008A Pulse Generator . . . . . . .  
8010A Pulse Generator ....................... 298 
8011A Pulse Generator ....................... 295 
8012B Pulse Generator ....................... 299 
8013B Pulse Generator 799 
8015A Pulse Generator io0 
801 6A Pulse Generator 116 
8082A Pulse Generator . . . . . . . . . . . . . . . . . .  J03 
8403A Modulator ............................ 361 
840414 Leveling Amplifier ..................... 379 
8405A Vector Voltmeter ...................... 439 
8406A Comb Generator ....................... 467 
8407A Network Analyzer Mainframe . . . . . . . . . . . .  428 
8410A Network Analyzer Mainframe . . . . . . . . . . . .  434 
8410s series Network Analyzers . . . . . . . . . . . .  43 1-433 
841 1A Harmonic Frequency Converter . . . . . . . . . .  434 
8412A Phase-Magnitude Display . . . . . . . . . . .  429, 434 
8413A Phase Gain Indicator . . . . . . . . . . . . . . . . . . .  434 
8414A Polar Display ..................... 429, 434 
841 8A Auxiliary Power Supply . . . . . . . . . . . . . . . . .  434 
843019 Bandpass Filters ....................... 407 
843 1A Bandpass Filters ....................... 407 
8432A Bandpass Filters ....................... 407 
8433A Bandpass Filters ....................... 407 
8434A Bandpass Filters ....................... 407 
8435A Bandpass Filters ....................... 407 
8436A Bandpass Filters ....................... 407 
8443A Tracking Generator . . . . . . . . . . . . . . . .  456, 460 

'.64 
8445B Automatic Preselec . 64 

19 
. 02 
. 02 

8472A Coaxial Crystal Detector . . . . . . . . . . . . . . . .  402 
8477A Power Meter Calibrator . . . . . . . . . . . . . . . . .  387 
8478B Coaxial Thermistor Mount . . . . . . . . . . . . . .  385 
8481A Power Sensor ......................... 382 
8482A Power Sensor ......................... 3 82 
8483A Power Sensor 382 
8491 series Coaxial Fixed Attenuat, 395 
8492A Coaxial Fixed Attenuator . 395 
8493 series Coaxial Fixed Attenuatl 395 
8495 series Coaxial Step Attenuators . . . . . . . . . . . . .  397 
8496 series Coaxial Step Attenuators . . . . . . . . . . . . .  397 
8542B 18 GHz Network Analyzer . . . . . . . . . . . . . . .  438 
8543A 18 GHz Network Analyzer . . . . . . . . . . . . . . .  438 

. . . . . . . . .  

8444A Tracking Generatc- " C T  " I -  

8470A Coaxial Crystal Dc 
8471A Coaxial Crystal Dc 

8447 series Amplifiers . . 

. . . . . . . . . . .  

. . . . . . . . . . . . . .  430. 40L. 4 
:tor . . . . . . . . . . . . . .  456. 4 
....................... 
:tector . . . . . . . . . . . . . . . .  4 
:tector . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . . . . .  
ors . . . . . . . . . . .  

ors . . . . . . . . . . .  
. . . . . . . . . . . . . .  

8552A Spectrum Analyzer-IF Section . . . . . . . . . .  456 
8552B Spectrum Analyzers .................... 456 
8553B Spectrum Analyzer. Tuning Section . . .  456. 460 
8554B Spectrum Analyzer. Tuning Section . . .  456. 462 
8555A Spectrum Analyzer. Tuning Section . . .  456. 464 
8556A Spectrum Analyzer. Tuning Section . . .  456. 458 
8558B Spectrum Analyzer . . . . . . . . . . . . . . . .  135. 454 
8580B Automatic Spectrum Analyzer . . . . . . . . . . . .  468 
8600A Digital Marker ........................ 367 
8601A Generator/Sweeper .................... 367 
8614A Signal Generator ...................... 357 
861612 Signal Generator ...................... 357 
8620A Sweeper Mainframe . . . . . . . . . . . . . . . .  368. 369 
8620B Sweeper Mainframe . . . . . . . . . . . . . . . .  368. 369 
8621B Multiband Sweeper Drawer . . . . . . . . . . . . . .  372 
8640A AM/FM Signal Generator . . . . . . . . . .  343. 346 
8640B AM/FM Signal Generator . . . . . . . . . .  343. 346 
8640A/B Option 002. AM/FM Signal Generator . . 346 

347 
8654A Signal Generator ....................... 353 

348 
348 

8690B Sweep Oscillator ....................... 376 
8691B-8695B RF Units (PIN leveled BWO) 

for 8690B ............................ 377. 378 
8691A-8697A RF Units (Grid Leveled BWO) 

for 8690B ............................ 377. 378 
8698B-8699B Solid State RF Units for 8690B . . 377. 378 
8700A RF Drawer for 8690B . . . . . . . . . . . . . . . . . .  377 
8705A Signal Multiplexer for 8690B . . . . . . . . . . . .  379 
8706A Control Unit for 8690B . . . . . . . . . . . . . . . . .  379 
8707A RF Unit Holder for 8690B . . . . . . . . . . . . . .  379 
8709A Phase-lock Synchronizer . . . . . . . . . . . . . . . .  379 
8717B Transistor Bias Supply . . . . . . . . . . . . . . . . . .  436 
8721A Coaxial Directional Bridge . . . . . . . . . .  429. 467 

8640B Option 004. Avionics Signal Generator . . . .  

8660A Synthesized Signal Generator . . . . . . . . . . . . .  
8660B Synthesized Signal Generator . . . . . . . . . . . . .  

873 1-8735 series PIN Modulators 
8740A Transmission Test Unit . . 
8741A Reflection Test Unit . . . . .  
8742A Reflection Test Unit . . . . .  
8743A Reflection/Transmission Tt 
8745A S-Parameter Test Set .................... 433 
8746B S-Parameter Test Set .................... 436 
K. R 8747A Waveguide 

Reflection/Transmission Test Units . . . . . . . . . . .  437 
X. P 8747A Waveguide 

Reflection/Transmission Test U 
8755L/M Frequency Response Te 
8761A/B Coaxial Switch ...................... 410 
8801A Low Gain Preamplifier . . . . . . . . . . . . . . . . . .  239 
8802A Medium Gain Preamplifier . . . . . . . . . . . . . . .  239 
8803A High Gain Preamplifier . . . . . . . . . . . . . . . . .  239 
8805A Carrier Preamplifier .................... 239 
8805B Carrier Preamplifier .................... 239 
8806B Phase Sensitive Demodulator . . . . . . . . . . . . .  240 
8807A AC/DC Converter ..................... 240 
8808A Logarithmic Preamplifier . . . . . . . . . . . . . . . .  240 
8809A Signal Coupler ........................ 240 
8820A DC Bank Amplifier .................... 240 

. . . . . . . . . . . . . . .  361 

. . . . . . . . . . . . . . .  436 

. . . . . . . . . . . . . . .  436 

. . . . . . . . . . . . . . .  436 
:st Unit . . . . . . . .  435 

I^ . 

.nits . . . . . . . . . . .  437 
st Set . . . . . . . . . .  413 



8821A DC Bank Amplifier .................... 
8900B Peak Power Calibrator . . . . . . . . . . . . . . . . . .  
8925A DME/ATC Test set .................... 

240 
387 
360 

9000 
9500D Automatic Test System . . . . . . . . . . . . .  
9510D Automatic Test System . . . . . . . . . . . . .  
9540D Transceiver Test System . . . . . . . . . . . . . . . .  
9551D Instrument Calibration System . . . . . . . . . . .  
9602A Automatic Measuren ' 

& Control System . . . . . .  
960312 Automatic Measuren 

& Control System . . . . . .  
9604A Automatic Measurement 

& Control System ...................... 516-519 
961 1A Industrial Measurement 

& Control System ...................... 5 16-5 19 
9810A Programmable Calculator . . . . . . . . . . . . . . .  534 
9820A Programmable Calculator . . . . . . . . . . . . . . .  534 
9821A Programmable Calc ' ' 534 
9830A Programmable Calc 535 
9861A Typewriter . . . . . .  537 
9862A X - Y  Plotter . . . . . .  Y37 
9863A Tape Reader .......................... 536 
9864A Digitizer ............................. 536 
9865A Tape Cassette ......................... 536 
9866A Thermal Printer ....................... 537 
9868A I / O  Expander ......................... 536 
9869A Hopper Card Reader . . . . . . . . . . . . . . . . . . .  536 
9870A Card Reader . . . . . . . . . . . . . . . . . . . . . . . . . .  536 
9880B Mass Memo1 

520-522 
520-522 

523 
523 

uiaIor . . . . . . . . . . . . . . .  : 
ulator . . . . . . . . . . . . . . .  ! 

1 . . . . . . . . . . . . . . . . . . . . . .  
L . . . . . . . . . . . . . . . . . . . . . .  

10000 
lOOOlA 1O:l Divider Probe . . . . . . . . . . . . . . . . . . .  150 
l O O O l B  1O:l Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10002A 50: 1 Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10002B 50: 1 Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10003A 1O:l Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10004D 10: 1 Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10005D 10: 1 Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10006D 10: 1 Divider Probe . . . .  150 
10007B 1 : l  Probe . . . . . . . . . . . . .  476 
10008B 1 . 1 Probe . . . . . . . . . . . .  150 
1001 OC BNC Adapter Tip . . . . . .  154 
lOOl lB  BNC Adapter Tip ..................... 154 
10013A 1O:l Divider Probe . . . . . . . . . . . . . . . . . . .  150 
100 14A 10 . 1 Divider Probe . . . . . . . . . . . . . . . . . . .  1 50 
10016A 1O:l Divider Probe . . . . . . . . . . . . . . . . . . .  150 
10020A Resistance Divider .................... 150 
10035AProbeTipKit ........................ 154 
10036A ProbeTip Kit ........................ 154 
10037A ProbeTip Kit ........................ 154 
10100B 100 ohm Feedthrough Termination . . . . . . .  154 
lOlOOC 50 ohm Feedthrough Termination . . . . . . . .  154 
10104A Viewing Hood ( 1700) series . . . . . . . . . . . .  155 
10106A Camera Bezel Adapter . . . . . . . . . . . .  158. 159 
lOllOA BNC to Banana Post . . . . . . . . . . . . . . . . . .  475 
101 11A Shielded Banana Plug to BNC Female . . . .  475 

:r . . . . . . . . . . . .  I 

:r . . . . . . . . . . . .  1 
;e . . . . . . . . . . . .  1 
:r . . . . . . . . . . . .  1 
:r . . . . . . . . . . . .  1 
:r . . . . . . . . . . . .  1 
:r . . . . . . . . . . . .  1 

101 13A Triple Banana Plug to Dual BNC Female . . 475 
101 15A Blue Contrast Filter ( 1700 series) . . . . . . . .  155 
101 16A Light Shield (1220A/ 1221A) . . . . . . . . . . .  155 
10166A Panel Cover (180C. 181A. 183A. 184A) . . 155 
10167A Flexible Cover (180C. 181A. 183A. 184A) . 155 
10169A Panel Cover (1200 series cabinet) . . . . . . . .  155 
10170A Flexible Cover ""- . 
101 72A Flexible Cover 
10176A Viewing Hooc 
101 78A Mesh Contrast 
10190A Light Shield ( 
10250A TTL Trigger 1 
10251A MOS Trigger 
10252A ECL Trigger Probe . . . . . . . . . . . . . . .  152. 153 
10352B Graflok Back .................... 158. 159 
10353A Pack Film Back . . . . . . . . . . . . . . . . . .  158. 159 
10355A Camera Bezel Adaptr '58. 159 
10356A Camera Bezel Adapt< 58. 159 
10358B Camera Carrying Ca: 58. 159 
10360A Camera Bezel Adapt( 58. 159 
10361A Camera Bezel Adapt( 58. 159 
10362A Camera Bezel Adapt( 58. 159 
10363A Camera Bezel Adapt( 58. 159 

30366B Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 
10367A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 
10369A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 
10370A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 

10372A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 
10373A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 
10374A Camera Carrying Case . . . . . . . . . . . . .  158. 159 
10407B Plug-in Extender (180 system) . . . . . . . . . .  154 
10475A 3 in . Drawer for 11 17B 1 

10476A 8 in . Drawer for 11 17B 1 

10501A Cable . . . . . . . . . . . . . .  I 
10502 Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  474 
10503 Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  474 
1051 1A Spectrum Generator . . . . . . . . . . . . . . . . . . .  362 
1051 4A Double Balanced Mixer . . . . . . . . . . . . . . . .  362 
10519A Accessory . . . . . . .  ' ' 3  
10525-60012 Tip Kit 
10525T. 10525H. 10525E L 1 
10526T Logic Pulser I. 

4 cc ' ' 

10365A Roll Film Back . . . . . . . . . . . . . . . . . .  158. 159 

10371A Camera Bezel Adapter . . . . . . . . . . . . .  158. 159 

" -0 

1 . . . . .  

. . . . .  
10528A Logic Clip ........................... 84 
10529A Logic Comparator .................... 85 
10531A Accessory Filter Kit . . . . . . . . . . . . . . . . . . .  279 
10533A Printer Interface ...................... 272 
10534A Double Balanced Mixer . . . . . . . . . . . . . . .  362 
10536A Adapter for 5201A . . . . . . . . . . . . . . . . . . .  261 
10541A Troubleshooting Kit . . . . . . . . . . . . . . . . . . .  87 
K01-10541A Preprogrammed Reference Boards . . . .  87 
10542A Remote Programming Interface . . . . . . . . .  265 
10544A Component Oscillator . . . . . . . . . . . . . . . . .  288 
10548A Service Kit .......................... 272 
10590A Plug-in Adapter ...................... 255 
10598A/ B Microwave Counter . . . . . . . . . . . . . . . . .  263 
1063 8A Degausser (Cesium Std.) . . . . . . . . . . . . . . .  282 

.................... 44t 

.................... 87 
ogic Probe . . . . . . . . . . .  8? 
.................... 84 



MODEL NUMBER INDEX 

. . . . . . . . . . . . . . . . . . .  
cor 41OC . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

ierals . . . . . . . . . . . . . . . . .  53: 
eral . . . . . . . . . . . . . . . . . .  53: 
eral . . . . . . . . . . . . . . . . . .  53: 

A ?  

11 000 
llOOOA Cable ............................... 474 
llOOlA Cable ............................... 474 
11002ATest Lead ........................... 474 
11003ATest Lead ........................... 474 
11021A Probe Accessc . . . .  476 
11035A Cable . . . . . .  . . .  474 
11036A AC Probe for .. ._ ... . . . . . . . . . . . . . . . .  476 
11039A Capacitive Voltage Divider ............. 476 
1 1040A Probe Accessory . . .  476 
11041A Probe Accessory ... 476 
1 1042A Probe Accessory . . .  476 
11 044A Probe Accessory . . .  476 
11045A DC Voltage Divider i 476 
11047A Probe Accessory . . .  476 
11086A Cable ............................... 474 
11096A High Frequency Probe . . . . . . . . . . . . . . . .  476 
11 143A BNC to Clip Leads .................... 474 
11 163A System Desk ......................... 481 
11285A Calculator Periph 7 
1 1297B Calculator Periph 7 
11298B Calculator Periph 7 
11456A Test Cord ........................... -3 
11457A Rack Kit ............................ 43 
11458A Strap ............................... 43 
11473A-11476A Current Probe Balancing 

Transformer .............................. 477 
11500ACable ............................... 474 
11501ACable ............................... 474 
1 1507A Output Termi 3 62 
11 508A Terminated 0 3 62 
11 509A Fuseholder . 3 62 
11511AType NShort ........................ 406 
11512ATypeN Short ........................ 406 
11517A Mixer .............................. 467 
11525A APC7-N Adapter . . . . . . . . . . . . . . . . .  41 1. 475 
11531A Test Plug-in for 8690B . . . . . . . . . . . . . . . . .  379 
11533A APC7-SMA Adapter . . . . . . . . . . . . . .  41 1. 475 
11534A APC7-SMA Adapter . . . . . . . . . . . . . .  41 1. 475 
11536A Probe Tee for 8405A . . . . . . . . . . . . . . . . .  439 
11540A Waveguide Stand ..................... 41 1 
11542A-11548A Waveguide Clamps . . . . . . . . . . . .  41 1 
11549A Power Splitter for 8405A . . . . . . . . . . . . . . .  439 
11565A APC-7 Short . . . . . .  5 
11570A Accessory Kit for 84( 
11581A Attenuator Set . . . .  7 
11 582A Attenuator Set ....................... 
11583A Attenuator Set . . . . . .  95 
11587A Accessory Kit for 841C 37 
1 1588A Rotary Joint . . . . . . . .  11 
1 1589A/ 11 590A Bias Ne1 437 
1 1599A Quick-Connect AI 43 7 
11600B Transistor Fixture 435 
11602B Transistor Fixture ..................... 435 
11604A Universal Extension for 8745A . . . . . . . . . .  435 
11605A Flexible Arm for 8743A . . . . . . . . . . . . . . . .  435 
1 1606A Rotary Air Line ...................... 41 1 
11607A Small Signal Adapter for 8745A ......... 437 

nation . . . . . . . . . . . . . . . . . . .  
Iutput Cable . . . . . . . . . . . . . .  
....................... 

. . . . . . . . . . . . . . . . .  3 
1 series . . . . . . . . . . .  4 
. . . . . . . . . . . . . . . . .  4 

:works . . . . . . . . . . . . . . . .  
dapter for 8745A . . . . . . .  
...................... 

436 
437 
437 

lule for 8660A/B . . . . . . . . .  35 
755 ..................... 41 
8755 . . . . . . . . . . . . . . . . . . .  41 
ower Splitter . . . . . . . . . . . . .  41 

rectional Coupler . . . . . . . .  
....................... 
'ormer. 75Q . . . . . . . . . . . .  
Filters ................. 

11608A Transistor Fixture ..................... 
11609A Cable Kit for 8410s . . . . . . . . . . . . . . . . . . .  
11650A Accessory Kit for 8410s . . . . . . . . . . . . . . . .  
11 652A Reflection/Transmission Kit for 8407A 

series .................................... 
11654A Passive Probe Kit for 840 
11655A Impedance Probe for 840' 
11658A Matching Resistor for 84( 
1 166 1 A Extension Moc 
1 1664A Detector for 8' 
11665B Modulator for 

11668A 50 MHz High Pass Ffiter 
11678A Low Pass Filter Kit . . . .  
11683A Range Calibrator . . . . . .  
11687A Adapter. 50 to 750 .................... 
11 690A Frequency Doubler . . . . . . . . . . . . . . . . . . .  

11692D Coaxial Dual Di 
11693A Limiter . . . . . .  
1 1694A Matching Transf 
11697A/B/C Band-pass 1 
1 1698A Accessory Kit ........................ 
13000 
13515A Frequency Doubler Probe . . . . . . . . . . . . . .  
14000 
14533B Multiprogrammer Accessories . . . . . . . . . . .  
14534A Multiprogrammer Accessories . . . . . . . . . . .  
14540A Multiprogrammer Accessories ........... 
14541A Multiprogrammer Accessories . . . . . . . . . . .  
1 4546A Multiprogrammer Accessories . . . . . . . . . . .  
14550A Multiprogrammer Accessories . . . . . . . . . . .  
16000 
16008A Resistivity Cell ....................... 
17000 
17005A Incremental Chart Ac' 
1701 2B Point Plotter . . . . . . .  
170 12C Point Plotter . . . . . . .  
17108A Time Base . . . . . . . . .  
17170A DCCoupler .......................... 
17171A DC Amplifier ........................ 
17 172A Time Base ........................... 
17173A Null Detector ........................ 
17174B DC Offset ........................... 
17175A Filter ............................... 
17176A Scanner ............................. 
17177A AC/DC Converter D( 
17178A DC Attenuator . . . . .  
17400A High Gain Preamplific 
17401A Medium Gain Prear 
17402A Low Gain Preamplif 
17403A AC Carrier Preamp 

1 1667A DC-18 GHz P 

1 169 1 D Coaxial Directional Coupler . . . . . . . . . . . .  

17500A Multiple Span ........................ 
17501A Multiple Span ........................ 
17502A Temperature Module . . . . . . . . . . . . . . . . . .  
17503A Single Span .......................... 
17504A Single Span .......................... 

3 Preamplifier . . . . . .  
. . . . . . . . . . . . . . . . . .  
:r . . . . . . . . . . . . . . . .  

nplifier . . . . . . . .  .. . . . .  
ier . . . . . . . . . . . . . . . . .  
lifier . . . . . . . . . . . . . . .  

429 
!9 
10 
) O  
TO 
14 
14 
' 5  

415 
415 
383 
363 
363 
363 
399 
467 
467 
363 
363 

352 

526 
526 
526 
526 
526 
526 

63 

-10 
!O 
!O 
21 

218 
218 
218 
218 
218 
219 
219 
219 
219 
237 
237 
237 
237 
229 
229 
229 
229 
229 



17505A High Sensitivity ...................... 229 
17506A Single Span .......................... 229 

18000 
18019A Carrying Case . . 
18641A Digital Voltmeter . . . .  
18642A Digital Voltmeter ..................... 43 
18643A Digital Voltmeter ..................... 43 
18644A Digital Voltmeter ..................... 43 

20000 
29400 series Rack Cabinets .................... 
2941 1B Rack Cabinets ........................ 
29412B Rack Cabinets ........................ 452 

452 
452 

I >rep kuLenuawIs . . . . . . . . . . . . .  J;/ . 
1 Step Attenuators . . . . . . . . . . . . .  397 
neter ..................... 40. 41 

. ̂ I _  

30000 
33300 series Step Attenuators . . . . . . . . . . . . . . . .  
33321A/B Coaxia' nl . A L L  ...... L... 

33322A/B Coaxia 
34701A DC Volt] 
34702A Multimeter ........................ 
34703A DC/DCI/Ohm Met< 
34720A Battery Module . . . .  
34721B BCD Module . . . . . .  
34740A Display ........................... 
34750A Display . . . . .  

396 
rta7 

4U. 41 

. 40 

40000 
43501A X-Ray System 
43802 X-Ray System ......................... 
43804 X-Ray System ......................... 556 

43807 X-Ray System ......................... 556 
43808 X-Ray System ......................... 556 
43846 X-Ray System ......................... 557 

JJ I 

43805 X-Ray System ......................... 556 

50000 
59301A ASCII-Parallel Converter . . . . . . . . . . . . .  257 
59303A Digital-to-Analog Converter . . . . . . . . . . . . .  257 
59304A Numeric Display . . . .  
59306A Relay Actuator . . . . .  
59307A VHF Switch . . . . . . .  

59309A ASCII Digital Clock . . 
59308A Timing Generator ..................... ~3 i 

m zv . . . . . . . . . . . . . . . . .  ,531 

9117 7.01 
60000 
60063B-60246B DC Power Supp.,, . . . . . . . . . . . . . .  _- .. 

6221 2A-62215G Modular; Dual Output series 

62605M-62628.J DC Power Supply . . . . . . . . .  

62005A-62048G Power Supply . . . . . . . . . . . . . . . . .  203 

Regulated ................................ 204 
206. 207 

69321B Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69325A-69328A Mulitprogrammer Card . . . . . . . . .  526 

.. ~ 69330A Multiprogrammer C 
69331A Multiprogrammer C 
69332A Multiprogrammer C 
69335A Multiprogrammer C 
6935 1A Multiprogrammer C ... 
69370A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
693 80A Multiprogrammer Card . . . . . . . . . . . . . . . .  
69421A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 

526 

69430A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
6943 1A Multiprogrammer Card . . . . . . . . . . . . . . . .  
69433A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69434A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69435A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69480A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69500A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69501A-69513A Multiprogrammer Cards . . . . . . . .  526 
69600A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 
69601A Multiprogrammer Card . . . . . . . . . . . . . . . .  526 

526 

80000 
85426A Bias Insertion Network . . . . . . . . . . . . . . . . .  
85428B Minimum Loss Pad .................... 
86200 series Sweeper Plug-ins for 8620A . . . . . . . . .  
86290A Broadband Sweeper Plug-in for 8620A . . . .  
86300 series Sweeper Modules for 8620A . . . . . . . . .  
86601A RF Section for 8660A. B . . . . . . . . . . . . . . . .  
86602A RF Section for 8660A. B . . . . . . . . . . . . . . . .  
86631B Auxiliary Section for 8660A. B . . . . . . . . . . .  
86632A Auxiliary Section for 8660A. B . . . . . . . . . . .  
86633A Modulation Section for 8660A. B . . . . . . . . .  

430 
430 
370 
375 
372 
349 
350 
351 
351 
351 

90000 
9 1 OOOA Analog-to-Digital Interface Card 

528 
97001A Hand Held Probe . . . . . . . . . . . . . . . . . . .  36. 37 
97002A Hand Held Probe . . . . . . . . . . . . . . . . . . .  36. 37 
97003 Hand Held Probe .................... 36. 37 

for HP 2100 Computer ..................... 

56A-16C Cable for 5055A ..................... 
0950-0090 GR-874 to 50Q Termination . . . . . . . . . .  
1250-0076 90" BNC Male-Female . . . . . . . . . . . . . .  
1250-0077 Type N Female to BNC Male . . . . . . . . .  
1250-0080 BNC Female to Female . . . . . . . . . . . . . .  
1250-0082 Type N Male to BNC Female . . . . . . . . .  
1250-0176 Type N Male to Type N Female 90" . . .  
1250-0216 BNC Male to Male . . . . . . . . . . . . . . . . . .  
1250-0240 GR-874 to Type N Female . . . . . . . . . . .  
1250-0739 GR-874 90" Elbow . . . . . . . . . . . . . . . . .  
1250-0778 Type N Male to Male . . . . . . . . . . . . . . .  
1250-0781 BNC 'T' 2 Male. 1 Female . . . . . . . . . . . .  
1250-0846 Type N tee. Female . . . . . . . . . . . . . . . . .  
1250-0847 GR-874 to Type N Male . . . . . . . . . . . . .  
1250-0849 GR-874 to BNC Male . . . . . . . . . . . . . . .  
1250-0850 GR-874 to BNC Female . . . . . . . . . . . . .  
1250-1158 SMA Male to Male . . . . . . . . . . . . . . . . .  
1250-1 159 SMA Female to Female . . . . . . . . . . . . . .  
1250-1206 GR-874 to Type C Male . . . . . . . . . . . . .  
1250-1207 GR-874 to Type HN Female . . . . . . . . . .  
1250-1 208 GR-874 to Type C Female . . . . . . . . . . . . .  
1250-1209 GR-874 to TNC Female . . . . . . . . . . . . .  
1250-1210 GR-874 to TNC Male . . . . . . . . . . . . . . .  
1250-1211 GR-874 to Type HN Male . . . . . . . . . . . .  
1250-1263 Single Banana plug to BNC Male . . . . . .  

43 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 
475 

1250-1264 Dual Banana plug to BNC . . . . . . . . . . . .  
1251-2277 Dual Banana plug to BNC Female . . . . . .  
1251-2816 Dual Banana plug . . . . . . . . . . . . . . . . . .  



AMPLIFIERS 
General purpose amplifiers 
Model 461A, 462A. 465A, 467A 

Dimensions: 130 mm wide X 76 mm high X 279 mm deep (5'/8" X 3" 
x 1 l " l  

462A 

:a 

467 A 

461A, 462A Description 
These general purpose amplifiers can be used as preamplifiers to 

Solid-state H P  amplifiers, Models 461A and 462A, provide stable 
raise the level of a signal or as a buffer. 

20 and 40 dB gain over a wide frequency range with fast rise time. 
461A Specifications 

, -  - - ~ ~  ~ ~ 

MHz when operating Frequency response: f l  dB, 1 kHz to 150 
into a 500 resistive load (500 kHz reference). 
Gain at 500 kHz: 40 dB f0.5 dB or 20 dB f I .O dB, selected by front- 
panel switch (inverting). 
Input impedance: nomin: 
Maximum input: I V rms 
Maximum dc input: f 2  1 
Maximum output: 0.5 V I 
Equivalent wide-band input nolase IOVCII; X L ~ W  p v 111 - t ~  uo ~ U J I L L U U  

when loaded with 50'2. 
Distortion: <5% at maximum output and rated load. 
Overload recovery: < I  ps for 10 times overload. 

)r I O  times overload. 
PS. 

h X 279 mm deep (5%" X 3 

k v  (6  Ih\ 

ption 
plifier provides 20 dB or 40 dB gain (XI0 or X10( 

. ~~~ . _._. . . - . . 

:loo), open circuit. 
Hz. 

Weight: Net 1.8 kg (4 Ib); shipping 2.7 kg (6 Ib). 

Pulse response: leading edge and trailing edge: rise time, <4 ns; 
overshoot, <5%. 
Pulse overload recovery: < I  ps fc 
Pulse duration for 10% droop: 30 
Pulse delay: nominally 12 to 14 ns 
Equivalent input noise level: <40 pV in 40 dB position (500 load). 
Input impedance: nominal 50Q. 
Maximum input: 1 V rms or 2 V p-p pulse. 
Maximum dc input: f 2  V. 
Gain: 20 or 40 dB selected by front panel switch (invertinel 
Output: I V p-p into 50R resistive load 
Dimensions: 130 mm wide X 76 mm higl 
x I I"). 
Weight: Net 1.8 kg (4 Ib); shipping 2.7 ..cl ,- .-,. 
465A Descri 

462A Specifications 

1 I 

HP's 465A am 
with flat frequency response from 5 Hz to 1 MHz wlth tloatlng Inputs. 

Voltage gain: 20 dB (XIO) or 40 dB (3 
Gain accuracy: f O . l  dB (*I%) at 1 kl 
Frequency response: f O .  1 dB, 100 Hz to 50 kHz; <2 dB down at 5 
Hz and 1 MHz. 
Output: > I O  V rrns open circuit; >5 V rms intc 
Distortion: < I % ,  I O  Hz to  100 kHz; <2%, 5 Hz 
kHz to 1 MHz. 
Input impedance: I O  MR shunted by <20 pF. 
Output impedance: 50R. 
Noise: <25 p V  rms referred to input (with 1 MQ source resistance). 
Dimensions: 130 mm wide X 76 mm high X 279 mm deeu (5%" X 3" 
x 11"). 
Weight: Net 1.8 kg (4 Ib); shipping 3.2 k( 

467A Description 

465A Specifications 

IO 

HP's 467A Power Amplifier/Supply is a I O  watt peak power ampli- 
fier and -20 V (to +20 V) dc power supply. The wide band width of- 
fers low dc drift from dc to  I MHz and 0.3% gain. With continuously 
variable gain and floating inputs, HP's 467A can also be used as a 
power supply. 

Power amplifier 
Voltage gain (non-inverting): fixed steps: XI,  X2, X5, XIO. 
Variable: 0-10, resolution is better than 0.1% of full output. 
Accuracy: &0.3% from dc to I O  kHz; f1.0% from I O  kHz to 100 
kHz; & I O %  from 100 kHz to 1 MHz with load of >40R2. 
Output: f 2 0  V p at  0.5 A p. 
Distortion: <O.Ol% at I'kHz; < I %  at 100 kHz; <3% at 1 MHz. 
Input impedance: 50 kQ s' A 

DC power supply 
Voltage range: > f 2 0  V, f e 
vernier. Resolution: better t 
Current: f0.5 A p. 
Load regulation: (front pa 
Line regulation: < I O  mV 1 

General 
Output impedance: (front panel): 5 mR in series with 1 pH. 
Current limit: <800 mA. 
Dimensions: 130 mm wide X < 
6%" X I I"). 

Model name and number 'e 

467A Specifications 

' -,- 

Weight: Net, 4.5 kg ( IO  Ib); "...= r...o \ - -  ? - I .  

H P  461A Amplifier 0 
H P  462A Amplifier 0 

H P  467A Power Amplifier/Supply $720 
H P  465A Amplifier 

; (7 Ib). 

,nuntea OY IUU p r .  

I O  V, f 4  V, f 2  V, f l  V with adjustabl 
han 0.1% of full output. 

.nel) < I O  mV, no load to full load. 
For a f10% change in line voltage. 

159 mm high X 279 mm deep (5%" : 

chinninv 6.8 ks 115 lh\. 



AMPLIFI E M  
Wide band amplifiers 

Models ~ ~ ~ ~ N B I C I D I E I F  

uses: to improve the sensitivity of counters, spectrum analyzers, RF 
voltmeters, EM1 meters, power meters and other devices without dis- 
tortion or degradation of amplitude accuracy; to increase the maxi- 
mum power available from a signal generator or sweeper. 

Broadband frequency coverage 
The 8447 series offers an amplifier for nearly every application in 

the 100 kHz to 1.3 GHz frequency range. The wide bandwidths are 
compatible with other wideband instruments and accommodate wide 
band spectra. 

options 
A variety of options are available: a 758 impedance model (Op- 

tion 002) for applications such as television/FM broadcasting and 
CATV; two dual channel versions (Option 001-BNC connectors and 
Option 01 1 - Type N connectors) which operate with dual channel 
systems such as oscilloscopes or network analyzers (or the channels 
may be cascaded for increased gain); Type N connectors rather than 
the standard BNC connectors (Option 010). 

General 
Weight: Net, 3 pounds, 7 ounces (1.56 kg). Shipping, 5 pounds, 1 
ounce (2.30 kg). 
Dimensions: 130 mm wide, 85.8 mm high, 216 mm deep, (5%'' X 3%" 
X 8%''). 
Power requirements: I I O  or 230 V ac f IO%, 48-440 Hz, 15 watts. 
Model number and name Price 
8447A Preamp $595 
8447B Preamp $645 
8447C Power Amp $495 
8447D Preamp $695 
8447E Power Amp $750 
8447F Preamp-Power Amp $1,235 

0 WideBand 
0 Flat Response 
0 Low Noise 

The HP  8447 series of general purpose amplifiers combines high re- 
liability and convenience. 

High performance 

SDecifications 
The performance of these amplifiers qualifies them for a number of 

84471 8.147~ a44ic 8 4 4 7 ~  8 4 4 7 ~  Prearnp- 
Preamp Preamp Power Amp Preamp Power Amp Power Amp 

Frequency Range 0.1 - 400 MHz 0.4 - 1.3 GHz 30 - 300 MHz 100 kHz - 1.3 GHz 100 kHz - 1.3 GHz 100 kHZ - 1.3 GHZ 

Typical 3 dB 50 kHz - 700 
Bandwidth 

Gain (Mean) 20 dB 34 .5  dB >20 dB 
at 10 MHz 1 22 dB typical 

I I 10 - 400MHz I 50 kHz - 1.4 GHz 

30 dB fl dB 26 dB f1.5 dB 
(20" - 30°C) 

f1.5 dB Gain Flatness f0 .5  dB 
Across Full 
Frequency Range kl Noise Figure <5dB 

I . . -  ,n f1.5 dB f1.3 atl I t 
W <11 dB typical a 
9 
2 
V 

W 

I <5 dB 0.4 - 1.0 GHz I <6 dB 1.0 - 1.3 GHz 
<8.5 dB 

typical 
I >-3 dBm I >+17 dBm Output Power 

for 1 dB Gain 
Compression I I 

4 

z 
9 
E 
m 
E 
0 

w 
h 
U 
U 00 

a 
z =r 
n 
h 
U 
U 00 

1 

-30 dB for +10 
dBm OUtDUt 

-35 db for +10 
dBm output 

-15 dBm 

-30 dB for 0 
dBm output 
(typical) 

-30 dBm 

Harmonic -35 dB for 0 dBm -30 dB for -15 
Distortion output dBm output 

for <-60 dB 
Harmonic 

-20 dam 

Distortion 

VSWR <2.0 <2.0 input 
<2.2 output 
1 - 1300 MHz 

<1.7 <2.0 input 
<2.2 output 

500 50Q 508 Impedance 50Q 500 

Reverse Isolation 1 >30 dB >40 dB >35 i- 
f10 v 

~ 

>40 dB 

f10 v 
>40 dB 

f10 v Maximum DC 

Available 
002 001,010,011 010 010 001,010,011 



A N  PLl Fl ERS 
Microwave and RF power amplifiers 
Models 2308, 489A, 491C, 493A & 495A 

Frequency 

Gain variation with 
freq. 
at rated output 
small signal 

across any 
10% of band 

range (GHz) 

across fu l l  
band 

230B 

1-2 2-4 4-8 7-12.4 

1 6 d B  1 6 d B  1 6 d B  1 6 d B  

S 5 d B  1 5 d B  1 5 d B  1 5 d B  
for 300 MHz 

1 1 2 d B  1 1 2 d B  1 1 2 d B  1 l O d B  

Tuned RF power amplifier 
The H P  2308 is a tuned RF power amplifier covering 1 0  to  500 

MHz in six continuous ranges. It provides up to  30 dB ofgain and has 
a maximum rated power output of 4.5 watts. With a typical noise fig- 
ure of 6 to 9 dB, it is also suitable for low-level applications as de- 
scribed in Application Note 76. 

2308 Specifications 
Frequency range: I O  to 500 MHz in six bands: 10 to  18.5 MHz, 18.5 
to 35 MHz, 35 to 65 MHz, 65 to 125 MHz, 125 to 250 MHz, 250 to 
500 MHz. 
RF gain: 30 dB (IO to 125 MHz), 27 dB (I25 to 250 MHz), 24 dB (250 
to  500 MHz), with 10 volts output into 50 ohms. 
RF bandwidth >700 kHz ( I O  to 150 MHz), >1.4 MHz (150 to  500 
MHz), with I O  volts output into 50 ohms. 
RF output: 

Level: up to 15 volts across external 50-ohm load (4.5 watts). 
Level monitor: full scale ranges of 3, IO, and 30 volts, accurate t o  
10% from I O  to  500 MHz. 

AM range: reproduces 0 to 100% modulation of driving source. 
Connectors: type N female. 
Dimensions: 425 mm wide, 183 mm high, 459 mm deep (16%" X 

Weight: Net 15.8 kg (35 Ib); Shipping 23.4 kg (52 Ib). 
7%: x 18' '/,a"). 

Microwave TWT amplifiers 
Amplification of frequencies from 1 to  12.4 GHz  is accomplished in 

four ranges by the Hewlett-Packard medium-power, microwave am- 
plifiers. Each delivers over I watt for an input of I mW or less - a 
gain of at  least 30 dB. These TWT amplifiers feature amplitude mod- 
ulation capabilities, front panel meter readout of cathode current, and 
fail-safe protective circuits. Combined with the 8620 or  8690 sweep os- 
cillator they make an excellent high power swept source. 
Advantagw 

mote programming. 

lems. 

DC coupled modulation circuitry allows power leveling and re- 

Periodic-permanent-magnet focusing means fewer alignment prob- 

489A 

Applications 
Antenna efficiency and pattern measurements. 
Extends attenuation measuring systems capability by at least 30 dk.  
RFI susce 

489A-495 
output pow 
Gain: 30 dE 
Input/outpu 
Noise figurt 
Amplitude I 

Sensitivity. l l l U U U l d l l U I I  I I I ~ U L  UI >-LU v p e w  reauces Kr out- 
put by 2 2 0  dB from dc to 50 kHz. 
Frequency response: dc to 500 kHz (3 dB). 
Pulse response: < I  ps rise and fall times. 

Dimensions: 426 mm wide, 140 mm high, 467 mm deep (16%" X 5%" 

Weight: net 14.9 kg (33 Ib); shipping 18.0 kg (40 Ib). 

489A I 491C I 4934 I 

X 18%"). 

! 495A 

Model number and name Price 
230B, R F  tuned power amplifier $1290 
489A, 1 to 2 GHz  TWT amplifier $2705 
491C, 2 to 4 GHz  TWT amplifier $2705 
493A. 4 to  8 GHz  T W T  amplifier $3090 
495A, 7 to 12.4 GHz  TWT amplifier $3090 
Information on 12.4 to  18 G H z  TWT on request 



Meter movements 
Voltage, current and resistance measure- 

ments can be easy, fast, and accurate with 
electronic instruments using meter move- 
ments. 

The meter movement readout continues to 
be popular since it is economical and suit- 
able for many jobs. It also lends itself well to 
special, nonlinear scales such as dB scales. 

ANALOG VOLTMETERS 
General information 

dB scale and, therefore, a nonlinear voltage 
scale. Several different types of meter faces 
are illustrated in Figure I .  

Analog meters (Figure 2) usually have non- 
linearities and/or offsets present in the at- 
tenuators and amplifiers. The meter move- 
ment itself can have nonlinearities - even 
with individually calibrated meter scales. 
Nonlinearities cause percent of reading 

X I  2 R.M.S. VOLTS 

DECIBELS 1 mW 6oOn 

DECIBELS 1mW6008 

DECIBELS 

Non-linearities Non- 
Offsets Linearity 

Meter 

Figure 2. Non-linearities cause YO of read- 
ing errors. Offset cause Yo of full scale 
errors. 

having a logarithmic scale. The last method 
has been used more recently to obtain a 
tighter accuracy specification on a linear- 
scale instrument. 

Hewlett-Packard uses the two-part accu- 
racy specification to take advantage of the 
upper-scale accuracy and yet maintain a rea- 
sonable specification for the lower portion of 
the scale. 

For a thorough evaluation of accuracy, the 
following should be considered: Does it apply 
at all input-voltage levels up to maximum 
overrange point? (Linearity specifications 
may be added to qualify this point.) Does it 
apply to all frequencies throughout its speci- 
fied bandwidth? Does it apply on all ranges? 
Does it  apply over a useful temperature range 
for the application? If not, is temperature co- 
efficient specified? 

-\2 -10 -8 

f q@ 4 .> .8 

9 
5 R.M.S. VOLTS / 

Figure 1. Four different types of meter scales available. (a) Linear 0-3 V and 0-10 V 
scales plus a dB scale. (b) Linear dB scale plus non-linear (logarithmic) voltage scales. (c) 
dB scale placed on larger arc for greater resolution. (d) Linear -20 to 0 dB scale useful for 
acoustical and communications applications. 

Voltmeter considerations 
Accuracy - Before we can discuss meter 

accuracy, we must have a familiarity with the 
various meter scales available. Many instru- 
ments have meter scales marked in both volts 
and decibel (dB) units. It should be noted 
that dB and voltage are complements of each 
other. That is, if a voltage scale is made lin- 
ear, the dB scale on the same meter face will 
be logarithmic or nonlinear. Likewise, if the 
dB scale is made linear, the voltage scale be- 
comes nonlinear. The term “linear-log scale” 
is applied to an instrument that has a linear 

errors, and offsets cause percent of full scale 
errors. Percent of reading errors are constant 
no matter where the meter pointer is. Per- 
cent of full-scale error increases as the poin- 
ter goes further down scale. 

Looking at instrument specification sheets, 
accuracy specifications are usually expressed 
in one of three ways: 1. percent of the full- 
scale value, 2. percent of the reading, 3. (per- 
cent of reading + percent of full-scale). The 
first is probably the most commonly used ac- 
curacy specification. The second (percent of 
reading) is more commonly applied to meters 

Selecting an analog voltmeter 
Basic specs for Hewlett-Packard analog 

meters are in Table 1. Guidelines are re- 
stated below. 

I .  For measurements involving dc applica- 
tions, select the instrument with the broadest 
capability meeting your requirements. Refer 
to HP  Application Note 69. 2. For ac mea- 
surements involving sine waves with only 
modest amounts of distortion (<lo%), the 
average-responding voltmeter can perform 
over a bandwidth extending to several meg- 
ahertz. Refer to HP  Application Note 60. 
3. For high-frequency measurements (> 10 
MHz), the peak-responding voltmeter with 
the diode-probe input is the most economical 
choice. Peak-responding circuits are ac- 
ceptable if inaccuracies caused by distortion 
in the input waveform can he tolerated. 4. For 
measurements where it is important to 
determine the effective power of waveforms 
that depart from a true sinusoidal form, the 
true rms-responding voltmeter is the appro- 
priate choice. In general, true-rms meters re- 
veal only the rms value of an ac signal. Be- 
cause they are ac coupled, most voltmeters 
have a frequency cut-off around 20 Hz. This 
restriction keeps the true-rms voltmeter from 
accounting for any low frequencies or dc 
components in a signal. 

The 3403C RMS Digital Voltmeter mea- 
sures dc plus ac from 2 Hz to 100 MHz. See 
pages 38-39. 

For very wide bandwidths (up to 1 GHz) 
and high-sensitivity measurements of sinu- 
soidal or nonsinusoidal waveforms, the HP 
3406A is the proper choice. Although the 
3406A is average-responding, it has a sample 
hold output which makes analysis of wave- 
forms possible. 



Table 1. HP analog instruments 

Voltage Range 
Frequency Range 
Accuracy at FS" Input Impedance Model 

See 
Page 

23 
- DC VOLTMETERS 

DC NULL VOLTMETER f 3  pV - f l  kV end 
scale 
0.1 pV resolution (18 
ranges) 

dc 
f 2 %  +I pv 

100 k - 100 MR de- 
pending on range (in- 
finite when nulled) 

419A 

OC VOLT-AMMETER DC: f l mV, f 3 0 0  V 
(12 ranges) 
f l  nA, f 3 0 0  pA (12 
ranges) 

f 3 %  dc 10 M R  all ranges 4304B See 
Data 
jheet 

1 V to 1 kV (4 ranges) 3420B 

- 
7406 

See 
Data 
jheet 

338 
- 

- 
See 
Page 

27 
- 

DC DIFFERENTIAL VOLTMETER 

DC DIFFERENTIAL VOLTMETER 

dc 
f(0.002% reading 
+0.0002% range) 

dc 
f (0.005% reading 
+0.0004% range) 

>lo1* at  null 

> l o l o  1 mV - 1 kV (7 ranges) 

AC VOLTMETERS Model 

4038 
- 

Frequency Range 
Typical Accuracy 

5 HZ - 2 MHz 
f 2 %  - f 5 %  

Response 
Input Impedance 

Average 
2 MR/<30 - <60 pF 

Voltage Range 

1 mV - 300 V (12 
ranges) 

RECHARGEABLE BATTERY AC VOLTMETER 

Average 
10 M W l O  - 25 OF 

400F 
400 FL 

400GL 
- 28 

28 
- 

FAST-RESPONSE AC VOLTMETER 100 kHz low-pass filter ac 
amplifier 

HIGH ACCURACY dB VOLTMETER 20 dB log scale (0 dB = 1 V) 

100pV - 3OOV - 90 
dB - +52 dB 

-100 dB - +60 dB 
(8 ranges) 

20 Hz - 4 MHz - f l  
- f4% 
20 HZ - 4 MHz - fO 
dB - 0.4 dB 

Average 
10 MR/<15 - <30 DF 

HIGH ACCURACY AC VOLTMETER has dc output ( f0 .5%)  for 
driving recorder 

1 mV - 3OOV - 70dB 
- +52 dB 

10 HZ - 10 MHz f l %  
f 5 %  

Average 
10 MR/<12 - <25 pF 

400E 
400EL 

28 

RMS VOLTMETER provides rms readings of complex signals. Has dc 
output for driving DVM's or recorders 

1 mV - 300 V (12 
ranges) 

10 HZ - 10 MHz f l %  
- f 5 %  

10 Mf1/15 - 40 pF 3400A 29 

SAMPLING RF VOLTMETER provides true rms measurements when 
used with 3400A. Many accessories 

1 mV - 3 V (8 ranges) 10 kH2 to >1.2 GH2 
f3% - f 1 3 %  

Statistical Average: 
Input 2 depends on 
probe tip used 

3406A 31 

10 mv - lov 
(7 ranges) 

5OOkHz - 1 GHz 
f 3 1  - 1 dB 

Average 
Input 2 depends 
on probe tip used 

411A See 
lata 
heet 

Average 
0.1 MW2.5 OF 

8405A 439 VECTOR VOLTMETER phase and amplitude measurements 1oopv - 10 v 
(9 ranges) 

0.001 to lOOR FS (11 
ranges) 

1 MHz - 1 GHz f 0 . 5  
dB - f l  dB 

1 kHz (fixed) f 2 %  
FS 

~~ 

MKLIOHMMETER; two probesused when making4 terminal measure- 
ments 

Max. output Voltage: 
20 mV 

4328A 62 

HIGH RESISTANCE METER and picoammeter 0.5 MR to 2 X 1 0 W  
FS (7 ranges) 0.05 pA 
- 20 /LA 

Voltage: f l O %  
Current: f 5 %  

Max. output Voltage: 
1 kV 

4329A 63 

Voltage Range 
(Accuracy) 

Current Range 
(Accuracy) 

Resistance Range 
(Accuracy) 

See 
'age MULTIFUNCTION METERS Model 

427A 
- 

- 
410C 

BATTERY-OPEhATED MULTIFUNCTION METER has 10 M R  dc input 
impedance and 10 MR/20 pF ac input impedance 

25 

- 
26 

DC: & l o 0  mV to 
1 0 0 0 V ( f 2 % ) 9  
ranges AC: 10 mV - 
300 V 10 H2 - 1 MHz 
( f 2 % )  10 ranges 

DC: f 1 5  mV to 
f 1500 V ( f 2 % )  11 
ranges AC: 0.5 V - 

MHz ( f 3 %  at 400 
Hz) 7 ranges 

300 V 20 HZ - >700 

l O R  - 10 MR mid- 
scale f 5 % ;  from 0.3 
to 3 on the meter 
scale (7 ranges) 

10R - 10 MQ (center 
scale) 0 to midscale: 
f 5 %  or f 2 %  of 
midscale (whichever 
is greater) 7 ranges 

VERSATILE VOLTMETER has 100 MR dc input imoedance and 
10 MR/1.5 pFac impedance 

DC: f 1 . 5  @A to 
f 1 5 0  m A ( f 3 % )  11 
ranges 

Model 
See 
'age CURRENT METERS 

DC MILLIAMMETER with clip-on probe eliminates direct connection 

Current Range 

1 mA - 10 A FS 
(9 ranges) 

Accuracy 

f 3 %  

Frequency Range 

dc - 400 HZ 4288 

456A 
- 

24 

AC CLIP-ONCURRENT PROBE makes measurements withoutbreak- ~ 

ing circuit 

*For exact accuracy refer to page designated. 

1 mA - 1 A rms (to 
25 A with divider) 

f 2 %  to 3 dB 25 HZ - 20 MHz 176 
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DC null volt-ammeter 
Model 419A 

Zero control range: > & I 5  pV. 
Zero drift: <0.5 pV/day after 30 
7ern ternneratiire nnaffieiant: 41 

min warm-up. 
n n 5  ,,VPC 

I -. --.- .-... -.-_-.- ---...-.-..- - ."._I 

Response time: 3 s to within 95% of final readir 
to  within 95% of final reading on 10 pV to 100 
Noise: <0.3 pV p-p, input shorted. Noise amp 
Gaussian distribution. RMS value (standard devi 
p-p noise value is <0.3 pV 95% of the time. 

Input characteristics 
At null: infinite resistance on 3 pV through 300 I 
mode. Negative input terminal can be floated 
power line ground. 
on null: 

Negative input terminal can be floated up to f5( 
line ground. 
A- ..--.--I ...-A- --:-,.a:-... - - . . - I &  "--" c n  u- , 

ig on 3 pV range; 1 s 
0 V ranges. 
ilitude approximates 
iation) is <0.075 pV, 

mV ranges in set null 
to f 5 0 0  V dc from 

Nut resistance 

100 kR 

10 MR 

100 MR I 
IO V dc from power- -- IIUIIIIUI IIIUUS I=JGS.IIUII. LIL vUltrlg:c> JU n, and above and 80 dB 

greatcr than end scale affect reading <2%. Peak ac voltage not to ex- 

Description 
Eighteen voltage ranges with 0.1 pV resolution on the lowest range 

set this H P  solid-state dc null voltmeter apart from previous dc null 
meters. Accuracy of this rechargeable battery-operated instrument is 
f 2 %  of end scale f O . l  pV on all ranges. Noise is less than 0.3 pV p-p. 
and drift is less than 0.5 pV/day. 

An internal nulling voltage allows input voltages up to  300 mV to be 
nulled giving an infinite input impedance. Input impedance above 300 
mV range is 100 megohms. 

Seven pushbuttons allow rapid function selection. This dc  null volt- 
meter operates from ac line or from internal rechargeable batteries. 
During operation from ac line, batteries are trickle-charged. A fast- 
charge pushbutton is provided to increase the charging rate, recharg- 
ing batteries in approximately 16 hours. Battery voltage may be easily 
checked with the battery-test pushbutton. The zero pushbutton al- 
lows compensation for any internal offsets before measurement. 
When this pushbutton is depressed, the positive leg of the voltmeter is 
disconnected from 

When the voltmei 
a zero-center scale 

When the A M  p 
zero-center scale 3C 

Specifications 
DC null voltmete 
Ranges: f 3  p V  tc 
Accuracy: f ( 2 %  ( 

the positive input terminal. 
ter pushbutton is depressed, H P  419A functions as 
3 pV to 1000 V dc voltmeter. 
ushbutton is depressed, HP 419A functions as a 

I pA to 30 nA ammeter. 

sr 
) f l O O O  V dc in 18 zero-center ranges. 
if range f O . l  hV). 

ceed maximum overload voltage. 

DC ammeter 
Ranges: f 3 0  pA to 5 3 0  nA in 7 zero-center ranges. 
Accuracy: f ( 3 %  of range + 1 PA). 
Zero control range: >f 150 PA. 
Zero drift: <5 pA/day after 30 min warm-up. 
Zero temperature coefficient: < O S  pA/OC. 
Noise: <3 pA p-p, input shorted. 
Input resistance: 100 k R  on all ranges. 
Amplifier 
Gain: 1 I O  dB on 3 pV range, decreases I O  dB per range. 
Output: 0 to f 1 V at I mA maximum for end-scale reading. Output 
level adjustable for convenience when used with recorders. 
Output resistance: depends on setting of output level control. <35R 
when output control is set to maximum. 
Noise: 0.01 Hz to 5 Hz: same as voltmeter (referred to input). > 5  Hz: 
< I O  mV rms (referred to  output). 

General 
Overload protection: the following voltages can be applied without 
damage to instrument. 

1 V to 1000 V range: 1200 V dc. 
10 mV to 300 mV range: 500 V dc. 
3 pV to 300 mV range: 50 V dc. 

Operating temperature: instrument will operate within specifica- 
tions from 0°C to 50°C. 
Operating humidity: <70% R.H. 
Storage temperature: -20°C to +50°C. 
Power: I15 V or 230 V *IO%, 48 Hz to  440 Hz, 2 VA max. or 4 in- 
ternal rechargeable batteries (furnished). 30-hr operation per re- 
charge. Operation from ac line permissible during recharge. 
Dimensions: 197 mm wide, 156 mm high (without removable feet), 
203 mm deep (7%'' X 6%'' X 8"). 
Weight: net, 3.7 kg (8.3 Ib); shipping, 5.4 kg (12 Ib). 

419A DC Null Volt-Ammeter $735 
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ANALOG VOLTMETERS 
1 mA to 10 A clip-on dc milliammeter 
Model 4288 

No circuit interruption 
No circuit loading 

Description 
Direct current from 1 milliampere to I O  amperes full scale can be 

measured without interrupting your measured circuit or  producing 
loading errors. With the H P  Model 428B Clip-on Milliammeter, cut- 
ting wires for insertion of current meters and calculating current from 
voltage and resistance readings are eliminated. All that is required for 
fast, accurate readings is to clip around the wire and select the proper 
current range. 

The 4288 measures current by utilizing a clip-on transducer that 
converts the magnetic field around the conductor to  an ac voltage pro- 
portional to dc current. This voltage is detected and displayed as di- 
rect current on the 428B’s meter. Since there is no direct contact with 
the circuit being measured, complete dc isolation is assured. 

The meter responds to dc current only and is therefore not suscep- 
tible to common mode currents. However, low frequency currents up 
to  400 Hz can be measured by connecting an oscilloscope or  volt- 
meter to  the convenient front panel output; or  this output can be used 
to drive a strip chart recorder for permanent long term records. 

For even greater sensitivity, several loops of the measured conduc- 
tor can be put through the probe, increasing sensitivity by the same 
factor as the number of turns used. Sum or  difference measurements 
of currents in separate wires can also be made. By placing the wires 
through the probe with currents flowing in the same direction, their 
sum is indicated; currents flowing in opposite directions will give a dif- 
ference indication. In this way, balancing currents is easily accom- 
plished by making any difference equal to  zero. 

To decrease sensitivity on circuits carrying more than I O  amps, it is 
only necessary to shunt a section of the circuit with two or  more wires 
of the same resistance. A current divider is thereby constructed and 
the probe can be used to measure the current in one leg. Total current 
in the circuit is measured by multiplying the 428B reading by the num- 
ber of legs in the divider. 

Specifications 
DC current range: 1 mA to I O  A full scale, nine ranges. 
Accuracy: f3% of full scale f0.15 mA, from 0°C to 55°C (when in- 
strument is calibrated to probe). 
Probe inductance: < O S  pH. 
Probe inducted voltage: < 15 mV p (worst case at 20 kHz and har- 
monics). 
Output: variable linear output level with switch position for cali- 
brated 1 V into open circuit (corresponds to full scale deflection). 1.5 
V max. into open circuit in uncalibrated position. 0.73 f.O1 V into 1 
kR in calibrated position. 
Noise: 1 mA range, <15 mV rms across 1 kR; 3 mA range, <5 mV 
rms across 1 kR; I O  mA through 10A ranges, <2  mV rms across 1 k0. 
Frequency range: dc to 400 Hz (3 dB point). 
AC rejection: signals above 5 Hz with p value <full scale affect 
meter accuracy <2% (except at  40 kHz carrier frequency and its har- 
monics). On the I O  A range, ac p value is limited to 4 A. 
Power: 115 or 230 V f IO%, 50 to 60 Hz, approx. 75 VA max. 
Operating temperature range: -20°C to +55OC. 
Storage temperature: -40°C to +65”C. 
Probe insulation: 300 V maximum. 
Probe tip size: approximately %” by 2%2” aperture diameter Y32“. 
Dimensions: 191 mm wide, 292 mm high, 368 mm deep (7%” X 11%’’ 
X 14%”); rack mount: 483 mm wide, 177 mm high, 330 mm deep (19” 

Weight: net 8.6 kg (19 Ib); shipping, 10.9 kg (24 Ib) (cabinet); net 10.8 
kg (24 Ib); shipping, 14.4 kg (32 Ib) (rack mount). 

Price Model number and name 
428B Analog Milliammeter (cabinet) $825 

$755 428BR Analog Milliammeter (rack mount) 

X 6”/3T X 13”). 



427A 

Open circuit 
Range Voltage 

x 10 0.1 v 
x 100 0.1 v 
X l k  1v  

X l O k  

X 100 k 

11096A 

Short circuit 
Current 

10 mA 

1 mA 

1 mA 

100 pA 

10 pA 

Description 
Hewlett-Packard’s Model 427A is a portable, versatile, low cost 

multi-function meter which is valuable in any laboratory, production 
line, service department, or in the field. It is capable of measuring dc 
voltages from 100 mV to 1 kV full scale; ac voltage from I O  mV to 300 
V full scale at frequencies up to 1 MHz (>500 MHz with the I1096A 
High Frequency Probe); and resistance from IOQ to 10 MR center 
scale. 

The 427A will operate continuously for more than 300 hours on its 
internal 22.5 V dry cell battery. AC line and battery operation is avail- 
able with option 001. 

Specifications 
DC voltmeter 
Ranges: f 100 mV to f 1000 V in 9 ranges in I O  dB steps. 
Accuracy: f 2 %  of range. 
Input resistance: 10 MQ. 
AC normal mode rejection (ACNMR): ACNMR is the ratio of the 

X l M  

X 1 0 M  

ANALOG VOLTMETERS 
Low-cost multi-function meter 

Model 427A 

1 v  

1v 1 PA 

normal mode signal to the resultant error in readout. 50 Hz and 
above: >80 dB. 
Overload protection: 1200 V dc. 
AC voltmeter 
Ranges: 10 mV to 300 V in 10 ranges in 10 dB steps. 
Frequency range: I O  Hz to 1 MHz. 
Response: responds to average value, calibrated in rms. 
Accuracy: 
I Frequency I Range 

0.01 V to 30 V I 1 0 0 V t o 3 0 0 V  

2% of range 10 Hz to 100 kHz 

General 
Input: may be floated up to  f500 V dc above chassis ground. Ohms 
input open in any function except ohms. Volts input open when in- 
strument is off. 
Operating temperature: 0°C to 50°C. 
Power: >300 hr operation per battery. 
HP 427A: 22.5 V dry cell battery, Eveready No. 763 or RCA VS102. 
HP 427A Option 001: battery operation or  ac line operation, select- 
able on rear panel. I15 V or 230 V f20%, 48 Hz to 440 Hz, 2 VA max. 
Dimensions: (standard V3 module): 130 mm wide, 159 mm high 
(without removable feet), 203 mm deep (5%” X 6%‘‘ X 8”). 
Weight: net, 2.4 kg (5.3 Ib); shipping 3.6 kg (8 Ib). 
Accessories available 
H P  11096A High Frequency AC Probe extends range to >500 MHz. 
With the I1096A, you can measure 0.25 to 30 V rms signals out to 500 
MHz with better than f IdB accuracy. Usable relative measurements 
can be made up to  I G H z  (3 dB point at 700 MHz). The 11096A IS a 
peak-responding detector calibrated to  produce a dc output propor- 
tional to the rms value of a sine wave input. Input impedance is 4 MQ 
shunted by 2 pF. 
Model number and name Price 
427A Multi-function Meter (includes batteries) $375 
427A Option 001 A C  power supply & battery Add $26 
I1075A High Impact Case. A rugged case for carrying, 
storing and operating the 427A $80 
11096A High Frequency AC probe $82 
IlOOlA 45” test lead, dual banana plug to male BNC $15 
11002A 60” test lead, dual banana plug to alligator clips $10 
11003A 60” test lead, dual banana plug to  pencil probe 
and alligator clip $10 
11039A 1000: 1 capacitive voltage divider, 25 kV max $270 
101 11A BNC female to dual banana adapter $15 



ANALOG VOLTMETERS 
General purpose multi-function voltmeter 
Model 410C 

Description 
H P s  Model 410C is a versatile general purpose instrument for use 

anywhere electrical measurements are made. This instrument mea- 
sures dc voltages from 15 mV to 1500 V, direct current from l .5 pA to 
150 mA full scale, and resistance from 0.29 to 500 MR. With a stan- 
dard plug-in probe, ac voltages at 20 Hz to 700 MHz from 50 mV to 
300 V and comparative indications to 3 GHz  are attainable. 

Specifications 
DC voltmeter 
Voltage ranges: f 1 
ranges). 
Accuracy: f 2 %  of 
Input resistance: 100 MQ f 1% on 500 mV range and above, I O  MQ 
f3% on 150 mV range and below. 
AC voltmeter 
Voltage ranges: 0.5 V to 300 V full scale in 0.5, 1.5, 5 sequence (7 
ranges). 
Frequency range: 20 Hz to 700 MHz. 
Accuracy: f 3 %  of full scale at 400 Hz for sinusoidal voltages from 
0.5 V to 300 V rms. The ac probe responds to the positive peak-above- 
average value of the applied signal. The meter is calibrated in rms. 
Frequency response: f 2 %  from 100 Hz to 50 MHz (400 Hz ref.); 0 
to -4% from 50 MHz to 100 MHz; f10% from 20 Hz to 100 Hz and 
f1.5 dB from 100 MHz to 700 MHz. 
Itlput impedance: input capacitance 1.5 pF, input resistance > I O  
MQ at low frequencies. At high frequencies, impedance drops off due 
to dielectric loss. 
Safety: the probe body is grounded to chassis at all times for safety. 
All ac measurements are referenced to chassis ground. 
DC ammeter 
Current ranges: f 1.5 pA to f 1 5 0  mA full scale in 1.5, 5 sequence 
( 1  1 ranges). 
Accuracy: f 3 %  of full scale on any range. 
Input resistance: decreasing from 9 kQ on 1.5 pA range to approxi- 
mately 0.3 Q on the 150 mA range. 
Special current ranges: f 1.5, f 5  and f 1 5  nA may be measured on 
the IS, 50 and 150 mV ranges using the dc voltmeter probe, with f5% 

accuracy and I O  MQ input resistance. 

Ohmmeter 
Resistance range: resistance from I O  Q to 10 MQ center scale (7 
ranges). 
Accuracy: Zero to midscale: f 5 %  of reading or f 2 %  of midscale, 
whichever is greater; f7% from midscale to scale value of 2; f 8 %  
from scale value of 2 to 3; f9% from scale value of 3 to 5;  f 10% from 
scale value of 5 to IO. 

Amplifier 
Voltage gain: 100 maximum. 
AC rejection: 3 dB at 0.5 Hz; approximately 66 dB at 50 Hz and 
higher frequencies for signals <I600 V p or 30 times full scale, 
whichever is smaller. 
Isolation: impedance between common and chassis is > I O  Mi2 in 
parallel with 0.1 pF. Common may be floated up to 400 V dc above 
chassis for dc and resistance measurements. 
Output: proportional to meter indication; 1.5 V dc at full scale, max- 
imum current, 1 mA. 
Output impedance: <3Q at dc. 
Noise: < O S %  of full scalp nn a n v  ranup (n-n\ 
DC drift: < O S %  of full s 12% of 
full  scale/"C. 
Overload recovery: rea 

General 
Maximum input: (see overioaa recovery). UL: IUU v on I 3, 50 and 
150 mV ranges, 500 V on 0.5 to 15 V ranges, 1600 V on higher ranges. 
AC: 100 times full scale or 450 V p whichever is less. 
Power: 115 V or 230 V &lo%, 48 Hz to 440 Hz, 13 VA (20 VA with 
11036A AC Probe). 
Dimensions: 130.2 mm wide, 165 mm high (without removable feet), 
320.7 mm deep (5%" X 6%" X 11") behind panel. 
Weight: net 4 kg (8 Ib); shipping 5.44 kg (12 Ib). 
Accessories furnished detachable power cord, NEMA plug, 
11036A AC Probe. 
Accessories available: see Pages 474-477. 
Model number and name Price 
410C Option 002 (less AC probe) $675 
HP 410C with HP  11036A Detachable AC Probe $725 

\r t,,. _.- -.. -.., .I.. ~- 
cale/yr at constant temperature. <O.( 

wers from 1OO:l overload in < 3  s. 



ANALOG VOLTMETERS 
Model 4038 

5 Hz to 2 MHz AC solid-state voltmeters 

HP Model 1 
Range 
Motor 

Description 

ate mc 
concei 
use wI 
form < 
value 

The 
tery P 
may t 
measu 
the b: 
doubli 

The Hewlett-Packard 403B AC Voltmeter is a versatile, general pur- 
pose instrument for laboratory and production work yet is ideal for 
use in the field since it is solid-state, battery-operated, and portable. 

It measures from 100 microvolts to 300 volts, covering 5 Hz to 2 
MHz. It operates from internal batteries and thus may be completely 
isolated from the power line and external grounds, permitting accur- 

Zasurements at power line frequency and its harmonics without 
rn for beat effects. Isolation from external ground also permits 
here ground loops are troublesome. Turnover effect and wave- 
mors are mihimized because the meter responds to the average 
of the input signal. 
403B operates from an ac line as well as from the internal bat- 

ack, and batteries recharge during ac operation. Battery charge 
)e easily checked with a front-panel switch to assure reliable 
irements. Normally, about 60 hours of ac operation recharges 
itteries; but an internal adjustment is provided which nearly 
es the charging rate. The Model 403B can be used while its bat- 

teries charge. A sturdy taut-band meter eliminates friction and pro- 
vides greater precision and repeatability. 

For improved resolution in dB measurements, the 403B Option 001 
is available. This version spreads out the dB scale by making it the top 

\ Snecificatians 

4038 Option 001 4038 I 

... 1.1. Responds to average valu. _. . . . r__ ... _ _  . - .  - 

:ale, 12 ranges, in a 1,3, 10 sequence. -60 dB to +50 dB in  12 ranges with 10 dB steps. 

P nf inniit wavefnrm~ calihrated in the rms valiie nf a sine  wave^ 

I Frequency 
Range 5 Hz to 2 MHz 5 Hz to 2 MHz I 
Accuracy within f 2 %  of full scale from 10 Hz to 1 MHz; within f 5 %  

of ful l  scale from 5 to 10 Hz and 1 to 2 MHz, except f 1 0 %  
1 to 2 MHz on the 300 V range (0 to 50" C).* 
2 MQ; shunted by <60 pF; 0.001 to 0.03 V ranges; <30 pF, 
0.1 to 300 V ranges. 

wi th in f0.2 dB of ful l  scale from 10 Hz to 1 MHz; within 
f 0 . 4  dB of ful l  scale from 5 to 10 Hz and 1 to 2 MHz, 
except f0.8 dB 1 to 2 MHz on the 300 V range (0 to 50" C).* 
same as 403B Input 

Impedance 

I I sameas403B 
Maximum 
Input 

Fuse protected (signal ground can be f 5 0 0  V dc from chassis). 

Power 4 rechargeable batteries, 40 hr. operation per recharge, 
up to  500 recharging cycles; self-contained recharging 
circuit functions during operation from ac line. 

same as 4038 

I sameas403B 
Dimensions 130 mm wide, 159 mm high (without removable feet), 203 mm 

deeo (5%" x 6%" x 8"). I 
Weight I net 2.9 kg (644 Ib); shipping 3.6 kg (8 Ib). I sameas4038 

Price I $425 I $451 
I I 

'Use IOOOIA IO 1 Divider and IOlllA Adapter to retain i 5 1  (f04 d8) accuracy while measuring up io 425 V rms at 1 to 2 MHz. 



ANALOG VOLTMETERS 
AC voltmeter, 10 Hz to 10 MHz 
Models 400E, EL, F, FL, & GL 

Price: 
'NOTE: 400EL same as 400E. and 
IO dB between ranges. Log voltage 
accuracy is % of reading in dB 

Specifications 

I I 
'L same as 400F. except for calibration. Linear dB scale -10 dB to +2 dB. 
scales 0.3 to 1 and 0.8 l o  3. 120 divisions from -10 to +2 dB. 400FL 

only. 

F Voltage range: 1 mV to 300 V F.S. 12 ranges 

10 Hz to 10 MHz 

Input impedance: 

100 p V  to 300 V F.S. 14 ranges 

20 HZ-4 MHz 

Accuracy:* 

Recovery: 

Overload: 

~~ 

10 MR on all ranges 
<30 pF to <15 pF depending 
on ranges 

+60 dB range 
20 Hz-40 kHz: f 0 . 4  dB 
40 Hz-100 kHz: f 0 . 2  dB 

-60 dB thru +40 dB ranges 
20 Hz-40 Hz. f 0 . 4  dB 
40 Hz-500 kHz: f 0 . 2  dB 
500 kHz-2 MHz: f 0 . 4  dB 
2 MHz-4 MHz: +0.2 -0.8 dB 

-80 dB range 
30 Hz-60 Hz: f 0 . 4  dB 
60 Hz-100 kHz: f 0 . 2  dB 
100 ~ H z - 5 0 0  hHz +0.2 -0.8 dB 

Calibration: 

"500 V rms ac, 300 V dc 

Scale -10 to +2 dB, 10 dB between ranges, 100 divisions on 
0 to 1 scale. The dB scale reads -10 to +2 dB; 
10 dB between ranges. 

I Weight: 

~~~ ~~~~~~ ~~ 

*1200 V rms max. input; 
1000 V dc max. input 

Linear dB scale, 100 divisions 
from -20 to 0 dB. Log voltage 
scale 0 dB = 1 V. 

I Dimensions: 

400E, $395; 400EL, $410 

Power: 

400F, $355; 400FL, $370 400GL, $390 

400E/EL" I 400F/FL0 

10 MR on all ranges 
<25 pF to <12 pF depending 
on ranges 

10 MR on all ranges 
<25 pF to <10 pF depending 
on ranges 

f ( X  reading + X range) 
3 mV-300 V ranges 

10 Hz-40 Hz: f(2.5+2.5) 
40 Hz-2 MHz: f ( 1 + 0 )  
2 MHZ-4 MHz: f(1.5+1.5) 
4 MHz-10 MHz: f(2.5+2.5) 

1 mV range 
10 Hz-40 Hz: f(2.5+2.5) 
40 Hz-500 kHz: f ( l + O )  
500 kHZ-4 MHz: f(2.5+2.5) 

f ( X  reading + X range) 
300 pV-300 V ranges, 

20 Hz-40 Hz: f ( 2 + 2 )  
40 Hz-100 Hz: &(l+l) 
100 Hz-1 MHz: f(%+%) 
1 MHz-2 MHz: f (1+1) 
2 MHZ-4 MHz: f ( 2 + 2 )  

100 p V  range 
30 Hz-60 Hz: f ( 2 + 2 )  
60 Hz-100 kHz: f(l+l) 
100 ~ H z - 5 0 0  kHk f (0 -7 )  

<2 s for 80 dB overload 

20 HZ-4 MHz I 



Stable, linear dc ou 3U 

0 1 mV full-scale sensitivity 
0 10 MQ input impedance 

Taut-band individually calibrated meter 

Description 
The Hewlett-Packard Model 3400A is a true root-mean-square 

(rms) voltmeter, providing a meter indication proportional to the dc 
heating power of the input waveform. 

Six-decade frequency coverage makes the 3400A extremely flexible 
for all audio and most rf measurements and permits the measurement 
of broadband noise and fast-rise pulse. 

Pulses or  other non-sinusoids with crest factors (ratio of peak to 
rms) up to 1O:l can be measured full scale. Crest factor is inversely 
proportional to meter deflection, permitting up to 1OO:l crest factor at 
10% of full scale. 

ANALOG VOLTMETERS 
10 Hz to 10 MHz true RMS voltmeter 

Model 3400A 

rermaneni piorb or meabureu uaia ariu rirgrirr rebuiuiruri ~r~edbure- 
ments can be obtained by connecting an X-Y plotter, strip chart re- 
corder or digital voltmeter to the convenient rear-panel dc output. The 
dc output provides a linear 0 to 1 volt drive proportional to meter de- 
flection. 
RMS current 

True rms current measurements can be made conveniently by using 
the HP  Model 456A Current Probe with the Model 3400A. See page 
476. 

Specifications 
Voltage range: I mV to 300 V full scale, 12 ranges. 
DB range: -72 to +52 dBm (0 dBm = 1 mW into 600R). 
Frequency range: I O  Hz to I O  MHz. 
Response: responds to rms value (heating value) of the input signal 
for all waveforms. 
Meter accuracy: % of full scale (20°C to 30°C)* 

lOHz 50Hz lMHr  2MHz 3MHz lOMHz 

I f5% I f l %  I f2% I f3% I 33% I 
Ac-to-dc converter accuracy: % of full scale (20°C to 30°C)* 

lOHz 50Hz 1MHz 2MHz 3MHz 10MHz 

I f5% I f0.75% I f2% I f3% I f5% I 
Crest factor: (ratio of peak to rms amplitude of input signal): I O  to 1 
a t  full scale (except where limited by maximum input) inversely pro- 
portional to meter deflection, (e.g., 20 to 1 at half-scale, 100 to 1 at 
tenth scale). 
Maximum continuous input voltage: 500 V ac peak at 1 kHz on all 
ranges; 600 V dc on all ranges. 
Input impedance: from 0.001 V to 0.3 V range: 10 MR shunted by 
<50 pF. From 1.0 V to 300 V range: 10 MR shunted by <20 p F  ac- 
coupled input. 
Response time: for a step function, < 5  s to final value. 
AC overload: 30 dB above full scale or 800 V p, whichever is less, on 
each range. 
Output: negative 1 V dc into open circuit at full-scale deflection, pro- 
portional to meter deflection from IO-100% of full scale. I mA maxi- 
mum; nominal source impedance is IOOOR. Output noise < I  mV rms. 
Power: I15 or 230 V f IO%, 48 to 440 Hz, 12 VA max. 
Dimensions: 130 mm wide, 159 mm high (without removable feet), 
279 mm deep (5%" X 61/41 X 1 I"); Y, module. 
Weight: net: 3.3 kg (7% Ib); shipping: 4.5 kg ( I O  Ib). 
Accessories furnished 101 10A Adapter, BNC to dual bananajack. 
Accessories available: Price 
1 IOOlA Cable, 45 in. long, male BNC to dual banana 
P k  $15 
10503A Cable, 4 ft. long, male BNC connectors $15 

$10 
11003A Test Leads, dual banana plug to probe and alli- 
11002A Test Lead, dual banana plug to alligator clips 

gator clip $10 
11076A Carrying Case $75 
456A AC Current Probe, I mV/l mA $375 
Model number and name 
3400A option 001 spreads out the dB scale by making it 
the top scale of the meter 
Rear terminals in parallel with front panel terminals 
and linear log scale uppermost on the meter face are 
available on special order. 
3400A RMS voltmeter $705 
*TC fO 1% from O'C to 20°C and 30'C to 55'C. 

add $26 



ANALOG VOLTMETERS 
Logarithmic voltmeters, ac or dc log scaling 
Models 7562A and 7563A 

5 Hz 

50 Hz 

AC mode 
Input impedance: 1 MQ, shunted by less than 100 pF; single ended. 
Accuracy and frequency response: (at 25OC). 

I I 

f l  d B  f 0 . 5  dB f l  d B  

I * l d B I  f0 .5dB f l d B  

w 
7563A 

Description 
Hewlett-Packard Model 7562A is a wide range (80 db), single chan- 

nel logarithmic voltmeter/converter designed to produce dc output 
voltages in a logarithmic relationship to dc input voltages or the true 
RMS value of an ac input voltage. It contains a true RMS detector 
which is not dependent on pure sinusoidal signals to achieve measure- 
ment accuracy. A self-contained meter calibrated in volts and dB re- 
sults in an accurate voltmeter. A constant amplitude oscilloscope out- 
put makes the converter compatible with a variety of oscilloscope 
readout and phase meter applications. 

The Model 7563A Logarithmic Voltmeter/Amplifier is a low cost, 
single channel, dc logarithmic amplifier with a very high dynamic 
range (1 10 dB) designed to produce a logarithmic-related dc output 
voltage for a very wide range of dc input voltages. A single input 
range of 316 pV to 100 V is coupled with an input polarity switch for 
ease and versatility of operation. A high input impedance (100 kQ) 
and a low output impedance (less than 5Q) allows the 7563A to be 
used in systems or on the bench. A front panel meter calibrated in dB 
and mV provides instantaneous visual indication of operating levels. 
Applications include log scaling of recorder axes, pulse height 
analyzers, scope displays, and almost any circumstances where log 
compression of dc voltage ranges is required. Dual or single rack 
mounting capability is afforded by a field installable rack mounting 
adapter, utilizing a minimum of rack space 

7562 Specifications 
Performance specifications 

AC and dc modes 
Input: 

Dynamic range: 80 dB. 
Voltage range: 1 mV to 10 V or 10 mV to 100 V selectable by front 
panel switch. Accepts either ac or PC 

Voltage: 0 to 800 mV dc corresponc 
Output impedance: 100 ohms. 

DC mode 
Accuracy: f0 .25 dB a t  25°C. 
Input impedance: IO0 kQ, shunted by less than 100 pF; single ended. 
Temperature coefticient: f0 .02 dB/"C maximum. 
Zero stability: f0 .25  dB. 

output: 

Range 0.5Hz 2 5 20 90 200 HZ 50kHz lOOkHz Setting I 
I 0.5 Hz 1 I f 1  dBI 50.5 d B  I f l  d B  

Temperature coefficient: f0.04 dB/"C maximum. 
Slewing speed: 

Range setting Minimum slewing speed 

0.5 Hz 1 dB/s 

5 Hz I O  dB/s 

50 Hz 60 dB/s 

Oscilloscope output: approx. 0.5 V rms regardless of input. 
Crest factor: 5:l unless limited by max. input voltage. 
General specifications 
Maximum peak input voltage: f 2 5  V on I mV to 10 V range; f 2 5 0  
V on I O  mV to 100 V range. 
Operating temperature: 10°C to 40°C. 
Warm-up time: 20 minutes nominal. 
Connectors: front and rear input and output BNC connectors. 
Power requirements: 115/230 V ac, 50 to 400 Hz, 40 VA. 
Dimensions: 88 m m  high, 197 mm wide, 292 m m  deep (3x6" X 7%" 
x l l Y 2 q .  
Weight: Net, 3.6 kg (8 Ib): Shipping, 5.4 kg (12 Ib). 

7563 Specifications 
Performance specifications 
Input 
Dynamic range: I10 dB. 
Voltage range: 316 p V  to 100 V. Accepts either positive or negative 
signals, selectable by front panel switch. 

Voltage: 0 to 1.1  V dc corresponding to I O  mV/dB. Rear terminals: 
adjustable I to 10 mV/dB. 
Output impedance: less  than 5Q front panel, 300Q rear. 
Meter accuracy: reading accurate to f1 .5  dB, referred to output. 
Input impedance: 100 kQ, shunted by less than 100 pF; single ended. 
Accuracy: (at 25OC). 

316 pV 1 mV 10 v 31.6 V 100 v 

output 

I f0.5dB I f0.25dB 1 f1 .0dB I f 1 . 5  d B  I 
Temperature coefficient: f0 .02  dB/"C maximum and f 3  pV/"C 
referred to input., 
Zero stability: f0 .25 dB at constant temperature. 
Rise Time: 

1 mV - 10 mV 
10 mV - 100 mV 

400 ps 

1 

r- - ~ . . . . . . . . . . .. 

100 mV - 1 V 4 PS 

2 W S  1 v - l0OV 

General specifications 
Operatlng temperature: 10°C to 40°C. 
Warm-up time: 20 minutes nominal. 
Connectors: front and rear input and output BNC connectors. 
Power requirements: 115/230 V ac, 50 to 400 Hz, 40 VA. 
Dimensions: 88 m m  high, 197 mm wide, 292 mm deep (3%6" X 7%" 
x 11%"). 
Weight: Net, 3.6 kg (8 Ib): Shipping, 5.4 kg (12 Ib). 
Model number and name Price 
7562A Logarithmic Voltmeter/Converter $1275 
7563A Logarithmic Voltmeter/Amplifier $955 



ANALOG VOLTMETERS 2 
10 kHz to 1.2 GHz RF voltmeter 

Model 3406A 

Description 
High frequency voltages can be measured easily with HP’s 3406A 

Sampling Voltmeter. Employing incoherent sampling techniques, the 
H P  3406A has extremely wide bandwidth (10 kHz to  1.2 GHz) with 
high input impedance. Signals as small as 50 pV can be resolved on the 
sampling voltmeter’s linear scale. Full scale sensitivity from 1 mV to 3 
V is selected in eight I O  dB steps and may be read directly from -62 
dBm to +23 dBm for power measurements. Accessory probe tips 
make the H P  3406A suitable for voltage measurements in many ap- 
plications such as receivers, amplifiers and coaxial transmission lines. 

Measurement indications can be retained on the 3406A meter by de- 
pressing a pushbutton located on the pen-type probe. This feature is 
useful when measurements are made in awkward positions where the 
operator cannot observe the meter indication and probe placements at  
the same time. Other features include a dc recorder output and sample 
hold output for connection to oscilloscopes, and peak or true rms 
voltmeters if other than absolute average measurements are required. 

Voltage range: I mV to 3 V full scale in 8 ranges; decibels from -50 
to +20 dBm (0 dBm = I mW into 500); average-responding instru- 
ment calibrated to rms value of sine wave. 
Frequency range: 10 kHz to 1.2 GHz; useful sensitivity from 1 kHz 
to beyond 2 GHz. 
Full-scale accuracy (YO) with appropriate accessory (after probe is 
properly calibrated) 

10 20 25 100 100 700 1 1.2 
kHz kHz kHz kHz MHz MHz GHr GHz 

Specifications 

f13 I f8 I f5 I f3 1 f5 I f8 I f13 
Input impedance: input capacity and resistance will depend upon 
accessory tip used. 100,0000 shunted by <2.1 p F  at 100 kHz with bare 
probe; < I O  p F  with 11072A isolator tip supplied. 

Sample hold output 
Provides ac signal whose unclamped portion has statistics that are 

narrowly distributed about the statistics of the input, inverted in sign 
(operating into >200 k 0  load with <lo00 pF). Output is 0.316 V at 
f.s. on any range. 
Noise: <175 pV rms referred to  input. 
Accuracy (after probe is properly calibrated): 0.01 V range and 
above: same as full scale accuracy of instrument. 0.001 V to 0.003 V 
range: value of input signal can be computed by taking into account 
the residual noise of the instrument. Jitter: meter indicates within 
f 2 %  p of reading 95% of time (as measured with H P  3400A True 
RMS Voltmeter). 
RMS crest factor: 0.001 V to 0.3 V, 20 dB; 1 V, 13 dB; 3 V, 3 dB. 

Meter 
Meter scales: linear voltage, 0 to 1 and 0 to 3; decibel, -12 to +3. 
Individually calibrated taut-band meter. 
Response time: indicates within specified accuracy in <3 s. Jitter: 
f 1% peak (of reading). 

General 
DC recorder output: adjustable from 0 to 1.2 mA into 1000 ohms at 
full  scale, proportional to meter deflection. 
Overload recovery time: meter indicates within specified accuracy 
in <5  s (30 V p-p max.). 
Maximum input: f 100 V dc, 30 V p-p. 
RFI: conducted and radiated leakage limits are below those specified 
in MIL-6181D and MIL-1-16910C except for pulses emitted from 
probe. Spectral intensity of these pulses are nominally 50 n V / a  
spectrum extends beyond 2 GHz. 
Temperature range: instrument, 0°C to +55’C; probe, + I O T  to 
+4OoC. 
Power: 115 or 230 V f IO%, 48 Hz to  440 Hz, 25 VA max. 
Dimensions: 197 mm wide, 159 mm high (without removable feet), 
279 mm deep (7%” X 6‘h“ X 1 I”); % module. 
Weight: net 5.4 kg (12 Ib); shipping 6.8 kg (15 Ib). 
Accessories: refer to data sheet. 
Model number and name Price 
3406A R F  voltmeter $1,010 



DIGITAL VOLTMETERS 
General information 
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Digital voltmeters Building blocks 
Digital voltmeters (DVM’s) offer many ad- Digital voltmeters convert an analog sig- 

vantages over other types of voltmeters. nal to an equivalent digital value. To do  this, 

speed, increased accuracy and resolu 
duction of operator errors and the a 
provide automatic measurements in 
applications. 

Digital voltmeters display measure 
sults as discrete numerals rather th 
pointer deflection on a continuoL 
which is commonly used in analog 
Human error and tedium are reduce 
rect numerical readout, and operatc 
ing is minimized by automatic pola 
range-changing features of some D! 

sure ac and dc voltages, current, resistance 
and ratio. Appropriate transducers can be 
used to  measure other parameters such as 
strain or  temperature. An increasingly popu- 
lar use of DVM’s is in automatic measure- 
ment systems. Such a system can be as sim- 
ple as connecting the DVM digital output to  
a digital printer or as powerful as a calcula- 
tor o r  computer controlled DVM system that 
provides automatic data reduction and unat- 
tended operation. 

Among the advantages of DVM’s arp -renter the  innnit r i o n i l  ( n r / A r  wnltioe n r  ri irrent  n r  

OUTPUT LOGIC 2r DISPLAY 

Digital voltmeters are available _ _  
c -  _ _  

Figure 1 - Basic building blocks of a DVM 

Digital voltmeters that have current mea- 
suring capability use internal shunt resistors 
to  convert unknown current to an ac or  dc 
voltage. This voltage is then digitized and 

scaled (by shunt value) to provide a reading 
of the current. 

The signal to  be measured first passes 
through an input signal conditioner. This 
converts ac signals, dc signals, or resistances 
to a proportional dc voltage that is within the 
range of operation of the analog-to-digital 
(A-to-D) converter. 

The A-to-D converter generates numerical 
values that correspond to the dc voltage out 
of the signal conditioner. The logic block 
controls the order of internal information 
flow and manages the communication of dig- 
ital information with external devices. A vis- 
ual result of measurement is provided by the 
display block. 
Signal conditioners 

Of all the parts of a DVM, the signal con- 
ditioning and conversion part has the great- 
est influence on the instrument’s characteris- 
tics. 

A dc input often must be amplified o r  at- 
tenuated to 6e within the range of the A-to-D 
converter. For example, if full scale input of 
the A-to-D unit is I O  V, the dc input ampli- 
fier/attenuator would amplify the signal or  
the I O  mV and 1 V ranges and attenuate the 
signal on 100 V and 1000 V ranges. 



There are two types of ac converters in 
common use today: average responding and 
true rms responding. The average respond- 
ing converter is relatively inexpensive and is 
intended primarily for measurement of sine 
waves having little or no distortion. This type 
of converter measures average value of the 
rectified sine wave which is then multiplied 
by a scale factor (rms = 1.1  1 ave.) to provide 
the rms value. Errors result from this tech- 
nique when the input signal is not a distor- 
tionless sine wave. 

The true rms responding converter is the 
most accurate ac signal conversion tech- 
nique. It has wider bandwidth, ability to mea- 
sure nonsinusoids and is insensitive to dis- 
tortion. True rms converters measure equiv- 
alent heating power of the waveform using a 
thermocouple or thermopile. The resulting dc 
voltage is equivalent to heating power, or 
true rms, of the ac signal. Some Hewlett- 
Packard true rms converters measure not 
only ac signal, but also dc components which, 
in turn, improves low frequency perform- 
- ance. The composite equals ,/(dc)* + (ac 
rms)2. 

Ohms converters measure value of resis- 
tors by supplying a known constant dc cur- 
rent to the unknown resistor and then mea- 
suring the resulting voltage drop across it. 
There are three popular techniques for sup- 
plying dc current to the unknown resistor: 
two-wire, three-wire, and four-wire. 

The two-wire technique is most common 
and most economical for applications where 
test leads are short. Since the same input ter- 
minals are used to  supply dc current and 
measure voltage drops, this technique is af- 
fected by lead resistance. 

DC INPUT 
AMPLIFIER 

LEAD 
RESISTANCE l-2-;*pi& U N K N O W N  

SOURCE 

LOW 

Figure 2 - Simple two-wire ohms 
converter 

A dc current source that is totally isolated 
from the measuring circuits (Figure 3) is used 
by the four-wire technique to overcome sen- 
sitivities to  lead resistance. This scheme of- 
fers the ultimate in performance for ohms 
measurements, particularly for remote mea- 
surements, while the two-wire method is 
more suited to bench use where leads are 
short. 

TO 
_. R L  HI INPUT 

-vv”  ” 

HI 

r\ L D C I N P U T  

1 

I 

AMPLIFIER 
-7 

RL = L E A D  RESISTANCE 

Figure 3 - Simplified 4-wire ohms 
converter 

Like the two-wire converter, the three-wire 
converter is sensitive to lead resistance, espe- 
cially on the low side of the input, but it may 
be possible to null out error caused by lead 
resistance with an internal adjustment. 
A-to-D converters 

Analog-to-digital converters change dc sig- 
nal from signal conditioners and converters 
to  discrete numerical values. The conversion 
technique used determines speed, resolution 
and noise rejection characteristics of the 
DVM. For a detailed discussion refer to 
Hewlett-Packard Application Note 158. 
Noise rejection 

Source and type of noise are important in 
determining the type of noise rejection 
needed. There are two types of noise which 
may affect accuracy and sensitivity of a 
DVM: normal mode and common mode. 

Normal mode noise enters the DVM with 
the signal and is superimposed on it. Filter- 
ing is the simplest way to cut down on noise 
but it slows measurement speed. Integration 
“calculates” noise out of the measurement by 
looking at the input signal over 

FLOATING 
POWER SUPPLY 

I I lcm 

k- 
SOURCE E R  

I-iyure 3 - Des1 connection-{ 

time equal to the period of expected noise. 
Filtering is advantageous for rejecting broad- 
band noise, while integration is better for re- 
jecting line related noise. Figure 4 shows typ- 
ical noise rejection for filtering and integrat- 
ing methods. 
- 
% 120 - 
5 100 
i- 
o 80 Y 
W 8 40 

5 20 

z o  a 

0 1  

Figure 4 - Normal mode noise rejection 
for two DVM’s, one using filtering and the 
other using integration 

Common mode noise appears between the 
DVM’s input terminals and ground. It is 
usually caused by grounding differences be- 
tween the DVM and the device being mea- 
sured. 

Errors caused by common mode noise may 
be reduced by a passive technique called 
“guarding.” Guarding shunts the noise to 
ground and away from input terminals. By 
proper connection of the guard (Figure S ) ,  a 
remarkable improvement can be seen in a 
DVM’s ability to reject common mode noise. 

“Effective” common mode rejection is the 
specification that usually appears in data 
sheets. Effective refers to the final reading. 
Effective C M R  is the combined result of 
“pure” CMR due to guarding plus normal 

10 100 loo0 
FREQUENCY (HzJ 
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Specifications 
Resolution and sensitivity 

DVM’s are classified according to the 
number of full digits. An overrange digit is an 
extra digit added to allow the user to read be- 
yond full scale. This overrange digit is often 
called a “one-half’ or a “partial” digit since 
it cannot display all numbers through 9. 
Overranging greatly extends a DVM’s use- 
fulness by maintaining resolution up to, and 
beyond, full scale. For example, if a signal 
changes from 9.999 V to 10.012 V, a four- 
digit DVM without overranging could mea- 
sure the first voltage as “9.999 V,” but would 
require a range change to make the second 
measurement with a resulting reading of 
“1O.OI V.” The 0.002 V change would not be 
seen. With overranging, the second measure- 
ment could be made as “10.012 V” with no 
loss of resolution. 

Overranging is given as a percentage. A 
four-digit DVM with 100% overranging 
would have a maximum display of “19999.” 
A spec of 20% overranging would provide a 
maximum reading of “ 1  199.” 

Resolution is the ratio of the maximum 
number of counts that can be displayed to the 
least number of counts. Full-scale resolution 
of a five-digit DVM is 100,000 to I ,  or 

Accuracy 
Accuracy is the exactness to which a volt- 

age can be determined, relative to the Legal 
Volt maintained by the U.S. National Bu- 
reau of Standards. Accuracy specification 
equals errors involved in traceability to 
N.B.S. as well as errors made by the instru- 
ment. 

To be meaningful, accuracy must be stated 
along with the conditions under which it will 
hold. These conditions should include time, 
temperature, line variations and humidity. 
Conditions specified should be realistic rela- 
tive to  intended use. For example, a DVM 
specified with a temperature range of 25°C 
f 1 “ C  would require a highly controlled en- 
vironment, whereas f 5 ” C  would cover the 
majority of environments. 

The period of time over which accuracy 
holds is especially important since it indi- 
cates the DVM’s stability and how often it 
will have to be calibrated. 

Accuracy is usually expressed as a percent 
of the reading plus a percent of the range (or 
full scale). Figure 6 shows that accuracy is 
always better at or above full  scale. 

SHORT TERM STABILITY 

Reading rate 
Most DVM’s have their own internal trig- 

ger source which may be adjustable or fixed. 
Quite often, trigger rate is independent of re- 
sponse time of the analog circuits. For exam- 
ple, a DVM may have a fixed sample rate of 
five readings per second, which is fine for dc 
measurements, but the ac converter may take 
two seconds to respond. This means that the 
user must wait for several samples before ob- 
taining a steady reading. Thus, as Figure 7 
shows, the DVM’s speed is determined by 
settling time of its input circuitry, plus time 
required to digitize the signal. 
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Figure 7 - DVM speed depends upon 
response time and reading period 

0.001%. Overranging is generally ignored in When a DVM is used in an automatic sys- 
resolution. Sensitivity refers to the smallest incremen- :;y-t”---- ._ _ _ ^ _  ~ ~ ” .  .^.I ternal tem, its triggers internal are trigger issued is by seldom the system used. incor- Ex- 

tal voltage change that the DVM is able to porating the appropriate delay to allow for 
settling. detect. Mathematically, it is the lowest full- 

scale range multiplied by the resolution of the 
Additional information 

t I For more information on DVM operation 
DVM. Sensitivity of a five-digit DVM with 
resolution of 0.001% and a 100 mV lowest 
full-scale range is 0.001% X 100 mV = I pV. Figure 6 - Typical TOUr-Ulglt DVM a 
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AC sensitivity 

nd selection, refer to Hewlett-Packard Ap- 
slication Note 158. 
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34698 

Description 
Twenty-six different range and function combinations of ac volts, 

dc volts, ohms and dc current. 

Specifications 
AC voltmeter 
Ranges: 1 mV, 10 mV, 100 mV, 1 V, I O  V, 100 V, 1000 V (500 V max 
input) . 
Accuracy above 1% of range &(% reading + % range), 20°C to 
30°C. 

DIGITAL VOLTMETERS 
3% Digit, high sensitivity, multimeter 

Model 34698 

1 mV range (0.3 mV and above): 
20 HZ 100 kHz 4 MHz 

1 + 0.75 I 2.5 + 2.5 I 
10 mV to 1 V ranges: 

20 Hz 100 Hz .lo0 kHz 1 MHz 6 MHz 

0.5 + 0.5 I 0.3 + 0.3 I 1 + 1  I 2.5 + 2.5 

10 V, 100 V, 1000 V ranges: 
20 Hz 100 Hz 100 kHz 1 MHz 4 MHz 

0.4 + 0.3 1 1 + 1  I 2.5 + 2.5 I 
inpur irnpeaance: IU MIL snunrea DY K L ~  p r .  inpur common con- 
nected to chassis. 
Overload protection: 500 V at frequencies 160 Hz. 
DC voltmeter 
Ranges: 100 mV, 1 V, I O  V, 100 V, 1000 V. 
Accuracy (20°C to 30°C) 

Input impedance: 10 MR. 
Overload protection: 1000 V. 
Normal mode rejection 

Common mode rejection 

100 mV range: f(0.2% reading + 0.1% range). 
1 V to 1000 V ranges: f ( O . l %  reading +0.1% range). 

60 Hz: 40 dB. 

Be: f 5 0 0  V max. 
DC: 60dB. 

Floating volta! 

Ohmmeter 
Ranges: lo*, 
Accuracy (20‘ 

152 range: 
1052 range: 
10052 to 10 

Source charac 
Short circuit c 
Open circuit VUIWYC. IU v I I G ~ ~ L I V G  WILII IGO~JGLL LU LUIIIIIIUII  ILULII- 

mon connected to chassis). 
DC input protection: f IO( 
AC input protection: 130 1 

DC ammeter 
Ranges: 1 pA, 10 pA, 100 I 
Accuracy (20°C to 30OC): 
Full scale voltage drop: I (  
Overload protection: 5 tin 
Floating voltage: f 5 0 0  V i lLUA. 

lOO, loon, 1 kO, 10 k52, 100 k52, 1 MO, 10 M52. 
’C to 30°C) 
t(O.259’0 reading + 0.5% range). 
f(0.3% reading + 0.2% range). 
M52 range: f(0.270 reading + 0.2% range). 
:teristics 
:urrsnt: 0.1 pA to I O  mA depending upon range. 
.-I.---. In 17 ----&:..- ... : r l .  ------ & I -  ------ 

) V max. 
v‘ rms max. 

LA, 1 mA, I O  mA, 100 mA. 

30 mV. 
les full scale. 

f(0.2% reading + 0.2% range). 

n n v  

General 
Sample rate: 8/s. 
Overrange: 100%. 
Out of range and illegal range indication: 3 least significant dig- 
its blank. 
Polarity: automatic. 
Operating temperature range: 0°C to  55°C. 
Warmup: I O  min. 
Power: 115 V or 230 V f IO%, 48 Hz to  440 Hz, I O  VA. 
Dimensions: 130 mm wide, 159 mm high (without removable feet), 
279 mm deep (5%” X 16%’’ X 1 I”). 
Weight: net 3.15 kg (7 Ib); shipping, 4 kg (9 Ib). 
34698 Multimeter $830 
‘Allowable reactance <lo0 pH series, <2 pF parallel. 



DIGITAL VOLTMETERS 
Digital multimeter 
Model 970A 

0 Puts a complete DMM in the palm of your hand 
0 Autoranging, autozero, autopolarity 

Ition 
-Packard's 970A Probe Digital Multimeter is completely 

self-contained and autoranges through five ranges of ac and dc volts 
and ohms. 

The pocket-sized multimeter is ideal for field, lab, or bench appli- 
cation. All electronics, including display and batteries, are in one 
small seven-ounce hand-held package with only one function control 
to set. 

HP's Model 970A automatically selects the right range, making it  
easy to use by technicians, repairmen, telephone craftsmen and engi- 
neers. This battery-operated probe is the first known hand-held 
DMM incorporating solid-state autoranging technology. All solid- 
state switching is in its one MOS integrated circuit. 

A five-digit light emitting diode cluster is used in this 3% digit 
DMM. All probe voltage readings are in volts, and resistance read- 
ings in kilohms so there are no scales to misinterpret. Decimal place- 
ment is automatic. 

Automatic decimal placement and automatic polarity indication 
save time. After setting the function selector (acV, dcV or kR), simply 
connect the ground clip, touch the probe tip to a test point, press the 
Push-to-Read bar, and the solid-state LED readout automatically dis- 
plays the correct reading and polarity. When measuring ohms or dc 
volts, it takes typically less than two seconds to range and settle to a 
proper reading. 

Since display is close to point of measurement, in closely packed cir- 
cuits, the probe can be held in one hand and circuit and readout can be 
seen at a glance. The display can be electronically inverted to avoid er- 
rors. 



H P s  970A Probe Digital Multimeter can be converted into a five- 
function bench instrument with optional 97002A Current Shunt/ 
Bench Cradle. A six-position manual switch selects five ranges of ac 
and dc current plus a straight through position to measure ac and dc 
volts and ohms. 

Two general purpose binding posts accept wrap-around, screw- 
down, clip-on or banana plug terminations. 

A C  voltage measurements can be made over a frequency range of 
100 kHz to 500 MHz from 0.25 V to 30 V with optional R F  adapter, 
H P  97003A. A broad line of tips, adapters and tees are also available. 

970A Specifications 
DC voltmeter 
Ranges: 0.1 V, 1 V, I O  V, 100 V, 1000 V (500 V max input). 
Accuracy (2OOC to 3OOC): f(0.7% of reading +0.2% of range). 
Input resistance: 10 MQ, f5%.  
Input protection: 1 7 5 0  V peak. 
Temperature coefficient: f(0.05% of reading +0.2% of range)/"C. 
AC voltmeter 
Ranges: 0.1 V, 1 V, I O  V, 100 V, 1000 V (500 V rms sine wave max 
input). 
Accuracy (2OOC to 3OOC): 

Input resistance: I O  MQ, f 5 % .  
Input capacitance: <30 pF. 
Input protection: 1 7 5 0  V peak. 
Temperature coefficient: f(O.OS% of reading +0.05% of range)/"C. 
Ohmmeter 
Ranges: 1 kQ, I O  kR, 100 kR, 1000 kQ, 10,000 kQ. 
Accuracy (20°C to 3OOC): * ( I S %  of reading +0.2% of range). 
Input voltage protection (resistor fused-clip mounted): 1 1  15 V 
rms for up to 1 minute. 1 2 5 0  V rms for up to I O  seconds. 
Temperature coefficient: f(0.05% of reading +0.02% of range)/"C. 
General 
Ranging: automatic. 
Sample rate: 3lsecond. 
Overrange: 10%. 
Calibration cycle: 1 year. Accessories supplied: ground lead, straight tip, hook tip, high fre- 
Calibration adjustments: one. quency adapter tip. 
Operating environmental conditions: Accessories available: 11063A, 50-ohm tee; 11536A, 50-ohm tee; 
Temperature range: 0°C to 40'C. 10218A, BNC Adapter; 10219A, Type 874 Adapter; 10220A, Micro- 
Humidity: 195% RH. dot Adapter. 
Power: rechargeable batteries. Model number and name Price 
Typical operating time using fully charged battery: 2.5 hours con- $26 

Typical battery charging time: 14 hours at 25°C. (Indefinite charg- $85 
ing will not damage battery). 
Weight (with battery pack): net, 200 g (7 oz); shipping, I .8 kg (4 Ib). $310 

9 7 0 0 1 ~  extra rechargeable battery pack 

97003A RF adapter 
970A Digital Multimeter (includes soft carrying case, 
battery and charger) 

tinuous at 25OC. 97002A ac/dc current shunt/bench cradle $47 

Dimensions: 165 mm long X 45 mm wide X 30 mm deep (6%" X I%" 
x 1'"'). 

97002A Specifications 
DC ammeter 
Ranges: 0.1 mA, I mA, I O  mA, 0.1 A, 1 A F.S. 
Accuracy (2OOC to 30'C): f(2.5% of reading +0.2% of range). 
AC ammeter 
Ranges: 0.1 mA, 1 mA, IO mA, 0.1 A, 1 A F.S. 
Accuracy (2OOC to 30°C, >3% of range): 45 Hz to  I kHz; f ( 4 %  of 
reading +0.5% of range). 1 kHz to 3.5 kHz; f ( 7 %  of reading +OS% of 
range). 
DCV, acV, ohms: same as 970A specifications. 
General 
Full range insertion voltage: <0.25 V. 
Input protection: 2 amp fast acting fuse. 
Weight: net, 170 g (6 oz); shipping, 1.8 kg (4 Ib). 
Dimensions: 95 mm long, 95 mm wide, 51 mm deep (3%'' X 3%'' X 
2"). 

97003A Specifications 
Response: The 97003A is a peak responding detector and is Cali- 
brated to read rms value of a sine wave. 
Voltage range: 0.25 V to 30 V rms. 
Max input: 30 V rms ac; 200 V dc. 
AC to dc transfer accuracy when operating into HP 970A: 

30 

i0.5 dB 

(+ 15%) 
0.25 1 

100 kHz 1 MHz 10MHz 100MHr 500MHz 

*HP's 97003A is usable from 10 MHz to 500 MHz and 7.5 V rms to  30 
V rms. I t  is not traceable to  the United States National Bureau of 
Standards, however. 

Input impedance: input resistance: >25 kQ. 
Shunt capacitance: < 3  p F  for plastic tips. <4  p F  for metal high fre- 
quency adapter tip. 

General 



a l  DIGITAL VOLTMETERS 
True RMS voltmeter 
Model 3403C 

0 DC and 2 Hz To 100 MHz 
0 3% digit 

Description 
The Model 3403C is usable for dc, low frequency, audio, R F  and 

IF measurements. True rms is especially valuable for measurements 
of noise, multiplexed signals, modulated waves and other complex 
signals with high harmonic content. 
Optional dB display 

The dB display option provides readings directly in dB, a major 
convenience to  ac users. The dB reference to which the measurement is 
made is conveniently adjustable from the front panel to provide refer- 
enced dB measurements, or to provide a convenient means to  offset 
the reading by as much as 13 dB for unreferenced measurements. 
Systems Options 

and nonisolated, to  insure systems compatibility. 

easily be integrated into more complex systems remote control. 

A full complement of systems options is available, both isolated 

The 3403C may be used with Hewlett-Packard printers and may 

Specifications 
Ranges 
Full range display: 10.00 mV (ac only); 100.0 mV; 1.000 V; 10.00 V; 
100.0 v; 1000 v. 
Overrange: >90% on all ranges except as limited by max input volt- 
age. 
Ranging information: front panel annunciators indicate overrange 
(approximately 190% of full range), or underrange (approximately 
17% of full range) conditions. 

Performance 
AC frequency range 

Slow response: 2 Hz to  100 M 
Fast response: 25 Hz to  100 MHz. 

Response time 
Fast response: 1 s. 
Slow response: 10 s. 
Instrument reads final reading f0.1% of input change in stated 
response time. 

Fast response: 4 reading 
Slow response: 2 readin] 

Display rate 

NGE f f % OF READING ** 

@ CAUTION:  frequencies and ranges in this area may result in 
invalid readings without ranging indication. 

* DC + AC function and slow response time only 

** % of reading specification is representative of typical flatness. 



Functions 
. .  

DC: responds to  dc component of input signal. 
AC: responds to  true rms value of ac 

- 

AC + DC: responds to true rms vali 
reading is J(dc)2 + (ac rms)z. 

Temperature coefficient: f O . l  X rea 
the 25°C f 5 " C  temperature range. 
Accuracy: 90 days (25OC + 5"C, <959 
of range). 
Input characteristics 
Input impedance: < 10 MHz. 
1 V to 1000 V range: 10 MR f 10% s h u ~  
10 mV and 100 mV range: 20 MR f 105 
10 MHz to 100 MHz: the following tame gives maximum ioaaing 
due to input shunt impedance across a terminated source. 

System impedance Frequency 

(source and load) 10 MHz 100 MHz 

50Q 1% 10% 
15Q 2% 20% 

uresr racror; 

00 peak or IO8 V-Hz on any range. Maximum dc volt- 
:: 500 V dc. 
is: 

n . , . .  . . .  . 

2 Hz to 25 Hz 
>25 Hz I 

Maximum in1 
High to low: 
1000 V rms, 15 
age in ac modi 
Low to chassi 
f500 V dc, when Iioatea wltn special banana to  BNC adapter. 
Options 
Autoranging 3403C option 001 

2:l at full range input. 

Automatic ranging: umange at  aooroximatelv 190% of full ranee: 
downranges at  appro 
Autorange time: fa 
sponse: I O  s per rang 

Digital output 3403C _r _ _  
The digital output option provides data outputs in digital form for 

printer and system applications. In addition, input lines are included 
for external triggering of the instrument. 

Remote control + digital output + autoranging (3403C Option 
003). 

a - 7  
, ~. . . .. ~ . ~ ~ .  L . ~ ~ ~ ~ - -  

1x;mateYy 17% of full range. 
st response: 1 s per range change. Slow re- 
:e change. 
: ontian 002 

006 
3 (-48 dBV to +60 dBV). . - - - - - . . - 

dB display 3403C option I 
Measurement range: 108 d l  
Calibrated dB reference: 0 dM = 1.000 V; reference level may be 
set for 0 dBm (600R) by adjusting front panel dB calibration adjust- 
ment. 
Variable dB reference: reference level may be shifted downward 
from calibrated position > 13 dB. 
'data from accuracy charts. 

dB recorder output: output voltage: 200 mV for 20 dB. Output re- 
sistance: 1 kR +500 0. 

C +5'C, <95%.RF). 

- (+de)** 

CAUTION: frequencies and ranges in this area may result in 
invalid readings without ranging indication. 

* DC + AC function and slow response time only 

* * specification is representative of typical flatness. 

General 
Operating conditions 

Temperature range: 0°C to 50°C. 

3ecorder obtput 
Output voltage: 1 V dc open circuit for full range input. 
Output resistance: 1 kR f 10%. 

power: 115 V or 230 V f IO%, 48 Hz to 440 Hz, 35 VA max. (in- 
zluding all options). 
'nput terminals: BNC front panel connector standard for low to high 
.erminals: rear panel connector available by internally reversing posi- 
.ion of ac converter module. 
iUnid.*. ; n ~ l ~ . r l ; ~ ~  -11 A-+;A-m. hl-t < 1," I 1  1 1 l . l .  Cl.:--:-- :--1..A:-- 

I 
( 

I 
I 
1 

all options: Net, 7.2 kg (16 Ib). 
Dimensions: 234.9mm wide X 127mm high X 196.8mm deep (9%'' 
x 5" x 73/41). 
Accessories 
Model numbc 

Option 001 a 
Option 002 c 

*Option 003 r 

*Option 006 dB display add $275 
3403C True RMS voltmeter $2095 
*Options 003 and 006 are available only as factory installed options. 

t.-mrmm.. > 1 1 * 1 u u I l L E ,  nil V p L l V i l D .  I Y C L ,  J "E, ( L  1 r U J ,  OlllppLllg, l l l L l U U l l l g  

autoranging - - - - - . - 

furnished: floating adapter-banana to BNC. 
Br and name Price 
iutoranging add $137 
ligital output add $163 
emote control + digital output + 

add R-415 



DIGITAL VOLTMETERS 
DVM Interchangeable modules and displays 
Model 3470 system 

Y 

D 
, , L " v , b L L - L  ' 2 L . h C L L Y  D J T I V  LO LI ."V b U S L  ,*,,u V L  Y 7 1.1 IJ "Yl.16 u B.unL"aw 

snap-together package. Two display sections provide a choice of 4 or 5 
digits, both with 100% overranging and LED display. These displays 
lock on to a choice of a D C  Voltmeter, an AC/DC/R Multimeter or a 
high sensitivity DCV/DCA/R meter. In addition, a temperature mod- 
ule is available for use with the four-digit display section. Battery pack 
and BCD module are optional. Functions and ranges are clearly la- 
beled. All maximum voltages are indicated at  the input terminals. 
Voltage protection is 1200 V on ac V and dc V: protection on ohms ex- 
tends to 350 V peak. This excellent protection prevents accidental 
damage. Hewlett-Packard's 3470 uses rugged metal castings held to- 
gether by shock resistant slides. Modular construction makes the 3470 
versatile and capability may be expanded as needed. Modules may be 
shared between displays. This system deters obsolescence. 

Snap-out PC boards make servicing easy. Once the display PC 
board and voltmeter board have been removed from the case, they 
may be recombined. Components and test points mav he reached 
without extender boards or special connectors. 
the display forces a full scale reading to  act as 
34740A Display 

This 4V2-digit display locks on to any center section or vomneler 
module to form a complete DVM using a clear, LED display with 4 
full digits plus 100% overranging. 

A self-test jumper in 
a quick check. 

34750A Display 

modules shown on the opposite page. A 
LED display with 100% overranging. 
34701A DC voltmeter 

nomical price. 
34702A Multimeter 

This plug-on provides four ranges of both ac and dc plus six ranges 
of ohms. AC function covers 45 Hz to  100 kHz. Ohms ranges are IOOR 

This 5%-digit display offers five-digit resolution with any voltmeter 

This plug-on provides 4 ranges of dc from 1 V to 1000 V at an eco- 

2 full scale. 
"_. vl- DCV/DCA/OHM meter 

This plug-on provides six ranges of dc volts from I O  mV full scale to  
1000 V full scale, six ranges of dc current from 1 pA full scale to  100 
mA full scale, and eight ranges of ohms from IO full scale to 10 MQ 
full scale. Autoranging and self-test further expand the 34703's capa- 
bilities. 
34720A Battery module 

This center section makes H P s  3470 into a portable DVM with up 
to six hours of continuous operation. Batteries are rechargeable. Mod- 
ule has side handles and front panel battery charge indicator. 
347216 BCD module 

This center section provides nonisolated BCD output for operation 
with printers. 
2802A Thermometer 

This unit includes a thermomodule (lower unit) which contains tem- 
perature measuring circuits, probe connections and operating con- 
trols; H P s  34740A 4% digit display is included. Option 001 deletes the 
display for those that want to use their own 4% or 5% digit display. 

34701 A Specifications 
DC voltage 
Range: f l  V to f l O O O  V full scale in four decade ranges. 
Display: 4-digit (34740A) or 5-digit (34750A). 
Full range display: 

Range 4-digit display 5-digit display 

f1.0000 fl.OOOOO v 
flO.OOO 1 flO.OOOO v 

f100 v f100.00 v flOO.OOO v 
f l O O  v flOOO.O v fioon~nn v 

V 
\I 

_ _ _ ~  

Overrange: 100% except 20% on 1000 V range. 



Range selection: manual pushbuttons. 
Accuracy (30 days, +23OC f5OC, 5 9 5 %  R.H.): 

4-digit display: f(0.03% rdg +0.01% rng). 
5-digit display:' f(0.025% rdg + 0.005% rng). 

Temperature coefficient (OOC to +50°C): 
4-digit display: f(0.0035% rdg +O.OOl% rng)/"C. 
5-digit display: +(0.0025% rdg +0.0002% rng)/"C. 

4-digit display: f(0.01% rdg +0.005% rng). 
5-digit display: f (O.OO8W rdg +0.004% rng). 

Stability (24 hours, +23OC floc): 

Reading rate: 

10 v 
100 v 
1000 v 

10.000 v 10.0000 v 
100.00 v 100.000 v 
1000.0 v 1000.00 v 

f0.1% on 100 V and 1000 V ranges. 

AC Voltage 
Voltage range: 1 V ac to 1000 V ac full scale in four decade ranges. 
Full range display: 

1 Range I 4-digit display 1 5-digit display 1 

4-digit 

5-digit 

I 1 v  I 1.0000 v I 1.ooooov 7 

f (0 .25% rdg + 0.05% rng) 

f(0.25% rdg + 0.05% rna) 

f(0.7576 rdg + 0.05% rng) 

ft(0.75% rde + 0.05% rng) I 

1 kR 

IO kR 

1.0000 kR 1.00000 kR 

10.000 kR 10.0000 kR 

100.00 kR 100.000 kR 

0°C to +5OoC): f(0.03% rdg + O.O( 

Display option 

Opt 060 (60 Hz rejection) 

Opt 050 (50 Hz rejection) 

c floc): 
5% rdg + 0.05% rng). 
0.4% rdg + 0.05% rng). 
,;thin r n  7% nr G ~ , . I  , I ' l ~ I I p  nF m 

4-digit display 5-digit display 

5/s 51  s 

81s 41s 

I I I a A l l l l u I I I  U 1  L L U U  V p, XJW V ,  1UW LO Cllabblb.  

Resistance 
Range: IOOR to I O  MR full scale in 6 decade ranges. 
Full range display: 

I Range I 4-digit display I 5-digit display I 
I 1 nn nnn I innnnno 1 . . . .. 

I 
0 
At 

r 

I -11.111.. I 

100 kR 

1 MR 1.0000 MR 1.00000 MR 

IO MR 10.000 MR 10.0000 MR 

verrange: 100% on all ranges. 
ccuracy (30 days, +23OC f5OC, 5 9 5 %  RH): 

Range I 4-digit display 1 5-digit display - 
10 MR 

Others 

I f (0.25% rdg + 0.02% rng) I 
I *(0.05% rdg + 0.02% rng) I 

f ( 0 . 2 5 9  rdg + 0.015% ma) I 
f(0.045% rdg + 0.015% rng) 

:): Temperature coefficient (Oo to +50°C. 

Stability (24 hours, +23OC): 

Input terminals: floating pair (different from voltage input termi- 
nals). 
Current through unknown: I O  mA on IOOR range decreasing one 
decade per successively higher range. 
Effective CMR: same as dcV specifications. 

10 MQ range: +(0.035% rdg + 0.001% rng)/"C. 
Other ranges: f(0.006% rdg + 0.001% rng)/"C. 

10 MR range: f(0.1% rdg + 0.01% rng). 
Other ranges: f'(0.0276 rdg + 0.02% rng). 



- 
Range 4-digit display 5-digit display 

10 mV 

All  others 

1(0.01% rdg + 0.03% mg) 

f(O.Ol% rdg + 0.03% rng) 

&(0.008% rdg + 0.025% rng) 

&(0.008% rdg + 0.009% rng) 

Range 4-digit display 5-digit display 

1Q 1.0000R 1.0000R 

1on 

loon 

1 kR 

10 kR 

100 k f l  

1 MR 

10.0000R 10.0000R 
100.000R 100.000R 

1.00000 kR 1.00000 kR 

10.0000 kR 10.0000 kR 

100.000 kR 100.000 kR 

1.00000 MR 1.00000 MR 

1(0.06% rdg + 0.01% rng) 

1(0.12% rdg + 0.01% mg) t 1(0.06% rdg + 0.01% rng) 

1(0.12% rdg + 0.01% rng) 

lfl 1(0.01% rdg + 0.03% rng) I 1(0.008% rdg + 0.03% mg) 

Range 

10 rnV 

100 mV 
&1V 

Others 

(% rdg + % rng) per "C 

f(o.Ol% + 0.03%) 

f(0.003% + 0.004%) 

f(0.004% + 0.001%) 

(% rdg + % rng) per "C 

f(0.003% + 0.0035%) 

1(0.003% + 0.001%) 

f(0.004% + 0.0005%) 

DIGITAL VOLTMETERS 

Model 3470 system (cont.) 

I 10MR I 10.0000 MR I 10.0000 MR I 

34703A Specific 
Range selection: Auto or manual. 
DC voltage 
Range: f 10 mV to f IO00 V full scale in six decade ranges. 
Full range display: 

Overrange: 100%. 
Accuracy: 30 days, 23°C 15°C.  

Range 4-digit display 5-digit display I I 
1R - 1000 I 1(0.07% rdg + 0.03% rng) I f(0.0670 rdg + 0.03% rng) 

1 kR - 
1 MR 

10MR I IU inv 

100 mV f l O O . O O  mV 

110.000 v 
f1.00000 v 1 v  

10 v 
100 v I ~100 .00  v f100.000 v 

~ 

10 MR T1(0.05%>g + 0.01% rng) I &(0.05% rdg + 0.009% rng) I 11000.00 v 1000 v 11000.0 v 
- - - . - - - - . Temperature coefficient (OOC to 5O"Ck 

4-digit displa 
Range (90 rdg + % rng) I ) per O C  

1(0.0095% + 0.1 1.0032%) 

f(0.0095X + 0.004%) f(0.0095% + 0.0002%) 

1(0.0685% + 0.001%) f(0.0685% + 0.0002%) 

e. 
Y 5-digit disp 
per "C I (%rdg + %rng 

D04%) 1 1(0.0095% + t 

&(0.04% rdg 10.01% rng) 

1(0.05% rdg +0.02% rdg) 
Input terminal: float 
Maximum voltage a( 
Maximum current thi J 
0.1 pA on I O  MD rar 
Overload protection: 
Effective CMR (1 kn UIIUUIUIIW=J. /OW UD at UF. 

Normal mode rejection: >60 dB at 50 Hz +0.1% (Opt 050) or 60 Hz 
50.01% (Opt 060). 

DC current 
Range: 1 p A  to 100 mA full scale in six decade ranges. 



Range 

1 PA 

10 pA 

100 pA 

1 mA 

10 mA 

100 mA 

4-digit display 5-digit display 

f1.0000 pA fl.OOOO pA 

flO.000 pA flO.OOO pA 

f100.00 pA f100.00 pA 

fl.0000 mA f1.0000 mA 

f10.000 mA f10.000 mA 

f100.00 mA f100.00 mA 

Range 

Temperature coefficient: *(0.004% rdg i0.004% rng)/"C. 
Maximum input current: 300 mA pk. 
Input resistance: I O  kR on 1 pA range decreasing to l a  on I 0 0  mA 
range. 
Effective CMR (1 kil unbalance): >80 dB at dc. 
Normal mode rejection: >60 dB at 50 Hz fO. 1% (Opt 050) or 60 Hz 
fO.I% (Opt 060). 

2802A Digital Thermometer is complete with 4% digit H P  34740A 
display, less probe. Option 050 for 50 Hz or Option 060 for 60 Hz op- 
eration must be specified. 

Specifications 
These specifications are "total system specifications" meaning they 
apply to both the instrument and the probe working together (not just 
the best electronic specifications for the instrument by itself). H P  
2802A Thermometer specifications relate directly to system perfor- 
mance under actual working conditions. 
Ranges: -200" to +6OO0C and -100" to +2OO0C. 
Resolution: 0.I"C on -2OOO to +600"C range. 0.01"C on -100" to 
+2OO0C range. 
Accuracy: f(0.5OC f0 .25% of reading) on both ranges. 
Display: 4% digits LED on HP 34740A Module. 
Stability: f0.2"C for seven days (23°C f 5 " C  ambient). 
Linear analog output: 1 mV/'C on -200" to +600"C range (-0.2 V 
to +0.6V FS). 10mV/"Con -100" to +200"Crange(-l.OV to +2.0 
V FS). Voltage accuracy equal to that of  digital display. Output im- 
pedance I k R  on both ranges. 
Environmental standard H P  2802A Thermometer operates within 
these specifications in environments of 0" to 50°C and up to 95% rel- 
ative humidity over most of this temperature range. After calibration 
in some arbitrary ambient temperature, instrument calibration re- 
mains valid with ambient temperature changes up to 10°C. 

4-digit display 5.digit display 

For the following probes, time constant is determined using water 
flowing at 1 m per second. Sensor ranges specified below are nominal. 
Consideration must be given to heat deterioration of lead insulation at 
elevated temperatures. 

18641A* Probe contains the sensor in the tip of a 13 cm (5 in.) stain- 
less steel sheath, 6.4 mm (% in.) diameter, with armored cable 1.8 m (6 
ft.) long. I t  operates from -200" to +500°C, to +600°C short term. 
Cable movement must be prevented above 250°C. Time constant is 
five seconds. 

18642A*Probe is the same as the 18641A except that it has a 
Teflon-insulated cable 1.8 m long. This cable must be kept below 
250°C. 

18643A* Probe contains the sensor in the tip of a 13 cm stainless 
steel sheath. For fast response, the last 5.1 cm (2 in.) of the sheath tip 
is reduced to 0.32 cm (0.13 in.) diameter. This probe operates from 
-200' to +500°C, to +600°C short term. It has a 1.8 m Teflon-insu- 
lated cable. This cable must be kept below 250°C. Time constant is 1.8 
seconds. 

For all models 
Operating temperature: O°C to 50°C. 
Storage temperature: -40°C to 74°C. 
Power: 1 8 . 7  VA at 100 V, 120 V, 220 V, 240 V + 5%, -10% switch- 
able: 48 Hz to 440 Hz. 
Weight: Net Shipping 
34701A DC VM, 34702A or 
34703A Multimeter 0.9 kg (2 Ib) 1.47 kg (3 Ib 4 oz) 
34740A 4-digit display or 
34750A 5-digit display 1.92 kg (4 Ib 4 oz) 
34750A Battery module 2.95 kg (6 Ib 4 02) 
34721A BCD module 1.25 kg (2 Ib 2 oz) 
2802A Thermomodule + 
display 2.27 kg (5 Ib) 3.39kg(7Ib 8oz) 
Dimensions: 

*The HP 2002A 

1.36 kg (3 Ib) 
2.27 kg (5 Ib) 
0.68 kg (1 Ib 8 oz) 

Display + meter: 247.7 mm deep X 158.8 mm wide X 98.4 mm 
high (9%" X 6%" X 3%''). 
With battery module: 247.7 mm deep X 171.5 mm wide X 136.5 
mm high (9%" X 6%" X 5%"). 
With BCD module: 247 mm deep X 171.5 mm wide X 127 mm 
high (9%" X 6%" X 5"). 

Accessories available: 1 1096A High Frequency Probe, measures to 
500 MHz. Accepts 0.25 V to 30 V signals with input impedance of 4 
MR shunted by 2 pF; I1456A Read Out Test Card for testing and 
troubleshooting either display; I1457A Rack Mount Kit for either 
display; 34721A BCD Module and one bottom section; 11458 Carry- 
ing Strap; 18019A Carrying Case accommodates either display, a 
center section and a bottom section plus power cord and input cables; 
56A-16C Cable for operating 5055A Digital Recorder; 18641A Probe; 
18642A Probe; 18643A Probe; 18644A Probe Kit. 
Accessories Price 
1 l096A High Frequency Probe $82 
I1456A Read Out Test Card $57 
11457A Rack Mount Kit (for either display) $4 1 
I1458 Carrying Strap $5 
56A-16C Cable for operating 5055A Digital Recorder $60 
18019A Carrying Case $35 
18641A Probe $165 
18642A Probe $150 
18643A Probe $180 
18644A Probe Kit $105 
Model number and name 
34701A DC Voltmeter $165 
34702A Multimeter $285 
34703A DCV/DCA/R Meter $600 

34721B BCD Module $189 
34740A 4-digit display $365 
34750A 5-digit display $600 

34720A Battery Module $22 1 

Option 050, 50 Hz rejection 
Option 060, 60 Hz rejection 

N/C 
N / C  

2802A Digital Thermometer (includes 4Vz-digit display 
Option 001 - bottom module only). $750 

10 mA - 
100 mA f(0.30% rdg +0.03% rng) *(0.30% rdg +0.03% rng) 

Range 4-digit display 5-digit display I 



DIGITAL VOLTMETER 
Multi-function DVM for bench and system use 
Models 3480C & 3480D 

b 
3480D 

_ _  [[MI 3494A MULTIFUNCTION UNIT 
FUNCTION RANGE FILTER TERMINAL 

i R i G  ZERO 

3480C 

3480 C/D Descriotion 

Sample-and-hold specifications 
Plug-in response time, to a step input to  settle to  within 0.01% of final 
value. 

PLUG-IN UNIT 
34821 3484A 3485A 

100 ps 100 ps 100 ps 61 *100.00 mV 

f1000.0 mV 

RANGE +10.000 V 

flOO.OO v 
f1000.0 v 70 ~ C S  70 ps 

I Maximum plug-in slew rate: any plug-in, 8% of range/p. 
Aperture time: time between the command to  hold and the point in 
time when the signal is actually held. 
I .  I f  Sample/Hold is triggered normally, aperture time is I10 ns. 
2. I f  Sample/Hold is triggered through the built-in delay, add 105 ps 
to  the normal aperture time. (Used when input amplifier must be al- 
lowed to settle). 
General 
Operating temperature: 0 L LO JJ L. 
Power: 115 V or 230 V f lo%, 40 Hz to 440 Hz. 60 VA max. includ- 
ing any plug-ins or options. 
Dimensions: 

HP’s 3480C/D Digital Voltmeter covers a variety of systems and 
bench applications. The four-digit mainframe has 50% overranging 
which is available in two sizes, one-half module 3480C, or full rack 
width, 34801). These mainframes may accommodate any of three sig- 
nal conditioning plug-ins. The 3482A plug-in has five dc ranges; the 
3484A has five dc ranges, five true rms ac ranges and six ohms ranges; 
and the 3485A has up to 50 two-wire dc input channels. 

Mainframe options further enhance the flexibility of HP’s 3480. T o  
digitize changing voltages at rates up to 1000 readings/s, Option 001 
Sample-and-Hold is available. Option 004 Isolated BCD is available 
to provide digital output information. 

HP’s 3480 may be purchased as part of a portable data acquisition 
system, the 2070A Data Logger. The 2070A combines a 3480C DVM 
with a 5055A Digital Recorder. 
Options 

The isolated BCD (Option 004) digital output option is designed to  
transmit digital information from the DVM to external devices such as 
printers, tape punches, couplers, computers, etc. Information trans- 
mitted consists of the reading, polarity, range, function, and over- 
load. When the 3485A Scanning Unit is used, two digits of channel 
I.D. are also transmitted. 

The Sample-and-Hold (Option 001) allows HP’s 3480 to be used to  
economically digitize low frequency wave forms. Precision four-digit 
measurements are possible on a changing input voltage at  reading 
rates up to IOOO/s. 

Sample-and-Hold is physically located in the 3480’s mainframe. 
Input voltage is tracked until a trigger is given, then Sample-and-Hold 
freezes the input voltage and holds it for the 1 ms digitizing period of 
the 3480. After digitization, tracking resumes automatically. 

3480C: 203.2 mm wide X 154.8 mm high X 406.4 mm deep (8” X 
6 % ~ ”  X 16”). (Half-rack width module). 
34801): 422.8 mm wide X 85.7 mm high X 466.7 mm deep (16%” X 
3%’’ X 18%”). (Rack width module). 

Weights: 
3480C: net, 5.7 kg (12 Ib 8 oz); shipping, 7.65 kg (17 Ib). 
3480D: net, 6.15 kg (13 Ib 8 oz); shipping 8.1 kg (18 Ib). 

3482A Description 
H P s  3482A has five dc voltage ranges selectable either manually or 

automatically. The 3482A has guarded floating inputs with switch- 
able front and rear terminals. Triggering may be done manually, ex- 
ternally, or internally using a front panel control. A three-position 
input filter provides selectable degrees of normal-mode noise rejec- 
tion. Isolated Remote Control, Option 021, adds remote control over 
filter and range. 

3482A DC range unit specifications - 

DC voltages 
Ranges: 

Full range display: flOO.OO mV, 11000.0 mV, f l O . O O O  V, 
f 100.00 V and 1 1000.0 V. 
Overrange: 50% on all but IO00 V range, f1200 V max input. 
Range selection: manual, automatic or remote. 
Automatic ranging: upranges at  140% of range; downranges at 
10% of range. 

Performance 
Accuracy: (90 days, 25°C f 5 T ,  <95% RH). 



Y ~ L I Z A  3484A 

'a1 reading. 
:ading. 

utton. 
:ontrol. 
rigger. 

100 mV range: f(0.01% of reading +0.02% of ran 
All other ranges: f(0.01% of reading +0.01% of r, 

Measuring speed: (the following apply only if no ~ I U ~ I ~ I I I I I I I I I ~  

changes of any kind occur either during or between readings). 
Response time to a step input: 

Filter out: 1 ms to within 1 count of final reading. 
Filter A: 200 ms to within 1 count of fin 
Filter B: 1 s to within 1 count of final r( 

Manual: initiated with front panel pushb 
Internal: 1 to 25 per s with front panel ( 

External: 0 to 1000 per s with external t 

Reading rate (without range change): 

Input characteristics 
Input resistance: 

100 mV, 1000 mV, 10 V ranges: > IO'OR. 
100 V, 1000 V ranges: I O  MR f0.1%. 

Common mode rejection: >80 dB, dc to  60 Hz ( 1  kQ unbalanced). 
Normal mode rejection: 

Filter out: 0 dB. 
Filter A: >27 dB at 50 Hz and above. 
Filter B: >77 dB at 50 Hz and above. 
Filter selection: manual or remote. 

Noise (100 mV range): 4 counts or less of rack will be observed 95% 
of the time due to gaussian distribution of the noise. 
Maximum input voltage: 

Guard to chassis: f 5 0 0  V peak. 
Guard to low: f200 V peak. 
High to low: f 1 2 0 0  V peak. 

General 
Weight: net 1.9 kg (4 Ib 4 oz); shipping, 3.15 kg (7 Ib). 

3484A Description 
HP's 3484A offers the same dc capability as the 3482A dL I ~ I I ~ G  U I I I L  

plus five true rms ac ranges and six ohms ranges. The true rms ac con- 
verter eliminates error caused by small amounts of distortion on the 
input signal, and also extends measurement capability to measure- 
ment of non-sinusoids. Frequency range extends from 1 Hz to I O  
MHz. The ohms converter covers from 100.00 ohms to 10.000 meg- 
ohm full scale. Remote selection of range, function and filter position 
is possible with Isolated Remote Control, Option 041. 

348449 Multifunction UI 
DC voltage 
Same specifications as 3482A 

nit specifications 

)C Range Unit. 

vith front panel control, 
I s  with external trigger. 

-ange). 
range). 
r if no programming 
tween renriinm) 

Performance 
Accuracy: (90 days, 25°C fS"C,  <95% RH). IOOOR thru 1000 kQ 
ranges: f(0.01% of reading +O.Ol% of range). 
100Q range: f(0.02% of reading +0.05% of I 
10 MQ range: f ( O . l %  of reading +O.Ol% of 
Measuring speed: (the following apply onlj 
changes of any kind occur either during or b e  
Response time to a step input: 

D l , .  

Filter out: IOOR thru 100 kR ranges 1 ms to within 1 count of final 
reading. 
Filter A 1000 kR range, 200 ms to within one count of final read- 
ing, IO  MQ range, 2 s to within 1 count of final reading. 
Filter B: not recommended because of long response time. 

Manual: reading may be manually initiated with front panel push- 
button. 
Internal: 1 to 25 s v 
External: 0 to 1000, 

Reading rate (without range change): 

lwn: 1 V at full scale, all ranges. 
Input characteristics 
Voltage across unkno 
Current thru unknown: 10 mA on IOOR range, decreasing one de- 
cade on each successively higher range. 
Overload protection: f 7 5  V peak on all ranges. 
True RMS AC voltage, option 043 
Ranges: 

Full rangedisplay: 100.00 mV, 1000.0 mV, 10.000 V, 100.00 V, and 
1000.0 v. 
Overrange: SO% on all ranges. IS00 V peak max input. 
Range selection: manual, automatic or remote. 
Automatic ranging: upranges at 140% of range; downranges at 
10% of range. 

Performance 
Accuracy: (90 days, 25°C f5 'C,  95% RH). 
DC: f 1 .O% of reading, 60% to 150% of range. 
AC: as specified by graphs. 

Response 
VAC (AC) function: responds to true rms value of ac coupled input 
signal. 
VAC (DC) function: responds to .true rms value of dc and ac input 
signal. Reading is J(dc)2 + (ac rms)r. 
Function selection: manual or remote. 
Input impedance: 2 MR parallel 45 pF. 
Crest factor: 7: I at full scale, derated linearly from 35 Hz to 2.2: 1 at 
5 Hz. 

Ohms, option 042 
Ranges: 

Maximum input voltage 
VAC (DC): 1500 V peak ac, 1 
range); dc + ac = 1500 v max, 
VAC (DC): 1000 V rms; dc + ac = 15Uu V max. 

Full range display: IOO.OOQ, IOOO.OR, 10.000 kR, 100.00 kR, 
1000.0 kf2, and 10.000 MQ. 
Overranae: 50% on all ranees. 

00 V dc, ( I O  V dc max on 100 mV 
. --- _. 

- u 

Range selection: manual, automatic, or remote. 
Automatic ranging: upranges at 140% of range; downranges at 
10% of range. 

Measuring speed 
Response time (without range change): 

VAC (AC): 1 s to within 10 counts of final reading (input change 



from 10% to 100% of range) or  20 counts of final reading (input 
change from 100% to 10% of range). 
VAC (DC): 15 s to within I O  counts of final reading. 

Reading rate: 
Manual: reading may be manually initiated with front panel push- 
button. 
Internal: 1 to 25 per s with front panel control. 
External: 0 to IOOO/s with external trigger. 

Accuracy 
VAC (AC) AC coupled (these specifications are for 60% of full- 
scale and above): 

FREQUENCY 

10 Hz to 
Range 10 mHz 

100 mV 
reading reading 

reading 

1 Hz to 20 Hz to 100 kHz to 200 kHz to 
RANGE 20Hz 100 kHz 200 kHz l m H z  

100 mV f0.25% of 
and reading 

1 mHz to 
10mHz 

f2% of 
reading 

DC component f l %  of reading 

Weight: Net, 2.75 kg (6 Ib 2 02). Shipping, 3.6 kg (8 Ib). 

1000 mV f l %  of 
reading 

10 v, 100 v 
and 1000 V 

3485A 

fO.18 of reading 

3485A Description 
HP‘s 3485A is a dc Scanning Unit with up to 50 two-wire floating 

inputs and three dc voltage ranges from 100.00 mV to 10.000 V full 
scale. By using FET switches, scan rates up to  1000 channels/s are 
possible. Scan modes include step, single scan, continuous scan and 
random. Dwell time on each channel may be varied in six steps from 
one second to “none.” Input resistance is > 107R. Autoranging is stan- 
dard and the 3485A has a switchable 30 dB filter. Isolated Remote 
Control, Option 057 allows remote control over ranges, filter, scan- 
ning modes and random or  last channel. 

15A Scanning unit specifications 348 
Channels 
Number: up to 50 channels which may be purchased in increments of 
10 channels. 
Input configuration: floating FET switches with separate Guard for 

every block of I O  channels. 

Ranges 
f lOO.OO mV, f l O O O . O  mV, and f l O . O O O  V. 
Overrange: 50% on all ranges, f50 V max input. 
Range selection: manual, automatic, or  remote. 
Automatic ranging: upranges 140% of range; downranges of 10% of 
range. 
l ime required: 1.5 ms per range change. 

Performance 
Accuracy (90 days, 25OC, <95% RH): 

Maximum operational voltage (for rated accuracy): 

100 mV range: f(0.01% of reading + 0.04% of range). 
1000 mV and 10 V ranges: f(0.01% of reading + 0.01% of range). 

High to low: f15 V dc. 
Guard to chassis: f50 V peak. 
Guard to low: f10 V peak. 

The algebraic sum of all voltages in a path between any low to any 
high must not exceed f15 V peak. 
The maximum algebraic voltage difference between any low to any 
other low must not exceed f15 V peak. 
Maximum input voltage: 

High to low: f50 V peak. 
Guard to chassis: f50 V peak. 
Guard to low: f50 V peak. 

Measuring speed: (the following apply only if no programming 
changes of any kind occur either during or  between readings). 
Response time to a step input: 

Filter out: I ms to within 1 count of final reading. 
Filter in: 250 ms to within 1 count of final reading. 

Scanning rate: 
Manual: up to 2 chan 
Automatic: up to 100 
Remote: up to 1000 c 

Filter out: 1.5 ms per D -  D _ .  

Filter in: 250 ms per range change. 

Autorange time: 

Channel delay time: (selectable) 1 s, 500 ms, 250 ms, 125 ms, 62 ms, 
none ( 1  ms digitization time). 

Input characteristics 
Input resistance (25OC, &So <%yo RH): > 1070. 
Effective common mode rejection (1 kO unbalanced): 

Normal mode rejection: Filter: 0 dB. Filter in: >27 dB at 50 Hz and 
above. 

General 
Weight: Net, 3.2 kg (7 Ib, 3 oz). Shipping, 4 kg (8 Ib, 14 oz). 
Options available: Price 
3480C, Option 001, Sample-and-Hold $525 

$395 
3480D. Option 001, Sample-and-Hold $525 

$395 
$22 1 
$22 I 
$250 

$1150 
$150 
$300 

1 
1 
1 

DC: >80 dB. 
AC (50 - 60 Hz): Filter out: >70 dB. Filter in: > I O 5  dB. 

3480C, Option 004, Isolated BCD Digital Output 

3480D, Option 004, Isolated BCD Digital Output 
3482A. Option 021, Isolated Remote Control 
3484A, Option 041, Isolated Remote Control 

3484A, Option 043, True RMS AC Converter 

3485A. Option 053, 30 Ch 
3485A. Option 054, 40 Ch 
3485A, Option 055, 50 Ch 

3480C Digital Voltmeter 1 

3484A, Option 042, Ohms Converter 

3485A2, Option 051, I O  Channels 
3485A, Option 052, 20 Channels 

3485A, Option 057, lsolati 
Model number and namc 

3480D Digital Voltmeter $1075 
3482A D C  Range Unit $1025 
3484A Multi-function Unit $1 195 
3485A Scanning Unit $1695 



DIGITAL VOLTMETERS 
Five-digit digital multimeter with self-test 

Model 3490A 

1 J  
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Description 
Hewlett-Packard's Model 3490A Multimeter is a five-digit integrat- 

ing digital voltmeter. The basic instrument measures dc voltages, ac 
voltages, and resistances. Additional measurement capability is 
achieved by the addition of low cost options. 

H P s  3490A uses a dual slope integrating technique and is fully 
guarded, providing excellent noise immunity at  five readings per sec- 
ond on all dc ranges. Ranging is automatic over all ranges on all func- 
tions. DC measurements can be made with 1 pV resolution on the 100 
mV range. AC voltage measurements can be made from 20 Hz to 250 
kHz in four ranges. The 1 V range provides I O  pV of ac voltage reso- 
lution. Ohms measurements can be made, utilizing the four-wire con- 
version technique which eliminates errors due to  test lead resistances. 
Six ranges of ohms, including a IO00 range, are provided. All func- 
tions and ranges include 20% overranging except the 1000 V range. 

Display 
The 3490A uses Hewlett-Packard's light emitting diodes (LED's). 

These display digits are of the dot matrix type to reduce ambiguity 
caused by failure of a single diode. The extremely high reliability of 
this LED display assures maximum life. 

Self-test 
At the flip of a switch, Hewlett-Packard's 3490A Digital Multi- 

DC functions 
The standard 3490A includes five ranges of dc measurement capa- 

bility from 100 mV to 1000 V. Measurements are made from the front 
panel at  a precise five readings/s, and at  slower rates, using digitally 
controlled sample rate selector. High input resistance, > 10'oO on 100 
mV, 1 V, and I O  V range, assures accurate measurement of high im- 
pedance sources. 

AC functions 
Four ranges of ac measurements are provided. The average ac value 

is accurately detected, and therms value is displayed with five digits of 
resolution. Full autoranging, wide frequency response, and 20% over- 
ranging are designed-in features to permit easy operation. 

I Ohms 

ohms measurement capability. Maximum current through the un- 
known is approximately I mA. Over-voltage protection for ohms 
sensing terminals insures maximum protection against inadvertent ap- 
plication of a high voltage to  ohms terminals. Over-voltage protec- 
tion is provided to 250 V and fuse protection to 1000 V. 



DIGITAL VOLTMETERS 
Model 3490A (cont.) 

Serviceability 
HP‘s 3490A has been “designed for serviceability.” Inside, the 

3490‘s low parts density provides easy access for servicing. Test points 
and jumpers are keyed to detailed diagnostics. 

Several diagnostic aids are available to further minimize 3490A re- 
pair time. A service video tape, Accessory No. 11 128A, will demon- 
strate use of self-test and front panel symptoms to isolate failures. The 
1 I126A accessory provides a set of IC reference boards with most of 
the 3490A logic IC‘s for use with H P  10529A Logic Comparator. 
Using these boards with the Logic Comparator, a faulty IC can be iso- 
lated in seconds without removing it from the circuit. Also, a spare 
parts set, Accessory No. I 1  127A, containing most critical compo- 
nents of the 3490A, will be available. 

Options 
Systems applications 

Model 3490A offers built-in flexibility for systems applications. 
HP‘s 3490A offers both HPlB interface and a bit parallel (BCD coded) 
interface. This combination provides the necessary versatility to  
configure the lowest cost instrument system. 
Ratio, opt 080 

DC/DC and AC/DC three-wire ratio measurements can be conve- 
niently added to the 3490A. This capability offers both auto-polarity 
and a selection of two reference ranges. The 1 V and 10 V ranges are 
specified from 10% to 120% of selected range. Ratio function is not 
programmable. 

50 Hz operation, opt 050 
60 Hz operation opt 060 

Maximum noise immunity is achieved when power line frequency is 
harmonically related to the sample period of the integrating DMM.  
Option 050 will maximize normal and common mode rejection for 50 
Hz power line frequency, and Option 060 will provide this rejection 
for 60 Hz. 
Sample/hold, option 040 and 045 

Sample/Hold provides HP‘s 3490A with extra and unique mea- 
surement capability. 

The Sample/Hold option has two modes of operation to solve dif- 
ficult measurement problems. 

Track and hold: in this mode, input voltage is held instantly upon 
receiving an external command. This mode is useful in digitization of 
repetitive or transient waveforms. 

Acquire and hold: in this mode, a known delay is inserted to permit 
the input amplifier to settle to  a specified accuracy. This is useful in 
measuring pulse height or any similar step input. 

Digital output, opt 021 and remote control, opt 022 
These options provide digital control and data output in the paral- 

lel BCD code of 8-4-2-1, either negative or positive true logic. Selec- 
tion is accomplished by positioning an internal switch. The remote 
control option provides complete control of all functions, ranges, and 
external trigger commands. The digital output option provides nine 
columns of information which includes function, polarity, data, and 
range. These options may be purchased separately to  meet specific ap- 
plication requirements. Either of these options require Option 020 
Systems Expand. 

BCD/remote 
Both Option 021 and 022 require Option 020, BCD/Remote Ex- 

pand. This option provides the required internal and external connec- 
tors to permit user installation of Digital Output, Opt 021 and/or Re- 
mote Control, Opt 022 and should be ordered as an initial option on 
HP‘s 3490A. This option includes rear terminals in parallel (switch- 
able front/rear terminals are available as a special - H19). 
HPlB (character serial bit parallel) data input/output, opt 030 

The data control and data output option permits H P  Model 3490A 
to operate on a single data/control bus with up to 14 other in- 
struments. This serial code is an eight-bit byte typically using an 
ASCII-type coding. A unique “talker/listener” address structure 
makes the system’s hardware more economical and associated soft- 
ware much simpler. The HPIB is compatible with Hewlett-Packard 
Model 9800 Series calculators as well as Hewlett-Packard computers. 

Specifications 
DC voltage ranges 
Full range display: f . l O O O O O  V, f 1.00000 V, f 10.0000 V, f 100.000 
v ,  f l O O O . O O  v .  
Overrange: 20% on all ranges except 1000 V range. 
Range selection: manual, automatic, or remote (optional). 

DC voltage performance 
Accuracy: f(% of reading + % of range). 

I O.1VRange I 1 Vto 1OOOVRange I 
% rdg. ’% rng. % rdg. % rng. 

24 hrs (23°C f l o c )  f(0.005 + 0.001) f(0.004 + 0.001) 
30 days (23°C 65°C) f(O.O1 + 0.005) f(0.008 + 0.002) 
90 days (23°C f5”C) f(0.01 + 0.005) f(0.01 + 0.002) 
6 months (23°C f5”C) f(0.013 + 0.005) f(0.013 + 0.002) I DC 1 year voltage (23°C input f5”C) characteristics: f(0.015 + 0.005) Fully guarded f(0.015 with + 0.002) 140 dB 

ECMR at dc and 60 Hz f0.1% with 1 kQ imbalance between guard 
and low. 
Maximum input voltage: 

0.1 V to 1000 V ranges: A1500 V peak. 
Guard to chassis: f500 V peak. 
Guard to low: f 2 0 0  V peak. 

Input resistance: 
0.1 V to 10 V ranges: >2  x l0”Q (<70% R.H.). 
100 V and 1000 V ranges: I O  MQ f0.15%. 

Maximum reading rate: 5 readings/s. 
Normal mode rejection ratio: 50 Hz f O . I % ;  60 Hz f0.1%; >50 dB. 
Notes: 
1. On the 1000 V range, add 0.04 ppm/volt to the % of reading speci- 
fication. 
2. Thermal EMF’S generated external to the DVM may be compen- 
sated to achieve the % of range accuracy specified by utilizing the rear 
panel zero adjust provided in the 3490A. 

AC voltage ranges 
Full range display: 1.00000 V, 10.0000 V, 100.000 V, 1000.00 V. 
Overrange: 20% on all ranges except 1000 V range. 
Range selection: manual, automatic, or remote (optional). 



50 HZ - 100 kHz 20 HZ - 50 Hz 

f(O.09 +0.025) 24 hrs (23°C f l o c )  f(0.32 +0.05) 
f(0.35 +0.05) f (0 . l  +0.025) (23°C f5"C) 30 days 

(23°C f5"C) f(0.35 +0.05) f(O.l +0.025) 90 days 6 months (23°C f5"C) f(0.40 +0.06) f(O.l +0.03) 
1 year (23°C f5"C) f(0.45 +0.07) f(0.12 +0.035) 

AC voltage input impedance 
Without rear terminals: 2 MR f l %  shunted by <65 pF. 
With rear terminals: 2 MR f l %  shunted by <90 pF. 
AC voltage maximum reading rate: 1 reading/s. 
AC voltage response time: < I  s to within rated accuracy for a step 
input applied coincident with encode trigger. 
AC maximum input voltage: 1000 V rms; fl500 V peak. 
Notes: 
I .  Guard must be connected to low. 
2. On the 1000 V range, add 0.01 ppm/(volt-kHz). 
3 .  Frequencies >IO0 kHz specified on 1 V and I O  V ranges only. 
4. Specifications are for input levels above 1/100th of full scale. 

Ohms ranges 
Full range display: .I00000 kR, 1.00000 kR, 10.0000 kR, 100.000 kR, 
1000.00 kR, 10000.0 kR. 
Overrange: 20% on all ranges. 
Range selection: manual, automatic, or remote (optional). 

100 kHz - 250 kHz 

f(0.7 +0.06) 
f(0.75 +0.06) 
f(0.75 +0.06) 
f(0.75 +0.07) 
f(0.75 +OW 

le: I O  PA. 

0.1 k R  1 k R  - 100 kR 1000 k R  

% rdg. % rng. % rdg. % rng. % rdg. %rng. 
f(0.007 + 0.001) 24 hrs (23°C f l o c )  f(0.006 + 0.001) f(0.005 + 0.001) 
f(0.012 + 0.002,) 

90 days (23°C 3~5°C) f(0.012 + 0.005) f(0.012 + 0.002) f(0.015 + 0.002) 
f(0.015 + 0.005) f(0.015 + 0.002) f(0.020 + 0.002) 6 months (23°C f5"C) f(0.025 + 0.002) 

1 year (23°C f5"C) f(O.018 + 0.005) f(0.018 + 0.002) 

30 days (23°C f5"C) f(0.012 + 0.005) f(0.010 + 0.002) 

1: 
..me 

% rdg. %rng. 
f(0.025 + 0.001) 
f(0.035 + 0.002) 
f(0.035 + 0.002) 
f(0.040 + 0.002) 
f(0.050 + 0.002) 

Ohms terminal characteristics 
Maximum voltage generated across unknown: 20 V for overload; 
13 V for valid reading. 
Ohms current thru unknown: 

0.1 kR to 10 kQ range: I mA. 
100 kR to 1000 kR rang 
10,000 kfl range: 1 pA. 

Ohms overload protectior 
Nondestructive: 250 V L I I I D .  

Fuse destructive: f 1000 V peak. 
Ohms maximum reading rate: 

0.1 kR to 100 kR range: 5 readings/s. 
1000 kR range: 4 readings/s. 
10,000 kR range: 2 readings/s. 

General 
Data output (BCD), option 021 
Data output is 1-2-4-8 TTL output which is compatible with H P  
562A, 5050B, and 5055A Digital Recorders. Either high true or low 
true logic code can be selected with an internal switch. 

Remote control, option 022 
The remote control option uses a low true logic (BCD type) code. 

Required voltage levels for input signal and output signal levels are 
listed below. 
BCD and remote terminals: 

DVM Inputs 

DVM Outputs +3.9 V f1 .5  V, +0.3 V f0 .3  V, 

+3.9 V f1 .5  V, 
100 pA max 

400 pA max 

2 mA max 

Operating temperature: 0°C to 50°C. 
Warm-up time: one hour warm-up required to  meet all specifica- 
tions on the 0. I V range and the 0. I k R  range. Thirty minutes warm- 
up required to meet all other specifications. 
Humidity range: <95% R.H., 0°C to 40°C. 
Storage temperature: -40°C to +75"C. 
Power: 100 V, 120 V, 220 V, 240 V +5%, -IO%, 48 Hz to 400 Hz line 
operation 160 VA with all options. 
Dimensions: 425.4 mm wide, 85.7 mm high, 466.7 mm deep (16%" X 

Weight: net, 9.38 kg (20 Ib 11 oz); shipping, 11.79 kg (26 Ib). 
3?4" X 18%"). 

Options 
020: BCD/remote expand, includes rear terminals in 
parallel 
021: BCD* - full parallel, 1-2-4-8 code 
022: Remote* - full parallel, 1-2-4-8 code 
030: HPIB remote control and data output 
040: Sample-and-hold* 
045: Sample-and-hold (without Opt. 020 or 030) 
050 or 060: 50 Hz or 60 Hz operation 
080: Three-wire ratio 
Rack mounting kit furnished. 
Model number and name 
3490A Digital Multimeter (includes ac, dc, & ohms) 
Opt 050 Noise Rejection for 50 Hz 
Opt 060 Noise Rejection for 60 Hz 
'These options require BCD/Remote Expand Option 020 
Note Rack mounting requires support in rear of instrument 

Price 

$221 
$215 
$189 
$915 
$490 
$515 

$22 1 
N / C  

$1785 
N/C 
N/C  



DIGITAL 
Multi-function 
Model 34508 

100 mV range: 

VOLTMETERS 
meter 

f(0.008% of reading, +0.01% 

1 V thru 1000 V ranges: 

1 Autorange time: same as reading period per range change. I 

f(0.008% of reading, +0.002% ot range) 

*Without range change 

90 day: 

DC voltage input characteristics 
Input resistance: 

(25°C f5"C)  add 0.002% of range to 30 day specifications. 

~ 

100 mV, 1 V and 10 V ranges: >1OW 

100 V and 1000 V ranges: 10 M R  f0.1%. 

Maximum input volt4 

1 ~~ 

I x low to Y low: f200 v 

Normal mode rejection (NMR): 
60 Hz f0.1%: >80 dB (Opt H01); >60 dB (1/10 s integration pe- 
riod); >30 dB (1/60 s integration period). 

Effective common mode rejection (ECMR): 
DC: 160 dB. 
1/10 s integration period: min of 145 dB. 
1/60 s integration period: min of 130 dB. 

AC voltage - option 001: True rms-responding (45 Hz to 1 
MHz). 
Ranges 
Full range display: 1.00000 V, 10.0000 V, 100.000 V, and 1000.00 V. 
Overranging: 20% on all ranges. (1500 V peak on 1 kV.) 
Range selection: manual or automatic. Remote optional. 
Performance 
Accuracy: 90 day (25°C k5OC). 
'Note 1500 V peak = 1060 V for a sine wave. 

1200V RMS 
(MAXIMUM 1500V PI 

4 I I 
0.04% 0.08% 

OF READING 
t t 

0.01% 0.02% 

OF RANGE 
I 

I "V 
43 IW 200 500 IK 2 K  SK IOU 201 5 0  

INPUT FREQUENCY IN HERTZ 

stics 

i: 2 Mi2 shunted by 90 f10 pF. 

U 1001: 200K 3001 I Y  

Input characteri 
Input impedance 

Front terminal! 
Rear terminals: 2 MR shunted by 135 f 1 5  pF. 

Crest factor: 7.1 (f > 1  kHz, bandwidth = 1 MHz). 
Maximum input voltage: same as dc  voltage except <f 1000 V dc  
offset on X terminals (f 1500 V peak maximum including dc offset). 
Measuring speed: 

Integration 
period (withoi E€ 1/10 s 

Instrument reads within 0.1% ot final value in one reading from lU% 
of range to 100% of range. 
DC ratio 
Valid ratio measurements can be made for Y inputs between 0.1 V and 
120 V and X inputs between 0 and 1200 V. 
Overranging: 20% on all ranges. 
Range selection: manual or automatic for X input. Remote op- 
tional for X input. Automatic for Y input. 

ading period Autorange time 
ut range change) (per range change) 

_ ^ I . .  . .. - 



Performance 
Accuracy: 

90 day (25°C f5OC). 
f ( O . O l %  of reading* +0.002% of ratio range 5% 

Y range 
Y voltage 

+ - X 0.003%). 

0.55% 0.1% 0.05% 0.02%* I 0.05% I 0.2% 

- 
* A d d  0.005% of reading tor X input >lo0 V. 

Input characteristics 
Input resistance, effective common mode rejection, normal mode re- 
jection and max. Input voltage: same as dc voltage specifications. 
Input voltage: same as dc voltage specifications. 
AC ratio - option 001: True rms-responding 
Valid ratio measurements can be made for Y inputs between 0.1 V and 
120 V and X inputs between 0.1 V and 500 V. 
Overranging: 20% on all ranges. 
Range selection: manual or automatic for X input. Remote op- 
tional for X input. Automatic for Y input. 

Performance 
Accuracy: 90 day (25°C f5OC). 
f(0.2% of reading +0.01% of ratio range + sum of accuracies of X 
and Y inputs determined from ac accuracy graph). 

Input characteristics 
Input configuration: isolated four-terminal, guarded. 
Input impedance: same as ac voltage for X and Y. 
Crest factor: 7.1 (f > I  kHz, bandwidth = I MHz). 
Maximum input voltage: same as dc voltage, except <f 1000 V dc 
offset voltage on X terminals. 
Ohms, option 002 
Ranges: 

Full range display: 100.000R, 1.00000 kR, 10.0000 kR,  100.000 
kf2, 1000.00 kQ, and 10000.0 kR.  
Overranging: 20% on all ranges. 
Range selections: manual or automatic. Remote optional. 

Performance 
Accuracv: 30 dav (25°C 15°C).  

I 90 day (25°C f5OC): add 0.002% of range to 30 day specifications. [ 
Measuring speed 
Same as dc voltage except 165 ms reading period and autorange time 

Input characteristics 
Input configuration: fc 
Current through resist, 

lOOR thru 10 kR ran 
100 kR and 1000 kO ~ 

10000 kR range: 1 PA. 

on 10 M a  range with l , / L n  - :-L---..&:-- ---:-A 

._ r -  -. 

Effective common mode rejection (ECMR): same as dc voltage. 
Normal mode rejection: same as dc voltage. 
Overload protection: &200 V peak for X or Y input. 
Ohms ratio, option 002 
Valid ratio measurements can be made from Y inputs between IOOR 
to  12 Mf2 and X inputs between 0 and 12 MR. 
Overranging: 20% on all ranges. 
Range selection: manual or automatic for X input. Remote op- 
tio 

Pe 
Ac tio range + % 
of 
WI 

1 -x  0.002%). 
I Keslsrance 

n i l  for X input. Automatic for Y input. 

irformance 
:curacy: 30 day (25OC f5 'C  at  terminals) f(% of ra 
ratio reading error). 
iere: 

Y Range 
~ 

% of ratio range error = +(0.004% + ~, ~ ~ ~ . ~ .  

% of ratio reading error is the greater percentage given below for ei- 
ther X or Y resistance. 

'0.01% for ratios between 0.95 and 1.05 if X and Y are between 10 k and 500 k. 
Y ranges: 1 kn, I O  kR, IOOkR, 1 MR, and I O  MQ. 90 day (25°C 
f 5 '  at terminals). 

Same as 30 day specification except % of ratio range error = 

+(o'oo4% + Y Resistance Range x 0.003%;. 

Input characteristics 
Input configuration: isolated four-terminal, guarded. Two wires per 
resistor. 
Current through X and Y resistance: same as ohms function. 
Effective common mode rejection (ECMR): same as dc voltage for 
X input. 
Normal mode rejection: same as dc voltage for X input. 
Overload protection: f 2 0 0  V peak for X or Y input. 
Limit test, option 003 
Capability: 

Applicable to: dc, dc ratio, ac, ac  ratio, ohms and ohms ratio. N o  
degradation in performance of above six functions. 

Limit selection: Two four-digit limits (with 20% overranging), in- 
cluding polarity, are selectable in 1-2-4-8 BCD form with external clo- 
sure to ground through <3 kQ(2.8 mA max) or application of -0.5 V 
to +2.5 V. 

Output signals 
Limit indications: High, Go, Low from panel lights defined as fol- 
lows: High limit <High; Lower limit <Go <High limit; Low <Lower 
limit. 
Digital output, option 004 
Output lines: print command; trigger or print command hold off; 
BCD output of function; polarity; range or ratio range; and digital 
data. Levels are 0 V and 12 V or 5 V selectable. 

Remote control, option 005 
Program lines: 1/60 s integration period;* 100 ms delay;* I O  MR input 
resistance;* ext. trigger;* integration delay; remote program; func- 
tion; nonratio range; ratio range decimal point. 
'These remote capabilities are included in the basic 34508 and do not require the addition of Option 005. 

General 
Operating temperature: O°C to 50"C, unless otherwise specified. 
Storage temperature: -40°C to +75OC. 
Power: 115 V or 230 V f IO%, 50 Hz to 400 Hz, <75 W (including all 
options, normal environmental conditions). 
Dimensions: 425 mm wide, 88 mm high, 542 mm deep (163/4" X 
3'yJZ" x 21%"). 
Weight: 

Basic instrument: net, 14.1 kg ( 
Including all options: r-' '-- 'I-' 

:31 Ib). 
ICL, 1 U . J  Kg (JU IU). 

J).  
Prii 

add $13: (adds ac, ac ratio) 

Shipping: 22.; kg (50 I I  
Model number and name 
Option 001 A C  Converter 

rati 
Opt 
OPl 
Opt 
Option 006 Rear Input Termir: 
selector switch and rear terminals 
H50-3450B, Optimum Noise Reje 
HOI-3450B. Ootimum Noise Reie 

50 
I O  
17 
,? 

ials (add front/rear 
) add $79 
,ction for 50 Hz line add $68 
: d o n  for 60 Hz line 

add $325 with programmable filter 
H13-3450B. Optimum Noise Rejection for 50 Hz line 
with programmable filter add $390 

$3995 
For more complete technical information, contact your local HP of- 
fice for a data sheet. 

3450B (includes dc and dc ratio) 



DIGITAL VOLTMETERS 
Integrating DVM 
Model 2402A 

bn;e 

Short term (24 hour) 
accuracy 
(at25" *l"C) 

Long term (6 months) 
accuracy 
(at25" *IT) 

0 Precise measurements desoite severe nniw 

1 v, 10 v, 100 v, 1000 v 

0.003% rdg f0.003% F.S. 
(0.006% rdg in overrange) 

100 mV 

0.003% rdg *0.005% F.S. 
(0.008% rdg in overrange) 
Below30 mV accuracy improves to 
3 fiV f0.008% rdg. 

0.01% rdg fO.OOS% F.S. 
(0.015% rdg in overrange) 
Below 3 0  mV accuracy improves to 
3 fiV f0.015% rdg. 

0.01% rdg *o.w~% F.S. 
(0.013% rdg in overrange) 

De! 
H r  s I'IULH comDines 43 measurements per secona sampling rate 

with the precision and measurement flexibility expected from a labo- 
ratory instrument for computerized and noncomputerized data ac- 
quisition systems use. High speed and high accuracy are achieved at 
low levels without preamplifiers in this integrating digital voltmeter. 

Instrument design virtually eliminates errors caused by extraneous 
noise without imposing restrictions on the grounding of the signal 
source, recording device, or programmer, or upon the measuring 
speed of the instrument. HP's easy-to-use 2402A permits maximum 
versatility of application through its control and input/output fea- 
tures. 

High accuracy in a DVM must be maintained under everyday con- 
ditions and in the presence of noise. HP's 2402A is average-reading, 
which greatly reduces the effects of superimposed noise. A floated and 
guarded input circuit eliminates common mode noise error. Com- 
bined, these techniques yield effective common mode noise rejection 
greater than 126 dB (2 million to  I )  at any frequency, including dc. 

HP's 2402A reads average value of applied voltage over a IY6o sec- 
ond sample period, and provides maximum rejection of superim- 
posed noise at  60 Hz (%o second optional). Since no input filters are 
employed, it provides both noise rejection capability and rapid accu- 
rate response to step input required for data acquisition system appli- 
cations. Superimposed noise rejection holds for combined signal plus 
noise amplitudes to 130% of full scale. 

Model 2402A features a guard that completely isolates the floating 
measuring circuit from the chassis, breaking the common mode loop. 
The combined effect of guarding and averaging a 60 Hz, 100 V peak- 
to-peak common mode potential will not cause any discernible error 
in reading on any range. 

AC voltages to 750 V peak can be measured on four ranges from I 
V to 1000 V when the 2402A is equipped for optional ac voltage mea- 
surement. It is adapted for ac voltage measurement by installation of 
plug-in ac-to-dc converter and control boards. The converter is 
average-reading and is calibrated in rms with respect to sinusoidal 
input. Dc voltage input connectors are also used for ac input. The 
same guard provides common mode rejection for ac and dc voltage 

voltage measurement - __.__..__. I ,  P r  .. 

y for six months. 
nts per second when t r ig  
itinuously adjustable from 
per second. 
easurements per sec, f 10% 
m w . )  

I 





DIGITAL VOLTMETERS 
Six-digit dc digital voltmeter (1 part IO6 resolution) 
Model 3462A 

1 V and 10 V ranges 

100 V and 1000 V ranges 

uescriprion 
HP's Model 3462A, 6% digit DVM, offers a resolution of 1 part in 

1,200,000 at 20% overrange with sensitivity of 1 pV on the 1 V range. 
The potentiometric-integrating technique is used in the 3462A. True 
average of input voltage is measured over a fixed sample period. Ac- 
curacy results largely from the potentiometric principle using preci- 
sion resistance ratios and a stable reference voltage. This, in combina- 
tion with the integration and guarding system, results in superim- 
posed noise immunity of an integrating DVM while retaining potenti- 
ometric accuracy. 

Four voltage ranges from 1 V to 1000 V full scale are selectable 
manually, automatically, or remotely. In addition to remote control, 
HP's 3462A has a BCD digital output for digital recording of data. 

Specifications 

otherwise IO7R f0.03% 
10761 f o . ~  

Ranges 
Full range display: 
f 1000.000 v .  
Overranging: 20% ( 

Range selection: rn 

fl .OOOOOO v; flO.OOOOO v ;  f l O O . O O O O  v; 
)n all ranges. 
ianual, automatic, or remote. 

Performance 
Accuracy (90 days, 25°C &5"C, <50% RH): f(0.004% of reading 
+O.O002% of range). 
Accuracy (90 days, 25°C +5"C. <95% RHk f(0.004R of reading 
+0.0004% of range). 
Stability (constant 1 

24 hr: f(0.0015% 
180 day: f(0.006' 

Temperature coefficient (OOC to 50OC): &(0.0002% of reading 
+0.00002% of range) per "C. 

temperature f loc, <50% RH): 
of reading +0.0002% of range). 

70 of reading +0.0004% of range). 

1s. 

Measuring speed 
Reading period (without range changes): 1.1 sec. on all ranges. 
Autorange time: 60 n 

Be (peak value): 
, \I 

I,-..--. -.._ 
ZMR): >I60 dB. 
dB at 50 Hz and above. 

. .  . .  Remote Control 
Remote operation, trigger rate, range selection and input resistance 
are selected by contact closures to ground through < 1000. 

El 
220 

200 

0.1 i IO 
FRI 

Digital output 
BCD outputs: 7 digits of da; 
overload. 

General 
Operating temperature: 0°C to"5O"C unless specified otherwise. 
Storag 
RFI: r 
Power 
Dimen " x 
5" x 2 
Weigh.- ~~.~ ~. ~ ~~~ ,~ ~ .~,, -... rr.._Y 

A( e 
H! 
tel ~ 

A( 0 
HI 
A( 2 
HI 

--c ,- - - - I .  . . - . .  . 

? - 
-. 

le temperature: -40°C to +75"C. 
neets MIL-I-6181D. 
: 115 V or 230 V &lo%,  50 Hz to 60 Hz, 90 VA. 
tsions: 425 rnm wide X 127 mm high X 543 mm deep (16% 
il)/S"). 
t: net 17.2 k e  (38 lbk shinnine 25.4 k e  156 lhl. 

:cessories furnished Pric 
P 11065A 6-ft rear input cable, guarding preserved, 
minated end mates with 3462A N /( 
jditional cable $31 
P 11085A remote control cable N/( 
iditional cable $3 
P rack mount kit N/ (  

d 

Accessories and options available 
H P  5050B Digital Recorder. hasic instriirnent with 18. 

~~~~ ~~.~,-~~.....I 

column capacity and 3 code discs. 
Column boards and cables required for operation are 
not included $2 151 

Option H5O (optimum noise rejection for 50 Hz line fre 
Option 001, 1-2-2-4 BCD output N/( 

add $6: 
~ ~ . . ~  r r r m  ,. * - . ..-- . . . .. n quency)__* ... ~ ~~ 

D 

9 
uprion WI, option HJU (I-L-L-~ BLU ourput ana opti- 
mum noise rejection for 50 Hz line frequency) add $68 

3462A Digital voltmeter $5835 



DIGITAL VOLTMETERS 
Data coupler/data punch 

Model 3489A 

Description 
Hewlett-Packard’s 3489A Data Punch is a combination coupler 

and paper tape punch. Features include an internal timer for unat- 
tended data logging and a data counter to add line numbers. Output 
format from the 3489A is controlled by a pin-board so that any paper 
tape code may be punched, such as ASCII, EBCDIC, BCD or 
CCITT. Special characters may be added to construct special for- 
mats. Length of data words may be varied to 30 characters. Number 
of readings per line is variable to  7 words. 

The 3489A accepts up to  eight BCD digits of measurement data 
plus one for range and one for function. 

Character code for the punched tape can be programmed to be 
compatible with virtually all computer, telex and calculator systems. 
Up to 10 special characters can be programmed for data formatting 
on punched tape. 

The data punch can be set to sample a measurement at intervals 
from one to 99 seconds or minutes. 

Internal data counter automatically adds a four-digit I.D. to each 
reading. This number may be used as line numbers or simply to iden- 
tify readings. 

Front panel pushbuttons can be used to punch identification char- 
acters on 

Specific 
Punching 
Punched rape rormar: any coae up to II DITS can oe programmea. 
Tape information: accepts all standard widths of paper, oiled paper, 
mylar or metallized mylar. Holds 300 meters (1000 ft) standard reel. 
Winder capacity is 80 meters (260 ft) equivalent to 32,000 characters. 

Interface lines 
Data: TTL compatible, 8 BCD coded digits plus 8421 only. 
Punch (print) command: voltage step from high level to  low level or 
low level to high level. TTL compatible. 
Hold-off-signal: high or low level selectable. TTL compatible. 

General 
Operating temperature: + 10°C to +40°C. 
Humidity: 0 to 95% R H  over full temperature range. 
Weight: shipping, 23 kg (52 Ib). 

Dimensions: 425 mm wide X 230 mm high X 533 mm deep (16%’’ X 
9%; x 21”). 
Power: Option 050: 230 V &lo%, 50 Hz. Option 060: 115 V &lo%, 
60 Hz. 145 VA max. 
Options and accessories availal . 
Option 001 Bypass Card: allows u 
an external device (e.g. computer) 
Option 002 Time Input Card: acceF 
enabled by rear panel switch or b 
Accessories and options . 
of dat 

n 

e 

1 1462, 

0 in. 

Die: 
p to 8-bit parallel characters fror 

)ts up to six BCD digits and can b 
y remote signal. 

to be punched directly. 

D 4 ,  

4 Cable Assembly: connects between BCD input 
a punch and H P  3480C (or D) with 3485A plug- 

add $8 
A P-I.1- A m m n . x h l . . .  ------ *- L-r D P n  : -_.. 4 11463n LauIc m3~ci i iu iy .  L U I I I I G L L ~  VGLWCGII DLU iirpur 

of data punch and 3480C (or D) with plug-in 3482A or 
3484A. add $8 
11465A Cable Assembly: connects between BCD input 
of data punch and 5326A (or B or C) with 5327A (or B 
or C) plug-in. add $8 
1 1466A Cable Assembly Open-ended: connects between 
R P n  h.r---- +:-- ,.-..---+,.-- -- &h- J - r -  -.._-I. - - A  

0 

0 

ULU, v y p a m  UL LEIIIL.  C .UIII ICCLUI> ut1 LUG uaia pui i~ ir  diiu 

an unspecified data source. 
I1468A Adapter Box: allows data punch to initiatescan 

11469A Test Card: allows punch I 
“stepped” on manual command. Log 

11471A Junction Box: allows paralk 
3489A with 5050B or 5055A and 3480( , 
or 1 l463A and two 562A-16C interface cables are re- 

add $75 

5 cycle of 3485A. 3485A requires opt. 0: 

analyzed as an aid to  troubleshooting. 5 

5 quired with the 11471A. 
Option 001, Bypass Input Card 
Option 002, Time Input Card 

add $16 
add $18 
add $24 

Option 050, 230 V/50 Hz 
Option 060, 115 V/60 Hz 

N/(  
N / (  

021 16-6178 (one supplied with instrument) Connector 
Kit add $7 
5060- I742 Extender Board add $2 
W C ; ~ - P ~ A ~  anpt hfinlmnt u;t -A, l  c, 
J V V V - V I - L  I \ U I R  L . I ” ” I I C  ‘\,I 

562A-16C Printing Cable 

5 
3 

auu s i 3  
add $100 

3489A Data Punch $3670 



DIGITAL VOLTMETERS 
Data logger 
Model 2070A 

t 
nr s L U N A  u a t a  Logger commnes a 348UL one-halt module UVM 

with a 5055A one-half module line printer. Both units are combined in 
a portable fan-cooled case. 

HP‘s 2070A Data Logger is a complete data acquisition system that 
can use any one of three plug-in units. 

The 3482A DC Range Unit is used with the 3480C mainframe to 
provide five guarded dc voltage ranges. Range selection may be man- 
ual o r  automatic. An internal sample rate control is adjustable from 
one reading per second to 25 readings per second. HP‘s 3484A Multi- 
function Unit provides the same dc capability as the 3482A D C  Range 
Unit plus five true rms ac ranges and six ohms ranges as additional 
options. With true rms ac option, measurements can be made over the 
frequency range of 1 Hz to 10 MHz. The ohms option covers the 
range of 100 ohms full scale to I O  megohms full scale. The 3485A 
Scanning Unit is used with the 3480CID mainframe in data acquisi- 
tion systems where dc readings on up to 50 channels are to be taken at  
rates up to 1000 per second. Dual floating FET switches are utilized to 
permit guarded floating measurements at  high scan rates. 

HP‘s 3480 mainframe requires 1 ms to make an analog to digital 
conversion and the input signal level must not change during this time. 
The sample/hold option effectively “freezes” a time varying input sig- 
nal for 1 ms, insuring that the analog to digital eonversion will be ac- 
curate. Sample/hold may be activated by an external command or by 
the internal sample rate control. Tracking of the input signal resumes 
automatically after each reading is completed. Sample/hold is useful 
when measuring ramp linearity, pulse height, settling time, threshold 
levels and in digitizing low frequency wi 
3480C Digital voltmeter 

lated BCD. Sample-and-hold (Option 00,) vc ,,ICIUUGU. ulie 
of three 3480 plug-ins may be ordered outionallv with HP‘s 2070A. 
See pages 44-46. 

5055A Digital recorder 
One-half module, 5055A Digital Recorder, is a IO-column line 

printer. Printing up to 10 lines/s, it accepts ink roller or  pressure sen- 

One-half module 3480C DVM is equi D- 

aveforms. 

ipped with Option 004, Is, 
1 \  nn- La :..nl..A-A A -.. -. 

sitive paper. Paper used is “Z’ fold. Front panel light controls in- 
clude a power switch, a stand-by/operate switch, a paper advance 
button and a manual print button. See page 247. 

Specifications 
2070A Rear panel controls 
Standard: 

Line switch: for both 3480C and 5055A. 
External trigger: B N C  connector brings out Measure line from 
3480C. 
Trigger mode switch local mode allows front panel sample rate 
control to be used. External mode disables front panel sample rate 
control. 

Option 001, sample-and-hold 
Mode: local or  remote trigger may be selected. 
Delay: “On” selects a 105 ps delay in measurement trigger. “Off” se- 
lects immediate measurement trigger. Sample-and-Hold connector 
provides external trigger lines, program lines and analog output lines. 

2070A Data logger 
Includes 3480C Option 

cooled combining case. 
Model number and nam 

Option 082, 3482A D C  Range Unit $1025 
Option 842, 3484A Multifunction Unit with dc and 
ohms $1415 
Option 843, 3484A Multifunction Unit with ac and dc $2345 
Option 844, 3484A Multifunction Unit with ac/dc/ 
ohms $2505 
Option 851, 3485A Scanning Unit with 10 channels $1845 
Option 852, 3485A Scanning Unit with 20 channels $1995 
Option 853, 3485A Scanning Unit with 30 channels $2145 
Option 854, 3485A Scanning Unit with 40 channels $2295 
Option 855, 3485A Scanning Unit with 50 channels $2445 
Option 857, Isolated Remote Control for the 3485A $325 
2070A Data Logger $3080 

Option 001, Sample-and-hut” JJ43 



DIGITAL VOLTMETERS 
Automatic data acquisition system 

Model 30508 

0 Powerful on-line da t a  analysis 
DC, AC, and o h m s  measurements  

0 Easy to learn programming 

scription 
idding a scanner to a multimeter and controlling them with a cal- 
ator yields a low-cost solution to data acquisition and analysis 
)blems. 
Zlnnn;nn r o n A n m  ,-hnnnPl. l l n A p r  , - i l , - l l l l tnr rnntrnl meariqrino A r  

D6 
I 

CUI 

Pr( 
La,,,,,,,6 L U 1 I " " I I I  b1 .U 1.11 .,.a ",."I. IY...Y."I". "" .... "., ...-..""....~ ..-, 

ac and ohms at  up to  4 readings per second, and calculating results on- 
line or off-line are accomplished by HP's 3050B Data Acquisition Sys- 
tem. With a 3495A Scanner coupled to the front end of an H P  Model 
3490A Digital Multimeter, the system measures dc in 5 ranges from 
100 mV to 200 V with I pV resolution. AC is measured in 4 ranges 
from I V to 200 V with I O  pV resolution over the frequency range 20 
Hz to 100 kHz, and resistance is measured from 100 ohms to  I O  meg- 
ohms with 1 milliohm resolution. 

Two switching assemblies are available with the 3050B: a low ther- 
mal assembly and a relay actuator assembly. The low thermal assem- 
bly has 10 fully guarded channels for switching low level, guarded in- 
puts to  the DVM. Two low thermal assemblies can be used to  provide 
fourwire ohms measurement capability with just one scanner. 

The relay actuator provides I O  two pole relay closures for control of 
external switches, low current power supply distribution, or activat- 
ing low power devices. Multiple channel closure can be programmed 
on this assembly for IC or circuit board testing. 

Data logging is under control of an H P  Model 9820A2, 9821A or 
9830A Programmable Calculator. At the same time, the calculator can 
be programmed to do  any mathematical calculations required, from 
transducer linearization to statistical analysis. Parameters such as 
~ P . P P C I I ~ =  tpmnprot,,rp tnrnalp w=lnrit,, orrplprntinn nnA ~ ~ i ~ h t  ,-nn 

scale output on some 01 rnese rransaucers can oe as small as LU mv 
and a change in output voltage due to parameter change is also quite 
small. For example, a typical thermocouple generates a potential of 22 
pV/OF. For signals of this level, the 3050B sensitivity of 1 pV is man- 
datory. In addition, the 3050B has an uncertainty of less than 3 pV dif- 
ferential thermal emf noise from the scanner input to  minimize the ef- 
fects of temperature gradients across the switching reeds. 

Measurement capability is sometimes limited by common-mode 
noise signals that may be converted to normal-mode noise and thus 
added to the signal being measured. HP's Model 3050B System 
achieves a 120 dB effective common-mode ratio by making fully float- 
ing measurements with a switched guard connection for each chan- 
nel. 

Since Model 3050B uses an integrating DVM, the most common 
source of measurement error, power line related noise is rejected and 
does not affect the measurement. The system has greater than 50 dB 
normal-mode noise rejection ratio. 

Hewlett-Packard's 3050B Calculator Controlled Data Acquisition 
System is useful i n  varied applications. 

It can be used for transducer sensing in environmental monitoring; 
gathering pipeline and well data; furnace and flue temperature moni- 
toring: moniforine temnerature of standards lahs and environmental .. ~ ~ ~ ~ _ ,  .... ~ ...- ~~~~~ ...~.~ ~ ~ ~ -. . ~ ~ .~~~ ~ .~~ ~~ ~ ~~~~~ ~~~ . .~ 

enclosures; annealing and heat treating monitoring (including tem- 
perature profiling); and physiological parameter monitoring. HP's 
3050B can be used in manufacturing testing including multipoint cir- 
cuit board testing, high volume component and transducer testing and 
calibration; manufacturing process monitoring and control; or design 
analysis of initial computations to prototype testing, mechanical or 
electrical. Data logging of multiple channels; low level dc volts, ac 
volts and resistance measurement capability; time pacing; hard copy 
output; magnetic data storag%; as well as data analysis for: output in 

,,,Ioau,.,, L.,.,,v"LUCU.C., Lv.yu", .I.VI.LJ, ylll.I. UL.YII U l l y  .vv.6L.L 

be measured with appropriate transducers. 
In low level data acquisition measurements, certain system specifi- 

cations are particularly important because many parameters are ordi- 
narily converted into low level electrical signals by transducers. Full 



tions; real time process protile; efficiency and fast time information; 
go/no-go limit testing; and comparison with historical test data can be 
accomplished with this Hewlett-Packard system. 

In the field of data acquisition, two general measurement solutions 
have been available. The simplest alternative is basic data logger (volt- 
meter/scanner combination with printer or punched tape output) 
which has no on-site computational capability for analyzing data. 
When simultaneous data analysis or closed loop control based on  
measurement results are required, an on-line computerized voltmeter/ 
scanner system is used. 

Now, H P s  3050B enables you to move up to on-line data analysis 
for reliable real-time results without committing the money and sup- 
port required for a highly cdpabk and complex computer data acqui- 
sition system. In application, HP's 30508 will: ( I )  control system in- 
struments, (2) acquire and convert analog data from physical sensors 
to digital form, (3) distribute low current power supply voltages or ac- 
tivate low power devices, (4) correct data for nonlinearity and offset 
and convert it to  meaningful scientific units, ( 5 )  store data on mag- 
netic cards or tape, ( 6 )  determine test results, ( 7 )  perform high level 
statistical and historical analysis, and (8) print, plot, or display re- 
sults. 

The most significant effect is an increase in accuracy and dependa- 
bility, while at the same time releasing skilled people from the costly 
routine of meter reading and performing tedious test procedures. 
Hewlett Packard Interface budTTY-RS232C 

HPIB Systems capabilities can now be expanded to  include the use 
of teletypes, or equivalent RS232C equipment, as Bus 1 / 0  devices. 
This capability is provided through the use of a new 59400A interface 
module that is available as an option to  HPIB systems. 

The TTY interface module converts all HPIB data and control lines 
to a serial bit stream of digital information. This information is out- 
put (or input) in two commonly used electrical formats (Le., current 
loop and RS232C voltage level) for interface to teletypes and related 
RS232C equipment. 

TTY or Terminal may be used as a "dumb" controller of bus sys- 
tems (instead of, or in addition to, calculator or computer). This per- 

30 days 

90 days 

...__-...I -. -..--.-, O.-l.-. --.- "-71."...-.. "~---." --.. 
be obtained. 

A DAA (Data Access Arrangement) must be rented from the phone 
company to  connect a modem to the dial-up network. Automatic Dial 
option pFovides "hands-off' connect to  desired telephone circuit. 

The H P  59403A enables an inexpensive remote system without a 
minicomputer to do  data code conversions and program the individ- 
ual system components. The CCI/Modern combination eliminates the 
hardware and software expense associated with the minicomputer at  
the remote site while providing the same level of system flexibility. Ad- 
ditional HPIB instruments can be added by simply connecting an- 
other HPIB cable to the CCT 

f ( O . O 1  +0.005) f(0.008 +0.002) 

f ( O . O 1  +0.005) +(0.01 +0.002) 
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V range. 
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34901 

I DC 1 , A C  

60Hz I 200 I 1000 I 200 I 250 I 550 

*0.1 kS2 1000 10,000 
-100 kS2 kS2 k f l  

50Hz I 240 I 1200 1 240 I 300 I 660 
'AC response time: less than 2 s to within rated accuracy for a step input applied coincident with encode trigger. 

d. Calculator data manipulation: 9820A: data can be manipulated 
and stored or output during the 3490A sample period to shorten test 
time. Since output requires a significant amount of time, the results of 
a test could be stored to be output later; thus decreasing actual test 
time. Add all of the following typical calculation times that will be 
used during each measurement loop to obtain the total calculation 
time. 

e. Calculator instrument control: System: includes setting scanner 
channel and accepting reading from 3490A. 50 ms minimum (this is 
slowed down when using the supplied U D F  control routines for pro- 
gramming convenience). 

I7 
t I I 

I 
I I 

I 
DVM C 

I I --- I 
Calculator I l b l l  d 1 

Interface and documentation 
All interface and assembly is done at  the factory. The system is de- 

livered in an equipment rack ready to turn on and connect the scanner 
inputs. 

Operating and programming manuals with programming instruc- 
tions and example programs to aid in writing your specific test rou- 
tines and instrument control routines are also supplied. 
Operating temperature: 10°C to 4 0 T .  
Power: 108 V to 125 V; 210 V to  250 V. 50 - 60 Hz. 240 VA maxi- 
mum typical. 
Weight: Depends on options. Net, 67.5 kg approx. (194 Ib) (stan- 
dard); shipping: 124 kg approx. (273 Ib). 
Options 
001: ten channel low thermal relay assembly (order one 
or more Option 001 to obtain desired number of chan- 
nels) 
0 0 2  ten channel relay actuator assembly (order one or 
more Option 002 to obtain desired number of actuator 
channels. Option 001 and Option 002 may be used in 
any combination) 
004 230 V line 
005: Large equipment rack (56" panel height) 
0 0 6  Delete standard 35" rack (instruments come in 14" 
combining case) 
007: additional scanner (one required for each addi- 
tional 40 channels up to 520 channels or maximum of 15 
HPlB devices including DVM and calculator I/O) 
008: 3490A Sample and hold 
The standard 3050B is supplied with a 1.7 k (16 bit 
word) memory 9820A. Other controllers and memories 
are available with the following options. 
020: 9820A2, 5.8 k memory 
021: 9821A. 1.7 k memory and cassette 
022 9821A, 5.8 k memory and cassette 
023 9830A/9866A, 1.7 k memory & cassette 
024: 9830A/9866A, 7.9 k memory & cassette 
0 5 0  50 Hz line 
0 6 0  60 Hz line 
(Option 050 or 060 must be ordered) 
50508 (must have at least one Option 001 or 002) 

Price 

$600 

$400 

add $210 

less $600 

N / C  

$700 
$485 

$1885 
$ IO00 
$3500 
$4020 
$7600 
N/C 
N/C  

$13,650 



COMPONENT TEST 
General information 
C,R,L,D,Q, z, e 

4342A 

ST SELECTION GUIDE 

C in farads, L in henries or R in ohms &sic Accuracy see 





COMPONENT TEST 
Milliohmmeter 
Model 4328A 

Maximum Dissipation 
Ranfe Applied Current in Samples 

(ohms) (mA) (PW) 
13 0.001 150 

0.003 
0.01 

0.03 
0.1 1.3 

- _ _  
-- - 
-- - 
-- 

r i 

1 milliohm to 100 ohm resistance meter 

0.005 

0.0015 

The milliohmmeter is internally driven by a one kilohertz signal. 
With an ac drive signal, dc bias up to  150 volts can be superimposed 
without affecting accuracy of measurement. Hence, H P s  4328A can 
make dynamic resistance measurements in back-biased diodes. 

Maximum voltage across any sample with proper range selection is 
less than 200 microvolts peak. In case of incorrect range setting, a 
maximum voltage of 20 millivolts peak will never be exceeded, so that 
explosive devices such as fuses and squibs can be safely checked. 

The basic 4328A is line operated. With Option 001, it can be oper- 
ated from four rechargeable batteries for 15 continuous hours. A re- 
corder output provides an output proportional to meter deflection. 

0.0008 

0.00023 Description 
H P s  4328A Milliohmmeter is a portable instrument for measure- 

ment of low resistances. It uses a Kelvin Bridge method to obtain its 
high sensitivity but has incorporated both the current and voltage 
drives into one probe, so that only two probes are needed in actual 
measurement. 

The range of the 4328A extends from 100 ohms to one milliohm full 
scale. Maximum sensitivity is 20 microhms, making it ideal for mea- 
suring contact resistance of switches, relays, and connectors. 

A unique phase discriminator in the meter circuit permits accurate 
resistive measurements on samples with a series reactance up to twice 
full scale resistance. 

0.3 0.5 

1 0.15 I 
I 3  I 0.05 I 0.008 

I 10 I 0.015 I 0.0023 

I 30 I 

General 
Power requirements: i15/230 v switch f IO%, 50 to  60 HZ, 1.5 VA. 
Weight: 3.2 kg (7 Ib). 
Dimensions: 130 mm high X 155.1 mm wide X 279 mm wide (5%” X 

Accessories furnisht 
16007A/B Test Leads 
Model number and I 
Option 001, Recharge 
4328 Milliohmmeter 

6Y32’’ X 11”). 
?d: Model 16005A Probe, 16006A Probe and 
. Detachable Power Cord. 
name Price 

$890 
able battery operation $44 



COMPONEMT TEST 
Insulation resistance meter 

Model 4329A 

Test voltage 
Available resistance 
readings 

Meter scale 

Description 
The H P  4329A is a solid-state insulation resistance meter designed 

for easy, accurate and direct readings of the very high resistance val- 
ues typically found in synthetic resins, porcelain, insulating oils and 
similar materials. It is also useful for measurements in electrical com- 
ponents like capacitors, transformers, switches and cables. Seven fully 
regulated dc test voltages (between 10 and 1000 V) are provided as test 
sources. 

Selected scales are identified by illuminated indicators on the meter 
face. Selected resistance or  current multiplying factors are also illumi- 
nated for rapid, error-free measurement. Three resistance scales and 
one current scale are provided. The H P  4329A is instantly convertible 
from ungrounded-to-grounded-sample operation via a simple reloca- 
tion of the front panel ground strap from “guard” to “+” position. 
The instrument cabinet itself is always at  ground potential. Test volt- 
age shorts or‘ sample breakdown currents will not damage instrument 
circuitry. 

The H P  4329A also has a current measurement capability. Minute 
currents as low as 0.05 pA can be readily measured. The standard in- 
strument package includes H P  161 17A Low Noise Test Leads; these 
are used in most types of measurement. An H P  16008A resistivity cell 
is also available for use with the high resistance meter, for those cus- 
tomers engaged in measurement of volume and surface resistivity of 
sheet samples. 

4329A Specifications 
Resistance measurement 
Range: 500 k R  to 2 x 1Olb52. 

10 v 25 V 50 V 100 v 250 V 500 V 1000 v 
5 x 1 0 5 ~  1.25 X 106Q 2.5 X 1060 5 x 106R 1.25 x 1 0 7 ~  2.5 X 107R 5 x 1 0 7 ~  

to 2 x 1 0 1 4 ~  to 5 x 1 0 1 4 ~  to 1 x 1 0 ~  to 2 x 1 0 1 5 ~  to 5 x 1 0 1 5 ~  to 1 x 1016~ to  2 x io160 

.5 to 20 .I3 to 5 .25 to 10 .5 to 20 .13 to 5 .25 to 10 5 to 70 

Accuracy: total accuracy IS determined by test voltage and range 
used. At low resistance end of each scale, accuracy is 13%,  near center 
scale f5%, and near the specified upper limit on the meter scale (see 
table below), accuracy is 3~10%. Accuracy is not specified above these 
limits. On all voltage ranges, if multiplier is set to  Rmax., an addi- 
tional f 3 %  is included. 
Current measurement 
Range: 5 x to  2 X A in 8 ranges. 
Meter scale: 0 to 20 in 40 linear divisions. 
Input resistance: IO4  to  10IlR & I % ,  depending on range. 
Accuracy: f5% of full scale deflection (there can be an additional 
f 3 %  error at  the top decade). Using current source of infinite z. For 
finite sources, input resistance must be taken into consideration. 
General 
Recorder output: 0 to 100 mV dc, proportional to  meter deflection; 1 
kR output resistance. 
Power: 115/230 V & I O % ,  48-66 Hz, approximately 3 VA. 
Dimensions: 166 mm high, 198 mm wide, 223 mm deep (6V; X 

Weight: 3.5 kg (7.7 Ib). 
Accessory furnished: H P  161 17A Low Noise Test Leads. 
Accessory available: Model 16008A Resistivity Cell. 

72%; x 82%;). 

16008A Description 
The H P  16008A can safely, rapidly and conveniently measure the 

volume and surface resistivity of sheet insulation materials. Conver- 
sion from volume to  surface resistivity measurement requires opera- 
tion of one switch only; no lead interchange or  disconnection is neces- 
sary. Designed for use with the H P  4329A Resistance Meter (other 
voltage supplies and picoammeters may be used), the complete sys- 
tem allows direct measurement of volume resistivity up to approxi- 
mately 4 X 10l8R (on samples 0.1 cm thick)-and surface resistivity up 
to approximately 4 X IO”R. Test voltages up to 1000 V may be used. 
Excellent sample-to-electrode contact is maintained through use of a 
conducting plastic layer bonded to  the inner electrode’s outer surface. 
An interlock switch automatically disconnects the test voltage when 
the cover is raised. Convenient low noise test leads are supplied for 
direct connection to the H P  4329A. 

16008A Specifications 
Inner electrode: 50 mm diam. 
Guard electrode: 70 mm diam. 
Auxiliary electrode: 100 mm X 120 mm. 
Maximum sample size: 125 mm X 125 mm x 7 mm. 
Maximum test voltage: 1000 V dc. 
Dimensions: 49 mm high, 198 mm wide, 156 mm deep (2” x 713/,/ X 
h‘/””). 
Weight: 1.4 kg (3 Ib). 
Model number and name 
16008A Resistivity cell 
4329A High resistance meter 

Price 
$380 

$1170 

Upper limit 5 1.25 2.5 5 1.25 2.5 5 1 



COMPONENT TEST 
Universal bridge 
Model 4260A 

Electronic autobalance -single control null 
Digital readout for C, R, L 
Direction indicators for fast range selection and balance 

i 

Description 
Measurements of C, R, L, D (dissipation factor of capacitors), and 

Q are easily made with Hewlett-Packard's Model 4260A Universal 
Impedance Bridge. 

Readout for C, R, and L is digital with the decimal point automat- 
ically positioned. Units of measurement and equivalent circuit auto- 
matically appear with a twist of the function switch. There are no mul- 
tipliers or confusing nonlinear dials which need interpolation. 

Operation is simple. Set the function knob for the parameter to be 
measured, adjust range switch for an on-scale indication, and obtain a 
null with CRL control. There are no interacting controls to adjust and 
readjust, nor any false nulls. A unique electronic autobalance circuit 
solves all these problems. Components with low Q or high Q are as 
easy to measure as those without loss. 

For D or Q measurements, switch out of auto and turn DQ control 
until another null is obtained. Only one adjustment is needed for each 
measurement. 

Five bridge circuits are incorporated in HP's 4260A; each is com- 
posed of stable, high-quality components for good accuracy and lin- 
earity. An internal 1 kHz drives the bridge. 

Nulling is easy. Illuminated pointers (<CRL>) automatically tell 
whether a null is up- or down-scale. Both range and CRL controls can 
be set watching these pointers. 

Components may be biased by connecting a battery to rear termi- 
nals. An external oscillator and detector can be used for measure- 
ments in the 20 Hz - 20 kHz range. 

The compact modular cabinet is ideal for bench use; and it may be 
rack mounted using accessory hardware. A tilt stand is provided to 
raise the viewing angle; it also serves as a convenient carrying handle. 

Specifications 
Capacitance measurement 
Range: 1000 pF to 1000 pF, in 7 full scale ranges. 
Accuracy: & ( I %  + 1  digit), from 1 n F  to 100 pF. f ( 2 %  + I  digit), 
from 1 p F  to 1 n F  and 100 pF to 1000 pF. 
Dissipation factor 
Range: 

Low D - (of series C): 0.001 to 0.12. 
High D - (of parallel C): 0.05 to 50. 

Accuracy: for C >lo0  pF. 
1 

Low D . . . . . . . .  .f %. 

High D . . . . . . . .  .+ (10 D of reading + 4)%. 

Add f l  dial division for frequencies other than 1 kHz. 
Inductance measurement 
Range: 1000 pH to 1000 H, in 7 full scale ranges. 
Accuracy: f ( l %  + 1 digit), from 1 mH to 100 H. f ( 2 %  + 1 digit), 
from 1 pH to 1 mH and 100 H to 1000 H. 
Quality factor 
Range: 

Low Q - (of series 
High Q - (of parallc 

Accuracy: for L > I O 0  

J D  of reading 

- (10 .fD of reading + 2)%. 

. . . . . . . .  
v ". ----'..a / 

Low Q .+ 

L): 0.02 to 20. 

PH. 
31 L): 8 to 1000. 

lo + 4) %. 
/iI nf w a d i n o  

10 + 2)%. 
Q of reading 

\ 

High Q . . . . . . . .  .f 2 JQ of reading %. 
Add f l  dial division for frequencies other than 1 kHz. 
Auto-balance 
Eliminates need for DQ adjustments in parallel C and series L me2 
surements at 1 kHz. .......... c..pI 

I- 

ifications. 
Resistance measurement 
Range: lOQ to I O  MQ, in 7 full scale ranges. 
Accuracy: I O  mQ to lOQ *(2% + 1  digit). lOQ to 1 MQ & ( I %  + I  
digit). 1 MR to 10 MQ 242% + 1  digit). 
To obtain better sensitivity use HP  4304B below lOOQ and above 100 
.kQ. 
Oscillator and detector 
Internal oscillator: 1 kHz f 2 % ,  100 mV rms f20%.  
Internal detector: tuned amplifier at 1 kHz; functions as a broad- 
band amplifier for measurements with external oscillator. 
General 
Power: 115 or 230 volts &IO%,  50-60 Hz, approx. 7 VA. 
Dimensions: 190 mm wide X 166 mm high X 279 mm deep (7*%2" X 

Weight: Net, 5 kg (11 Ib). Shipping, 6.8 kg (15 Ib). 
Optional accessories: 
4304B for R measurement < IOOQ and > 100 kQ. 
204C Opt. 001 for measurements 20 Hz-20 kHz. 
42608 Universal Bridge $940 

6"/321( X 11"). 



COMPONENT TEST 
Universal bridge 

Model 42858 

0.1 pH - 1111 H 
0.1 pF - 1111 WF 
0.1 mi2 - 1 MQ 

Description 
Hewlett-Packard's Model 4265B Universal Bridge provides an eco- 

nomical way to  make high precision measurements of L, C, or  R and 
D or Q. Components can be measured in ranges of 0.1 p H  to 11 1 1  H 
in inductance, 0.1 p F  to  11 I 1  p F  in capacitance and 0.1 mQ to 1.1 11 
MQ in resistance. L and C measurements are performed over a wide 
range of loss with either series or  parallel equivalent circuits selected 
by the function switch. Basic measurement accuracy is 0.2% of read- 
ing for L, C, and R. 

Measurement frequency range is 50 Hz to 10 kHz with an external 
oscillator, and I kHz with internal oscillator. A dc measurement for 
resistance is also available with external dc power supply and null de- 
tector. 

The front panel design provides appropriate space and convenient 
positioning of knobs for easy balancing. The rugged handle is used as 
the tilt stand at  angles of 0, 40, or  60 degrees. 

Specifications 
Resistance measurement 
Full scale range: 1000.0 mR to 1.0000 MR, 7 ranges. 
Overrange: 1 I .  1%. 
Minimum resolution: 0.1 m a .  
**Accuracy (at 1 kHz): f (0 .2% of reading +O.Ol% of F.S.), f(0.4% 
of reading +O.Ol% F.S.) for 1000.0 mR range. 
Residual resistance: I mR. 
lnductance measurement 
Full scale range: 1000.0 pH to 1000.0 H, 7 ranges. 
Overrange: I I .  I%. 
Minimum resolution: 0.1 pH. 
**Accuracy (at 1 kHs): f (0 .2% of reading +O.Ol% of F.S.), f(0.470 
of reading +O.Ol% F.S.) for 1000.0 pH range. 
Residual inductance: 0.04 p H  (in series with 1 mQ). 
Loss factor range: (at 1 kHz). 
Q of series L: 0.001 to 10, accuracy f ( 5 %  of reading +2 minor 
divisions) 
Q of parallel L: 1 to  1000, accuracy f ( 5 %  of reading +2 minor di- 
visions). 

Capacitance measurement 
Full scale range: 1000.0 p F  to 1000.0 pF, 7 ranges. 
Overrange: 1 1.1 %. 
Minimum resolution: 0.1 pF. 
**Accuracy (at 1 kHz): f (0 .2% of reading +O.Ol% of F.S.), f(0.4'70 
of reading +0.01% F.S.) for 1000.0 p F  range. 
Residual capacitance: 0.4 pF. 
Loss factor range: (at 1 kHz). 
D of series C: 0.001 to 1, accuracy f (5% of reading +2 minor divi- 
sions). 
D of parallel C: 0.1 to  1000, accuracy f (5% of reading +2 minor 
divisions). 
**For temoerabre of 25°C *1O"C.  

General 
Internal oscillator: 

Frequency: 1 kHz 5 1 5  Hz. 
Output: continuously variable with front panel control. Maxi- 
mum voltage is 0.4 V rms. 

External oscillator: 
Frequency range: 50 Hz to 10 kHz or  dc for resistance measure- 
ment. 

Internal detector: Tuned amplifier at  1 kHz. In 1 kHz position, 
maximum sensitivity of IOpV, selectivity better than 26 dB. In "flat," 
operates as a broad band detector from 50 Hz to  10 kHz. 
External dc bias: Capacitance measurements in Cs mode, maxi- 
mum bias voltage of250 V dc. lnductance measurements in Lp mode. 
Operating temperature: 0' to 55°C. 
Power: 100/120/200/240 V *IO%; 48 to 440 Hz, 5 VA. 
Dimensions: 376 m m  high, 115 m m  deep, 393 mm wide (14'%< x 

Weight: net, 5.5 kg (12.1 Ib); shipping, 7.1 kg (15.7 Ib). 
Accessories furnished Power cord, 230 cm (7% ft). Crystal ear- 
phone. 
Accessories available: Model l6029A Test Fixture. 
Model name and number Price 
16029A Test Fixture $45 
4265B Universal Bridge $860 

4'$'32'' X 15J1/64''). 



COMPONENT TEST 
Capacitance bridge 
Model 4270A 

C 

G 

D 

0 Fully automatic 
0 1 kHz to 1 MHz 

Frequency 1 kHz & 10 kHz 100 kHz 1 MHz 
0<0.1 fO.l% f l  digit f0.3% f l  digit f1% f l  digit 

Basic accuracy fO.22 f l  digit f0.5% f l  digit f 2 %  f l  digit 

Basic accuracy f l %  f10 digits f3% f10 digits 

Basic accuracy 

f0.01 pF .f0.01 PF fO.O1 pF 

0.1<D<0.899 fO.01 pF f O . O 1  pF f0.01 pF 

f1% f (10  + Cs/Cx) digits f3% f ( 1 0  + Cs/Cx) digits 

Description 

-.--. . _ _ _ _ "  . .  . .  . . . . ._ .. . . . . . . . . . ., ' .  
... 

0 e 

25 Q/V rate at 200 V range. 
Remote accuracy: f 2 %  Of 

Internal bias at L-ground: ai 
ing capacitor and a coaxial ca 

ckard, the 4270A Automatic 
.iety of high speed measure- 
I values. ~ i ~ ~ - d i ~ i ~  readout of 
nnn r 1 . -nnn r-. Basic accliimev 

A unique instrument from Hewlett-Pa 
Capacitance Bridge provides a wide vai 
ments of both active and passive capacity 
capacitance from full-scale ranges of 18.uuu p r  10 I.LUUU pr IS com- 
plemented by .001 p F  resolution and measurement speed of 0.5 
seconds. In addition, a second in-line 4-digit Nixie@ display of ca- 
pacitor loss is given simultaneously in terms of parallel conductance 
(G) or dissipation factor (D). In the laboratory, HP's 4270A will be 
extremely useful for examination of semiconductor junction capaci- 
ties, input capacitances of amplifiers and other active devices, as well 
as analysis of stray capacity values, cables and simple capacitors. D C  
biasing, four frequencies from 1 kHz to 1 MHz and a fully guarded 
measurement will add to laboratory flexibili 

Specifications 
Measuring circuit 
Float: guarded terminals of unknown are floated from ground. L- 
ground: one side of known terminals is grounded, guard is retained. 
Parameters measured: capacitance, equivalent parallel conduc- 
tance and dissipation factor. 
Measuring frequency: 1 kHz, 10 kHz, 100 kHz and 1 MHz f l % .  
Range modes 
Auto: range selection and balance performed automatically. 
Hold: range is held on fixed position, balance begins with most signi- 
ficant digit. Range determined by previous auto or track range se- 
lected or by manually stepping range step. 
Track range held on fixed position, balance begins with last digit. 
Balancing time: typically 0.5 s. 
Measuring rate: measurement cycle equals balance time plus dis- 
play time. Balance time typically 0.5 s; display times selected by meas 
rate are 70 ms, 2 secs, 5 secs, and manual. 

Test voltage across unknown 
Normal: 1 V rms constant in p F  or n F  at 1 kHz, 0.1 V rms constant, 
in p F  at 1 kHz. 0.5 V rms constant at 10 kHz, 100 kHz and 1 MHz. 
Low: Ys of normal. 
Repeatability: f 2  digits a t  normal test voltage, f 1 0  digits at low test 
voltage. 
DC bias: Internal or external 10 f200 V, in hold and track mode. 
Internal bias at float measurement 
Voltage: 0 to 20 V dc; 0 to 200 V dc; continuously variable on front 
panel, monitored on rear panel. 
Dial accuracy: i5% of full scale. 
Source resistance: 100 kQ. 
Polarity: Low unknown terminal (-), high unknown terminal (+) in  
float position of meas ckt control. 
Remote: programmable by resistor with 250 QJV rate at 20 V range, 

Inputs 
Trigger hold off level: level must be between 10 V and 15 V. 
Remote programming: eight front-panel functions can be remotely 
controlled by external contact closure to ground with impedance less 
than 400Q. Programmable functions are reset, frequency, range mode, 
test voltage, loss meas, range step, dc bais, bias vernier. 
Operating temperature: 0°C to 50°C. 
Power requirements: 115 or 230 V ac f lo%, 50 to 60 Hz (approxi- 
mately 110 W). 
Weight: 15.5 kg (net, 34 Ib); shipping, 21.6 kg (48 lb). 
Interface kits 16150A Control Card and 16151A Data Card are avail- 
able for interface with Hewlett-Packard computers. Each kit includes 
mating cable, BCS HP 4270A driver and diagnostic tape. 
Accessories available: 
Accessories for H P s  4270A Automatic Capacitance Bridge 

The following adapters convert BNC Connectors on HP's 4270A to  
allow direct insertion of components. 16011A converts from BNC to 
binding posts. 16012A converts from BNC to test axial lead devices. It 
has a centrally located guard plane to reduce errors due to stray ca- 
pacitance. 16013A converts from BNC to test vertical lead devices. It 
has a guard plane similar to 16012A. 11143A converts from BNC to  
clip leads. 44" overall length with third lead to preserve guard termi- 
nal. 

Price Options and accessories 
16150A Control Card $1 100 
16151A Data Card $1455 
1601 1A BNC Connector $54 
16012A BNC Connector $64 
16013A BNC Connector $64 
11 143A BNC Cable $35 
4270A Automatic Capacitance Bridge $6,420 



COMPONENT TEST , 
RX meter 
Model 2508 

0 Self-contained RF bridge 
0 Adjustable RF level 
0 500 kHz to 250 MHz 

Description 
The 250B RX Meter measures two-terminal R F  impedance in terms 

of equivalent parallel resistance and capacitance. The self-contained 
instrument includes a continuously tuned oscillator, high-frequency 
bridge, amplifier-detector, and null indicating meter. Connections 
may be conveniently made to the bridge terminals which are arranged 
for almost zero lead length. Easily adjusted bridge balance controls 
are provided, and measurements may be made continuously from .5 to 
250 MHz. A front panel control permits adjustment of the R F  excita- 
tion signal to as low as 20 mV for low level applications. Depression of 
a momentary switch on the front panel allows the operator to read rel- 
ative signal level on the null meter. A connector on the rear panel pro- 
vides an I F  output which may be connected to a sensitive voltmeter 
(3406A) for improved resolution when nulling during reduced signal 
level operation. 

RF characteristics 
RF range: 500 kHz to 250 MHz in eight bands: 0.5 to 1 MHz, 1 to 2 
MHz, 2 to 4 MHz, 4 to 9 MHz, 9 to 21 MHz, 21 to 48 MHz, 48 to 1 I O  
MHz, 110 to 250 MHz. 
RF accuracy: f 2 % .  
RF calibration: increments of approx. I%. 

Resistance measurement characteristics 
Resistance range: 15 to 100,000 ohms. 
Resistance accuracy: 

f [ 2 +&+a+$) f 0 . 2  ohm 

F = frequency in MHz, R = RX Meter Rp reading in ohms, 
Q =- wCR X 
Resistance calibration: increments of approx. 3% throughout most 
of range. 
Capacitance measurement characteristics 
Capacitance range: 0 to 20 p F  (may be extended through use of 
auxiliary coils). 

where C = RX Meter C, reading in pF. 

Capacitance accuracy: f (0 .5  + 0.5 F2 C X 
frequency in MHz, C = RX Meter C reading in pF. 
Capacitor calibration: 0.1 p F  increments. 
Inductance measurement characteristics 
Inductance range: 0.001 pH to 100 mH (actual range depends on 
frequency; auxiliary resistors employed). 
Inductance accuracy: basic accuracy is capacitance accuracy given 
above. 

Measurement voltage level 
R F  0.05 to 0.7%’ approx., depending on frequency, with set rf level 
control in normal position; adjustable to below 20 mV when set rf level 
switch is depressed. 
DC: OV (External dc up to 50 mA may be passed through RX Meter 
terminals). 
Dimensions: 509 mm wide, 263 mm high, 343 mm deep (20%6” X 

Weight: net 18 kg (40 Ib); shipping 22.5 kg (50 Ib). 
Power: 105 to 125 volts or 210 to 250 volts, 50 to 400 Hz, 66 VA. 
Accessories available: 005 I SA Coax Adapter Kit. 

The 00515A Coax Adapter Kit permits connection of any coax 
transmission line or fixture, fitted with a type “N” male connector, to 
the RX Meter bridge circuit. The kit also includes the 00516A, 50-ohm 
termination. 
Ad apt e r 
Connector: type “N” female. 
Characteristic impedance: 50 ohms. 
Termination: (00516A) 
Connector: type “N” male. 
Characteristic impedance: 50 ohms. 
DC resistance: 50 ohms, f l % .  
Maximum parallel capacitance: f 0 . 2  pF. (mounted on adapter). 
VSWR: less than 1:lO up to 800 MHz. 
Power: Yz watt maximum. 
Model number and name Price 
2508 RX Meter $2760 
00515A Coax Adapter Kit $82 

10’/’~‘’ X 13%”). 





Inductance measurement 
,lnci;;tancei ~ , 

Test sig level-high 
f(% of reading + counts) 

1.0 + 15 
0.6 + 4 

Test sig level-low 
+(% of reading + counts) 

1.0 + 15 
0.6 + 6 

3. 4 0.2 + 4 0.3 + 6 

Range 

Test sig level-high 
f(% of reading + counts) Range 

Test sig level-low 
+(% of reading + counts) 

Test si( level-high 
Range * ( % o f  reading + counts) 

1" 1.0+(20+ F) 
1 0 + ( 1 5 +  T) 10 000 2, 3 

4 1 0 + ( 1 5 +  +) 20 000 
~ 

**At Range 1. test sig level is low anly where NL is inductance readout in counts 

Conductance, resistance measurement 
Accuracy: when capacltance or inductance is less than 1,000 counts. 

Test sig level-low 
*(% of reading + counts) 

1 0 + ( 2 0 +  y) 
1.0+(20+ e) 20 000 

1 0 + ( 1 5 +  e) 30 000 

Range 

1 
2 
3 . 4 * * *  

f(% of teading + ciunts) 

0.2 + 8 
0.2 + 4 
1.2 + 4 

*(% of reading + counts) 

0.3 + 9 
0.3 + 5 
1.2 + 4 

** *On Range 4 test sig level is low only 

Resistance: 
Test sig level-high 

f(% of reading + counts) 

1.2 + 10 

0.2 + 4 

Test sig Ievel-low 
f ( %  of reading + counts) 

1.2 + 10 
1.2 + 4 
0.3 + 4 

Range 

Accuracy check use H P  Model 16021A Test Fixture. 

DC bias (optional) 
Internal source: D C  bias is available as a plug-in board, Option 001, 
which has following specifications: 
Range: 00.0 V to 39.9 V, variable in steps of 0.1 V. 

Accuracy: f0.2% of setting f5 mV at 23°C f 5 " C .  Warm-up time is 
>60 min. 
Output resistance: 1.5 k 3  *lo%. 
Short circuit current: less than 6 mA. 
Control: H P  Model 16023A D C  Bias Controller (available extra) or 
H P  Model 9810/9820A Calculator when Option 005 is installed. 
Control input connector: H P  P /N 1251-0143, 14-pin receptacle, 
(Amphenol 57-40140). 
Mating connector: HP Part No. 1251-0142. (Amphenol 57-30140). 
External source: f200 V maximum to BNC connector (ext input) 
on rear panel. Max bias current 20 mA. Input resistance 10.5 k 3  
f 10%. 
Monitor output: bias voltage monitoring BNC connector monitor on 
rear panel. Output resistance 4803 i 10% to Hcud terminal. 

General 
Measuring speed: 

Fixed range: 100 ms to 250 ms in C-G and L-R measurements. 160 
ms to 400 ms in C-D and L-D measurements. 
Autorange: 100 ms/range step added to above values. 

Power: 100 V, 120 V, 220 V, 240 V *IO%, 48-66 Hz, 80 VA. 
Dimensions: 88.1 mm high X 425.5 mm wide x 496.9 m m  deep 

I 

(3'?'32" X 16%'' X 19%6"). 
Weight: I O  kg (22 Ib). 
Accessories available: 
1602 I A Calibration Connector. 
16023A DC Bias Voltage Controller, used with Option 
001. 
l6032A Test Leads with BNC connectors. 
16033A Test Leads with miniature coaxial connectors. 
Options available: 
Option 001 DC Bias supply. 0.0 V to 39.9 V. 
Option 002 C / L  BCD output. May be used with Option 
003 for simultaneous outputs +8241 Code. 
Option 003 G / R / D  BCD Output. +8421 Code. (See 
Option 002). 
Option 004 Parameter Serial BCD Output. Allows se- 
lection of 1. (C or L) Data only; 2. ( D  or G or L) Data 
only; or 3. (C or L) and ( D  or G or L) Data - 8421 
Code. 
Option 005 Calculator Interface, H P  9810A/9820A or 
9830A. Utilizes H P  11202A 1 / 0  Card and Cable. 
Available extra. 
Option 010 1 MHz Digital LCR Meter. Less 16022A 
Test Fixture. Specify 16021A, 16032A, 16033A. 
Model number and name: 
16021A Calibration Connector 
16023A D C  Bias Controller 
16032A Test Leads (BNC) 
16033A Test Leads (Micro dot) 
Option 001 D C  Bias Supply 
Option 002 C/L  BCD output 
Option 003 G / R / D  BCD output 
Option 004 Parameter Serial BCD output 
Option 005 Calculator Interface 
Option 010 4721A Less Test Fixture 
4721A 1 MHz Digital LCR Meter 

Price 
$445 
$375 
$145 
$165 

add $235 
add $125 
add $125 
add $215 
add $370 
less $350 

$4760 



I r  
COMPONENT TEST 
Digital high capacitance meter 
Model 4282A 

Wide range-10 nF to 1 F full scale 
0 Dissipation factor or ohm-farad measurements 

0 Internal bias supply 
0 Digital and analog outputs for recording 

Description 
Hewlett-Packara s Mooel ~ L U H  uigitai nign Lapacirance Meter 

will make precision measurements on high value tantalum or alumi- 
num electrolytic capacitors. Effective applications are found both in 
capacitor design and production testing - either in incoming or out- 
going inspection. 

Two types of leads are supplied with the HP 4282A. One is the stan- 
dard four-wire alligator clip style, and the other, two specially de- 
signed clips that maintain the Kelvin four-wire measurement. 

Two unique features of the H P  4282A are: alternating mode (dis- 
plays either capacitance and dissipation factor, C-D, or capacitance 
and the product of ohms and farads, C-RF alternately and the capa- 
bility to  double as a three-digit DVM. 

Both digital and analog outputs are available for making perma- 
nent recordings. 

Four measuring frequencies, 50, 60, 100, 120 Hz come with the 
standard model. They represent power line frequencies and their sec- 
ond harmonics. Most large value capacitors are used as filters in 
power supplies and are operated at these frequencies. I f  your applica- 
tion requires tests at  other frequencies, please refer to Models 4260A, 
4265B, 4332A, 4270A, 4271A on the adjoining pages. 

Measuring functions: capacitance, dissipation factor, *ohm-farad 
Specifications 

and dc voltage. Selectable by function switch. 
*Ohm-farad: the product of capacitance and equivalent series resis- 
tance of a capacitor. 

Function switch 

k- 
C-D 

C-OF 

Function and display 

Capacitance measurement. 

Dissipation factor measurement. 

Ohm-farad measurement. 

Capacitance and dissipation factor 
measurements alternately. 

Capacitance and ohm-farad 
measurements alternately. 

DC bias voltage or external 
voltage measurements. 

Note 
All measurements are continuously 
repeated as long as unknown is 
connected. 



Measuring ranges: Function 

Function 

C 

Temperature coefficient 

(capacitance) 

iction Full-scale display 

C 10.000 nF to 1.0000 F, four 
,Fit,",.\ fill1 Aiaitr 9 rananc in 

Full-scale disolav 
Over- 

ranging 

18% 

C 
D, QF 

V 

D 
(dissipation factor) 

QF 
(ohm-farad) 

f0.02% of reading/"[: 
f0.03% of reading/"[: 
+0.01% of readingPC 

V 
(dc voltage) 

State level 

Low 0.3 V f0.3 V 

10.000 nF to 1.0000 F, four 
full digits, 9 ranges in  
decade steps, manual selection. 

1.000 to 10.000, three ful l  
digits, 2 ranges, auto selection. 

1.00OQ mF to 10.00 mF three 
full digits, 2 ranges, auto 
selection. 

1O.OOV to 1.000 kV, three full 
digits, 3 ranges, in  decade steps, 
manual selection (maximum voltage 
is 600 V). 

Characteristics 

Max sink current 15 mA 

Over- 
ranging 

18% 

18% 

18% 

18% 

High 

Measuring circuit: series equivalent circuit using four-terminal 
method. 
Measuring frequencies: 50 Hz, 60 Hz, 100 Hz and 120 Hz (50 Hz 
and 60 Hz synchronized by line frequency). Accuracy: f1.5%. 
Measuring voltages: 

10 nF to 10 mF ranges: < I  V rms. 
100 mF range: <O.l V rms. 
1 F range: < I O  mV rms. 

Accuracy: (+23"C f5"C after half hour warm up): f(% of reading 
+% of full-scale). 

C Range % o f  full-scale 

100 nF 
1 pF to 1 mF 0.4 + 0.5 Drdg 

10 mF 1.0 + 0.5 Drdg 
1.5 + 0.5 - Drdg 100 mF 
2.5 + 0.5 Drdg 1.0 

Max load current 300 pA 3.9 V i 1 . 5  V 

Dissipation factor: 
C Range % of reading % of full-scale 

1.5 + 0.5 Drdg 0.2 Cfs/Crdg + 0.3 
100 nF to 1 mF 1.5 + 0.2 Drdg 0.2 Cfs/Crdg + 0.3 

1.5 + 0.2 Drdg 0.2 Cfs/Crdg + 0.5 
100 mF. 1 F 1.5 + 0.2 * Drda 0.2 Cfs/Crdn + 3 

10 nF 

10 mF 
100 nF to 1 mF 

100 mF, 1 F 

Ohm-farad: 

1.0 + 0.5 - QFrdg 0.2 Cfs/Crdg + 0.3 
1.0 + 0.2 - QFrdg 0.2 Cfs/Crdg + 0.3 
1.0 + 0.2 QFrdg 0.2 Cfs/Crdg + 0.5 
1.0 + 0.2 QFrdg 0.2 - Cfs/Crdg + 3 

.._. 

I"" 1 ".... . R 1 ."..=..". 
Temperature coefficient: 
range of 0°C to 50°C): 

-\".'," ". 'w'YY.. 'b , ".& ," y L  .-.. "'-.-,. 
(referred to +23"C, and temperature 

Option 001 leakage current measurement adds following 
capabilities to standard model: 
Leakage current measurement: (I,)  

Range: 1.000 p A  to 10.000 mA, 5 ranges, three full digits. 
Overranging: 18%. 
Accuracy: 1 pA range: f(2% of reading +2.0% of full-scale). IO 
pA to I O  mA ranges: f(2% of reading +0.3% of full-scale). 

Bias voltages: internal source: 0 to 10 V, 0 to 100 V, 2 ranges, con- 
tinuously variable over each range. Maximum current is 100 mA for 
I O  V range and 60 mA (for 1 minute) for 100 V range. 
External source: usable up to 600 V dc across ext bias terminals on 
rear panel. 
Protective resistor: 1 kQ for 100 V range and for external bias, I Q  
for 10 V range. 

NO. 5060-8739. 

kage current) 
tance Meter 

Price 
$3500 
$3750 



COMPOkEMT TEST 
High capacitance meters 
Models 4350A/B 

Oto1  f(1.5% of reading 
+0.5% of fu l l  scale) 

11146 “WCLL 

f3% of ful l  scale 

4350A 

t a n  6 1 6 
I 

4050A 

Output Voltage 

LOO mF 

u to 1 I *j% 

1 to 5 f 4% 

Accuracy (% of I 

300 mF 

f4% 
+5% 

Capacita 
Tan 6range I 1 pF to : 

~ 

5 full scale: 

^ .  . I 

+0.06 + (reading)* 

-0.06 + (reading)* 
20 

25 

Tan 8: 

Absolute accuracy: 
0.5 full  scale: I f0.025 

Range: 0.5 or 5 full scale in 2 ranges. 

I +(1.5% of reading 
+1.5% of full scale) 

1 +4% of ful l  scale I I t o 5  I 

0 to 0.5 I 0 ”  to 26.6” 1 (0 to 2.66 V d t )  f0.13 V dc 
0.5 to 5 I 26.6” to 78.7” I (2.66 to 7.87 V dc)  f0.3 V d c  

L I I I 

Residual noise: 40 mV p-p max. 

General 
Temperature range: 0°C to 50°C. 
Power: 115 V or 230 V f IO%, 48 Hz to 440 Hz, 38.5 VA max. 
Dimensions: 198 m m  wide X 166 m m  high X 305 m m  deep (72%2” X 

Weight: net, 4.8 kg (11 Ib); shipping 6.8 kg (15 Ib). 
Accessories furnished: 16035A Test Cable with four alligator clips; 
16036A Test Cable with two alligator clips. 

6’%2” X 12”). 

Description 
Hewlett-Packard Model 4050A Analog Comparator compares un- 

known voltage to preset high and low limits. Contact closures with 
corresponding high-go-low lights will operate external devices. H P s  
4050A increases speed at which the 4350A/B Hi-C Meter or 4332A 
LCR Meter will operate in sorting applications. 

4050A Specifications* 
Input 
Analog voltage: 0.1 V, 1 V, I O  V full scale. 
Resistance: 0.1 V, 1 V range, 1 M0; 10 V range, 100 k 0 .  
ousaut 
Limit indications: high, go, and low lights. 
Relay contact: 3 SPST contacts, 50 V dc, 0.5 A max. 
Connector: binding post. 
Limit controls: 000 to 125 are set on digital dials. 
Accuracy: f0.6% of full scale (at 25°C). 
Response time: typically 0.1 s. 
Operating temperature: 0°C to 50°C. 
Power: 115/230 V f IO%, 48 Hz to 440 Hz, 3.85 VA max. 
Dimensions: 155 mm wide X 130.1 m m  high X 203.2 mm deep (6%” 
X 5Ya“ X 8”) standard V3 m 
Weight: net, 2.8 kg (6 Ibs 
Model number and name Price 
4350A High Capacitance M 1340 
4350B High Capacitance M $1255 
4050A Analog Comparator $790 

odule. 
4 oz); shipping 3.6 kg (8 Ibs). 

[eter 
eter 



COMWNENT TEST '. 4 

vector impedance meter 
Model 4800A 

Measures impedance, magnitude and p h a s e  
5 Hz to 500 kHz 
Analog outputs for impedance magnitude, p h a s e ,  and 
frequency 

Description 
Vector impedance is a quantity involving both magnitude and 

phase and can be graphically illustrated by a vector in the Z ,  8 plane. 
Vector impedance describes the ratio of voltage to current and phase 
difference between the two. 

Impedance of components, complex networks, and other two-ter- 
minal devices is measured by simply connecting the "unknown" to  
HP's 4800A Vector Impedance Meter, selecting the desired test fre- 
quency, and adjusting the impedance range switch. Both impedance 
magnitude in ohms and phase in degrees are read directly. HP's Vec- 
tor Impedance Meter eliminates all the tedium of traditional tech- 
niques for measuring complex impedance. It is a complete system cal- 
ibrated to read the complex impedance as measured between the ter- 
minals. 

HP's Vector Impedance Meter measures impedance from 1 ohm to 
10 megohms over a phase range of -90" to +90". Frequency adjusts 
from 5 Hz to  500 kHz in I O  decade ranges. Three controls: impedance 
range switch, frequency range switch, and frequency dial, are ar- 
ranged on the front panel to assure simple operation. 

Besides measuring vector impedance, HP's 4800A conveniently 
measures components, At frequencies that are decade multiples of 
1/27r, as marked on the frequency dial, L and 1/C are read directly if 
the phase is approximately f 9 0 '  respectively. R is equal to the im- 
pedance magnitude at  frequencies where the phase is approximately 
0". The vector impedance meter also yields Q of circuits and induc- 
tors by using either fo/Af, Rp/wL or the wL/Rs technique. A vector 
impedance calculator is furnished with each instrument for quick de- 
termination of equivalent series resistance, reactance, inductance, ca- 
pacitance, and Q.  

HP's 4800A is equipped with analog outputs for three parameters: 
impedance magnitude, impedance phase, and frequency. These out- 
puts may be used in conjunction with a two-pen X-Y recorder to  pro- 
vide permanent traces. The rear panel provision for an external oscil- 
lator input makes possible swept frequency characterization of "un- 
knowns". The impedance meter can be swept over any decade range 
of frequency and impedance within the range of the instrument. Ana- 
log outputs can also be connected to a digital voltmeter for a high res- 
olution. digital readout with excellent repeatability. 

Specifications 
Frequency characteristics 
Range: 5 Hz to  500 kHz in five bands: 5 to  50 Hz, 50 to 500 Hz, 0.5 to  
5 kHz, 5 to 50 kHz, 50 to  500 kHz. 
Accuracy: f 2 %  from 50 Hz to 500 kHz, f 4 %  from 5 to 50 Hz, f 1% 
at 15.92 on frequepcy dial from 159.2 Hz to 159.2 kHz, f 2 %  at 15.92 
Hz. 

Monitor output: level: 0.2 V rms minimum; source impedance: nom- 
inally 600 ohms in series with 50 pF. 

Impedance measurement characteristics 
Range: 1 ohm to 10 megohms. 
Meter scale range: 1 ohm to I O  ohms times impedance range. 
Impedance ranges: XI ,  X10, XIOO, Xlk,  XlOk, XIOOk, XIM. 
Accuracy: f5% of reading. 

Phase angle measurement characteristics 
Range: 0" to f90" .  
Accuracy: f6 ' .  
Calibration: increments of 5" .  

Direct inductance measurement capabilities 
Range: 1 p H  to 100,000 H, direct reading at decade multiples of 
15.92 Hz. 
Accuracy: f 7 %  of reading for Q greater than I O  from 159.2 Hz to  
159.2 kHz; f8% of reading for Q greater than I O  at  15.92 Hz. 

Direct capacitance measurement capabilities 
Range: 0.1 p F  to 10,000 pF, direct reading at  decade multiples of 
15.92 Hz. 
Accuracy: f 7 %  of reading for D less than 0.1 at  159.2 Hz to 159.2 
kHz, f8% of reading for D less than 0.1 at 15.92 Hz. 

Measuring terminal characteristics 
Configuration: electrical: both terminals above ground, ground ter- 
minals provided for shielding convenience; mechanical: binding posts 
spaced %" at centers. 
Waveshape: sinusoidal. 
External oscillator requirements: 0.9 V f20% into 20 kQ. 

Recorder outputs 
Frequency: level: 0 to 1 V nominal; source impedance: 0 to 1000 
ohms nominal; proportional to frequency dial rotation. 
Impedance: level: 0 to  1 V nominal; source impedance: 1000 ohms 
nominal. 
Phase angle: level: 0 f 0 . 9  V nominal; source impedance: 1000 ohms 
nominal. 
Accessories furnished: 13525A Calibration Resistor, 00610A 
Terminal Shield. 
Dimensions: 426 mm wide X 133 mm high X 467 mm deep (16%'' X 
5%" x 18Y8"). 
Weight: net, 10.8 kg (24 Ib); shipping, 13.5 kg 
Power: 1 I5 or 230 V f IO%, 48 to  440 Hz, 29.' 
480OA Vector Impedance Meter 



I 

COMPONENT TEST 
Q Meter 
Model 4342A 

Description 
The direct-reading expanded scale of the 4342A permits measure- 

ment of Q from 5 to 1000 and readings of very small changes in Q re- 
sulting from variation in test parameters. The 4342A is solid state with 
the elimination of specially matched, fragile thermocouple compo- 
nents. 

The 4342A will measure dissipation factor and dielectric constant 
of insulating materials. The Q meter can measure coefficient of coup- 
ling, mutual inductance, and frequency response of transformers. R F  
resistance, reactance, and Q of resistors and capacitors can also be de- 
termined. 

Push button operation of frequency range and Q/AQ range selec- 
tion provides straightforward measurement. Automatic indication of 
meter scales, frequency dials and frequency multipliers are featured, 
adding to simplicity and reading speed. 

Specifications 
RF characteristics 
RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to 220 
kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz, 22 
to 70 MHz. 
4342A Option 001: IO kHz to 32 MHz in 7 bands: 10 to 32 kHz, 32 
to 100 kHz, 100 to 320 kHz, 320 to 1000 kHz, 1 to 3.2 MHz, 3.2 to 10 
MHz, 10 to 32 MHz. 
RF accuracy: f 1.5% from 22 kHz to 22 MHz; f 2 %  from 22 MHz to 
70 MHz; f l %  a t  "L" point on frequency dial. 
4342A Option 001: f1.5% from 10 kHz to I O  MHz; f 2 %  from I O  
MHz t6 32 MHz; f l %  at "L" point on frequency dial. 
RF increments: approximately 1% resolution. 

Q measurement characteristics 
Q range: 5 to 1000 in 4 ranges: 5 to 30, 20 to 100, 50 to 300,200 to 
IOOO. 
Q accuracy: % of indicated value: (at 25'C). 

43421 & 43421 Opt. 001 

22 kHz - 30 MHz 

43421 

30 MHz - 70 MHz 

5 - 300 f7 f10 
f15 
f20 

300 - 600 f10 
600 -- 1000 f15 

Q increments: upper scale: 1 from 20 to 100; lower scale: 0.5 from 5 
to 30. 
AQ range: 0 to 100 in 4 ranges: 0 to 3, 0 to IO, 0 to 30, 0 to 100. 
AQ accuracy: f 1 0 %  of full scale. 
AQ increments: upper scale: 0.1 from 0 to IO; lower scale: 0.05 from 
0 to 3. 

Inductance measurement characteristics 
L range: 0.09 pH to 1.2 H, direct reading at 7 specific frequencies. 
L accuracy: f 3 %  after substitution of residuals (approx. 10 nH). 

Resonating capacitor characteristics 
Capacitor range: main dial: 25 to 470 pF; vernier dial - 5  to +5  pF. 
Capacitor accuracy: main dial: f 1% or 1 pF, whichever is greater; 
vernier dial fO.l pF. 
Capacitor increments: main dial: 1 p F  from 25 to 30 pF; 2 p F  from 
30 to 200 pF; 5 p F  from 200 to 470 pF; vernier dial: 0.1 pF. 

General 
Rear panel outputs 

Frequency monitor: 170 mV rms min. into 5 0 2  
Q analog output: 0 to 1 V f 5 0  mV dc after 15 minutes warmup, 
proportional to meter deflection. Output impedance approxi- 
mately 1 kQ. 
Over limit signal output: contact closure at the rear panel. Relay 
contact capacity 0.5 A/15 VA. 
Over limit display time: selectable, 1 s or continuously on, after 
limit exceeded. 

Temperature range: 0°C to 50°C. 
Power: 115 or 230 V *IO%, 48-440 Hz, 27.5 VA max. 
Dimensions: 425 mm wide X 138 mm high X 414 mm deep, (16%" X 

Weight: net, 14 kg (31 Ib); shipping, 18.45 kg (41 Ib). 
Accessories available: 
HP 16014A: Series Loss Test Adaptor is designed for measuring low 
impedance components, low-value inductors and resistors, and also 
high-value capacitors. Using the adaptor adds convenience in con- 
necting components in series with the test circuit of the 4342A Q 
Meter. This adaptor consists of a tenon printed-circuit base on which 
are mounted binding posts, to accept the Reference Inductors, and a 
pair of low-inductance series terminals for the unknown. 
HP  16462A: Auxiliary Capacitor is designed to extend the Q and L 
measurement capability of the 4342A Q Meter. It is especially useful 
for measuring small inductors a t  low frequencies. 
HP  16470A reference inductors: A range of 20 inductors, any of 
which can be supplied separately, is available for use with the 4342A Q 
Meter for measuring the RF  characteristics of capacitors, resistors, 
and insulating materials. These inductors have three terminals. One 
terminal is connected to the case to stabilize measurements. 
Model number and name Price 
Option 001 Frequency Range add $163 
16014A, Series Loss Test Adaptor $5 I 
16462A, Auxiliary Capacitor $240 
16470A, Reference Inductors, for a set of 20 or $37 
each. $740 
4342A, Q Meter $1850 

5%6" X 16x6"). 



COMPONENT TEST 

dc to 100 kHz 

100 k H z  to 1 M H z  

- 
Decade capacitors and attenuators 

Models 44408, 4436A, 44374 350D 

<f0 .125 dB/step 

< f 0 . 2 5  dB/step 

Dimensions: 264 mm wide X 152 mm deep X 76 mm high (1 1" X 6''. 
x 3"). 

4436N443749 Description 
The Hewlett-Packard Models 4436A f4437A Attenuators provide 

accurate steps of attenuation with 0.1 dB resolution for power-level 
measuremen-ts, communication system tests, and gain 0; loss mea- 
surements on filters and amplifiers, and similar equipment. 

4436A Specifications 
Maximum attenuation: 119.9 dB. 
Attenuation increments: 0.1 dB. 
Input/output impedance: 6000, balanced. 
Frequency range: dc to 1.5 MHz (0 to 110 dB) dc to 1 MHz (0 to 
119.9 dB). 
Accuracy 

1 Attenuation I 100 kHz I l M H z  I 1.5 MHz* 1 
f0.2 dB f O  2 dB 

f 0 . 5  dB f 0 . 5  dB 

'Typical value 

Maximum innut Dower: +30 dBm. - . .  
DC isolation: signal ground may be f 3 0 0  V dc from external chas- 

Dimensions: 198 mm wide X 77 m m  high X 167 mm deep (734" X 3" 
X 6',").  
Weight: net, 1.5 kg (3.3 Ib); shipping, 2.7 kg (6 Ib). 

\IS. 

. . - . A  

4440B Description 
The Hewlett-Packard 4440B Decade Capacitor is a high accuracy 

instrument providing usable capacitances from 40 p F  to 1.2 pF. Its 
0.25% accuracy makes it an ideal aid for circuit design or as a work- 
ing standard. 

Use of silvered-mica capacitors in four decades of 100 p F  provides 
higher accuracy, low dissipation factors and good temperature coeffi- 
cient. An air capacitor vernier provides 100 p F  (from 40 p F  to 140 pF) 
with resolution of I pF. Capacitors are housed in a double shield in 
such a way that increased capacitance from two terminals to  three ter- 
minals is held to  1 pF. 

4440B Specifications 
Capacitance: 40 p F  to  1.2 pF in steps of 100 p F  with a 40 p F  to 140 
p F  variable air capacitor providing continuous adjustment to better 
than 2 p F  between steps. 
Direct reading accuracy: f(0.25'70 + 3 pF) at  1 kHz for three-ter- 
minal connection. 
Resonant frequency: typical values of the resonant frequency are 
450 kHz at  1 pF, 4 MHz at 0.01 pF and 40 MHz at 100 pF. 
Dissipation factor: 0.001 maximum at 1 kHz. 
Temperature coefficient: +70 ppm/"C. 
Insulation resistance: 5 G0 minimum, after 5 minutes at 500 V dc. 
Maximum voltage: 500 V peak. 
Weight: net, 2.5 kg ( 5 %  Ib); shipping 3.6 kg (8 Ib). 

4437A Specifications 
The Model 4437A is a 600 ohms unbalanced type, and its specifica- 

tions are identical to the 4436A. 

350D Description 
Two attenuator sections make up the Hewlett-Packard 350D At- 

tenuator. One section is a 100 dB attenuator, adjustable in 10 dB steps. 
The other is a 10 dB attenuator, adjustable in 1 dB steps. 

100 dB section: 
0 dB 70 dB 100 dB 

1 100 k H z t o 1  M H z  I < f 0 . 5 d B  1 <f0.75dB/step I 
Dimensions: standard Hewlett-Packard Y3 module 130 mm wide X 
159 mm high X 203 mm deep (51/8" X 6%" X 8"). 
Weight: net, 1.8 kg (4 Ib): shipping 2.7 kg (6 Ib). 
Model number and name Price 
4440B Decade Capacitor $530 
4436A Attenuator $790 
4437A Attenuator $530 
350D Attenuator $191 



RIIGITAL CIRCUIT TEST AMID ANALYSIS 
The IC troubleshooters 

Growth in digital IC use continues-and 
so does the problem of troubleshooting IC 
circuits. But, it is now possible to localize cir- 
cuit faults in a fraction of the time it takes us- 
ing analog techniques by approaching digital 
problems with digital troubleshooting in- 
struments. Analysis of circuit operation is di- 
rect because viewing logic activity with logic 
analysis tools means that you “see” logic 
states and pulse activity at  a glance, without 
interpretation. 

The need for education has also grown 
stride for stride with the huge growth of IC 
usage. Both needs (troubleshooting and 
training) are commonly based, because well 
trained logic personnel are by their nature 
good IC troubleshooters. The 5035T Logic 
Lab combines these concepts by providing an 
HP-quality learning experience-even for 
those users who already know part of the dig- 
ital story. 

H P  also provides additional learning tools 
such as Application Notes 163-1, Tech- 
niques of Digital Troubleshooting, and 167, 
The Logic Analyzers. These are available 
through local H P  Sales Offices. 

Electrical vs. functional analysis 

basically two ways: 
a.  Electrical measurement 
b. Functional analysis 

While the goal of both methods may be 
similar, Le., to examine IC’s, subassemblies, 
or systems for proper operation, the tech- 
niques are not the same. In fact they are dis- 
similar in such a way that needs careful defi- 
nition. 
Electrical analysis 

The traditional analog picture of absolute 
voltage versus sweep time allows careful an- 

Analysis of a digital circuit can be done in 

alysis of electrical parameters. This is true be- 
cause the important information-ampli- 
tude versus time-is the information that the 
waveform carries. This method can help de- 
cipher noise, ringing, spikes, constant D C  
levels, voltage swings, and so forth. Further, 
it is the analysis domain in which typical 
users are most experienced and have the most 
confidence. The increase in complexity of 
digital systems puts a very severe test on elec- 
trical analysis, however. Many times the tra- 
ditional voltage vs. time window is extremely 
difficult to position accurately within a digi- 
tal data stream. In addition, electrical view- 
ing of digital signals imposes an extra bur- 
den: the signal must be interpreted to extract 
only pertinent information required, while 
disregarding parameters which have little ef- 
fect on circuit operation. The net effect is to 
slow down digital analysis when using elec- 
trical methods. 
Functional analysis 

Digital information is often nonrepetitive. 
Extremely long (and fast), data sequences are 
common. Also, parameters which are signifi- 
cant for analog analysis are less important in 
a digital measurement. As an example, am- 
plitude is important only in that voltage must 
be above or below threshold values (logic 
HIGH, or  logic LOW). Also time is often not 
important in an absolute sense, but becomes 
critical when related t o  “system time,” or 
rather the clock rate of a system in opera- 
tion. Thus, a functional measurement con- 
sists of an observation of digital information 
(logic HIGH o r  LOW) versus system time 
(CLOCK). 

Using this definition of functional mea- 
surement, we can now construct a hierarchy 
of logic state troubleshooting levels. Each 
level supplies only the information necessary 
for that level of digital troubleshooting. 

gure I .  Digital troubleshooting is fast and 
ficient using the H P  family of trouble- 
ooting tools. Each instrument provides a 
nctional indication of logic state activity, 

whether the problem i s  at the system level or 
isolated down to an individual IC. 

Logic Analyzers 
Display requirements 

To effectively troubleshoot digital circuits, 
several basic things are required: 
I .  A display: a window or picture used by 

the operator to look at  logic activity. 
2. A reference: some trigger point that is 

sensibly related to the data to be dis- 
played, or a method of defining a unique 
trigger point within a data sequence. 

3. An indexing method: the ability to  move 
the display window back and forth in time 
from the reference. 

4. Storage: the ability to  store and call back 
single-shot events for detailed analysis. 

Large numbers of “channels” (sets of data 
lines), are cumbersome to interpret when the 
user is only interested in logic state vs. sys- 
tem time. But, Logic Analyzers such as the 
H P  1601L solve this problem by displaying a 
functional picture of groups of data bits 
(words), versus clock which is very easy to 
use when examining functional relation- 
ships. 

The displays are in terms of logic HIGH’S 
(ones) and LOW’S (zeroes) versus clock cycle. 
Referencing is accomplished using trigger 
switches-these allow selection of a unique 
trigger point. Further, the display may be 
moved in time from the trigger point using 
digital delay in either a positive or negative 
direction. 

Negative digital delay is provided due to 
the inherent storage features of logic ana- 
lyzers-this allows the instrument to  display 
a number of events leading up to a selected 
trigger event. The Model 5000A Logic Ana- 
lyzer, for example, can display up to 64 bits 
(in Serial A mode), of data that occur before 
the trigger point. 

Positive delay allows movement of the dis- 
play downstream from the trigger. For in- 
stance, in a disc memory the start of a sector 
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Triggering 
Serial data 

In serial data analysis, the problem of data 
pattern recognition can be solved if the data 
or instruction portions of a serial word are 
known. It then becomes possible to generate 
a unique trigger from a known serial event. If 
a pattern set on the Model 1620A Pattern 
Analyzer, for example, matches the bits con- 
tained in the instruction portion of a serial 
word, a trigger is generated. Thus, a unique 
trigger is defined to allow analysis of serial 
data streams. Added to this is the capability 
of digital delay which allows further index- 
ing from the user-selected trigger point. 

SERIAL WORD 111 SERIAL WORD 12 

SERIAL I -N 2 INSTRUCTION 
DATA 
WORDS 1 
WORD ‘ 
FRAMING 
PULSES 7 n n 

I 

OUTPUT ‘ 
TRIGGER I 
PULSES I 

I I 
I 

I I 

n n2 

IV*RIABLE E K M F  7 
DELAY 

Figure 2. Since frame delay and bit pattern 
can be user-defined, pattern recognition trig- 
gering on serial data can be set to occur when 
the instruction portion of a serial word 
matches a user-selected bit pattern. 
Parallel data 

For parallel data analysis, it is often neces- 
sary to trigger on the simultaneous occur- 

rence of several events. For example, if one or 
more channels of data go high at the same 
point in time that the CLOCK signal goes 
high, a trigger could be generated at this 
point. Additionally, the selected trigger 
events could be either high or low polarity 
signals. 

Triggering need not be clock-related, but 
instead can be asynchronous. This allows the 
user to initiate the display sequence on a sig- 
nal that might not be present when the clock 
samples the inputs to the analyzer. Signals 
such as spikes, or other random events can 
therefore be captured and displayed. 
Trigger probes 

The HP model 10250 series Trigger Probes 
feature TTL, MOS, and ECL compatibility, a 
4-bit A N D  gate trigger, and selectable bit lev- 
els (HI, LO, OFF). The cirsult-powered 
probes provide 4-bit pattern recognition trig- 
gering for digital signal analysis and may be 
used for both functional and electrical anal- 
ysis. 

Nodal isolation 
Once a digital circuit malfunction is de- 

tected by an operator using a logic analyzer, 
other test instruments may be used for fast 
analysis of a system or circuit. 

When a fault has been isolated to a partic- 
ular circuit area or circuit board, a hand-held 
group of low-cost instruments are used to ob- 
serve specific IC’s. These products are de- 
signed to test digital IC’s in-circuit, and they 
are extremely valuable in their ability to iso- 
late logic faults to a node. 
Logic comparison 

The time-proven technique of logic com- 
parison can be used to locate specific faulty 
nodes by testing an IC dynamically within a 
circuit. This allows the IC to be tested with- 
out removing I t  from the board, or from its 
normal signal sources. Products such as the 
Model 10529A Logic Comparator test the re- 
sponses of a circuit-installed IC against a 
known-good IC plugged into the Compara- 
tor. This method is not affected by faulty sig- 
nals in the system or by incorrectly operating 
feedback loops because the Comparator 
looks for expected outputs based on given in- 
puts to two like devices. The LED display 
then indicates errors in IC operation. 

Nodal analysis 
Once a bad circuit node (see Figure 3.) has 

been isolated, there is the further problem of 
determining just which IC connected to the 
node is faulty. T o  help with this, HP  manu- 
factures several logic state stimulus-re- 
sponse, in-circuit logic testers. 
Logic probes 

The 10525T Logic Probe detects levels or 
pulses anywhere in a circuit, and displays 

TO OTHtR IC INPUTS 

TO OTHER 
IC INPUTS 

SlGNALS A T  POINTS A AND B 

A ’“m 
0” 

8 

STATE 

Figure 3. A typical IC failure, an open output 
bond, allows all inputs normally driven by 
that output to float to a “bad” level. This is 
usually interpreted as a logic high by the in- 
puts, thus inputs driven by an open bond 
respond as though a static high signal is 
applied. 

them by a band of light around the probe tip. 
Circuits that are normally low and are then 
pulsed high are indicated by the light turning 
on periodically. Logic highs that are pulsed 
low are displayed by having a solidly lit band 
that turns off momentarily. The probe also 
detects either very fast, or high frequency 
pulse activity, and “stretches” them to pro- 
vide a display at a 10 Hz rate. 

While the 10525T probe is used for 
TTL/DTL applications, probes for ECL, C- 
MOS, HiNIL, and HTL logic families are de- 
scribed on Page 83. 
Logic clip 

-A multi-pin logic state indicator, the 
Model 10528A Logic Clip indicates the states 
of either 14- or 16-pin DIP packages. Each 
pin is displayed by an individual LED, which 
allows a user to easily follow input versus 
output relationships. When a circuits’ clock 
rate is slowed down or stopped, the Clip pro- 
vides a very useful in-circuit test of a devices 
truth table. 
Logic pulser 

The model 10526T Logic Pulser provides a 
unique capability: the ability to inject digital 
pulses between gates. The Pulser automatic- 
ally injects the correct polarity, and the 0.65 
ampere, 0.3 microsecond pulse has sufficient 
capability to drive a low node high or a high 
node low. 
Stimulus-response testing 

The Pulser/Probe or Pulser/Clip combi- 
nation helps the user to identify the faulty cir- 
cuits causing a system malfunction. The logic 
test instruments mentioned here permit arbi- 
trary signal injection and readouts between 
gates. Thus, an added capability is provided 
the digital troubleshooter: the ability to stim- 
ulate a circuit and monitor it for an output 
response. 
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DIGITAL CIRCUIT TESTERS 
10 MHz, 12 Bit parallel state analyzer 
Model 1601L 

j O l L  Logic State  Analyzer 

Model 1601L Logic State  Analyzer shows a BCD counter resetting 
prematurely. The display shows that the counter counts  to 89 and  
then returns to zero instead of counting to  90 and  continuing. 

& ANALYZERS 

r-.p---  r.----. " .... r..., r."'.'.J ... ""."y-". U ' y ' L - ,  - . . . -. . , - - -. 
circuits. The probes a r e  small enough to  connect to adjacent pins 
on dual in-line packages and  t h e  t ips can b e  slipped off t h e  p robe  
wire for direct connection t o  0.6 mm (0.025 in.) s q u a r e  pins, IC 
test  clips, and  wire wrap pins. 

The Model 1601L Logic State Analyzer provides a new measure- 
ment capability with quick comprehension of complex digital pro- 
cesses displayed in an easy-to-read format. Twelve parallel data 
stream measurements at clock speeds to 10 MHz furnish fast func- 
tional isolation of digital problems to  basic circuit elements. You save 
time in digital design and troubleshooting with the unique display that 
uses the same format as truth tables and textbooks. 

Data bits in one and zero character form are written horizontally 
and correspond to  the data points where the data probes are con- 
nected. The 12 channels (8 bit words with four qualifiers) are dis- 
played vertically in synchronization with 16 consecutive clocks or 
strobes, maintaining system timing and data relationships. For easy 
interpretation, the display can be formatted in octal groups of three or  
groups of four to match the system under test. A logic sense switch is 
available to  match the displayed pattern to either positive or negative 
true logic systems. 
Digital triggering 

Triggering occurs in clock synchronism when data matches the pre- 
set word with the 12 parallel trigger switches. Triggering capabilities 
are so varied that the analyzer can easily access virtually any desired 
16 word sequence in the data stream. The trigger word can start the 
display, stop it to show what occurred before triggering, or start a 
counter to  delay the display by any preset number of clock cycles (up 
to  99 999) after the trigger word. 



iy triggering: In Start Display mode, you trigger the an- 
Jnique trigger word and display the trigger word with the 
: words as they are clocked through a system. The Start 
le is valuable for paging through a system while following 
1 to verify operation or to quickly determine where a ma- 
a wrong path. A convenient MARK pushbutton increases 
i intensity for quick recognition of where the Analyzer 

I triggering: The analyzer’s 16 word digital memory cap- 
leading up to and including the trigger word permitting 

i and display “negative time.” This negative time capabil- 
with single sample operation is extremely valuable for 

ting, because you can trigger on an illegal or  unallowed 
: what led up to the machine malfunction. Fault isolation 
ier, since you can see why an error occurred rather than 
ilts of the error. 
triggering: When the data you want to  see does not im- 
)Ilow the desired trigger word, digital delay positions the 
indow” an exact number of clock pulses (0 - 99 999) from 
word. Digital delay is useful for moving the display win- 
%it loops, monitoring the contents of tape or disc memor- 
asuring lengths of subroutines. 
:Tee run is equivalent to setting all trigger switches to O F F  
which clocks the display in synchronism with the clock 
mode aids in troubleshooting a machine by clearly dis- 
ve (superimposed ones and zeros) and inactive (unchang- 
ies. 
I trigger indicators 
lisplay is not present, the No Clock and N o  Trigger indi- 
;ly pinpoint the problem and tell you what is preventing a 
2 N o  Clock indicators inform you when the clock input 
ISS the logic threshold and will indicate if the clock is above 
)w (Lo) threshold. A TTL Threshold selection gives you 
compatibility with systems using TTL logic; and a Vari- 
old selection permits adjustment over a + I O  V to -10 V 
nce of trigger signal is shown by the No Trigger indicator 
IS that the input data does not match the Trigger Word 
’g. 
gger and delayed trigger outputs 
‘rigger and Delayed Trigger Outputs are very useful sig- 
(tend troubleshooting capabilities in digital circuit ana- 
tern Trigger Output signal is generated each time the pat- 
the trigger word switches occurs and can be used to syn- 
oscilloscope-for electrical analysis at the digital point in 

lem occurs. A Delayed Trigger Output signal is generated 
vith the first displayed word. In the Start Delay mode this 
put can be used to synchronize an oscilloscope with data 
ot occur immediately after the trigger word. 
>robes 
fy probing in compact digital circuits, small, dual purpose 
! developed for direct connection to dual-in-line packages. 
:s are small enough to connect to adjacent pins on DIP‘S 
can be slipped off the probe wire for direct connection to 

125 in.) square pins, IC test clips, and wire wrap pins. 

1601 L Specifications 
Clack and data inputs 
Repetition rate: 0 to I O  MHz. 

Input RC: 40 f 3  kS2 shunted by 1 1 4  pF. 
Input bias current: 5 3 0  PA. 
Input threshold: TTL, fixed at approx. +1.5 V dc; variable, &I0  V 
dc. 
Maximum input 

Level: +15 V dc; -15 V dc. 
Swing: 15 V peak from threshold. 

Minimum input swing: 0.5 V +5% of absolute threshold voltage p-p. 
Minimum clock pulse width 25 ns. 
Minimum setup time: time data must be present prior to clock tran- 
sition, 35 ns. 
Minimum hold time: time data must be present after clock transi- 
tion, zero. 
Display rate 
Variable: from <40 ns to >5  s.  
Pattern trigger and delayed trigger outputs 
High: 2 2  V into 50 ohms (line driver interface). 
Low: <0.4 V into 50 ohms (line driver interface). 
Pulse duration: approx. 40 ns (RZ format). 
General 
Weight: net, 14.4 kg (31.75 Ib); shipping 19.9 kg (43.75 Ib). 
Power: 11 5 V or 230 V f IO%, 48 to 440 Hz, 200 VA max. 
Probe power: supplies power to operate one H P  Model 10230B 
Clock Probe and two H P  Model 102318 Six Bit Data Probes. 
Dimensions: 201.6 mm wide, 338.1 mm high, 498.5 mm deep -4erall 

Operating environment: temperature, 0 to 55°C (+32”F to 
+ 130°F); humidity, to 95% relative humidity at 40°C (104°F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for I5 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Accessories supplied: blue CRT mask, 2.3 m (7.5 ft) power cord, 
Operating and Service Manuals, one Model 10232B probe package 
containing one Model 10230B Clock Probe and two Model 10231B 
Six Bit Data Probes, and a blue light filter (P/N 01601-02701) for the 
182 display unit. 
Model 1601A logic state analyzer 
A Logic State Analyzer is also available as the Model 1601A and may 
use any 180 series mainframe (184 not recommended) as a display 
unit. The 1601A includes a Model 10232B probe package containing 
one Model 10230B Clock Probe, two Model 10231B Six Bit Data 
Probes, and two blue light filters, one for 182 (P/N 01601-02701) and 
one for 180 (P/N 01601-02702) series display units. 

Accessories 
Probes: Although clock and data probe assemblies are supplied with 
the 1601L and 1601A, they may be ordered separately by model 
n urn ber . 
Clock probe: Model 10230B Clock Probe includes interconnecting 
cable with pod and two miniature clock and ground leads with tips. 
Six bit data probe: Model 10231B Data Probe includes intercon- 
necting cable with pod, six miniature data leads and one ground lead 
(P/N 10231-68702) with tips (P/N 10230-62101), and pod decals (for 
bits 0-5 and bits 6-1 I). 
Model number and name Price 
1601 L Logic State Analyzer (complete) $3050 
1601A Logic State Analyzer Plug-in (includes probes) $1850 
10230B Clock Probe $130 
10231B Data Probe $190 

(7’%6, 13%6, 19% inches). 
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DIGITAL CIRCUIT TEST AND ANALYSIS 
Logic analyzer 
Model 5000A 

Logic state vs system time display 
Single shot storage 

0 15 ns spike detection 

0 Negative time display 
Precision digital delay 
Compatible with all logic families 

The 5000A Logic Analyzer provides a unique analysis capability by 
allowing the operator to “see” data at  a circuit node exactly like the 
digital circuitry being examined, with the same timing relationships 
and format. The analyzer’s display is totally digital in nature with am- 
plitude being expressed in a digital format (logic highs and lows) and 
time as digital time relative to defined clock transitions (clock cycles). 

The totally digital nature of the Logic Analyzer allows the user to 
approach a digital problem in its own domain. The key to  this do- 
main is the utilization of the time base of the system under examina- 
tion as the time base for the Analyzer. 

This ability to  see the data in the same timing diagram format as the 
system under examination, allows fast functional isolation of a circuit 
malfunction to  the basic gate or  other circuit element which is causing 
a problem. 
Display 

The 1 MQ data inputs to the Logic Analyzer will accept data exactly 
the way a device such as D flip-flop or  shift register does. The Ana- 
lyzer samples the input data on a defined clock transition (edge) and 
displays it in terms of bits referenced to the clock of the system under 
test. These 1’s (on LED’s) and 0’s (off LED’s) can be directly com- 
pared to the timing diagram of the circuit node. 

Data Display I 
‘ I  I I 

The data display of the Logic Analyzer consists of two rows of 32 
LED indicators with each indicator representing the logic state of the 
signal during a particular clock transition. The Analyzer offers dis- 
play flexibility to the operator by providing two separate display chan- 
nels (windows), each with a 32 bit capability. I f  a larger display win- 
dow is needed, a second Analyzer mode may be selected which ex- 
tends the A channel display to a full 64 bits. 

Digital triggering 
In any display of information with respect to time or  events, there 

must exist some unique sync or  starting point for the display. Defini- 
tion of this point in a digital waveform requires a deviation from the 
traditional negative or positive slope triggering technique. The 5000A 
Logic Analyzer utilizes a new digital triggering format which allows 
indexing to any position within a data sequence by selecting a signal at 

either the A or  B input, the External Trigger input, or  logical A N D  
combinations of two or  three of these inputs or  their complements. If 
more than three data inputs are required to  define a unique starting 
point within a sequence, the parallel triggering capability of the Logic 
Analyzer may be greatly expanded by use of the 10250 series of trig- 
ger probes. Use of the 10250 provides up to six parallel bits of trigger- 
ing and two 32 bit display channels; two 10250’s will allow nine paral- 
lel bits of triggering and one 64 bit display channel. 

Another unique mode of display position reference offered exclu- 
sively by the Logic Analyzer is “asynchronous triggering.” This trig- 
gering technique allows a display sequence to be initiated on a signal 
that is not present when the inputs are sampled on the selected clock 
transition (not accessible to synchronous triggering). 

This event could be a spike or  a signal that occurs prior to the pres- 
ent burst of clock pulses. 
Digital delay 

I f  the desired data display is not present immediately following the 
trigger, the variable digital delay of the Analyzer allows repositioning 
of the display to any point within the data sequence. The 32-bit “dis- 
play window” can be moved with digital preciseness an exact number 
of clock pulses relative to  the fixed trigger point. Data occuring far 
downstream in a bit sequence becomes conveniently visible just by 
dialing the appropriate delay number into the front-panel thumb- 
wheel delay register. 

The Logic Analyzer also offers a look-ahead or  “negative delay” 
feature. The Analyzer always has access to the last 64-bits of data 
prior to the occurrence of the trigger and has the ability to display this 
data if  desired. Thus, not only can a failure mode be observed, but the 
sequence of events which lead to the failure can now be displayed for 
analysis. 

Single shot storage 
The digital nature of the Analyzer makes single shot storage an in- 

herent capability. By simply placing the Analyzer in the “STORE” 
position, both input channels will capture the next data sequence and 
hold this data until reset. It is no longer necessary to  adjust a myriad 
of controls if storage is required. 

I f  selective storage is desired, the “STORE B” mode may be se- 
lected. In this mode one channel of data may be held while the other 
continuously accepts new data. This mode may be used for storing a 
reference of known good data to which succeeding data can be com- 
pared. 

Spike detection 
One of the Logic Analyzer’s special troubleshooting capabilities 

consists of being able to detect spikes as narrow as 15 ns between clock 
pulses in a data stream. When placed in the “SPIKE A” mode, the 



Analyzer ignores synchronous data and only indicates the location of 
spikes. These spikes may be caused by race conditions, ringing, noise, 
or design and are defined as more than one transition of the data on 
the A channel between clock cycles. 

The “SPIKE A” mode, used in conjunction with the digital 
DELAY, can be used t o  look for spikes anywhere in a long serial data 
stream even on a single shot basis. 

Light indicates the polarity 
of the first spike in the 
clock period 

Positive spikes I 

A Channel t f 
indicatedon 0 0 0 0 0 0 0 0 0 0 

indicatedon O 0 0 0 0 0 0 0 0 0 
Negative spikes 

B Channel I ? I 
Data 
Channel L 
Including 
Spikes 

Clock 1 1 1 1 1 1 1 1 1 1  

wic family compatability 
The Logic Analyzer assures complete compatibility with all logic 

families (both present and future) by providing variable threshold 
input amplifiers. Two rear panel controls allow easy adjustment of the 
input threshold level over a continuous range of f 1 . 4  V. 

The nearly negligible circuit loading of the 1 MO, 35 pf inputs is fur- 
ther reduced with the addition of standard 1O:l divider probes. With 
addition of these probes, input impedance is increased to  I O  MQ, I O  pf 
and the variable threshold range of the input amplifiers is extended to 
f 1 4  V. The combination of high R C  and wide trigger level range 
means you can test circuits built from such diverse families as TTL, 
ECL, MOS, RTL, HTL, and even CMOS, completely free of any 
loading or compatibility problems. 
Annunciators 

Analyzer operation is always made apparent by its front panel LED 
annunciators. An LED for each of the five signal inputs functions as a 
logic probe to dynamically indicate logic states and pulse trains. If a 
probe isn’t making contact or an input isn’t receiving pulses, you 
know it immediately. Two other LED’s light to indicate the occur- 
ence of the arming and triggering processes. You never waste time try- 
ing to see signals that aren’t there. 
Combining electrical and functional measurement 
capabilities 

In measurements where analog considerations such as ringing, volt- 
age level or asynchronous timing are of interest, an oscilloscope is an 
invaluable instrument. The combinatorial triggering and precision 
digital delay available in the Logic Analyzer can be utilized to trigger 
an oscilloscope and therefore extend the triggering flexibility of the 
Analyzer to an oscilloscope. 

The TRIG O U T  signal, available on the back panel of the Logic 
Analyzer is used as the external trigger input to  the oscilloscope. The 
T R I G  O U T  signal goes from TTL low to high at a point that corre- 
sponds to  the loading of the Analyzer display. Thus, the Logic Ana- 
lyzer may be used to position the oscilloscope display to an exact po- 
sition within a digital data sequence. 

Specifications 
Inouts 
Input impedance: 1 MQ shunted by 35 pf. 
Input threshold voltage: Continuously variable over f 1.4 V. 
Maximum input voltage: f 2 0 0  V continuous, f 4 0 0  V transient. 

Data and trigger inputs (channel A.B. external trigger). 
Minimum setup time: 15 ns. 
Minimum hold time: 0 ns. 

Maximum pulse repetition rate: I O  MHz. 
Minimum pulse width: 15 ns. 

Maximum pulse repetition rate: ‘/2 of Clock input repetition rate. 

Clock input 

Word delay input 

Input modes 
A,B: Two-channel operation. 
Serial A: A and B display registers cascaded into a single 64-bit dis- 
play loaded from Channel A input. 
Spike A Detects multiple transitions at A input during a clock pe- 
riod. 

Minimum spike width 15 ns. 
Trigger controls 
Minimum sweep rearming time: 60 ms after last clock pulse of 
sweep. 
Hold off control: Increases rearming time to 4 sec. 
Triggering modes 
Clocked mode: Analyzer triggers on first clock pulse after all input 
conditions defined by slope control switches are met. Trigger condi- 
tion must remain until clock pulse occurs. 
Asynchronous mode: Analyzer triggers when trigger conditions are 
met. Conditions need not remain until clock pulse occurs. 

Minimum pulse width 40 ns. 
Minimum setup time: 60 ns. 

Digital delay 
Post-trigger delay range: Display begins 0 to 999,999 clock periods 
after trigger event. 
Pre-trigger (negative) delay range: Display begins 0 to 32 clock pe- 
riods (64 in Serial A mode) before trigger event. 
Delay reference 
Start: Trigger begins delay countdown. Data input and display begin 
N clock periods after trigger event (N is number indicated by thumb- 
wheels). 
End: Delay countdown begins 32 clock periods (64 in Serial A mode) 
prior to trigger. Thus, when N = 0, the data displayed is the 32-bits 
(64 in Serial A mode) occuring before the trigger. 
Word delay: 
When enabled, permits 2 levels of digital delay. 
Delay range: 0 to 9,999 pulses at  Word Delay input plus 0 to  99 
pulses at  Clock input. 

Display 
Display modes 

Direct: Data at A and B inputs displayed by A and B registers. 
A B: Logical A N D  of A and B inputs displayed in A register, B 
register blanked. 
A + B: Logical OR of A and B inputs displayed in A register, B 
register blanked. 
A@ B: Logical EXCLUSIVE-OR of A and B inputs displayed in A 
register, B register blanked. 

Display relationship to clock: Display advances horizontally one 
LED per clock pulse. 
General 
Power: 115 or 230 V f 10%. 48 to  440 Hz, approx. 35 watts. 
Dimensions: 213 mm wide X 178 mm high X 366 mm deep (8.4” X 
7“ X 14.4”). 
Temperature: 0 to 55°C. 
Accessories available Price 
10013A: 1O:l Voltage Divider Probe $30 
10250A: TTL Trigger Probe $150 
5000A Logic Analyzer $2175 



R M T A L  CIIRCUIIT TEST AND ANALVSIIS 
16 Bit seriaVparallel digital triggering 
Model 1620A 

- -  111 

1620A Description 
Model 1620A Pattern Analyzer generates a trigger from serial or 

parallel digital pattern recognition and/or digital delay for oscillo- 
scopes or other externally triggered instruments. Pattern recognition is 
selectable up to 16 bits in either serial or parallel mode, with digital 
delay selection up to 999,999 bits. 

A separate qualifier line is provided for use in the serial mode, ena- 
bling you to look for bit patterns at  a discrete time or during time in- 
tervals. A serial frame delay gives you window selection in the bit 
stream, relative to the qualifier starting edge. 

In the parallel recognition mode the Analyzer is capable of either 
synchronous or asynchronous operation. In the parallel asynchro- 
nous mode a selectable pulse width filter reduces the possibility of 
false triggering caused by glitches resulting from skew in the data 
stream entering the Analyzer. 

Digital delay can be started by pattern recognition or by an exter- 
nal trigger input (Ext Delay Start). This allows you to move the mea- 
surement window a selectable number of clock cycles downstream 
from a uniquely selected trigger point defined by the Analyzer or the 
trigger input. 

To simplify probing in compact digital circuits, small dual purpose 
20 MHz probes allow direct connection to dual in-line packages and 
various pins. These probes are small enough to connect to  adjacent 
pins on DIPS or the probes may be slipped off the probe wires for di- 
rect connection to 0.6 mm (0.025 in.) square pins, IC test clips, or wire 
wrap pins. 

1620A Specifications 
Clock and data probe inputs 
Repetition rate: 20 MHz max. 
Input RC: 40 kC2 f 3 kC2 shunted by <I4 pF. 
Input bias current (input grounded): <20 PA. 
Input threshold: TTL, fixed at  1.45 f0 .05  V dc. Variable, to f 10 V. 
Maximum input: level, f 1 5  V dc; swing, 15 V peak from threshold. 
Minimum input swing: 0.5 V +5% of threshold voltage p-p. 
Clock pulse width: 20 ns min. 
Setup time: 20 ns min (normally I O  ns). 
Hold time: zero ns (normally -5 ns). 
BNC inputs: external delay start. Rear panel; serial data, qualifier, 
and clock. (Ideal for use with Model 5000A Logic Analyzer.) 
External delay start input RC: I MQ f5% shunted by <I4 pF. 
Baatern and delayed trigger outputs 
Level: high, 2 2  V; low, 50.5 V (both into 50 ohms). 
Width: approx. 30 ns in sync modes. 
Onerating modes 
16-bit serial pattern recognition: 

Qualifier OFF: trigger out approx. 80 ns after clock edge when 
pattern is matched. 
Qualifier at LEVEL: trigger out approx. 80 ns after clock edge, 
pattern match, and qualifier match. 
Qualifier at EDGE: trigger out approx. 100 ns after clock edge, 
pattern match, and frame delay count complete. 

Synchronous: trigger out approx. 65 ns after clock edge and pat- 
tern match. 
Asynchronous: trigger out approx. 75 ns after pattern match. 

Digital delay: 
Delay start: internal from pattern trigger; external from front 
panel input with positive and negative going edge. 
Delay length: 0 to 999,999 clock edges. 

16-bit parallel pattern recognition: 

General 
Weight: Net, 4.5 kg (10 Ib). Shipping, 6.4 kg (14 lb). 
Power: 100, 120, 220, or 240 V ac +5%, - 10%; 48 Hz to 440 Hz, max 
power 58 VA (nominal 43 VA). 
Dimensions: 28.4 cm (11%6 in.) wide; 11.9 cm (4'%6 in.) high; 40.6 
cm (16 in.) deep. 
Operating environment: same as Model 1601L (page 78). 
Accessories furnished: one Model 10230B clock probe, three 
Model 10231 B data probes, one 2.3 m (7.5 ft) power cord, one Oper- 
ating and Service Manual. 
Option 003: 1620A without probes less $650 
Individual probes: 
10230B clock probe $130 
1023 I B data probe $190 
1620A Pattern Analyzer (including probes) $1750 



DIGITAL C :IWCUIT TEST AMID ANALYSIS 
Logic probes 

Models 10525T, 10525H 81 10525E 

0 Dynamic indicator of logic activity 
0 Pulse stretching for narrow pulses 
0 Bad IeveVopen circuit detection 

Specifications 
Input impedance: >25 kR in both the high and low state (<1 low 
power TTL load). 
Logic one threshold: 2.0 V f 0 . 2  V. 
Logic zero threshold: 0.8 V +0.2 V, -0.4 V. 
Input minimum pulse width: I O  ns. 
Input maximum pulse repetition frequency: >50 MHz. 
Input overload protection: f 7 0  volts continuous, f 2 0 0  volts inter- 
mittent, 120 V ac for 30 seconds, 240 V ac for 10 seconds. 
Power requirements: 5 V f 10% at 60 mA, internal overload pro- 
tection for voltages from +7 to - 15 volts. Includes power lead rever- 
sal protection. 
Temperature: 0” to 55” C. 
Accessories included: BNC to alligator clips, ground clip. 

High level logic probe 
The Model l0525H brings fingertip convenience to the testing of 

high level digital circuits such as HTL, HINIL, MOS, discrete cir- 
cuits, and relay logic. Operation is entirely analagous to that of the 
10525T Probe except that the “H” model responds to higher input 
voltage levels and accepts a power supply anywhere in the 12 to 25 V 
range. Electrical Characteristics have been optimized to match the at- 
tributes of the tested devices. 

TTUDTL logic probe 
Using the HP  10525T Logic Probe greatly simplifies tracing logic 

levels and pulses through IC circuitry to find nodes stuck 
HIGH/LOW, intermittent pulses, and normal pulse activity. It in- 
stantly tells whether the node probed is high, low, a bad level, open 
circuited, or pulsing. 

The Logic Probe requires but a simple connection to your circuit’s 
5-volt supply to be ready to go into action; the rigidly strain-relieved 
power cord and the line voltage protected probe tip insure durability 
and long life. High input impedance protects against loading your cir- 
cuit-not just in the HIGH state but for logic LOW’S as well. 

The 10525T Probe has preset logic thresholds of 2.0 and 0.8 volts 
which correspond to the high and low states of conventional TTL and 
DTL circuits. When touched to a high level, a bright band of light ap- 
pears around the entire probe tip; when touched to a low level, the 
light goes out. Open circuits or voltages in the bad level region be- 
tween the preset thresholds cause lamp illumination at half brilliance. 
Single pulses of I O  ns or greater are easily viewed by stretching to one- 
twentieth of a second. The lamp flashes on or blinks off depending 
upon the pulse’s polarity. Pulse streams to 50 MHz cause the lamp to 
blink off and on at a 10 Hz rate. A single lamp at your fingertips pro- 
vides all this information. Thus, there is never any need for rotating 
the Probe to see what’s happening, no matter where you are probing. 

Since most IC failures show up as a node stuck either HIGH or 
LOW, the Logic Probe provides an inexpensive yet remarkably easy 
way of detecting the fault. And, with a Logic Probe, those single-shot, 
short pulses that are nearly impossible to see with even the fastest of 
scopes are readily displayed at your fingertips. 

Also, combining the Probe with the 10526T Logic Pulser greatly en- 
hances the ease of troubleshooting. The Pulser provides a convenient 
means of injecting single pulses whose effects are monitored with the 
Probe. 

With its high input impedance, Model 10525T also functions quite 
well with logic families other than TTL and DTL, such as 5-volt 
CMOS, as long as the logic levels are TTL compatible. 

Specifications 
Input impedance: >20 kR. 
Logic one threshold: 9.5 V f l  V. 
Logic zero threshold 2.5 V f l  V. 
Input minimum pulse width 100 ns. 
Input maximum pulse repetition frequency: > 5  MHz. 
Input overload protection: f70  V continuous, f 2 0 0  V intermit- 
tent, 120 Vac for 30 seconds, 240 Vac for 10 seconds. 
Power requirements: + 12 to +25 V at 100 mA. Includes power lead 
reversal protection. 
Temperature: 0” to 55°C. 
Accessories included BNC to alligator clips, ground clip. 

ECL logic probe 
The HP Model l0525E Logic Probe extends the time-proven, cost- 

saving logic probe troubleshooting technique to high-speed ECL 
logic. 

Operation of the ECL probe is analagous to that of the 10525T ex- 
cept the 10525Es high speed circuitry stretches single shot phenome- 
na so that single pulses as narrow as 5 nanoseconds may be observed. 

The 10525E may be powered directly from any -5.2 volt source 
and its high input impedance minimizes circuit loading. 

Specifications 
Input impedance: 12 k R  in both the high and low state. 
Logic one threshold: - 1 . 1  V f O . 1  V. 
Logic zero threshold - 1.5 V fO.1  V. 
input minimum pulse width: 5 nsec. 
Input maximum pulse repetition frequency: 50 MHz (typically 100 
MHz at 50% duty cycle.) 
Input overload protection: f70 volts continuous, 200 volts inter- 
mittent, 120 Vac for 30 seconds. 
Power requirements: -5.2 V f 10% at 80 mA; supply overload pro- 
tection for voltages from -7 to +400 volts. 
Accessories included: BNC to alligator clips, ground clip. 
Accessories available: Price 

Model number and name 
10525-60012: Tip Kit $20 

10525T Logic Probe $99 
10525H Logic Probe $99 
l0525E Logic Probe $99 



DIIG!TAb ClRC1111T TEST AND ANALYSIS 
Logic pulser and logic clip 
Models 10526T & 10528A 

0 In-circuit stimulation without unsoldering 
0 Automatic injection of proper polarity pulse 
0 Greatly simplifies digital troubleshooting 

0 Displays IC logic states at a glance 
Self-powered, self-contained 

0 No adjustments required 

Logic pulser 
The Model 10526T Logic Pulser solves the old problem of pulsing 

IC’s on digital logic boards for designers and troubleshooters using 
TTL/DTL circuits. Merely touch the Pulser to the circuit under test, 
press the pulse button and all circuits connected to the node (outputs 
as well as inputs) are briefly driven to their opposite state. N o  unsol- 
dering of IC outputs is required. Pulse injection is automatic so the 
user need not concern himself whether the test node is in the high or 
low state: high nodes are pulsed low and low nodes, high, each time 
the button is pressed. 

The Pulser is essentially a single-shot pulse generator with high out- 
put current capability packed in a convenient, easy-to-use probe. Abil- 
ity to source or sink up to .65 Amperes insures sufficient current to 
override IC outputs in either the high or low state. Output pulse width 
of 0.3 ps limits the amount of energy delivered to the device under test 
thereby eliminating the possibility of destruction. Additionally the 
Pulser output is tri-state so that circuit operation is unaffected by 
probing until the pulse button is pressed. 

Combining in-circuit pulse injection with the unique detection ca- 
pabilities of the H P  10525T Logic Probe and 10528A Logic Clip fo- 
cuses new power on solving the problems of fault isolation. 
Pulser/Probe and Pulser/Clip combinations enable the digital de- 
signer or troubleshooter to hold complete stimulus-response capabil- 
ity at his finger tips. 

Gate operation is tested with the Pulser driving the input and the 
probe monitoring transmitted pulses at  the output. When pulses are 
not received, the Pulser and Probe on the same pin can detect if the 
failure is due to  a short to ground or VCC. 

Testing sequential circuits is the domain of the Logic Clip and Logic 
Pulser. The Clip simultaneously monitors all output states while the 
Pulser applies clock and‘reset pulses to the device. Improper opera- 
tion, if present, is immediately obvious since the IC will not go 
through its prescribed sequence of states. 

Though the Pulser can source large currents, the charge necessary to 
supply this current is stored in the Pulser, and power supply require- 
ments are less than 25 mA from any 5 volt supply. 

Specifications 
Output high pulse voltage: >2  V at 0.65 A ( I  A typical at Vps = 5 
V, 25°C) 
Output low pulse voltage: <0.8 V at  0.65 A ( 1  A typical at  Vps = 5 
V, 25°C) 
Output impedance, active state: <2 ohms 
Output impedance, off state: > I  Megohm 
Pulse width: 0.3 ps nominal 
Input overload protection: f 5 0  volts continuous 
Power supply input protection: f 7  vo 
versa1 protection) 
Power requirement: 5 V *IO% at 25 r 
Temperature: 0°C to 55°C 
Accessories included: BNC to alligator clips, ground clip 

Its (includes power lead re- 

nA 

Logic clip 
The Model 10528A Logic Clip is an extremely handy service and de- 

sign tool. This unit clips onto TTL or DTL DIP IC’s and instantly dis- 
plays the logic states of all 14 or 16 pins. Each of the Clip’s 16 light- 
emitting diodes independently follows level changes at its associated 
pin; a lighted diode corresponds to a high logic state. 

The Logic Clip’s real value is in its ease of use. It has no controls to  
be set, needs no power connections, and requires practically no expla- 
nation as to how it is used. The clip has its own gating logic for locat- 
ing the ground and + 5  volts VCC pins and the buffered inputs reduce 
circuit loading. Simply clipping the 10528A onto a TTL or DTL dual 
in-line package IC makes all logic states visible at  a glance. 

The Logic Clip is much easier to use than either an oscilloscope or a 
voltmeter when a logic designer or service engineer is interested in 
whether a lead is in the high or low state ( 1  or 0 state), rather than its 
actual voltage. The Clip, in effect, is 16 binary voltmeters, and the user 
does not have to shift his eyes away from his circuit to make the read- 
ings. 

The intuitive relationship of the input to  the output-lighted di- 
odes corresponding to high logic states-greatly simplifies the trou- 
bleshooting procedure. The user is free to  concentrate his attention on 
his circuits, rather than on measurement techniques. Timing relation- 
ships become especially apparent when clock rates can be slowed to 
about I pulse per second. 

When used in conjunction with the 10526T Logic Pulser, the Logic 
Clip offers unparalleled analysis capability for troubleshooting se- 
quential circuits. The Clip first attaches to the IC to be tested; the Pul- 
ser is then brought into action. The Pulser’s capability to  inject pulses 
between gates allows it to supply signals to the IC under test abso- 
lutely independent of gates connected to the IC. All outputs may then 
be observed simultaneously on the Logic Clip. Deviations from ex- 
pected results are immediately apparent as the Pulser steps the IC 
through its output states. 

Input threshold: 1.4 f 0 . 6  V; TTL or DTL compatible (except gates 
with expander inputs). 
Input impedance: One TTL load ( - I  .2 mA typical per input). 
Input protection: Voltages <- 1 V or >7 V must be current limited 
to 10 mA. 
Supply voltage: 5 V &IO% across any two or more inputs. 
Maximum current consumption: 120 mA. 
Temperature: 0 to 55°C. 
Dimensions: 55 X 40 X 25 cm (2.15 in. high, 1.5 in. wide, I in. deep) 
maximum. 
Weight: Net, 45 gm (1.5 02). Shipping, 120 gm (4 02) .  
Accessories Available: Price 

Specifications 

10526-60002: Multi-pin Stimulus Kit $20 
10525-60012: Tip Kit $20 

10526T Logic Pulser $99 
10528A Logic Clip $99 

Model number and name 
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DUGlTAL CIRCWAT TEST AND ANALYSE ’_ 

Logic comparator 
Model 10529A 

0 New capabilities added 
0 Dramatically cuts troubleshooting time 
0 In-circuit IC testing with no unsoldering 

W 
Self Test Board 

The Model 10529A Logic Comparator is an extremely useful field 
service and production in-circuit troubleshooting tool. Dozens of IC’s 
may be checked-an entire IC at  a time-to detect functional failures 
in less than a minute per IC. The Comparator clips onto powered TTL 
or DTL IC’s and detects functional failures by comparing the in-cir- 
cuit test IC with a known good reference IC inserted in the Compara- 
tor. Any logic state difference between the test IC and the reference IC 
is identified to the specific pin(s) on 14- or 16-pin dual in-line pack- 
ages with the Comparator’s display to 16 light emitting diodes 
(LED’s). A lighted LED corresponds to logic difference. The Logic 
Comparator can save considerable time in locating a faulty IC. There 
are  no controls to be set and no power connections. 

The procedure is very simple. First the IC to be tested is identified. 
An IC of the same type is placed in the Comparator’s IC socket, or a 
reference board with an IC of the same type is inserted in the Com- 
parator. The Comparator is clipped onto the test IC, and an immedi- 
ate indication is given if the test IC operates differently from the ref- 
erence IC. Even very brief dynamic errors are detected, stretched, and 
displayed. 

The Comparator will also provide a Logic Clip function when used 
with the socket board set to the clip mode. In addition to the display 
of the instantaneous states of the 14 or 16 pins of the IC under exami- 
nation via the Comparator’s 16 LED’s (one per pin), the Compara- 
tor-Clip also provides stretching on each pin. Thus intermittent highs 
and lows of 300 nanoseconds or longer will be detected. 

As a Comparator, the 10529A connects the test and reference IC in- 
puts in parallel; thus the reference IC is exercised by input signals 
identical to those of the test IC. The outputs of the two IC’s are com- 
pared; any differences in outputs are detected, and LED’s corre- 
sponding to the particular pins are lit on the Comparator’s display. In- 
termittent errors as short as 200 nanoseconds (using a reference 
board) or 300 nanoseconds (using the socket board) are detected, and 
the error indication on the Comparator’s display is stretched for a vis- 
ual indication. A failure on an input pin, such as an internal short, will 
appear as a failure on the IC driving the failed IC; thus a failure indi- 
cation actually pinpoints the malfunctioning node. 

All operating power is obtained from the test circuit. Programming 
for the specific IC is easily accomplished. Two different methods are 
available. First, the socket board included with the Comparator is in- 
serted in the Comparator drawer. Outputs of the particular IC to be 
tested are selected via 16 miniature switches which tell the Compara- 

tor which pins of the reference IC are to  be allowed to  respond freely. 
The reference IC is then inserted into the socket and locked into place. 
The socket board automatically seeks VCC and ground. Any new IC 
may be set up in seconds. Alternatively, if specific IC types are to be 
tested repeatedly, the reference IC may be soldered into one of the ref- 
erence boards provided with the Comparator. The reference board is 
programmed by opening the connections between the test and refer- 
ence IC’s output and solder bridging Vcc and ground. The socket 
board and ten blank reference boards are included with each Com- 
parator. 

When troubleshooting, it is reassuring to know that the tester is op- 
erating properly. A test board is supplied with the Logic Comparator 
for this purpose. When inserted in place of a reference hoard or the 
socket board, the test board exercises all of the Comparator’s cir- 
cuitry, test leads, and display elements, to verify proper operation. 

The Logic Comparator is an unparalleled aid for helping to locate 
in-circuit failed IC’s. Often only a Comparator is necessary for find- 
ing failures. Since the functional test is made for the circuit’s stimulus 
pattern, it is unimportant whether or not the input pattern to  the IC is 
correct or  not; thus, testing in digital feedback loops is simplified im- 
measurably. Because the Comparator converts readily to a Logic Clip, 
the nature of the failure is readily apparent. Further analysis before 
taking the trouble to remove the IC often saves valuable time. 

The Logic Comparator’s ease of use and small size make it an in- 
valuable addition to the troubleshooter’s test gear either in the field or 
in the factory. With TTL and DTL failures that are functionally re- 
lated, the Comparator can find the bad IC up to ten times faster than 
conventional signal tracing techniques. At its low price, the Logic 
Comparator can pay for itself in only days. 

Specifications 
Input threshold: 1.4 V nominal (1.8 V nominal with socket board), 
TTL or DTL compatible. 
Test IC loading: Outputs driving Test IC inputs are loaded by 5 low- 
power TTL loads plus input of Reference IC. Test IC outputs are 
loaded by 2 low-power TTL loads. 
Input protection: Voltages < - I  V or >7 V must be current limited 
to I O  mA. 
Supply voltage: 5 V f10%. 
Supply protection: Supply voltage must be limited to 7 V. 
Maximum current consumption: 300 mA. 
Sensitivity: 

Error sensitivity: 200 ns with reference board or 300 ns with socket 
board. Errors greater than this are detected and stretched to at least 
0.1 seconds. 
Delay variation immunity: 50 ns. Errors shorter than this value 
are considered spurious and ignored. 

Frequency range: Maximum operational frequency varies with duty 
cycle. An error existing for a full clock cycle will be detected if the 
cycle rate is less than 3 MHz. 
Temperature: 0” to 55°C. 
Dimensions: 3.56 X 8.55 X 18.2 cm (1.4 in. deep, 3.375 in. wide, 7.15 
in. long). 
Weight: Net 1.14 kg (2 Ib 6 oz). Shipping 1.62 kg (3 Ib 6 oz). 
Accessories included 1 test board; I O  blank reference hoards; 1 
programmable socket board; 1 carrying case. 
Accessories Available: Price 
10541A: Twenty Blank Reference Boards for the Logic 
Comparator $60 
K01-10541A: Twenty Pre-programmed Boards for the 
Logic Comparator $175 
10529A Logic Comparator $425 



DIGITAL CIRCUIT TEST AND ANALYSIS 
Logic troubleshooting kit 
Model 5011T 

0 Complete TTLIDTL troubleshooting kit 
Stimulus-response capability 
In-circuit fault finding 

501 11 

The HP 501 IT Logic I rouoiesnooring Kit COmblneS all the trou- 
bleshooting capability of four instruments, the 10529A Logic Com- 
parator, the 10526T Logic Pulser, the 10525T Logic Probe, and the 
10528A Logic Clip. These instruments have been designed to work to- 
gether to detect in-circuit logic failures and to analyze failures for their 
specific causes. The Logic Comparator attaches to 14- and 16-pin dual 
in-line TTL and DTL circuits-both sequential and combinatorial 
logic are testable. The IC under test is allowed to operate normally 
while its outputs are compared against a reference IC of the same type 
inserted in the Comparator. Should the circuit under test operate im- 
properly, the failure is detected and displayed on the hand held Com- 
parator’s panel. Sixteen LED’s exactly pinpoint the failed node. Spe- 
cial stretching networks within the Comparator capture intermittent 
failures as short as 200 nanoseconds and stretch the visual indication 
to a tenth of a second. 

Once a failure has been isolated, the other test instruments can pro- 
vide exacting analysis. For example, the Logic Probe will indicate if 
any pulse activity is present at the suspect node: the Probes ability to 
detect single pulses, high or low, as narrow as I O  nanoseconds can in- 
sure the total absence of signals at the node. Placing the Logic Pulser 
on the suspect node with the Probe will allow detection of shorts to 
ground or the power supply-even the powerful burst of energy from 
the Pulser will not cause a pulse on a supply buss or ground. Or should 
the node be open-circuited, the Logic Probe instantly indicates it. The 
very high input impedances of the Pulser and the Probe guarantee that 
they will not affect circuit operation by loading. 

Another analysis method employs the Logic Clip and Logic Pulser. 
The Pulser can be used to inject reset and clear signals directly into 

In-circuit analysis 
Dynamic and static testing 
Multi-pin testing 
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includes 

10529A 10528A 

flip-flops, counters, decoders, etc. with the Clip attached to monitor 
the effects. With the system clock removed or shorted, the Logic Pul- 
ser can inject clock pulses one-at-a-time, and deviations from pre- 
scribed sequences can be observed on the Logic Clip 16-pins-at-a- 
time. 

Application of the IC Troubleshooters are endless and limited only 
by the imagination of the troubleshooter. Easy to use, they will ra- 
pidly create substantial savings of test time and dollars. The various 
kit components listed below are described in detail on the pages de- 
voted to tL- :-A:..:>..-, :--- I. 

Specific 
Includes: 
10525T Lc 
10526T Lc 
10528A LI 
10529A Logic comparator 
Dimensions: 13.2 cm X 20.3 cm X 8.25 cm (12.25 in. x 8.0 in. X 3.25 
in.). 
Weight: Net 1.36 kg (3 Ib). Shipping 2.27 kg (5 Ib). 

Price Accessories Available: 
1054 1 A: Twenty blank reference boards for Logic Com- 
parator $60 
K01-10541A: Twenty loaded reference boards for Logic 

$175 Comparator (common TTL IC’s) 
$20 10526-60002: Multi-pin Stimulus Kit for Logic Pulser 
$20 10525-60012: Tip Kit for Logic Probe or Logic Pulser 

5011T Logic Troubleshooting Kit $650 
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Logic test instrument accessories 
10525-60012 Tip Kit: The 10525-60012 Tip Kit gives 
added flexibility to users of the Logic Probes, Logic 
Pulser and both Logic Troubleshooting Kits. The Tip 
Kit facilitates connection of the parent instrument to 
signal lines in digital circuits. Included are: hook tip, 
spare straight tip, banana tip, and two adapters for 
connecting to backplanes and IC pin-extender clips. In 
addition a BNC to banana adapter is included which 
will interface the BNC power input connector on the 
Probes and Pulser to standard binding posts. 
10526-60002 Multi-pin stimulus kit: The 10526- 
60002 Multi-pin Stimulus Kit consists of a cable assem- 
bly that attaches the Pulser output to up to  four pins of 
the test IC. Thus four pins in the same state may be si- 
multaneously pulsed, a useful feature for testing multi- 
input gates and other circuits. The 10526-60002 Multi- 
pin Stimulus Kit may be ordered with the Logic Pulser 
or either Logic Troubleshooting Kit. 
10541A Twenty additional blank reference boards: 
These boards are identical to the I O  boards provided 
with the Logic Comparator; they allow additional IC’s 
to  be programmed for Comparator testing. The handy 
package provides easy access for inserting into the 
Comparator. The 10541A blank reference board set 
may be ordered with the Logic Comparator or the 
501 IT Logic Troubleshooting Kit. 
KOl-10541A Twenty preprogrammed reference 
boards: This package provides 20 of the most com- 
mon TTL IC’s already programmed and ready for use 
with the Logic Comparator or 501 IT Logic Trouble- 
shooting Kit. When ordered with K01-10541A, the 
Comparator is ready for immediate action upon re- 
ceipt. The loaded reference boards are packaged in a 
convenient storage container which allows access to  the 
individual boards needed. The K01-10541A includes the 
following IC’s: 7400 Quad 2-input NAND; 7402 Quad 
2-input NOR; 7404 Hex inverter; 7408 Quad 2-input 
AND; 7410 Triple 3-input NAND; 7420 Dual 4-input 
NAND; 7430 8-input NAND; 7440 Dual 4-input 
N A N D  buffer; 7451 Dual 2-wide, 2-input AND-OR- 
INVERT; 7454 4-wide, 2-input AND-OR-INVERT; 
7473 Dual J-K master-slave flip-flop; 7474 Dual D flip- 
flop; 7475 Quad bistable D latch; 7476 Dual J-K flip- 
flop with preset and clear; 7483 4-bit binary full adder; 
7486 Quad 2-input exclusive-OR; 7490 Decade counter; 
7493 4-bit binary counter; 74121 Monostable multivi- 
brator; 9601 Monostable multivibrator, retriggerable. 

$20 

$20 

$60 
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501 5T Logic troubleshooting mini kit 
The H P  5015T Logic Troubleshooting Mini Kit combines the 

unique logic analysis capability of the 10525T Logic Probe, the 
10526T Logic Pulser, and the l0528A Logic Clip into a single, handy 
kit. These three instruments provide stimulus/response capability for 
dynamic and static testing of in-circuit integrated circuits. The 10525T 
Logic Probe provides an indication of logic state at  your fingertips. 
Not only are TTL and DTL highs and lows displayed but also open 
circuits and bad levels are clearly shown. Dynamically, pulse trains to 
50 MHz may be monitored and single pulses as narrow as 10 nano- 
seconds are detected. Thus the Logic Probe may be used to quickly 
check for the presence of key signals such as clock, reset, start, shift, 
transfer, etc. 

The 10526T Logic Pulser brings you a new concept in digital trou- 
bleshooting; injecting a pulse between logic gates. With high current 
sinking and sourcing capability, the Pulser, once its pulse button is 
pressed, can drive low nodes high and high nodes low for 300 nano- 
seconds before returning to its high-impedance off state. The selec- 
tion of a high pulse or low pulse is automatic-just press the button! 

The Logic Pulser may be used with the Logic Probe in several ways. 
For example, if a node is found with the Probe to stay high or low, at- 
tempting to inject a pulse while monitoring the pin with the Probe will 
clearly indicate a short to ground or the power supply-even the pow- 
erful burst of energy from the Pulser will not override the supply volt- 
ages. Or, the Pulser may be used to inject signals into gates while the 
output is checked by the Logic Probe. The very high input imped- 
ances of both Pulser and Probe insure no circuit loading effects. 

The 10528A Logic Clip’s ability to monitor all the pins of TTL and 
DTL DIP’S make it extremely useful for testing flip-flops, counters, 
shift registers, decoders, etc. The Logic Pulser can inject clock and 
reset signals while the Clip allows you to see exactly how the device re- 
sponds. Improper operation is immediately apparent. 

This powerful combination of instruments is useful in the lab, pro- 
duction, field service, and in training applications or wherever lots of 
capability at  a low price is desired. The kit components listed below 
are described in detail on the pages devoted to the individual instru- 
ments. 

Specifications 
5015T Includes: 
Model 10525T Logic Probe 
Model 10526T Logic Pulser 
Model 10528A Logic Clip 
Dimensions: 28,6 cm X 13.3 cm X 6.4 cm (1 1.25 in. X 5.25 in. X 2.5 
in.). 
Weight: Net, 0.63 kg (1 Ib 6 02.); Shipping, 0.74 kg (1 Ib 10 02). 
Accessories available Price 

$20 
$20 

10526-60002: Multi-pin Stimulus Kit for Logic Pulser 
10525-60012: Tip Kit for Logic Probe or Logic Pulser 

$160 5015T Logic troubleshooting mini kit $249 



DIGITAL CIRCUIT TEST AND A N A L W E  
Logic lab 
Model 5035A 

0 Flexible circuit breadboard aid 
0 Use standard IC’s, components, and interconnecting wires 

0 Removable breadboard for circuit expansion 
0 Completely self-contained 

The 5035A Logic Lab brings convenience, simplicity, and flexibil- 
ity to the task of breadboarding new designs or trying out alternative 
circuit configurations in R & D, production engineering, and product 
support. Fully self-contained, this rugged design partner helps you 
check out ideas quickly without chasing after equipment or soldering 
components or connections. One of the Logic Lab’s key features is the 
uniquely removable breadboard assembly which acts like a giant 
socket allowing you to  plug in components of all varieties and types 
and interconnect them with standard 24-gauge hookup wire without 
soldering. Each component pin for, say, dual-inline IC packages has 
four common tie points for fan in and fan out. Additional buses allow 
for signal routing or junctions. Since the breadboard holds up to  16 
DIPS, a large circuit under design can be partitioned into subsections 
and each one checked out individually. Since the breadboard is re- 
movable, the circuits do  not need to be disassembled after check out. 
The I-amp capability of the Logic Lab mainframe could allow several 
breadboards to  be powered simultaneously and interconnected by sol- 
derless hookup wire. 

In addition to the 5 volt-1 amp laboratory power supply built in the 
Logic Lab mainframe, 6 data switches can be used to provide 
HIGH/LOW signals to the circuit under test. These switches are com- 
pletely “debounced” so that each transition is a single edge. Thus vari- 
ous parts of your circuit may effectively have different “clocks” by 
using the data switches. Also they may be used as pulse sources since 
an up-down or down-up operation provides only a single pulse. Four 
LED indicators allow monitoring of various circuit points with 
HIGH/LOW indications. Two generators in the mainframe provide 
squarewave 1 Hz and 100 kHz signals that can be routed t o  your cir- 
cuit. 

The Logic Lab mainframe also has two 5 volt output connectors on 
its rear panel for powering the 10525T Logic Probe and the 10526T 
Logic Pulser. Available separately, these powerful troubleshooting 
tools provide a valuable complement to the 5035A Logic Lab. For 
years the Probe and Pulser have provided circuit designers and digital 

troubleshooters the in-circuit stimulus/response capability optimized 
for IC work. The l0528A Logic Clip also is very handy to monitor all 
pins of 14- and 16-pin DIP’S simultaneously. The 10528A clips di- 
rectly to IC’s mounted on the Logic Lab breadboard. Each of the 
three instruments is available individually J r  they may be obtained to- 
gether as the 5015T Logic Kit. 

Specifications 
5035A Logic lab 
Power supply: 5 volts f5%, over 0-1 Amp range; 10 mV rms ripple 
maximum. Continuous short circuit protection. 
Data switches: 6 bounceless slide switches for TTL high/low out- 
puts. 
LED indicators: 4 high/low indicators 
Clocks: 2 independent; 1 Hz and 100 kHz (nominal, squarewave). 
Breadboard assembly (HP part number 1258-0121): removable. 
Interconnections: All power supply, data switch, LED indicator, 
and component contact points may be interconnected by standard 24- 
gauge hook-up wire. 
Power requirements: 100/120/220/240 V ac +5, -10% 48-400 Hz 
line frequency; 30 watts max; 0” -55°C. 
Dimensions: Mainframe: 89 X 311 X 267 mm (12% in. wide, 3% in. 
high [max], 10% in. deep). 
Breadboard assembly: 165 X 114 X 13 mm (6% in. X 4% in. X ‘h in. 
thick). 
Weight: Net 5.9 kg (13 Ib); Shipping 6.9 kg (15.13 Ib). 
Accessories Available: Price 

1540-0258: Heavy duty, padded vinyl carrying case $25 
05035-60006: Wire interconnect kit (285 prestripped, as- 
sorted length and color, 24-gauge hook-up wires) $15 

1258-0121: Additional breadboard assembly $45 

5035 Logic Lab $295 



Complete digital training program 
0 Digital text and laboratory workbook 

Logic lab 
Model 5035T 

Digital test instrumentation 
0 All required components and interconnections 

The 5035T Logic Lab is a combination of all the essential elements 
needed for a successful introductory course in practical digital elec- 
tronics. This unique program is structured to aid the digital trainee in 
the rapid understanding of theory and the practical aspects of digital 
circuits. 

Each 5035T Logic Lab includes: A completely self-contained main- 
frame with a removable breadboard asseinbly, a tutorial text on digi- 
tal electronics complete with laboratory workbook, and all the com- 
ponents and interconnecting wires needed for the laboratory experi- 
ments. Also included with the Logic Lab are three industrially proven 
digital test instruments: the 10525T Logic Probe, the 10526T Logic 
Pulser, and the 10528A Logic Clip. 

Mainframe 
The 5035T Logic Lab mainframe features rugged industrial quality 
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supply. This feature allows the Logic Lab to withstand many years of 
rough student usage. Also 6 TTL compatible bounceless data 
switches, 2 independent signal sources of 1 Hz and 100 kHz, and 4 
LED logic state indicators make the Logic Lab an extremely versatile 
training and circdit breadboarding tool. 
Removable breadboard aSsembly 

One of the Logic Labs key features is the uniquely removable bread- 
board assembly which acts like a giant socket allowing insertion of all 
varieties and types of components. After, insertion the busing struc- 
ture of the breadboard permits circuit interconnections to be easily 
made without soldering using standard 24 gauge wire. The unique 
structure of the breadboard makes circuit build-up and modification 
both fast and easy saving hours of valuable assembly time. 

The removability of the breadboard allows several individuals to  
construct circuits simultaneously on separate breadboards, then test 
their circuits in a common mainframe. This reduces the incremental 
cost-per-student and allows individual training to proceed at  a pace 
consistent with ability. 

When system expansion becomes necessary several breadboard as- 
semblies may be built and checked independently for correct circuit 
operation then combined and operated simultaneously from a single 
mainframe. 
Text and laboratory workbook 

The text and laboratory workbook combine to form the heart of the 
Logic Lab digital training program. The practical concise text pro- 
vides the necessary background, while circuit skill and practical 
hands-on experience are developed by the 26 experiments in the func- 
tional laboratory workbook. The program is arranged in modules of 
complexity so that learning can be tailored to  the student’s back- 
ground and end objectives. In addition, its modular nature allows the 
use of self-paced and individualized study techniques. The text and 
workbook sections are written to  increase the student’s knowledge of 
digital electronics, to provide practical experience with actual circuit 

elements and to provide some exposure to the basics of digital circi 
design. 

Components supplied 
Each 5035T Logic Lab includes thirty-two state-of-the-art TT 

SSI, and MSI integrated circuits, including gates, flip-flops, counte 
decoders, and an arithmetic logic unit (A.L.U.). Also included a 
four LED matrix digital displays with built-in BCD to decimal c 
coders and 285 prestripped, 24 gauge hookup wires of various lengt 
and colors. 

uit 

Digital test instrumentation 
The increased use of digital integrated circuits has brought new de- 

mands for a digital type of test instrumentation. Hewlett-Packard’s in- 
circuit digital troubleshooters, the Logic Probe, Logic Pulser, and 
Logic Clip have been used in industry for years by technicians and en- 
gineers alike. These industrial instruments also make ideal training 
tools because of their straightforward indication and operation. 
Logic probe 

The 10525T Logic Probe is a dynamic logic state indicator. It iden- 
tifies logic highs, lows, open circuits with fingertip display (lit and ex- 
tinguished band of light), detects single pulses as narrow as 10 nano- 
seconds and pulse trains to  50 M bits/second. The Logic Probe will 
provide the student with a unique digital analysis capability unavail- 
able using any other measurement technique. 
Logic pulser 

The 10526T Logic Pulser provides the student with the equivalent of 
a hand held digital pulse generator. It injects a pulse anywhere in-cir- 
cuit; no disconnections are necessary. The Pulser overrides momen- 
tarily, the existing state of the node, and it selects the proper polarity 
pulse automatically! High nodes are pulsed low and lows pulsed high 
with a single depression of the pulse button. 
Logic Clip 

The 10528A Logic Clip is particularly useful in understanding the 
functional nature of IC gates. The Clip attaches directly to dual-inline 
packages, and with no wires or connection displays the logic states at  
the IC pins simultaneously via 16 LED’s-one per pin. An LED lit in- 
dicates a logic high and extinguished, a logic low. 

Specifications 
5035T Logic lab includes 
Model 5035A Logic Lab; “Practical Digital Electronics-An Intro- 
ductory Course” Text and Workbook; Logic Probe, Logic Pulser; 
Logic Clip; Componedt and Wire Kit. 
Accessories available: Price 

10656A: Set of 10 “Practical Digital Electronics-An 
Introductory Course” Text and Lab Workbook $125 
10657A: Additional Component and Wire Kits $125 
5035A Logic Lab $650 

1258-0121: Additional Breadboard Assembly $45 



OSClLLOSCOPES 
General information 
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versatile measurement tool. With the rapid 
growth, in the past few years, of technology 
in integrated circuits, the measuring capabil- 
ities have increased tremendously. Band- 
width has increased, sweep speeds are faster 
and more linear, displays are larger and 
brighter, and controls are easier to  operate. 
In general, the most versatile test instrument 
has become even more accurate and more 
flexible. 

Hewlett-Packard pioneered many of the 
measurement capabilities that are now taken 
for granted in oscilloscopes. A few of these 
are internal graticule CRT, beam finder, ex- 
pansion mesh CRT, trigger holdoff, mixed 
sweep, general purpose sampling to 18 GHz, 
time domain reflectometry, and rugged vari- 
able persistence/storage. 

Bscilloscope 
of an oscilloscope is not 

as easy as it was in previous years. The re- 
cent technological changes have consider- 
ably improved the price performance ratios 
that are available. In addition, measurement 
requirements have also changed and ex- 
panded. 

To make the best selection, use your im- 
mediate measurement application as a start- 
ing point. Then look at  your past and future 
requirements. After examining all of the pos- 
sible measurement requirements, you will 
have an idea of the type of oscilloscope 
needed in your application. In a somewhat 
broad sense oscilloscopes can be classified in 
two categories, mainframes with plug-ins and 
nonplug-ins. 
Plug-in oscilloscopes 

The plug-in oscilloscope (figure 1) offers 

maximum flexibility by permitting general 
purpose measurements as well as retaining 
the capability to make specialty measure- 
ments. By carefully selecting a mainframe, 
you will be able to change the measurement 
capability by using different plug-ins rather 
than having another infrequently used spe- 
cial purpose oscilloscope on hand. Plug-in os- 
cilloscopes are usually called General Pur- 
pose Laboratory instruments because of the 
broad measurement capabilities. 

General purpose lab scopes are used in 
basic circuit design for almost every elec- 
tronic product and are most often config- 
ured as a 2 channel, wide band, delayed 
sweep instrument. As the general purpose 
measurement needs expand, the plug-in flex- 
ibility allows you to  reconfigure your instru- 
ment to fit the newer applications. 

In addition to  general purpose dual chan- 
nel plug-ins with bandwidths from 35 to 250 



Figure 1. Representative plug-in oscilloscopes from Hewlett-Packard’s 180 series. 

plug-ins are also avail- . .~ ”  . . I .  ^^ 
MHz, many specialty 
able - high sensitivity, ditferential/dc o1t- 
set; four channels; standard, delayed, ex- 
panded, or mixed sweep operation; sampling 
bandwidths to 18 GHz; time domain reflec- 
tometry; spectrum analysis to 1500 MHz, 
swept frequency testing from 100 MHz to 18 
GHz,  and digital state analysis. The flexibil- 
ity of the plug-in system is considerable - it 
makes one instrumc :nt do  many jobs. 

cilloscopes 
loscopes (figure 2) are 
tn a9 “dedicated” instru- 

Nonplug-in os 
Nonplug-in oscil 

sometimes referred _ _  __  - ...-.. - 
ments because of their nonplug-in form. Al- 
though they are dedicated in form they are 
truly general purpose in measurement capa- 
bility with full laboratory accuracy and qual- 
ity. These oscilloscopes are usually dual 
channel, delayed sweep instruments with a 
wide variety of measurement capabilities. If 
the applications do  not require plug-in flexi- 
bility for changing requirements, then the 
lower cost nonplug-in oscilloscope is a useful 
choice for a general purpose laboratory in- 
strument. 

High speed 
Hewlett-Packard has two new 275 MHz 

oscilloscopes that are ideal for use in the de- 
sign, manufacturing, and testing of high 
speed computers, peripherals with fast inter- 
face logic, high speed digital communica- 
tions and instrumentation, as well as high fre- 
quency rf applications. Model 1720A has 
conventional volts-versus-time measure- 
ments and is particularly suited for digital 
timing measurements with its 1 ns/div sweep 
speeds. Model l722A adds a microprocessor 
with an LED display to give you direct read- 
out of time interval, frequency, dc voltage, in- 

stantaneous voltage, and relative amplitude 
expressed in percent. As well as providing a 
digital readout of a measurement, the micro- 
processor gives considerably more repeat- 
able measurements than previously possible 
in real time oscilloscopes. This substantial in- 
crease in repeatability makes the 1722A ex- 
tremely useful in applications requiring com- 
parison to a reference and also reduces the 
chance of human error. For example, the out- 
standing repeatability along with 20 ps reso- 
lution makes the 1722A ideally suited for 
clock phasing measurements in computer 
timing application. 

For lower frequency requirements a 200 
MHz oscilloscope, Model 1710B, is avail- 
able with 1 ns/div sweep speed for use in dig- 
ital and analog applications. The laboratory 
performance and comoact Dackaee makes the 
SC( 1 
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ror  applications in tne 33 MHZ ana I 5  
MHz area, there are four scopes with bat- 
tery, dc, or ac line power capability for field 
and lab applications. Two of the 35 MHz os- 
cilloscopes offer storage and variable persis- 
tence operation with rugged burn resistant 
CRT’s which makes them ideal for general 
use. A metal front panel cover is also in- 
cluded for front panel protection and stor- 
age of accessories required in field work. 

The low power requirements of Hewlett- 
Packard portable oscilloscopes has allowed 
very rugged instruments to be developed. 
These scopes, designated as 1700B Opt 300 
and 1707B Opt 300 meet the requirements of 
the AN/USM 339 and AN/USM 338. In 
fact, a few modifications allowed the oscillo- 
scope to  surpass the dripproof test and oper- 
ate under water. Meeting these rugged re- 
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curacy of these instruments and they incor- 
porate the same basic proven circuits as the 
standard 1700 series oscilloscopes. 
15 MHz 

In the dc to 15 MHz range there are two 
models available, 1220A dual channel and 
1221A single channel, that are designed for 
industrial and educational applications, and 
production line testing. Logical front panel 
layout, large 8 x I O  cm internal graticule, 
and automatic triggering reduce familiariza- 
tion time and assure maximum efficiency in 
production and student environments. 
500 kHz 

Low frequency scopes which have about 
500 kHz bandwidth are used in educational, 
medical, system monitors, engineering, pro- 
duction, and in some cases field service. 
These scopes could be classified as the 
“workhorses” of the electronics industry 
since they are most commonly found in sys- 
tem applications. The 1200 series scopes eas- 
ily fill these requirements with their 100 pV 
and 5 mV sensitivity, solid-state and light- 
weight construction, and reliable and stable 
operation. Also available are storage and 
variable persistence models which eliminate 
annoying flicker and retain single-shot traces 
that are common in biomedical or electro- 
mechanical applications. 

Oscilloscope basics 
Because the oscilloscope can display elec- 

trical signals which vary with time, it has be- 
come today’s most widely used electronic 
measuring instrument. It produces a visual 
display of any physical quantity which can be 
represented as a voltage. This permits pre- 
cise measurement and analysis of the phe- 
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oscILLoscoPEs 
General information (cont.) 

1 I CRT I E X T .  H O R I Z O N T A L  I N P U T  

Figure 2. Representative Hewlett-Packard 
nonplug-in oscilloscopes. 
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Figure 3. Typical oscilloscope block diagram. 

nomenon represented by the voltage. 

sential parts of an oscilloscope. 

The cathode-ray tube 
A C R T  produces an electron beam whose 

movement is controlled by the vertical and 
horizontal amplifiers and by the power sup- 
plies which form, shape, and accelerate it. 
This electron beam strikes a phosphor screen 
and a visible glow results as the beam is 
moved. 

Since the beam deflection can be cali- 
brated against a grid (graticule) on the C R T  
face, amplitude and time measurements can 
be made. All Hewlett-Packard graticules are 
internal and in the same plane as the phos- 
phor, eliminating parallax. 

Hewlett-Packard manufactures all its own 
CRT’s-technological leadership has ac- 
companied this. 

An expansion mesh, used first by Hewlett- 
Packard in 1962, with a voltage on it pro- 
duces an electrostatic field which bends the 
beam after its initial deflection at  the elec- 
tron gun structure. By controlling mesh ra- 
dius, Hewlett-Packard C R T  designers have 
produced increasingly larger display areas 
while simultaneously reducing the overall 
length of the tube. 

Storage scopes are available with rugged 
variable persistence (the time it takes for the 
trace to fade to 10% of its original bright- 
ness). This is made possible by use of a stor- 
age mesh immediately behind the phosphor. 
Control circuits then determine the rate at  
which a display fades away after being stored 
as a charged pattern on the mesh. 

Vertical deflection system 
Since the CRT is limited as to the range of 

deflection voltages which can be applied, a 
vertical amplifier and attenuator are used. 
These are accurately calibrated to provide a 
deflection factor related to  the graticule (e.g., 
5 mV/division). 

Hewlett-Packard vertical deflection sys- 
tems have been made more useful with sim- 

The block diagram in figure 3 shows the es- 
plified, yet functional, controls. As better cir- 
cuits have been designed, adjustments previ- 
ously adding to front panel confusion have 
been eliminated or located inside for use only 
in periodic calibration. An example of func- 
tional and innovative amplifier design is a se- 
lectable input impedance, either 50Q or high 
Z. 
Horizontal deflection system 

To deflect the electron beam horizontally, 
an amplifier and sweep generator are used. A 
sawtooth waveform generator sweeps the 
beam at a selectable uniform rate. With such 
a linear rate of sweep, calibration to  the gra- 
ticule is possible (e.g., 1 ms/division). 

For meaningful displays, the horizontal de- 
flection system must provide synchronizing 
circuits to start the sweep at a specific instant 
with respect to the measured waveform. Au- 
tomatic triggering on Hewlett-Packard 
scopes makes starting of the sweep a quick, 
easy step. And preset adjustments produce 
synchronized sweeps with little or no adjust- 
ment. This allows stable, one-knob trigger- 
ing on signals to beyond 500 MHz. 

In addition to a direct-reading expander 
control, which minimizes errors, a time base 
in the H P  180 System features a XlOO sweep 
expansion. This allows detailed examination 
of selected portions of a display, a feature 
normally found only on more expensive de- 
laying time bases. 

Power supplies 
Scopes contain low and high voltage power 

supplies and determine, with the CRT, the 
maximum capability of a scope, especially of 
a mainframe. 

Low voltage power supplies give operat- 
ing power to scope circuits such as the verti- 
cal and horizontal amplifiers. The high volt- 
age power supply forms and controls the 
C R T  electron beam. 

Hewlett-Packard has made contributions 
in power supplies, too, and two examples will 
show their significance: 

1. The 1700 Series portable scopes have an 



Figure 4. Power supply module can be 
operated outside the mainframe to facili- 
tate maintenance. 

‘nformation. Improper matching of probe to  
:ircuit measurement point or of probe to 
;cope will cause rise time errors in pulse mea- 
jurements and cause both amplitude and 
Jhase errors in C W  measurements. 

The effects of resistive loading have been 
Pecognized for some time. High input imped- 
mces have been used to reduce the voltage di- 
vision between circuit and measuring device. 
rhis technique will cause minimal error if 
measurements are at low frequencies and the 
:ircuit test point has a low impedance. 

When these probing requirements are not 
met, inaccuracies result for one big reason: 
CAPACITANCE. And the effects of capaci- 
tance in the probe or scope input change 
drastically because of frequency. 

Hewlett-Packard has pioneered in helping 
solve the capacitance problem in high fre- 
quency measurements by providing select- 
able input impedance - 50 ohms or a high Z 
with low capacitance. This measurement con- 
venience is available because of Hewlett- 
Packard’s innovative design, illustrated in 
figure 5, that uses thick-film attenuators, a 
first for the scope industry. 

Sampling oscilloscopes 
Sampling oscilloscopes use a technique 

which is similar in principle to use of a strob- 
oscope for study of periodic or varying mo- 
tion. 

Samples are takeh 
rences of a waveforr 
sample is taken later 
form, the CRT beam 
responding point whe 
displayed. The rate at  
IS very fast; thus the I 

coherent-appearing w 
Figure 6 illustrates th 

Samples are obtain1 
on” the sampling cii 
short time. During 1 
waveform amplitude 
ples are then effective 
and amplified at relat 

Thanks to  fast-swit 

u ..v 

Fioiirc? 5 Hewlntt-Pnckard innovation I I S ~ A  . .- . .. . . . . ~ - . _  _. . - ..... ~ _ _ _ _  
thick-film substrate in cam-operated at- 
tenuators, allowing selection of 50R or 
high iinput impedance with low capaci- 
tance. 

advanced design LVPS. It is highly efficient 
and has a newly designed dc-to-dc converter. 
The result is a scope which consumes ap- 
nroximately 25 watts and operates from ac 

le, dc line, or  optional battery. 
2. Mainframes in the 180 System have a re -  
ible LVPS which, when repair may be re- 
iired, can be removed from the instrument 
a fully operating status; refer to figure 4. 

epair or calibration time is greatly reducc 

lput probes 
Proper selection of well-designed pro 

111 minimize circuit loading effects and F 
de the most accurate and useful waveform 

on successive recur- 
n. As each amplitude 
in time on the wave- 

is deflected to the cor- 
‘re a visible dot is then 
which sampling occurs 
dots are displayed as a 
,aveform on the CRT. 
e sampling technique. 
ed when a pulse “turns 
rcuit for an extremely 
this interval the input 
is measured, the sam- 
:ly “stretched” in time, 
ively low bandwidths. 
ching diodes developed 

DY tiewiett-racKara-some even for use in 
other types of instrumentation-sampling 
scope bandwidths have progressed to the 18 
GHz  point. Hewlett-Packard introduced the 
first commercially available sampling scope 
over ten years ago. Once again, cumulative 
technology has kept Hewlett-Packard sam- 
pling scopes a leader, both in performance 
and price, typified by the Model 1810A, a 1 

GHz  sampling plug-in that is both low in 
price and as easy to operate as a real time os- 
cilloscope. 

Oscilloscope selection 
1720 Series 275 MHz oscilloscopes 

Wide band measurements for laboratory, 
production, and field use in digital applica- 
tions and high frequency rf applications. See 
Page 94. 

1700 Series oscilloscopes 
Rugged, light-weight instruments ade- 

quate for almost any field service or labora- 
tory application. Bandwidths of 35 MHz, 75 
MHz, and 200 MHz. Storage with variable 
persistence a t  35 MHz bandwidth. See Page 
101. 

180 System high frequency plug-in 
scope 

The one plug-in instrument to  solve neariy 
any general-purpose laboratory or produc- 
tion line measurement problem. Bandwidths 
of 500 kHz, 35 MHz, 50 MHz, 75 MHz, 100 
MHz, 250 MHz, or >600 MHz. Standard, 
storage/variable persistence, >400 cm/ps 
storage writing speed or big-screen. Sam- 
pling to  18 GHz, TDR, spectrum analysis, 
and swept frequency analysis. See Page 110. 

1220 Series 15 NHr bandwidth 
Single and dual channel oscilloscopes for 

production line testing, educational, and in- 
dustrial applications. See Page 142. 

1200 Series low frequency scopes 
Low frequency, nonplug-in scopes of 

proven, all-solid-state circuit design. Many 
operating features normally found only on 
much wider bandwidth, more expensive 
scopes. 500 kHz bandwidths ih standard or 
storage/variable persistence. Deflection fac- 
tors as low as 100 pV/div. See Page 144. 

140 General-purpose plug-in scope 
A valued performer for Hewlett-Packard 

customers around the world. Standard and 
storage/variable persistence mainframes. 20 
MHz bandwidth with standard or delayed 
time base and spectrum analyzer plug-ins. 
See Page 148. 

Oscilloscope accessories 
Supporting accessories to get t h i  most out 

of your scope investment. Cameras and 
adapters, testmobiles, active and passive 
probes, and adapters to meet most any need. 
(Note: for testmobiles see page 478.) See Page 
150. 

A. SIGNAL BEING SAMPLED 

6 7 8  

8 .  PRESE 

tigure ti. sampling scope technique reconstructs waveform from consecutive samples 



osclLLoscoPEs 
275 MHz, direct readout of volts and time 
Model 1722A 

1722A Description 
The Model 1722A is a 275 MHz bandwidth, 1 ns/div sweep speed 

dual channel oscilloscope with a built-in microprocessor for the most 
precise real time measurement capabilities available at  this time. In 
addition to the conventional volts versus time C R T  display, the mi- 
croprocessor gives you direct readout of time interval, frequency, dc 
voltage, instantaneous voltage, and percent. 

As well as increased accuracy offered by the microprocessor, you 
get a digital readout of the answer to your problem in considerably 
less time than it takes in a conventional scope. You also get a sub- 
stantial improvement in measurement repeatability which makes the 
1722A extremely useful in applications requiring comparison to a ref- 
erence. For example, the 1722A’s outstanding repeatability along with 
the 20 ps resolution makes it ideally suited for making clock phasing 
measurements in large computer timing applications. 

Time interval measurements 
The Time Interval Mode is ideal for making accurate measure- 

ments of rise time, pulse width, and propagation delay. 
Time interval measurements can be made between two events on 

Channel A, two events on Channel B, or  when in alternate mode, be- 
tween an event beginning on Channel A and ending on Channel B. A 
DUAL DELAYED SWEEP technique displays the start and stop 

select MAIN INTENSIFIED MODE and adjust marker width with 
the delay time/division control. Then set the first marker at  tl with the 
DELAY dial, and set the 2nd marker at  t l  with the DECREASE-IN- 
GREASE controls (coarse, medium, or fine). The 3% digit LED dis- 
play automatically and continuously reads the time interval between 
the two markers (tl-t,). Time interval measurements are always dis- 
played in units of sec (exponent 0); ms (exponent -3); ps (exponent 
-6);  or  ns (exponent -9). For increased resolution, select DE- 
LAYED sweep mode. The two intensified portions will be displayed 
alternately. Achieving the maximum accuracy of the 1722A is a sim- 
ple matter of overlapping the start and stop points using the DEC- 
INC switches! This new technique eliminates any measurement errors 

I points of your time interval as intensified markers. The technique is to  

due to vertical or horizontal drift. It also enables you to compare two 
waveforms while comparing the time relationship between them. 

The microprocessor not only keeps track of the distance between 
the two markers but automatically expands the measurement resolu- 
tion by a factor of I O  whenever the two markers are within 1 cm of 
each other. For example, when making measurements on the 2 ms/div 
range a measurement of just over a division has a readout of 2.01 ms 
while a measurement of just under a division has a readout of 1.998 
ms. 

Accuracy in the time interval mode is basically 1%. The 1722A Data 
Sheet has more detailed information regarding measurement accu- 
racy. 

The microprocessor is not only used to calculate time interval but is 
also used to interrogate the function switches to help prevent inaccu- 
rate measurements. For example, the time interval mode is only valid 
in either the main intensified mode, where the two markers can be 
seen, or  in the delayed sweep mode, where resolution and accuracy 
can be improved by overlapping the two delayed sweeps. In other 
modes where errors might be made (such as in main, mixed, and X-Y), 
the microprocessor automatically sets the display to zero. The display 
is also set to zero whenever the sweep vernier is out of the Cal detent 
or when the delayed trigger level is out of the Starts After Delay posi- 
tion. 
1/Time (frequency) measurements 

The 1722A gives an automatic 3 or 4 digit display of the reciprocal 
of time. If a time interval measurement is the period of a waveform, 
then the I/Time mode provides a direct readout of repetition rate o r  
frequency. The microprocessor computes the reciprocal of whatever 
time interval has been set when in the Time mode. I/Time display 
units are in Hz (exponent 0), kHz (exponent 3). o r  MHz (exponent 6) .  
This very convenient measurement eliminates the need for calcula- 
tions when setting up clock frequencies and measuring the frequency 
or  repetition rate of a waveform. An application of both time and 
I/time modes is to preset a desired time interval o r  frequency, then 
through the technique of overlapping traces make an external adjust- 
ment to bring the system under test into specification. 



DC voltage measurements 
When the 1722A is operated in the Input (dc volts) mode you have a 

direct digital display of the average value of the waveform at the input 
to channel A. The display is 3% digits with a sample rate of approxi- 
mately 2/s and a response time of less than one second. The DVM is 
autoranging from 100 mV full scale to 50 V full scale in the XI range. 
In the XI0 range, which automatically compensates for a 1O:l divider 
probe, full scale ranges are from I volt to 500 V. 

The technique for making dc voltage measurements is to ground the 
scope input and establish a reference level by pressing the reference set 
pushbutton. Then with the input impedance set to 1 megohm the digi- 
tal readout displays the average value of the input waveform. The 
DVM measurement is made using a successive approximation algo- 
rithm controlled by the microprocessor which allows you to establish 
a reference level with respect to any voltage and enables differential dc 
measurements. For example, you can probe the base of a transistor, 
push the reference set button, then probe the emitter. The display 
gives you Vbedirectly. 

Instantaneous voltage measurements 
In the position mode you can measure the value of any point on a 

waveform which eliminates the need to count divisions from a base- 
line and multiply by the attenuator setting. A switch in the channel A 
input allows you to compensate for a 10:l divider probe for a direct 
readout of voltage at  the probe tip without any calculations. This mea- 
surement mode is useful for measuring peak voltage, power supply 
ripple, crossover and threshold points in logic circuits, or any other 
time when you need to know a precise voltage at  a particular point on 
a waveform. 

As with the dc voltage measurement, you select the reference point 
(usually ground) and measure the value of any point on a waveform 
with respect to the reference point. This measurement mode, like DC 
Volts, is autoranging: the microprocessor automatically keeps track of 
the attenuator setting to provide the correct voltage. If the dynamic 
range is exceeded the display flashes to indicate the overrange condi- 
tion. 
Percentage measurement 

The Position Mode gives an automatic readout of percent when the 
vernier is out of CAL position. This measurement is made by estab- 
lishing a 5 cm display between the 0 and 100% points with the 0% 
point positioned on a convenient graticule and zeroed with the Refer- 
ence Set pushbutton. The desired point on the waveform is positioned 
on the reference graticule line using the position control and the per- 
centage of that point with respect to the 0 and 100% points is auto- 
matically and continuously displayed. Applications for the percen- 
tage mode include measuring the 50% points on a pulse and percent of 
amplitude modulation on an rf carrier. 
Storage registers 

Storage registers in the microprocessor remember the value of the 
last setting of different modes. For example, when switching from the 
Time mode to a Voltage mode and back to Time the display automat- 
ically resets to the last display including the spacing between the mark- 
ers. This memory capability makes it easier to re-establish a display 
after making measurements in other parts of a circuit. 

The digital readout achieves considerable measurement time sav- 
ings and improves repeatability over conventional scopes. This mea- 
surement repeatability makes the 1722A useful for applications where 
comparison measurements to  a reference are required. 



oscIILLoscoPEs 
Model 1722A (cont.) 

Main sweep time/div 

Channel A position - volts (channel A vernier in CAL 
detent) 

With the following exceptions, specifications are the same as Chan- 
nel A Input - DC volts. 
Measurement: dc substitution method using channel A position 
control to determine voltage of any point on displayed waveform 
using any graticule line as reference. 
Bandwidth: dc to  275 MHz ( 1 3  dB down from a 6 div reference sig- 
nal). 
Dynamic range: f 6  cm from ground referenced to  center screen. 
Reference set: meter may be zeroed, permits instantaneous voltage 
measurements with respect to  any voltage within selected range. 
Accuracy: f l %  reading * O S %  of full scale (1OX the volts/div 
range) measured at  dc. 
Channel A position -YO (channel A vernier out of CAL 
detent) 
Measurement: dc substitution method using channel A position con- 
trol to determine percent of any waveform point with respect to  user 
defined 0 and 100% points. 
Range: 0 to f140% (calibrated with vernier so that 100% equals 5 
div). 
Accuracy: f 1%. 
Zero reference: meter may be zeroed to  permit percent measure- 
ments with respect to any waveform point. 

Amplitude: one division of vertical deflection produces approx. 100 
mV output (dc to 50 MHz). 
Cascaded deflection factor: 1 mV/div with both vertical channels 
set to I O  mV/div. 
Cascaded bandwidth dc to 5 MHz with bandwidth limit engaged. 
Vertical output resistance: approx. 100 ohms. 
Vertical output selection: trigger source set to  channel A selects 
channel A output; trigger source set to  channel B selects channel B 
output. 

Horizontal display modes 
Sweep modes: main, main intensified, mixed, delayed, and XIO. 
Sweep: 

Vertical output 

Ranges: I O  ns/div to 0.5 s/div (24 ranges) 1, 2, 5 sequence. 

Accuracy ( O O C  to 5 5 O C )  
x1 I x10 

1722A Specifications 
Vertical display modes 
Channel A; channel B; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at approx. l MHz rate with blanking during switch- 
ing (CHOP); channel A plus channel B (algebraic addition). 

Vertical amplifiers (2) 
Bandwidth: ( 5 3  dB down from a 6 div reference signal.) 

DC-coupled: dc to 275 MHz in both 50 ohm and high impedance 
input modes. 
AC-coupled approx. I O  Hz to  275 MHz. 

Bandwidth limit: limits upper bandwidth to  approx. 20 MHz. 
Rise time: 1 1 . 3  ns (measured from 10% to 90% points of a 6 div 
input step). 
Deflection factor: 

Ranges: I O  mV/div to  5 V/div (9 calibrated positions) in 1, 2, 5 se- 
quence. f 2 %  attenuator accuracy. 
Vernier: continuously variable between all ranges; extends maxi- 
mum deflection factor to  at  least 12.5 V/div. Front panel light indi- 
cates when vernier is not in CAL position. 

Polarity: channel B may be inverted, front panel pushbutton. 
Signal delay: input signals are delayed sufficiently to  view leading 
edge of input pulse without external trigger. 
Input coupling: selectable, AC or DC, 50 ohm (dc), or ground. 
Ground position disconnects input connector and grounds amplifier 
input. 
Input RC (selectable): 

AC and DC: I megohm f 2 %  shunted by approx. I I  pF. 
50 ohm: 50 ohms f 2 % ;  VSWR, 11.3:l on IO,  20, and 50 mV 
ranges and 11.15:l on all other ranges. 

Maximum input 
AC and DC: f 2 5 0  V (dc + peak ac) at  1 kHz or less. 
50 ohm: 5 V rms or f 2 5 0  V peak whichever is less. 

A + B operation: 
Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A-B operation. 
Differential (A - B) common mode: CMRR is at  least 40 dB 
from dc to 5 MHz decreasing to 26 dB at 50 MHz. Common mode 
signal amplitude equivalent to 12 cm with one vernier adjusted for 
optimum rejection. 

Selectable from channel A, channel B, or composite. 
Trigger source: 

Channel A all display modes triggered by channel A signal. 
Channel B: all display modes triggered by channel B signal. 
Composite: all display modes triggered by displayed signal. 

Channel A input - dc volts 
Display: light emitting diodes (LED). 
Number of digits: 3%. 
Display units: -0 exponent indicates volts; -3 exponent indicates 
millivolts. 
X1 range: 100 mV to 50 V full scale vertical deflection ( I O  mV/div to 
5 V/div). 
X10 range: 1 V to 500 V full scale vertical deflection (100 mV/div to 
50 V/div with XI0 probe). 
Accuracy: f 0 . 5 %  reading f 0 . 5 %  full scale (full scale = IOcm), 20°C 
to 30°C. 
Stability: temperature coefficient, <f0.02%/"C. 
Input impedance: XI range, 1 megohm shunted by approx. I 1  pF; 
XI0  range (with XI0 probe) I O  megohms shunted by approx. I O  pF. 
Sample rate: approx. 2/s. 
Response time: SI s. 
Reference set: meter may be zeroed permitting dc voltage measure- 
ments with respect to  any voltage within selected range. Drift may be 
eliminated by the REF SET control. 
Overrange: flashing display indicates overrange condition. 

10 ns to 50 ns 
100 ns to 20 ms 
50 ms to 0.5 s 

f3% f5% 
f2% f3% 
f3% f3% 

Vernier: continuously variable between all ranges; extends slowest 
sweep speed to  at  least 1.25 s/div. Vernier uncalibrated light indicates 
when vernier is not in CAL position. 
Magnifier: expands all sweeps by a factor of IO; extends fastest sweep 
to 1 ns/div. 
Sweep mode: 

Normal: sweep is triggered by internal or external signal. 
Automatic: bright baseline displayed in absence of input signal. 
Triggering is normal above 40 Hz. 
Single: in Normal mode, sweep occurs once with same triggering 
as normal, reset pushbutton arms sweep and lights indicator; in 
Auto mode, sweep occurs once each time Reset pushbutton is 
pressed. 

Triggering: 
Internal: dc to 100 MHz on signals causing 0.5 division or more 
vertical deflection, increasing to 1 division of vertical deflection at  
300 MHz in all display modes. Triggering on line frequency is also 
selectable. 
External: dc to  100 MHz on signals of 50 mV p-p or more increas- 
ing to  100 mV p-p at  300 MHz. 
External input RC: approx. 1 megohm shunted by approx. 15 pF. 



Trigger level and slope: 
Internal: at any point on the vertical waveform displayed. 
External: continuously variable from +1.0 V to -1.0 V on either 
slope of the trigger signal; + 10 V to - 10 V in divide by 10 mode 
(t IO). 

Coupling: AC, DC, L F  REJ, or  H F  REJ. 
AC: attenuates signals below approx. 10 Hz. 
LF REJ: attenuates signals below approx. 15 kHz. 
HF REJ: attenuates signals above approx. 15 kHz. 

Trigger holdoff time between sweeps continuously variable exceed- 
ing one full sweep from I O  ns/div to  50 ms/div. 

Main intensified 
Intensifies that part of main time base to  be expanded to full screen 

in delayed time base mode. Time interval controls adjust position of 
intensified portion of sweep. Rear panel intensity ratio control sets rel- 
ative intensity of brightened segment. 

Delayed time base 
Sweep: 

Ranges: I O  ns/div to 20 ms/div (20 ranges) in I ,  2, 5 sequence. 
Accuracy (0 to 55'C): same as main time base. 
Magnifier (0 to 55OC): same as main time base. 

Triggering: 
Internal: same as main time base except there is no Line Fre- 
quency triggering. 
Starts after delay: delayed sweep automatically starts at end of 
delay setting. 
Trigger: with delayed trigger level control out of detent (starts 
after delay) delayed sweep is triggerable at  end of delay period. 
External: dc to 100 MHz on signals of 50 mV p-p or more, increas- 
ing to 100 mV p-p at  300 MHz. 
External input RC: approx. 1 megohm shunted by approx. 15 pF. 

Internal: at any point on the vertical waveform displayed when in 
triggered mode. 
External: continuously variable from +1.0 V to -1.0 V on either 
slope of the trigger signal; + I O  V to -10 V in divide by 10 mode 

Trigger level and slope: 

( + I O ) .  
Coupling: AC, DC, L F  REJ, or  H F  REJ. 

AC: attenuates signals below approx. 10 Hz. 
LF REJ: attenuates signals below approx. 15 kHz. 
HF REJ: attenuates signals above approx. 15 kHz. 

Time interval: 
Delay time: continuously variable from 10 ns to 5 s. 
Delay jitter: refer to  Time Interval Measurements, Stability. 

Function: measures time interval between two events on channel A 
(channel A display); between two events on channel B (channel B 
display); o r  between two events starting from an event on channel A 
and ending with an event on channel B (Alternate display). 
Display units: -0 (s); -3 (rns); -6 (ps); or  -9 (ns). 
Accuracy: 

Time interval measurements (time): 

I Main time base setting I Accuracv (+20°C to +3OoC) I 
100 ns/div to 20 ms/div 

50 ns/div 

20 ns/div* and 50 ms/div to 
0.5 s/div. 

3~0.5% of measurement 
f0.02% of full scale (for 
measurements less than 
1 cm). For measurements 
>1 cm, &0.5% of measure- 
ment f0.05% of full scale. 

f0.5% of measurement 
f0.06% of full scale. 

f0.570 of measurement 
f0.15% of full scale. 

Stability (0 to +5S0C): short term, <0.01%. Temperature, 
<f0.03%/"C deviation from calibration temperature range. 

Function: calculates and displays the reciprocal of the measured 
time interval. 
Display units: -0 (Hz); 3 (kHz); 6 (MHz). 
Accuracy: same as Time Interval. 
Resolution: same as Time Interval. 
Stability: same as Time Interval. 

Mixed time base 
Dual time base in which the main time base drives the first portion 

of sweep and the delayed time base completes the sweep at  the faster 
delayed sweep. Also operates in single sweep mode. 

X-Y operation 
Bandwidth 

Reciprocal of time interval measurements (Vtime): 

Y-axis (channel A): same as channel A. 
X-axis (channel 6): dc to  > 3  MHz. 

Deflection factor: I O  mV/div to 5 V/div (9 calibrated positions) in 1, 
2, 5 sequence. 
Phase difference between channels: <3O, dc to 3 MHz. 

Cathode-ray tube and controls 
Type: post accelerator, approx. 20.5 kV accelerating potential, alu- 
minized P31 phosphor. 
Graticule: 6 X I O  div internal graticule. 0.2 subdivision markings on 
major axes. 1 div = 1 cm. Rear panel adjustment aligns trace with gra- 
ticule. Internal flood gun graticule illumination. 
Beam finder: returns trace to  C R T  screen regardless of setting of 
horizontal, vertical, or intensity controls. 
Intensity modulation: +8 V, 250 ns width pulse blanks trace of any 
intensity, useable to 20 MHz for normal intensities. Input R, 1 k f l  
f 10%. Maximum input, + I O  V (dc + peak ac). 
Auto-focus: automatically maintains beam focus with variations of 
intensity. 
Intensity limit: automatically limits C R T  beam current to decrease 
possible CRT damage. Circuit response time ensures full writing speed 
for viewing low duty cycle, fast rise time pulses. 
Rear panel controls: astigmatism, pattern, main/delayed intensity 
ratio, and trace align. 

General 
Rear panel outputs: main and delayed gates, -0.7 V to + 1.3 V ca- 
pable of supplying approx. 3 mA. 
Calibrator: 1 kHz f 10% square wave; 3 V p-p f I%; (0. I ps rise 
time. 
Power: 100, 120,220,240 V, -IO%, +S%; 48 to 440 Hz; 110 VA max. 
Weight: Net, 13.2 kg (29 Ib). Shipping, 17.9 kg (39.5 Ib). 
Operating environment: temperature, 0 to +55"C (+32'F to 
+ 130°F); humidity, to  95% relative humidity at  40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Dimensions: 335 mm wide (13YI6 in.); 197 mm high (7% in.); 570 mm 
length with handle (22x6 in.), 518 mm length without handle (20% 
in.). 
Accessories furnished: one Model 10115A blue light filter; one 
front panel cover; one vinyl storage pouch; one 2.3 m (7.5 ft) power 
cord; one Operating and Service Manual. 
Recommended probes: 

Divider probes for 1 megohm inputs: models 10014A and 
10016A. 
Divider probe for 50 ohm inputs: model 10020A. resistive 
divider. 
Active probes for 50 ohm inputs: models 1120A, and 1125A. 

Options Price 
001: fixed line cord add $15 
0 0 3  probe power supply with two rear panel jacks for 
use with H P  active probes. Provides power to operate 
one I120A, two 1124A, o r  two I125A active probes add $50 
011: 

1722A Oscilloscope $4500 

P11 phosphor in lieu of P31 N / C  



* *  J OscIILLosCoPEs 
275 MHz precision performance 
Model 1720A 

1720A Description 
Model 1720A high frequency oscilloscope provides precision mea- 

surements with dual channel 10 mV/div deflection factors, sweep 
speeds to  1 ns/div, and frequency response to 275 MHz. The 1720A's 
performance makes it ideal for use in the design, manufacture, and 
test of high speed computers, peripherals with fast interface logic, high 
speed digital communications and instrumentation, as well as high fre- 
quency rf applications. 

Vertical deflection factors are IO mV/div to 5 V/div over the full 
275 MHz bandwidth with 2% attenuator accuracy. Full 275 MHz 
bandwidth is specified in both 50 ohm and 1 megohm input modes, 
over the full 6 X 10 cm display area, and when the verniers are in use 
to  give you accurate, consistent measurements. Equally as important, 
the 275 MHz bandwidth can be depended upon over the full 0°C to 
55°C environmental temperature range. 

Internal triggering is stable to 300 MHz and requires only 1 cm of 
vertical deflection (only 0.5 cm to 100 MHz). The internal trigger sync 
take-off is immediately after the attenuator which maintains a stable 
display regardless of changes in position, vernier, or  polarity con- 
trols. A full complement of pushbutton trigger selections in both main 
and delayed sweep modes assures you of the proper trigger signal for 
your application. Stable triggering on complex digital words while 
maintaining a full screen calibrated sweep is accomplished with a con- 
venient trigger holdoff control. 

Quick selection of Main, Main Intensified, Mixed, Delayed, X vs Y, 
or X I 0  Magnifier horizontal display modes is achieved with conve- 
nient single-function pushbuttons. The XI0 magnifier offers in- 
creased measurement flexibility in all sweep speeds by allowing you to 
expand a pulse for detailed analysis. 

The fully specified time base has a tolerance of f3% in both main 
and delayed sweep modes over the full 10 cm horizontal display and 
temperature range of 0" to +55OC. Separate adjustments on the three. 
fastest sweep speeds permit maximum timing accuracy on these criti- 
cal ranges. Differential timing measurements are accurate to  within 

Access to the uncluttered interior for calibration and servicing is 
easy with the convenient lift-off covers. 



I %  for most applications. 
For maximum measurement flexibility, the 1720A has switch-se- 

lectable 50 ohm or 1 megohm inputs. For general purpose probing 
with 10: 1 divider probes, the 1 megohm input which is shunted by only 
11 p F  offers minimum circuit loading. The 50 ohm input with inter- 
nal compensation and low reflections provides faithful pulse repro- 
duction for accurate transition time measurements in circuits where 
low capacitive loading is necessary. Where higher probing impedance 
is required with the 50 ohm input, active and resistive divider probes 
are available. 

The C R T  has a crisp, bright trace which is compatible with the 1 
ns/div sweep speeds for easy viewing of low rep-rate, fast transition 
time signals. For convenient viewing and longer C R T  life, beam in- 
tensity is automatically regulated. However, the automatic intensity 
limit circuit is designed so that maximum intensity is maintained for 
viewing low rep-rate, fast transition time pulses. An automatic focus 
circuit reduces the need for focus readjustment with intensity level 
changes while retaining a front panel control for fine adjustments 
when desired. An internal flood gun uniformly illuminates the C R T  
phosphor to achieve high quality trace photos as well as an eye-pleas- 
ing 6 X I O  cm internal graticule. 

Access to  the well planned interior for calibration and servicing is 
easy with convenient lift-off covers. Innovations in circuit design, 
along with the use of custom integrated circuits, reduce calibration 
time because of the low number of easy-to-reach adjustments (ap- 
proximately 5 9 ,  yet maintain the ability to optimize critical operat- 
ing functions. Service time is reduced with the use of sockets for de- 
vices with more than three leads. 

10 ns to 50 ns 
100 ns to 20 ms 

50 ms to 0.5 s 

1720A Specifications 
Vertical display modes 

Channel A; channel 9; charlrlelb A aiiu D uispiayttu aiiernareiy on 
successive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at  approx. l MHz rate with blanking during switch- 
ing (CHOP); channel A plus channel B (algebraic addition). 
Vertical amplifiers (2) 
Bandwidth (3 dB down from a 6 div referenre ciunnl 

DC-coupled dc to 275 MHz in both 
input modes. 
AC-coupled: approx. IO Hz to 275 

Bandwidth limit: limits upper bandwic 
Rise time: < 1.3 ns (measured from 10% Iu purrrrJ rrlpuL 

step). 
Deflection factor 

Ranges: 10 mV/div to 5 V/div (9 calibrated positions) in 1 ,2 ,5  se- 
quence. f 2 %  attenuator accuracy. 
Vernier: continuously variable between all ranges; extends maxi- 
mum deflection factor to at  least 12.5 V/div. Front panel light indi- 
cates when vernier is not in CAL position. 

Polarity: channel B may be inverted, front panel pushbutton. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input pulse without advanced trigger. 
Input coupling: selectable, AC or DC, 50 ohms (dc), or ground. 
Ground position disconnects input connector and grounds amplifier 
input. 
Input RC (selectable) 

AC and DC: 1 megohm f 2 %  shunted bj 
50 ohm: 50 ohms f 2 % ;  VSWR, 11 .3 : l  
ranges and 5 I .  15: 1 on all other ranges. 

f38 I f38 

Maximum input 
AC and DC: f 2 5 0  V (dc + peak ac) at  1 kHz or less. 
50 ohm: 5 V rms or f 2 5 0  V peak whichever is less. 

A + B operation 
Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A - B operation. 
Differential (A - B) common mode: C M R R  is at  least 40 dB 
from dc to 5 MHz decreasing to 26 dB at  50 MHz. Common mode 
signal amplitude equivalent to 12 cm with one vernier adjusted for 
optimum rejection. 

Selectable from channel A, channel B, or  Composite. 
Trigger source 

Channel A: all display modes triggered by channel A signal. 
Channel 6: all display modes triggered by channel B signal. 
Composite: all display modes triggered by displayed signal except 
Chop. 
Vertical output 
Amplitude: one division of vertical deflection produces approx. 100 
mV output (dc to  50 MHz). 
Cascaded deflection factor: 1 mV/div with both vertical channels 
set to IO mV/div. 
Cascaded bandwidth: dc to 5 MHz with bandwidth limit engaged. 
Vertical output resistance: approx. 100 ohms. 
Vertical output selection: trigger source set to  channel A selects 
channel A output; trigger source set to channel B selects channel B 
output. 

Horizontal display modes 
Sweep modes: main, main intensified, mixed, and delayed. 
Sweep 

Ranges: 10 ns/div to  0.5 s/div (24 ranges) 1, 2, 5 sequence. 
Accuracy: 

Main Sweep Time/Div Ilrr,,.*ru i n o r  tn wv\ t 



ing to 100 mv p-p at  300 MHz. 
External input RC: approx. I megohm shunted by approx. 15 pF. 

Internal: at any point on the vertical waveform displayed. 
External: continuously variable from + 1 .O V to - 1.0 V on either 
slope of the trigger signal, + I O  V to -10 V in divide by 10 mode 
( + I O ) .  

Trigger level and slope 

Coupling: AC, DC, L F  REJ, or H F  REJ. 
AC: attenuates signals below approx. 10 Htz. 
LF REJ: attenuates signals below approx. 15 kHz. 
HF REJ: attenuates signals above approx. 15 kHz. 

Trigger holdoff time between sweeps continuously variable, exceed- 
ing one full sweep from 10 ns/div to 50 ms/div. 

Main ink 
IntensiftG. LIIaL pa, I llIaL1l L l l l l r  vLloc Lv ,,,,.,,ad to full screen 

in delayed time base mode. Delay control adjusts position of intensi- 
fied portion of sweep. Rear panel intensity ratio control sets relative 
intensity of brightened segment. 

Delayed time base 
Sweep 

Ranges: I O  ns/div to  20 ms/div (20 ranges) in 1, 2, 5 sequence. 
Accuracy (0 to 55°C): same as main time base. 
Magnifier (0 to 55°C): same as main time base. 

Internal: same as main time base except there is no Line Fre- 
quency triggering. 
Starts afler delay: delayed sweep automatically starts at  end of 
delay period. 
Trigger: with delayed trigger level control out of detent (starts 
after delay) delayed sweep is triggerable at  end of delay period. 
External: dc to 100 MHz on signals of 50 mV p-p or  more, increas- 
ing to 100 mV p-p at  300 MHz. 
External input RC: approx. 1 megohm shunted by approx. 15 pF. 

Internal: at any point on the vertical waveform displayed when in 
triggered mode. 
External: continuously variable from + 1.0 V to -1.0 V on either 
slope of the trigger signal, +10 V to -10 
(t IO). 

Coupling: AC, DC, L F  REJ, or H F  REJ. 
AC: attenuates signals below approx. 10 ..-. 
LF REJ: attenuates signals Below approx. 15 kHz. 
HF REJ: attenuates signals above approx. 15 kHz. 

Delay time: continuously vakiable from 10 ns to 5 sec. 
Differential time measurement accuracy (+15"C to +3S0c) 

Trior -*nq 

Trigger level and slope 

V in divide by 10 mode 

U7 

I 20 hs/tiiv and 50 ms/div f ( i$  + u . n  ot tuii scale) 
to  0.5 s/div 

Delay jitter: <0.005% (1 part in 20 000) of maximum delay in each 
step. 

Mixed time base 
Dual time base in which the maih time base drives the first portion 

of sweep and the delayed time base completes the sweep at  the faster 

delayed sweep. Also operates in single sweep mode. 

X-Y operation 
Bandwidth 

Y-axis (channel A): same as channel A. 
X-axis (channel B): dc to > 3  MHz. 

Deflection factor: 10 mV/div to  5 V/div (9 calibrated positions) in 1, 
2, 5 sequence. 
Phase ditference between channels: < 3 O ,  dc to  3 MHz. 

Cathode-ray tube and controls 
Type: post accelerator, approx. 20.5 kV accelerating potential, alu- 
minized P31 phosphor. 
Graticule: 6 X I O  div internal graticule. 0.2 subdivision markings on 
major horizontal afld vertical axes. 1 div = 1 cm. Rear panel adjust- 
ment aligns trace with graticule. Internal flood gun graticule illumi- 
nation. 
Beam finder: returns trace to C R T  screen regardless of setting of 
horizontal, vertical, or intensity controls. 
Intensity modulation: +8 V, 250 ns width pulse blanks trace of any 
intensity, useable to  20 MHz for normal intensities. Input R, 1 k52 
&IO%. Maximum input, f 1 0  V (dc + peak ac). 
Auto-focus: automatically maintains beam focus with variations of 
intensity. 
Intensity limit: automatically limits C R T  beam current to  decrease 
possible C R T  damage. Circuit response time ensures full writing speed 
for viewing low duty cycle, fast rise time pulses. 
Rear panel bontrols: astigmatism, pattern, main/delayed intensity 
ratio, and trace align. 

General 
Rear panel outputs: main and delayed gates, -0.7 V to  + 1.3 V ca- 
pable of supplying approx. 3 mA. 
Calibrator: 1 kHz & I O %  square wave; 3 V p-p f l % ;  <0.1 ps rise 
time. 
Power: 100, 120,220,240 V, - 10% +5%, 48 to 440 Hz; 110 VA max. 
Weight: net, 12.9 kg (28.5 Ib); shipping, 17.9 kg (39.5 Ib). 
Operating environment: temperature, 0 to  + 5 5 T  (+32"F to  
+ 130°F); humidity, to 95% relative humidity at 4OoC (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to  55 Hz. 
Dimensions: 335 mm wide (13%6"), 197 mm high (7%"), 570 mm 
length with handle (22%6"), 518 mm length without handle (20%"). 
Accessories furnished: one Model 10115A blue light filter; one 
front panel cover; one vinyl storage pouch; one 2.3 m (7.5 ft) power 
cord; one Operating and Service manual. 

Recommended probes (not supplied with the 1720A) 
Divider probes for 1 M52 inputs: models 10014A and 10016A. 
Divider probe for 5052 inputs: model 10020A. 
Active probes for 5052 inputs: models I120A and 1125A. 
Options Price 
001: fixed line power cord add $15 
003: probe power supply with two rear panel jacks 1 
use with HP actlve probes. Provides power to oper: 
one 1120A, two 1124A, or  two 1125A Active Probc 
011: PI 1 phosphor in lieu of P31 L . , L  

A rack mount adapter is available for mounting a 
1720A in a standard 48.3 cm (19-inch) rack. Contact 
your H P  Field Engineer for informdtion. 
1720A Oscilloscope $3400 

0 
3 



OSClbbOSCQPES i( - J 

Portable 35, 75, and 200MHz 
Models 17006 thru 17106 

1700 Series 
Introduction 

Hewlett-Packard 1700 Series oscilloscopes are compact, light- 
weight, portable, laboratory quality instruments designed for field ser- 
vice applications. All models are dual channel with a selection of 35, 
75, or 200 MHz bandwidths which allows you to match a scope to a 
particular application at lowest cost. Two models with variable per- 
sistence and storage are available to capture and retain fast rise time, 
low rep rate signals long enough for visual waveform analysis. 

Operator convenience 
All 1700 Series oscilloscopes have large CRT’s with sharp traces for 

easy viewing and high resolution for accurate measurements. The con- 
ventional instruments have fully calibrated 6 X I O  cm graticules; vari- 
able persistence/storage displays are slightly smaller. 

Front panel controls are grouped according to function and color 
coded for fast familiarization and pushbuttons are used to further sim- 
plify operation. Delayed sweep models have the delayed sweep con- 
trols in a gray front panel area for quick identification. 

Main and delayed sweep speeds are selected with separate controls 
which allows you to change sweep speed on one time base without re- 
setting the other. An interlock prevents the delayed time base from 
sweeping slower than the main time base. 

Another convenience feature, on conventional CRT models, is scale 
illumination which aids in photographic work. A convenient beam 
finder, introduced by Hewlett-Packard, locates the trace and shows 
the direction it must be positioned for on-screen viewing. The beam 
finder also lets you determine if the scope is triggering by displaying 
horizontal deflection. Indicator lights are provided to show when the 
vertical deflection and sweep controls are not in the calibrated (de- 
tent) position. 

Performance 
The 1700 Series - though lightweight, rugged, and portable - 

gives you the performance ordinatily expected of laboratory oscillo- 
scopes. Vertical deflection is specified over the full six divisions of ver- 
tical display, as indicated by the 10% and 90% CRT graticule mark- 
ings. In  addition, display mode and trigger source selection assure you 
of  the right trigger signal for your application. 

Sweep accuracies to 2% mean that critical timing measurements can 

be made with lab-scope precision. In delayed sweep models, you can 
make differential timing measurements to approximately I %  accu- 
racy by using a common reference graticule. 

Calibrated mixed sweep is standard on delayed sweep models. 
Mixed sweep is useful for detailed examination of individual pulses in 
a pulse train by allowidg you to “peel” them off one at a time. It is 
also useful when you want to monitor events prior to the occurrence 
of the pulse under close examination. 

Trigger circuits have emitter-coupled logic for greater reliability and 
stable operation over a wide temperature range. A trigger holdoff con- 
trol, also introduced by Hewlett-Packard, eliminates double trigger- 
ing on complex digital waveforms and maintains a full-screen, cali- 
brated sweep. 

Reliability, 
1700 Series oscilloscopes have been designed for low power con- 

sumption which increases reliability since most active components op- 
erate at only 10 to 20% of their power rating. An example of the low 
power is that the vertical output transistors do not require heat sinks. 
The low power requirement also means that the 1700 Series oscillo- 
scopes do not require fans for cooling which reduces the amount of 
dust and dirt that can accumulate inside the scope. This minimal ved- 
tilation requirement also reduces dc drift since the scope is less sus- 
ceptible to short term temperature changes caused by drafts. 

Battery operatien 
Four portable oscilloscopes (Models 1700B, 1702A, 1703A, and 

1707B) are capable of battery operation. The optional, internal bat- 
tery is easily installed with just two screws and does not require any 
power supply changes. Battery operation allows use in remote loca- 
tions without regard for line power connections and is also well suited 
for many maintenance and checkout applications, especially where 
line isolation is required. 

Ruggedized portables 
Models 1700B Option 300 and 17078 Option 300 have been de- 

signed to meet the environmental requirements of AN/USM-339 and 
338 described in MIL-T-2 1200. These ruggedized oscilloscopes main- 
tain the fully calibrated features of the 1700B and 1707B and go far be- 
yond the environmental capabilities of any other portable instru- 
ment. 
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(DscIILLoscoPEs 
Portable, 200 MHz dual channel 
Model 17106 

1710B Specifications 
Vertical display modes 
Channel A, channel B, channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at approx. 1 MHz rate with blanking during switch- 
ing (CHOP); channel A plus channel B (algebraic addition). 
Vertical amplifiers (2) 
Bandwidth: (3 dB down from a 6 div reference signal.) 

ne1 B may be inverted for A-B operation. 
Differential (A - B) common mode: C M R R  is at least 40 dB 
from dc to MHz. Common mode 
signal amplitude equivalent to 12 cm with one vernier adjusted for 
Optimum rejection. 

Trigger source 
Selectable from channel A, channel B, or Composite. 
Channel A: all display modes triggered by channel A signal. 

Composite: all display modes triggered by displayed signal. 
Vertical output 
Amplitude: one division of vertical deflection produces approx. 100 
mV output (dc to 50 MHz). 
Cascaded deflection factor: 1 mV/div with both vertical channels 
set to 10 mV/div. 
Cascaded bandwidth: dc to 5 MHz with bandwidth limit engaged. 
Vertical output resistance: approx. 100 ohms. 
Vertical OUtpUt Seh?CtiOfl: trigger source set to channel A selects 
channel A output; trigger source set to channel B selects channel B 
output. 

Horizontal display modes 
Sweep modes: main, main intensified, mixed, and delayed. 
Sweep 

MHz decreasing to 26 d B  at 

DC-coupled: dc to 2oo MHz in both 50 Ohm and high impedance Channel B: all display modes triggered by channel B signal, 
input modes 10 mV/div to 5 V/div, to 150 MHz at 5 mV/div. 
AC-coupled: lower limit is approx. I O  Hz. 

Bandwidth limit: limits upper bandwidth to approx. 20 MHz. 
Rise time: < 1.75 ns 10 mV/div to 5 V/div, ~ 2 . 3  ns a t  5 mV/div 
(measured from 10% to 90% points of  6 div input step). 
Deflection factor 

Ranges: 5 mV/div to 5 V/div ( IO  calibrated positions) in I ,  2,s  se- 
quence. f 2 %  attenuator accuracy. 
Vernier: continuously variable between all ranges; extends maxi- 
mum deflection factor to at least 12.5 V/div. Front panel light in- 
dicates when vernier is not in CAL position. 

Polarity: channel B may be inverted, front panel pushbutton. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input pulse without advanced trigger. 
Input coupling: selectable, AC or DC, 50 ohms (dc) or ground. 
Ground position disconnects input connector and grounds amplifier 
input. 
Input RC (selectable) Accuracy 

Ranges: 10 ns/div to 0.5 s/div (24 ranges) I ,  2, 5 sequence. 

Accuracy o o c  to 55oc  

Main Sweep Time/Div 

10 ns to 50 ns 
100 ns to 20 ms 
50 rns to 0.5 s *3% *3% 

AC and DC: 1 megohm f 2 %  shunted by approx. 11 pF. 
50 ohm: 50 ohms f2%; VSWR <1.3:1 on 5, 10, 20, and 50 mV 
ranges and < 1.15: I on all other ranges, 

Maximum input 
AC and DC: f 2 5 0  V (dc + peak ac) at 1 kHz or less. 
50 ohm: 5 V rms or f250 V peak whichever is less. 

A + B operation 
Amplifier: bandwidth and deflection factors are unchanged chan- 

*2% 



Vernier: continhously variable between all ranges; extends slowest 
sweep to at least 1.25 sjdiv. Vernier uncalibrated light indicates 
when vernier is not in CAL position. 
Magnifier: expands all sweeps by a factor of 10; extends fastest 
sweep to I nsjdiv. 

Normal: sweep is triggered by internal or external signal. 
Automatic: bright baseline displayed in absence of input signal. 
Triggering is same as normal above 40 Hz. 
Single: in Normal mode, sweep occurs once with same triggering 
as normal, reset pushbutton arms sweep and lights indicator; in 
Auto mode, sweep occurs once each time Reset pushbutton is 
pressed. 

Triggering 
Internal: dc to 100 MHz on signals causing 0.5 division or more 
vertical deflection, increasing to I division of vertical deflection at 
200 MHz in all display modes. Triggering on line frequency is also 
selectable. 
External: dc to 100 MHz on signals of 50 mV p-p or more increas- 
ing to 100 mV p-p at 200 MHz. 
External input RC: approx. 1 megohm shunted by approx. 15 pF. 

Internal: at any point on the vertical waveform displayed. 
External: continuously variable from 1.0 V to -1.0 V on either 
slope of the trigger signal, + I O  V to -10 V in divide by 10 mode 

Sweep mode 

Trigger level and slope 

( + I O ) .  
Coupling: AC, DC, LF REJ, or H F  REJ. 

AC: attenuates signals below approx. 10 Hz. 
LF REJ: attenuates signals below approx. 15 kHz. 
HF RE& attenuates signals above approx. 15 kHz. 

Trigger holdoff time between sweeps continuously variable, exceed- 
ing one full sweep from 10 nsjdiv to 50 msjdiv. 

Main intensified 
Intensifies that part of main time base to be expanded to full screen in 
delayed time base mode. Delay control adjusts position of intensified 
portion of sweep. Rear panel intensity ratio control sets relative in- 
tensity of brightened segment. 

20 ns/div and 50 ms/div to 
0.5 s/div 

~~ ~ 

Delay jitter: <0.005% (1 part in 20,l 
step. 
Mixed time base 
Dual time base in which the main timc 
sweep and the delayed time base comr 
layed sweep. Also operates in single ~ 

X-Y operation 
Bandwidth 

Y-axis (channel A): same as chai 
X-axis (channel B): dc to > 3  M 

Deflection factor: 5 mV/div to 5 V/d 
2, 5 sequence. 
Phase difference between channel 
Cathode-ray tube and controls 
Type: post accelerator, approx. 21 
aluminized P31 phosphor. 
Graticule: 6 X 10 div internal grat ia  
major horizontal and vertical axes. 1 
ment aligns trace with graticule. Inte 
nation. 
Beam finder: returns trace to CRT 

Delayed time base 
Sweep 

Ranges: 10 ns/div to 20 ms/div (20 ranges) in 1, 2, 5 sequence. 
Accuracy (0 to 55OC): same as main time base. 
Magnifier (0 to 55OC): same as main time base. 

Triggering 
Internal: same as main time base except there is no Line Fre- 
quency triggering. 
Starts after delay: delayed sweep automatically starts at end of 
delay period. 
Trigger: with delayed trigger level control out of detent (starts 
after delay) delayed sweep is triggerable at end of delay period. 
External: dc to 100 MHz on signals of 50 mV p-p or more, increas- 
ing to 100 mV p-p at 200 MHz. 
External input RC: approx. 1 megohm shunted by approx. 15 pF.  

Internal: at any point on the vertical waveform displayed when in 
triggered mode. 
External: continuously variable from +1.0 V to -1.0 V on either 
slope of the trigger signal, + 10 V to - 10 V in divide by 10 mode 
(+IO) .  

Trigger level and slope 

Coupling: AC, DC, LF  REJ, or H F  REJ. 
AC: attenuates signals below approx. 10 Hz. 
LF REJ: attenuates signals below approx. 15 kHz. 
HF REJ: attenuates signals above approx. 15 kHz. 

Delay time: continuously variable from 10 ns to 5 s. 
Differential time measurement accuracy (+ 15°C to +35"C) 17106 200 MHz Oscilloscope 

horizontal, vertical, or intensity cont 
Intensity modulation: +8 V, 250 ns 
intensity, usable to 20 mHz for nor 
f 10%. Maximum input, i 10 V (dc 
Auto-focus! automatically maintain: 
intensity. 
Intensity limit: automatically limits 
sible CRT damage. Circuit response ti 
viewing low duty cycle, fast rise time 
Rear panel controls: astigmatism, I 
ratio, and trace align. 
General 
Rear panel outputs: main and delay 
able of supplying approx. 3 mA. 
Calibrator: type, I kHz f 10% squa 
rise time. 
Power: 100, 120,220,240, -10% +5 
Weight: net, 12.9 kg (28.5 Ib); ship1 
Operating environment: tempera1 
+ 130°F); humidity, to 95% relative 
tude, to 4.6 km (15 000 ft); vibration 
min. each with 0.254 mm (0.010 in.) 
Dimensions: 335 mm wide (13% in. 
length with handle (22%6 in.), 518 n 
in.). 
Accessories furnished one Mode 
front panel cover; two 10014A10:1 d 
power cord; one vinyl storage pouch; I 

ual. 
Options 
001: fixed line power cord 
003 probe power supply with two re 
use with HP active probes. Provides 
one I120A, two 1124A, or two I125 
011: PI1 phosphor in lieu of P31 
A rack mount adapter is available 
1710B in a standard 48.3 cm (19-in( 
your HP  Field Engineer for informa 
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OSCILLOSCOPES 
Portable, 35 MHz and 75 MHz dual channel 
Models 17008 & 1707B 

1700s and 1707B Specifications 
Modes of operation 
Channel A; channel 8; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at  approx. 400 kHz rate with blanking during switch- 
ing (CHOP); channel A plus channel B (algebraic addition). 

Each chirnnel (2) 
Bandwidth: (Direct or with Model l0006D probe, 3 dB down from 
50 kHz, 6 div reference signal from a terminated 50 ohm source.) 

DC-coupled: dc to 35 MHz in 1700B, dc to  75 MHz in 1707B. 
AC-coupled: lower limit is approx. I O  Hz. 

Rise time: < I O  ns in 1700B, <4.7 ns in l707B. Direct or with Model 
10006D probe, 10% to 90% poidts with 6 div input step from a termi- 
nated 50 ohm source. 
Deflection factor 

Ranges: 10 mV/div to  5 V/div (9 ranges) in I ,  2, 5 sequence. f 3 %  
attenuator accuracy with vernier in cal position. 
Vernier: continuously variable between all ranges, extends max de- 
flectioh factor to  at  least 12.5 V/div. Vernier uncal light indicates 
when vernier is not in cal position. 

Polarity: NORM or INV, selectable on channel B. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input signals without advanced external trigger. 

Input RC: 1 megohm f l % ;  shunted by approx. 27 p F  in 1700B, ap- 
prox. 24 p F  in 17078. 
Input coupling: AC, DC, or Ground. Ground position disconnects 
signal input and grounds amplifier input. 
Maximum input 

AC-coupled: f600V (dc + peak ac); rms ac <350 V, 5 V/div to 20 
mV/div, <15OV at I O  mV/div (10 kHz or less). 
DC-coupled <350 V (rms) 5 V/div to 20 mV/div, <I50 V at 10 
mV/div (10 kHz or less). 

Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A - B operation. 
Common mode (A - B): frequency, dc to 1 MHz; rejection ratio, 
at least 40 dB on I O  mV/div, at  least 20 dB on all other ranges with 
verniers set for optimum rejection. Common mode signal ampli- 
tude equivalent to 30 div. 

A + B operation 

Trigger source 
Applies for dl five modes of operation. 
Norm: on displayed signal. 
A only: on signal from chanr 

Main time base 
Sweep 

Ranges: from 0.1 ps/div to  2 s/div (23 ranges) in I ,  2, 5 sequence. 
zk3% accuracy with vernier in cal position. 



Vernier: continuously variable between all ranges, extends slowest 
sweep to at least 5 s/div. Vernier uncal light indicates when vernier 
is not in cal position. 
Magnifier: expands all sweeps by a factor of I O  and extends fastest 
sweep to I O  ns/div. Accuracy f 5 %  (including 3% accuracy of time 
base). 

Vernier: 1O:l  vernier extends deflection factor to at least I O  V/div 
(XI) or I V/div (XIO). 
Dynamic range: beam may be positioned at left edge of CRT with 0 
V to - 5  V input. 
Maximum input: f l O O  V. 
Input RC: approx. 1 megohm shunted by approx. I O  pF. 

Sweep mode 
Normal: sweep triggered by an int or ext signal. 
Automatic: bright baseline displayed in absence of input signal. 
Triggering is same as normal above 40 Hz. 
Single: in Normal mode, sweep occurs once with same triggering 
as normal; reset pushbutton arms sweep and lights indicator; in 
Auto mode, sweep occurs once each time reset pushbutton is 
pressed. 

Triggering 
Internal: dc to 35 MHz on signals causing 0.5 div or more vertical 
deflection increasing to 1 div at 75 MHz for 1707B in all display 
modes except chop; dc to 400 kHz in chop mode. Triggering on line 
frequency is also selectable. 
External: dc to 35 MHz on signals 50 mV/p-p or more, increasing 
to 100 mV/p-p at 75 MHz in the 1707B. 
External input RC: approx. 1 megohm shunted by approx. 27 pF. 
Level and slope: internal, at any point on the vertical waveform 
displayed; external, continuously variable from +1.2 V to -1.2 V 
on either slope of the trigger signal. Max input, f 1OOV. In Model 
1700B, i 10 extends external trigger input range to + 12V to - 12V. 
Coupling: AC, DC, LF REJ, or H F  REJ; AC, attenuates signals 
below approx. 20 Hz; LF  REJ, attenuates signals below approx. 15 
kHz; H F  REJ, attenuates signals above approx. 30 kHz. 

Trigger holdoff time between sweeps continuously variable. 

Delayed time base (17078) 
Trace intensification: intensifies that part of main time base to be 
expanded to full screen in delayed time base mode. Rotating time base 
switch from OFF position activates intensified mode. 
Sweep 

Ranges: 0.1 psldiv to 0.2 s/div (20 ranges) in 1, 2, 5 sequence. 
f3% with vernier in calibrated position. 
Vernier: continuously variable between all ranges, extends slowest 
sweep to 0.5 s/div. 
Magnifier: expands all sweeps by a factor of I O  and extends fastest 
sweep to I O  ns/div. Accuracy is f5% (including 3% accuracy of 
time base). 

Sweep mode 
Trigger: delayed sweep is armed at end of delay period. 
Auto: delayed sweep is automatically triggered at end of delay pe- 
riod. 

Triggering 
Internal: same as main time base. 
External: same as main time base. Input RC is approx. I megohm 
shunted by approx. 27 pF. 
Level and slope: same as main time base. 
Coupling: selectable, AC or DC. AC attenuates signals below ap- 
prox. 20 Hz. 

Time: continuously variable from 0.1 ps to 2 s. 
Time jitter: <0.005% ( 1  part in 20 000) of max delay in each sweep 
speed. 
Calibrated delay accuracy: f 1%; linearity, f0.2%. 

Delay (before start of delayed sweep.) 

Mixed sweep (17078) 
Combines main and delayed sweeps into one display. Sweep is started 
by the main time base and is completed by the faster delayed time 
base. Also operates in single sweep mode. 
External horizontal input 
Bandwidth: dc to 1 MHz when driven directly from a terminated 50 
ohm source. DC coupled. 
Deflection factor (with beam positioned at left edge of CRT): X1, 
1 V/div; XIO, 0.1 V/div. 

Cathode-ray tube and controls 
Type: post-accelerator, approx. 22 kV accelerating potential, alumi- 
nized P31 phosphor. 
Graticule: 6 X 10 div internal graticule; 0.2 subdivisions on major 
horizontal and vertical axes. 1 div = 1 cm. Front panel adjustments 
for trace alignment and astigmatism. 
Beam finder: returns trace to CRT screen regardless of setting of 
horizontal, vertical, or intensity controls. 
Intensity modulation: > + 4  V, dc to I MHz blanks trace of any in- 
tensity. Input R, 1000 ohms f 10%. Max input, f 10 V (dc + peak ac). 
General 
Calibrator: 1 kHz, f 10% square wave; 1 V p-p, f 1%. 
Operating environment: temperature, 0 to 55'C (+32"C to 130°F); 
humidity, to 95% relative humidity at 40°C (104'F); altitude, to 4.6 
km (15 000 ft); vibration, vibrated in three planes for 15 min. each 
with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Dimensions: 325 mm wide (12'%6 in.), 198 mm high (7% in.), 530 
mm long with handle (20718 in.), 400 mm long without handle (15'h 
in.). 
Weight 

Without panel cover: net, 11 kg (24 Ib). 
With panel cover and accessories: net, 12.3 kg (27 Ib); shipping, 
17.2 kg (38 Ib). 
With panel cover, accessories, and battery pack net, 16 kg (35 
Ib); shipping, 20.9 kg (46 Ib). 

AC line: I15 or 230 V f20%, 48 to 440 Hz; 30 VA max (1700B), 50 
VA max (17078). 
DC line: 11.5 to 36 V; 18 watts max (1700B); 25 watts max (1707B). 
Battery (optional): operating time, up to 6 hours in 1700B; up to 
4.5 hours in 1707B; recharge time, 14 hour maximum, with power 
switch off, if not operated after power indicator flashes; low bat- 
tery indicator, power light flashes to indicate that batteries are dis- 
charged and further operation may damage battery; recharging, 
batteries are recharging whenever power mode switch is set to AC 
with power applied. With power switch off, full charge is applied. 
With power switch on, trickle charge is applied. 

Accessories supplied: one Model 10115A blue light filter; one 
Model lOlOlB front panel storage cover; two Model 10006D, 1O:l di- 
vider probes, 1.8 m (6 ft) long; one2.3 m (7.5 ft) power cord with right 
angle plug (HP P/N 8120-1521); four fuses, one 2A (HP P/N 2100- 
0002), one 3A (HP P/N 2110-0003), one 0.5A slow blow (HP P/N 
21 l0-0008), one 0.25A slow blow (HP P/N 21 10-0018); and one Op- 
erating and Service Manual. 
17078 option 01 5 specifications 
Channel A output 

Power 

Amplitude: open circuit output voltagi 
display. 
Cascaded deflection factor: 1 mV/d,, wlL1l vvlll  vcl LlrCll c.llall- 

nels set to I O  mV/div. 
Cascaded bandwidth dc to 3 MHz (use HP  Model 10121A 20 
cm, %inch, BNC cable supplied to connect channel A output to 
channel B). 
Coupling: dc. 
DC level: approx. 0 V. 
Source resistance: approx. 200 ohms 

Model number and name 
Model 1700B 35 MHz Oscilloscope 
Option 012: Model 10103B Battery Pack installed add $250 
Model 1707B 75 MHz Delayed Sweep Oscilloscope $1775 
Option 012: Model 101038 Battery Pack installed add $250 
Option 015 (1707B): adds channel A output add $50 

e approx. 100 mV per div of 

I:., ..,:th hnth . , .~ .+: . -~ l  ,-Lam. 

Price 
$1675 
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/ OSCIILLOSCOPES 

Portable, 35 MHz dual channel, storage 
Models 1702A & 1703A 

I I ULM LlIlU I I U J M  3tJClilllMIIUIIJ 

MaPqs of owration 
Channel A; channel B; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at approx. 400 kHz rate with blanking during switch- 
ing (CHOP); channel A plus channel B (algebraic addition). 
Each channel (2) 
Bandwidth: (Direct or with Model 10006B probe, 3 dB down from 
50 kHz, 6 div reference signal from a terminated 50 ohm source.) 

Rise time: <10 ns. Direct or with Model 10006D probe, 10% to 90% 
points with 6 div input step from a terminated 50 ohm source. 
Deflection factor 

DC-coupled dc to 35 MHe. 
AC-coupled lower limit is approx. 10 Hz. 

Ranges: IO mV/div to 5 V/div (9 ranges) in I ,  2, 5 sequence. f3% 
attenuator accuracy with vernier in calibrated position. 
Vernier: continuously variable between all ranges, extends max de- 
flection factor to at least 12.5 V/div. Vernier uncal light indicates 
when vernier is not in cal position. 

Polarity: NORM or INV, selectable on channel B. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input signals without advanced external trigger. 
Input RC: I megohm *I%, shunted by approx. 27 pF. 
Input coupling: AC, DC, or Ground. Ground position disconnects 
signal input and grounds amplifier input. 
Maximum input 

AC-coupled f 6 0 0  V (dc + peak ac); rms ac <350 V, 5 V/div to 
20 mV/div, <I50 V at 10 mV/div ( I O  kHz or less). 
DC-coupled: <350 V (rms) 5 V/div to 20 mV/div, <150 V at I O  
mV/div (10 kHz or less). 

Amplifier: bandwidth and deflection factors are unchanged; chan- 
nel B may be inverted for A - B operation. 
Common mode (A - B): frequency, dc to 1 MHz; rejection ratio, 
at least 40 dB on I O  mV/div, at least 20 dB on all other ranges with 

A + B operation 

V C I  I I I C I ~  SGL LUI U ~ L I I I I U I I I  rcjrciiun. u m m o n  mooe signal ampli- 
tude equivalent to 30 div. 

Trigger source 
Applies for all five mode! 
Norm: on displayed sign 
A only: on signal from c 

P of operation. 
al. 
:hannel A. 

Channel A output 
Amplitude: open circuit uutput vultagt: approx. IW mv per aiv 01 

display. 
Cascaded deflection factor: 1 mV/div with both vertical channels 
set to 10 mV/div. 
Cascaded bandwidth dc to 3 MHz (use H P  Model 10121A 20 cm, 
%inch, BNC cable supplied to connect channel A output to chan- 
nel B). 
Coupling: dc. 
DC level: approx. 0 V. 
Source resistance: approx. 200 ohms. 

Main time base 
Sweep 

Ranges: from 0. I &div to 2 s/div (23 ranges) in I ,  2, 5 sequence. 
f310 accuracy with vernier in cal position. 
Vernier: continuously variable between all ranges, extends slowest 
sweep to at least 5 s/div. Vernier uncal light indicates when vernier 
is not in cal position. 
Magnifier: expands all sweeps bv a factor of 10 and extends fastest 
sweep to IO ns/div. Accurac 
base). 

Normal: sweep triggered b! 
Automatic: bright baseline displayed in absence ot input signal. 
Triggering is same as normal above 40 Hz. 
Single: in Normal mode, sweep occurs once with same triggering 
as normal; reset pushbutton arms sweep and lights indicator; in 
Auto mode, sweep occurs once each time reset pushbutton is 
pressed. 

Sweep mode 



Triggering 
Internal: dc to 35 MHz on signals causing 0.5 div or more vertical de- 
flection in all display modes except chop; dc to 400 kHz in chop mode. 
Triggering on line frequency is also selectable. 
External: dc to 35 MHz on signals 50 mV/p-p, or more. 
External Input RC: approx. 1 megohm shunted by approx. 27 pF. 
Level and slope: internal, at any point on the vertical waveform dis- 
played; external, continuously variable from +1.2 V to  -1.2 V on 
either slope of the trigger signal. Max input, & I O 0  V. In Model 
1702A, t I O  extends external trigger input range to + 12 V to -12 V. 
Coupling: AC, DC, LF  REJ, or H F  REJ; AC, attenuates signals 
below approx. 20 Hz; LF  REJ, attenuates signals below approx. 15 
kHz; H F  REJ, attenuates signals above approx. 30 kHz. 
Trigger holdoff time between sweeps continuously variable. 

Delayed time base (1703A) 
Trace intensification: intensifies that part of main time base to be 
expanded to full screen in delayed time base mode. Rotating time base 
switch from O F F  position activates intensified mode. 
Sweep 

Ranges: 0.1 ps/div to 0.2 s/div (20 ranges) in I ,  2, 5 sequence. 
f3% accuracy with vernier in calibrated position. 
Vernier: continuously variable between all ranges, extends slowest 
sweep to 0.5 s/div. 
Magnifier: expands all sweeps by a factor of I O  and extends fastest 
sweep to IO ns/div. Accuracy is rt5% (including 3% accuracy of 
time base). 

Sweep mode 
Trigger: delayed sweep is armed at end of delay period. 
Auto: delayed sweep is automatically triggered at end of delay pe- 
riod. 

Triggering 
Internal: same as main time base. 
External: same as main time base. Input RC is approx. 1 megohm 
shunted by approx. 27 pF. 
Level and slope: same as main time base. 

Coupling: selectable, AC or DC. AC attenuates signals below ap- 
prox. 20 Hz. 
Delay (Before start of delayed sweep.) 
Time: continuously variable from 0.1 ps to 2 s. 
Time jitter: <0.005% (1  part in 20 000) of max delay in each sweep 
speed. 
Calibrated delay accuracy: f 1%; linearity, f0 .2%.  

Mixed sweep (1703A) 
Combines main and delayed sweeps into one display. Sweep is started 
by the main time base and is completed by the faster delayed time 
base. Also operates in single sweep mode. 

External horizontal input 
Bandwidth dc to 1 MHz when driven directly from a terminated 50 
ohm soarce. DC coupled. 
Deflection factor (with beam positioned at left edge of CRT): XI, 
1 V/div; XIO, 0.1 V/div. 
Vernier: 1 0 1  vernier extends deflection factor to at least I O  V/div 
(XI)  or 1 V/div (X10). 
Dynamic range: beam may be positioned at left edge of CRT with 0 
V to -5  V input. 
Maximum input: flOO V. 
Input RC: approx. 1 megohm shunted by approx. 10 pF. 

Cathode-ray tube and controls 
Type: post-accelerator, approx. 8.3 kV accelerating potential; alumi- 
nized P31 phosphor. 
Graticule: 6 X 10 div internal graticule; 0.2 subdivisions on major 
horizontal and vertical axes. I div = 0.85 cm. Rear panel adjustments 
for trace alignment and astigmatism. 
Beam finder: returns trace to CRT screen regardless of setting of 
horizontal or vertical controls. 
Intensity modulation: > + 4  V, dc to I MHz blanks trace of any in- 
tensity. Input R, 1000 ohms &lo%. Max input, f10 V (dc + peak ac). 
Persistence 

Normal: natural persistence of P31 phosphor (approx. 40 ps). 
Variable: from <0.2 s to > I  min (standard mode). 

Storage writing speed 
Standard mode: >20 div/ms over central 5 X 9 divisions. 
Fast write mode: >IO00 div/ms over central 5 X 9 divisions. 

Brightness: approx. 100 foot lamberts. 
Storage time: from standard to Store, traces may be stored with 
STORE TIME full cw for > I  hr. With STORE TIME full ccw, traces 
may be viewed at normal intensity for > I  min. From Fast mode to 
Store, traces may be stored with STORE TIME full cw for >5 min. 
With STORE TIME full ccw, traces may be viewed at normal inten- 
sity for >I5 s. 
Erase: manual, pushbutton erasure takes approx. 500 ms. 

General 
Calibrator: 1 kHz, & I O %  square wave; 1 V p-p, f l % .  
Operating environment: temperature, 0 to 55°C (+32"F to 130°F); 
humidity, to 95% relative humidity a t  40°C (104'F); altitude, to 4.6 
km (15 000 ft); vibration, vibrated in three planes for 15 min. each 
with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz, 
Dimensions: 325 mm wide (12IYl6 in.), 198 mm high (7Y4 in.), 578 
mm length with handle (22% in.), 448 mm length without handle (17% 
in.). 
Weight 

Without panel cover: net, 1 1  kg (24 Ib). 
With panel cover and accessories: net, 12.3 kg (27 Ib); shipping, 
17.2 kg (38 Ib). 
With panel cover, accessories, and battery pack: net, 16 kg (35 
Ib); shipping, 20.9 kg (46 Ib). 

AC line: 115 or 230 V 120%, 48 to 440 Hz, 50 VA max. 
DC line: 11.5 to 36 V, 25 watts max. 

Power 

Battery (optional): operating time, up to 4 hours; recharge time, 14 
hours max, with power switch off, if not operated after power indica- 
tor flashes; low battery indicator, power light flashes to indicate that 
batteries are discharged and further operation may damage battery; 
recharging, batteries are recharging whenever power mode switch is 
set to AC with power applied. With power switch off, full charge is ap- 
plied. With power switch on, trickle charge is applied. 
Accessories supplied one Model 10115A blue light filter; one 
Model IOlOlB front panel storage cover; two Model 10006D, 1 0 1  di- 
vider probes, 1.8 m (6 ft) long; one Model 10121A 20 cm (8-inch) 
BNC cable; one 2.3 m (7.5 ft) power cord with right angle plug (HP 
P/N 8120-1521); two fuses, one IA (HP P/N 21 IO-0007), one 0.5A 
slow blow (HP P /N 2110-0008); and one Operating and Service 
manual. 
Option 012 Model 10103B Battery Pack installed add $250 
Model number and name Price 
1702A 35 MHz Storage Oscilloscope $2500 
1703A 35 MHz Delayed Sweep Storage Oscilloscope $2900 



oscILLoscoPEs 
Ruggedized portable, 35 MHz and 50 MHz dual channel 
Models 17008 Opt 300 & 17078 Opt 300 

1700B/1707B Opt 300 specifications 
Modes of operation 
Channel A; channel B; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at  approx. 100 kHz rate with blanking during switch- 
ing (CHOP); channel A + channel B (algebraic addition). 

Vertical amplifiers (2) 
Bandwidth: (Measured with or  without a Model 10006D probe, 3 dB 
down from a 50 kHz, 6 div reference signal from a terminated 50 ohm 
source.) 

DC-coupled: 1700B, dc to 35 MHz; 17078, dc  to  50 MHz. 
AC-coupled: lower limit 1700B approx. 10 Hz, 1707B approx. 2 
Hz. 

Rise time: 1700B < 10 ns, 1707B <7 ns. Direct or with 10006D probe, 
10% to 90% of 6 div input step from a terminated 50 ohm source. 
Deflection factor 

Ranges: 1700B, 10 mV/div to  2OV/div ( 1 1  ranges); 1707B. 5 
mV/div to  2OV/div (12 ranges); in 1, 2, 5 sequence. 
Attenuator accuracy: f3% with vernier in CAL position. 
Vernier: continuously variable between all ranges, extends maxi- 
mum deflection factor to  at least 50 V/div. Front panel light indi- 
cates when vernier is out of VERN CAL position. 

Polarity: NORM or INVT, selectable on channel B. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input signals without advanced external trigger. 
Input RC: 1 megohm f 2 %  shunted by approx. 30 pF. 

Input coupling: AC, DC, or GND selectable. Ground position dis- 
connects signal input and grounds amplifier input. 
Maximum input 

AC-coupled: f 6 0 0  V (dc + peak ac); rms ac <350 V, 20 V/div to 
20 mV/div; < 150 V a t  10 mV/div and 5 mV/div in 1707B (10 kHz or 
less). 
DC-coupled: rrns ac <350 V, 20 V/div to  20 mV/div; < 150 V at 10 
mV/div and 5 mV/div in 1707B (10 kHz or less). 

Amplifier: bandwidth and deflection factors are unchanged, chan- 
nel B may be inverted for A - B operation. 
Common mode (A - B): frequency, 1700B dc to  1 MHz; 17078 
dc to 3 MHz. Rejection ratio, 1700B at least 40 dB on 10 mV/div 
and at  least 20 dB on all other ranges, 1707B at least 26 dB on all 
ranges with verniers set for optimum rejection. 

Trigger source (applies for all five modes of operation) 
Composite trigger: on displayed signal. 
A trigger: on signal from channel A. 

Channel A output (1707B) 
Amplitude: one division of displayed signal in channel A provides 
approx. 50 mV output. 
Cascaded deflection factor: 0.5 mV/div with both vertical chan- 
nels set to  5 mV/div. 
Cascaded bandwidth dc to  5 MHz (use 20 cm, 8 inch, BNC 
cable). DC coupled. 
Output DC level: approx. 0 V. 
Output resistance: approx. 1 megohm. 

A + B operation 



Time base 
Sweep 

Ranges: 0.1 ps/div to 2 s/div (23 rang1 
accuracy with vernier in CAL position 
Vernier: continuously variable betweer 
sweep to at least 5 s/div. Vernier uncal] 
vernier is not in CAL position. 
Magnifier: expands all sweeps by a fact 
sweep speed to I O  ns/div. Accuracy 55 '  
time base). Magnifier light indicates th 

Normal: sweep is triggered by an inter 
signal. 
Automatic: bright baseline displayed 
Triggering is same as normal above 25 
Single: in NORM mode, sweep occur 
as normal; reset pushbutton arms swe 
AUTO mode, sweep occurs once eac 
pressed. 

Triggering 
Internal: dc to 35 MHz (1700B) 50 MI 
ing 0.5 div or more vertical deflection 
Chop; dc to 100 kHz in Chop mode. Tr  
also selectable. 
External: 1700B, dc to 35 MHz on sip 
1707B. dc to 35 MHz on signals of lOOn 
200 mV p-p at 50 MHz. 
Line: power line frequency signal (M: 
External trigger input RC: approx. 
prox. 27 pF. 
Level and slope: internal, at any poi] 
displayed; external, continuously variak 
V to -30 V in t IO) on either slope o f t  
input f l O O  V. 
Coupling: AC, DC, LFAC, or HFP 
below approx. 50 Hz; LFAC, attenuat 
kHz; HFAC, attenuates signals below 

Trigger holdoff time between sweeps c 
Dehved time base (1707B) 
Trace intensification: intensifies that p: 
expanded to full  screen in delayed time ba! 
switch from O F F  position activates inter 
Sweep 

Ranges: 0.1 ps/div to 0.2 s/div (20 I 
f 3 %  with vernier in calibrated positio 
Vernier: continuously variable betweer 
sweep to 0.5 s/div. 
Magnifier: expands all sweeps by a fac 
sweep to I O  ns/div. Accuracy, f 5 %  (in( 
base). 

Sweep mode 
Trigger: delayed sweep is armed at er 
Auto: delayed sweep is automatically t 
period. 
Triggering: same as internal main tin 

Delay (before start of delayed sweep) 
Time: continuously variable from 0.1 
Time jitter: 0.005% (1 part in 20,000) o 
Calibrated delay accuracy: f 1%; lir 

Ext~msl  horizontal input 
Bandwidth 1700B dc to 1 MHz, 17071 
Coupling: dc. 
Deflection factor (with beam positionec 
1 V/div; XIO, 0.1 V/div. 
Vernier: IO: 1 vernier extends deflection 
(XI)  or 1 V/div (XIO). 
Maximum input: f 100 V. 
Input RC: 1 megohm f 2 %  shunted by ap 
in 1707B. 

Sweep mode 

- 
Requirement 

CEO3 

cso1, cso2 
CS06 
RE02 

RS02, RS04 

SS) in 1, 2, 5 sequence. f 3 %  

limit Modification 

re1 
no 
110 

reldx IU UD, uppel i iequewy I U ~ L  

none 

I all ranges, extends slowest 
ibrated light indicates when 

tor of I O  and extends fastest 
b (including 3% accuracy of 
re XI0  mode. 

.rial, external, or power line 

in absence of input signal. 
i Hz. 
s once with same triggering 
:ep and lights indicator; in 
h time reset pushbutton is 

Hz (17078) on signals caus- 
in all display modes except 
iggering on line frequency is 

pals  of 50 mV p-p or more. 
IV p-p or more increasing to 

%in only). 
1 megohm shunted by ap- 

i t  on the vertical waveform 
,le from + 3  V to -3 V (+30 
he trigger signal. Maximum 

iC; AC, attenuates signals 
es signals above approx. 30 
approx. 5 kHz. 
ontinuously variable. 

u t  of main time base to be 
<e mode. Rotating time base 
isified mode. 

Cathode-ray tube and controls 
Type: post-accelerator, approx. 15 kV accelerating potential; alumi- 
nized P31 phosphor. 
Graticule: 6 X I O  div (1 div = 1 cm) internal graticule. 0.2 sub- 
division markings on major horizontal and vertical axes, 
Trace align: front panel adjustment aligns trace with graticule. 
FOCUS: front panel adjustment of spot for minimum size. 
Astigmatism: front panel control allows circular adjustment of spot. 
Beam finder: returns trace to CRT screen regardless of setting of 
horizontal, vertical, or intensity controls. 
Z-axis input (17078): allows intensity modulation > + 5  V, dc to 15 
MHz blanks trace of any intensity. Input R, >5000 ohms. Maximum 
input, f 2 0 0  Vdc (dc + peak ac). 

General 
Outputs (17078): two front panel outputs for MAIN and DE- 
LAY ED GATES. Each output provides a pulse of at least 5 volts with 
a duration equal to or greater than the sweep length. 
Calibrator: type, 1 kHz, f 10% square wave; voltage, 1 V p-p, f 1%. 
Power requirements: ac line, 115 or 230 V f20%, 48 to 440 Hz, 30 
VA max (1700B), 50 VA max ( I  707B); dc line, 1 1.5 to 36 V, 30 VA max 
(1700B) 50 VA max (1707B). 
Weight 

Without panel cover: net, 12.3 kg (27 Ib). 
With panel cover qpd accessories: net, 16 kg (35 Ib); shipping, 
20 kg (44 Ib). 

Dimensions: 330.2 mm wide (13 in.), 260.4 mm high (10% in.), 501.7 
mm length (19% in.) 
Accessories furnished: Model 10163A Opt 030 Panel Cover with 
accessories (probes, connectors, adapters, fuses). 
Environmental specifications 
Model 1700B Opt 300 meets all environmental requirements of 
AN/USM-339 described in MIL-0-83226 (USAF). Model 1707B Opt 
300 meets all environmental requirements of the ANIUSM-338 de- 
scribed in MIL-0-83225 (USAF). 
Temperature and altitude: non-operating, -62°C to +85OC to 
15.24 km (50 000 ft); operating, -40°C to +55"C, 20 min. at 7I0C, to 
3.1 km (IO000 ft). 
Humidity: non-operating, +28"C to +7I0C at 95% relative humid- 
ity, ten 24 hour cycles for total of 240 hours. 
Vibration: non-operating, 5 to 15 Hz, 1.5 mm (0.06 in.); 15 to 25 Hz, 
1.0 mm (0.04 in.); 25 to 55 Hz, 0.5 mm (0.02 in.). 
Shock total of 18 shocks, in 3 planes, of 15 g's from an I 1  f 1 ms 

,anges) in I ,  2, 5 sequence. 
n. 
1 all ranges, extends slowest 

sawtooth. 
Salt fog: non-operating, per method 509, procedure 1 of MIL-STD- 
810. 
Explosive atmosphere: per method 51 I ,  procedure 1 of MIL-STD- 

tor of 10 and extends fastest 
:luding 3% accuracy of time 

*lo .  
Dust: non-operating, per method 510, procedure 1 of MIL-STD-810. 
Dripproof: per MIL-STD-108, except the front panel cover shall be 
removed. 
Drop test and water tightness: per MIL-T-21200. 
Electromagnetic interference: per MIL-STD-462 performed by 
MIL-STD-461 as follows: 

nd of delay period. 
riggered at the end of delay 

ne base. 

ps to 20 s. 
f max delay in each sweep. 
iearity, f0.2%. 

3 dc to 2 MHz. 

d at left edge of CRT): X 1, 

factor to at least IO V/div 

iprox. 30 p F  in 1700B, IO pF 



(DSGIALOSCOPES 
General purpose plug-in scopes, to 18 GHz 
Model 180 series 

Introduction 
The I80 plug-in oscilloscope system has established high perfor- 

mance in 100 MHz and 250 MHz real time and 18 GHz sampling ap- 
plications for general purpose laboratory measurements. These com- 
pact, reliable, solid-state oscilloscopes are ideal for all types of low, 
medium, and high frequency measurements. Performance in the 180 
system means overall capability, not just maximum bandwidth. The 
focal point for this performance is in the mainframes with their high 
quality CRT’s that provide optimum measurement accuracy. Main- 
frames are available in cabinet or rack configuration and there is a 
large screen mainframe in a cabinet configuration. 

A selection of storage/variable persistence mainframes offers writ- 
ing speeds for general purpose or high speed storage applications. A 
rugged storage surface assures general purpose use with a burn resis- 
tant storage surface that does not require special operating proce- 
dures. 

Storage writing speeds of 100 cm/ps or 400 cm/gs are available in 
the 184 and 184 Option 005, for capture and display of elusive tran- 
sients. With these fast writing speeds you can easily make pulse tim- 

ing adjustments, locate noise pulses and missing bits from low duty 
cycle digital signals. Low duty cycle pulse trains from disc, tape, or 
drum peripheral units can also be viewed through repetitive sweeps by 
using variable persistence to  build up the intensity of dim traces. 

For frequency response to 250 MHz, the 183 mainframes are avail- 
able with photographic writing speeds to  4 and 8 cm/gs. The 183 
mainframes with their related plug-ins, offer real time response into 
the ECL region. The high frequency response is accomplished with- 
out sacrificing viewing ease, operating simplicity, or plug-in versatil- 
ity since they operate with the entire line of 1800 series plug-ins. 

Vertical plug-ins 
A wide selection of high performance, vertical real time plug-ins as- 

sures the right plug-in for almost any measurement application. Real 
time, dual channel plug-ins are available in 500 kHz, 35 MHz, SO 
MHz, 75  MHz, and 100 MHz bandwidths with deflection factors of 
100 pV, I O  mV, and 5 mV/div. Additional measurement capability is 
provided by four channel plug-ins with SO MHz and 100 MHz band- 
widths and a differential/dc offset amplifier with 40 MHz bandwidth. 
For measurements greater than 100 MHz, the 183 mainframe plug-ins 



offer two and four channel operation to 200 MHz with selectable 
input impedance and two channel, 250 MHz response in a plug-in 
with 50 ohm inputs for optimum high frequency response. 

Time base plug-ins 

+ 

A selection of time base plug-ins offers a choice of single, ex- 
panded, and delayed sweeps with magnified sweep speeds to  5 ns/div 
in 180 mainframes and single'and delayed magnified sweeps to 1 
ns/div in 183 mainframes. Models 1820C, 1824A, and 1825A have 
triggering capabilities to  150 MHz and the 1821A triggers in exceSs of 
50 MHz. Models 1821A and 1825A have calibrated delayed and 
mixed sweeps for accurate timing measurements and detailed exami- 
nation of selected portions of waveforms. For applications that only 
require sweep expansion, the 1824A provides expansions to  100 times 
with f 3 %  accuracy in the expanded ranges. 

Both the 1840A time base and 1841A time base and delay genera- 
tor offer sweeps to 10 ns/djv which can be magnified by the 183 main- 
frame to  1 ns/div for accurate timing measurements. The sweep cir- 
cuits will trigger internally to  250 MHz with 1 division or more verti- 
cal deflection or from 20 mV p-p external signals. Triggering can be 
extended to 500 MHz with only 50 mV p-p external signals and vari- 
able hold-off allows stable triggering on pulse groups. 

Sampling 
Models 18 10A and 181 1A sampling plug-ins provide the easiest and 

fastest low level, high frequency measurements presently available. 
The 1810A looks and operates like a real time plug-in which reduces 
familiarization time for accurate, low-level measurements to  1 GHz. 
Measurements to  4 GHz  and 18 GHz  are available with the 181 1A 
and either of two remote feedthrough sampling heads. The remote 
sampling heads, 1432A for 4 G H z  and 1430C for 18 GHz, reduce mea- 
surement errors at  these high frequencies by eliminating long high fre- 
quency interconnecting cables. The feedthrough method of measure- 
ment in these sampling heads increases accuracy by allowing mea- 
surements to be made while the system is operating with its own loads. 

Time domain reflectometry 
Time Domain Reflectometry is a fast, convenient technique for 

measuring the electrical characteristics of transmission systems. This 
measurement technique provides a display of the impedance profile of 
a system showing magnitude, nature, and distance of discontinuities. 
Model 1818A is an easy-to-use 170 ps rise time T D R  plug-in for de- 
sign and installation evaluation of transmission or interconnecting 
systems. For critical design work or system installations, the 1815A/B 
with its remote sampling heads will display discontinuities as close as 
6.4 mm (0.25 inch) with a system rise time of 35 ps. 

Spectrum analysis 
The 8558B Spectrum Analyzer displays the absolute amplitude of 

the frequency components of an input signal. Applications include: 
distortion and modulation measurements, mixer characterization, fil- 
ter measurements, and absolute power measurements. 

Operation is extremely simple; only three controls are needed for 
most measurements. Two controls set the frequency scale, and one is 
used for the amplitude scale. Measurements can be made from +30 
dBm (7 volts) to  - 115 dBm (400 nV), and a 70 dB, distortion-free dis- 
play is featured. Frequency spans as wide as 1000 MHz are provided, 
and, for high resolution analysis, you can scan a range as narrow as 50 
kHz. 

Swept frequency testing 
Hewlett-Packard's Model 8755 series Frequency Response Test Sets 

are  precision detection and display systems for making the basic mi- 
crowave measurements of insertion gain/loss and return loss (VSWR) 
from 100 MHz to 18 GHz. The 8755L is cabinet mounted with a large 
screen display for bench applications; the 8755M occupies a mini- 
mum of space when rack mounted. 

The 8755 system has been specifically designed to achieve a full 60 
dB dynamic range when used with solid state sweepers (HP 8620 se- 
ries) which typically have an output level in excess of + 10 dBm. The 
60 dB dynamic range from + I O  all the way to  -50 dB means it is pos- 
sible to view a full 40 dB of return loss with couplers having a 20 dB 
auxiliary arm coupling factor. 



VERTICAL PLUG-INS 

Bandwidth 50 40 50 100 0.5 35 75 100 250 600(A) 200 200 
M Hz (30) 500 (B) 
Min. deflection 5 mV (500 10 mV 
factor/div pVOpt001 (1 mV 20mV 5mV 100pV 10mV 5mV 10mV 10mV =6V 10mV 10mV 

cascaded) cascaded) 

2 (opt 2 (1 2 1 diff (A) 

cascaded) ended (8) 
1 M Q I  1 M Q I  1 M Q I  IMQI 1 M Q I  1 M Q I  1 M Q I  1 M Q /  1 M Q I  1 M Q I  

Input RC 25pF 27pF 25pF 13pF 45pF 27pF 12pF 12pF 509 5OQ 12pF 12pF 
or50Q or 50Q o r 5 0 0  or 50Q 

Differential yes yes(with no yes yes ' yes yes yes yes 1831A yes yes 
input dc offset) only 
Page 120 124 122 118 120 I 120 119 122 140 140 138 139 

Model No. 1801A 1803A 1804A 1805A 1806A 1807A 1808A 1809A '1830A '4831A/B l1834A '1835A 

Channels 001,l 1 diff 4 cascaded) (both diff) 2 2 4 2 1 single- 4 2 

or 50Q 

SAMPLING 
(Vertical Section) 

31810A :1815AIB 3q811A 

1 GHz 4 o r  4 o r  
12.4 GHz 18 GHz 

2mV 5mV 2mV 

2 1 2 

50Q 50Q 5OQ 

yes no yes 

130 132 128 

TIME BASE PLUG-INS 
Model No. 1820C 1821A7 18241 1825A '1840A '1841A 
Ext Trig 
Freq (MHz) 150 100 150 150 >500 >500 

Int Trig Freq Determined by Vertical Amplifier Plug-in. 

Sweep 5 ns 10 ns 5 n s  5ns 1 ns 1 ns 
Speeds/div6 1 s 1 s 1 s 1 s 0.1 s 0.1 s 

Delayedand No Yes Expanded Yes No Delayed 
mixed sweep X l O O  

Page 125 125 126 126 141 141 

SAMPLING FREQUENCY-DOM AIN 
(Time Base Section) TDR PLUG-INS 

8755A' W 1 0 A  3.41815A/B 3J1811A 31818A 3$815A/B 85588 

18GHz 18GHz <170ps <35 ps Spectrum Swept 
Amplitude >1 GHz with trigger with trigger rise time rise time Analyzer 

countdown countdown TDR system TDR plug-in, Analyzer 
0.1 - 1500 MHz. plug-in 

1 GHz Measurements measures 
from - 115 dBm insertion 

1OOps l o p s  10 ps Calibrated 1815A to +30 dBm. gainlloss 
(expanded) -1 ps (expanded) in feet calibrated and return 

-50 p~ -1 p s  and meters in feet loss from 
15 MHz to 

No No No 1815B 18 GHz. 
calibrated 
in meters 

130 132 128 131 132 135 413 



Input R: approx. 5 kS1. 
Maximum input: f 2 0  V (dc + peak ac). 

OSCabLOSCOPES I , 
180 Mainframes: storage, 5 cm/ps writing speed 

Models 181A/AR 

ducedyntensity for > I  hour; to View mode, traces may be viewed at 
normal intensity for > I  minute. From Max Write mode to Store, 
traces may be stored at reduced intensity for > 5  minutes; to View 
mode, traces may be viewed at normal intensity for > 15 seconds. 
Erase: manual, pushbutton erasure takes approx. 300 ms. 

Horizontal amplifier 
External input 

Bandwidth dc-coupled, dc to 5 MHz; ac-coupled, 5 Hz to 5 MHz. 
Deflection Factor: 1 V/div in XI; 0.2 V/div in X5; 0.1 V/div in 
XIO. 
Vernier: urovides continuous adjustment between ranges. 

Persistence 
Normal: natural persistence of P31 phosphor (approx. 40 rs). 
Variable: from <0.2 s to >1 min. 

Storage Writing Speed 
- Write mode: >20 cm/ms. 

Max write mode: > 5  cm/ps. 
Brightness: > 100 foot lamberts. 
Storaae time: from Write mode to Store, trace may be stored at re- 

Dynamic iange: f 2 0  v .  

Input RC: approx. 1 megohm shunted by approx. 30 pF. 

I 

I Maximum input: 600 V dc (ac-coupled input). 

Sweep magnifier: X5, X10; accuracy, f5% with 3% accuracy time 
base. 

outputs 
Four rear panel emitter follower outputs for main and delayed gates, 
main and delayed sweeps or vertical and horizontal outputs when 
used with TDR/sampling plug-ins. Will drive impedances 21000 
ohms without distortion. 

General 
Calibrator: approx 1 kHz square wave, 3 ps rise time; 10 V p-p into 
21 megohm; accuracy, &I%.  
Operating environment: temperature, 0 to +55"C (+32"F to 
+ 130'F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55  Hz. 
Dimensions 

Cabinet Model, 181A 200 mm wide, 289 mm high, 540 mm deep 
behind panel (7% 11% 21% inches). 
Rack Model, 181AR: 425 mm wide, 132.6 mm high, 543 mm deep 
overall (16)/4, 5Yj2, 21% inches); 493 mm (19% in.) deep behind rack 
mount tabs. 

Model 181A (cabinet): net, 10.9 kg (24 Ib); shipping 18.1 kg (40 
Ib). 
Model 181AR (rack): net, 11.8 kg (26 Ib); shipping, 18.1 kg (40 Ib). 

Power: 115 or 230V *IO%, 48 to 440 Hz; 115 watts at normal line 
with plug-ins; max mainframe power, 225 VA. 
Accessories supplied: 2.3 m (7% ft) power cord, Model 10178A 
mesh contrast filter, blue plastic light filter (HP P/N 5060-0548), 230 
V fuse package (HP P/N 5080-9672). one Operating and Service Man- 
ual. A rack mount kit (HP P /N  5060-0552) and 2 clip-on probe hold- 
ers (HP P/N 5040-0464) are supplied with the 181AR rack model. 

Options 
H49: Model 181A or 181AR with remote programming capability for 
Write, Max Write, Normal, Store, View, and Erase functions. Pro- 
gramming is accomplished with contact closure, DTL, or TTL logic 

Option H49 Programming add $515 
807: non-buffered rear panel auxiliary outputs related 

Model number and name Price 
Model I8 1A Storage Oscilloscope, Cabinet Style $2215 
Model 181AR Storage Oscillocope, Rack Style $23 15 

Weight (without plug-ins) 

en- 

on 
ad- 

[o r  sources. 

ve) to 8558B and 8755A plug-ins N/C 



II. 
OSGAILILOSCOPES 
180 Mainframes: storage, 100 or 400 cm/Ns writing speed 

Model No. 
184A/B 

184A/B Opt 005 

I 

S 

>U.L cmips >IUU crnips 

>0.2 cmlps >400 cm/ps 

184A/B Mainframes Description 
The Model 184A cabinet style and 184B 5% inch high rack style 

variable persistence and storage mainframes provide writing speeds of 
100 or 400 cm/ps. These writing speeds are fast enough that traces you 
previously had to photograph to  see can now be viewed directly in 
normal ambient light. A FAST mode optimizes writing speed by 
switching the C R T  display t o  reduced scan while maintaining calibra- 
tion and resolution. A second graticule, for the FAST mode, is super- 
imposed in the center of the screen and a front panel light indicates 
when the scope is in the FAST mode. 

The 184 Option 005 offers an excellent FAST writing speed of 400 
cm/ps and the standard 184 provides 100 cm/ps both measured in the 
reduced scan area. The fast stored writing speed of 400 cm/ps is fully 
compatible with a single-shot, 5 ns rise time transient with an ampli- 
tude of greater than 5 divisions. Combining this superior single-shot 
writing speed with variable persistence also provides bright clear dis- 
plays of low repetition rate digital waveforms. 

Advances in target material and processing provide extremely high 
writing speed as well as a very rugged storage surface. This highly 
burn resistant, high-speed storage surface does not require special op- 
erating procedures. 

The fast storage writing speed of the 184 storage C R T  is extremely 
useful for single sweep displays of low repetition rate signals with fast 
rise times. This capability allows you to study a waveform or to  pho- 

tograph the trace with a general purpose scope camera as in figure 1. 
The digital word from TTL logic in figure 1 is occurring at a 1 Hz rate 
and is integrated, using variable persistence, to a bright clear display 
which is easily viewed in normal ambient light. The high writing speed 
allows storage and display of random noise pulses (figure 1) or single- 
shot transients (figure 2). For general purpose use where maximum 
writing speed is not of prime concern, a STD mode provides maxi- 
mum brightness, high contrast ratio, and largest display area (see fig- 
ure 3). 

A storage time control allows a trade-off of viewing brightness for 
storage time which makes it possible to retain a display for greater 
than I O  minutes in STD mode and greater than 30 seconds in FAST 
mode. Another useful mode is the combination of FAST or STD and 
store mode coupled with the time base set for single-sweep operation. 
In this mode the 184 will remain prepared to store a signal for over I O  
minutes in STD mode and more than 30 seconds in FAST mode. 

This high speed storage tube also provides the same high contrast as 
a conventional C R T  and with a bright display of 100 foot lamberts in 
the STD mode and 50 foot lamberts in the FAST mode. Also, by mod- 
ulating the Z-axis, you can easily distinguish between several trace in- 
tensities. 

Fast, easy setup is provided by the H P  developed beamfinder. Press- 
ing the Find Beam pushbutton returns the beam to the C R T  regard- 
less of the setting of vertical or  horizontal position, sweep, or  trigger 
controls. 

All solid-state circuits reduce service and maintenance require- 
ments with the proven reliability of these solid-state components. 
Solid-state circuits also provide compact, lightweight instruments with 
minimum warm-up time for stable reliable measurements without fre- 
quent recalibration. 

The horizontal amplifier increases mainframe measurement flexi- 
bility. The external horizontal input may be used to inject external 
sweep signals or  for phase measurements. When used for phase mea- 
surements, accurate measurements may be made up to  100 kHz. A 
convenient phase switch on the horizontal amplifier provides hori- 
zontal signal delay in the phase position, so that vertical and horizon- 
tal amplifiers are phase-matched. 

. 

184A/B Specifications 

. .  

> I  min. 

tandardE I FastEE 
^ ”  I ~ . .nn .- I - 

*Adjustable writing speeds to approx. 10 cm/ps are available with rear panel controls 
*‘Calibrated 3.8 X 4.75 cm reduced scan area. 



ies at a 1 Hz 
in 16 words. 

Figure 3. Digital word at 250 Hz rep rate integrated to a bright 
clear display in STD mode using variable persistence. 

n. a t  normal 

Opt 005) at 
rage time may 
Ire for normal 

3 ms. 

Hz to  5 MHz. 
; 0.1 V/div in 
djustment be- 

tween ranges. 
Dynamic range: 1 2 0  V. 
Maximum input: 600 V dc (ac-coupled input). 
Input RC: approx. 1 megohm shunted by approx. 30 pF. 

Sweep magnifier: X5, X10; accuracy, f 5 %  (with 3% accuracy time 
base). 
Calibrator 
Type: approx. 1 kHz square wave, 3 ps rise time. 
Voltage: I O  V p-p into 21 megohm; accuracy, * I % .  
Outputs 

Four rear panel emitter follower outputs for main and delayed 
gates, main and delayed sweeps, or  vertical and horizontal outputs 
when used with TDR/Sampling plug-ins. Maximum current avail- 
able, f 3  mA. Will drive impedances 21000 ohms without distortion. 

General 
Operating environment: temperature, 0 to  +55"C (+32"F t o  + 130°F); humidity, to 95% relative humidity at  40°C (104'F); alti- 
tude, to  4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, I O  to  55 Hz. 
Dimensions: 

Cabinet Model, 184A 200 mm wide, 289 mm high, 540 mm deep 
behind panel (7%, I I%, 21% inches). 
Rack Model, 1848: 425 mm wide, 132.6 m m  high, 543 mm deep 
overall (16Y4, 57/22, 213/8 inches); 493 mm (19% in. deep behind rack 
mount tabs). 

Model 184A (Cabinet): net, 10.9 kg (24 Ib); shipping, 18.1 kg (40 
Ib). 
Model 1848 (Rack): net, 11.8 kg (26 Ib); shipping, 18.1 kg (40 Ib). 

Power: 1 15 or  230 V 1 IO%, 48 to 440 Hz, I I5 watts at  normal line 
with plug-ins. Max mainframe power, 225 VA. 
Accessories supplied 2.3 m (7% ft) power cord. Model 10178A 
mesh contrast filter, blue plastic light filter (HP P/N 5060-0548), 250 
V fuse package (HP  P /N  5080-9681), one Operating and Service Man- 
ual. A rack mount kit (HP P /N  5060-0552) and 2 clip-on probe hold- 
ers (HP P/N 5040-0464) are supplied with the 184B rack model. 
Model number and name Price 
I84A Cabinet Storage Mainframe $2450 
184A Option 005 Fast Storage CRT add $500 
184B Rack Style Storage Mainframe $2500 
184B Option 005 Fast Storage CRT add $500 

Weight (without plug-ins) 



OSCILLQSCI[TPF,S 
180 Mainframe: large screen 
Model 182C 

1 

182C Description 
Model 182C mainframe provides large, easy-to-read displays on a 

7-inch C R T  with 100 MHz capability. A parallax free, internal grati- 
cule allows accurate readings from any angle or from a distance which 
is extremely useful in systems testing. The large display also improves 
measurement accuracy of displays such as four channel, differen- 
tial/dc offset, sampling, and time domain reflectometer measure- 
ments. 

The cathode-ray tube has 21 kV accelerating potential for bright 
displays of low repetition rate signals. Particular attention to electron 
optics in the CRT assures that the large display size does not cause 
degradation of the trace. Internal flood guns provide graticule illumi- 
nation which allows adjustment of backbround illumination for opti- 
mum contrast of graticule and trace for easy-to-read three-shade pho- 

tographs. A find beam control reduces set-up time by returning the 
beam to the display area regardless of vertical, time base, or intensity 
control settings. 

Cathode-ray tube and controls 
Type: post accelerator, 21 kV accelerating potential; aluminized P31 
phosphor (other phosphors available, see Options). 
Graticule: 8 X I O  div internal graticule. 0.2 div sub-divisions on 
major axis. 1 div = 1.29 cm. Front panel adjustment aligns trace with 
graticule. Scale control illuminates C R T  phosphor for viewing with 
hood or taking photographs. 
Beam finder: returns trace to C R T  screen regardless of setting of 
horizontal, vertical, or intensity controls. 
Intensity modulation (external input) 

182C Specifications 

Input: approx. +2 V, 2 5 0  ns pulse width (110 MHz sine wave) 
will blank trace of normal intensity. Input R approx. 5 kR. 
Maximum input: f 2 0  V (dc + peak ac). 

Horizontal amplifier 
External input 

Bandwidth: dc-coupled, dc to  5 MHz; ac-coupled, 5 Hz to  5 MHz. 
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Deflection factor: 1 V/div, X1; 0.1 V/div, XIO; accuracy, f 5 % .  
Vernier provides continuous adjustment between ranges. 
Dynamic range: f 2 0  V. 
Maximum input: f 3 0 0  V (dc + peak ac). 
Input RC: 1 megohm shunted by approx. 30 pF. 
weep magnifier: XIO; accuracy, iS% (with 3% accuracy time 
ise). 
elibrator: approx. 1 kHz square wave, < 3  1 s  rise time; 250 mV p-p 
id I O  V p-p into 2 1 megohm, f 1%. 

)ur rear panel emitter follower outputs for main and delayed gates, 
ain and delayed sweeps or vertical and horizontal outputs when used 
th TDR/Sampling plug-ins. Maximum current available, f 3  mA. 
ill  drive impedance 2 1000 ohms without distortion. 
eneral 
Derating environment: temperature, 0 to  55°C (+32"F to 
130°F); humidity, to 95% relative humidity at  40°C (104'F); alti- 
de, to 4.6 km ( I  5 000 ft); vibration, vibrated in three planes for 15 
in. each with 0.254 mm (0.010 in.) excursion, I O  to 55  Hz. 
mensions: 201.6 mm wide, 338.1 mm high, 498.5 mm deep over- 

eight: (without plug-ins) net, 12.02 kg (26% Ib); shipping, 17.46 kg 

)wer: 115 or 230 V f IO%, 48 to 440 Hz, < 110 watts with plug-ins 
normal line. Max. mainframe power, 200 VA. 

:cessories supplied: 2.3 m (7% ft) power cord, blue plastic light 
ter (HP P/N 5060-0547), 230 V fuse package (HP  P/N 5080-9672), 
le Operating and Service Manual. 

Itions Price 

utputs 

(7'%6, 13%6, 195/8 inches). 

8% Ib). 

2: aluminized P2 phosphor in lieu of P31 N I C  
7: aluminized P7 phosphor in lieu of P31 N/C  

N/C  

0: mainframe without rear panel main and delayed 
eep and gate outputs 
1: 
amfinder does not intensify display on Option 01 1 oscilloscopes. 
7: non buffered rear panel auxiliary outputs related 
8558B and 8755A plug-ins; aluminized P7 medium 

Idel number and name 

less $100 
aluminized PI1 phosphor in lieu of P31 

.sistence phosphor in lieu of P31 

idel 182C Oscilloscope Mainframe 
)del 182C Option 010 Oscilloscope Mainframe 

N I C  

$ 1  200 
$ I  100 
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Maximum input: &LO v (dc + peak ac). 

oscIILLoscoPEs h*, 

180 Mainframes: high writing speed 
Models 180C/D 

Photographic writing speed: 1500 cm/ps. Measured using P31 
phosphor, I O  000 ASA film without film fogging and H P  Model 195A 
camera (1.3 lens, 1:0.5 object-to-image ratio). Writing speed may be 
increased substantially by using film fogging techniques, PI 1 phos- 
phor, and faster camera lenses. 

Horizontal amplifier 
External input 

Bandwidth: dc to 5 MHz dc-coupled; 5 Hz to  5 MHz ac-coupled. 
Deflection Factor: 1 V/div, XI; 0.2 V/div, X5; 0.1 V/div, XIO; ac- 
curacy *5%.  Vernier provides continuous adjustment between 
ranges. 
Dynamic range: f 2 0  V. 
Maximum input: 600 V dc (ac-coupled input). 
Input RC: approx. I megohm shunted by approx. 30 pF. 

Sweep magnifier: X5, X10, accuracy f5% (with 3% accuracy time 
base). 

Four rear panel, emitter follower outputs provide main and delayed 
sweeps, or vertical and horizontal outputs when used with TDR/Sam- 
pling plug-ins. Maximum current available, f 3  mA. Outputs will 
drive impedances of 2 1000 ohms without distortion. 

Outputs 

General 
Calibrator: approx. 1 kHz square wave, 3 ps rise time; I O  V p-p into 
21 megohm; accuracy, f l % .  
Operating environment: temperature, 0 to f55 'C (C32"F to 
+130"F); humidity, to  95% relative humidity at 40°C (104°F); alti- 
tude, to 4.6 km (I5 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to  55 Hz. 
Dimensions 

Cabinet model, 180C: 200 mm wide, 289 mm high, 540 mm deep 
behind panel (77/, 1 I % ,  21 % inches). 
Rack model, 180D: 425 mm wide, 132.6 mm high, 543 mm deep 
overall (16%, 5 % 2 ,  21% inches); 493 mm (19)/8 in.) deep behind rack 
mount tabs. 

Model 180C (cabinet): net, 10.9 kg (24 Ib); shipping, 16.3 kg (36 
Ib). 
Model 180D (rack): net 11.8 kg (26 Ib); shipping, 18.1 kg (40 Ib). 

Power: 115 or 230 V, %lo%; 48 to  440 Hz; normally < 1 I O  watts with 
plug-ins at  normal line. Max mainframe power, 200 VA. 
Accessories supplied: 2.3 m (7% ft) power cord, blue plastic light 
filter ( H P  P/N 5060-0548), 230 V fuse package (HP P/N 5080-9672), 
one Operating and Service Manual. A rack mount kit (HP P/N 5060- 
0552) and 2 clip-on probe holders (HP P/N 5040-0464) are supplied 
with the 180D rack model. 

Weight (without plug-ins) 

Options 
002: aluminized P2 phosphor in lieu of P31 
007: aluminized P7 phosphor in lieu of P31 
010: deletes rear panel outputs for main and delayed 
gates and main and delayed sweeps 
011: aluminized P11 phosphor in lieu of P31 
Beam finder does not intensify display on Option 01 1 
oscilloscopes. 
807 (180D only): non-buffered rear panel auxiliary 
outputs related to 8558B and 8755A plug-ins; alumi- 
nized P7 medium persistence phosphor in lieu of P31 
Model number and name 
18OC Cabinet Style Mainframe 
18OC Option 010 (see Options) 
180D Rack Style Mainframe 
180D Option 010 (see Options) 

Price 
N / C  
N / C  

less $100 

N/C 

N / C  

$ I  150 
$1050 
$ I300 
$1200 



0SCIILL0SCQ)PES 
180 Vertical: 2 channel, 100 MHz 
Model 1805A 

Time Base 
Plug-in TrigEer Frequency* 

1805A Description 
Model 1805A, 100 MHz vertical amplifier provides accurate mea- 

surements for both digital and analog design and troubleshooting. A 
selectable high impedance input with low input capacitance or 50 ohm 
input provides accurate pulse and CW measurements. Other features 
that give you accurate, convenient measurements are flexible trigger- 
ing, 5 mV/div to  5 V/div deflection factors from dc to 100 MHz on all 
ranges, selectable display polarity on each channel, and up to f 2 0 0  
divisions of offset. 

The dc offset capability of f 2 0 0  divisions allows low-level, biased 
(non-symmetrical) logic pulses to be positioned on screen for accu- 
rate measurements. This allows you to view biased logic, such as ECL, 
which is biased several volts from ground and frequently operated 
with 0.5 volt swings, with a viewable amplitude and maintain dc-cou- 
pled information. 

1805A Specifications 
Modes of operation 
Channel A; channel B; channels A and B displayed alternately on SUC- 
cessive sweeps (ALT); channel A and B displayed by switching be- 
tween channels at  approx. 500 kHz rate (CHOP) with blanking dur- 
ing switching; channel A plus channel B (algebraic addition). 

Each channel (2) 
Bandwidth (Measured with or without 10014A probe, 3 dB down 
from 8 div reference signal from a terminated 50 ohm source.) 

DC-coupled: dc to  100 MHz. 
AC-coupled: approx. 10 Hz to 100 MHz (lower limit is approx. 1 
Hz with 10014A probe). 

Rise time: <3.5 ns (measured with or without 10014A probes, 10% 
to 90% points of 6 div input step from a terminated 50 ohm source). 
Deflection factor 

Ranges: 5 mV/div to 5 V/div (10 calibrated positions) in 1 ,2 ,5  se- 
quence. f 2 %  attenuator accuracy. 
Vernier: provides continuous adjustment between deflection fac- 
tor settings and extends maximum deflection factor to at  least 12.5 
V/div. Front panel light indicates when vernier is not in CAL posi- 
tion. 

Polarity: + or - up, selectable. 
Signal delay: input signals are delayed sufficiently to view leading 
edge of input pulse without advanced trigger. 
Input coupling: AC, DC, 50 ohms (dc), or ground. Ground position 

Required 
Vertical Deflection 

disconnects input connector and grounds amplifier input. 
Input RC 

AC and DC: 1 megohm f I %  shunted by approx. 13 pF. Constant 
on all ranges. 
50 ohm: 50 ohms f 2 % .  VSWR <1.2: I at 100 MHz on all ranges. 

Maximum input 
AC and DC: f 3 0 0  V (dc + peak ac) at 1 kHz or less. f 150 V (dc + 
peak ac) on 5 mV/div range at 1 kHz or less. 
50 ohm: I O  V rms. 

Dynamic range: 6 div at  100 MHz increasing to  16 div at  5 15 MHz. 
Positioning range: 16 div. 
A + B operation 

Amplifier: bandwidth and deflection factors are unchanged; either 
channel may be inverted for + A  &B operation. 
Differential input (A - B) common mode: C M R R  is at least 40 
dB from dc to 1 MHz for common mode signals of 16 div or less. 
C M R R  is at  least 20 dB at  50 MHz for common mode signals of 6 
div or less. 

Triggering 
Source: selectable from channel A, channel B, or a composite 
(Comp) signal from A and B in any display mode. Composite is chan- 
nels A and B signals switched for Alt and Chop modes and added for 
A and B mode. Vernier and position controls do not affect A, B, or 
composite trigger signals. A and B signals are independent of polarity 
selection. 
Frequency 

820B, 1822A 

1825A, 1840A, 1841A dc - 100 MHz 

dc - 100 MHz 

dc - 50 MHz 

*all UID~I( IY IIIUW ~ ~ p t  Chop, dc to 100 kHz in Chop. 
Offset 
f 2 0 0  div of offset. Allows offset of dc or ac signals up to  the dynamic 
range and maximum input. 

Vertical signal output (selected by trigger source switch) 
Bandwidth: >50 MHz into 50 ohms. 
Amplitude: >SO mV for each division of display into 50 ohms with 
usable amplitudes up to 500 mV p-p. 
Source impedance: approx. 50 ohms. 

tin frames. 
Ib). 
;e divider probes ap- 
rvice Manual. 

e divider probe kit, 
i n i n t i i n  f i i l l  nc-rfnr- 

General 
Operating environment: same as 180 C / D  mi 
Weight: net, 2.3 kg (5 Ib); shipping, 3.6 kg (8 ' 
Accessories supplied: two 10014A 1 0 1  voltag 
prox. 1.1 m (3% ft) long, one Operating and Se 
Recommended probes 
10014A, 10016A passive probes, 10020A resistiv 

mance of the 1805A. 
75 ohm input 
A selectable 75 ohm/ l  megohm input is available in place of the 50 
ohm/l  megohm input. For further information, contact your 
Hewlett-Packard Field Engir 
Option 003: Model 1805A 
Model number and name 
1805A Dual Channel Vertica 
1805A Option 003 (without 1 

and the 1120A and 1125A active probes will IT .-....-... .-.. t'-..-- 

leer. 
without probes , less $100 

.Price 
1 Amplifier $1500 
probes) $1400 
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1808A Description 
Model 1808A is an ideal vertical amplifier fc 

shooting logic circuits using ECL components 
low drift and flexible triggering for accurate Cl 
ments. Other convenience features are: 5 mV/d 
MHz bandwidth on all ranges; selectable dic 
channel; and selectable high 2 or 50 ohm inputs 

General purpose probing is provided by the c 
a very low 12 p F  shunt capacitance to reduce 
loss in CW measurements. 

A switchable, high quality, 50 ohm input is a 
lows matching to a 50 ohm source with minir 
the low 1.2:l VSWR. This 50 ohm input proc 
measurements with virtually no reflections to d 
or introduce phase shift. Signal degradation SO 
50 ohm feedthrough terminations on high imr 
inputs is eliminated. The 50 ohm input also all 
probes with very low input capacitance to be 
duces signal degradation. 

The two channels may be operated singly, all 
dual trace modes with alternate or chopped I 

table trigger source. In chop and alternate mo 
derived from channel A or B for timing measi 
either channel. Composite triggering is also seli 
A + B modes for viewing asynchronous sign 
_--- - - .-. -. 

ir d e  
. Thi 
W an 
iv to 
;play 

me n 
Pha 

Is0 F 
num 
ides 
legra 
corn 
iedar 
lows 
usec 

Sebri 
switc 
des, 
urern 
x t a t  
als. 

i 8 0 8 ~  specitications 
Modes of operation 
Channel A; channel B; channels A and B displayed 
cessive sweeps (ALT); channels A and B displayec 
tween channels a t  approx. 400 kHz rate (CHOP), I 
ing switching; and channel A plus channel B (alg 
Each channel (2) 
Bandwidth (Measured with or without 10014A i 
from 8 div reference signal from a terminated 50 

DC-coupled dc to 75 MHz. 
AC-coupled: approx. 8 Hz to 75 MHz (lower 11 
Hz with 10014A probe). 

Rise time: <4.7 ns (measured from 10% to 90% PC 
step from a terminated 50 ohm source). 

signing or trouble- 
is plug-in provides 
id timing measure- 

I O  V/div; dc to 75 
I polarity on each 

iegohm input with 
se shift and signal 

irovided, which al- 
reflections due to 
accurate rise time 
de the input signal 
imon with external 
ice (high capacity) 
active and passive 
I which further re- 

iically added, or in 
:hing with a selec- 
the trigger may be 
ients in relation to 
)le in alternate and 

alternately on suc- 
i by switching be- 
with blanking dur- 
ebraic addition). 

probe, 3 dB down 
ohm source.) 

imit is approx. 0.8 

bints of 6 div input 

180 

Deflection factor 

OSClbbC 
Vertical: 2 ch 

)SCOPES \-- 4 

iannel, 75 MHz 
Model 1808A 

Ranges: 5 mV/div to 5 V/div ( I O  calibrate( 
quence. 
Attenuator accuracy: f2%. 
Vernier: provides continuous adjustment 
tor settings and extends maximum deflectio 
V/div. Front panel light indicates when veri 
tion. 

Polarity: + up or - up, selectable. 
Signal delay: input signals are delayed suff 
edge of input pulse without advanced trigger 
Input coupling: AC, DC, 50 ohms (dc), or 
tion disconnects input connector and ground 
Input RC 

AC and DC: 1 megohm f 1% shunted by a 
on all ranges. 
50 ohm: 50 ohms f2%. VSWR, < 1.21 at 

AC and DC: f300 V (dc + peak ac) at 1 k€ 
peak ac) on 5 mV range at 1 kHz o 
50 ohm: I O  V rms (dc-coupled inp 

Maximum input 

Drift: < I O 0  pV/OC. 
A + B operation 

Amplifier: bandwidth and deflectiorr I ~ C L U I  

channel may be inverted for +A f B  oper 
Differential input (A - B) common modc 
dB on 5 mV/div and at least 20 dB on othe 
between dc and 2 MHz and common mode 

Triggering 
Source: A, B, or  A+B on the individual o 
played; chop mode selectable from A or B; 5 

composite (A+B switched). 
Frequency: dc to 75 MHz on signals causing 
tical deflection in all display modes (1820A an 
p); except dc to 100 kHz in chop mode. 
General 
Operating environment: temperature, 0 + 130'F); humidity, to 95% relative humidit: 
tude, to 4.6 km (15 000 ft); vibration, vibrate 
min. each with 0.254 mm (0.010 in.) excursii 
Weight: net, 2.3 kg (5 Ib); shipping, 4.1 kg 
Accessories supplied: two Model 10014 
probes and one Operating and Service Man1 
Recommended probes 
The 10014A, 10016A passive divider probes, 
probe kit, 1120A, 1124A, and 1125A active p 
formance of the 1808A. 
75 ohm input 
A selectable 75 ohm/l megohm input is ava. 
ohm/l  megohm input. For further infoi 
Hewlett-Packard Field Engineer. 
Options 
0 0 3  Model 1808A without probes 
090: Two 10016A, 1O:l voltage divider pro1 
tuted for two 10014A probes 
Model number and name 
1808A Dual Channel Vertical Amplifier 
1808A Option 003 (without probes) 

1 positions) in I ,  2, 5 se- 

between deflection fac- 
n factor to at least 12.5 
nier is not in CAL posi- 

iciently to view leading 

Ground. Ground posi- 
is amplifier input. 

pprox. 12 pF. Constant 

75 MHz on all ranges. 

Iz or less; i 150 V (dc + 

rs are unchanged; either 
ation. 
e: CMRR is at least 40 
r ranges for frequencies 
signal of 24 div or less. 

lr composite signal dis- 
tlternate mode A, B, or 

0.5 div p-p or more ver- 
d 1821A require 1 div p- 

to +55"C (+32OF to 
y at 40°C (104'F); alti- 
d in three planes for 15 
on, I O  to 55 Hz. 
(9 Ib). 
A 1O:l voltage divider 
ial. 

10020A resistive divider 
robes maintain full per- 

ilable in place of the 50 
rmation, contact your 

Price 
less $100 

Jes substi- 
N / C  

$950 
$850 



OscllLLoscOPEs 
180 Verticals: 2 channel 
Models 1801A, 1807A, & 1806A 

Description 
Model 1801A dual channel amplifier has deflection factors from 5 

mV/div to 20 V/div with constant bandwidth of 50 MHz on all 
ranges. Selectable display polarity and input coupling assure that you 
obtain the display required for a particular measurement. FET inputs 
are provided for low drift with a virtual absence of microphonics. 

For additional low level measurement capability, a Model 1801A 
with Option 001 is available. Option 001 adds a X5 multiplier and a 
channel B vertical output. The X5 mode allows dual channel, 1 
mV/div deflection factors to 20 MHZ. Channel B output can be cas- 
caded with channel A for a single channel display with 500 pV/div to 
30 MHz. 

Model 1807A is an economical dual channel plug-in for applica- 
tions involving logic timing measurements in circuits using MOS and 
TTL elements. The I O  mV/div deflection factor and 35 MHz band- 
width give you a low cost answer to the design and testing problems of 
many of todays digital circuits. A selection of standard, delayed, or ex- 
panded sweep time bases allows accurate timing measurements with 
sweep speed to  5 ns/div. 

Model 1806A is a dual differential input amplifier for high sensitiv- 
ity, low frequency measurements. This plug-in features high stability, 
low noise and high common mode rejection with 100 p/div deflection 
factors and a 500 kHz bandwidth. It provides accurate waveform mea- 
surements and analysis in the subsonic, audio, ultrasonic qnd low ra- 
dio frequency range. 

Noise is a low 20 pV, measured tangentially at  full bandwidth. A 
bandwidth limit switch (reduces bandwidth to approximately 50 kHz) 
eliminates noise in the unused portion of the bandwidth for improved 
resolution of low level signals. 

Input and output signals from a circuit under test can be measured 
simultaneously in either chop or alternate mode. Trigger source selec- 
tion is also provided in chop or  alternate modes to allow sweep-timing 
to be derived from either channel. 

Applications for the 1806A include: audio system testing and de- 
sign, biological research, power supply design, timing measurements, 
strain gauge and transducer monitoring, ultrasonic system testing and 
educational instruction. 

1801A Specifications 
Modes of operation 
Channel A; channel B; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at approx. 400 kHz rate (CHOP), with blanking 
during switching; channel A plus channel B (algebraic addition). 
Each Channel (2) 
Bandwidth: (Measured with or  without a Model 10004D probe, 3 dB 
down from 8 div reference signal from a termiQated 50 ohm source.) 

DC-coupled: dc to  50 MHz. 
AC-coupled: approx. 8 Hz to 50 MHz. Lower limit is approx. 0.8 
Hz with 10004D probe. 

Rise time: <7 ns (measured with or  without 10004D probe 10% to 

1806A 

90% of 8 div input step from a terminated 50 ohm source). 
Deflection factor 

Ranges: 5 mV/div to 20 V/div (12 positions) in I ,  2, 5 sequence. 
f 3 %  attenuat 
Vernier: pro 
tor settings ai 
V/div. Front 
tion. 

Polarity: + up 
Signal delay: i 
edge of input PI  
Input coupling 
disconnects sign 
Input RC: 1 n 
ranges. 
Maximum inpu 

DC-coupled: 
- peak ac) 01 

AC-coupled: 
A + B operatic 

Amplifier: bi 
channel may 
Oiferential in 
dB at 5 mV/d 
between dc ar 
less. 

or  accuracy. 
vides continuous adjustment between deflection fac- 
i d  extends maximum deflection factor to  at  least 50 
panel light indicates when vernier is not in CAL posi- 

or  - up, selectable. 
Input signals are delayed sufficiently to view leading 
ulse without advanced external trigger. 
: selectable, AC, DC, or  Ground. Ground position 
al input and grounds amplifier input. 
iegohm shunted by approx. 25 pF, constant on all 

It 

n 5 mV/div range at I O  kHz or less. 
f 3 5 0  V (dc + peak ac) at  I O  kHz or less. f 150 V (dc 

f600 V dc. 
,n 
indwidth and deflection factors are unchanged; either 
be inverted for f A  f B  operation. 
put (A - 8 )  common mode: CMRR is at  least 40 
iv and at  least 20 dB on other ranges for frequencies 
id I MHz and for common mode signals of 24 div or 

Triggering 
Source: A, B, 
Chop mode: o 
Alternate modc 
sively (Comp) fi 
Frequency: dc 
deflection in all 
mode. 

General 
Operating envi 
Weight: 1.8 kg 
Accessories su 
m (3% ft), one 

Recommendec 
Models 10004D, 
full performance 

or  A + B modes on the signal displayed. 
n channel A or  channel B signal. 
?: on channel A signal, channel B signal or succes- 
*om the displayed signal on each channel. 
to 50 MHz on signals causing 0.5 div or more vertical 
display modes except Chop; dc to 100 kHz in Chop 

ronment: same as 180C/D mainframe. 
(4 Ib); shipping, 3.2 kg (7 Ib). 
pplied: two 10004D, IO I divider probes, approx 1.1 
3perating and Service manual. 

1 probes 
10005D. and 10006D 1 0 1  divider probes maintain 

; of the 1801A. 

Options 
001: Model 1801A with channel B vertical signal output and X5 mag- 
nifier 1 mV/div deflection factor. 
0 0 3  Model 1801A without probes. 
090 1.8 m (6  ft) 10006D probes substituted for 10004D probes. 
091: 3.0 m ( I O  ft) 10005D probes substituted for 10004D probes. 



1807A Specifications 
Modes of operation 
Channel A; channel B; channels A and €3 displayec 
cessive sweeps (ALT); channels A and B display 
tween channels at  approx. 100 kHz rate (CH( 
during switching; and channel A plus channel B ( i  

Each channel (2) 
Bandwidth: (Measured with or without 10004C 
from 8 div reference signal from a terminated 5 

DC-coupled: dc to 35 MHz. 
AC-coupled: approx. 8 Hz to  35 MHz. Lowei 
Hz with 10004D probe. 

Rise time: < I O  ns (measured with or withdut I O  
90% of 8 div input from terminated 50 ohm sot 
Deflection factor 

Ranges: I O  mV/div to 5 V/div (9 positions) 
f 3 %  attenuator accuracy. 
Vernier: provides continuous adjustment bet1 
tor settings and exfends maximum deflection f,  
Front panel light indicates when vernier is no1 

Polarity: + up or  - hp, selectable on channel 
Signal delay: input signals are delayed sufficie 
edge of input pulse without advanced trigger. 
Input RC: 1 megohm f 2 %  shunted by approx 27 
ranges. 
Input coupling: selectable, AC, DC, or Groun 
disconnects input connector and grounds amplif 
Maximum input ,. 

DC-coupled: f 3 5 0  V (dc + peak ac) at  I O  kH + peak ac) on I O  mV/div at I O  kHz or  less. 
AC-coupled: f 6 0 0  V dc. 

Aifrplifier: bandwidth and deflection factors a 
ne1 B may be inverted for +A f B opetation 
Differential input (A - B) common mode: 1 
dc to I MHz C M R R  is at least 40 dB on I O  m\ 
dB on other ranges for common mode signal! 

A + B operation 

Triggering 
Source: on channel A for chahnel A, Chop and 
ne1 B for channel B mode; on composite signal ( 
mode. 
Frequency: dc to 35 MHz on signals causing 0.5 
tical deflection in all display modes except dc t 
mode. 

General 
Operating environment: same as 180C/D ma 
Weight: net, 1.8 kg (4 Ib); shipping, 3.6 kg (8 
Accessories supplied: one Operating and Ser 
Recommended probes 
The 10004D, 10005D and 10006D passive divider 
performance of the 1807A. 

1806A Specifications 
Modes of operation 
Channel A alone; channel B alone; channels A ai 

j alternately on suc- 
ed by switching be- 
IP), with blanking 
dgebraic addition). 

probe, 3 dB down 
0 ohm source.) 

r limit is approx. 0.8 

004D probe, 10% to 
me) .  

in 1, 2, 5 sequence. 

ween deflection fac- 
actor to 12.5 V/div. 
t in CAL position. 
B. 
ntly to  view leading 

pF. Constant on all 

d. Ground position 
ier input. 

z or  less; f 150 V (dc 

re unchanged; chan- 

For frequencies from 
I/div and at least 20 
5 of 24 div or  less. 

I. 

Alt modes; on chan- 
lisplayed for A + B 

div p-p or more ver- 
o 100 kHz in Chop 

in frame. 
Ibj. 
vice Manual. 

probes maintain full 

i d  B displayed alter- 

nately on successive sweeps (ALT); channels A and B displayed by 
switching between channels at  approx. 100 kHz rate (CHOP) with 
blanking during switching. 

Each channel (2) 
Bandwidth: (Measured with or without 10001A/B probe, 3 dB down 
from an 8 div reference signal from a terminated 50 ohm source.) 

DC-coupled: dc to 500 kHz. 
AC-coupled: approx. 2 Hz to 500 kHz. Lower limit is approx. 0.2 
Hz with 10001A/B probe. 
Bandwidth limit switch: limits bandwidth to approx. 50 kHz. 

Ranges: from 100 pV/div to 20 V/div (17 positions) in 1, 2, 5 se- 
quence. f 3 %  attenuator accuracy. 
Vernier: provides continuous adjustment between deflection fac- 
tor settings and extends maximum deflection factor to at least 50 
V/div. Front panel light indicates when vernier is out of CAL posi- 
tion. 

Input: differential or single-ended on all ranges, selectable. 
Input coupling: selectable AC, DC, or O F F  for both + and - in- 
puts. Off position disconnects signal input and grounds amplifier in- 
put for reference. 
Input RC: I megohm shunted by approx. 45 pF, constant on all 
ranges. 
Maximum input: f 4 0 0  V (dc + peak ac). 
Input isolation: 280 dB between channels at 500 kHz with shielded 
connectors. 
Noise: <20 pV, measured tangentially at  full bandwidth. 
Common mode 

Frequency: dc to I O  kHz on all ranges. 
Rejection ratio: 2100 dB (lO0,OOO to 1) with dc-coupled input on 
100 pV/div range, decreasing 20 dB per decade of deflection factor 
to  2 4 0  dB on the 200 mV/div range; CMRR is 2 3 0  dB on the 500 
mV/div to 20 V/div ranges. 
Maximum signal: f10 V (dc + peak ac) on 100 pV/div to 200 
mV/div ranges; f 4 0 0  V (dc + peak ac) on all other ranges. 

Deflection factor 

triggering 
Source: for channel A and B on the signal displayed, Chop is select- 
able from channel A or B, Alt is selectable from channel A, B, or 
Comp (channels A and B switched). 
Frequency: dc to  >500 kHz on signals causing 0.5 div or more verti- 
cal deflection in all display modes except Chop. D C  to 100 kHz in 
Chop. 

General 
Operating environment: same as 180C/D mainframe. 
Weight: net, 1.6 kg (3% Ib); shipping, 3 kg (6% Ib). 
Accessories supplied: two BNC to dual banana plug binding post 
adapters (HP  P/N 1250-1264), one Operating and Service Manual. 
Recommended probes 
Models 10001 A/B, 10002A/B, 10003A passive divider probes main- 
tain full performance of the 1806A. 
Model number and name Price 
1801A Dual Channel Vertical Amplifier $800 
Option 001: channel B output and X5 magnifier add $155 
Option 003: less probes less $80 
Option 090: 10006D probes in lieu of 10004D 
Option 091: 10005D probes in lieu of 10004D 

N / C  
N/C  

1807A Dual Channel Vertical Amplifier 
1806A Dual Channel Vertical Amplifier 

$650 
$810 



osclLLoscoPEs 
180 Verticals: 4 channel, 100 MHz and 50 MHz 
Models 1809A & 1804A 

1tlUYA 

1809A in dual differential mode (A + B) and (C + D) shows tran- 
sient state (race condition) occurring at count 8 of a TTL decade 
divider between both Q 1  and Q2 (upper trace) and Q2 and Q3 
(lower trace). 

. . . . . . . . ._ . 

. . . . -. -. 

Four channel display shows ease of making timing measure- 
ments of the Q outputs on a TTL decade divider. 

Description 
Model 1809A, 100 MHz four channel vertical amplifier plug-in pro- 

vides accurate multi-trace, I O  mV/div measurements in both digital 
and analog applications. Its wide bandwidth coupled with 5 ns/div 
sweep speeds allows high resolution timing measurements in digital 
circuits. Multi-channel timing measurements are also aided with the 
ability to  select the alternate sweep mode or a fast chop mode with a 1 
MHz chop rate for 2 channels or 500 kHz rate for all four channels. 

A thick film, planar attenuator with selectable 1 megohm or 50 
ohms input impedance precedes an MSI integrated circuit amplifier to 
attain 100 MHz bandwidth at  I O  mV/div deflection factors. The I 
megohm (ac or dc) input has only 12 p F  shunt capacitance for mini- 
mal loading in probing applications. For accurate 50 ohm measure- 
ments, a precision, dc-coupled, internal 50 ohm input termination 
may be selected with a front panel switch. The 50 ohm termination 
maintains low VSWR and pulse fidelity by compensating for normal 
input capacitance which is not possible with external terminations. 

The flexible trigger source selection allows timing measurements 
referenced from channel A, B, C, or D or each channel triggered inde- 
pendently in composite mode. Any channel may be used as the trigger 
source whether it is displayed or not. 

Any of the four channels may be inverted with a convenient front 
panel switch. In addition, the A D D  mode gives you the capability of 
looking at  two pairs differentially ( f A f B ) ,  ( f C f D )  or ( f A f B ) ,  
fC, fD which makes measurements in balanced or differential lines 
easy. 

Model 1804A provides four channel measurement capability to  50 
MHz with 20 mV/div deflection factors and is particularly useful in 
low speed logic applications. Deflection factors from 20 mV/div to  I O  
V/div assure measurement compatibility with most logic levels. Trace 
indentification is conveniently obtained with a pushbutton on each 
channel which moves the respective trace approximately % division. 

A wide selection of trigger sources increases measurement versatil- 
ity by allowing you to select the trigger mode to  fit your particular ap- 
plication. In Chop or Alternate mode, you can trigger on any channel 
to  see the time relationship with the other three channels. In the com- 



posite mode, each channel triggers separat 
signals in spite of time delays or for displa 

1809A Specifications 
Modes of operation 

Channels A, B, C, or D or any combinat 
successive sweeps (ALT) or chopped (Cf 
switching; either channels A and B or C 1 
added ( f A 1 B )  or ( f C f D ) .  Approxima 
nels displayed is 1 MHz, 3 channels is 667 I 
Vertical amplifiers (4) 
Bandwidth: (Measured with or without 
from a terminated 50 ohm source.) 

DC-coupled: dc to 100 MHz. 
AC-coupled: approx. I O  Hz to 100 MI 
Hz with 10014A probe. 

Rise time: <3.5 ns. Measured with or wil 
90% of 6 div input step from a terminatc 
Deflection factor: 

Ranges: from 0.01 V/div to 5 V/div (9 
5 sequence. 
Attenuator accuracy: f 2 % .  
Vernier: provides continuous adjustn 
factor ranges. Extends maximum deflel 
V/div. 

Signal delay: input signals are delayed 
edge of input without advanced external 
Input coupling: ac, dc, 50 ohms (dc), o 
disconnects input connector and ground: 
Input RC (selectable): 

AC or DC: 1 megohm f l %  shunted 
50 ohm: 50 ohms 12%.  VSWR, 1.3:l 

Maximum input: 
AC and DC: f 3 0 0  V (dc + peak ac) at 
peak ac) on I O  mV/div range ai  1 kH: 
50 ohm: 10 V rms (dc-coupled input) 

Polarity: any channel may be inverted fa 
eration. 

Algebraic addition (A + B), (C + I 
Amplifier: bandwidth and deflection fi 
channel may be inverted for ( f A f B )  or 
Differential input (A - B) or (C - D) co 
least 20 dB from dc to 80 MHz on all rt 
Triggering 
Source: selectable from channel A, B, ( 
played signals) in all display modes. 
Frequency 

1 8 2 5 A ,  1 8 4 0 A ,  1 8 4 1 A  dc - 100 MH 

Iz 

dc - 50 MH 
1 8 2 0 B ,  1 8 2 2 A  

1 d i v  

ely for direct comparison of 
y of asynchronous signals. 

ion displayed alternately on 
3OP) with blanking during 
and D may be algebraically 
ite chop rate for two chan- 
kHz, 4 channels is 500 kHz. 

10014A probe, 3 dB down 

Hz. Lower limit is approx. 1 

thout 10014A probe, 10% to 
:d 50 ohm source. 

calibrated positions) in I ,  2, 

lent between all deflection 
ction factor to at least 12.5 

sufficiently to view leading 
trigger. 
r ground. Ground position 
i amplifier input. 

by approx. 12 pF. 
at 100 MHz on all ranges. 

1 kHz or less; f 150 V (dc + 
z or less. 

ir f A ,  f B ,  f C ,  or f D  op- 

ictors are unchanged, any 

lmmon mode: CMRR is at 
anges. 

( f C f  D) operation. 

2, D, or composite (on dis- 

Required 

% d i v  

1 d i v  

'/2 d i v  

2 d i v  I 
I 1 8 2 0 A ,  1 8 2 1 A  I dc - 50 MH 

*All display modes except Chop, dc to 100 kHz in Chop 

General 
Weight: net, 3.2 kg (7 Ib); shipping, 4.5 

Operating environment: same as I80C/D mainframes. 
Accessories supplied one Operating and Service Manual. 
Recommended probes 
Model 10014A and 10016A will maintain 1809A bandwidth and rise 
time in the high impedance (ac or dc) mode. Models 10020A and 
1125A will maintain bandwidth and rise time in the 50 ohm input 
mode. 

1804A Specifications 
Modes of operation 

Channels A, B, C, or D or any combination displayed alternately on 
successive sweeps (ALT) or chopped (CHOP) with blanking during 
switching. Approximate chop rate for two channels displayed is 500 
kHz, 3 channels is 333 kHz, and 4 channels is 250 kHz. 
Vertical amplifiers (4) 
Bandwidth: (measured with or without 10004D probe, 3 dB down 
from 8 div reference signal from a terminated 50 ohm source.) 

DC-coupled: dc to 50 MHz. 
AC-coupled: approx. I O  Hz to 50 MHz (lower limit is approx. 1 
Hz with 10004D probe). 

Rise time: <7 ns (measured with or wi 
90% of 8 div input step from a termina 
Deflection factor: 

Ranges: from 0.02 V/div to I O  V/div \, *U.LVLCLLIU yVYLL.V1.U, ... ., 
2, 5 sequence. 
Attenuator accuracy: f 3 % .  
Vernier: provides continuous adjustment between deflection fac- 
tor settings and extends maximum deflection factor to at least 25 
V/div. Front panel light indicates whe 
tion. 

Signal delay: input signals are delayec 
edge of input pulse without advanced e 
Input coupling: AC, DC, and Grouna. w o u n a  aisconnecu input 
signal and grounds amplifier input. 
Input RC: I megohm shunted by approx. 25 pF, constant on all 
ranges. 
Maximum input: 

DC-coupled: f 3 5 0  V (dc + peak ac); 1 
mV/div at 10 kHz or less. 
AC-coupled: f 4 0 0  Vdc. 

Trace identification: pushbutton control displaces respective trace 
approx. 0.5 div. 
Triggering 
Source: selectable on signal from any channel in either Chop or Alt 
mode, or successively from displayed signal on each channel in Alt 
mode. 
Frequency: dc to 50 MHz on signals causing 0.5 div or more vertical 
deflection in all display modes except Chop. DC to 200 kHz in Chop 
mode. 
General 
Operating environment: temperature, 0 to 55°C (+32"F to + 130°F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three ulanes for 15 
min. each with 0.254 mm (0.010 in.) ex 
Weight: net, 2.3 kg (5 Ib); shipping, 3. 
Accessories supplied one Operating 
Recommended probes 
10004D, 10005D, and 10006D passive probes maintain full pertor- 
mance of the 1804A. 
Model number and name 
1809A 100 MHz 4 Channel Amplifier 
1804A 50 MHz 4 Channel Amplifier J I LUU 

ithout 10004D probe, 10% to 
.ted 50 ohm source). 

:n vernier is out of CAL posi- 

1 sufficiently to view leading 
.xternal trigger. . .  . . ^  . *. 

f 150 V (dc + peak ac) on 2C 

. .. . 

cursion, I O  to i.5 HZ. 
.6 kg (8 Ib). 
and Service Manual. 

. . -.. " 

Price 
$2100 ^.^^^ 
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QSCILLOSCOPES 
180 Vertical: differential, dc offset 
Model 1803A 

YO Range 

O t o 6 V  

O t o 6 V  

O t o 6 V  

0 to 60 V 

0 to 60 V 

0 to 600 V 

Maximum Input 
(dc + peak ac) 

f 1 5  V 

f150  V 

f 6 0 0  V 

f150  V 

f 6 0 0  V 

f 6 0 0  V 

Deflection Factor 

0.001 Vldiv to 0.02 Vld iv  

0.05 Vldiv to 0.2 Vldiv ' 

0.5 Vldiv to 20 V/div 

0.01 Vldiv to 0.2 Vldiv 

0.5 Vldiv to 20 Vldiv 

0.1 Vld iv  to 0 V/div 

1803A Description 
Model 1803A Differential/DC Offset Amplifier provides many 

measurement capabilities in one versatile plug-in. The 1803A offers a 
bandwidth of 40 MHz, FET inputs for low noise and drift, deflection 
factors from I mV/div to 20 V/div, and calibrated offset for measure- 
ments with 0.5% accuracy. Controls on this plug-in are easy to oper- 
ate for quick familiarization. Interlocked deflection factor and offset 
controls prevent offset changes as deflection factor is changed. Push- 
bhtton controls for input coupling, ground reference offset, and off- 
set polarity speed measurements and reduce possible set-up errors. 

As a differential amplifier, the common mode rejection ratio can be 
as high as 86 dB which assures a clear presentation of your signal. Ac- 
curate measurements are also aided with positive and negative inputs 
that provide similar load impedances to both sides of a balanced sys- 
tem. When used as a dc offset amplifier, the 1803A lets you expand a 
signal many times to see small perturbations riding on top of the sig- 
nal or at  any point on a large complex waveform. In the differential 
comparator mode of operation, dc and pulse amplitude measure- 
ments can be made with accuracies of 0.5% by using the stable, cali- 
brated offset voltage generated in the 1803A. 

1803A Specifications 
Vettical deflection 
Bandwidth: (Measured with or  without 10004D probe. 3 dB down 
from 8 div reference signal from a terminated 50 ohm source.) 

DC-coupled: dc to 40 MHz from 0.005 V/div to  20 V/div; dc to 
30 MHz on 0.001 V/div and 0.002 V/div or when using VO range of 
0 to 6 V or two most sensitive volts/div settings for other VO ranges. 
AC-coupled: lower bandwidth is approx. 2 Hz, upper bandwidth 
is the same as dc-coupling. Lower bandwidth is approx. 0.2 Hz with 
10004D probe. 

Rise time: < I O  ns for deflection factors of 0.005 V/div to 20 V/div; 
< I 2  ns on 0.001 V/div and 0.002 V/div, on VO range of 0 to 6 V and 
on the most sensitive volts/div settings for other VO ranges. Measured 
with or without 10004D probe; 10% to 90% of 8 div input step from 
terminated 50 ohm source. 
Deflection factor 

Ranges: from 0.001 V/div to 20 V/div (14 calibrated positions) in 
I ,  2, 5 sequence. 
Attenuator accuracy: f3%. 
Vernier: provides continuous adjustment between deflection fac- 
tor settings and extends maximum deflection factor to at least 50 
V/div. Front panel light indicates when vernier is not in CAL posi- 
tion. 

Input coupling: AC, DC, Ground, or VO for both + and - inputs. 
Ground disconnects signal input and grounds amplifier input. 
Input RC: 1 megohm shunted by approx. 27 pF, constant on all 
ranges. 

IILJ naiigs 

:lo0 kHz 

z to <1 MHz 

to <10 MHz 

I 
2 2 0  000:1(286 dB) 10 v 
210 000:1(280 dB) 10 v 

5 0OO:l 10 v 

250:l (234 dB) 1 v  

2 2  0OO:l ( 2 6 6  dB)* 10 v 

2- 
Freq in MHz Freq in MHz 

100 kH 

Yo Range 

O t o f 6 V  

0 t o  f 6 0  V 

0 to f 6 0 0  V 

I 1 M H z i  

Deflection Factor Comparison Accuracy 

+(0.15% + 8 mV) - 

- 

0.001 Vld iv  to 0.02 V/div 

0.05 Vldiv to 0.2 Vld iv  

0.5 Vld iv  to 2 V/div - _ _  - 
-_ - 

- -- - 
0.5 V/div to 2 Vldiv f(0.75% + 8 mV) 

f3% 

f (0 .65% + 0.8 V) 

f3% 

5 Vldiv to 20 Vldiv 

5 Vldiv to 20 V/div 

0.1 Vldiv to  2 Vld iv  

20 MHz 

"AC-COUP 

Input Sinewave 

r b  

5 Vldiv to 20 Vldiv 

0.01 Vldiv to 0.2 Vldiv 

f(0.75% + 8 mV) 
I r m  

f3% 

f(0.49 + 8 mV) 

VO output: calibrated dc offset voltage available at  front panel con- 
nector, continuously variable from 0 to f0.006 V, 0 to f0 .06  V, 0 to 
f 0 . 6  V or 0 to f 6  V. Accuracy of the 6 V range is f0.15% of reading 
f 8  mV, when driving a resistance of I O  megohms or higher. 

Triggering 
DC to 40 MHz on signals causing 0.5 div or more vertical deflection. 

General 
Operating environment: same as 180C/D mainframe. 
Weight: net, 2.3 kg (5 Ib); shipping, 3.6 kg (8 Ib). 
Accessories supplied: one Operating and Service Manual. 
Recommended probes 
Models 10004D, 10005D. and 10006D passive probes maintain full  
performance of the 1803A. 

1803A Differential DC Offset Amplifier $1200 



1820C 

1820C Specifications 
Time base 
Sweep 

Ranges: 0.05 psldiv to 1 s/div (23 position$) in I ,  2, 
f3% accuracy with vernier in CAL position. 
Vernier: continuously variable between ranges, extei 
sweep to at  least 2.5 s/div. Front panel light indicates u 
is not in CAL position. 
Magnifier: (mainframe) expands fastest sweep to  5 n 

Sweep mode 
Normal: triggered by an int, ext, or power line signa 
Automatic: bright baseline displayed in absence of tri 
Triggering is same as Normal except low frequency lim 
Single: in Normal, sweep occurs once with same triggel 
mal (reset pushbutton arms arid lights indicator); in b 
occurs once each time reset pushbutton is pressed. 

Triggerihg 
Internal: refer to  vertical plug-in specifications. 
External: dc to 50 MHz on signals 50 mV p-p or  more i 
100 mV at 100 MHz and 150 mV at 150 MHz. 

Line: power line frequency signal. 
Level 

Internal: at any point on the vertical waveform displ 
External: continuously variable from +2 V to -2 V on 
of trigger signal, from +20 V to -20 V in + I O  setti 

Slope: pushbutton selection of + or - slope of trigger 
Coupling: front panel selection of AC, DC, H F  Reject 01 

AC attenuates signals below approx. 20 Hz. L F  reject att 
nals below approx. 15 kHz. H F  reject attenuates signal 
prox. 15 kHz. 
Trigger holdoff time between sweeps continuously varia 
ing one full sweep on all ranges. 

General 
Opdrating environment: same as 180C/D mainframe. 
Weight: net, 1.4 kg (3 Ib); shipping, 3.2 kg (7 Ib). 

1821A Specifications 
Main time base 
Sweep 

Ranges: from 0.1 ps/div to I s/div (22 positions) i r  
quence. 5 3 %  accuracy with vernier in cal position. 
Vernier: continuously variable between all ranges; extt 
sweep to at  least 2.5 s/div. 
Magnifier: (mainframe) expands fastest sweep to 10 

Sweep mode 
.I I. . ' __._. > L. .- '-. ... _ _  __.._ *'.. 

BSCAbAOSC0PE.C; 
180 Time bases: single and delayed 

Models 1820C 81 1821A 

Automatic: bright baseline displayed in absence of input signal. 
Triggering same as normal except low frequency limit is 40 Hz for 
internal or  external modes. 
Single: sweep occurs once with same triggering as normal; reset 
pushbutton with indicator light. 5 sequence. 

nds slowest Delayed time base 
rhen vernier Delayed time base sweeps after a time delay set by Main time base and 

Delav controls. 
s/div. 

I. 
gget signal. 
it is 40 Hz. 
ring as Nor- 
iuto, sweep 

ncreasing to  

ayed. 
either slope 

' signal. 
r L F  Reject. 
enuates sig- 
s above ap- 

Ible, exceed- 

"9: 

Sweep 
Ranges: from 0.1 ps/div to 50 ms/div (1 8 positions) in I ,  2, 5 se- 
quence. f3% accuracy with Vernier in cal position. 
Vernier: continuously variable between all ranges; extends slowest 
sweep to at  least 125 ms/div. 
Magnifier: (mainframe) expands fastest sweep to  I O  ns/div. 

Triggering 
Main and delayed time base 

Internal: refer to  vertical plug-in specifications. 
External: from dc to 50 MHz on signals 0.5 V p-p or more, in- 
creasing to  100 MHz on signals 1 V p-p or  more. 
Line: power line frequency signal. 
Level and slope: internal, at  any point on the vertical waveform 
displayed; external, continuously variable from +3 V to -3 V on 
either slope of the sync signal, from +30 V to -30 V in f 10. 
Automatic (delayed only): triggered at end of set time delay. 
Coupling: front panel selection of AC, DC, ACF, or  ACS. AC at- 
tenuates signals below approx. 20 Hz. ACF (ac-fast) attenuates sig- 
nals below approx. 15 kHz. ACS (ac-slow) attenuates signals above 
approx. 30 kHz. 

Trace intensification: intensifies that patt of Main time base to be 
expanded to full screen on Delayed time base. Rotating Delayed time 
base sweep switch from Off position activates intensified mode. Front 
panel screwdriver adjust sets relative intensity of brightened segment. 
Delay (before Start of Delayed sweep) 

Time: continuously variable from 0.1 ps to  IO  s. 
Accuracy: f l % .  Linearity, f0.2%. Time jitter is <0.005% (1 part 
in 20 000) of maximum delay of each step. 
Trigger output: (at end of Delay time) approx. 1.5 V with <50 ns 
rise time from 1000 ohm source resistance. 

Mixed time base: dual time base in which Main time base drives first 
0 1000 

times faster. Also operates in single s 
I I ,  2, 5 se- 

:rids slowest Operating environment: same as 180 C /D mainframes. 

ns/div. Model number and name Price 
$750 

portion of sweep and delayed time bast 

General 

Weight: net, 1.8 kg (4 Ib); shipping, 3.1 kp 17 'I.' 

1821A Time Base and Delay Generator 
Iyormai; triggereu oy an inr, BXL. or power line signal. 1820C Time Base $485 

E completes sweep at  up t 
weep mode. 



(oscnLLoscoPEs 
180 Time bases: expanded and delayed 
MODELS 1824A & 1825A 

1 8 2 4 ~  

", n 

1825A 

speed capability to  5 ns/div with 5% accuracy. 
One knob control makes triggering easy in main, delayed, and 

mixed modes. Stable, accurate time displays are provided in main, de- 
layed, and mixed modes with the highly sensitive 50 mV external trig- 
ger capability at  50 MHz which increases to only 150 mV at 150 MHz. 
Trigger synchronization is maintained when switching between main, 
delayed, and mixed modes, further simplifying use. 

Front panel controls are logically arranged for quick familiariza- 
tion and easy use. Pushbuttons eliminate front panel clutter and re- 
duce the possibility of errors. Easy-to-operate pushbuttons establish 
main, delayed, and mixed modes of operation. 

Trigger level controls on main and delayed sweeps allow selection of 
the triggering point on the desired portion of the signal for almost 
every measurement application. Also, the f I O  function provides a 
wide dynamic range of triggering in both external and internal modes 
of operation. 

External trigger sensitivity of 50 mV on both main and delayed 
sweeps allows a 1O:l divider probe to be used to  reduce circuit load- 
ing at  trigger pick-off points and reduces the possibilitv of circuit mal- 
function caused by the measuring instrument. 

1824A Description 
The Model 1824A time base and sweep expander is designed for use 

in 180 system mainframes and provides sweep expansion up to  100 
times, 5 ns sweep speeds, and triggering to 150 MHz. 

The expanded sweep feature allows detailed examination of se- 
lected portions of a display. Expansions as great as 100 times are avail- 
able with direct read-out on the time/div switch. Convenient setup is 
provided by a trace intensification feature which selects a segment of 
the sweep that will be expanded to  full screen. The position of the ex- 
panded sweep is continuously variable over 9 divisions of the basic 
displayed sweep. 

Operation is easy with the pushbutton controls and the automatic 
sweep mode which displays a baseline in absence of a trigger input sig- 
nal. A trigger hold off control allows stable triggering on complex 
waveforms or allows triggering on a particular pulse in a digital word. 
The external trigger input impedance of 1 megohm allows standard 
probes to be used which reduces circuit loading at  trigger pick-off 
points. The high external trigger input sensitivity of 50 mV allows IO: 1 
probes to be used even with 0.5 V logic circuits. 

Double exposure shows intensified main sweep with location of 
intensified portion (top trace). Bottom trace shows expanded 
sweep. 

1825A Description 
Model 1825A time base and delay generator provides sweep speeds 

ranging from 0.05 psldiv to 1 s/div in 23 positions. Delay times are 
continuouslv variable from 50 ns to  10 s and are accurate to  0.75% 

Mixed sweep 

Multiple exposure shows four modes of operation with time rela- 
tionship maintained in all modes. 

with extremely low jitter of 1 part in 50,000. Also, a calibrated mixed 
sweep mode is provided. A mainframe XI0  magnifier increases sweep- 

Main sweep 

Intensified 
main sweep 

Delayed 
sweep 



1824A Specifications 
Time base 
Sweep 

Ranges: 0.05 ps/div to  1 s/div (23 cal 
sequence. f 3 %  accuracy with vernier i 
Vernier: continuously variable betwe 
sweep to at  least 2.5 s/div. Front panel 
is not in CAL position. 
Magnifier: (on mainframe) expands fa 
5% accuracy (includes f 3 %  accuracy I 

Expander: direct reading expander ( 

times sweep expansion, accuracy f3%.  
lects part of basic time scale to be expa 
from <0.5 div of sweep start to  >8.5 
Trace intensification: front panel S W I  
for use in establishing start of expandel 
justment sets relative intensity of brig1 

Normal: sweep is triggered by an inte 
signal. 
Automatic: bright baseline displayed 
Triggering is same as Normal except lo 
Single: in Normal, sweep occurs with 
reset pushbutton arms sweep and lighl 
occurs once each time reset pushbuttc 

Triggering 
Internal: refer to vertical amplifier plug 
External: dc to  50 MHz on signals of 50 
to 100 mV p-p at  150 MHz. 
Line: power line frequency signal. 
Level 

Expanded sweep 

Sweep mode 

Internal: at any point on the vertical 
External: continuously variable from . 
of trigger signal, from +20 V to -20 

Slope: pushbutton selection of either F 
trigger signal. 
Coupling: front panel selection of AC, 
ject. 

AC: attenuates signals below approx. 
LF reject: attenuates signals below a 
HF reject: attenuates signals above a 

Trigger holdoff time between sweeps co 
one full sweep on all ranges. 

General 
Operating environment: same as 18OC 
Weight: net, 1.4 kg (3 Ib); shipping, 3.: 
Accessories supplied: one Operating 

r.&- - '.mp -p9n 

Sweep 

1825A Specifications 

Ranges: 0.05 ps/div to  1 s/div (23 pi 
+3% accuracy with vernier in calibral 
Vernier: continuously variable betwc 
sweeD to at least 2.5 s/div. Front panel 
is n i t  in CAL position. 
Magnifier: (on mainframe) expands f 
curacy f 5 % .  

librated positions) in I ,  2, 5 
in calibrated position. 
en ranges, extends slowest 
light indicates when vernier 

stest sweep to 5 ns/div with 
If time base). 

:ontrol provides up to 100 
Expand position control se- 
nded, continuously variable 
div of basic time scale. 
itch selects intensified mode 
d display. A front panel ad- 
itened segment. 

mal, external, or power line 

in absence of input signal. 
w frequency limit is 40 Hz. 
same triggering as Normal; 

ts indicator; in Auto, sweep 
in is pressed. 

:-in specifications. 
I mV p-p or more, increasing 

waveform displayed. 
t 2  V to -2 V on either slope 
V in +10 setting. 

iositive or negative slope of 

DC,,HF Reject, or L F  Re- 

20 Hz. 
pprox. 15 kHz. 
Ipprox. 15 kHz. 
ntinuously variable. Exceeds 

:/D mainframes. 
2 kg (7 Ib). 
and Service Manual. 

xitions) in 1, 2, 5 sequence. 
.ed position. 
:en ranges, extends slowest 
light indicates when vernier 

astest sweep to  5 ns/div, ac- 

Sweep mode 
Normal: sweep is triggered by an internal, external, o r  power line 
signal. 
Automatic: bright baseline displayed in absence of trigger signal. 
Triggering is same as Normal except low frequency limit is 40 Hz. 
Single: in Normal, sweep occurs once with same triggering as Nor- 
mal; reset pushbutton arms sweep and lights indicator; in Auto, 
sweep occurs once each time reset pushbutton is pressed. 

Delayed time base 
Delayed time base sweeps after a time delay set by Main time base 

and Delay controls. Delayed time base is triggered on first trigger 
pulse after set delay or  automatically triggers after set delay when de- 
layed level control is in detent position. 
Sweep 

Ranges: 0.05 ps/div to 20 ms/div (18 positions) in 1, 2, 5 se- 
quence. f 3 %  accuracy. 
Magnifier: (on mainframe) expands fastest sweep to 5 ns/div, ac- 
curacy f 5 % .  

Triggering 
Internal: refer to  vertical amplifier plug-in specifications. 
External: dc to 50 MHz on signals SO mV p-p or more increasing to 
100 mV p-p at  100 MHz and 150 mV p-p at  150 MHz. 
Line: power line frequency signal. (Main only.) 
Level 

Internal: at any point on the vertical waveform displayed. 
External: continuously variable from + 2  V to -2 V on either slope 
of trigger signal, from +20 V to -20 V in + I O  setting. 

Slope: pushbutton selects either positive or  negative slope of trigger 
signal. 
Coupling: front panel selection of AC, DC, H F Reject, or L F  Re- 

15 kHz. 
~ . ~~ 

ject. 
AC: attenuates signals below approx. 20 Hz. 
LF reject: attenuates signals below approx. 
HF reject: attenuates signals above approx. 15 kHz. 

Trigger holdoff: time between sweeps continuously variable, exceed- 
ing one full sweep on all ranges. (Main only.) 
Delay (before start of delayed sweep) 

Time: continuously variable from 50 ns to  I O  s. 
Accuracy: f0.75% of differential delay f 2  minor divisions of 
delay dial. 
Time jitter: 0.002% (1 part in 50,000) of maximum delay on each 
range. 

Trace intensification 
In Main sweep mode, intensifies that part of main time base to  be 

expanded to full screen in delayed time base mode. Rotating time base 
switch from OFF position activates intensified mode. 
Calibrated mixed sweep 

Combines Main and Delayed sweeps into one display. Sweep is 
started by the Main time base and is completed by the faster Delayed 
time base. Delayed sweep start is aligned with start of intensified 
marker. 
General 
Operating environment: same as 180C/D mainframes. 
Weight: net, 1.8 kg (4 Ib); shipping, 3.1 kg (7 Ib). 
Accessories supplied one Operating and Service Manual. 
Model number and name Price 
1824A Time Base and Sweep Expander $630 
1825A Time Base and Delay Generator $850 
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180 Samplers: 4 GHz & 18 GHZ 
Models 1811A, 1430C & 1432A 

.,. 

1430C 1432A 

1811A Description 
Model 181 IA Sampling plug-in offers 4 or 18 GHz, dual-channel, 

feedthrough sampling measurements. The logical arrangement of 
front panel controls reduces familiarization time and measurement er- 
rors; and measurements in operating systems are possible with the 
feedthrough remote sampling heads. This double-size plug-in oper- 
ates in all 180 series mainframes with a selection of standard CRT's (5-  
inch), large screen, and variable persistence and storage. With the two 
remote sampling heads, you match a sampling system to your mea- 
surement problem at minimum cost. 

The bridged method of extracting a signal is used which extracts 
only a small amount of the waveform rather than terminating the sig- 
nal in the measuring system. By using remote sampling heads connec- 
ted in series with the system under test, the signal displayed is the sig- 
nal that is passed through the sampler to the next stage of a system. 
Any problems are then displayed as they exist in the system. Termi- 
nated measurements can also be made with the supplied 50 ohm loads. 

The two sampling heads available are the Model 1432A with 90 ps 
rise time (4 GHz) and the 143OC with a 20 ps rise time (18 GHz). 
These remote samplers are connected to the scope by a five-foot cable 
which allows the head to  be placed at  the measurement point, elimi- 
nating high frequency losses due to interconnecting cables. 

18 GHz triggering with a displayed jitter of 10 ps or less is provided 
by a I104A trigger countdown, 1106B tunnel diode, and 1109B high- 
pass filter. For viewing a signal without using a delay line, a pre-trig- 
ger output is available as a signal source which starts the sweep prior 
to display of the vertical signal. 

1811A Specifications 

Vertical channels 
Deflection factor 

Ranges: 2 mV/div to 200 mV/div (6 calibrated positions) in 1, 2, 5 
sequence. 
Accuracy: f3%. 
Vernier: provides continuous adjustment between all deflection 
factor ranges; extends minimum deflection factor to < I  mV/div. 
Front panel light indicates when vernier is not in CAL position. 
Polarity: + up or - up. 

Positioning range: > f I V on all deflection factors. 
A + B operation: bandwidth and deflection factors are unchanged; 
either channel may be inverted for f A  f B  operation. 
Time base 
Ranges 

Normal: 1 ns/div to 5 ps/div (12 calibrated positions) in a 1, 2, 5 
sequence. f 3 %  accuracy with vernier in calibrated position. 
Expanded: direct reading expansion up to XI00 in seven cali- 
brated steps on all normal time scales, extends the range to  I O  
ps/div. Accuracy is f 4 %  (1 ps/div, f10% using the mainframe 
magnifier). 

Vernier: continuously variable between ranges; increases fastest 
sweep to <4  ps/div. 

Triggering 
Auto: triggers automatically on most signals with a minimum of level 
control adjustment. A baseline is displayed in the absence of an input 
signal. 
Normal: trigger level control may be adjusted to  trigger on a wide va- 
riety of signals. 
CW: 80 mV p-p for sine wave signals from 1 kHz to 1 GHz for jitter of 
< I O  ps plus I %  of I period of trigger signal. Useful displays can be ob- 
tained with trigger signals as low as 5 mV. Triggering may be ex- 
tended to 18 GHz with H P  Model 1104A/I 106B trigger countdown. 
f Slope: triggers on 50 mV/peak, 3 ns wide pulses, for <30 psjitter. 
Level and slope: continuously variable from +800 rnV to -800 mV 
on either slope of sync signal. 
Coupling: ac coupling attenuates signals below approx 1 kHz. 
Variable holdoff variable over at  least a 3:l range in all sweep 
modes. 
Marker position: intensified marker segment indicates point about 
which the sweep is to  be expanded (automatically dimmed with in- 
creasing persistence in 181 and 184 variable persistence/storage main- 
frames). 
Scan 

Internal: dot density, continuously variable from < I O 0  to >IO00 
dots full screen or from approx 500 to >2000 dots in filtered mode. 
Manual: scan is positioned manually by front panel control. 

Trigger output: 1 ns, 1.5 V into 50 ohms. 

General 
Probe power: supplies power to operate Hewlett-Packard active 
probe. 
Recorder outputs 

Vertical: an uncalibrated I V vertical output signal from each 
channel is provided at  the rear panel of 180 series mainframes. 
Horizontal: an uncalibrated 0.75 V amplitude signal is provided at  
the rear panel of 180, 181, 182, or 184 mainframes. 

Operating environment: temperature, 0 to  +55OC (+32'F to 
+120"F); humidity, to 95% relative humidity at  40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 5 5  Hz. 
Weight: net, 2.3 kg ( 5  Ib); shipping, 4.5 kg ( I O  Ib). 
Accessories supplied: one Operating and Service Manual. 

1430C Spcifications Modes of operation 
Channel A; channel B; channels A and B displayed on alternate sam- 
ples (ALT); channel A plus channel B (algebraic addition); and chan- 
ne1 A versus channel B. 

Sampling head 
Rise time: approx 20 ps (<28 ps observed with I105A/1106B pulse 



generator and 909A Option 012, 50 ot 
Bandwidth: dc to > I 8  GHz. 
Overshoot: <7.5%. 
Noise: approx. I O  mV observed noise o 
dom dots. Noise decreases to approx. 2. 
tered 2 mV/div and 5 mV/div ranges a 
play switch (on 1811A) is set to filterem 
Dynamic range: 1 V p-p. 
Low frequency distortion: < f 5 % .  
Maximum safe input: f 3  volts. 
Input characteristics 

Mechanical: type N female connect0 
Electrical: 50 ohm feedthrough, dc-c 
pler is approx. IO%, measured with 
emitted from sampler input are appri 
duration. 

Time difference between channels: 
Isolation between channels: 2 4 0  dE 
Connecting cable length: 1.5 m (5 f 
General 
Weight: 1.8 kg (4 Ib); shipping 4.1 kg 
Accessories supplied: two 50 ohm lo 
tors (HP Model 909A Option 012), one 
181 I A  interconnecting cable (HP P/N 
ing and Service Manual. 

1432A Specifications 
Sampling head 
Rise time: <90 ps. 
Bandwidth dc to 4 GHz. 
Overshoot: < f 5 % .  
Noise: approx. 8 mV observed noise c 
dom dots. Noise decreases to approx. . 
tered 2 mV/div and 5 mV/div ranges a 
play switch (on 1811A) is set to filtere 
Dynamic range: I V p-p. 
Low frequency distortion: <3%. 
Maximum safe input: f 5  V. 
Input characteristics 

Mechanical: G R  Type 874 connectc 
Electrical: 50 ohm feedthrough, dc- 
pler is approx. 15% measured with 
emitted from sampler input are appri 
ns wide. 

Time difference between channels: 
Isolation between channels: 2 4 0  dl 
Connecting cable length 1.5 m (5 1 

General 
Weight: net, 1.8 kg (4 Ib); shipping, 1 

Accessories supplied two 50 ohm I 
nectors, one i.5 m ( 5  ft) sampling head 1 
(HP  P/N 5060-0440), and one Operat 

1104A/l106B/1108A Sped 
1104A/1106B 18 GHz trigger cot 

1104A/1108A 10 GHz trigger coi 
Input 

Frequency range: (1106B) I GHz I 

I O  GHz. 
Sensitivity: ( 1  106B) signals 100 mV 
duce <20 ps of jitter (200 mV requirt 
up to 50 mV or larger up to I O  GI- 
Maximum safe input: f 1' V. 
Input impedance: dc resistance apl 

im load). 

In C R T  excluding 10% of ran- 
5 mV on the automatically fil- 
nd all other ranges when dis- 
d position. 

Irs on input and output ports. 
:oupled. Reflection from sam- 
a 40 ps T D R  system. Pulses 

JX. I O  mV amplitude and 5 ns 

<5 ps. 
I over sampler bandwidth 
0 .  

(9 Ib). 
ads with type N male connec- 
1.5 m (5 ft) sampling head to 
5060-0540), and one Operat- 

in C R T  excluding 10% of ran- 
2 mV on the automatically fil- 
ind all other ranges when dis- 
:d position. 

)rs on input and output ports. 
coupled. Reflection from sam- 
a 90 ps T D R  system. Pulses 

DX. 50 mV in amplitude and I O  

<25 ps. 
B over sampler bandwidth. 
Ft). 

4.1 kg (9 Ib). 
loads with G R  Type 874 con- 
:o 181 I A  interconnecting cable 
ing and Service Manual. 

lications 
Jntdown 
in t d o w n 

to 18 GHz. ( 1  108A) I G H z  to  

or larger up to  12.4 GHz, pro- 
:d to 18 GHz). ( I  108A) signals 
tz produce <20 ps jitter. 

x o x  50 ohms. Reflection from 

input connector is < I O %  using a 40 ps T D R  system. 
Signal appearing at input connector: approx 250 mV. 

Center frequency: approx. 100 MHz. 
Amplitude: typically 150 mV. 

Connectors 
1104A: input, type N male; trigger output, BNC female. 
1106B: input, type N male; output, type N female. 
11068 Opt 001: input, APC-7; output, type N female. 
1108A: input, G R  Type 874; output type N female. 

1104A net, 0.9 kg (2 Ib); shipping, 1.8 kg (4 Ib). 
11068 or 1108A net, 0.5 kg (1 Ib); shipping, 0.9 kg (2 Ib). 

output 

Weight 

*Components required for sampling systems 

1811A Sam 

18 GHz Sampling 

1430C Sampling Head (Type N 
Female input/output connectors) 

Trigger Accessories 
<1 GHz: Cable 11500A Type N 

Male to Type N Male 1.8 m 
(6 ft), Adapter 1250-0077 
Type N Female to BNC Male. 

1 GHz to 10 GHz 
1104A Trigger Countdown. 
1108A Tunnel Diode. 
Adapter 1250-0847 

GR Type 874 to Type N Male. 
1109B High Pass Filter. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4 ft). 
1 GHz to 18 GHz 
1104A Trigger Countdown. 
1106B Tunnel Diode. 
1109A High Pass Filter. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4ft).  

TDR with 1430C Sampling Head 
1105A Pulse Generator. 
11068 Tunnel Diode 20 ps t,. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4ft).  

1105A Pulse Generator. 
1108A Tunnel Diode 60 ps t,. 
Adapter 1250-0847 GR type 874 

10503A 1.2 m (4 ft) Male BNC 
to Type N Male. 

to male BNC Trigger C 

Use any 180 series mainframe 

Model number and name 
18 1 1 A Sampler 
1430C Sampling Head, 18 GHz 
1432A Sampling Head, 4 G H z  
1104A Trigger Countdown 
1106B (Type N Connector) 
1108A (GR-874 Connector) 

na Plua-in 

4 GHz Sampling 

14321 Sampling Head (GR Type 
874 input/output connectors) 

Trigger Accessories 
<1 GHz: Adapter 1250-1211 GR 

Type 874 to Type N Female, 
Cable 11500AType N Male 
to Type N Male 1.8 m (6 ft), 
Adapter 1250-0077 Type N 
Female to BNC Male. 

1 GHz to 10 GHz 
1104A Trigger Countdown. 
1108A Tunnel Diode. 
Adapter 1250-0847 

11098 High Pass Filter. 
Adapter 1250-0240 

10503A Male BNC to Male 

GR Type 874 to Type N Male. 

GR Type 874 to Type N Female. 

BNC Trigger Cable. 

TDR with 1432A Sampling Head 
1105A Pulse Generator. 
1108A Tunnel Diode 60 ps t,. 
10503A 1.2 m (4 ft) Male BNC 

to male BNC Trigger Cable. 

Price 
$ I980 
$3250 
$1400 

Recommended Accessory: H P  Model I109B 
Filter $230 



180 Sampler: 1 GHz 
Model 1810A 

I ne Moaei I ~ I U A  I b n z  sampling plug-in is a auai-cnannei, dou- 
ble-size plug-in that gives you the easiest sampling measurements 
available today. Simplified controls look and behave like those on a 
real time oscilloscope and also give you 2 mV/div to  200 mV/div de- 
flection factors, frequency response to l GHz,  internal triggering to l 
GHz, and sweep times from 50 ps/div to  0.1 ns/div (with sweep ex- 
pansion). This sampling plug-in now allows you to make nanosecond 
rise time measurements of repetitive signals with minimum familiari- 
zation time. 

181 OA Specifications 
Modes of operation 
Channel A; channel B; channels A and B displayed on alternate sam- 
ples (ALT); channel A plus channel B (algebraic addition); and chan- 
nel A versus channel B. 

Vertical channels 
Bandwidth: dc to 1 GHz. 
Rise time: <350 ps. 
Pulse response: 5 5 3 %  o r  3 mV p-p (overshoot and perturbations) 
in normal display mode. 
Deflection factor 

Ranges: 2 mV/div to 200 mV/div (7 calibrated positions) in 1, 2, 5 
sequence. f3% accuracy. 
Vernier: provides continuous adjustment between all deflection 
factor ranges; extends minimum deflection factor to < I  mV/div. 
Front panel light indicates when vernier is not in CAL position. 
Polarity: + up or - up. 

Dynamic range: > 1.6 V. 
Positioning range: >f 1 V on all deflection factors. 
Input R: 50 ohms, f 2 % .  
Maximum input: f5 V (dc + peak ac). 
VSWR: < 1 . 1 : 1  to 300 MHz, increasing to <1.5:1 at 1 GHz. 
Reflection coefficient: <6%, measured with H P  Model 1415A 
TDR. 
Random noise 

Normal: <2 mV, observed from center 80% of dots. 
Filtered: reduces noise at  least 2 to  1. 

Isolation between channels: 2 4 0  dB with 350 ps rise time input. 
Time difference between channels: < 100 ps. 
A + B operation: bandwidth and deflection factors are unchanged; 
either channel may be inverted for f A  f B  operation. 

Time base 
Ranges 

Normal: I O  ns/div to 50ps/div (12 calibrated positions) in a 1, 2, 5 
sequence. f3% accuracy with vernier in calibrated position. 
Expanded: direct reading expansion up to XI00 in seven cali- 
brated steps on all normal time scales, extends the range to 100 
ps/div. Accuracy is f 4 %  (10 ps/div, & I O %  using the mainframe 
magnifier). 

Vernier: continuously variable between ranges; increases fastest 
sweep to  <40 ps/div. Front panel light indicates when vernier is not in 
CAL position. 

Triggering 
Mode 

Normal: trigger level control can be adjusted to trigger on a wide 
variety of signals. 
Automatic: triggers automatically on most signals with a mini- 
mum of adjustment of the level control. A baseline is displayed in 
the absence of an input signal. 

Source: selectable; channel A triggers channel A or  alternate; 
channel B triggers channel B, alternate, A + B, or  A vs B. 
Sine wave: 30 mV p-p for signals from 1 kHz to 200 MHz, 100 mV 
p-p for signals from 200 MHz to 1 GHz for jitter of <30 ps plus 1% 
of I period. Useful triggering can be obtained with 5 mV signals. 
Pulse: 30 mV peak, 3 ns wide pulses for <30 ps jitter. Useful trig- 
gering can be obtained with 5 mV signals. 

Sine wave: 30 mV p-p for signals from 1 kHz to 1 G H z  for jitter of 
<30 ps plus 1% of 1 period. Useful triggering can be obtained with 5 
mV signals. 
Pulse: 30 mV peak, 3 ns wide pulses for <30 ps jitter. Useful trig- 
gering can be obtained with 5 mV signals. 

Auto: 50 mV p-p for CW signals from I O  kHz to 200 MHz for <30 
ps jitter plus 2% of 1 period (may be used to 1 G H z  with increased 
jitter). Pulse triggering requires 50 mV peak, 3 ns wide pulses for 
<30 ps jitter. 
Level and slope: level control minimizes jitter and is variable over 
f 8 0 0  mV range on either slope of sync signal. 
Coupling: ac coupling attenuates signals below approx. 1 kHz. 

Internal 

External 

Either internal or external 

Variable holdoff variable over a t  least a 3:l  range in all sweep 
modes. 
Marker position: intensified marker segment indicates point about 
which the sweep is to  be expanded (automatically dimmed with in- 
creasing persistence in 181 and 184 mainframes). 
Scan 

Internal: dot density, continuously variable from < I O 0  to >IO00 
dots full screen or  from approx. 500 to 2000 dots in filtered mode. 
Manual: scan is positioned manually by front panel control. 

General 
Probe power: supplies power to  operate two H P  active probes. 
Recorder outputs 

Vertical: an uncalibrated I V vertical output from each channel is 
provided at  the rear panel of 180 system mainframes. 
Horizontal: an uncalibrated 0.75 V amplitude signal is provided a t  
the rear panel of 180, 181, 182, and 184 mainframes. 

Operating environment: same as 180 C/D mainframes. 
Weight: net, 3 kg (7 Ib); shipping 5.4 kg (12 Ib). 
Accessories supplied: one Operating and Service Manual. 

Model 1810A 1 GHr Sampling $1925 
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OSClLLOSCOPES h 
180 TDR: 170 ps rise time 

Model 1818A 

VERTICIL 

181 8A Description 
The 1818A Time Domain Reflectometer plug-in with a 180 seris 

mainframe gives you a completely integrated wide band system fc 
testing of transmission lines, strip lines, cables, connectors, and mar 
other devices in high frequency systems. The easy-to-use controls prl 
vide accurate direct distance calibrated displays of up to  300 meters 
1000 feet with dielectric materials from c = 1.0 (air) to c = 4.0. This a 
lows you to quickly determine the magnitude and nature of each r 
sistive or reactive discontinuity in coaxial components such as atten 
ators, cables, connectors, and delay lines in microwave or pulse ci 
cuits. You can also locate and identify faults such as shorts, open 
loose connectors, defective tap offs, splices, and mismatches with me 
surement resolution as close as 2.54 cm. 

A convenient Time/Distance switch allows you to select direct rea 
ing of nsec/div, ft/div, or meter/div. The Time mode provides a r 

The 1818A provides a system profile which includes quantitatb 
and qualitative information about a transmission cable's imp 
dance loss, rise time, electrical length, and location of disconti 
uities in a single measurement. 
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flection coefficient p versus nanoseconds operation which gives a read- 
ing of the time a step takes to reach a discontinuity and return to  the 
sampler. In the meters or feet per division mode, a display of p versus 
distance is provided with round trip time automatically taken into ac- 
count for direct reading of distance. The accuracy in the distance 
mode can be set by selecting Air or Var and adjusting the variable di- 
electric for proper display calibration. 

Model 1818A may also be used in a transmission mode to  deter- 
mine the transmission quality of a passive element. In this mode of op- 
eration, the 50 ps step generator signal source is applied to  the device 
under test and the output is detected by the plug-in sampling section. 
This allows a waveform to be examined for rise time, delay, and pulse 
top aberrations introduced by the circuit under test. 

181 8A Specifications 
System (in reflectometer configuration) 
Rise time: <170 ps. 
Overshoot: 5 5 %  overshoot and ringing (down to 1/2% in 3 ns). 
Internal reflections: < 10% (does not limit resolution). 
Reflectometer sensitivity: reflection coefficients as small as 0.001 
can be observed. 
Signal channel 
Rise time: approx. 150 ps. 
Reflection coefficient: O.S/div to O.OOS/div in a I ,  2, 5 sequence. 
Input: 50 ohms, feedthrough type. 
Noise and internal pickup, peak 0.1% of step (terminated in 50 
ohms). 
Dynamic range: f0.5 volt. 
External signal level: up to 1 V peak may be safely applied to  the 
Sampler output connector. 
Attenuator accuracy: f 3 % .  
Step generator 
Amplitude: approx. 0.25 V into 50 ohms ( 
Rise time: approx. 50 ps. 
Output impedance: 50 ohms f l  ohm (dc-coupled). 
Droop: < I %  in 1 ps. 

0.5 V into open circuit). 

Distance/time 
Distance scale: 3 meters/div and 30 meters/div; I O  ft/div and 100 
ft/div. Accuracy, f 3 % .  
Variable dielectric: c = 1 to e = 4. 
l ime scale: I O  ns/div and 100 ns/div. Accuracy, f 3 % .  
Magnification: XI to  XI00 in a I ,  2, 5 sequence provides time scales 
down to 0.1 ns/div and distance scales to  0.03 meters/div or 0.1 ft/div. 
Accuracy of the basic sweep is maintained at all magnifier settings. 
Delay control: 0 to 10 div of unmagnified sweep. Accuracy, f 3 % .  
Jitter: <20 ps. 

General 
Recorder outputs 

Vertical: approx. 1 V vertical output signal is provided at  tne rear 
panel of 180 series mainframes. 
Horizontal: approx. 1 V horizontal output signal is provided at  the 
rear panel of a 180, 181, 182, or 184 mainframe. 

Operating environment: temperature, 0 to +35"C (35°C to  55°C 
with small increase in system rise time); humidity, to 95% relative hu- 
midity at  40°C (104'F); altitude, to  4.6 km (15 000 ft); vibration, vi- 
brated in three planes for 15 min. each with 0.254 mm (0.010 in.) ex- 
cursion, 10 to 55 Hz. 
Weight: net, 1.4 kg (3 Ib); shipping, 3.2 kg (7 Ib). 
Accessories supplied: Type N connector assembly. One 50 ohm 
load with Type N male connector. One Operating and Service Man- 
ual. 
1818A Time Domain Reflectometer $1240 



OSCILLOSCOPES 
High resolution TDR 
Models 1815A/B, 1816A & 1817A 
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181 5A/B Description 
Models 1815A and 1815B providecalibrated 35 ps system rise time, 

time domain reflectometry and 12.4 GHz (28 ps rise time) sampling 
capability with remote feedthrough sampling heads for extremely ac- 
curate measurements. This TDR system can locate impedance dis- 
continuities in transmission systems up to 10 000 meters or feet long 
and also allows measurement of discontinuities spaced only a few mil- 
limeters apart. As a single channel, general purpose sampling oscillo- 
scope, you have deflection factors to 2 mV/div and sweep times to 10 
ps/div. 

T o  keep signal losses in the interconnecting cables as low as pos- 
sible, the sampling head is separate from the plug-in so that it can be 
placed adjacent to the device or in the system being tested. Two sam- 
pling heads are available and both use feedthrough sampling for best 
resolution and accuracy. Model 1817A sampler has a rise time of 28 
ps, equivalent to a CW bandwidth of 12.4 GHz, and 1816A has a rise 
time of 90 ps with a CW bandwidth of 4 GHz. 

Two tunnel diode pulse generator mounts are available to match the 
remote sampling heads. The Model 1106B Opt 001 generator has a 
step rise time of 20 ps which when used with the 1817A sampler gives a 
TDR system rise time of 35 ps. The Model I108A generator’s rise time 
is 60 ps for a total 1 I O  ps system rise time with an 1816A. The sepa- 
rate tunnel diode mounts also allow a device to be inserted between 
the pulse source and sampler when you require transmission mea- 
surements. 

The 1815A or B plug-in is designed for operator convenience with 
easy-to-use front panel controls that do not reduce measurement ver- 
satility. A FUNCTION switch allows selection of a vertical display 
calibrated in units of p (reflection coefficient) for direct reading of re- 
flection when used as a TDR, or in volts when used as a sampler. In- 
dicator lights clearly show whether vertical calibration in p/div or 
volts/div is selected by the FUNCTION switch. 

Applications 
Ani-tvsis of connectors 

Departures from 50 ohms in a connector or termination can cause a 
large reflection in a pulse system or high VSWR in a CW system. T D R  
can rapidly show where mismatches are located, how bad a reflection 

is, and if the mismatches are capacitive, or inductive. 
Cable impedance 

TDR can also be used to determine impedance variations in long 
sections of coaxial cables. This allows a quick check of irregularities 
which result from vibration in the braiding process or tightness of the 
insulating jacket. These impedance measurements are capable of de- 
tecting a variation of Y2 ohm which corresponds to a one-percent im- 
pedance check in 50 ohm cable. 
Cable testing 

Faults in a high frequency transmission system can cause substan- 
tial loss of power, severely distort a transmitted signal, or in digital 
systems cause a complete loss of some information. The time domain 
reflectometer will detect and display significant changes in the char- 
acteristic impedance of a transmission system. Since time can be eas- 
ily converted into distance, the exact location of the discontinuity will 
be displayed. This allows you to locate deteriorated dielectric break- 
downs, sections of cable or connectors saturated with water, cor- 
roded contacts, conductors with opens or shorts, cut or damaged ca- 
bles, or even a moisture seal clamp that is too tight. 

1815NB Spc 
Unless indicated < 
cations are the sa 
first, followed by ! 
is calibrated in fec 
Vertical 
Scale: reflection 
calibrated ranges: 
Accuracy: f 3 % ;  
nal average mode. 
Vernier: provide! 
scale to >0.002/d 
Signal average: 

%%cations 
Itherwise, TDR and sampling performance specifi- 
me. Where applicable, TDR specification is given 
sampler specification in parentheses. Model 18 15A 
:t and Model 1815B is calibrated in meters. 

coefficient p (volts) from O.OOS/div to OS/div in 7 
1, 2, 5 sequence. 

TDR only, f 5 %  on O.Ol/div and O.OOS/div in sig- 

P continuous adjustment between ranges; extends 
iv. 
reduces noise and jitter approx. 2: I .  

Horizontal 
Scale: provides up to a 10,000 meter or foot display window with 
round-trip time or distance (time) in four calibrated decade ranges of 
I /div, IO/div, 100/div, and 1000/div. Concentric expand control pro- 
vides direct read-out in 28 calibrated steps in I ,  2, 5 sequence from 
0.01 ns/div to 1000 m/div or from 0.01 meter or foot/div to 1000 me- 
ters or feet/div. 
Accuracy: time, f 3 % ;  distance (TDR only) f3%, f variations in 
propagation velocity. 
Marker position: indicator, calibrated in divisions, provides direct 
read-out of round-trip time or distance (time), number of divisions X 
decade range in units/div. Front panel light indicates when vernier is 
not in CAL position. 
Marker zero: ten-turn control provides variable reference for marker 
position dial, allows direct read-out of round-trip or distance (time) 
between two or more displayed events. 
Zero finder: permits instant location of marker reference. 
Dielectric, TDR only: calibrated for air, e = 1 and for polyethylene, c 
= 2.25. Also provides settings for dielectric constants c = 1 to c = ap- 
prox. 4. 
Triggering, sampling only: 

Pulses: <50 mV for pulses 5 ns or wider for jitter <20 ps. 
CW: signals from 500 kHz to 500 MHz require at least 80 mV for 
jitter <2% of signal period plus 10 ps; usable to 1 GHz. CW trig- 
gering may be extended to 18 GHz with HP  models 1104A/I 106B 
trigger countdown. 



Recorder outputs 
Approx. 100 mV/div; vertical and horizontal outputs at  BNC connec- 
tors on rear panel of mainframe. 
Display modes 
Repetitive scan, normal or detail; single scan; manual scan; record. 
General 
Operating environment: temperature, 0 to + 5 5 T  (+32"F to  + 130'F); humidity, to  95% relative humidity at  40°C (104'F); alti- 
tude, to  4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to  55 Hz. 
Weight: net, 2.3 kg ( 5  Ib); shipping, 4.5 kg ( I O  Ib). 

1817A (28 ps Tr)/l816A (90 ps Tr) samplers 
specifications 
Unless indicated otherwise, Model 1817A and Model 1816A specifi- 
cations are the same. Where applicable, Model 1817A specification 
used with Model 1106B Opt 001 tunnel diode mount is given first, fol- 
lowed by Model 1816A specification (in parentheses) used with Model 
I108A tunnel diode mount. 
TDR system (requires 11068 Opt 001 or 1108A) 
System rise time: <35 ps (1 I O  ps) incident as measured with Model 
11068 Opt 001 (Model 1108A). 
Overshoot: <f5%.  
Internal reflections: < I O %  with 45 ps (145 ps) TDR; use reflected 
pulse from shorted output. 
Jitter: < I5 ps; with signal averaging, typically 5 ps. Internal pickup: p 
50.01. 
Noise: measured tangentially as a percentage of the incident pulse 
when terminated in 50 ohms and operated in signal averaging mode. 
< I %  (0.5%) on O.OOS/div to O.O2/div; <3% ( I % )  on O.O5/div to 
O.S/div. 
Low frequency distortion: <f3%.  
Maximum safe input: 1 volt. 
Tunnel diode mount: direct connection of 11068 Opt 001 to  1817A 
or 1108A to 1816A. 
Sampler system 
Rise time: <28 ps (90 ps). 
Input: 50 ohm feedthrough. 
Dynamic range: 1 V p-p. 
Maximum safe input: 3 volts (5 volts). 
Low frequency distortion: S f 3 % .  
Noise: 

Normal: <8 mV (3 mV) tangential noise on 0.01 V/div to  0.5 
V/div. Noise decreases automatically on 0.005 V/div range. 
Signal average: Reduces noise and jitter approx. 2:l. 

General 
Accessories supplied: 

Cable, Plug-in to sampler: connects sampler (1816A or 1817A) to  
plug-ins (1815A or B), H P  P/N 5060-0441. 
Cable, tunnel diode to sampler: connects tunnel diode (11069 
Opt 001 or 1 108A) to  sampler, type N male connectors on each end, 
H P  P/N 01817-61603. 

Recommended accessories 
Trigger source: external trigger source is required for triggering 
above 500 MHz. I O  G H z  source is provided by the 1104A Trigger 
Countdown with the 1108A Tunnel Diode Mount. 18 GHz  source is 
provided by the 1104A Trigger Countdown with the 11069 Opt 001 
Tunnel Diode Mount. 

1106B Opt 001 (20 ps Tr)/l108A (60 psTr) tunnel 
diode mounts specifications 
Tunnel diode is required for a T D R  system. Refer t o  sampling head 
specifications for mounting requirements. 
Amplitude (both): >200 mV into 50 ohms. 
Rise time: 1106B Opt 001 approx. 20 ps; 1108A, <60 ps. 
Output impedance: 50 ohms, f 2 % .  
Source reflections: 1106B Option 001, <lo% with 45 ps TDR; 
1108A, < I O %  with 145 ps TDR. 
Weight (both): net, 0.5 kg (1 Ib); shipping, 1.4 kg (3 Ib). 
*Components required for TDR/sampling systems 

1815A/B TDR, 

1817A Sampling Head 
(APC-7 Input/Output 

Connectors) 

TDR 35 PS t r  
1106B Opt 001 Tunnel Diode 

Sampling up to 12.4 GHz 
Termination, 50 ohm Model 

909A. APC-7 connector. 

Trigger Accessories 
<500 MHz Adapter, 1250-0750 

APC-7 to Type N female, 
11500ACableType N Male 
to Type N Male, 1.8 m (6 ft), 
Adapter 1250-0077 Type N 
Female to BNC Male. 

500 MHz to 10 GHz 
1104A Trigger Countdown. 
1108A Tunnel Diode. 
Adapter 1250-0847 GR Type 874 

to Type N Male. 
1109B High Pass Filter. 
Adapter 1250-0750 APC-7 to 

Type N Female. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4f t ) .  
500 MHz to 18 GHz 
1104A Trigger Countdown. 
1106B Opt 001 Tunnel Diode. 
Adapter 1250-0749 APC-7 to 

11098 High Pass Filter. 
Adapter 1250-0750 APC-7 to 

Type N Female. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4 ft). 

Type N Male. 

mpling Plug-in 

1816A Sampling Head 
(GR Type 874 Input/Output 

Connectors) 

TDR 110 PS ti 
1108A Tunnel Diode 

Sampling 4 GHz 
Termination, 50 ohm with GR 

Type 874 connector, HP 
P/N 0950-0090. 

Trigger Accessories 
<500 MHz Adapter 1250-1211 

GR Type 874 to Type N 
Female, 11500A Cable Type 
N Male to Type N Male 1.8 
m (6 ft), Adapter 1250- 
0077 Type N Female to 
BNC Male. 

500 MHz to 10 GHz 
1104A Trigger Countdown. 
1108A Tunnel Diode. 
Adapter 1250-0847 GR Type 

874 to Type N Male. 
11098 High Pass Filter. 
Adapter 1250-0240 GR Type 874 

to Type N Male. 
10503A Male BNC to Male BNC 

Trigger Cable 1.2 m (4 ft). 

*Use any 180 series mainlrame. 

Model number and name 
1815A TDR/Sampler (calibrated in feet) 
18 15B TDR/Sampler (calibrated in meters) 
1817A 28 ps Rise Time Sampling Head 
1816A 90 ps Rise Time Sampling Head 
1104A Trigger Countdown 
1106B Opt 001 20 ps Tunnel Diode Mount 
1108A 60 ps Tunnel Diode Mount 

Price 
$ I500 
$ I500 
$1750 
$950 
$250 
$610 
$250 



osclLLoscoPlEs 
180 Sampling and TDR accessories 
Models 1105A, 11066, 1108A & 11096 

11 05A/1106B/1108A Specifications 
1105A/1106R/20 ps pulse pnerator 

1105A/1108A/60 ps pulse generator 
Output: 

Rise time: approx. 20 ps with 1106B, (<60 ps with 1108A), <28 ps 
observed with H P  Model 141 IA/1430C 28 ps Sampler and 50 ohm 
termination H P  Model 909A Option 012. 
Overshoot: f7 .5% as observed on 141 IA/1430C with 909A Op- 
tion 012. 
Droop: <3% in first 100 ns. 
Width: approx. 3 ps. 
Amplitude: >+200 mV into 50 ohms. 

Output characteristics: (1 106B/I 108A) 
Mechanical: (1 106B) Male Type N input connector, Female Type 
N output connector; (1 108A) GR-874 input connector, Female 
Type N output connector. 
Electrical: dc resistance, 50 ohms 4~2%. Source reflection, <IO%, 
using a 40 ps T D R  system. DC offset V, approx. 0.1 V. 

Amplitude: at least f0.5 V peak required. 
Rise time: <20 ns required. Jitter < I 5  ps when triggered by 1 ns 
rise time sync pulse. 
Width: >2  ns. 
Maximum safe input: I O  volts. 
Input impedance: 200 ohms, ac-coupled through 20 pF. 
Repetition rate: 0 to 100 kHz; free runs at 100 kHz. 

Triggering: 

Accessories supplied (with Model 1105A): one 1.8 m (6 ft) 50 ohm 
cable with Type N Male connectors on each end, H P  Model 10132A. 
Weight: 

1106B or 1108A net, 0.5 kg (1  Ib); shipping, 0.9 kg (2 Ib). 
1105A net, 0.9 kg (2 Ib); shipping, 1.8 kg (4 Ib). 

1109B High-pass filter 
The 11098 High-Pass Filter transmits only frequencies above 1 

GHz. It is useful for blocking the 100 MHz "kickout" encountered 
when using a tunnel diode countdown to view high frequency signals 
on a sampling oscilloscope. The 1109B is designed for use with the 
Model 1104A/1106B Trigger Countdown. 

Lower bandwidth limit: 3 dB down at  3 GHz, nominal. 
Input characteristics: 

Mechanical: Male type N input connector; Female Type N out- 
put connector. 
Electrical (with output terminated in 50 ohms) 
Reflection: < 10% using 40 ps T D R  system. 
VSWR: typically 1.1:1 up to 10 GHz  increasing to 2:l at  15 GHz.  
DC Resistance: 50 ohms f 2 %  shunted across line. 

1106B 

11 09B Specifications 

Weight: net, 0.14 kg ( 5  oz); shipping, 0.45 kg (2 Ib). 

50 ohm loads: Models,908A with Type N male connector (4 GHz) 
and 909A Option 012 with Type N male connector (18 GHz). 
50 ohm adapter: Model 11 524A has Type N Female and APC-7 
connectors. 
Air line extensions: Model 11566A, 10 cm, APC-7 connector. 
Model 11567A, 20 cm, APC-7 connector. 
Model number and name Price 
1105A Pulse Generator $250 
1106B 20 ps Tunnel Diode Mount $610 
1108A 60 ps Tunnel Diode Mount $250 
1109B High Pas- P"r-- 

908A 50 ohm TI 
909A Opt 012 51 
11524A 50 ohm 
11566A Air Lint 
11567A Air Linc 

Other sampling accessories 
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180 Spectrum analyzer 

Model 85588 

L 
------ - w-- 

8558B/182T Spectrum analyzer 
The 8558B spectrum analyzer plugs into any 180 series oscilloscope 

mainframe to provide low cost 0.1 to 1500 MHz performance with 
high amplitude and frequency accuracy, and it’s easy to  use. 
Simple three knob operation 

For most measurements only three controls are required; one for 
amplitude calibration and two for frequency calibration. The center or 
start frequency of the display is shown on an LED readout, and the 
analyzer automatically selects the resolution bandwidth and proper 
scan time to provide calibrated measurements with any desired fre- 
quency scan. 
Absolute amplitude calibration 

Signal levels can be read directly from the C R T  display in dBm (or 
dBmV for option 002) without the use of external standards or calcu- 
lations. The signal level represented by the top C R T  graticule line is 
always indicated by the reference level control, and scale factors of I O  
dB/div, 1 dB/div, and linear can be selected. 
Optional 75 ohm input impedance 

Two options are available which allow measurements in 75 ohm 
systems: Option 001 has 75 ohm impedance and retains the dBm 
power calibration; Option 002 has 75 ohm impedance with the ampli- 
tude calibrated in dBmV for measurements in systems such as CATV. 

Resolution bandwidths from 1 kHz to 3 MHz 
Optional 7562 input impedance 
Companion tracking generator 

Companion tracking general 
The 8444A Option 058 tracking gCllclatul ~ I U V I U G J  d L L I I I U I ~ L C U  R F  

signal matching exactly the 85588 analyzer tuned frequency. This 
makes swept frequency tests, such as insertion loss and return loss 
measurement,‘possible over 0.5 to  1300 MHz fi ’he 
8444A Option 058 is specified on page 454. 

*equency range. 7 

~~ 

Suggested displays 
The 8558B spectrum analyzer will function with any 180-series 

display. However, the following are suggested: for low cost, large 
screen display, the Model 182T is ideal; the Model 181T offers vari- 
able persistence and storage; and the Model 180TR offers a rack 
mount configuration. Each of these displays provides a long 
persistence P39 phosphor (except variable persistence disdavs) and 
four non-buffered rear panel outputs con 
recorders. 

85588 Specifications 

. < I  

ipatible with most X-Y 

. 

d-tuned receiver. 

quency of the frequency 

Frequency specifications 
Frequency range: 100 kHz to 1500 MHz. 
Frequency display span (on a 10-division CRT horizontal axis): 14 
calibrated spans from 100 MHz/div to 5 kHz/div in a 1, 2, 5 se- 
quence. In “0” the analyzer is a fixel 
Digital frequency readout: 
Indicates center frequency or start frel 
scan. 
Stability: 

display 

Residual FM: Less than 1 kHz peak-to-peak for time 10.1 sec. 
Noise sidebands: More than 65 dB below CW signal, 50 kHz or 
more away from signal with a 1 kHz resolution bandwidth and full 
video filter. 

Bandwidth ranges: 3 dB resolution bandwidths of 1 kHz to  3 
MHz in a I ,  3, 10 sequence. 
Resolution bandwidth selectivity: 60 dB/3 dB resolution band- 
width ratio < 15:l. 
Video filter: Post-detection filter UI 

Resolution: 

sed to average displayed noise. 

ige: 
. . . - . . - ~ .- 

Amplitude specifications 
Absolute amplitude calibration ran 

Log calibration range: From -117 dBm to +30 dBm in I O  dB 
steps. Reference level vernier, 0 to -12 dB continuously. 
Log display ranges: I O  dB/div on a 70 dB display, and 1 dB/div 
on an 8 dB display. 
Linear display: From 2.2 microvolts (-100 dBm) full scale to 7.1 
volts (+30 dBm) full-scale in 10 dB steps 

Average noise level: <- 107 dBm with 
width (0 dB input attenuation). 
Spurious responses: For input signal level 1 Uptimum Input 
Level setting, all image and out-of-band mixing responses, har- 
monic and intermodulation distortion products are more than 70 
dB below input signal level, 5 MHz to 1500 MHz; 60 dB below, 100 
kHz to 5 MHz. 
Residual responses (no signal present i 1 

0 dB input attenuation. 

Amplitude: -30 dBm f l . O  dB. 
Frequency: 280 MHz f 3 0  kHz, crystal controlled. 

Dynamic range: 

Calibrator: 

I O  kHz resolution band- 
. . - .  

it input): <- 100 dBm with 

Input specifications 
Input impedance: 50Q nominal. 
Reflection coefficient <0.20 (1.5 SWR) for all Optimum Input Level 
settings except -40 dBm (0 dB Input Att 
Input connector: Type N female. 
Input attenuator: 70 dB range. 
Price and further information: see p; 

enuation). 

age 455. 



1 OSCIILLOSCQPES 
180: Very high frequency measurements 
Models 183A/B/D & 1830A - 1841A 

Main- 
frame 

Q'  

P31 Phosphor P11 Phosphor4 

10 000 ASA2 3 000 ASA 10 000 ASA2 3 000 ASA 

With Post3 Without Without With Post3 Without Without 
Fogging Fogging Fogging Fogging Fogging Fogging 

183A/B/D Mainframes description 
183A/B Mainframes 

Models 183A cabinet style and 183B rack style mainframes have 
high frequency response with operating ease and plug in versatility for 
wide-band general purpose applications. These mainframes with their 
bright displays are ideal for viewing two or four channel displays of 
low rep-rate digital words o r  other groups of short duration, fast rise 
pulses in computers and high speed digital systems. 

Bright visual displays and fast photographic writing speeds are as- 
sured with the 20 kV cathode-ray tube accelerating potential. Typical 
writing speeds of 4 cm/ns can be achieved with Models 183A and B 
using a 195A Camera, P31 phosphor, I O  000 ASA film, 1:0.5 reduc- 
tion ratio, and pulsed flood gun fogging. Substantially faster writing 
speeds may be obtained by using PI1 Phosphor. For added conve- 
nience in timing of single shot events, a rear panel input allows re- 
mote time base single sweep reset when timing is critical for recording 
test results. 

An 8 X I O  division graticule (1  div = 0.875 cm) is available in place 
of the 183A/B 6 X I O  division graticule (1 div = 1 cm) for easier view- 
ing of 4-channel displays. For further information about the 8 X I O  di- 
vision graticule, contact your Hewlett-Packard Field Engineer. 
1838 Opt 005/183D mainframes 

Models 183B Opt 005 and 183D mainframes provide real time, 
large-signal, single-shot, transient response to  greater than 600 MHz 
as well as I O  mV/div capability to 250 MHz. Both mainframes are 
compact 13.3 cm (5% inch) high rack design which saves valuable 
space in system applications. 

Model 183D has a selectable scan CRT with a choice of 6 X I O  cm 
or 3 X 5 cm displays and 4 cm/ns or 8 cm/ns photographic writing 
speeds* respectively. The reduced scan display (3 X 5 cm) achieves 8 
cm/ns writing speeds by compressing the C R T  beam to approxi- 

1838 
Opt 005 

mately one-half normal spot size which increases beam current den- 
sity at  the phosphor surface and increases writing speed. The 6 X I O  
cm display is restored by plugging the high voltage post accelerator 
cable into a different high voltage jack. This offers increased flexibil- 
ity with a full size 6 X I O  cm display for general purpose use while re- 
taining high writing speed measurements on the 3 X 5 cm display for 
high speed transients. 

Model 183B Opt 005 provides state-of-the-art photographic writ- 
ing speed capability. Writing speeds up to 28 cm/ns* are possible with 
PI1 phosphor, a high speed camera with an f/1.2 lens, and fogging 
techniques on a crisp, linear, 6 X I O  div (0.4 cm/div) display. This 
gives you a mainframe that is expressly designed for the most strin- 
gent high speed transient oscillographic applications. 

Option 020, available on Models 183B and 183D, adds multiturn 
controls for intensity, focus, astigmatism, and scale illumination for 
high-resolution, minutely repeatable settings, and consistent trace 
photos. Internal, external, and manual floodgun controls add operat- 
ing convenience in system applications. 

General features 
A convenient beam finder, introduced by Hewlett-Packard, returns 

a display to the C R T  screen and shows the direction it must be reposi- 
tioned for on-screen viewing. The beam finder also lets you determine 
if the scope is triggering by displaying horizontal deflection. An auto- 
focus circuit gives you a trace that is not as susceptible to defocusing 
with variations in intensity, reducing the need for frequent focus re- 
adjustment. 

A completely specified, close tolerance calibrator allows you to 
quickly validate both vertical and time base plug-in operation. The 
calibrator pulse circuit can also be used as a pulse shaping network for 
external signals with a negative level exceeding -0.5 V and rep rates to  
I O  MHz. The rear panel switch and a front panel light indicates when 
the external input is selected. 
*Refer to writing speed specifications for additional information 

183A/B/D Specifications 
Cathode-ray tube and controls 
Type: post accelerator, approx. 20 kV accelerating potentials; alumi- 
nized P31 phosphor (PI 1 phosphor available). 
Writing speed (183A/B): 4 cm/ns. With 10000 ASA film, P31 
phosphor, f /  1.3 lens, 1:0.5 object-to-image ratio, and pulsed flood 
gun fogging. 
Writing speeds (1838 opt 005 and 183D) 

12 cm/ns 6cm/ns 3 cm/ns' 24 cm/ns 12 cm/ns 6 cm/ns 

Notes: 1. Production sp 
timated at  approx. twice 
with controlled, repeatab 
mated at  approx. twice 
writing speeds estimated 
writing speeds given for 
Using f/1.2 lens would i 
Graticule 

183A/B: 6 X 10 divisi 
sion subdivisions on n 
1836 Opt 005: 6 X I (  
183D: normal scan, 6 
cm). 0.2 subdivision i 

axis. Reduced scan, 6 
cm) superimposed in I 

Flood gun: illuminates L.. ,, ..-" ,, ..-.. . .-_ ...-. -. _r 

eration selected with rear panel switch. Scale control adjusts graticule 
illumination in normal mode and pulse duration in pulsed mode for 
increased photographic writing speed. 

ecification; 2. I O  000 ASA writing speeds es- 
3 000 ASA writing speeds; 3. Writing speeds 
ile, pulsed flood-gun fogging techniques esti- 
writing speeds without post fogging; 4. PI 1 
at approx. twice P31 writing speeds; 5. All 

f/1.3 lens, 1:05 reduction ratio, 2s exposure. 
increase writing speed by approx. 17%. 

on internal graticule (1 div = 1 cm). 0.2 divi- 
najor axes. 
) division internal graticule (1 div = 0.4 cm). 
I X 10 division internal graticule (1 div = 1 
markings on major horizontal and vertical 
X I O  division internal graticule (1  div = 0.5 
:enter of normal scan graticule. 
P R T  nhnrnhnr Nnrmal nr n1ikp.d mode nn- 



Beam finder: returns trace to display area regardless of horizontal or  
vertical control settings. 
Intensity modulation (external input) 

Input: approx. +2  V, 250 ns pulse width (115  MHz CW) blanks 
trace of normal intensity, +15 V blanks trace of any intensity. 
Input R: approx. 4700 ohms. 
Maximum input: f 2 0  V (dc + peak ac). 

Auto-focus: automatically reduces defocusing with variations in in- 
tensity. 
Intensity limit: automatically limits beam current at  slow sweep 
speeds to  decrease possibility of damage to CRT. Circuit response 
time ensures full writing speed for viewing low duty cycle, fast rise 
time pulses. 

Calibrator 
Pulse timing: selectable, 2 kHz rep rate (0.5 ms period), 50 ps pulse 
width; 1 MHz  rep rate ( I  ps period), 100 ns pulse width. Accuracy, 
f0.5%, from +lO°C to +4OoC; f l % ,  from 0°C to +55OC. 
Amplitude: selectable, 50 mV or 500 mV, f 1% into a 50 ohm & O S %  
load. 
Source R: 50 ohms, nominal. 
Pulse shape (measured with 1 GHz bandwidth sampler.) 

Transition time (negative slope): < 1 ns. 
Overshoot and ringing: f 3 %  max. 
Flatness: f0.5% after 5 ns with pulse top and base line perturba- 
tions averaged. 

External calibrator input: calibrator shaping network shapes an ex- 
ternal negative input that exceeds -0.5 V peak. Rep-rate extends to  
> 10 MHz. Input R, approx. 10 kQ. Rear panel input selected with 
rear panel switch and front panel light indicates when switched to ex- 
ternal position. 

Horizontal amplifier 
External input 

Bandwidth dc-coupled, dc to 8 MHz; ac-coupled, 2 Hz to  8 MHz. 
Deflection factor: 1 V/div, XI;  100 mV/div, X10; accuracy, 2~5%. 
Vernier provides continuous adjustment between ranges and ex- 
tends deflection factor to at  least 10 V/div. 
Dynamic range: f 2 0  V. 
Maximum input: f 3 5 0  V (dc + peak ac). 
Input RC: approx. 1 megohm shunted by approx. 20 pF. 

Internal sweep 
Magnifier: X10, accuracy, f5%. 

outputs 
Two rear panel emitter follower outputs for main or delayed gates 
(vertical or horizontal outputs when used with sampling plug-ins). 
Output amplitude is approx. f0.75 V with 1840A time base plug-in. 
Will drive impedances 1000 ohms without distortion. 

General 
Operating environment: temperature, 0 to +55"C (+32'F to  
+ 130°F); humidity, to  95% relative humidity at  40°C (104'F); alti- 
tude, to  4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to  55  Hz. 

Dimensions 
Model 183A (cabinet): 100 mm wide, 289 mm high, 578 mm deep, 
behind front panel (7% X 11% X 22% in.). 
Model 1838, 183D (rack): 425.4 mm wide, 132.6 mm high, 609.6 
mm deep overall (16% X 5Y32 X 24 in.), 588.5 mm (22 in.) behind 
rack mount tabs. 

Weight (without plug-ins) 
Model 183A (cabinet): net, 15.0 kg (33 Ib); shipping, 20.9 kg (46 
Ib). 
Model 1838, 183D (rack): net, 15.9 kg (35 lb); shipping, 21.8 kg 
(48 Ib). 

Power: 115 or 230 V &IO%, 48 to 440 Hz, approx. 115 watts with 
1830A and 1840A plug-ins at  115 V and 60 Hz. Maximum mainframe 
power 325 VA. 
Accessories supplied: 2.3 m (7% ft) power cord, Model 10178A 
mesh contrast filter, blue plastic light filter (HP P /N  5060-0548), 230 
V fuse package (HP  P/N 5080-9671) and one Operating and Service 
Manual. A rack mount kit (HP  P/N 5060-0552) and 2 clip-on probe 
holders (HP  P/N 5040-0464) are also supplied with rack Models 183B, 
183B Opt 005 and 183D. A reduced scan mask (HP P /N  00183-041 11) 
is supplied with Models 183B Opt 005 and 183D. 

General 
8 X 10 division graticule (183A/B) 

An 8 X 10 division graticule (1 div = 0.875 cm) is available in place 
of the 183A/B 6 X 10 division graticule (1 div = 1 cm). For further in- 
formation contact your Hewlett-Packard Field Engineer. 

Options 
011: PI1 aluminized phosphor in lieu of P31. 
020 (1838 Opt 005 and 183D): removes calibrator circuits, incor- 
porates multiturn controls for Intensity. Flood Gun, Focus, and As- 
tigmatism controls. Also provides front panel switches for inter- 
nal/external, or manual control of the flood gun. 
Specifications are the same as those for the 183B Opt 005/183D ex- 
cept as follows: 

Flood gun: illuminates C R T  phosphor. Normal or pulsed mode of 
operation selected with rear panel switch. 10 turn scale control, 
with locking dial, adjusts graticule illumination (dc level) in nor- 
mal mode or pulse width in pulsed mode. Pulsed mode increases 
photographic writing speed using repeatable film fogging tech- 
niques. 
Intensity control: 10 turn, with locking dial. 
Focus control: 3.5 turn (5:l reduction ratio). 
Astig control: 3.5 turn (5:l reduction ratio). 

035: eliminates sweep irregularities caused by high amplitude input 
signals necessary for the 1831A and 18318 direct access plug-ins and 
also requires an 1840A Option 035 Time Base Plug-in. 
Model number and name Price 
183A Mainframe $2265 
183B Mainfrnme $2375 

,.,IA $955 
183D Mainframe ;3000 

N/C  
$210 
N/C 

183B Opt 005 Mainframe 

Option 01 1 (all 183 models) 
Option 020 (183B Opt 005 and 183D) 
Option 035 (all 183 models) 
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OSClLLOSCOPES 
180: Very high frequency measurements 
Models 183AiBiD & 1830A-1841A 

1834A Description 
Model 1834A, 200 MHz four channel vertical amplifier plug-in for 

I83 series oscilloscope mainframes provides accurate measurements 
for both digital and analog design and troubleshooting. Its wide band- 
width coupled with the 1 ns/div sweep speeds and low jitter available 
with the 1841A delaying time base allows accurate timing measure- 
ments in ECL and TTL logic circuits. 

The I O  mV/div deflection factor at  200 MHz is provided by a thick 
film, planar attenuator which provides selectable 1 megohm or 50 
ohms impedance positions. The 1 megohm (ac/dc) input has only 12 
p F  shunt capacitance for minimal loading in probing applications. 
This extremely low capacitance can be further reduced by using 10:l 
divider probes or active probes. For accurate 50 ohm measurements, a 
precision internal 50 ohm input termination may be selected with a 
front panel switch. The 50 ohm termination maintains low VSWR and 
pulse fidelity by compensating for the normal input capacitance which 
is not possible with external terminations. Active probes are also 
available to reduce circuit loading while retaining the 50 ohm input ca- 
pability. 

The flexible trigger source selection allows timing measurements 
referenced from channel A, B, C, or  D or  composite. Single channel 
triggering allows you to  trigger on any channel while retaining the 
time relationship with the other three channels. Composite triggering 
allows each channel to trigger in an alternate or added display. 

Any of the 1834A's four channels may be inverted for convenience. 
In addition, the A D D  mode gives you the capability of looking at  two 
pairs differentially ( f A , f B ) ,  ( f C f D )  or  one pair differentially and 
two single channels f A ,  f B, ( f C f D )  or ( f A f  B), f C ,  f D. 

Any of the four channels, in addition t o  normal or inverted opera- 
tion, may be turned off. This not only aids in channel identification, 
but allows the 1834A to be used as a single, dual, three, or four chan- 
nel plug-in to  best fit your application. 

Enhanced 4-channel viewing is possible i f  the 1834A is used in con- 
junction with the optional 8 X I O  div ( 1  div = 0.875 cm) graticule 
available in the 183A/B mainframe. This combination requires the 
1834A to be calibrated for proper operation with the optional CRT. 
Contact your Hewlett-Packard Field Engineer for further informa- 
tion. 

1834A Specifications 
Modes of operation 
Channel A, B, C ,  or D or any combination displayed alternately on 
successive sweeps (ALT); channel A, B, C, or D or any combination 
displayed by switching between 4 channels at  approx 500 kHz rate 
(CHOP) with blanking during switching; channels (f A f  B) dis- 
played in ALT or  CHOP with ( f C  f D ) ,  chop frequency is approx 1 
MHz; channels f A  fB, displayed in ALT or C H O P  with ( f C  f D )  
or  ( f A  fB) displayed in ALT or  CHOP with f C ,  f D ,  chop fre- 
quency is approx. 667 kHz. 

Each channel (4) 
Bandwidth: (Measured wit n 
from a terminated 50 ohm t 

DC-coupled: dc to 200 
AC-coupled: approx I O  "L. LW LWV I V I I U .  W W G L  M U ~ L  13 a p p ~ ~ ~  1 
Hz with 10014A probe. 

Rise time: < 1.8 ns. Measured with or  without 10014A probe, 10% to 
90% of 6 div input step from a terminated 50 ohm source. 
Deflection factor 

Ranges: from 0.01 V/div to 5 V/div (9 calibrated positions) in I ,  2, 
5 sequence. 
Attenuator accuracy: f 2 % .  
Vernier: provides continuous adjustment between all deflection 
factor ranges. Extends maximum deflection factor to at least 12.5 
V/div. 

Signal delay: input signals are delayed sufficiently to  view leading 
edge of input without advanced external trigger. 
Input coupling: ac, dc, 50 ohms (dc), or ground. Ground position 
disconnects input connector and grounds amplifier input. 
Input RC (selectable) 

AC or DC: 1 megohm f l %  shunted by approx. 12 pF. 
50 ohm: 50 ohms f 2 % .  VSWR, 1.3:l at  200 MHz on all ranges. 

Maximum input 
AC and DC: f 3 0 0  V (dc + peak ac) at  1 kHz or  less; f 150 V (dc + 
peak ac) on I O  mV/div range at  1 kHz or less. 
50 ohm: I O  V rms (dc-coupled input). 

Polarity: any channel may be inverted for +A, f B ,  f C ,  or  f D  op- 
eration. 
Algebraic addition (A + B), (C + D) 
Amplifier: bandwidth and deflection factors are unchanged, any 
channel may be inverted for ( f A  fB) or ( f C  f D )  operation. 
Differential input (A - B) or (C - D) common mode: C M R R  is at  
least 20 dB from dc to 80 MHz on I O  mV/div to  5 V/div ranges. 

Triggering 
Source: selectable from channel A, B, C, D, or  composite (on dis- 
played signals) in all display modes. 
Frequency: dc to 50 MHz on signals causing 1 div or  more vertical 
deflection increasing to 1.5 div at 200 MHz in all displays modes. 

General 
Operating environment: same as 183 mainframe. 
Weight: net, 3.2 kg (7 Ib); shipping, 4.5 kg ( I O  Ib). 
Accessories supplied: one Operating and Service Manual. 
Recommended probes 
Model 10014A (1.07 m, 3.5 ft) will maintain 1834A bandwidth and 
rise time in the high impedance (ac or  dc) mode. I f  a longer probe is 
required, the Model 10016A (1.83 m, 6 ft) probe is available which 
adds approx. 0.1 ns to the 1834A rise time. Models 10020A (1.22 m, 4 
ft) and 1125A (1.47 m, 58 in.) will maintain bandwidth and rise time in 
the 50 ohm input mode. 
Model 1834A, 200 MHz 4 Channel Amplifier $2400 



1835A Description 
Model 1835A, 200 MHz two channel vertical amplifier plug-in for 

183 series oscilloscope mainframes provides accurate measurements 
for both digital and analog design and trouble-shooting. Its wide 
bandwidth coupled with the 1 ns/div sweep speeds available with the 
1840A time base or 1841A delaying time base allows accurate timing 
measurements in ECL and T2L logic circuits. 

The 10 mV/div deflection factor at 200 MHz is provided by a thick 
film, planar attenuator which provides selectable 1 megohm or 50 
ohm impedance positions. The 1 megohm (ac/dc) input has only 12 
p F  shunt capacitance for minimal loading in probing applications. 
This extremely low capacitance can be further reduced by using 1O:l 
divider probes or active probes. For accurate 50 ohm measurements, a 
precision internal 50 ohm input termination may be selected with a 
front panel switch. The 50 ohm termination maintains low VSWR and 
pulse fidelity by compensating for the normal input capacitance which 
is not possible with an external termination. Active probes are also 
available to reduce circuit loading while retaining the 50 ohm input ca- 
pability. 

The flexible trigger source selection allows timing measurements 
referenced from channel A, channel B, or composite. Single-channel 
triggering allows you to trigger on either channel while retaining the 
time relationship with the other channel. Composite triggering allows 
each channel to trigger in an alternate or added display. 

Either of the two channels may be inverted for convenience. In ad- 
dition, the A D D  mode gives you the capability of looking at the pair 
differentially ( f A  f B). 

Either of the two channels, in addition to normal or inverted oper- 
ation, may be turned off. This not only aids in channel identification, 
but allows the 1835A to be used as a single or dual channel plug-in to 
best fit your application. 

1835A Specifications 
Modes of operation 
Channel A; channel B; channels A and B displayed alternately on suc- 
cessive sweeps (ALT); channels A and B displayed by switching be- 
tween channels at approx. l MHz (CHOP); channels f A f B  (alge- 
braic addition). 

Each channel (2) 
Bandwidth (Measured with or without 10014A probe, 3 dB down 
from 6 div reference signal from a terminated 50 ohm source.) 

DC-co~pled: dc to 200 MHz. 
AC-coupled: approx. 10 Hz to 200 MHz; lower limit approx. 1 Hz 
with HP Model 10014A probe when ac-coupled. 

Rise time: < 1.8 ns (measured with or without 10014A probe, 10% to 
90% of 6 div input step from a terminated 50 ohm source). 
Deflection factor 

Ranges: from 0.01 V/div to 5 V/div (9 calibrated positions) in I ,  2, 
5 sequence. 
Attenuator accuracy: f 2 % .  
Vernier: provides continuous adjustment between all deflection 
factor ranges. Extends maximum deflection factor to at least 12.5 
V/div. UNCAL indicator lights when vernier not in CAL detent 
position. 

Signal delay: signals are delayed sufficiently to view leading edge of 
pulse without advanced external trigger. 
Input coupling: selectable ac, dc, 50 ohms (dc), or ground. Ground 
position disconnects input connector and grounds amplifier input. 
Input RC (selectable) 

AC or DC: 1 megohm f l %  shunted by approx. 12 pF. 
50 ohm: 50 ohms f2%, VSWR 1.3:l at 200 MHz on all ranges. 

Maximum input 
AC or DC: f 3 0 0  V (dc + peak ac) at 1 kHz or less; f 150 V (dc + 
peak ac) on I O  mV/div range at 1 kHz or less. 
50 ohm: I O  V rms (dc-coupled input). 

Polarity: both channels may be inverted for f A  and f B  operation. 
Algebraic addition (A + B) 

Amplifier: bandwidth and deflection factors unchanged; either 
channel may be inverted for f A  f B  operation. 
Differential input (A - B) common mode: CMRR is at least 20 
dB from dc to 80 MHz on I O  mV/div to 5 V/div ranges. 

Triggering 
Source: selectable from channel A, B, or composite (on displayed 
signal) in all display modes. 
Frequency: dc to 50 MHz on signals causing 1 div or more vertical 
deflection increasing to 1.5 div at 200 MHz in all display modes. 

General 
Operating environment: temperature, 0 to 55°C (+32'F to 
+ 130°F); humidity, to 95% relative humidity at 40°C (104°F); alti- 
tude, to 4.6 km (I5000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, IO to 55 Hz. 
Weight: net, 2.3 kg (5 Ib); shipping, 3.6 kg (8 Ib). 
Accessories supplied: two Model 10014A, IO: 1 voltage divider 
probes 1.07 m (3.5 ft) long; one Operating and Service Manual. 

1835A, 200 MHz Dual Channel Amplifier $1550 



OSCILLOSCOPES 
180: Very high frequency measurements 
Models 183A/B/D & 1830A-1841A 

1830A Specifications 
Modes of operation 

Channel A, channel B, Channels A and B displayed alternately on 
successive sweeps (ALT), channels A and B displayed by switching 
(time shared) between channels, Chop freqhency of approx. 250 kHz, 
channel A plus channel B, and by inverting channel B, channel A 
minus channel B. 
Each channel (2) 
Bandwidth: dc to  250 MHz, 3 dB down from 6 div reference signal at  
I O  MHz from a 50 ohm source. 
Rise time: 51.5 ns, 10% to 90% with 6 div input step with a rise time 
of 5200 ps from a 50 ohm source. 
Pulse response 

Overshoot, Ringing, Flatness (Combined): I f4%. 
Preshoot: 50.5%. 

Ranges: from 0.01 V/div to I V/div (7 positions) in I ,  2, 5 se- 
quence. 
Attenuator accuracy: f3%. Front panel CAL adjustment. 

Deflection factor 

Vernier: continuously variable between all ranges, extends maxi- 
mum deflection factor to approx. 2.5 V/div. Vernier UNCAL 
(uncalibrated) light indicates when vernier is not in the calibrated 
position. 

Polarity: +up or  -up selectable on channel B. 
Signal delay: >55 ns, which allows viewing the leading edge of a 
pulse without external delay or  advanced trigger. 
Drift: short term drift/min. and long term drift/hr, 50.05 div after Y2 
hour from turn-on and at  constant ambient temperature. 
Input R: 50 ohms. 
Maximum input: 5 V rms or f500 div peak, whichever is less. 
VSWR: 51.30 on I O  mV/div and 51.20 from 20 mV/div to 1.0 V/div 
at 250 MHz. 
Reflection coefficient: 110% on 10 mV/div and 55% from 20 
mV/div to 1.0 V/div. Measured with 1 ns rise time TDR. 
A + B operation (A - B with channel B inverted) 

Bandwidth: dc to 150 MHr, 3 dB down from 6 div reference sig- 
nal from a terminated 50 ohm source. 
Rise time: 12.4 ns, 10% to 90% with 6 div input step from a termi- 
nated 50 ohm source. 

Triggering 
Source: channel A or composite (on displayed signal) in all display 
modes. 
Frequency: dc to  >250 MHz on signals causing 1 div or  more verti- 
cal deflection in all modes (with Models 1840A and 1841A Time 
Bases). 
Genera I 
Probe power: provides power for two H P  active probes. 
Operating environment: same as 183 mainframe. 
Weight: net, 2.3 kg (5 Ib); shipping 3.6 kg (8 Ib). 

1831 A and 1831 B Specifications 
Note: These plug-ins require a 183A, B, or  D mainframe with Opt 

035 and an 1840A time base with Opt 035. 
Vertical 
Bandwidth <20 kHz to >600 MHz (1831A). >500 MHz (1831B). 
Rise time: <600 ps (1831A), <700 ps (1831B). 
Pulse response: <5% overshoot; <f5% perturbations with 350 ps 
rise time step input from a 50 ohm source; <6% tilt for a I ps wide 
pulse at  25°C and < I O %  tilt from 0°C to 55°C. 
Deflection factor: 5.75 V/div, & I O % .  

Input characteristics 
Input R: 50 ohms, single-ended or dil I 
( I 8 3  I B). 
Maximum DC input: f l O O  V dc. 
Maximum AC input: 2.0 watts, 4 div p-p L W .  

VSWR: <1.3:1 to 750 MHz. 
Input reflections: <f10%, measured with 150 ps TDR. 
Signal delay (18318): approx. 60 ns which allows viewing the lead- 
ing edge of a pulse without external delay. 
Internal triggering (1831B): stable to 500 MHz with signals pro- 
ducing % div or more vertical deflection. 

General 
Operating environment: same as 183 mainframe. 
Weight: 

Model 1831A: net, 0.91 kg (2 Ib); shipping, 2.27 kg (5 Ib). 
Model 18318: net, 1.8 kg (4 Ib); shipping, 3.18 kg (7 Ib). 

Accessories furnished: one 50 ohm load (1831A only). Two main- 
frame termination resistors. 
Model number and name ice 
1830A. 250 MHz Vertical 195 
I83 1 A Direct Access Plug-in 90 
1831 B Direct Access Plug-in $440 
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1840A 

ohms. + 10 trigger attenuator allows wider dynamic range of EXT 
trigger input. 
*(Automatic triggering is same as normal except low frequency 
limit is 5 Hz for internal and external triggering.) 
Line: power line frequency trigger signal. 
Level: internal, at  any point on the displayed vertical waveform; 
external, continuously variable from - 100 mV to + 100 mV in +' 1 
and 1.0 V to -1.0 V in + IO. Input R, 50 ohms nominal. 
Slope: pushbutton selection of either positive or  negative slope of 
trigger signal. 
Coupling: front panel selection of ac or dc. AC attenuates signal 
below approx. 5 kHz. 

Internal: refer to vertical amplifier plug-in specifications. 
Automatic: delayed sweep is automatically triggered at end of set 
delay time. 
External: dc to >250 MHz with signals of 20 mV p-p or  more, in- 
creasing to  500 MHz on signals of 50 mV p-p or more. Input R, 50 
ohms. 
Level: internal, at  any point on the displayed vertical waveform; 
external, continuously variable from + I O 0  mV to -100 mV on 
either slope of trigger signal. 
Slope: pushbutton selection of positive or negative slope of trig- 
ger signal. 
Coupling: front panel selection of ac or dc. AC attenuates signals 
below approx. 5 kHz. 

Time: continuously variable from 50 ns to  1 s. 
Accuracy: f 1% from 50 ms to 0. I p s ,  main sweep linearity f0.2%, 
time jitter is <0.005% (1 part in 20 000) of maximum delay of each 
step. 

Delayed time base (1841A) 

Delay (before start of delayed sweep) 

Trace intensification (1841A) 
In Main sweep mode, intensifies that part of main time base to  be ex- 
panded to full screen in delayed time base. Rotating delayed sweep 
switch from off position activates intensified mode. Front panel ad- 
justment sets relative intensity of brightened segment. 

General 
Probe power: supplies power to  operate one H P  active probe. 
Operating environment: temperature, 0 to +55"C (+32"C to + 130°F); humidity, to 95% relative humidity at  40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Weight 

Model 1840A net, 1.4 kg (3 Ib); shipping, 2.7 kg (6 Ib). 
Model 1841A: net, 1.6 kg (3.6 Ib); shipping, 3.2 kg (7 Ib). 

Options (1 840A) 
001: contains attenuation and limiting circuits in the external trigger 
input which allows wider dynamic range of EXT trigger input levels. 
Specifications for the Model 1840A Option 001 are the same as Model 
1840A except as follows: 
External Trigger Input 

+1 mode: I V p-p to 250 MHz, trigger level adjustable over f 5  
volt range. 
+5 mode: 5 V p-p to 250 MHz, trigger level adjustable over f 2 5  
volt range. 
Maximum input: 100 V peak with IO p s  duration. Maximum con- 
tinuous input, 5 V rms. 

035: required for operation with 1831A or  183 IB direct access plug- 
ins. Also required is Opt 035 to 183 mainframes. This option elimi- 
nates sweep irregularities caused by high amplitude input signals re- 
quired by 1831A and 1831B plug-ins. 

Triggering Model number and name Price 
Main time base 1840A, Time Base $775 

Internal: refer to  vertical amplifier plug-in specifications. Option 001 add $ 5 5  

creasing to 500 MHz with signals of 50 mV p-p or more. Input R, 50 $1240 
External: dc* to >250 MHz with signals of 20 mV p-p or more, in- Option 035 N/C 

Model 1841A, Time Base/Delay Generator 

184OM1841A Specifications 
Main time base 
Sweep 

Ranges: from I O  ns/div to 0.1 s/div (22 positions) in 1, 2, 5 se- 
quence. f 3 %  accuracy with vernier in calibrated position. 
Vernier: continuously variable between all ranges, extends slowest 
sweep to at  least 0.25 s/div. 

Magnifier (on mainframe): extends fastest sweep to  1 ns/div, f5%. 
Sweep mode 

Normal: sweep is triggered by an internal, external, or  power-line 
frequency signal. 
Automatic: bright baseline displayed in absence of a trigger sig- 
nal. 
Single: sweep occurs once with same triggering as normal; reset 
pushbutton with armed indicator light. Rear panel input (on main- 
frame) provides remote arming capability. 

Delayed time base (1841A) 
Delayed time base sweeps after the time delay set by main time base 
and delay controls. 
Sweep ranges: 10 ns/div to I ms/div in I ,  2, 5 sequence (16 posi- 
tions). f 3 %  accuracy. 



osclLLoscoPEs 
15 MHz dual channel, general purpose 
Models 1220A & 1221A 

iLL;vni I L L  in uescriprion 
Hewlett-Packard Models 1220A (dual channel) and 1221A (single 

channel) 15 MHz oscilloscopes are high quality instruments with fea- 
tures ordinarily found only in laboratory models. Both oscilloscopes 
have the performance necessary for a wide variety of applications. 
Features include a large 8 X 10 internal graticule for no-parallex mea- 
surements, 3% vertical attenuator accuracy, 4% horizontal accuracy, 
calibrated sweep times from 0.5 s/div to 0.1 ps/div, dc coupling, au- 
tomatic triggering, a sweep magnifier to expand the display up to ten 
times for detailed analysis, a pushbutton beam finder, X-Y display ca- 
pability, and a TV sync separator. 

Easy operation 
The human engineered front panel with functionally grouped con- 

trols and color-coded pushbuttons makes measurements easier and 
faster. Inputs are protected to 400 V, reducing chances of accidental 
electrical damage. Automatic triggering assures that a base-line is 
present even in the absence of a signal or if the trigger level control is 
set beyond the range of the trigger signal. And, although the dual 
channel Model 1220A operates in either a chopped or alternate mode, 
the operator need not concern himself with making a choice since the 
Time/Div switch automatically selects the best display mode. 

The basic stability of the solid-state circuits and components used 
throughout is such that internal adjustments have been reduced to a 
minimum. This decreases calibration requirements and provides real 
savings over the oscilloscope's lifetime. Recalibration, when neces- 

sary, is simple and straightforward compared to most other oscillo- 
scopes. 
Triggering 

Even though the instruments are easy to operate, these oscillo- 
scopes have the flexibility for multi-purpose use. The operator can se- 
lect the source of sweep trigger (internal, external, ac line, TV) and he 
can select the trigger slope, adding to the oscilloscope's versatility by 
allowing triggering on either the positive or negative going transitions 
of the signal. Further flexibility is added by the ability to preset the 
signal amplitude required to trigger the sweep, assuring that pertur- 
bations below the desired amplitude will not trigger the oscilloscope. 

With automatically triggered sweep, displays are stable because the 
observed signal itself determines when a sweep should start. Auto- 
matic triggering produces a free running trace in the absence of a sig- 
nal for fast set-up. It locks onto any input signal of the proper polar- 
ity and amplitude. In addition, accurate time difference measure- 
ments can be made with the 1220A since triggering is always derived 
from the channel A input. 
CRT 

The internal 8 X 10 cm CRT graticule eliminates parallax errors 
that occur when the graticule is external to the CRT. The 3% vertical 
accuracy combined with the no-parallax graticule enables the oscillo- 
scope to be used as a voltmeter as well as for waveform display. CRT 
beam intensity can be modulated through a rear panel Z-axis input. 
X-Y Inputs 

External signals can be applied to the horizontal deflection ampli- 



fiers for making X-Y plots, or Lissajous figures for accurate phase 
shift measurements with phase shift less than 3 degrees at 100 kHz. 
The horizontal input also allows swept frequency measurements for 
checking tuners or I F  strips. 

Expander: continuously expands sweeps at least 10 times. Maxi- 
mum usable sweep speed is approx. 20 ns/cm. 

Sweep mode: sweep is triggered by internal or external signal. 
Bright baseline displayed in absence of input signal. 

Cal. 

TV Sync 
The built-in T V  sync separator assures stable, automatic triggering 

on frame or line for convenient TV troubleshooting. With the instru- 
ments times-ten magnifier, signals can be pulled out easily. The cali- 
brated time base makes it easy to identify timing problems in vertical 
or horizontal TV circuits. The external horizontal input allows vector 
presentations of color CRT drive signals. Dual channels make it easy 
to set color demodulator circuits. 

Rugged lightweight design 
Models 1220A and 1221A are, except for the CRT, entirely of solid- 

state design, resulting in low power consumption. The consequent low 
heat has made possible a rugged, lightweight, closed cabinet with a 
vinyl-clad aluminum cover that is resistant to shock, dust, and mois- 
ture. A convenient side-panel handle and stabilizing feet on the oppo- 
site side make handling easy. This allows these oscilloscopes to be 
used in areas where ruggedness is a necessity. These areas include pro- 
duction lines, numerically controlled machinery, process control 
equipment, automotive, aircraft and marine electronics, and commu- 
nications. 

Optional accessories 
An optional front panel cover is available to protect the instrument 

during transportation and gives storage space for probes and other ac- 
cessories. General purpose probing is provided with the Model 
10013A 10 to 1 divider probe with 10 megohms input shunted by only 
10 pF. It extends input range to 100 V/cm and multiplies input im- 
pedance without degrading frequency response. With a rack mount kit 
the oscilloscopes can be mounted to occupy only 22.2 cm (8% inches) 
of vertical space. Also available is the Model 10373A Camera Adapter 
for the Model 123A camera. Contact your Hewlett-Packard Field En- 
gineer for information concerning these accessories. 
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1:l 100 mV/cm 

Triggering 
Internal: approx. 10 Hz to 15 MHz on signals causing 1 cm or more 
vertical deflection. 
External: approx. I O  Hz to 15 MHz on signals 0.1 V p-p or more. 
External input RC: approx. 1 megohm shunted by approx. 20 pF. 
Line: triggers on line frequency. 
TV sync: separator for + or - video, requires 1 cm of video signal to 
trigger, automatic frame (0.5 s/cm to 100 pslcm) and line select (50 
ps/cm to 0.1 ps/cm). Usable also as a low-pass filter to reject compo- 
nents above 20 kHz. 
Level and slope 

Internal: at any point on the positive or negative slope of the dis- 
played waveform. 
External: continuously variable from + O S  V to -0.5 V on either 
slope of the trigger waveform. f IO  extends trigger range to +5 V to 
-5 v. 

Cathode-ray tube and controls 
Type: mono-accelerator, approx. 2 kV accelerating potential, P3 I 
phosphor. P7 phosphor is available as an Option. 
Graticule: 8 X 10 cm internal graticule; 0.2 cm subdivisions on major 
horizontal and vertical axes. 
Beam finder: returns trace to CRT screen regardless of setting of 
horizontal and vertical controls. 
Probe adjust: approx. 0.5 V p-p, 2 kHz square wave for compensat- 
ing probe. 
Intensity modulation: +5  V (TTL compatible) dc to 1 MHz blanks 
trace of any intensity. Input R approx. 1 kQ. Mnximllm innllt 7 V 
rms. 
External horizontal input 
Bandwidth: dc to 1 MHz. 
Coupling: dc. 

I Expander I Attenuator I Deflection Factor I X Mode 

I Cal. I 1:l I 1v/cm I 

I I 

1220Al1221 A Specifications 
Modes of operation (122QA) 
Channel A; channels A and B displayed alternately on successive 
sweeps (Alt); triggering by A channel; channels A and B displayed by 
switching between channels at approx. 200 kHz rate with blanking 
during switching (Chop); automatic selection of alternate or chop 
mode. Chop, at sweep speeds from 0.5 s/cm to  1 ms/cm; Alt, 0.5 
ms/cm to 0.1 ps/cm. 

Vertical amplifiers (2 in 1220A, 1 in 1221A) 
Bandwidth: (3 dB down from 50 kHz, 6 div reference signal from a 
terminated 50 ohm source.) 

. AC-coupled: lower limit is approx. 2 Hz. 
Rise time: approx. 23 ns. 
Deflection factor 

DC-coupled: dc to 15 MHz. 

Ranges: from 2 mV/cm to 10 V/cm (12 ranges) in 1 , 2 , 5  sequence. 
f 3 %  accuracy with vernier in calibrated position on 10 mV/cm to  

m ranges, f 5 %  accuracy on 2 mV/cm and 5 mV/cm ranges. 
sr: continuously variable between all ranges, extends maxi- 
leflection factor to at least 25 V/cm. 
:: approx. 1 megohm shunted by approx. 30 pF. 
lupling: AC, DC, or G N D  selectable. G N D  position dis- 
signal input and grounds amplifier input. 
n input: f 4 0 0  V (dc + peak ac). 

tse 

8: from 0.1 ps/cm to 0.5 s/cm (21 ranges) in 1, 2, 5 se- 
. f 4 %  accuracy with Expander in calibrated position. 

In  1, ,- 

1001 3A' probes are recommended for use with these oscilloscopes. 
Model number and name Price 
1220A Dual Channel Oscilloscope $750 
1221A Single Channel Oscilloscope $650 

Continuous adjustment between ranges by Expander. 
Input RC: approx. 1 megohm shunted by approx. 30 pF. 
X-Y Phase shift <3" at 100 kHz. 
General 
Power: 100, 120,220,240 V, +5, -10%. 48 to 66 Hz, approx. 35 W. 
Weight 

1220A net, 7.3 kg (16% Ib); shipping 9.5 kg (21 Ib). 
1221A net, 7.0 kg (15% Ib); shipping, 9.3 kg (20% Ib). 

Dimensions: 31 1.2 mm (12% in.) w,ide, 181 mm (7% in.) high, 412.8 
mm (16% in.) deep overall. 
Accessories furnished one blue light filter, one power cord, fuses 
for 100, 120 V operation and 220,240 V operation and one Operating 
and Service Manual. 
Operating environment: temperature, 0 to 55°C (+32"F to 
+ 130°F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Option 007: P7 phosphor in lieu of P31; amber filter add $20 
Note: probes are not supplied with the 1220A or 1221A, Model 
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500 kHz general purpose 
1200 Series 
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1200 Series description 
The 1200 series 500 kHz oscilloscopes are versatile general purpose 

instruments for low frequency applications. These are all solid-state 
oscilloscopes, light-weight, reliable and stable, which makes them 
ideal for a variety of applications. The many features of these scopes 
provide displays that are accurate, versatile, easy-to-obtain and easy- 
to-read. Logical arrangement of controls, a beam finder to locate off- 
screen displays, and automatic triggering make operation easy, which 
is important to persons in production line testing, system applica- 
tions, and classroom or laboratory instruction. 

These dual channel oscilloscopes are available with 5 mV/div or 100 
fiV/div deflection factors, standard or  storage CRTs, and in cabinet 
or rack configurations. The instruments are light-weight, allowing use 
in remote or difficult access areas such as: aircraft flight lines, com- 
munications field sites, or weapons test sites. 

Balanced inputs are provided on all ranges and on each channel 
which is useful in low level audio applications. Phase shift measure- 
ments can be made in the A vs B mode, which displays channel A sig- 
nal versus channel B signal through identical amplifiers with less than 
1"  phase shift up to 100 kHz. 

Field effect transistors at the vertical amplifier input provide stable, 
low-drift operation virtually free of annoying trace shifts caused by 
temperature changes, shock, and vibration. Long term stability also 
means less frequent calibration and lower periodic maintenance costs. 

The common mode rejection ratio is up to 100,000 to 1 (100 dB) in 
the 1200A/B and 1201A/B models. This high C M R R  provides an ac- 

1200A 
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curate means of measuring the difference between two signals while 
rejecting those signal components, such as power line hum, common 
to both inputs. 

The rectangular cathode-ray tube has a parallax-free internal grati- 
cule to  assure accurate measurements. Standard 1200 series oscillo- 
scopes are supplied with P31 phosphor with a selection of optional 
phosphors available at  no extra cost; refer to  Options in the specifica- 
tions. 

In applications with displays that occur at slow rates, a stor- 
age/variable persistence C R T  is available that eliminates annoying 
flicker and retains single occurrence traces. This longer persistence is 
useful when displaying slowly moving bio-medical phenomena and in 
applications where the trace or  display information must persist after 
the exitation is removed. Improvements in target material and pro- 
cessing provide a very rugged storage surface. This highly burn resis- 
tant storage surface does not require special operating procedures 
which increases ease-of-use in low frequency applications. 

All 1200 series oscilloscopes have a dc-coupled Z-axis amplifier that 
allows external modulation of the C R T  beam intensity. This allows a 
display of more information by using changes in intensity to highlight 
portions of the display or to maintain a constant intensity where the 
input signal duty cycle changes. 

Applications requiring an ac-coupled input are easily filled by add- 
ing an external capacitor. And, you can select the capacitor to fit the 
application rather than adapting to  the scope capacitor. 

Single, normal, and free run modes of sweep operation are flexible 
enough for complex measurements, yet operation is simple and 
straightforward. The sweep time and magnifier controls provide a di- 
rect reading of a magnified sweep which reduces the chance of error 
and time for measurements. An external input to  the horizontal de- 
flection system allows the operator to provide external deflection sig- 
nals for X-Y displays or  special sweeps. 

The wide dynamic range of the trigger level control allows trigger- 
ing on any point on an on-screen display or in external on any point 
up to f l O O  V. Rotating the trigger level control counterclockwise into 
its detent position selects the auto mode which displays a baseline in 
absence of a trigger signal. The sweep will automatically synchronize 
and trigger on most waveforms from 50 Hz to  500 kHz. Auto trigger 
mode allows the operator to change a trigger signal in amplitude, fre- 
quency, or  dc-level and remain synchronized without adjusting the 
trigger level control. The 1200 series oscilloscopes will trigger in Auto 
or Level mode with a signal of less than 100 mV p-p in external or less 
than one-half division of vertical display in internal. 

Trigger flexibility is expanded by providing a dc or  ac-coupled trig- 
ger signal of either + or  - slopes, from the displayed signal (Int) or 
from the power line (Line), or from an external input. 

Rack versions (designated by a B, “1200B,” following the model 



1200 Series (cont.) 

1205B 

number) are only 13.34 cm (5%") high which saves valuable rack space 
and allows more instruments to be included in a rack for a more ver- 
satile system. Since these instruments are complete oscilloscopes, they 
offer the system user a read-out device and a convenient calibration 
and service tool. 

Vertical amplifiers specifications 

c. '50 kHz or' 500 kHz. 

from 0.1 mV/div to 20 V/div ( I  
A/B, from 5 mV/div to 20 V/d 

Modes of operation: Channel A alone; channel B alone; channels A 
and B (either Chop or Alternate); channels A and B vs horizontal 
input (Chop only); channel A vs B (A-vertical, B-horizontal). Chop 
frequency is approx. 100 kHz. 
Bandwidth dc-coupled, dc to  500 kHz; ac-coupled, 2 Hz to  500 kHz. 
A bandwidth limit switch (1200A/B, 1201A/B) allows selection of 
upper bandwidth limit to appro? 
Rise time: 0.7 ps max. 
Deflection factor: 

Ranges: 1200A/B, 1201A/B, 7 po- 
sitions) in I ,  2, 5 sequence. 1205 
positions) in I ,  2, 5 sequence. 
Attenuator accuracy: f3% ~ L L U  V G I I I I G I  L U  GauvIaLcu pJLt ion .  
Vernier: continuously variable between all ranges; extends maxi- 
mum deflection factor to  at  least 50 V/div. 

Noise: 1200A/B, 1201A/B, <20 pV measured tangentially at  full 
bandwidth. 
Input: differential or single-ended on all ranges, selectable. 
Common mode: 

Frequency: dc to  10 kHz on all ranges. 
Rejection ratio: 1200A/B, 1201A/B, 100 dB (100,000 to I )  with 
dc-coupled input on 0.1 mV/div range, decreasing by <20 dB per 
decade of deflection factor to  at  least 40 dB on the 0.2 V/div range; 
1205A/B, 50 dB with dc-coupled input on 5 mV/div to 0.2 V/div 
ranges; C M R R  is at  least 30 dB on the 0.5 V/div to 20 V/div ranges. 
Maximum signal: 1200A/B, 1201A/B, f 1 0  V (dc + peak ac) on 
0.1 mV/div to 0.2 V/div ranges; f 4 0 0  V (dc + peak ac) on all other 
ranges. 1205A/B, f3 V (dc + peak ac) on 5 mV/div to 0.2 V/div 
ranges; f300 V (dc + peak ac) on all other ranges. 

Input coupling: selectable AC, DC, or O F F  for both + and - in- 

iv(12 

puts. 
Input RC: I megohm shunted by approx. 45 pF; constant on all 
ranges. 
Maximum input: f400 V (dc + peak ac). 
Internal trigger source: on channel A signal for A, Chop, and Al- 
ternate displays. On channel B signal for B display. 
Isolation: >80 dB between channels at 500 kHz, with shielded input 
connectors. 
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ase shift (channels A vs B) < l o  to 100 kHz with verniers in cali- 
ited position. 

'me base specifications 
reep: 
Ranges: from 1 ps/div to 5 s/div (21 positions) in 1, 2, 5 sequence. 
+3% accuracy with vernier in calibrated position. 
Vernier: continuously variable between ranges; extends slowest 
sweep to a t  least 12.5 s/div. 
Magnifier: direct reading XI0 magnifier expands fastest sweep to 
100 ns/div with f5% accuracy. 
itomatic triggering: 
Baseline is displayed in absence of an input signal. 
Internal: 50 Hz to above 500 kHz on most signals causing 0.5 divi- 
sion or more vertical deflection. Triggering on line frequency also 
selectable. 
External: 50 Hz to above 1 MHz on most signals at least 0.2 V p-p. 
Trigger slope: positive or negative slope on internal, external, or 
line trigger signals. 
nplitude selection triggering: 
Internal: dc to above 500 kHz on signals causing 0.5 division or 
more vertical deflection. 
External: dc to 1 MHz on signals at least 0.2 V p-p. Input imped- 
ance is 1 megohm shunted by approx. 20 pF. 
Trigger level and slope: internal, a t  any point on vertical wave- 
form displayed; or continuously variable from + 100 V to - 100 V 
on either slope of the external trigger signal. 
Trigger coupling: dc or ac for external, line, or internal trigger- 
ing. Lower ac cutoff is 2 Hz for external; 5 Hz for internal. 
ngle sweep: selectable by front panel switch. Reset switch with 
med indicator light. 
ee run: selectable by front panel switch. 
eximum input: f 3 5 0  V (dc + peak ac). 
wizontal amplifier 
indwidth: dc-coupled, dc to 300 kHz; ac-coupled, 2 Hz to 300 kHz. 
rflection factor: ranges, 0.1 V/div, 0.2 V/div, 0.5 V/div, and 1 
/div; vernier, continuously variable between ranges, extends maxi- 
um deflection factor to at least 2.5 V/div. 
aximum input: f 3 5 0  V (dc + peak ac). 
put RC: 1 megohm shunted by approx. 20 pF, single-ended. 

athode-ray tube and controls specifications 
andard CRT, 12QQA/B, 12QSA/B 
'pe: mono-accelerator, 3000 V accelerating potential; P3 1 phos- 
or standard (refer to Options for other phosphors). 
.aticule: 8 X I O  div internal graticule, 0.2 subdivision markings on 
irizontal and vertical major axes. 1 div = 1 cm. 
iriable persistence/storage CRT, 1201A/B 
'Pe: post-accelerator, variable persistence storage tube; 10.5 kV ac- 
lerating potential; aluminized P3 1 phosphor. 
*aticule: 8 X 10 div internal graticule. 0.2 subdivision markings on 
ajor axes. 1 div = 0.95 cm. Front panel recessed screwdriver adjust- 
:nt aligns trace with graticule. 
wsistencehtorage characteristics: 
(Referenced to a centered 7 X 9 div area in STD mode and to a cen- 

tered 6 X 8 div area in FAST mode.) 
Persistence: conventional, natural persistence of P3 1 phosphor, 
approx. 40 ps; variable, continuously variable from 0.2 s to > 1 min. 
in STD mode; and from 0.2 s to 15 s in FAST mode. 
Storage writing speed: STD mode, 20 div/ms; FAST mode, 0.5 
div/ps. 
Brightness: 1076 Ix (100 fl) in write mode. 
Storage time: STD writing speed, variable from approx. 1 min. to 
>2 hours. Fast writing speed, variable from approx. 15 s to >15 
min. 
Erase: pushbutton erasure takes approx. 1.2 s. Write gun is 
blanked and sweep is reset until erasure is completed. 

General specifications 
Intensity modulation: +2 V signal blanks trace of normal intensity. 
+8 V signal blanks trace on any intensity. DC-coupled input on rear 
panel; amplifier rise time approx. 200 ns; input R is approx. 5 kS2. 
Beam finder: returns trace to CRT screen regardless of horizontal or 
vertical control settings. 
Calibrator: 1 V f 1.5% line frequency square wave. 
Dimensions: 

Cabinet models (designated by A suffix): 211.2 mm wide X 
298.5 mm high X 474.7 mm deep (8%6" X 11%'' X 18"ha"). 
Rack models (designated by B suffix): 482.6 mm wide, 132.6 
mm high, 433.4 mm deep overall (19" X 5%7 X 17%6"); 390.5 mm 
(15y8'') behind front panel. 

Power requirements: 115 V ac f10%, 48 to 440 Hz; Watts (ap- 
prox.) 1200A/B, 50 W; 1201A/B, 60 W; 1205A/B, 45 W. 
Weight: 

1200A, 1205A: net, 11.4 kg (25 Ib); shipping, 15.7 kg (34% Ib). 
12008, 1205B: net, 10.2 kg (22% Ib); shipping, 15.9 kg (35 Ib). 
1201A: net, 13.6 kg (30 Ib); shipping, 17.9 kg (39% Ib). 
1201B: net, 12.5 kg (27%); shipping, 18.2 kg (40 Ib). 

Options 
Vertical output signals specifications (Opt 015): 

Output: 0.3 V/div f 1096, 0 V offset unaffected by position control 
setting. 
Bandwidth: dc to 500 kHz. 
Dynamic range: f 3 . 5  V. 
Maximum slewing rate: 12 V/ps with 300 p F  load. 
Minimum load RC: I O  kS2 shunted by approx. 300 pF. 
Source impedance: approx. 300 ohms. 

006: rack models only, rear input terminals wired in 
parallel with front panel vertical and horizontal input 
terminals add $60 
007: 
009: variable persistence/storage models only, remote 
erase through rear panel banana jack, shorting to 
ground provides erasure add $25 
015: vertical channel signal outputs through rear panel 
connectors add $100 
Model number and name Price 
1200A or 1200B Dual Channel, 100 pV Oscilloscope $ I250 
1201A or 1201B Dual Channel, 100 pV Storage 
Oscilloscope $2250 
1205A or  1205B Dual Channel, 5 mV Oscilloscope $ 1  150 

standard CRT only, P7 phosphor in lieu of P31 N / C  



OSCOLLOSCOPES 
20 MHz, plug-in oscilloscope 
140 Series 

Rugged variable persistence/storage CRT 
Convenient beam finder 
5 mV/div to 20 MHz 

Dual channel 
Automatic triggering 
Delayed and mixed sweep 

Hewlett-Packard's 140 Series plug-in oscilloscopes give you proven 
performance for general purpose measurements in a variety of appli- 
cations. Logical arrangement of controls, a beam finder to locate off- 
screen displays, and automatic triggering make these oscilloscopes 
easy to set up and operate. They are ideally suited for production line 
testing, systems applications, and classroom or laboratory instruc- 
tion. 

The dual channel vertical amplifier has deflection factors from 5 
mV/div to I O  V/div and a bandwidth of 20 MHz. A choice of two time 
bases allows you to select standard or delayed sweeps. Spectrum ana- 
lyzer plug-ins are also available; see page 440 for spectrum analyzer 
information. 

140 Mainframes 
The 140 Series mainframes contain high quality post-accelerator 

CRTs which provide a bright clear display. Model 140B has a stan- 
dard CRT with an 8 X 10 cm internal graticule and Model 141B has a 
variable persistence and storage CRT. You also get an accurate CRT 
display reading from any angle with the no-parallax, internal grati- 
cule. A convenient beam finder returns a trace to the display area for 
fast trouble-free set-up. 

Variable persistence/storage 
The 141B gives you CRT versatility that allows you to match per- 

sistence to most any signal. This gives you the capability to use the in- 
strument as a conventional scope, a variable persistence scope or as a 
storage scope. In addition, the 141B has a highly burn resistant CRT 
which requires little, if any, more care than a conventional CRT. 

The Hewlett-Packard mesh storage tube used in Model 141B offers 
many advantages. The stored trace has the same high contrast as a 
conventional CRT. Intermediate trace values stand out clearly so that 
you can easily distinguish between four or five intensities. Intensity of 
the 141 B CRT can be varied by a front panel control, or  modulated 
externally for X-Y-Z presentation. Maximum viewing intensity in 
write view mode is 1076 Ix (100 fl) - many times brighter than bi- 
stable phosphor storage tubes. With Hewlett-Packard's mesh storage 
CRT, trace brightness and writing speed are maintained over the en- 
tire life of the tube - specified performance is warranted for one year, 
just like conventional CRT's. 

Variable persistence allows you to build up the brightness of dim 
traces from low repetition rates signals to an easily viewable display. 
You can also use variable persistence to eliminate flicker caused by 
slow sweeps required on slowly changing waveforms. At sweep speeds 
below 1 ms/div flicker is not only annoying, but also causes eye strain, 
which makes measurements very difficult. By increasing the persis- 
tence you can retain a waveform for as long as you like. You can ad- 
just the persistence, for example, so that one sweep is disappearing 
from the CRT as the next sweep comes along. 

When used as a storage scope, you can capture single shot events, 



0 Convenient beam finder 
0 8x10 cm internal graticule 
0 5 mV/div to 20 MHz 

0 Dual channel  
0 Sweeps to 20 ns/div 
0 Trigger hold-off 

such as noise related transients, or infrequently occurring events, such 
as random-bit drop-out. Just press STORE and the waveform may be 
retained for up to one hour. In many applications, this allows you to 
replace a conventional oscilloscope and camera combination, with its 
associated inconvenience. 

The flexibility and convenience of having storage, variable persis- 
tence, and conventional operating capabilities in one instrument are 
numerous. Typical areas for application include electrical, mechani- 
cal, civil, medical, acoustics, biology, chemistry, oceanography, pneu- 
matic, fluid, and many other areas with electronic transducers or elec- 
tromechanical controls. 

140 plug-ins 
For wideband real time performance the dual trace 1402A vertical 

amplifier gives coverage from dc to 20 MHz at 5 mV/div. The 1402A 
features include algebraic addition, built-in delay line for viewing the 
leading edge of fast-rise pulses, full 6 div deflection and a wide dy- 
namic range. 

Accurate time difference measurements are possible because the 
sync amplifier in the 1402A can be switched to Channel A alone. This 
feature is useful when dual traces are displayed on alternate sweeps; 
switching the sync to Channel A preserves the time relationship be- 
tween the two signals, because the sweep always triggers on the same 
_^I_. _ _  nl ̂_ _ _  1 A A I _ _  : __._ n 1  .____ 1 A ... l... I_ .,.. -L ̂ _ _ _  > 

than the chopper. Two unrelated signals can be displayed by trigger- 
ing on the composite waveform. This feature avoids resorting to ex- 
ternal triggering for either of these dual trace presentations. 

For easy readability, of complex waveforms and accurate time in- 
terval measurements, Model 1421A Time Base and Delay Generator 
provides calibrated time delays from 10 seconds to 0.5 ps, calibrated 
sweep speeds from 0.2 ps/div to 20 ns/div. The 1421A also offers 
mixed sweep which displays the first portion of a trace at normal 
sweep speeds, and expands the trailing portion of the trace at a faster 
delayed sweep speed to allow step-by-step magnified examination. 

Model 1423A gives 20 MHz triggering with sweep speeds from 0.2 
s/div to 5 s/div. A trigger hold-off control eliminates double trigger- 
ing on digital waveforms or signals that have the desired trigger level 
and slope appearing more than once per sweep and maintains a full- 
screen, calibrated sweep. 

A selection of spectrum analyzers with coverage from 20 Hz to 40 
GHz further extends versatility of the 140 system. A 140 system dis- 
play section (mainframe) is combined with a tuning section and IF 
section to form a complete spectrum analyzer, tailored to  your needs. 
The tuning section determines the frequency range and most of the 
major specifications; a choice in IF and display section allows you to 
select the system for your application. See page 440 for information 
about spectrum analyzers. 
r 1 . *",, I .. .r .. r . _. .a,, puirit uii uiaiiner A. n i s u ,  syncing tu Lnannei n wiien in tne criuppeu 

dual trace mode assures triggering on the displayed waveform rather 
r o r  complete 14u real time system specirications, reier to tne 14u 

System data sheet or contact your Hewlett-Packard Field Engineer. 



Probes and other oscilloscope accessories 

i a *  

0 

10001A - 10003A 

(ohms) Ratio 

1.1 50 
5.1 250 

1O:l 500 
20:l 
50:l 

1OO:l 

1000 fJ% 15 <0.7 
2500 f 3 %  25 <0.7 
5000 f 3 %  35 <0.7 

10004D - 10006D. 10014A, 10016A 

- 

- 
10020A 

element 

121.9 cm (4 ft). 
; shipping, 1.36 kg (3 Ib). 
,"I,:..- ^^I^_ :.-- n . 7 -  . . . - - 



1120A 

1125A 

1120A 500 MHz active probe 
(Measured with output connected to a 50 ohm load.) 
Bandwidth: (measured from a terminated 50 ohm source) dc-cou- 
pled, dc to >500 MHz; ac-coupled, < I S  kHz to >500 MHz. 
Pulse response: (measured from a terminated 50 ohm source) rise 
time, <0.75 ns; perturbations, < f 6 %  measured with 1 G H z  sampler. 
Dynamic range: f0 .5  V with f 5  V dc offset. 
Noise: approx. I .5 mV (measured tangentially). 
Input RC: 100 kO, shunt capacitance approx. 3 p F  at  100 MHz; with 
10:l or 1OO:l dividers, shunt capacitance is < I  p F  at 100 MHz. 
Maximum input: f 8 O  V. 
Weight: net, 1.8 kg (4 Ib); shipping, 3.2 kg (7 Ib). 
Power: supplied by oscilloscope plug-ins with probe power jacks or a 
Model 1122A probe power supply. 
Length 1.3 m (4 ft) overall; with Option 001, 1.8 m (6 ft). 
Accessories furnished 
Model 10241A 101 divider: increases input R to  approx. 1 meg- 
ohm shunted by < I  p F  at 100 MHz. 
Model 10243A 1001 divider: increases input R to  approx. 1 meg- 
ohm shunted by < I  p F  at 100 MHz. 
Model 10242A bandwidth limiter: reduces bandwidth to approx. 27 
MHz shunted by approx. 6 p F  and reduces gain <2%. 
Also included: slip-on hook tip, 6.4 cm (2.5 in.) ground lead, spare 
probe tips, a slip-on BNC probe adaoter. two red ID sleeves. and a 
probe divider adjustment tool (PN 

1124A 100 MHz active pi 
(Measured when connected to a 50 
Bandwidth: (measured from a terminarea su onm source) dc-cou- 
pled, dc to 100 MHz; ac-coupled, 2 Hz to 100 MHz. 

Pulse response: (measured from a terminated 50 ohm source) rise 
time, <3.5 ns; perturbations, 5% p-p. Measured with pulse rise time of 
>2.5 ns. 
Attenuation ratio: 1O:l 5 5 % ;  1OO:l f5%.  
Dynamic range: XIO, f10 V; XIOO, + I O 0  V. 
Input RC: 10 megohms shunted by approx. I O  pF. 
Maximum safe input: 

DC-coupled: XI0, f 3 0 0 V ( d c  + peakac)1100MHz;XlOOf500 
V (dc + peak ac) 1100 MHz. 
AC-coupled: XIO, f 3 0 0  V (dc + peak ac) 1100 MHz. DC com- 
ponent must not exceed f2OO V; XIOO, f 5 0 0  V (dc + peak ac) 
1100 MHz. DC component must not exceed f 2 0 0  V. 

Accessories supplied: one 20.3 cm (8 in.) ground lead, one retrac- 
table hook tip, and two probe tip insulating caps. 
Power: supplied by 1800 series plug-ins with probe power jacks or 
Model 1122A probe power supply. 
Weight: net, 0.20 kg (7 02.); shipping, 0.91 kg (2 Ib). 
Length: approx. 1.5 m ( 5  ft) overall. 

1 125A Impedance converter probe 
Attenuation ratio: (oscilloscope gain may be adjusted for IO: I and 
100:l division ratio) 10.5:l and 105:1, f 5 % .  
Dynamic range at probe tip: XIO, f 4  V; XIOO, f 4 0  V. 
Input impedance at probe tip: 

High frequency: approx. 500 ohms (XIO) or 5 kO (XIOO) shunted 
by 0.7 pF (in X I 0  or XIOO modes). (See impedance responsegraph.) 
Low frequency: approx. 100 kO (dc-coupled). (See impedance re- 
sponse graph.) 

Maximum input: 
All modes: f 3 0 0  V (dc + peak ac) with f 2 0 0  V max dc compo- 
nent. 
X10 dc to 500 Hz, 200 V rms; decreasing 6 dB per octave to 12 V 
rms at  10 kHz. 210 kHz, 12 V rms is max allowable continuous 
input. 
X100: dc to 1.5 kHz, 200 V rms; decreasing 6 dB per octave to 35 V 
rms at I O  kHz. 210 kHz, 35 V rms is max allowable continuous 
input. 

Bandwidth: (with XI0  or XI00 tip and supplied 1.3 m (4 ft) cable). 
DC-coupled: dc to  250 MHz. 
AC-coupled: 20 Hz to 250 MHz. 

Pulse response in X10 or X100 1f5% perturbations measured 
from a terminated 50 ohm source. 
Accessories supplied: one 1.3 m (4 ft) 50 ohm cable, one XI0  divi- 
der tip, one X 100 divider tip, one rigid boot extension, two red color 
coding sleeves, two clear plastic insulating caps, two jade gray insu- 
lating caps, one 5.1 cm (2 in) 6-32 ground lead, one 15.2 cm (6 in.) 6-32 
ground lead, one 6-32 alligator tip and one 6-32 alligator tip. 
Power: supplied by instruments with probe power jacks or a Model 
1122A probe power supply. 
Length approx. overall length, 147.3 cm (58 in.). 
Weight: net, 0.2 kg (7 oz); shipping, 0.9 kg (2 Ib). 
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Model number and name 
1120A 500 MHz Active Probe 
1120A Opt 001, 1.8 m (6 ft) length 
1124A 100 MHz Active Probe 
1125A Impedance Converter Probe 

Price 
$475 

add $25 
$160 
$175 



Probes, other accessories (cont.) 

lllOA 

1122A 

lULD1A 

10252A 

1111A AC current amplifier 
Deflection factor: (with a 50 mV/div oscilloscope deflection factor) 
in X1, 1 mA/div to 50 mA/div; in XIOO, 100 mA/div to 5 A/div; 1 ,  2, 
5 sequence in X'  ~ 

Accuracy: in X 
Rise time: 18 n 
Noise: <lo0 pk 
Maximum ac ci  
creases at 1.4 A, 
Output impedance: 50 ohms. 
Dimensions: 38.1 mm high, 130.2 mm wide, 152.4 mm deep 
5% X 6 in.). 
Weight: net, approx. 0.91 kg (2 Ib); shipping, 1.36 kg (3 Ib) 
Power: 115 or 230 V &IO%, 50 to 400 Hz, 1.5 watts. 

I or AIUU. 

I ,  f 3%;  in XIOO, f4%. 

\ p-p, referenced to input signal. 
rrrent: above 700 Hz, 50 A p-p; below 700 Hz, de- 
'20 Hz. 

S. 



l l l O A  
Sensitiviq 
terminatio 
Accuracy 
Bandwidt 

Lower . 
100 ohn 
Upper. 
p F  capz 

Rise time: 
9 ns. 
Insertion 
tance to g 
Maximum 
Maximum 
kHz at 3.1 
Weight: I 
Dimensio 
length, I.! 
11 22A 
Probe dri 
Power ou 
Power in; 
probes). 
Weight: I 
A c c e s s or 
bles. 

Digital 
Models 

Probes ari 
tools that 
scopes, log 
ger probe, 
switched t 
the trigger 
power is c 

The trig 
curs and I 
The amp1 
equipment 
eliminate I 
ment with 
the exponc 
allows YOL 
that exterr 
that were : 
now easy. 

Small, d 
and direct 
The probe 
the tips ca 
mm (0.02: 

10250A 
Input: 

Low lei 
I 1 -- 

Current probe 
y: without 100 ohm termination, 1 mV/mA, with 100 ohm 
n, 0.5 mV/mA. 
: f 3 % .  
h 
-3 dB point: without 100 ohm termination, 1700 Hz; with 
n termination, 850 Hz. 
-3 dB point: with 4 p F  capacitive load, >45 MHz; with 30 
icitive load, 35 MHz. 
: with 4 p F  capacitive load, 7 ns; with 30 p F  capacitive load, 

impedance: approx. 0.01 ohm shunted by 1 pH; capaci- 
round < 3  pF. 
I dc current: 0.5 A. 
I ac current: 15 A p-p above 4 kHz; decreasing below 4 
3 A/kHz rate. 
let, 0.14 kg (5 oz); shipping, 0.91 kg (2 Ib). 
ns: probe aperture, 3.9 mm (%2 in.) diameter; overall 
i m ( 5  ft). 

wing capability: up to four Hewlett-Packard active probes. 
itput: -12.6 and + I 5  V, f3%.  
>ut: 115 V or 230 V f IO%, 48 to 440 Hz, 40 W (with four 

net, 2.4 kg (5% Ib); shipping, 3.63 kg (8 Ib). 
ies supplied: four 10131B 91.4 cm (36 in.) extender ca- 

Probe power supply 

trigger probes 
10250A (TTL), 10251A (MOS), and 10252A (ECL) Trigger 
e useful service, production, and design trouble-shooting 
offer digital pattern triggering to enhance the use of oscillo- 
gic analyzers, and other test equipment. With the 4-bit trig- 
you trigger on four parallel events. The four inputs may be 
o HI, LO, or O F F  (don't care) for convenient selection of 
' point. N o  separate power supply is needed because probe 
Ibtained from the circuit under test. 
ger output signal goes high when the preset trigger word oc- 
.emains high as long as the trigger conditions are present. 
itude is sufficient to trigger many types of external test 
.. A glitch filter is designed into the 10250A probe which can 
the effect of short duration glitches on external test equip- 
variable trigger input level. This feature is made possible by 
mtial increase in probe output between 3 and 5 volts which 
I to adjust the trigger level above short duration glitches so 
la1 test equipment is not triggered. Electrical measurements 
almost impossible to make in complex digital sequences are 

lual purpose probes simplify connection in compact circuits 
ly connect to dual-in-line packages and back-plane pins. 
s are small enough to connect to adjacent pins on DIPS and 
n be slipped off the probe wire for direct connections to 0.6 
5 in.) square pins, IC test clips, and wire wrap pins. 

L Specifications 

rel: 0.8 V (-0.6 V min); -0.8 mA max at 0.4 V (0.5 stan- 
aara I TL load). 
Higblevel: 2 V (5.0 V max); 100 pA max at 2 V. 

Swing: 0.5 V to 4.5 V min into 1 megohm. 
Transition time: 7 ns max from 0.6 V to 1 V; 50 ns min to 4 V with 
I megohm, 20 p F  load. 

Output: 

Delay: 

Power (supplied by circuit under test): 

Propagation: 30 ns max from any input to trigger output. 
Difference: 10 ns max between any two inputs. 

Voltage: +5  V 15%; -0.4 V to +7 V max. 
Current: 30 mA max; normal operation, 17 mA. 

Operating environment: temperature, 0 to 55°C (+32'F to + 130°F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (I5000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, I O  to 55 Hz. 
Overall length: Approx. 168 cm (66 in.). 
Accessories included: Six miniature probe tips, one Operating 
Note, and one vinyl carrying case. 

10251A Specifications 

output: 

Input: 
Threshold: (V+ plus V-) + 2, f 2 0 %  of (V+ minus V-). 

Swing: V- plus 20% of (V+ minus V-) to V+ minus 20% of (V+ 
minus V-) min into 1 megohm. 

Propagation: 350 ns max at 5 V, 210 ns max at 10 V; from any 
input to trigger output. 
Difference: 70 ns max at 5 V, 35 ns max at 10 V; between any two 
inputs. 

Power (supplied by circuit under test): 
Voltage: between + 3  V and + I 5  V (V+ minus V-). 
Current: 5 mA max. 

Operating environment: temperature, 0 to 55°C (+32"F to + 130°F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (I5000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Overall length approx. 168 cm (66 in.). 
Accessories included: Six miniature probe tips, one Operating 
Note, and one vinyl carrying case. 

Input: 

output: 

Delay (with specified threshold voltages): 

10252A Specifications 

Low level: approx. (V+ minus 1.6 V). 
High level: approx. (V+ minus 0.9 V). 

Swing: 0.5 V p-p. 
Transition time: 12 ns max with 1 megohm, 20 p F  load. 

Propagation: 20 ns max from any input to trigger output. 
Difference: 5 ns max between any two inputs. 

Voltage: 5.2 V &IO%; ~ k 7  V max. 
Current: 70 mA max. 

Delay: 

Power (supplied by circuit under test): 

Operating environment: temperature, 0 to 55°C (+32'F to + 130°F); humidity, to 95% relative humidity at 40°C (104'F); alti- 
tude, to 4.6 km (I5000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, I O  to 55 Hz. 
Overall length: approx. 168 cm (66 in.). 
Accessories included: six miniature probe tips, one Operating 
Note, and one vinyl carrying case. 
Model number and name Price 
Model 1 1  I IA Current Amplifier $295 
Model I 1  10A Current Probe $150 
Model 1122A Probe Power Supply $325 
Model 10250A TTL Trigger Probe $150 
Model 10251A MOS Trigger Probe $150 

$150 Model 10252A ECL Trigger Probe 
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Probes, other accessories (cont.) 

10035A 

104078 

101 76A 

10166A 

5060-0437 



Probe accessories 
Termin: 
Model 1 
Model 1 
probe. 
Probe t .  
Model lOOlOC BNC adapter tip: for probes 10001A-10003A. 
Model 100116 BNC adapter tip: for probes 10004D-10006D, 
10007B, 10008B, 10014A, 10016A, and 1124A. 
Probe tip kits 
Probe tip kits, Models 10036A and 10037A, extend usefulness of 
10004D, 10005D and 10006D probes. Model 10036A consists of an 
assortment including tips for the following: 2.0 mm (0.08 in.) jack; 0.6 
mm (0.025 in.) and 11.4 mm (0.045 in.) square pin; 1.0 mm-1.6 mm 
(0.040-0.062 in.) dia pin; and a long pin tip. Model 10037A contains 
six 0.6 mm (0.025 in.) square pin tips. Probe tip kit, Model 10035A for 

spring ti 
10001A- 

itions 
0100C: 50 ohm feedthrough. 
01006: 100 ohm (f2 ohm) feedthrough for 11 10A current 

i ~s 

10003A probes contain pincer jaw, banana tip, pin tip, and 
P. 

Calibration ana service accessories 
Plug-in extender 
Model 104076: 180 system extender (metal frame extends both plug- 
ins). Allows calibration and maintenance while a unit is operating. 

226A Time mark generator 
Model 226A is a high quality, time mark generator that provides 30 

precision time intervals for calibrating oscilloscope time bases. 
Marker intervals are in a convenient 1,2,5 sequence that matches the 
sweep time settings on oscilloscopes. A single, easy-to-read front 
panel rotary switch provides easy use without confusing nomencla- 
ture. 

Ranges: from 2 ns to 10 s (30 ranges) in I ,  2, 5 sequence. 
Output: + 1 V peak into 50 ohms. 28 intervals from I O  ns to I O  s. Sine 
wave output on 2 and 5 ns ranges provides I V into 50 ohms. 
Accuracy: f0.005%, 0°C to +55'C; f0.002% at 25°C after % h o u r  
warmup. 
Trigger frequency: same as time mark to 100 ns, IO MHz for all 
ranges faster than 100 ns. 
Programming (optional): all ranges are programmable, requires 6 
parallel lines (6 bit word) and 2 timing lines, TTL compatible. 
Dimensions: 114.3 mm high, 196.9 mm wide, 203.2 mm deep (4.5; 
7.75; 8 in.). 
Weight: net, 3.2 kg (7 Ib); shipping, 4.1 kg (9 Ib). 
Power: 115 or 230 V f IO%, 48 to 440 Hz; approx. 25 watts. 

Model number and name 
IOlOOC 50 ohm Feedthrough Termination 
I O I O O B  100 ohm Feedthrough Termination 
lOnlnP RNP Adnntpr Tin 

Price 
$20 
$22 
$ 1  5 -.I r-' --r _""."_ I.._ . .-- 

1001 I B  BNC Adapter Tip 
10035A Probe Tip Kit $8 

10037A Probe Tip Kit $20 
104078 Plug-in Extender $125 
226A Time Mark Generator $735 
226A Option 003, TTL compatible programming add $155 

$10 

10036A Probe Tip Kit $30 

Viewing accessories 
Viewing hoods 
10176A: viewing hood for 12.7 cm (5 in.) rectangular CRT bezels. 
10104A: collapsible viewing hood for 1700 series oscilloscopes. 
101 16A. collapsible light shield for 1220A/ 1221A oscilloscopes. 
10190A: light shield for large screen 182 oscilloscopes. 
LKP 'ilters 
10178A: metal mesh for 181, 183, 184 oscilloscopes. 
101 15A: blue light filter for 1700 series oscilloscopes. 
Amber plastic filter: HP P/N 5020-0530, for 12.7 cm (5 in.) rectan- 
gular CRT. 
Blue plastic filter: HP P/N 5060-0548, for 12.7 cm (5 in.) rectangu- 
lar CRT. 
Smoke gray plastic filter: HP P/N 5020-0567, for 12.7 cm (5 in.) 
rectangular CRT. 
Model number and name Price 
10176A Viewing Hood for 12.7 cm (5 in.) rect. CRT $15 
10104A Viewing Hood for 1700 oscilloscopes $15 
101 16A Light Shield for 1220A/1221A oscilloscopes $10 
10190A Light Shield for 182 oscilloscopes $10 
10178A Filter, mesh contrast/RFI for 181,183,184 
mainframes $20 
101 15A Filter, blue contrast for 1700 oscilloscopes $3 
Amber plastic filter (HP P/N 5020-0530) for 12.7 cm (5 
in.) rect. CRT $2.75 
Blue plastic filter (HP P/N 5060-0548) for 12.7 cm (5 
in.) rect. CRT $3.40 
Smoke gray plastic filter (HP P/N 5020-0567) for 12.7 
cm (5 in.) rect. CRT $5.40 

Rack mount slides and adapters 
Slides are available for mounting modular and rack style oscillo- 

scopes. A slide adapter is required to secure an oscilloscope to the 
slides. 
140 series modular oscilloscopes 
Slide adapter kit: HP P/N 1490-0721 $40 

Pivot slides: HP P/N 1490-0718 $60 
I P R ,  l p - ,  and 184 rack style oscilloscopes 

Pivot slides, 22-in.: HP P/N 1490-0719 $60 
9 p? rac': style oscilloscopes 
Pivot slides, 24-in.: HP P/N 1490-0924 $58 

Fixed slides: HP P/N 1490-0714 $55 

Fixed slides, 22-in.: HP P/N 1490-0714 $55 

Slide adapter for 180 series: HP P/N 1490-0768 $33 
Protective covers 

Models 10166A and 10169A provide front panel protection and 
space for probe and accessory storage for 180, 181, 183, 184 and 1200 
series cabinet style oscilloscopes. 

10169A: for 1200 series cabinet oscilloscopes $40 
A rack style metal front panel cover is available to fit 
180, 181, 183 or 184 rack model oscilloscopes. Order 
HP  P/N 5060-0437. $69 

Flexible covers for 180 series cabinet oscilloscopes provide protec- 
tion during transportation or storage. A slotted cover top allows ac- 
cess to the scope handle and a pocket on one side is included for ac- 
cessories. 
10167A: for 180, 181, or 184 cabinet models $35 
10170A: for 183 cabinet models $35 
10172A: for 182 models $35 

10166A: for 180, 181, 183, 184 cabinet oscilloscopes $45 



OSClLLOSCOPES 
Cameras for display recording 
Models 123A, 195A & 197A 

123A 

197A 

195A 

123A Description 
Model 123A is a lightweight compact camera which adapts with 

ease to most Hewlett-Packard oscilloscopes and displays. The camera 
does not require external power and only weighs 1.6 kg (3% Ib) mak- 
ing it ideal for use in field applications. The 123A has a range finder 
for easy focusing using a split image technique. This range finder also 
serves as a viewing port so that you can make minor C R T  intensity 
and graticule illumination adjustments with the camera in place. For 
convenience in setting up the display the camera has a swing-away fea- 
ture allowing full visibility of the C R T  screen. Controls are color 
coded for optimum settings and are located outside of the camera for 
easy reading and fast adjustment to reduce initial setup time. 

The reduction ratio (Le. object-to-image ratio) may be easily set 
from I:I to 1:0.65 by an external adjustment. Synchronization con- 
tacts are also provided for use with other equipment. 

The 123A mounts directly or with adapters to the oscilloscopes as 
listed in the oscilloscope/camera adapter table. 

123A Specifications 
Reduction ratio: continuously adjustable from I :  1 to  1:0.65. 
Lens: 56 mm, f/3.5 lens; aperture ranges fl3.5, f/4, fl5.6, f/8, f/16, 
and f/22. 
Shutter speeds: 1/60, %o, % 5 ,  %, %, %, and 1 seconds, Time and Bulb. 
Cable has thumbscrew lock for time exposures. X-type contacts pro- 
vided to trigger or synchronize other equipment with shutter release. 
Graticule illumination: supplied by the oscilloscope or  oscilloscope 
adapter. 
Camera back: 82.6 mm X 108.0 mm (3% in. X 4% in.) Polaroid@ 
pack back. 
Mounting: lift on/off mounting with positive lock. Mounts directly 
on most H P  1700 series oscilloscopes. Adapters are available to  fit 
other scopes, see Camera accessories. 
Range finder: viewing port provides split image of the C R T  to allow 
setting of the focus. 
Viewing: range finder viewing port allows viewing the C R T  with 
camera in position. Camera swings away for wide angle viewing. 
FOCUS: adjustable with camera back closed or  open; split image fo- 
cusing plate provided for use when object-to-image ratio is changed. 
Dimensions: 220 mm long, 122 mm high, 192 mm wide ( 8 ’ % 6 ,  413/,6, 
7v / ,6  in.). 
Weight: net 1.6 kg (3% Ib); shipping, 2.3 kg (5 Ib). 
Accessories furnished: combination split image focusing plate and 
reduction ratio scale, and instruction manual. 
“Polaroid”@ by Polaroid Corp. 

197A Description 
Model 197A is a versatile, general purpose oscilloscope camera that 

can be used for many trace recording applications. All controls are 
located outside of the camera for easy reading and fast adjustment 
during set-up. The controls are also color coded for optimum settings 
for most photos which reduces initial set-up time. 

An electronically-controlled shutter, with all solid-state circuits for 
reliable operation, provides accurate exposure times from %O to  4 sec- 
onds. The shutter may be operated remotely by providing a closure to  
ground and a contact closure is provided when the shutter is open to  
allow synchronization of other equipment. 

The 197A can be directly mounted on most Hewlett-Packard oscil- 
loscopes with 12.7 cm (5 in.) CRTs and will also swing away from the 
C R T  for easy trace viewing. Adapters are available for many other os- 
cilloscopes. 

The reduction ratio (i.e., object-to-image ratio) may be varied from 
1 : 1  to  1:0.7 with a screwdriver adjustment. This allows the optimum 
amount of a graticule to be photographed, which is useful when mak- 
ing multiple exposures or when used on different size graticules. The 
camera can be quickly focused to  match the reduction ratio with the 
split-image focus plate supplied with the camera. 

A technique that enhances the quality of trace photos is built into 
the 197A camera. A low power ultra violet (UV) light is used to ex- 
pose the black graticule lines on internal graticule CRT’s. The UV 
light causes the C R T  phosphor to  glow over its entire surface for op- 
timum trace, background, and graticule contrast. Another feature in- 
corporated using the UV light is a “flash” position which automatic- 
ally turns the light on for one second. This is useful with long expo- 
sure times since the trace and graticule are recorded in a single expo- 
sure with optimum trace and graticule illumination. 

The 197A camera is supplied with an 82.6 mm X 108.0 mm (3% in. 
X 4% in.) Polaroid pack back. The back may be rotated 90” from the 



normal horizontal position to a vertical position and can be moved 
through 1 I detented positions for multiple exposures. The back may 
also be replaced with a GraflokB back which allows use of cut or roll 
film. A Polaroid roll back is also available which allows roll film with 
an ASA I O  000 equivalent rating to be used for fast transient trace re- 
cording. 

“Graflok”@ by Graflex, Inc. 

197A Specifications 
Reduction ratio: continuously adjustable from 1: 1 to 1:0.7. Refer- 
ence scale provided on focus plate. 
Lens: 75 mm, f/1.9 high transmission lens; aperture ranges f/1.9 to 
f /  16. 
Shutter speeds: YJ0, Yl.5, Y8, %, %, 1, 2, 4 seconds, Time and Bulb; 
shutter has a sync contact closure output for triggering external equip- 
ment and an input jack for remote operation. 
Graticule illumination: provided internally with ultra violet light 
with variable intensity control and OFF,  FLASH, ON switch. 
Camera back 82.6 mm X 108.0 mm (3% in. X 4% in.) Polaroid pack 
back (other backs are available, see Options); backs may be inter- 
changed without focusing and may be rotated in 90-degree incre- 
ments. 
Mounting: lift on/off mounting with positive lock, swing-away hing- 
ing to left. Mounts directly on most HP  oscilloscopes with 12.7 cm (5 
in.) round or rectangular CRTs. Adapters are available to fit many 
other scopes. 
Viewing: low-angle, direct viewing through a flexible facemask. 
Multiple exposure: back can be moved through I 1  detented posi- 
tions (% cm per detent at 1:0.9 object-to-image ratio). 
FOCUS: adjustable focusing with lock; split image focusing plate pro- 

I for 230 V operation. 

tion 

vided. 
Dimensions: 356 mm long, 267 mm high, 194 mm wide (14, 10%. 7% 
in.). 
Weight: net, 4.5 kg ( I O  Ib); shipping, 7.3 kg (16 Ib). 
Power: 115 V *IO%, 48 to 440 Hz, 6 watts. 
Accessories furnished: combination split image focusing plate and 
reduction ratio scale, 2.3 m (7.5 ft) power cord and instruction man- 
ual. 
Options 
001: without ultra violet light. 
003  Graflok back in place of pack 
004: Polaroid roll film back in d a c e  UI WLK WLK { U I I  I I I ~ L M I  WUSL,. 

012  factory wirec 

195A Descripl 
Model 195A is a high speed trace recording camera for photo- 

graphing fast rise time low repetition rate waveforms. A high quality 
80 mm, f/1.3 lens with a 2:l reduction ratio provides the high light 
transmission required for fast transient photography. 

An electronically-controlled shutter, with all solid-state circuits for 
reliable operation, provides accurate exposure times from ‘/IO to 4 
seconds. The shutter may be controlled remotely with a closure to 
ground and a contact closure is provided when the shutter is open to 
allow synchronization of other equipment. 

The 195A can be directly mounted on all Hewlett-Packard oscillo- 
scopes with 12.7 cm (5 in.) CRTs and will also swing away from the 
CRT for easy trace viewing. Adapters are available for many other os- 
cilloscopes. 

The 195A 80 mm, f/1.3 lens allows capturing high sweep speed, 
single-shot displays with the high light gathering capability of its 1:0.5 

object-to-image ratio. Also, by rotating the back, you have the capa- 
bility of placing two separate images on one sheet of film. 

Normally the 195A is used with Hewlett-Packard oscilloscopes that 
have an internal flood gun for graticule illumination and to increase 
the effective film writing speed. 

A Polaroid roll film back is supplied with the 195A camera which 
allows either 3000 ASA or 10 000 ASA film to be used. The roll film 
back may also be replaced with a Polaroid Pack film back or a 10.2 cm 
X 12.7 cm (4 in. X 5 in.) Graflok back for using cut or roll film. 

195A Specifications 
Reduction ratio: 1 : O S  fixed. 
Lens: 80 mm, f/1.3 high transmission lens; aperture ranges from 
f/1.3 to f / l l .  
Shutter speeds: Y1O, yl5, %, %, Y2, 1, 2, 4 seconds, Time and Bulb; 
shutter has a sync contact closure output for triggering external equip- 
ment and an input jack for remote operation. 
Shutter open indicator: provides visual indication when shutter is 
open and shutter speed control is set to T, B, and all other shutter 
speeds except % S  and YIO seconds. 
Graticule illumination: normally supplied by HP  oscilloscopes with 
internal flood gun. Optional ultra violet internal light is available, see 
Options. 
Camera back Polaroid roll film holder supplied (other backs are 
available, see Options); backs may be interchanged without focusing 
and may be rotated in 90-degree increments. 
Mounting: lift on/off mounting with positive lock; swing-away hing- 
ing to left. Mounts directly on most HP oscilloscopes with 12.7 cm (5 
in.) round or rectangular CRTs. Adapters are available to fit many 
other scopes, see oscilloscope/camera adapter table. 
Viewing: low-angle, direct viewing through a flexible face mask. 
Multiple exposure: back can be moved through 11 detented posi- 
tions at 0.45 cm per detent. 
Focus: adjustable focusing with lock; split image focusing plate pro- 
vided. 
Power: I15 V f IO%, 48 to 440 Hz, approx. 6 watts. 
Dimensions: 368 mm long, 267 mm high, 248 mm wide (14% IO%, 
9 %  in.). 
Weight: net, 5.4 kg (12 Ib); shipping, 8.2 kg (18 Ib). 
Accessories furnished: combination split image focusing plate and 
reduction ratio scale, 2.3 m (71/2 ft) power cord, and instruction man- 
ual. 

Options: 
001: with ultra violet light. 
002 Graflok back in place of roll back (on initial order). 
003  Polaroid pack back in place of roll back (on initial order). 
004: factory wired for 230 V operation. 
Model number and name Price 

197A Oscilloscope Camera $125 
Option 001: without ultra violet light less $50 

123A Oscilloscope Camera $475 

Option 003: Graflok back (on initial order) N / C  
Option 004 Polaroid roll film back (on initial order) N / C  
Option 012: factory wired for 230 V operation N / C  
195A High Speed Oscilloscope Camera $1 1 10 

$60 
Option 002: Graflok back (on initial order) N / C  
Option 003: Polaroid pack back (on initial order) N /C  
Option 004: factory wired for 230 V operation N/C  

Option 001: with ultra violet light 
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osclLLoscoPlEs 
Camera accessories 

10365A 

10352B 

10355A 

10360A 

10362A 

103 

11 0361 A 

10363A 

10106A 

10367A 

103668 

371A 

10372A 

Film backs for 195A and 197A cameras 
These film backs provide added flexibility of performance and se- 

lection of film for optimum trace photos to fit many applications. 
Model 195A has the Polaroid Roll Film back and the 197A has the 
Polaroid Pack Film back as standard equipment. Any of these backs 
may be ordered initially as options at  no extra charge or  may be or- 
dered separately to fit a variety of applications. 
10353A Pack film back uses Polaroid Land Film, 82.6 mm X 108.0 
mm ( 3 %  in. X 4% in.), with eight exposures. 
10365A Roll film back uses Polaroid Land Film, 82.6 mm X 108.00 
mm (3% in. X 4% in.), with eight exposures. This back allows a selec- 
tion of 3000 and I O  000 ASA film for general purpose or high-speed 
trace photography. 
103526 Graflok back requires a film holder available from local 
camera stores. The back accepts Polaroid Land 101.6 mm X 127.0 mm 
(4 in. X 5 in.) film holder, standard cut-film holders, film-pack adapt- 
ers, and roll film holders. 

Camera bezel adapters 
Hewlett-Packard Models 195A and 197A cameras directly fit H P  

127.0 mm ( 5  in.) rectangular and round C R T  oscilloscopes and can be 
mounted on many other oscilloscopes by using bezel adapters (see os- 
cilloscope/camera adapter table). H P  Model 123A camera attaches 
directly to most 1700 series oscilloscopes and can also be adapted to  
other oscilloscopes (see oscilloscope/camera adapter table). 
10355A: adapts 195A and 197A cameras to Tektronix and Fair- 
child/Dumont 127.0 mm ( 5  in.) round bezels. 



103588 

10374A- 

10356A adapts 195A and 197A cameras to  Tektronix 560 Series rec- 
tangular bezels. 
10360A: adapts 196A/B camera to Hewlett-Packard 127.0 mm (5  in.) 
rectangular CRT. 
10361A adapts Tektronix C12 camera to Hewlett-Packard 127.0 mm 
(5 in.) rectangular CRT. 
10362A: adapts Tektronix C27 camera to Hewlett-Packard 127.0 mm 
(5 in.) rectangular CRT. 
10363A: adapts Tektronix C30A, C31, C32, or C40 cameras to  Hew- 
lett-Packard 127.0 mm (5 in.) rectangular CRT. 
10106A: adapts Tektronix C30A, C31, C32, or C40 cameras to most 

103668: adapts 195A and 197A cameras to  H P  display models 
1330A/1331A (serial prefix l l lOA and above) and 1331A (serial pre- 
fix 11 16A and above). For lower serial prefix numbers contact your 
Hewlett-Packard Field Engineer. 
10367A adapts Models 195A and 197A cameras to Model 182 oscil- 
loscope. 
10369A: adapts 123A camera to Hewlett-Packard 127.0 mm (5 in.) 
rectangular C R T  (180 series). 
10370A: adapts 123A camera to  Hewlett-Packard 182 large screen 
CRT. 
10371A adapts 123A camera to  Tektronix 422/453/454/485 oscil- 
loscopes. 
10372A: adapts 123A camera to Tektronix 465/475. 
10373A: adapts 123A camera to  Hewlett-Packard 1220A/1221A. 

Carrying cases 
10358B: constructed of fiberglass and aluminum with padding for 
protection during transit. The carrying case will accommodate the 
195A or 197A cameras. 
10374A: carrying case for 123A camera with storage space for 1 pack 
of film. 
Model number and name Price 
10353A Pack Film Back $120 
10365A Roll Film Back $130 
10352B Graflok Back $120 
10355A Camera Adapter $25 
10356A Camera Adapter $25 
10360A Camera Adapter $25 
10361A Camera Adapter $25 
10362A Camera Adapter $25 
10363A Camera Adapter $30 
10106A Camera Adapter $25 
10366B Camera Adapter $15 
10367A Camera Adapter $30 

10370A Camera Adapter $25 
10371A Camera Adapter $25 
10372A Camera Adapter $30 

l0374A Cnrrvinu Cnw $30 

10369A Camera Adapter $45 

10358B Carrying Case $95 

HEWLETT-PACKARD 

5 - i n .  Round CRT 
.__. - . _.".." ..., 
5411. Rectangular CRT 
182 

1330/1331* 
1332A 

1700 Series6 

TEKTRONIX INC5 

- I -  

'10362A 10363A 

1. This chart only includes HP adapter and camera compatibility, for other combinations contact your Field Engi- 

2. 1330A/1331A serial prefixes l l l O A  and above and 1331C serial prefix 1116A and above require 103668 adap- 

3. The 10361A and 10362A adapter hinge mounts interfere with the Find Beam pushbutton on 180 mainframes. 
ter. For lower serial prefixes contact your HP Field Engineer. 

d Model 196AlR and IWA cimcns are no Innoer in nrndiirtinn .. ., . . -. . ~ . .  ... 
5. No adapters are available for mounting HP cameras on Tektronix Inc. 5100 and 7000 series oscilloscopes. 
6. 1700 Series with 6 X 10 div CRT's. 
7. Tektronic Inc. cameras with adapters for 7000 series scopes can be used with HP 1332A Display. 



CATHODE-RAY TUBE DISPLAYS 
Displays for OEM applications 

Hewlett-Packard’s cathode-ray tube dis- 
plays are high-performance instruments with 
bright, high quality readouts which are ideal 
for both end user and OEM applications. 
These displays are complete units which in- 
clude the cathode-ray tube, vertical and hor-. 
izontal deflection amplifiers, a video (Z-axis) 
amplifier, and high and low voltage power 
supplies. 

Yokeless, electrostatic deflection in H P  
displays provides increased writing speeds 
and reduced power requirements when com- 
pared to magnetic deflection displays. The 
most important advantage of electrostatic de- 
flection is that characters and vectors can be 
written about ten times faster than with cus- 
tomary magnetic displays. 

Half-rack displays 
Model 1332A is a high resolution, high 

brightness display with a 158.8 mm (6% inch) 
diagonal CRT which is only 133.4 mm (5% 
in.) high. The 1332A is designed to meet the 
stringent requirements of medical diagnostic 
and instrumentation system applications. 

The major features in the 1332A include a 
small crisp spot size that varies by no more 
than 10% over the quality area; multiple gray 
levels with focus independent of intensity set- 
ting; high stability of position, gain, and 
brightness; regulated CRT filament voltage 
to eliminate light output variations with 
changes in line voltage; large 115 cm2 display 
area; bright 22.5 kV CRT; and Underwriters 
Laboratories Listing. 

One application of the l332A is in con- 
junction with the Scintillation Camera 
(Gamma Camera). This medical diagnostic 
system uses the 1332A to display the output 
of a special nuclear detector that’is sensitive 
to radiation emitted from a patient’s body. In 
this case, radioactive isotopes introduced into 
the blood stream are selectively absorbed by 
different cells. The difference in radiation lev- 
els are displayed as concentrations of dots 
that show up on film as intensity modula- 
tion. The 1332A’s high resolution, light out- 
put uniformity, and stable light output give 
clear time exposure photographs necessary 
for diagnosis by the medical specialist. 

Another application requiring stable CRT 
light output for long scan periods is in Medi- 
cal Thermography. In this diagnostic tech- 
nique, a very sensitive infrared detector scans 
the body to detect skin temperature. Similar 
to other applications, the stable light output 
and focus permits time exposure photo- 
graphs to accurately map a profile of skin 
temperature. 

5 MHz bandwidth, large display area, and 
excellent picture quality make the 1332A 
ideal for use in instrumentation systems. Sys- 
tem applications include display monitors, 
nuclear spectrometers, swept frequency mea- 
surements, frequency ratios, spectrum anal- 
ysis, fourier analysis, spectrophotometry, 
chemical analysis, and nuclear magnetic res- 
onance. 
Storage displays 

Models 1331A and 1331C are ideal for dis- 
playing alphanumeric and graphic data in ei- 
ther stored or refreshed modes of operation. 
The mesh type storage tube used in these dis- 
plays eliminates the need for external cir- 
cuitry to constantly refresh the displays. 



Model 1331A has convenient front panel 
controls for manual operation of X-Y posi- 
tion and storage parameters when not con- 
trolled by the system. Model 1331C has rear 
panel controls and a programming connec- 
tor for remote programming in computer or 
graphic display systems. 

Large screen displays 
Five large screen graphic displays are avail- 

able for OEM computer graphic and instru- 
mentation applications. Linear writing speed, 
in these displays, is an unmatched 25.5 cm/ps 
(10 in./ps) for visible writing and is capable 
of slew rates in excess of 255 cm/ps (LOO 
in./ps) when the spot does not have to be 
seen. These speeds are attained with a yoke- 
less, electrostatic deflection system which 
consumes much less power than the multi- 
winding coils of magnetic deflection systems. 
Overall power consumption of these displays 
is a low 100 watts compared to  500 or more 
for others. Additionally, the much faster re- 
sponse of electrostatic deflection permits as 
much as I O  times the amount of information 

to  be displayed as that of magnetic displays. 
Fast amplifier response (5 MHz band- 

width) and electrostatic C R T  deflection also 
simplifies system programming since vectors 
and characters can be written randomly from 
anywhere in the display area in less time than 
the sequential programming necessary for 
raster scan magnetic displays. Since coils are 
not used for deflection, no delay line is 
needed to properly synchronize Z-axis blank- 
ing with spot movement thus eliminating the 
possibility of display smearing and also mak- 
ing the display easier to interface with a sys- 
tem. 

Model 1321A has a 533 mm (21 inch) di- 
agonal display with excellent geometry and 
linearity and a small 0.51 mm (0.020 inch) 
spot size. The large 305 X 305 mm (12 X 12 
inch) quality area is ideal for presenting com- 
plex graphic information while using the ad- 
ditional viewing area for character writing. 

Model 1317A is a 432 mm (17 inch) diago- 
nal display which is the largest X-Y display 
presently made that mounts directly in a 
482.6 mm (19 inch) rack with its long C R T  

axis horizontal. This large, high resolution 
display is ideal for the readout in computer 
graphic and instrumentation systems, since it 
mounts directly in standard 482.6 mm (19 
inch) EIA racks. 

Models 1310A (482.6 mm, 19 inch, diago- 
nal) and 1311A (355.6 mm, 14 inch, diago- 
nal) displays are housed in attractive plastic 
covers which when ordered with a tilt stand, 
make them ideal for table top applications. 
20 MHz display 

Model 1300A has an extremely wide dc to 
20 MHz bandwidth in the X, Y, and Z am- 
plifiers which is ideal for high speed graphic 
and analog system displays. The 203.2 X 254 
mm (8 X I O  inch) viewing area with a bright 
display provides the resolution needed in 
many system applications. 

Fast, 20 ns rise time, 200 ns settling time, 
and 80 ns point plotting time allow rapid 
switching of input data without flicker. This, 
coupled with less than 0.15% repeatability 
error and 1% linearity, provides accurate 
graphic displays even with several unsyn- 
chronized multiplexed inputs. 



CATHODE-RAY TUBE DISPLAYS 
High resolution OEM system display 
Model 1332A 

f 

1332A Description 
Model 1332A is an exceptional cathode-ray tube display which is 

capable of meeting a wide variety of OEM medical and electronic in- 
strument display needs. The cathode-ray tube has the resolution and 
picture quality required for medical diagnostic systems plus an ex- 
tremely bright display needed for differentiating between many gray 
shades. Electrical performance has been extended to 5 MHz to meet 
the display needs of today's OEM systems and digital processors. The 
1332A (Opt. 330) is listed with Underwriters Laboratories in accor- 
dance with the UL 544 Medical Safety Standard which defines de- 
tailed patient protection requirements. 

The 133.4 mm high (5% in.) half-rack width frame houses a large 
cathode-ray tube ( I  14 cm2), X and Y deflection circuits, a wide-band 
blanking (Z-axis) amplifier, and high and low voltage power supplies. 
A number of Options are available to allow the OEM user to tailor the 
1332A to fit a particular application. 

Picture clarity 
Spot resolution is an unmatched 0.305 mm (0.012 in.) diameter at  

high intensity levels and remains extremely well focused over the en- 
tire range of intensity levels. This resolution makes the 1332A well 
suited for applications requiring sharp focusing on multiple gray 
shades with frequent video drive level changes. Spot resolution, within 
the quality area, varies by less than 10% making the display especially 
useful in applications where sharp focus is required throughout the 
quality area. An example of this is where alphanumeric characters are 
mixed with traces, curves or graphs. 

In some applications it is important for the light emitted from the 
various areas of the phosphors to be matched within some specified 
uniformity. The 1332A has this important parameter specified. In ad- 
dition, the specified light output stability (drift) includes the Z-axis 
amplifier. Applications requiring a high degree of uniformity are 
usually associated with the integration of random dots or scans on 
photographic film such as in medical diagnosis. 

Cathode-ray tube 
The Model 1332A has a post deflection accelerator C R T  with an ac- 

celerating potential of approximately 22.5 kV to assure a bright crisp 
display under many operating conditions. An aluminized layer is de- 
posited behind the phosphor to distribute the PDA voltage and serves 
to  increase the overall trace brightness by reflecting the light that 
would ordinarily be lost inside the tube. In addition, the opaque alu- 
minum layer prevents light from the CRT filament from reaching pho- 
tographic film when integrating video information during time expo- 
sures. 

Low power filaments operate from a regulated high voltage power 
supply to assure a constant light output under varying line voltages 
and frequencies. This low power CRT filament operation also re- 
duces stray grid emissions associated with high temperature cathodes. 

Electronics 
The X and Y amplifiers have 70 ns rise time (bandwidth is 5 MHz) 

and the Z-axis blanking amplifier has a 25 ns rise time. I f  faster X and 
Y amplifier response is required, an Option is available to obtain 25 ns 
rise times. All amplifiers employ fully differential designs that operate 
at  exceptionally low power levels for stable, drift free performance 
over wide ranges of operating temperatures. 

The time required to make any size movement on the CRT, includ- 
ing the response time for the amplifiers to settle within one spot diam- 
eter of final position, is less than 300 ns. This means that many thou- 
sands of vectors and characters can be written on the display without 
flicker. 

Circuit options 
Options are available for selection of input deflection factors, po- 

larity, impedance, blanking range, and light output characteristics of 
the Z-axis and CRT. An optional TTL Z-axis input permits direct op- 
eration from a TTL digital source. Since the TTL input uncondition- 
ally overrides the analog Z-axis input, this option can be used for C R T  
protection. 

Many graphic applications require intensity compensation for dif- 
ferent vector lengths. A gamma correction option is available to 
equalize the video amplifier gain so that the CRT light output is lin- 
early related to the input video signal. 

OEM features 
The 133.4 mm high ( 5 %  inch) mechanical frame has a very low pro- 

file while housing a CRT with a display area approximately 50% larger 
than a 127 mm (5-inch) diagonal C R T  display. The mechanical frame, 
designed by Hewlett-Packard, offers the OEM user maximum utility 
and flexibility. Empty half width modules equal in size to  the 1332A 
are available to form an attractive full width package with an inte- 
grated appearance. The empty module is ideal for your custom de- 
signed circuits and also contains a built-in locking mechanism hous- 
ing for your custom designed plug-in. Rack mounting hardware, front 
handles, and slides are available to complete the OEM package. 

All frequently used controls are adjustable from the front panel for 
maximum accessability when the l332A is mounted in a rack, cabi- 
net, or system. The most frequently used controls such as intensity, 
focus, and position have knobs while infrequently used controls such 
as astigmatism, trace align, and X and Y gain are screwdriver adjust- 
ments. A front panel door covers the controls to  reduce the possibil- 
ity of untrained operators misadjusting them. The ac line switch is 
mounted on the rear panel which prevents inadvertent turn off and as- 
sures that the display has power when the system is turned on. 

1332A Specifications 
Vertical and horizontal amplifiers 
Response: 

Rise time: 5 7 0  ns (10% to 90% points) for full screen deflection or 
less. 
Bandwidth dc to approx. 5 MHz for 7.6 cm (3 in.) deflection. 

Phase shift: < I "  dc to I MHz (measured with X and Y gain set to  
maximum). 
Deflection factor: 

Horizontal: 100 mV/div ( I  V p-p for I O  div deflection). Front panel 
adjustable from approx. 80 mV/div to  200 mV/div. 1 div = 1.2 cm 
(0.47 in.). 
Vertical: 100 mV/div (0.8 V p-p for 8 div deflection). Front panel 
adjustable from approx. 80 mV/div to 200 mV/div. I div = 1.2 cm 
(0.47 in.). 

Settling time: signal settles to within one spot diameter of final value 
in <300 ns for any large or small screen movement. Off screen deflec- 
tion not to exceed specified dynamic range. 
Inputs: rear panel BNC connectors with shield grounded. Full dif- 
ferential inputs available. 



Input RC: approx. 1 megohm shunted by <60 pF. 
Maximum input: f 5 0  V (dc + peak ac). 
Polarity: positive vertical input moves beam up; positive horizon- 
tal input moves beam right. 

Position: front panel controls adjust zero input to an offscreen posi- 
tion in any direction from anywhere within the viewing area. Beam 
position with both inputs shorted (0 V into X and Y amplifiers) and 
position control electrically centered is in the geometric center of dis- 
play area. 
Dynamic range: at least f 1.5 screen diameters from center screen. 
Crosstalk <0.254 mm (0.010 in.) with one input terminated in 50 
ohms and the other driven by a 1 V, 500 kHz signal. <0.38 mm (0.015 
in.) at 5 MHz, driven from a 50 ohm source. 
Drift: 

Position: 10.5 mm/hr (0.020 in./hr) and 11.02 mm (0.040 in.) in 
24 h r  with covers installed after 15 min. warmup. 
Gain: < 1 .O% under all combinations of specified line voltage with 
covers installed after 15 min. warmup. Temperature between 
+2OoC and +55"C. 

Common mode rejection ratio: at least 40 dB (1OO:l) up to I O  kHz 
for 1 V (full screen) inputs; at least 25 dB (18:l) at I MHz for 1 V (full 
screen) inputs. 
Z-axis amplifier 
Rise time: <25 ns; CW bandwidth approx. 5 MHz. 
Blanking range: 0 to 1 V. 
Blanking polarity: + I  V into positive input fully unblanks CRT. 
Input: rear panel BNC connector with shield grounded. Full differ- 
ential input available. 

Input RC: approx. 1 megohm shunted by <60 pF. 
Maximum input: f 5 0  V (dc + peak ac). 

Gain: internally adjustable over 2.5: 1 attenuation ratio. 
Light output stability (drift): spot photometer measurements of 
light output made at one hour intervals will not vary more than 10% 
from previous measurement for any location within the usable dis- 
play area, under all specified conditions of line voltage and tempera- 
ture with intensity set to >5% of peak brightness. 
Cathode-ray tube 
Type: post deflection accelerator, approx. 22.5 kV accelerating po- 
tential, aluminized P3 l phosphor, electrostatic focus and deflection. 
Viewing area: 114 cmz (17.67 in.2) approx. 9.6 cm (3.8 in.) vertically 
by 11.9 cm (4.7 in.) horizontally. 
Quality area: center 9 div horizontally and center 7 div vertically. 
Graticule: 8 X I O  div internal graticule. 1 div = 1.2 cm (0.47 in.). 
Resolution: 

Spot size: 50.3 mm (0.012 in.) at center screen. Does not vary by 
more than 10% over entire quality area with intensity held con- 
stant. Measured using shrinking raster method. Line resolution is 
approx. 31.5 lines/cm (80 lines/in.). 

Line brightness: at least 50 fl at a writing speed of 0.254 cm/ps 
(0.1 in/ps), 60 Hz refresh rate, P31 phosphor, 0.3 mm (0.012 in.) 
spot size. 
Uniformity: light output of spots located anywhere in the quality 
area does not vary by more than 40%. 

Geometry: <3% pincushion and barrel distortion over usable dis- 
play area. 
Linearity: <3% of full scale along major axes. 
Contrast ratio: 4:l or greater. Measured by photometrically sum- 
ming the trace brightness and background, then dividing by the back- 
ground brightness. 

Light output: 

Safety protection 
Implosion: transparent safety panel between CRT and bezel pro- 
tects viewer. 
High voltage shock Annode lead is permanently bonded to CRT. 
X-ray emission: <0.05 mr/hr. Not measurable with Victoreen 
Model 440 RF/C in background noise. 
UL listing: meets Underwriter's Laboratories listing for Electronic 
Measuring Instruments and for Dental and Medical Electronic equip- 
ment. 
NOTICE TO USER: This instrument is designed and manufactured 
primarily for OEM systems applications. Therefore, without Option 
315 or Option 330, the top and bottom protective covers are not pro- 
vided and internal wiring connections of HAZARDOUS VOLT- 
AGES ARE EXPOSED. Operator protection from these hazardous 
voltages must be provided by the purchaser and/or user of the instru- 
ment. If in doubt, ORDER OPTION 315 or OPTION 330. OPTION 
330 meets UL listing for Dental and Medical Electronic Equipment. 
Genera I 
Input connectors: rear panel BNC for X, Y and Z inputs with 
shields grounded. 
Front panel controls with knobs: position X, position Y ,  focus, and 
intensity located behind front panel door. 
Front panel screwdriver adjusts: trace align, astigmatism, 
gain X, gain Y. 
Line indicator: front panel lamp. 
Operating environment: temperature, 0 to +55OC (non-operating, 
-40°C to +70"C): humidity, to 95% relative humidity at 40°C; alti- 
tude, to 4.6 km, 15 000 ft (non-operating, to 6.3 km, 25 000 ft); shock, 
30 g level with 11 ms duration and YZ sine wave shape, vibration, vi- 
brated in three planes for 15 min. each with 0.254 mm (0.010 in.) ex- 
cursion, 10 to 55 Hz. 
Power: selectable 100, 120,220, or  240 V ac; +5%, -10%; 48 Hz to 
440 Hz*; max power 50 VA (approx. 40 W). Average power dissipa- 
tion at 60 Hz and 120 V without any options is approx. 24 watts. 
*Systems requiring UL Dental and Medical listing must operate from 
48 Hz to 66 Hz only. 
Dimensions: 212.7 mm (8% in.) wide, 133.4 mm (5% in.) high, 523.9 
mm (20% in.) deep. 
Weight: net, 8.6 kg (19 Ib) with covers, feet; shipping, 10.5 kg (23 Ib). 
Accessories supplied one blue contrast filter; one Operating and 
Service Manual; one 0.375 A fuse for 220,240 V ac operation; and one 
2.3 m (7.5 ft) line cord (90° IEC to NEMA 5-15P, 3 conductor) for use 
in Canada, Mexico, Japan, and U.S. 
Options: a wide range of options are available to meet almost any 
OEM requirement. Horizontal and vertical amplifier options allow 
choices in deflection factor, polarity, input impedance, and rise time. 
Options in the Z-axis amplifier include several blanking ranges, po- 
larities, input impedances, gain characteristics, and a digital (TTL) 
input. CRT options include various phosphor types and filters with or 
without an 8 X I O  division internal graticule, an RFI coated surface, 
and light output uniformity of less than 10% in specified area. Front 
panel control options provide scale illumination, a 25 pin connector 
for X, Y, and Z inputs, and allow changes in type and location of con- 
trols and adjustments. Other options available are a wide selection of 
ac line cords, increased ac line voltage tolerance, and covers with feet 
and tilt stand. For information concerning options, contact your 
Hewlett-Packard Field Engineer. 

$ I200 
OEM discounts are available; contact your Hewlett-Packard Field 
Engineer for information. 

1332A High Resolution Display 



CATHODE-RAY TUBE DISPLAYS 
Instrumentation systems, 43.2 cm (1 7-inch) 
Model 1317A 

Rear panel X, Y, and Z input BNC connectors are mounted on 
removable panels for easy adaption to any input configuration. 

131 7A Description 
Advanced display performance 

The Model 1317A large screen, 43.2 cm diagonal (17-inch) graphic 
display is the answer to many OEM display requirements because of 
its unique performance. This high resolution display is ideal for the 
readout in computer graphic and instrumentation systems because it 
combines high slewing speed with low power operation. 
High writing speed 

Linear writing speed is an unmatched 25.5 cm/ps (10 inches/ps) for 
visible writing, however, the all solid-state deflection amplifiers are ca- 
pable of slew rates greater than 255 cm/ps (100 inches/ps) when the 
spot does not have to  be seen. Character stroke writing capability of 

less than 100 ns per stroke means that this display can refresh 4096 al- 
phanumeric characters in less than 5 ms. Point plotting time for small 
steps is less than 200 ns per point minimizing the writing time for dot 
matrix type character generation. The fast amplifier response simpli- 
fies system programming since vectors can be written in random fash- 
ion from anywhere in the display area. 
Yokeless deflection 

The yokeless, electrostatic deflection system consumes much less 
power than the multi-winding coils of magnetic systems. Addition- 
ally, the much faster response of electrostatic deflection permits more 
information to be displayed at a refresh rate that eliminates flicker. A 
sharp, clear display even with the wide-angle deflection and low cur- 
vature faceplate is maintained with dynamic focusing. Dynamic cor- 
rection of focus occurs with changes in beam position and intensity 
(drive level) at  video speeds. 
Designed for OEM systems 

This high-quality, large-screen display is designed for easy interfac- 
ing to systems needing a high resolution, visual readout. The very 
large CRT is mounted in a rugged frame that fits in a standard 48.3 cm 
(19-inch) rack with the attractive front panel flush with the rack. Dis- 
play controls are conveniently located behind a front panel door 
under the CRT for easy access. 

Rear panel X, Y, and Z input connectors are standard BNC or 
floating BNC configuration and are mounted on removable panels for 
easy adaptation to any input configuration. Line power is switch se- 
lectable for 100, 120, 220, 240 V ac to match local power require- 
ments. Options for different phosphors, conformal contrast filters 
with anti-glare surface, Z-axis input changes, and fixed slides are 
available to  permit you to tailor the 1317A display to your specific re- 
quirement. For additional convenience, an accessory interconnecting 
cable containing three color coded coaxial cables is also available. 

1317A Specifications 
Vertical and horizontal amplifiers 
Response: 

Rise time: 1 7 5  ns (10% to 90% points) for full screen deflection or  
less. 
Bandwidth: dc to  5 MHz (3 dB down at  5 MHz) with 10.2 cm (4 
in.) deflection. 

Phase shift: <O. 1' to 50 kHz and < 1 O to  250 kHz for full screen sig- 
nal inputs. 
Deflection factor: approx. 39.3 mV/cm (100 mV/in.); 1 V p-p for 
25.4 cm (10 in.) deflection. 
Gain adjust: provides continuous deflection factor adjustment from 
approx. 31.4 mV/cm (80 mV/in.) to 51.2 mV/cm (130 mV/in.). 
Linear writing time: (39.4 ns/cm (100 ns/in.). 
Linear writing speed >25.4 cm/ps ( I O  in./ps). 
Diagonal settling time: signal settles to  within one spot diameter of 
final value in <500 ns for any on or  off screen movement. Off screen 
deflection not to exceed one screen diameter. 
Repeatability: <0.15% error (of full screen) for readdressing a point 
from any direction on or  off screen. Off screen deflection not to  ex- 
ceed one screen diameter. 
Sequential point plotting time: signal settles to within 0.254 mm 
(0.010 in.) of final value in <200 ns for any 2.54 mm (0.10 in.) step. 
Dynamic range: at least *IS screen diameters from center screen. 
Crosstalk <0.381 mm (0.015 in.) with one input terminated in 50 
ohms and the other input excited by a 1 V 500 kHz signal. 
Drift: 1.27 mm/hr (0.05 in./hr) and 2.54 mm (0.10 in.) in 24 hr with 
covers installed after Y2 hr warmup. 
Spot jitter and motion: <0.254 mm (0.010 in.). 
Inputs: BNC connectors with floating shield. Separate differential in- 
puts (shield grounded) available, see Options. 

Input RC: driven side I O  kR shunted by approx. 40 pF. Shield 
input is approx. 47 ohms to ground which can be replaced with I O  
kR for differential input. A switchable 50 ohm termination between 
shield and center conductor is also provided. 
Maximum input: f 5 0  V (dc + peak ac) with 10 kR internal termi- 
nation; f5 V (dc + peak ac) with 50 ohm internal termination. 
Polarity: positive vertical input moves beam up; positive horizon- 
tal input moves beam to the right. 

Position: front panel controls allow zero input to  be set off screen in 
any direction from anywhere within the viewing area. 



Z-axis amplifier (see options) 
Rise time: <20 ns (CW bandwidth approx. 15 MHz). 
Blanking range: 0 to 1 V. 
Blanking polarity: positive input unblanks CRT, internally revers- 
ible for negative unblanking. 
Input: BNC connector (shield grounded). 

Input RC: approx. I O  k n  shunted by approx. 60 pF. 50 ohm ter- 
mination may be selected with internal switch. 
Maximum input: f50 V (dc + peak ac) with 10 kQ internal ter- 
mination. f5 V (dc + peak ac) with 50 ohm internal termination. 

Offset: internal adjustment provides f 1 V offset (continuous) to 
blanking range. 
Gain adjust: extends blanking range by over 2.5:l (continuous). 

Inside quality Outside quality 
area area 

0.51 mm 0.76 mm 
(0.020 in.) (0.030 in.) 

Quality 
area 

25.4 cm x 25.4 cm 
(10 in. X 10 in.) 

Line indicator: lamps mounted behind front panel door and on rear 
panel. 
Power: selectable 100, 120, 220, or 240 V ac, +5% -10% 48 to 440 
Hz, maximum power 115 VA (approx. 100 watts). 
Dimensions: 425.5 mm (16% in.) wide, 409.6 mm (16% in.) high in- 
cluding feet, 566.7 mm (22YI6 in.) deep. 
Weight: net, 26.3 kg (58 Ib); shipping, 33.4 kg (73% Ib). 
Operating environment: temperature, 0 to +55"C, non-operating 
-40" to +70°; humidity, up to 95% relative humidity to 40°C; alti- 
tude, up to 4.6 km (15 000 ft), non-operating up to 6.2 km (25 000 ft); 
shock, 30 g level with 11 ms duration and % sine wave shape; vibra- 
tion, vibrated in three planes for 15 min. each with 0.254 mm (0.010 
in.) excursion, 10 to 55 Hz. 
Accessories supplied: 0.75 A slow blow fuse for 220 and 240 V op- 
eration, one 2.3 m (7.5 ft) power cord, and one Operating and Service 
Manual. 

Options 
005: form fitting green contrast filter with anti-glare surface im- 
proves trace to  background contrast for easier viewing in bright am- 
bient lighting. 
006: form fitting blue contrast filter with anti-glare surface. 
604: aluminized P4 phosphor in lieu of P31, open viewing area. 
607: aluminized P7 phosphor in lieu of P31, open viewing area. In- 
cludes amber form fitting contrast filter with anti-glare surface. 
639: aluminized P39 phosphor in lieu of P31, open viewing area. 
0 5 0  TTL blanking input. High state, +2.5 V to +5 V, blanks any an- 
alog Z input. Low level, 0.0 V to 0.8 V, returns blanking to analog Z- 
axis input. 
051: differential inputs to  X, Y, and Z amplifier. Inputs for each axis 
through separate BNC connectors (shield grounded). 
052 four bit binary Z-axis input provides 16 levels of gray (TTL com- 
patible). Settling time 1 3 0 0  ns. 
0 5 3  linear light output changes (f20%) with linear Z-axis drive 
changes (gamma correction). 
054: TTL blanking input. Low state, 0.0 V to 0.8 V, blanks any ana- 
log Z-axis input. High state, +2.5 V to +5 V, returns blanking to ana- 
log Z-axis input. 
0 5 5  fixed slides for EIA Standard 48.3 cm (19 in.) rack. 

Accessories 
Display cable, Model 10488A: single cable for convenient inter- 
connection between the display and signal source. The display cable 
contains three color-coded coaxial cables with three male BNC con- 
nectors on each end for X, Y, and Z input. Total cable length is ap- 
prox. 3.6 m (12 ft). 
Model number and name Price 
1317A Large Screen Display $3050 
Option 005: green contrast filter add $50 
Option 006: blue contrast filter add $50 
Option 604: aluminized P4 phosphor add $25 
Option 607: aluminized P7 phosphor/amber filter add $ IO0 
Option 639: aluminized P39 phosphor add $25 
Option 050: TTL high state blanks analog Z-input add $25 
Option 051: diff. inputs to X, Y, and Z amplifiers add $25 
Option 052: four bit binary Z-axis input add $100 
Option 053: gamma correction (f20%) add $50 
Option 054: TTL low state blanks analog Z-input add $25 
Option 055: fixed slides for 48.3 cm (19 in.) rack add $100 
10488A Display Cable (see Accessories) $50 
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CATHODE=RAV TUBE RISPLAXS 
Computer graphic, 53.3 cm (21-inch) 
Model 1321A 

1321A Description 
High speed performance of the Model 1321A large screen, 53.3 cm 

(21-inch) diagonal display makes it the answer to  many OEM graphic 
display requirements. This C R T  display is an ideal readout in graphic 
and instrumentation systems because it combines high slewing speeds 
with low power operation and a large 30.5 cm by 30.5 cm (12 X 12 in.) 
quality area. The large quality area has excellent geometry and linear- 
ity specifications with a small 0.51 mm (0.020 in.) spot size necessary 
for presenting complex graphic information. The additional viewing 
area, outside of the quality area, is ideal for character writing. 
High writing speed 

Linear writing speed is an unmatched 25.5 cm/ps (10 in./ps) for vis- 
ible writing, however, the all solid-state deflection amplifiers are ca- 
pable of slew rates in excess of 255 cm/ps (100 in./ps) when the spot 
does not have to  be seen. Character stroke writing capability of less 
than 100 ns per stroke means that 4096 alphanumeric characters can 
be refreshed in less than 5 ms. Point plotting time for small steps is less 
than 200 ns per point, minimizing the writing time for dot matrix type 
character generation. The fast amplifier response simplifies system 
programming since vectors and characters can be written randomly 
from anywhere in the display area. 
Yokdess deflection 

The yokeless, electrostatic deflection system consumes much less 

power than the mL.-i-winding coils of magnetic deflection systems. 
Overall power consumption of the 1321A is a low 1 I O  watts. Addi- 
tionally, the much faster response of electrostatic deflection permits 
more information to  be displayed without flicker. A sharp clear dis- 
play, even with the wide-angle deflection and curved faceplate, is 
maintained with dynamic focus and astigmatism cotrection. Focus is 
corrected for changes in beam position and intensity (drive level) at  
video speeds (20 ns). 

Designed for OEM systems 
This high-quality, large-screen display is designed for easy interfac- 

ing to graphic systems needing a high resolution, visual readout. The 
very large C R T  is mounted in a rugged frame with an attractive front 
panel that fits flush with the system panel. Display controls are con- 
veniently located behind a front panel door under the C R T  for easy 
access. 

Rear panel X, Y, and Z input connectors are standard BNC or 
floating BNC configuration, mounted on removable panels for easy 
adaption to any input configuration. Line power is switch selectable 
for 100, 120, 220, 240 V ac to  match local power requirements. 

Options 
Options for different phosphors, conformal contrast filters with an 

anti-glare surface, Z-axis input changes, and fixed slides are available 
to permit you to tailor the 1321A Display to your specific require- 
ment. For convenient system interconnection, a 3.6 m (12 ft.) display 
cable containing three color coded cables is available as an accessory. 

1321 A Specifications 
Vertical and horizontal amplifiers 
Response 

Rise time: 1 7 5  ns (10% t o  90% points) for full screen deflection or 
less. 
Bandwidth: dc to  5 MHz (3 dB down) for 12.7 cm (5 in.) deflec- 
tion or less. 

Phase shift: <O.I" to 50 kHz and < I "  to  250 kHz for full screen sig- 
nal inputs. 
Deflection factor: approx. 39.3 mV/cm (100 mV/in.); 1 V p-p for 
30.5 cm (12 in.) deflection. 
Gain adjust: provides continuous deflection factor adjustment from 
approx. 19.7 mV/cm (50 mV/in.) to 58.7 mV/cm (150 mV/in.). 
Linear writing time: <39.4 ns/cm (100 ns/in.). 
Diagonal settling time: signal settles to within one spot diameter of 
final value in <500 ns for any on or off screen movement. Off screen 
deflection not to exceed one screen diameter. 
Repeatability: <0.15% error (of full screen) for readdressing a point 
from any direction on or  off screen. Off screen deflection not to  ex; 
ceed one screen diameter. 
Sequential point plotting time: signal settles to  within 0.254 mm 
(0.010 in.) of final value in <200 ns for any 2.54 mm (0.010 in.) step. 
Inputs: rear panel BNC connectors with floating shield. Fully differ- 
ential inputs are available, see Options. 

Input RC: driven side I O  kQ shunted by approx. 40 pF. Shield 
input is approx. 47 ohms to ground which can be replaced with 10 
kQ for differential input. A switchable 50 ohm termination between 
shield and ground is also provided. 
Maximum input: f50 V (dc + peak ac) with 10 kQ internal termi- 
nation. f 5  V (dc + peak ac) with 50 ohm internal termination. 
Polarity: positive vertical input moves beam up; positive horizon- 
tal input moves beam to the right. 

Position: front panel controls allow zero input to  be set offscreen in 
any direction from anywhere within the viewing area. 
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iality 

Position: front panel controls allow zero input to  be set offscreen in 
any direction from anywhere within the viewing area. 
Dynamic range: at least f 1.5 screen diameters from center screen. 
Crosstalk <0.381 mm (0.015 in.) with one input terminated in 50 
ohms and the other input excited by a 1 V 500 kHz signal. 
Drift: 51.27 mm/hr (0.05 in./hr) and 52.54 mm (0.10 in.) in 24 hr 
with covers installed after 
Spot jitter and motion: <0.19 mm (0.005 in.). 

Z-axis amplifier 
Rise time: <20 ns (CW bandwidth approx. 15 MHz). 
Blanking range: 0 to 1 V. 
Blanking polarity: positive input unblanks CRT, internally reversi- 
ble for negative unblanking. 
Input: BNC connector (shield grounded). 

hr warmup. 

Input RC: apprax. I O  kC2 shunted by approx. 60 pF. 50 ohm termi- 
nation may be selected with internal switch. 
Maximum input: f 5 0  V (dc + peak ac) with I O  kR internal termi- 
nation. f 5  V (dc + peak ac) with 50 ohm internal termination. 

Offset: internal adjustment provides f 1 V offset (continuous) to  
blanking range. 
Gain adjust: extends blanking range by over 2.51 (continuous). 

Outside quality Quality 
area area 

Cathode-ray tube 
Type: post deflection accelerator, approx. 28.5 kV accelerating po- 
tential. P31 aluminized phosphor standard (refer to Options for addi- 
tional phosphors). Electrostatic focus and deflection. 
Viewing area: 53.3 cm (21 in.) diagonal; approx. 35.6 cm (14 in.) X 
30.5 cm (12 in.). 
Resolution 

Spot size 

Inside qu 

0.51 rr E (0.020 

Lines: ..yy .-... .,. , -... y d w  ...., I..wUoUIwU ,...,. ,.- 
ing raster method. 

I 30.5 cm x 30.5 cm 
(12 in. X 12 in.) 

tm 
in.) 

Light output 
Line brightness: approx. 538.2 Ix (50 fl) at a writing speed of 0.25 
cm/ps (0.10 in./ps), 60 Hz refresh rate, P31 phosphor, 0.51 mm 
(0.020 in.) spot size. 

Geometry: <2% pincushion and barrel distortion within quality 
area. 
Linearity: < I %  of full scale along major axis within quality area. 
Phosphor protection: automatically detects absence of beam de- 
flection and limits beam current to a safe but viewable level. 
Dynamic focus: automatically corrects spot geometry for position 
location and beam intensity (video drive level). 
Contrast ratio: 4:l or  greater with 1076 Ix (100 fl) ambient light and 
CRT face in a vertical plane. Measured by photometrically summing 
the trace and background brightness and then dividing by the back- 
ground brightness. 
Trace align: rotates X-axis into geometric alignment with CRT 
viewing area. 
Orthogonality: separately aligns Y-axis perpendicular to X-axis. 
FOCUS uniformity: spot size will not vary more than 20% anywhere 
within the quality area at  a fixed video drive level. 

Consumer safety protection 
Implosion: exceeds safety requirements of UL 478 for EDP units and 
systems. 
High voltage: anode lead is permanently bonded to CRT. 
X-ray emission: <O. 1 mr/hr. Measured with Victoreen Model 440 
RF/C. 

The display is being submitted to Underwriters Laboratories for 
Electronic Data Products listing, thereby meeting OSHA (Subpart S) 
approval. 
General 
X, Y, and 2 input connectors: rear panel BNC female connectors. X 
and Y inputs have the shield floating and Z input has the shield 
grounded. 
Front panel controls: intensity, Position X, Gain X, Position Y, 
Gain Y, Trace Align, Orthogonality, Focus, and Astigmatism located 
below the CRT behind a hinged door. 
Line indicator: lamps mounted behind front panel door and on rear 
panel. 
Power: selectable 100, 120,220, or  240 V ac, +5% or - 10%; 48 to  440 
Hz; maximum power 135 VA (approx. 1 I O  watts). 
Dimensions: 527.1 mm (20% in.) wide, 482.6 mm (19 in.) high with 
feet, 631.8 mm (24% in.) deep. 
Weight: net, 176 kg (80 Ib); shipping, 209 kg (95 Ib). 
Operating environment: temperature, 0" to +55"C, non-operating 
-40" to 70°C; humidity, up to  95% relative humidity to  40°C; alti- 
tude, up to 4.6 km (15 000 ft), non-operating up to 6.2 km (25 000 ft); 
vibration, vibrated in three planes for 15 min. each with 0.254 mm 
(0.010 in.) excursion, I O  to 55 Hz. 
Accessories supplied 0.75 A slow blow fuse for 220 and 240 V ac 
operation, one 2.3 m (7 
vice Manual. 

Options and access 
005: form fitting gree 
surface. 
006: form fitting blue contrast filter with anti-glare sur- 
face. 
604: aluminized P4 phosphor in lieu of P31. 
607: aluminized P7 phosphor in lieu of P31. Includes 
form fitting amber filter with anti-glare surface. 
639: aluminized P39 phosphor in lieu of P31. 
050: TTL blanking input. High state, +2.5 V to + 5  V, 
blanks any analog Z- 
returns blanking to t 
051: differential ini 
Inputs for each axis 1 
(shield grounded). 
052 four bit binary 
(TTL compatible). SI 
0 5 3  linear light out1 
axis drive changes (gamma cc----" --' 
054: TTL blanking input. Lc 
blanks any analog Z-axis inpi 
+ 5  V, returns blanking to an 
10488A Display Cable: sin, 
display to a system. The disr 
color-coded coaxial cables wi 
nectors on each end for X, Y, 
length is approx. 3.6 m (12 ft 

1321A Large Screen Displ 

add JbU 

add $60 
add $25 

add $100 
add $25 

JIICLLIUIIJ .  dUU WJU 

IW state, 0.0 V to 0.8 V, 
It. High state, +2.5 V to 
alog Z-axis input. add $25 
gle cable to connect the 
)lay cable contains three 
th three male BNC con- 
and Z inputs. Total cable 
). $50 

lay $3500 



CATHODE-RAY TUBE DISPLAYS 

1310A 1 

1311A 

Large-screen computer graphic 
Models 1310A and 1311A 

1 volt for 27.9 cm 
(11 in.) deflection 

1 volt for 21.6 cm 
(8% in.) deflection 

1 volt for 38.1 cm 
(15 in.) deflection 

1 volt for 27.9 cm 
(11 in.) deflection 

1310A 

1310A and 1311A Description 
Advanced display performance 

Models 1310A and 131 IA are directed beam, high speed48.3 cm (19 
in.) and 35.6 cm (14 in.) graphic displays with excellent dynamic per- 
formance that matches speeds with computer generated graphic in- 
formation. The electrostatic CRT provides a crisp, small spot any- 
where in the large quality area of the CRT. Also, the CRT has a rec- 
tangular shape and information can be written anywhere in this large 
viewing area. Bright, easy-to-see displays result from the 28.5 kV ac- 
celerating potential while X-ray emissions are unmeasurable, ensur- 
ing a safe operating environment. 
High writing speeds 

Linear writing speed is 25.4 cm (10 in.) per microsecond which al- 
lows character strokes to be written in less than 100 nanoseconds. 
Maximum slew rate of the electronics is >254 cm (100 in.) per micro- 
second. The large-step jump and settle time is 1 ps. This offers pro- 
gramming simplicity since characters and vectors can be plotted in 
random fashion from anywhere in the display area. A typical applica- 
tion of this high speed would be to plot a video signal on the display 
and write characters or vectors during the vertical retrace or blanking 
interval. Point plotting time for small steps is less than 200 ns per 
point; thus matrix type displays are written in minimal time. 
Electrostatic deflection 

Electrostatic deflection replaces deflection coils needed by mag- 
netic CRTs and the high powered circuits to drive the coils. The power 
consumption of these displays is a low 100 watts which eliminates 
noisy fans and over-sized mechanical cooling assemblies. Electro- 
static deflection ends the need for major and minor deflection systems 
with multiple input connections. The single differential input for each 
axis significantly reduces the effects of common mode signals. Input 
RC is 10 kf2 shunted by <40 p F  with switchable 50 ohm terminations 
available when required. 
Modular construction 

Internal construction is modular, and very serviceable. Plug-in cir- 

These displays are supplied with open frame construction for 
cuit cards reduce calibration or  troubleshooting time. 

131 1A 

mounting in a standard 48.3 cm (19 in.) rack or in your custom de- 
signed enclosures. Covers and a tilt stand are available for free stand- 
ing applications. Refer to  Options and Accessories in the specifica- 
tions for listings of the standard items that are available. 

1310A and 1311A Specifications 
Vertical and horizontal amplifiers 
Rise time: <75 ns, 10% to 90% points for full screen deflection or 
less. 
Bandwidth: dc to 5 MHz (3 dB down at 5 MHz) with 8.9 cm (3.5 in.) 
deflection in 1311A and 12.7 cm ( 5  in.) deflection in 1310A. 
Phase shift: <0.lo to 50 kHz and < l o  to 250 kHz for full screen 
sign a 1 s . 
Linear writing'mhe,?<39.4 ns/cm (< 100 ns/inch). 
Linear writing speed: >25.4 cm/ps ( > I O  inches/ps). 
Diagonal settling time: signal settles to within 1 spot diameter of 
final value in <500 ns for any on screen movements. 
Sequential point plotting time: signal settles to within 0.254 mm 
(0.01 in.) of final value in <200 ns for any 2.54 mm (0.1 in.) step. 
Repeatability: <0.15% of full screen error for re-addressing a point 
from any direction on screen. 
Crosstalk: <0.381 mm (<0.015 in.) with one input shorted and the 
other input excited by 500 kHz. 
Deflection factor' 

I I Vertical I Horizontal I 

'Horizontal and vertical deflection factors adjustable from front panel control with attenuation of 1 75 1 
Spot jitter and motion: <0.38 mm (<0.015 inch). 
Position: zero input can be set to any on screen position. 
Polarity: positive vertical input moves beam up; positive horizontal 
input moves beam right. Polarity can be reversed by changing inter- 
nal lead connections. 



Input RC: driven side I O  kR shunted by <40 pF. Shield input is 47 
ohms to ground. This can be replaced with 10 kR for differential 
input. A switchable 50 ohm termination between shield and center 
conductor is also provided. 
Maximum input: f 5 0  V (dc + peak ac) with 10 kS2 internal termina- 
tion; f 5  V (dc + peak ac) with 50 ohm internal termination. 
Linearity: 1% of full scale display along major axes. 
Drift: 1.27 mm/hour (0.05 inch/hour) and 2.54 mm (0.10 inch) in 24 
hours with covers installed. 

Z-axis amplifier 
Rise time: <20 ns. 
Sensitivity: 1 V provides full blanking or intensity. 
Input polarity: internal switch selects polarity (switch is normally set 
so negative voltage unblanks signal). 
Gain adjust: internally adjustable over 2.5: I attenuation ratio. 
Balance: internal adjustment provides f l  V offset. 
Input RC: approx. I O  kR shunted by approx. 60 pF. 50 ohm termi- 
nation may be selected with internal switch. 
Maximum input: f 5 0  V (dc + peak ac) with I O  kR internal termina- 
tion; f 5  V (dc + peak ac) with 50 ohm internal termination. 
Cathode-ray tube 
Viewing area: 

Model 1310A (48.26 cm) (19 in.): 27.94 cm high X 38.1 cm wide 
( I 1  X 15 in.). 
Model 1311A (35.56 cm) (14 in.): 21.59 cm high, 27.94 cm wide 
(8% X I 1  in.). 

Type: post-accelerator, 28.5 kV accelerating potential, P3 1 alumi- 
nized phosphor is standard (refer to options for other phosphors). 
Electrostatic focus and deflection. 
Resolution: 

Model 1310A 20 lines/cm (50 lines/inch), shrinking raster 
method. 
Model 1311A 27 lines/cm (67 lines/inch), shrinking raster 
method. 
Spot size 

1311A 

Spot size 
in Quality I Area 

0.38 mm (0.015 in.) 21.59 X 21.59 cm (8% X 8% in.) 

Size of 
Quality 

Area 

I 1310A 1 0.5 mm (0.020 in.) I 27.94 X 27.94 cm (11 X 11 in.)  I 

Operating environment: temperature, 0 to +55"C (+32'F to 
+ 130'F); humidity, to 95% relative humidity at 40°C (104°F); alti- 
tude, to 4.6 km (15 000 ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Accessories supplied: rack mount adapter, front panel cover, one 
0.75 A slow blow fuse for 230 V ac operation, one power cord, and 
one Operating and Service Manual. 
NOTICE TO USERS: This instrument is designed and manufac- 
tured primarily for OEM systems applications. Therefore, without 
OPTION 003, the Top and Bottom Protective Covers are not pro- 
vided and internal wiring connections of HAZARDOUS VOLT- 
AGES ARE EXPOSED. Operator protection from these hazardous 
voltages must be provided by the purchaser and/or user of the instru- 
ment. If in doubt, ORDER OPTION 003. 
Options" 
003 top and bottom covers with tilt stand (rack mount adapter not 
supplied with Option 003 instruments). 
005: form fitting neutral density contrast filter with anti-glare sur- 
face improves trace contrast for easier viewing. 
006 form fitting blue contrast filter with anti-glare surface. 
604: P4 aluminized phosphor in lieu of P31. 
607: P7 aluminized phosphor in lieu of P31 with form fitting amber 
anti-glare contrast filter. 
639: P39 aluminized phosphor in lieu of P31. 
'Special displays, such as round CRT's and different size CRTs. are available. Contact your local HP Field Engi- 

neer for information. 

Accessories 
Cover kits: top and bottom cover for field installation. For desk top 
operation, a tilt stand is required since the covers are not designed to 
support an instrument. Cover kit for 1310A is HP P/N 01310-68703, 
for 1311A HP P/N 01311-68703. 
Tilt stand kits: provide field installation of tilt stand for stand alone 
operation. Kit for 1310A is HP  P/N 01310-68702, for 131 IA HP P/N 

Rack mounting kits: rack mounting adapters are supplied with stan- 
dard instruments on initial order or may be ordered later as a kit. 
Rack mounting kit for the 1310A is HP  P /N  01310-68701, for the 

Slide kits: fixed slide kits are available for mounting the 1310A and 
131 IA Displays in a standard 19-inch (48.3 cm) rack. A pivoting slide 
kit is also available for the 131 IA. Fixed slide kit for 1310A is H P  P/N 
01310-68704, for 1311A HP P /N 01311-68704. The pivoting slide kit 
for the 1311A is HP  P/N 01311-68705. 
Model number and name Price 
(OEM discounts are available.) 
1310A 48.26 cm (19-inch) Display $3400 

$3100 
Options for 1310A and 1311A: 
Option 003: top and bottom covers/tilt stand SI05 

$45 
$30 
845 
$30 

add $50 
N,'C 
$100 
SI00 
$120 
$120 

$20 

0131 1-68702. 

1311A HP P/N 01311-68701. 

1311A 35.56 cm (14-inch) Display 

Option 005: neutral density contrast filter for 1310A 
neutral density contrast filter for 1311A 

Option 006: blue contrast filter for 1310A 
blue contrast filter for 1311A 

Option 604: aluminized P4 phosphor 

1310A Cover Kit HP  P/N 01310-68703 
1311A Cover Kit HP  P/N 01311-68703 
1310A Tilt-Stand Kit HP  P/N 01310-68702 
1311A Tilt-Stand Kit H P  P/N 01311-68702 
1310A Rack Mount Kit HP  P/N 01310-68701 

?4 /c 
Option 607: aluminized P7 phosphor 
Option 639: aluminized P39 phosphor 

tion in this catalog. Contact your local HP Field Engineer for a data 
sheet with these drawings. 
Power: 115 V ac f 10% or 230 V ac f IO%, 48 Hz to 440 Hz, maxi- 
mum power 115 VA. 

1311.4 Rack Mount Kit HP  P/N 01311-68701 
1310A Fixed Slide Kit H P  P/N 01310-68704 
131 IA Fixed Slide Kit H P  P/N 0131 1-68704 

$23 
$20') 
$103 
$139 1311A Pivoting Slide Kit HP  P/N 01311-68705 



CATHODE-RAY TUBE DISPLAYS 
OEM Storagelstandard displays 
Models 1330A & 1331Al1331C 

1330A 
- 
1331C 

1331A 

1330A, 1331AI1331C Description 
Models 1330A, 1331A, and 1331C Displays are compact half-rack 

size instruments for displaying digital or analog computer-processed 
data and real time information. The frequency response of these in- 
struments makes them extremely useful readout devices in applica- 
tions such as system display monitors, graphic, and alphanumeric dis- 
plays, nuclear spectrometers, semi-conductor curve tracers, swept-fre- 
quency measurements, frequency ratios, phase shift measurements, 
raster displays, and amplitude versus time displays. 

The 5 MHz Z-axis bandwidth provides sharp, high resolution dis- 
plays in raster and directed beam applications. Differential input am- 
plifiers on vertical and horizontal inputs reduce noise common to the 
inner and outer conductors of the input cables. Careful design of the 
solid-state X and Y amplifiers provides stable operation, long-term re- 
liability, minimum maintenance, and low power consumption. 

Model 1330A has convenient front panel controls for X-Y posi- 
tioning and focusing. Model 1331A also has front panel positioning 
and focus controls plus storage and variable persistence controls for 
use where spot deflection and dot writing speed vary. Model 1331C 
has rear panel operating adjustments and a programming connector 
for remote programming in computer or graphic display systems. 

The 133 IA and 1331C write and store shades of gray, adding a third 
dimension to displayed data. Full spot blanking is obtained with - I  
volt applied to the Z-axis and + I  volt turns the beam full on with in- 
between voltages providing shades of gray. 

Model 1331C remote programming functions are DTL and TTL 
compatible allowing direct interface with most systems. If desired, 
transfer from Write to View modes and erase may be accomplished by 
contact closure to ground at the remote program plug. Transition 
from Store to Write and back to Store can be made in approximately 7 
ps. This effectively increases the storage time available by allowing the 
display to take advantage of the inherent longer storage time offered 
by the view mode between writing commands. 

The HP developed mesh type storage tube in the 1331A and 1331C 
eliminates the need for memory devices to constantly refresh the dis- 
play. Other advantages of this type tube which make it ideal for sys- 
tem applications are: bright stored displays which allow viewing in 
high ambient light conditions; long life, comparable to standard CRT 
tube life, with no reduction in storage characteristics or brightness: 
and use in the storage mode does not reduce tube life. 

A rack adapter is available for mounting two displays side-by-side 
in a standard 48 cm (19 in.) rack. And, a filler panel is available for use 
when only one display is in the frame adapter. 



ifications 
S 
vn at  1 MHz). 

~~~ . . . 

1330A, 1331 AI1 331 C Spec 
Vertical and horizontal amplifier! 
Bandwidth: dc to 1 MHz (3 dB do\ 
Phase shift: < l o  to 0.5 MHz. 
Settling time: signal settles to within 1 spot diameter of final value in 
< I  ps for any on 
Deflection factor 

Vertical: 1 V F 
V/div to 0.14 \ 
Horizontal: 1 V for 10 riiv rietlection. internaiiv auiusraoir IIUIII 

0.09 V/div to 0.14 V/di 
Common mode rejectior 
input of 3 V max between 
Maximum input: f 5 0  V 
Input: differential between center conductor and shield, shleld may 
be grounded with internal connection. Polarity is internally revers- 

screen movement. 

or 8 div deflection. Internally adjustable from 0.09 
'/div. 
. " .- .. . ~ . . , ,, >. r--- 

V. 
I ratio: 40 dB to 10 kHz for differential 

inner and outer coaxial input leads. 
(dc + Peak ac). - .  . . - ,  . . 

able. 
Input RC: driven side, 100 kQ shunted by approx. 80 p F  to  ground; 
shield input is 47 ohms to ground which may be replaced with 100 kQ 
for differential inpu 

Z-axis amplifier 
Bandwidth dc to  
Rise time: approx. 
Input RC: 

Single ended: approx. 10 kQ shunted by approx. 60 p F  to ground. 
Differential: approx. 20 kQ shunted by approx. 60 pF. 

Input: - 1 V blanks spot of any intensity; + 1 V provides maximum 
intensity. 
Maximum input: f10 V (dc + peak ac). 

1330A Cathode-ray tube and controls 
Type: mono-accelerator, approx. 3 kV accelerating potential; P3 1 
phosphor standard (refer to Options for other phosphors). 
Graticule: 8 X I O  div internal graticule. I div = 1 cm. Subdivision 
markings of 0.2 div on maior horizontal and vertical axes. 
Linearity 

Horizontal: 
Vertical: <! 

Resolution: I1 
1331 AI1 331 C 
Type: post-acccmarur srura5b Luvb, app,uA. .. I Yvvw.v.U-...6 ,,- 
tential, aluminized P31 phosphor. 
Graticule: 8 x I O  div internal graticule. 1 div = 0.95 cm. Subdivi- 
sion markings of 0.2 div I 

Storage parameters (cer 
Writing speed: >20 d 
Dot writing time: <4 
Information storage rt 
Storage time: writing moae, > I  min.: storage moue. 2 I J IIIIII . ,  

minimum persistence, approx. 
Brightness: >IO76 Ix (100 fl 
Erase time: <0.5 s. 

1331 C Programmable funct 
All program inputs are TTL/D'.- -_... ~ -_.-._. 
Input levels: high state is +2.0 V or greater, low state is +0.8 V or  
less for all program plug inputs. For high state = 2.4 V, Isink = 0.4 mA 
max. For low state = 0.4 V, Isource is < 1 mA. 

<5% difference between any 2 div. 
5% difference between any 2 div. 
3 lines/div, shrinking raster method. 

; Cathode-ray tube and controls 
-+--,.-- +..ha _-..-AY ln < L V  orre le r i t ino  nn- 

Dn major horizontal and vertical axes. 
iter 7 X 9 div) 
iv/ms. 
PS. 
ate: >200 kdots/sec. . . .  . ~ . ~ ~ . _ .  ~ . - > .  .,c -:-. 

I 

0.25 s. 
). 

ions (write, store, erase) 
TI rnmnatihle 

Remote erase: low state for 10 ps minimum initiates erase cycle. 
Remote mode transfer: high state is View Mode, low state is Write 
Mode. 
Dot writing using mode transfer: dot may be written by transfer- 
ring to  Write Mode for 7 ps per dot. N o  degradation of View/Storage 
time occurs. 
Erase verify: indicates end of erase cycle. The output voltage is high 
approx. 125 ms after start of erase cycle. Voltage then drops to low 
state and remains low to the end of the erase cycle. High state is 2.4 V 
minimum with Isource = 80 p A  max. Low state is 0.4 V maximum with 
Isink = 3.2 mA max. 

General 
Input connectors 

X, Y, and 2 inputs: rear panel BNC with shield floating. 
Programming connector (1331C): Cannon Model DBM-25s 
mates with Cannon or Cinch plug number DBM-25P. 

Power: (1330A) 115 or 230 V, &IO%, 48 to  440 Hz, 150 VA max; 

max. 
Weight: net, 8.9 kg (19% Ib); shipping, 11.3 kg (25 Ib). 
Dimensions: 19.8 cm (7')/16 in.) wide; 15.6 cm (6% in.) high without 
feet, 16.5 cm (6% in.) with feet; 42 cm (17%6 in.) deep. 

(1331A/C) 100, 120, 220, 240 V, +7.5% -IO%, 48-66 Hz, 150 VA 

a 12555B interface kit. 
non-internal graticule with P4 phosphor. 
non-internal graticule with P7 phosphor. 
rnal graticule with P31 phosphor. 

Options 
004: (1330A) P4 phosphor in lieu of P31. 
007: (1 330A) P7 phosphor in lieu of P3 I .  
016: (1331C) urovides direct connection of the 1331C to an HPcom- 
puter through 
604: (1330A) 
607: (1330A) 
631: non-inte 

Accessories 
Display cable, IIIvysI mY-.Vw.... IIILv.~u....vw..V.. w Y V . _  --...--.. 
display and signal input source. The cable contains three color-coded 
coaxial cables with three male BNC connectors on each end for the X, 
Y ,  and Z inputs. Length is approx. 3.6 m (12 ft). 
Frame adapter: an I8 cm (7 in.) high panel (HP  P/N 5060-8762) for 
mounting two displays side-by-side in a standard 48 cm (19 in.) rack. 
Filler panel: covers half of the Frame Adapter when only one dis- 
play is in a frame adapter (HP P/N 5060-8760). 
Camera adapter: Model 30366B adapter provides mounting of an 
H P  Model 195A or 197A camera. 
Options Price 

007: (1330A) add $30 
016 (1331C) add $155 
604: (1330A) add $20 
607: (1330A) add $50 
631: (1330A) add $20 

,,AA c m  631: (1331A/r\ 
Model numb 
1330A Displa 
1331A Storag 
1331C Progra 
10488A Displ 
10366B Came 

004: (1330A) N/C  

Frame Adapter (HP  P /N  5060-8762) 
Filler Panel (HP P /N  5060-8760) 

$33 
$8.10 

Y"" W d "  -1 
er and name 
Y $975 

mmable Storage Display $ I800 
ay Cable $50 
ra Adapter $15 

e Display $ 1780 



CATHOD€-RAY TUBE DISPLAYS 
Large-screen analog system 
Model 1300A 

1300A Specifications 
X-Y amplifiers 
Bandwidth: (20.3 cm, 8-inch reference at  50 kHz); dc-coupled, dc to  
20 MHz; ac-coupled, 2 Hz to 20 MHz. 
Rise time: <20 ns (10% to 90% points). 
Deflection factor: at least 39.3 mV/cm (0.1 V/in.) gain control al- 
lows deflection factor to be adjusted between approx. 39.3 mV/cm 
(0.1 V/in.) and 98 mV/cm (0.25 V/in.). 
Drift: < O S %  of full screen/hr after V2 hr warmup; <I%/8 hr. 
Jitter and movement: <4.254 mm (<O.OlO in.). 
Linear writing speed: >50.8 cm (>20 in./ps). 
Settling time: Cjump scan time) <200 ns to within a trace width of 
final value for any on screen' movement. 
Sequential point plotting time: signal settles to within one spot di- 
ameter of final position in <80 ns for any step 12.54 mm (0.1 in.). 
Repeatability: <O.lS% error for readdressing a point from any di- 
rection from a source impedance of <4 k0. 
Input RC: 1 megohm shunted by approx. 20 pF. 
Input: single-ended; maximum input f500 V (dc + peak ac). 
Linearity: over 20.3 X 25.4 cm (8 X I O  in.) screen, f 1% of full screen; 
any 2.54 cm ( 1  in.) with respect to any other 2.54 cm ( 1  in.) within 
10%. Includes geometric distortion caused by pincushion and sym- 
metry. 
Phase shin: 0.1" to  50 kHz, up to 254 cm (100 in.) signal; 1' to  1 
MHz, up to 25.4 cm (10 in.) signal. 
Cross talk: 40 dB at 20 MHz with full scale input signals, inputs 
driven from 500 source impedance; imperceptible below 5 MHz. 
Z-axis amplifier 
Analog input: dc to  20 MHz bandwidth over the 0 to 1 V range: + 1 
V for full blanking, - 1 V for full intensity; vernier provides 2.5:l re- 
duction, balance adjustment allows intensity reference level adjust- 
ment of f l  V, maximum input f500 V (dc f peak ac); differential 
delay with respect to either X or  Y amplifier, f 2  ns. 
Rise time: <20 ns (10% to 90% points). 
Sweep blank input: digital dc blanking with < 1 k 0  source and -0.7 
V to +5 V; unblanking with >20 k 0  source and 0 V to -5 V. Repeti- 
tion rates to  1 MHz. 

Chop blank input: ac-coupled blanking, +SO V pulse blanks CRT. 
Input grounded when not in use. (Duty cycle should be <5% for 
proper operation.) 

Cathode-ray tube 
Viewing area: 20.3 X 25.4 cm (8 X I O  in.). 
Accelerating potential: 20 kV. 
Photographic writing speed: >50.8 cm/ps (>20 in./ps), using 
Polaroid@ CU-5 camera and 3000 speed film. 
Brightness: 

Vector: 2322.9 Ix (30 fl) line brightness for beam velocity of 0.254 
cm/ps (0.1 in./ps), refreshed at  a 60 Hz rate. 
Dot: 232.3 lx  ( 2 3  fl) brightness for a 40 ns dot refreshed at  a 60 
Hz rate. 

Spot size: <0.8 mm (<30 mils) throughout 20.3 X 25.4 cm (8 X I O  
in.) screen a t  30 ft lamberts light output; nominally 0.51 mm (20 mils) 
at center screen (shrinking raster). 
Phosphor and graticule: aluminized P31 phosphor with 2.54 cm (1 
in.) grid and 0.51 cm (0.2 in.) subdivisions on major axes of internal 
graticule. Other phosphors are available, refer to  options. Other grat- 
icules are available on  special order. A light green light filter is sup- 
plied for implosion protection. 
Controls and inputs location 

Front panel: intensity, astigmatism, trace align, focus, and on-off 
switch. 
Rear panel: X-Y-Z inputs, calibrator, X-Y gain, position and ac- 
dc input switches, Z-axis gain and balance. 

Dimensions: 42.6 cm (16% in.) wide; 31 cm (12% in.) high; 50.8 cm 
(20 in.) deep overall, 45.7 cm (18 in.) deep from rack mount adapters. 

General 
Calibrator: line frequency square wave, 0.5 V f 2 % .  
Weight: net, 20.41 kg (45 Ib); shipping, 29.94 kg (66 Ib). 
Power: 115 V or 230 V &IO%; 48 to  440 Hz; approx. 175 W. 
Accessories supplied rack mounting kit, green light filter, power 
cord. and one Operating and Service Manual. 

optiom, Price 
001: neutral density anti-glare light filter add $15 

007: P7 aluminized phosphor in lieu of P31 add $30 
604: non-internal graticule, aluminized P4 phosphor add $20 
607: non-internal graticule, aluminized P7 phosphor add $50 
631: non-internal graticule, aluminized P3 1 phosphor add $20 

Accessories 
Light filters 
10181A: amber for P7 phosphor (supplied with Option 
007 and 607 displays) $50 
10182A: green for standard phosphor (supplied with 

Display cable, Model 10488A: provides interconnec- 
tion between the display and signal input source. The 
cable contains three color-coded coaxial cables with 
three male BNC connectors on each end for X, Y, and Z 
inputs. Approx. 3.6 cm (12 ft) long. $50 
Chassis slides 
Fixed slides: H P  P/N 1490-0714 $42 
Pivot slides: H P  P/N 1490-0718 $50 
Slide adapter kit: one adapter kit (HP  P/N 1490- 
0721) is required for mounting one pair of slides to a 
display. $40 

004: P4 aluminized phosphor in lieu of P31 N / C  

standard 1300A Display) $50 

1300A X-Y Monitor 
OEM discounts are available. 
@Registered Trademark Polaroid Corporation. 

$2675 



POWER SUPPLIES 
General information 

maintain a constant output voltage. Since a 
transistor dissipates very little power when 
it’s fully on or off, the regulator has excellent 
efficiency (typically 65-80%). 

Besides low power dissipation, another ad- 
vantage of this technique is that the high 
pulse repetition rates make possible the use of 
transformers, inductors, and filter capacitors 
that are much smaller than those required for 
operation at  power line frequencies. 

Modular supplies that use switching regu- 
lators are thus smaller, lighter, and cooler 
running than their series-regulated counter- 
parts. 

Stabilization performance of the switching 
regulator is somewhat lower than the series 
regulator (typically 0.2% regulation; 20 mV 
rms, 40 mV p-p ripple and noise) but well 
suited for the majority of OEM system ap- 
plications. 
SCR regulation: In many high power ap- 
plications, the tight regulation and low rip- 
ple and noise characteristics of the series reg- 
ulator can be beneficially traded for econ- 
omy, efficiency, and compact size. This is 
where the SCR regulator is most valuable. 
Typical performance specifications for SCR 
supplies are 0.05 to 1% regulation, 50 mV 
rms, 500 mV p-p ripple and noise, 50-200 ms 
transient response, and 70% efficiency. Reg- 
ulation is accomplished by sensing both the 
A C  input and DC output of the supply and 
generating a firing pulse for SCR’s located in 
two legs of a bridge rectifier. If the output 

er supply for every need Regulation techniques voltage tries to  decrease, the control circuit 
H P  power supplies are designed using one generates the firing pulse earlier in the input ett-Packard power supplies are avail- 

many types, sizes, and ratings. There of four proven stabilization techniques: se- half cycle. More voltage is then passed 
xatory supplies used in circuit devel- ries, switching, SCR, and SCR pre-regula- through the SCR to the Output ‘Iter to raise 

the output voltage to  the correct level. , modular supplies to  power systems, tor/series regulator. 
wer supplies for industrial processes, Series regulation: This technique uses a SCR Pre-rWJlator/series This 
my special purpose supplies ranging feedback loop to  control the voltage drop technique incorporates the best of both 
onstant-current sources to bipolar across a series-pass transistor located be- worlds, and is used in most medium to high 
;upply amplifiers. tween the rectified dc input and the output Power, high Performance Power supplies. In 

terminals of the power supply. The feedback these Supplies, t he  SCR Pre-regulator 
re value of a power supply network changes in  the output voltage changes the rectifier output in coordination 
best power supply for the job must and develops an error signal which adjusts with the output voltage of the S ~ p p l y  So that 
isfy all the physical criteria: voltage the drop across the series transistor such that only a Small voltage drop is maintained 
‘rent ratings, performance specifica- it maintains the output terminal voltage at  across the Series Pass transistor. This  duces 
ize, and features. But equally impor- the desired level. Good regulation (0.001% to the Power dissipation in the Series elements 
; the less tangible aspects that affect 0.05%), low ripple and noise (50 pV to I mV), and greatly improves the efficiency (UP to 
cost of ownership. Such factors as the and fast transient response (<SO ps) charac- 70%). Typical performance specifications are 
ice and expertise of the manufactur- terize this type of regulator. similar to  series regulated supplies except for 
jneering staff should be considered. With all its attributes of excellent perfor- transient response, which is somewhat slower 

designs conservative-does he use mance and circuit simDlicitv. the series rem- 
components-does he have estab- 

)A procedures? 
1 have a problem or need application 
ce, are the manufacturers’ reps ac- 
, responsive, and knowledgeable? Are 
x t s  and service available on a world- 
ale? 
: factors do not show up on a spec 
ut are closely related to  a company’s 
ty and responsibility towards its cus- 
When you purchase a power supply 
ewlett-Packard, you receive guaran- 
)duct performance plus all the intan- 
iat add up to long-term value-and it 
costs no more. 

PS). . - 
lator has one drawback; it is relatively ineffi- 
cient (typically 30 to 40%). Heat sinks are em- 
ployed to dissipate the heat generated by the 
series transistors and this necessarily in- 
creases the size and weight of the supply. 

All linear OEM madular and low power 
lab supplies use this technique. 
Switching regulation: This technique reg- 
ulates the output voltage by essentially 
switching a series transistor on and off at a 
rapid rate (about 20 kHz) and delivering this 
“chopped” current to an output filter. A 
feedback network senses changes in the out- 
put and feeds back a correction signal which 
adjusts the transistors on-off duty cycle to 

Selecting power supplies 
By model number: If you know the model 
number, you can find the power supply de- 
scription page from the numerical index in 
the front of this catalog. 

Free technical literature 
Hewlett-Packard publishes two applica- 

tion notes related to  power supply theory and 
applications: 
( I )  D C  Power Supply Handbook, AN-90A. 
(2) Applications of A D C  Constant Current 

Both can be obtained at no charge from 
Source, AN-128. 

your local H P  Field Engineer. 



DC Volts 

4-5.5 

0 f 5 &  f20 
Dual Range 

0 f 5 &  f 5 0  
Dual Range 

5 410.50 
5 f 0 . 5 0  
5 f 0 . 5 0  
5 f 0 . 5 0  
5 f 0 . 5 0  
5 f0 .25  
6 f 0 . 6 0  
6 f 0 . 6 0  
6 f 0 . 6 0  
0-6,0 f20, 

0-7.5 

0-7.5 
0-8 
0-10 

0-10 

0-10 
0-10 
0-10 
0-10 
0-10 
0 f 1 0  & 0 f 1 0 0  

12 f 1 . 3 0  
12 f 1 . 3 0  
12 f 0 . 6 0  
12 f 1 . 3 0  
12 f 0 . 6 0  
12 f 0 . 6 0  
12 f 1 . 3 0  
12 f 0 . 6 0  
12 f 0 . 6 0  
f 1 2  f 0 . 6 0  Dual 
f 1 2  f 0 . 6 0  Dual 
f 1 2  f 0 . 6 0  Dual 

15 f 0 . 7 5  
15 f 0 . 7 5  
15 f 0 . 7 5  
15 f 0 . 7 5  
15 f 0 . 7 5  
f 1 5  f 1 . 5 0  Dual 
f 1 5  f 1 . 5 0  Dual 
f 1 5  f 0 . 7 5  Dual 

Dual Tracking 

Dual Range 

0-15 

DC Amps 
(Max.) 

8 

1 

1 
2 
4 
8 
16 
40 
100 
1.5 
3 
8 
2.5 & 0.5 

3 

5 
1000 
1 

1 

2 
10 
20 
50 
100 

0.5 
0.5 
1 
1.5 
2.2 
3 
6 
6 
12 
23 
1.4 
3.3 
6 
200 
1.25 
2.5 
5 
10 
20 
3.2 
3.75 
1.25 

Type 

Low Cost 
Lab 

BPSA* 

BPSA* 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Low Cost 
Lab 
Low Cost 
Lab 
Gen. Purpose 
High Pwr. 
Low Cost 
Lab 
Low Cost 
Lab 
Prec. Volt 
Gen. Purposc 
Gen. Purpost 
Gen. Purpost 
Gen. Purposc 

BPSA* 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
High Pwr. 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 

__ 

Model 

6384A t 

6825A/6830A 1 

6826A/6831A 7 
62005A 
62005C 
62005E 
62005G 
626051 
62605M 
600638 
60065A 
60066A 
6236A 

62038 t 
5281A t 
5464C t 
213A t 
621411 t 
6113A t 
6282A t 
62568 t 
62598 t 
62608 t 
6827Af6832A 
601228 
601238 
62012A 
601258 
62012C 
62012E 
601268 
62012G 
626121 
52212A 
52212E 
52212G 
j453A t 
j2015A 
2015C 
2015E 
2015G 
$26151 
j0153D 
i0155C 
j2215A 

- 

Page 

178 
- 

200 

200 
203 
203 
203 
203 
205 
206 
207 
207 
207 
178 

179 

182 
190 
176 

176 

197 
182 
186 
186 
186 

200 
207 
207 
203 
207 
203 
203 
207 
203 
205 
204 
204 
204 
190 
203 
203 
203 
203 
205 
207 
207 
204 
- 

DC Volts 

f15 f 0 . 7 5  Dual 
f15 f 0 . 7 5  Dual 
0-16 or 0-18 

0 f 1 6  

18 f 0 . 9 0  
18 f 0 . 9 0  
18 f 0 . 9 0  
18 f 0 . 9 0  
18 f 0 . 9 0  

Dual Tracking 

Dual Range 

Two Dual Range 

0 f 2 0 , 0 - 6  

0-20 & 0-40 

0-20 & 0-40 

0-20 
0-20 
0-20 

0-20 & 0-40 
Dual Range 

0-20 & 20-40 
Dual Range 

0-20 & 20-40 
Dual Range 

0-20 
0-20 & 0-20 
Two Outputs 

0-20 
0-20 
0-20 
0-20 
0-20 
0-20 
0-20 
0 f20 
20-40 & 0-20 

20-40 & 0-20 

0-24 

Dual Range 

Dual Range 

24 f 2 . 4 0  
24 f 2 . 4 0  
24 f 1.20 
24 f 2 . 4 0  
!4 f 2 . 4 0  
!4 f 1 . 2 0  
!4 f 2 . 4 0  
!4 f 1 . 2 0  
!4 f 1 . 2 0  
!4 f 1 . 2 0  

DC Amps 
(Max.) 

3 
5.2 
600 or 
500 
12.5 

1 
2.25 
4.5 
9 
16.7 
0.5 & 2.5 

0.6 & 0.3 

0.6 & 0.3 

1 
1 
1.5 

1.5 & 
0.75 

2 & 1  

2 & 1  
3 

3 & 3  
5 
10 
10 
15 
20 
45 
50 
0.5 

1 & 2 '  

1 & 2  
3 
0.25 
0.5 
0.75 
1 
1.5 
1.75 
3.5 
3.75 
7.5 
12.5 

TY Pe 

Modular 
Modular 
High Pwr. 

Dig. Prog. 
Volt. 
Modular 
Modular 
Modular 
Modular 
Modular 
Low Cost 
Lab 
Low Cost 
Lab 
Low Cost 
Lab 
Prec. Volt. 
Prec. Volt. 
Low Cost 
Lab 
Low cost 
Lab 

Prec. Volt. 

Prec. Volt. 
Gen. Purpose 

Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
BPSA 

Prec. Volt. 

Prec. Volt. 
Gen. Purpose 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 
Modular 

Model 

62215E 
6221513 
6466C t 
6128C t 
62018A 
62018C 
62018C 
62018G 
62618J 
6236A 

62048 t 
62058 t 
6101A t 
6111A t 
62018 t 
62008 t 

6104A t 
6114A t 
6284A t 
6253A t 
6285A t 
62638 t 
6286A t 
64278 t 
62648 t 
64288 t 
62618 t 
6823A t 
6104A t 
6114A t 
62248 t 
602428 
602438 
62024A 
602448 
602458 
62024C 
602468 
62024E 
62024G 
626241 

- 
- Page 

204 
204 
190 

211 

203 
203 
203 
203 
205 
178 

179 

179 

197 
197 
179 

179 

197 

197 
182 

182 
182 
186 
182 
190 
186 
190 
186 
200 

197 

197 
182 
207 
207 
203 
707 
!07 
203 
207 
!03 
!03 
!05 
- BPSA=Bipolar Power Supply/Arnplifier 

tAvailable on GSA contract 



I 
DC Volts 

0-25 
0-25 

0-25 & 0-50 

0-25 & 0-25 
Dual Range 

Two-Tracking 
28 f 1 . 4 0  
28 f 1 . 4 0  
28 f 1 . 4 0  
28 f 1 . 4 0  
28 f 1 . 4 0  
0-30 & 0-60 

0-36 
0-36 
0-36 
0-40 & 0-20 

0-40 & 0-20 

0-40 
0-40 
0-40 

0-40 & 0-20 

0-40 & 0-40 

0 -40 
0-40 
0-40 
0-40 
0-40 
0-40 
0-40 
0-40 
0-40 

Dual Range 

Dual Range 

Dual Range 

Dual Range 

Two Outputs 

48 f 2 . 4 0  
48 f 2 . 4 0  
48 f 2 . 4 0  
48 f 2 . 4 0  
0-50 

0-50 

0-50 (Compliance) 
0-50 & 0-25 
0-50 & 50-100 

0-50 & 50-100 

0-50 & 0-50 

Dual Range 

Dual Range 

Two-Tracking 

DC Amps 
(Max.) 

0.4 
0.4 

1 & 0.5 

2 
D.7 
1.5 
3.25 
6.5 
10.7 
1 & 0.5 

10 
100 
300 
0.3 & 0.6 

0.3 & 0.6 

0.5 
0.5 
0.75 

0.75 & 
1.5 

1.5 & 1.5 
1.5 
3 
3 
5 
5 
10 
25 
30 
50 
0.45 
1 
2 
4 
0.2 

0.2 

0-0.5 
0.5 & 1 

0.8 & 0.4 

0.8 & 0.4 

1 

Type 

-ow Cost Lab 
tow Cost 
tab 

Gen. Purpose 

Gen. Purpose 
Modular 
Modular 
Modular 
Modular 
Modular 
Low cost 
Lab 
High Pwr. 
High Pwr. 
High Pwr. 
Low Cost 
Lab 
Low Cost 
Lab 
Prec. Volt. 
Prec. Volt. 
Low cost 
Lab 
Low Cost 
Lab 

Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
Gen. Purpose 
High Pwr. 
Gen. Purpose 
Gen. Purpose 
Modular 
Modular 
Modular 
Modular 
Low Cost 
Lab 
Low Cost 
Lab 
Prec. Cur. 
Gen. Purpose 

Prec. Volt. 

Prec. Volt. 

Gen. Purpose 

Model 

i215A t 
i216A t 

j2208 t 
32278 t 
52028A 
62028C 
60282E 
62028G 
626281 
62068 t 
64338 t 
64568 t 
6469C t 
62048 t 
62058 t 
6102A t 
6112A t 
62028 t 

62008 t 
6255A t 
6289A t 
62658 t 
6290A t 
62668 t 
6291A t 
62678 t 
64348 t 
62688 t 
62698 t 
62048A 
62048C 
62048E 
62048G 
6217A t 
6218A t 
6177C t 
62208 t 
6105A t 
6115A t 
62288 t 

- 
'age 

176 
176 

- 

I82 

196 
203 
203 
203 
203 
205 
179 

190 
190 
190 
179 

179 

197 
197 
179 

179 

182 
182 
186 
182 
186 
182 
186 
190 
186 
186 
203 
203 
203 
203 
176 

176 

202 
182 

197 

197 

196 - 

DC Volts 

0-50 
50-100 & 0-50 

50-100 & 0-50 
Dual Range 

Dual Range 
0 f 5 0  

0 f 5 0  

0 f 5 0  
0-60 & 0-30 

0-60 
0-60 
0-60 
0 -60 
0-60 
0-60 
0-64 
0-64 

Dual Range 

0-100 (Compliance) 

0-100 (Compliance) 

0-100 

0-100 

0-100 
0-100 
0-100 (Compliance) 
0-100 
0 f l O O  

0-110 
0-120 
0-160 

0-220 
0 -300 (Compliance) 
0-300 
0 -320 

0-320 
0-440 or 0-500 

or 0-600 
1-600 
0-1000 
0-1600 
0-2000 
0-3000 
0-3000 
0-4000 

IC Amps 
(Max.) 

.5 

.4 & 0.8 

.4 & 0.8 

1.5 & 1 

I 
I 

.5 
15 
i 0  
I50 
*0.016 

h0.016 

1.1 

0.1 

0.2 
0.2 
0.25 
0.75 
0.5 

100 
2.5 
0.2 

50 
0.1 
35 
0.1 

1.5 
25 or 20 
or 15 
1.5 
0.2 
0.005 
0.1 
0.006 
0.006 
0.05 

) 

en. Purpose 

rec. Volt. 

'rec. Volt. 
lig. Prog. 
'olt. 
)ig. Prog. 
'olt. 
IPSA* 
.ow cost 
.ab 
;en. Purpose 
;en. Purpose 
;en. Purpose 
i igh Pwr. 
;en. Purpose 
i i gh  Pwr. 
i i gh  Pwr. 
digh Pwr. 
3ig. Prog. 
Cur. 
Dig. Prog. 
Cur. 
Low Cost 
Lab 
Low Cost 
Lab 
Prec. Volt. 
Prec. Volt. 
Prec. Cur. 
Gen. Purpos 
Dig. Prog. 
Volt. 
High Pwr. 
High Pwr. 
Low Cost 
Lab 
High Pwr. 
Prec. Cur. 
High Pwr. 
Low Cost 
Lab 
Gen. Purposi 

High Pwr. 
High Pwr. 
High Volt. 
High Volt. 
High Volt. 
Prec. Volt 
High Volt. 
High Volt. 

Model 

i226B t 
i115A t 
i105A t 
i129C t 
i130C t 
3824A t 
5206B t 
5294A t 
5296A t 
62718 t 
64388 t 
62748 t 
64398 t 
6459A t 
6472C t 
6140A t 
6145A t 
6211A t 
6212A t 
6106A t 
6116A t 
6181C t 
6299A t 
6131C t 
6475C t 
64438 t 
62078 t 
6477C t 
6186C t 
6479C t 
62098 t 
895A 

6483C t 
64488 t 
6521A t 
6515A t 
6522A t 
6110A t 
6516A t 
6525A t 

- 
'age 

182 

197 

197 
211 

211 

200 
179 

182 
182 
186 
190 
186 
190 
190 
190 
211 

211 

176 

176 

197 
197 
202 
182 
211 

190 
190 
179 

190 
202 
190 
179 

208 

190 
190 
194 
194 
194 
197 
194 
194 

- 

- 



POWER SUPPLIES 
Low cost lab: versatile, inexpensive sources 
Models 6211A-6218A 

0 Low ripple and noise 10 v, 25 v, 50 v & 100 v @ 10 w output 
Impact-resistant stackable case 

0 Compact package - 133 x 83 x 368 mm, (3X”H x 5X”W x 
Fully adjustable output voltage 
Short-circuit proof 

8”D) 

6211A-6217A 621 2A-621 %A 

Description 
These popular low-cost bench supplies are designed for general 

laboratory use. All models are equipped with front-panel mounted 
voltage controls, a combination volt/ammeter, and output binding 
posts. Output voltage is continuously variable, via coarse and fine 
voltage controls, from 0 V to 15% above the maximum rated output 
of the supply. A meter function switch selects either output voltage 
or current for display on the panel meter. 

Load connections are made via three binding posts. Either the + 
or the - post may be grounded through an adjacent GND terminal 
provided for that purpose, or the supply may be operated floating at  
up to 300 volts above ground. 

The Constant Voltage/Constant Current Models have concentric 
coarse and fine current controls which allow the current-limit point to 
be set to any value within the current rating. Using these controls, the 
CV/CC supplies can also be operated as constant current sources with 
500 pA load regulation. All CV/CC models can be connected in series 
or parallel. 

The Constant Voltage/Current Limiting (CV/CL) Model supplies 
are short-circuit protected by a fixed current limiting circuit which is 
activated at approximately 120% of rated load current. The CV/CL 
models can be connected in series only. 

The molded, impact-resistant case includes an interlocking feature 
for stacking several units vertically, thus minimizing bench space re- 
quired for multiple supplies. Alternatively, up to three units can be 
mounted side by side in a 19” rack using Rack Mounting Kit 
14521A. 

Accessories & options 

14521 A 

14521A Rack kit for one, two, or three supplies. 
Includes two filler panels 
Option 028 230 V ac single phase input 

Price 

$ 3 5  
510 

Model number & name 
6213A, 6215A, 6217A CV/CL Low Cost Lab Supplies 
621 IA CV/CL Low Cost Lab Supply 
6214A, 6216A, 6218A CV/CC Low Cost Lab Supplies 

$105 
$115 
61 ?5  
$145 62l2A CV/CC Low Cost Lab Supply 



Specifications t 

0-0.411 0.21 I 0-0.211 0.1 n 0-0.1 A 

4 mV I mV mV 8 mV 8 mV Load Eflect. V 
(Load - 
Regulation): C i 500 pA NA DO PA NA 500 pA 

Source Effect V 
(Line 

Regulation): C 

- 

200 @VI1 mV 200 p V I 1  mV 00 #VI1 mV 200 p V / l  mV I 200 pVI1 mV !OO r V l 1  mV DO p V l 1  mV 200 pV/l mV PARD rmslpp:  V 
(Ripple and - 

C Noise): 

Temperature V 
Coefficient - 

C 

4 0.02% + 1 mV 0.02% + 1 mV 0.02% + 1 mV 

I P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

NA 50 pA/500 PA L 150 pA1500 pA NA NA 150 pA/500 PA 50 pAl500 pA 

0.02% + 1 mV 0.02% + 1 mV 0.02% + 1 mV 0.02% + 1 mV 0.02% + 1 mV 

NA 1 mA NA 0.5 mA 2 mA 

Orifl V 
(Stability): - 

C 

0.1% + 5 mV 1 % + 5 m V  O1%+5mV I 0.1% + 5 mV 0.1% + 5 mV 

NA 5 mA NA 5 mA NA 

5 mV v 
Resolution: - 

C 

Output Impedance 
(Typical): 5 mn, 1 pH 20 mR, 1 pH I mR, 1 pH 80 mR, 6 pH 80 mR. 6 pH 3 ma, 1 pH 5 41 

- _ _  _- -. 

50 ps 50 ps 50 ps 50 ps 50 ps 50 ps 50 FS 50 ps 

.r _., 15 mV 15 mV 15 mV 15 mV 15 mV 15 mV 15 -I' 

Load Effect Time 
Transient - 
R E C O V ~ :  Lael  

CVICL v/cc 

300V 1 3OOV 300 V 

R 

S 
30 V. 500 mA *4% 30 V. 500 mA i 4 %  60 V. 250 mA f 4 %  -1- 

2 kg(4.5 Ib) .2 kg (4 8 ib)  2 kg (4 5 lb) I 2.2 kg (4.8 Ib) ' kg (4.5 ib) 2 kg(4.8ib) E 

A Ship 

Available: 

2 kg (4.5 Ib) 

2 9 kg (6 5 Ib) 

2 2 kg (4 8 Ib) 

31kg(681b)  2.9 kg(6.5Ib) .1 kg (6.8 Ib) 2.9 kg ( 6  5 ib) I 3 1 k g ( 6 8  Ib) 1 kg(6.8 Ib) .9 kg(6.5ib) 

*CV load regulation given for rear terminals only. At front terminals. CV load regulation is 0 5 mV per amp greater 

tRefer to page 209 for complete specification definitions 
due to front terminal resistance. 



POWER SUPPLIES 
Low cost lab: for integrated circuit applications 
Models 6236A & 6384A 

0 to 6 V up to 2.5 A and 0 to f 20 V @ 0.5 A tracking 
Short circuit proof 
CBrnpact, light weight package 

Model 6236A 
Small size, ease of operation, and outstanding performance make 

HP's new triple output supply a valued addition to any R & D lab en- 
gaged in digital or linear IC circuit development. Measuring only 3'/4 
in. H X 8% in. W X 12% in. D, the 6236A takes up a minimum of 
bench space; and weighing only 9.5 Ib, it can easily be moved with one 
hand. 

In addition to being compact and portable, the supply is extremely 
easy to operate. Al l  controls, meters, and binding posts are located on 
a neatly laid-out front panel. Control of the 6 V and f 2 0  V outputs is 
provided by separate single-turn potentiometers. A three-position 
meter switch (+6 V, +20 V, -20 V) selects the desired output voltage 
and current for display on the dual panel meters. The 0 to +20 V and 0 
to -20 V outputs track one another within 1%; they can also be con- 
nected in series to obtain a single 0 to 40 V @ 0.5 A output. 

Both the 6 V and f 2 0  V outputs are protected from overloads by 
fixed current limiting circuits. The 6 V supply uses a foldback current 
limiter that reduces the output current from 2.5 A maximum a t  the 6 V 
setting, to 1 A maximum at the 0 V setting. Under short circuit condi- 
tions the maximum current is limited to 1 A. The +20 V and -20 V 
output are limited to 0.5 A output for all overload conditions. 

Units may be bench operated or rack mounted individually or in 
pairs using accessory rack mounting hardware. 

6236A Specifications 
DC output: 0 to 6 V dc (6 V @ 2.5 A adjustable to 0 V @ 1 A); 0 to 
+20 V dc and 0 to -20 V dc @ 0.5 A, dual tracking. 
AC input: 104 to 127 V ac, 47-63 Hz, 112 W. An attached 3-wire, 5- 
foot cord, is provided. (See option listings for nominal 100 V ac, 220 V 
ac, and 240 V ac operation). 
Load effect (load regulation): 0.01% +2 mV (all outputs) for no 
load to full load change. 
Source effect (line regulation): 0.01% +2 mV (all outputs) for any 
line voltage change within rating. 
PARD (ripple & noise): 0.35 mV rms, 1.5 mV p-p (20 Hz to 20 MHz). 
Resolution: 15 mV for 6 V output, 50 mV for +20 and -20 V out- 
puts. 
Temperature coefficient: 0.02% + 1 mV output change per degreee 
centigrade change in ambient following 30-minutes warm-up (all out- 
puts). 
Temperature ratings: 

Operating: 0 to 40°C (output current is derated linearly to 50% at 
71°C). 
Storage: -50 to +75"C. 

Cooling: Natural convection. 
Dimensions: 89 mm H X 216 mm W X 317 mm D; (3'/4"H X 8%" W 
X 12%" D). 
Weight: 4.3 kg. (9.5 Ib). 

0 4 to 5.5 V @ 8 A output with low ripple and noise 
Built-in overvoltage crowbar & cutback current limiting 

6384A 

Model 6384A 
This low-cost bench supply is designed specifically for use with dig- 

ital-logic integrated circuits. Its output ratings and superior perfor- 
mance, combined with the protection of built-in overvoltage crowbar 
and current limiting circuits, make it an excellent IC supply for both 
laboratory and systems use. 

Voltage-sensitive loads are protected by the overvoltage crowbar 
circuit. Following detection of an overvoltage condition, the crowbar 
is activated and shorts the output. The crowbar threshold is factory- 
set to 6.25 V, but is field-adjustable down to 5 V. 

The power supply will not be damaged by an overload condition. If 
the load current exceeds 8.5 f0.2 A, the cutback current limit circuit is 
activated and reduces the output current to a safe level. 

6384A Specifications 
DC output: 4 to 5.5 V dc @ 8 A. 
AC input: 115 V ac &IO%, 48-63 Hz, 1.4 A, 120 W. (See Option 028 
for 230 V ac operation). 
Load effect (load regulation): 2 mV for a load current change from 
no load to full load. 
Source effect (line regulation): 2 mV for a change in line voltage 
between 104 and 127 V ac or 208 and 254 V ac at any output voltage 
and current within rating. 
PARD (ripple and noise): 5 mV p-p (20 Hz to 20 MHz), 1 mV rms a t  
any line voltage and any load condition within rating. 
Voltage resolution: 15 mV using output voltage control. 
Temperature coefficient: Output change per degree centigrade 
change in ambient following 30 minutes warm-up is 3 mV. 
Drift (stability): Under constant line, load, and ambient conditions, 
total drift (dc to 20 Hz) following 30-minutes warm-up is 0.3% plus 10 
mV . 
Temperature ratings: 

Operating: 0 to 55OC 
Storage: -40 to +75OC 

Cooling: Natural convection. 
Weight: (Net/Shipping): 5.44 kg. (12 lb)/6.8 kg (I5 Ib). 
Dimensions: 216 mm W X 89 mm H X 317 mm D; (8%" W X 3%" H 

Accessories and options - Models 6236A and 6384A Price 
$10 
$20 
$10 

N/C 
N/C  
N/C 

X 12%"D). 

14523A Rack kit for two supplies 
14513A Rack kit for one supply 
Option 028: 230 V ac single-phase input (6384A only) 
Option 100: 87-106 V, 47-63 Hz input (6236A only) 
Option 220 191-233 V, 47-63 Hz input (6236A only) 
Option 240: 208-250 V, 47-63 Hz input (6236A only) 
Model number and name 
6236A Triple Output Power Supply 
6384A Digital Logic Bench Supply 

$325 
$280 



IPOWIER SUPPLlES 
Low cost lab general bench applications 

Models 6200B-6209B 

r; l l l l l l ' l15.  111 *"",LlUll, ULI L L l C  u " a r - L o r r ~ , r  III"U*...3 \"L"7" "LY.'Y,, Y.. vu. 

put range switch permits the selection of either a high or a low output 

Model 6205B combines the versatility of a dual power supply with 
the flexibility of auto-parallel and auto-series operation to extend the 
output ratings of this supply to 20V/1.2A, 40V/0.6A, and 80V/0.3A. 

upply's auto-tracking capability, opposite po- 
k40V) can conveniently be obtained from this 

:e/Current Limiting supplies (6204B-6205B), 
ted by a fixed current limiting circuit which is 
tely 110% of rated load current. The current- 
ced by changing the value of a single internal 
ant Voltage/Constant Current supplies, con- 
current controls allow the current-limit point 
tithin the current rating. Using these controls, 
1 also be operated as constant current sources. 
operated or rack mounted individually or in 

6204B, 62068 voltage range. 

~ ack mounting hardware. 
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POWER SUPPLIES 

(Typical): 

Load EffHt  Time 
Transient 
Recovery: Level 

Models 62008-62098 (cont.) 

2 mR, 1 pH 20 mR. 1 pH 25 mR, 1 pH 25 mR. 1 pH - 
50ps 50 ps 50 ps 50 ps 50 ps 

IO mV 10 mV IO mV 10 mV 10 mV 

Specifications? 

Model I 62038 I 62018 I 62048 I 62058 I 62008 I 

0.03% + 250 f i  

B 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

0.1% + 5 mv O 1 % + 5 m V  t t t t 0.01% + 10 mA 0.01% + 5 mA NA 0.1% + 5 mA 

Ontpnt Impedance 

1 v/v f l %  

1 V/A f1% 

1 V I V  f l %  1 v/v * I %  

0.5VIA +lo% NA 1 VIA *IO% 2V/A *IO% 

IO ms 90 ms 90 ms I5 ms 

80 ms 4 ms 5 ms IO ms 

J I, J" I =.Jm 

0.18A,1 .8Af3% 

l l 5 V a c  +IO% 
Power: 

Temperatun I Ratings: Cool. Convection h v e c t i o n  Con v e c I i o n :onvection Convection 

Dimensions: 216 mm X 89 mm 16 mm x 89 mm 16mm X 89 mm 

I NCI 3 b kg(8 Ib) 

4.5 k g ( l 0  Ib) 

15hg( lUIbj  

4 kg(12  lb) 54kg(12Ib)  
Wei;M: - - 

Ship 5.4 kg (12 Ib) 5.4 kg (12 ib) 5 
- - 

Options 7. 8, 9, 11, 13, 7, 8, 9, 11, 13. 7,11,13,28 7.11, 13, 28, 7,8,3,11,13, 
Available: 14.28 14.28 40 14.28 

*CY load regulation given for rear terminals only. At front terminals. CV load regulation is 0.5 mV per amp greater 

tRefer to page 209 lor complete specification definitions. 
due to front terminal resistance. 



0-3OV 0-SOY 0-40 Y 

0.01% + 4 mV 0.02% + 2 mV 1 0.02% + 2 mV 

t 1 0.03% -+ 250 pA 200 &A I 200pA 

1 0 0 1 % + 4 m V  1 0 0 1 % + 4 m V  1 O02%+2mV I O 0 2 % + 2 m V  I 
Accessories available 
l4523A Rack Kit for two supplies 
14513A Rack Kit for one supply 

007: Ten-turn output voltage control. Replaces con- 
centric coarse and fine voltage controls for improved 
mechanical stability and convenience (except 6205B). 
Model 6205B 
008: Ten-turn output current control. Replaces con- 
centric coarse and fine current controls for improved 
mechanical stability and convenience. 
0 0 9  Ten-turn output voltage and current controls. 
Consists of Options 007 and 008 on same instrument. 
011: Internal overvoltage protection crowbar. Pro- 
tects delicate loads against power supply failure or op- 
erator error. Monitors the output voltage and places a 
virtual short circuit (conducting SCR) across load after 
preset trip voltage is exceeded. On all models except 
6205B, the crowbar adjustment potentiometer is acces- 
sible from the front panel. On Model 6205B, dual crow- 
bar controls are accessible from the top of the unit. 
Model 6205B 
013 Three-digit graduated decadial voltage control. 
Includes single IO-turn control replacing coarse and fine 
voltage controls. Provides improved resettability of out- 
put voltage. 
Models 6200B, 6204B, 6206B 
Models 6207B, 6209B 
Model 6205B 
014: Three-digit graduated decadial current control. 
Includes single 10-turn control replacing coarse and fine 
current controls. Provides improved resettability of out- 
put current. 
028: 230 V ac &IO%, single phase input. Factory mod- 
ification consists of reconnecting the multi-tap input 
power transformer for 230 V operation. 
040 Interfacing for Multiprogrammer Operation. Pre- 
pares standard H P  power supplies for resistance pro- 
gramming by the 6940A Multiprogrammer or 6941A 
Multiprogrammer Extender. Operation with either of 
these instruments requires that the power supply be sub- 
jected to ( I )  Special Calibration, and (2) Protection 
Checkout. The former procedure insures that the power 
supply will not be damaged by the rapid, repetitive pro- 
gramming possible with the Multiprogrammer. 
C05: Eight-inch black handle attached to side of power 

Model number and name 
6200B Dual Range CV/CC Bench Supply 
6201B Single Range CV/CC Bench Supply 
6202B Single Range CV/CC Bench Supply 
6203B Single Range CV/CC Bench Supply 
6204B Dual Range CV/CL Bench Supply 
6205B Independent Dual Range, Dual Output CV/CL 
Bench Supply 
6206B Dual Range CV/CL Bench Supply 
6207B Single Range CV/CC Bench Supply 
6209B Single Range CV/CC Bench Supply 

Options 

supply. 

Price 
$10 
$20 

$25 
$50 

$25 

$45 

500 pVl4O mV I mVl40 mV 200 pV11 mV 

NA 

200 pV11 mV 

500 LA rms !OO pA 200 pA rms 

0 1% + 2.5 mA 1.1% + 350pA 

20 mu, 1 pH 20 mQ. I pH 20 mQ, 1 pH 

50 ps 50 US 

$50 
$90 

$60 
$35 

$120 

$60 

$10 

I NA 1 2 V / A f 1 0 %  1 0 75 VlO.1 A f10% I 1.5 VlO.1 A f 1 0 %  I 
I b 2 m s  50ms ( 4 m s  1 ZOO mr I ZOO mr 

360ms 6UUms 

140111s 50ms 
~ 

m s e c  1.3 sec 

0.5 sec 30 mr 0.5 sec 

2.5-65V 2.5-44V 

1 1 5 V a c f 1 0 %  

$60 

$15 

$235 
$210 
$210 
$210 
$190 

$285 
$210 
$285 
$285 

Convection Convection Convection Convection 

x 317 mm 

X 12%' D 

45kg(10Ib)  

5 4 kg (12 Ib) 

4 5 kg (IO Ib) 

5 4 kg(12 lb) t 1 
I 7 , 1 1 . 1 3 . 2 8  7.8.9.11.13 

114. 28 
8, 13, 14. 28 I 8, 13. 14, 28 



r -- 
\i I POWER SUPPLIES 

General purpose: 25-2OOW output 
Models 62208-6299A 

Constant voltage I constant current operation 
0 Remote sensing and programming 
0 Auto-series, -parallel & -tracking operation 

6282A, 628SA, 6286A, 
6290A, 6291A, 6296A 

0 Front and rear output terminals 
0 Floating output - can be used as positive or negative 

0 Bench or rack mounting 
source 

6220B, 6224B, 
6226B 

Description 
6 2 a 1 ~ - 6 2 9 9 ~  

This series of medium-power Constar Voltage/Constant Current 
power supplies is available in two power ranges: 37-75 watts (pack- 
aged in 3Y2-inch high half-rack cases), and 100-200 watts (packaged in 
5'h-inch high half-rack cases). All models except 6294A and 6299A 
have separate coarse and fine voltage and current controls that allow 
the voltage and current outputs to be varied from zero to the maxi- 
mum rated values. The latter two models have ten-turn voltage con- 
trols. Crossover from constant voltage to constant current operation 
occurs automatically when the load current exceeds the value estab- 
lished by the current control settings. A four-position meter function 
switch selects either of two output voltage or output current ranges 
(XI,  X0.I) for display on the panel meter. 

The 37-75 watt models are of the series-regulated type. They have 
excellent regulation and ripple characteristics and include a special 
output-capacitor discharge circuit for improved programming speed. 
The 100-200 watt models employ a series-regulator/SCR-preregu- 
lator configuration to  achieve the high efficiency necessary for a con- 
vection-cooled package of this size. They also have excellent regula- 
tion, low ripple and noise, and moderate programming speeds. 
6253A and 6255A 

These versatile dual-output models each contain two identical, in- 

uept.nueniiy-aujubiauie ou-wait puwt;~ S U ~ ~ I I C S  111 a full-rack width 
case. The regulator, voltage and current control, and metering cir- 
cuits of each section of the supply are electrically identical to those of 
the individual 37-75 watt models described above. 

By combining the versatility of a dual power supply with the flexi- 
bility of auto-series and auto-parallel operation, twice the maximum 
rated output voltage or current of each section can be obtained from 
the one supply. In addition, using the supply's auto-tracking capabil- 
ity, opposite-polarity voltages ( f 2 0  V for Model 6253A or ~ k 4 0  V for 
Model 6255A) are possible. 

6220B,6224B, and 6226B 
These Constant Voltage/Constant Current supplies are designed 

for general laboratory use. All have excellent regulation, low ripple 
and noise, and high speed programming characteristics. Large easy- 
to-read meter scales, 10-turn voltage and current controls, and front 
and rear output terminals, enhance ease of operation. Model 62208 is 
a dual-range instrument with output ratings of 0-25 V at 0-1 A or 0-50 
V at 0-0.5 A. It is the only model of the three employing convection 
cooling. Model 6224B and 6226B have single outputs of 0-24 V at 0-3 
A and 0-50 V at 0-1.5 A, respectively. 

Accessories and options 
The accessories and options available for use with Models 62208- 
6299A are listed on page 10.13. 



ipecifications t 

0-5 1 0-101 0-3  A 0-5 A 0-10 A 

5 mV O01%+1mV O l%+4mV 01% + 1 mV 001% + 4 mV 

0.01% + 250 d 01% + 250uA 05% + 1 mA 0.05% + I mA 0.01% + 250 r A  

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

200 @VI1 mV DO @VI25 mV 

2 mA rms mA rms 

0.1% + 2.5 mV 0.1% + 2 5 mV 0.1% + 2.5 mV 1% + 2.5 mV I 1% + 2 5 m V  

1%+25mA 

1% + 2.5 mV 

1% + 12 5 mA 0.1% + 12.5mA 0.1% + 25 mA 0 1 % + 7 5 m A  1% + 7.5 mA I 
2 mV mV I mV 

3 mA mA 

OOlR, 1 pH 

15 mV 

2oon/v *I% 200R/V *I% 

ZOORIA f l O %  500WA flO% 

33 VIA +IO% I 
1 ms 70 ms 30 ms io ms 50 ms 

2 ms 200 ms io ms 50 ms 80 ms 

2.5-1OV 1-13V 2.5-23 V 2.5-23 V I -22 v -22 v 

4% of output +2 v 7% of output + I  v 4% ofoulput + 2 v  4% of output +2 v 1 r of output +I v B Of output +I  v 

4 V, 24V f3% 
6A, 6 A  f3% 

4 V, 24V *3% 
2 A, 12 A f3% 

2.4 V, 24 V f3% 
0.4 A. 4 A f3% 

1.2 v, 12 v *3% 
1.2A. 1 2 A  *3% 

2.4 V. 24 V f3% 
0.4 A, 4 A f 3 %  

3.9 v, 9 v f 3 %  
3.6 A. 6 A f 3 %  

I 1 5 V a c f l O %  
18-440 HZ 
1.3A, 118W 

115Vacf lO% 
57-63 HZ 
3.5 A. 200 W 

115Vac flO% 
48-440 HZ 

2.6 A, 235 W 

115 Vac +IO% 
48-440 HZ 
1.5 A, 128 W 

5Vac*10% 
'-63 HZ 
5 A, 160 W 

1 5 V a c f l O %  
7-63 Hz 
5A,320W 

Power: 

216 mm X 89 mm 16 mm X 133 mm 216 mm X 133 mm 

(8H"W X 5%'' H 
X 406 mm 

14 18 

:onveclion :onvection Convection Convection invection invection 

!4 Ib) 

'CY load regulation given for rear terminals only. At front terminals, CV load regulation is 0.5 mV per amp greater 

tRefer to page 209 for complete specification definitions. 
due to front terminal resistance. 



POWER SUPPLIES 

Models 6220B-6299A 

Specifications t 

0-5A  0 - 3  n 

6290A 

l O l % + l m V  

62248 1 62208 

O O l % t 2 m V  

62911 

0 0 1 % + 1 m V  1.01% + 4 mV 0.01% t 2 mV 

0.01% + 250 pA 

0.01% t 2 mV 

0.01% + 250 pA t t t I '  I 
I 0.05% + 1 mA 0.05% + 1 mA 1.01% t 250 pA 0.01% + 250 pA 

"" p", I 111" !OD p V / l  mV 100 pV/25 mV I 500pVi25mV 

I mA rms 3 mA rms 00 pA/l mA 200 FA11 mA 500 MA rms 500 pA rms 

. I %  t 2.5mV 0.1% t 5 mV 3.1% t 2.5 mV ) 1% + 2 5 m V  

l I % + + m A  . I% + 7.5 mA 0.1% + 5 mA 1.1% t 4 mA 

C 
E 

mSi, 1 p H  20 mc?, 1 pH IO mR. 1 pH 0 mi!, 1 uH mR. 1 pH 1 I 3 2 (Typical): 5 

Load Effect Time 50ps  
Transient 
Recovery: Level 10mV 

- 
50 ps 50 /IS 50 ps 50 ps 50 ps 

10 rnV I 5  mV 15 mV I 5  mV 15 mV 

!OO w v  *I% 30 W V  f l %  

30 W A  *IO% io0 W A  +IO% 

12 ins 50 ms 5 ms 5 ms 75 ms ms 

1 ms 

75 ms 

75 ms 30 ms 120 ms 5 ms 5 ms 75 ms 

.5-44v -43 v 

b of output + 1 v %ofoutput  t 2 V  

115Vac f t O %  
48-63 HZ 
18A.164W 

1 1 5 V a c ~ l O %  
48-440 HZ 
0 5 A, 44W 

15Vac *IO% 
8-440 HZ 
6A 2 3 5 1  

15Vac* lO% 
1-440 HZ 
3A. l lOW 

Power 1-63 Hz 
5 A, 280 W 

130 mm X 159 mm 130 mm X 159 mm 

'CV load regulation given for rear terminals only At front terminals CY load regulation IS  0 5 mV per amp greater 

tRefer to page 209 far complete specification definitions 
due to lront terminal resistance 

8 kg (26 Ib) 

7 kg (28 Ib) 

8, 9 11, 13, 
I, 28, 40 



Accessories available Price 
5060-8762 Adapter Frame, for rack mounting one, two 
or three Y3 rack width units. $33 
1052A Combining Case for rack mounting one, two or 
three v3 rack width units for quick removal. A cooling 
kit must be installed at  the rear of the combining case. 
5060-0789 Cooling Kit for 115 V ac, 50-60 Hz input. 
5060-0796 Cooling Kit for 230 V ac, 50-60 Hz input. 
5060-8760 Blank Filler Panel. 
14513A 3%" High Rack Kit for one supply. 
14523A 3Y2" High Rack Kit for two supplies. 
14515A 5%" High Rack Kit for one supply. 
14525A 5Y4" High Rack Kit for two supplies. 

$170 
$37 
$45 

$8 
$20 
$10 
$25 
$15 

200 r V / l  mV 

200 pA/1 mA 

zoo pvlt  mv 

500 pA rms 

3uu $ N I L 3  mv 

3 mK rms 

iu pvii  mv 

t 1 IOpArms Options 
005: 50 Hz ac input (No charge with Option 018). 
007: Ten-turn output voltage control. Replaces con- 
centric coarse and fine voltage controls. Models 6253A 
and 6255A have dual controls. 
All other models in this series have single controls. 
008: Ten-turn output current control. Models 6253A 
and 6255A have dual controls. 
All other models in this series have single controls. 
009: Ten-turn output voltage and current controls. 
Consists of Options 007 and 008 on same instrument. 
Models 6253A and 6255A have sets of dual controls. 
All other models in this series have single controls. 
010 Chassis slides. Slides are attached to supply at  fac- 
tory. 
01 1: Internal overvoltage protection crowbar. Models 
6253A and 6255A have dual crowbars. 
Models 6281A, 6284A, 6289A, 6294A, 6299A have sin- 
gle crowbars. 
Models 6282A2, 6285A, 6286A, 6290A, 6291A, 6296A 
have single crowbars. 
01 3 Three-digit graduated decadial voltage control. In- 
cludes single IO-turn control. Models 6253A, and 6255A 
have dual controls. 
Models 6220B, 6224B, 6226B. 6294A, 6299A have sin- 
gle controls. 
All other models in this series have single controls. 
014: Three-digit graduated decadial current control. In- 
cludes single IO-turn control. 
018: 230 V ac &IO%, single phase input. Modification 
includes installation of a 230 V input transformer. 
028: 230 V ac &IO%, single phase input. 
040: Interfacing for Multiprogrammer Operation. Pre- 
pares standard H P  power supplies for resistance pro- 
gramming by the 6940A/6941A Multiprogrammer. 
Models 6253A and 6255A require special calibration of 
dual ptogramming circuits. 
All other models in this series require special calibra- 
tion of a single programming circuit. 

$60 
$30 

$60 
$30 

1.1% + 2.5 mV 1% + 2.5 mV 

1.1% + 7.5 mA 1 % + 2 m A  

$1 10 
$60 1mR. lpH 

$145 

$130 

$65 200 n/v fl% 30 n/v *l% 

k W A  f10% 

300 n/V il% 300 R/V fl% 

$70 

$150 
500 ms 5 ms 

00 ms $45 
$75 

-. -- - 
I 2 

200 ms 2 sec 5 sec 1.5 sec 

600 ms 

$55 
$10 

5.65 V I 9.66 V NA 

1 % of output +2 v NA 4%ofoutput+2V 7%0foutput + l V  

1 12 v, 120 v i3c t 0.1 A, 1 A f3% 
7 v, 7 0 v  i 3 %  

$135 

$75 
*IO% 

I HZ 
15 W 

Model numbers and name 
6220B General Purpose, Dual-Range Output 
62248, 6226B, 6285A, 6290A General Purpose, Single 

6253A, 6255A General Purpose, Two Outputs 
6281A, 6294A General Purpose, Single Output 
6282A General Purpose, Single Output 
6284A General Purpose, Single Output 
6286A, 6291A, 6296A General Purpose, Single Output 
6289A General Purpose, Single Output 
6299A General Purpose, Single Output 

ou tpu t  

$330 

$395 
$520 
$310 
$385 
$280 
$440 
$280 
$3 IO 

I 
:onvection Fan Convection Convection 



POWER SUPPLES 
General purpose: 120-2000 W output 
Models 62568 - 62746 

Built-in overvoltage crowbar 
Constant voltagelconstant current operation 

0 Remote programming ot voltage arid current 

Remote sensing 
Auto-series, -parallel, and -tracking operation 
< 50 psec, b a d  transient recovery 

62630,62650,62660,62710 62740 

62560, 62640, 62670 

Description 
This series of high-performance Constant Voltage/Constant Cur- 

rent supplies includes thirteen models with output ratings from IO to 
60 V. All models employ a transistor series-regulator/triac-preregula- 
tor circuit to achieve high efficiency, excellent regulation, low ripple 
and noise, and moderate programming speeds in a compact full-rack 
width package. 

Separate coarse and fine voltage and current controls allow the volt- 
age and current outputs to be varied from zero to the maximum rated 
value. Crossover from constant voltage to constant current operation 
occurs automatically when the load current exceeds the value estab- 
lished by the current control settings. 

Additional features include built-in overvoltage crowbar protec- 
tion; remote error sensing; and auto-series, auto-parallel, and auto- 
tracking operation. The crowbar trip point adjustment and associ- 

62598, 62608, 62618, 62688, 62698 

ated overvoltage indicator are conveniently located on the front panel. 
For systems applications, the overvoltage protection circuit can be 

tripped by an external trigger pulse, or can initiate a pulse when the 
circuit is triggered from within. 

Auto-series, auto-parallel, and auto-tracking connections should 
ordinarily include no more than three supplies. If a specific applica- 
tion requires the use of more than three supplies in any of the three 
connections, consult your local HP Field Engineer for additional in- 
formation. 

All dc output, ac input, sensing, control, and programming con- 
nections are made to rear-panel terminals. Either the positive or  neg- 
ative output terminal may be grounded or the supplies may be opera- 
ted floating at up to 300 volts above ground. Models 6256B. 6263B, 
6264B, 6265B, 6266B. 6267B, and 62718 are convection cooled. All 
other models in this series employ cooling fans. 
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Specificationst 

0-2011 0-5011 0-1001 0-1011 0-2011 I 0-5011 

0.01% + 200 pv 0.01% + 200 rv 0.01% + 200 pv 01% + 200 r V  01% + 200 r V  I .01% + 200 pv 

0.02% + 500 rA 0.02% + 1 mA 0.02% + 2 mA 02% + 500 pA 02% + 500 ,LA .02% + 1 mA 

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

200 p V l l 0  mV 500 pV15 mV 500 pV l5  mV IO rV / lO  mV IO pVilO mV 00 pV15 mV 

5 mA rms 25 mA rms 50 mA rms mA rms mA rms 5 mA rms 

0 03% + 500 pV 

0 03% + 6 mA 

003% + 2 mV 

003% + lOmA 

003% + 2 mV 

003% + 20 mA 

03% + 500 pV 

03% + 6 mA 

03% + 500 pV 

03% + 6 mA 

03% + 2 mV 

03% + IO mA 

2 mR. 1 pH I .I mR, 1 pH 

50 ps 

I l O m v  
Transient 

IORIV f l %  

IQIA f 1 0 %  

I 200RlV *I% zooniv f l %  

I O W A  f10% 4RIR *IO% 

2OORiV *I% 

2LlIA *IO% 

OOR/V f l %  

RIA flO% 

70 ms )O ms I O  ms 50 ms QU ms 

60 ms 70 ms io ms 10 ms 50 ms 

I ms 
I 

5-23V Z-1ZV 

5% 01 output + I  v 

2 - I Z V  2 -12  v -23 v -23 V 

5% of output +2 v b of output +1 v b of output + I  v %of output +2 v 5% of output +2 v 

12 V, 60 A f 2 %  

1 15 V ac f 10% 
'-63 HZ 
A, 350 W 

I5 Vac f10% 
1-63 Hz 
A. 600 W 

3OVac +IO% 
7-63 HZ 
2 A. 1500 W 

230Vac flO% 
57-63 Hz 
6 A  850W 

230Vac f 1 0 %  
57-63 Hz 
12 A. I600 W 

3 Terminal Strip 
- 

- 
483 mm X 178 mm 

X 445 mm 
(19" W X 7" H 

Terminal Strip wire. 5 f t  cord Terminal Strip 

Convection Fan (2) 
G 
E 
N 
E 
R 
A 
L 

tReler to page 209 for complete specification definitions 

Fan ( 2 )  mvection mvection 

15 8 Xg (35 Ib) 31 3 kg (69 lb) i.4 kg (34 Ib) I 3 kg (47 lb) 

15 kg(54Ib) I 

5.3 kg (78 Ib) 

9.4 kg (87 Ib) 1.6 kg(41 Ib) 
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ROWER SUPPLIES 

Ship 

Options 
Available: 

Models 62568 - 62748 (cont.) 

18 6 kg (41 Ib) 

5, 7, 8, 9. IO, 13. 
14. 20, 21. 22. 14.20, 21.22, 14, 20, 21, 22. 14, 20, 21. 22, 14,20,21, 22, 
21, 28.40 27.28.40 27. 28.40 26. 27,40 27.40 

-_ - -_ - 
5, 7. 8, 9, 10, 13. 5, 7, 8, 9, 10, 13, 5, 7, 8, 9, IO. 13. 5. 7. 8. 9, IO. 13, 

Specificationst 

0 01% + 200 pv 0.01% + 200 pv 0.01% + 200 pv 0.01% + 200 pv 

0.02% + 500 pA 0.02% + 2 mA 0.02% + 2 mA 0.02% + 500 PA 

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

F 
E 
A 
T 
U 
R 
E 
S 

zuu " V I I U  mv i mvi, mv 

20 mA rms 

I m v p  mv 

25 mA rms 3 mA rms 3 mA rms 3 mA rms 

0 03% + 500 pV 

003% + 3 mA 0 0 3 % + 3 m A  

0 03% + 500 pV 0.03% + 2 mV 

0.03% + 3 mA 

0.03% + 2 mV 

0.03% + 5 mA 

0.03% + 2 mv 

0.03% + 10 mA 

Resolution: 

0.2 mR, 1 pH 

200 Q/v *I% 200 R/V *I% 200 Il/V *I% I 200 niv *I% 

300 W A  i l O %  200 Cl/A +IO% 100 I 1 / A  + lo% I 6 W A  f 1 0 %  

PI5 ms 275 ms I 300 ms 35u ms 

275 ms 275 ms 1 275 ms 300 ms 350 ms 

2 5-45 V 2.5-45 V 25-45V I 4-45 v 4-45v 

5% of output + I  v 5% 01 output + I  v 5% of output + 1 v 5% of output +I  v 5% of output fl v 

50V 6 0 A f 2 %  Meter Ran:es: 50V,4A+2% 50V 6 A f 2 %  5 0 V  1 2 A i 2 8  50V 35A+2% 

l l 5 V a c  i l O %  
57-63 HZ 
3 A, I80 W 

115Vac f 1 0 %  
57-63 HZ 
4 A, 325 W 

l l 5 V a c  *IO% 
57-63 HZ 
8 A, 550 W 

230 V ac +IO% 
57-63 HZ 
11 A. I600 W 

230 V ac +IO% 
57-63 HZ 
18 A. 2500 W 

Power: 

3 Terminal Strip 3 Terminal Strip - 3 wire. 5 ft cord 3 wire 5 f t  cord 3 Terminal Strip 

G .  
E 
N .  
E 
R 
A 
L '  

Temperature 

483 mm X 133 mm 483 mm X I78 mm 483 mm X 89 mm 

(19' W X 3%" H X (19' W X 3%" H X 

Convection Convection Fan (2) Fan (2) Convection 

15.4 kg (34 Ib) 17.7 kg (39 Ib) 34 4 kg (76 Ib) 40.3 kg (89 Ib) 

20.8 kg (46 lb) 44 kg (98 lb) 38.1 kg (84 Ib) 18.6 kg (41 Ib) 



Specifications? 

Options 
0 0 5  50 Hz ac input. 
007: Ten-turn output voltage control. Replaces coarse 
voltage control for improved resolution in setting the 
output voltage. 
008 Ten-turn output current control. Replaces coarse 
current control for improved resolution in setting the 
output current. 
0 0 9  Ten-:urn output voltage and current controls. 
Consists of Options 007 and 008 on same instrument. 
010: Chassis slides. Enables convenient access to rack- 
mounted power supply interior for maintenance. Chas- 
sis slides are attached to supply at  factory. 
013 Three-digit graduated decadial voltage control. 
Includes a ten-turn control, replacing coarse voltage 
control. Option 013 provides improved mechanical sta- 
bility and accurate resetting of the output voltage. 
014: Three-digit graduated decadial current control. 
Includes a ten-turn control, replacing coarse current 
control. Option 014 provides improved mechanical sta- 
bility and accurate resetting of the output current. 
016: 115 V ac & I O %  single-phase input. Factory moc 
fication consists of replacing the input power tran 
former and circuit breaker, and reconnecting the bi 
transformer, RFI choke, and fans for 115 V ac oper 
tion. 
020 Voltage programming adjust. Allows the volta- 
programming coefficient and zero output voltage to be 
conveniently adjusted to an accuracy of 0.1% via access 
holes in the rear panel. Option 020 consists of two po- 
tentiometers, two fixed resistors, and appropriate con- 
nections located inside the rear panel. 
021: Current programming adjust. Allows the current 
programming coefficient and zero output current to be 
conveniently adjusted to an accuracy of 0. I %  via access 
holes in the rear panel. Option 021 consists of two po- 
tentiometers, two fixed resistors, and appropriate con- 
nections located inside the rear panel. 
022 Voltage and current programming adjusts. Con- 
sists of Options 020 and 021 on same instrument. 
026 115 V ac f 1096, single-phase input. Factory mod- 
ification consists of replacing the circuit breaker, and 
reconnecting the input power transformer, bias trans- 
former, RFI choke, and fans for 115 V ac operation. 
027: 208 V ac f lo%, single-phase input. Factory mod- 
ification consists of reconnecting the multi-tap input 
power transformer (and other components where nec- 
essary) for 208 V operation. 
028 230 V ac f lo%, single-phase input. Factory mod- 
ification consists of reconnecting the multi-tap input 
power transformer (and other components where nec- 
essary) for 230 V operation. 
040 Interfacing for Multiprogrammer Operation. Pre- 
pares standard H P  power supplies for resistance pro- 
gramming by the 6940A Multiprogrammer or 6941A 
Multiprogrammer Extender. 
Model number and name 
6256B, 6263B High Performance DC Power Supply 
6259B High Performance DC Power Supply 
6260B High Performance D C  Power Supply 
62618 High Performance DC Power Supply 
6264B, 6267B High Performance D C  Power Supply 
6265B High Performance D C  Power Supply 
6266B. 6271B High Performance D C  Power Supply 
6268B High Performance D C  Power Supply 
6269B High Performance DC Power Supply 
6274B High Performance D C  Power Supply 

Price 
$10 

$25 

$25 

$50 

$55 

$65 

$65 

0 01% + 200 /Lv 

t 1 0.02% + 500 pA 

Source Effect Y I 001%+200 /Lv  

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

F 
E 
A 
T 
U 
R 
E 
S 

ZOO pv/zu mv 

5 mh rms Noise): 

Temperature 
Coefficient 

0.03% + 2 mV 

0.03% + 5 mA 

Resolution: 

ii- 

as 
a- 

ee 

IS- 

$8C Load Effect Time I ;;rv 1 
Transient 
Recovery: level 

$25 

600 ms 

io0 ms 600 ms $25 

$50 

$10 

R 
0 
1 

I 1  
Down - 

FL 

Overvoltale Range 
Protection - 
Crowbar: Yarrin 

6-66V 

5% of output + l v  

$15 
115 V ac f 1 0 %  
57-63 Hz 
15 A, 1200 W 

Power: 

$10 3 Terminal Strip 3-wire, 5 11 cord 

Fan (1) 

$65 

$545 
$810 
$990 
$955 
$620 
$450 
$520 
$840 
$985 
$780 

21 7 kg (48 lb) 

24.5 kg (54 Ib) 

+Refer to page 209 for complete specification definitions 



POWER SUPPLIES 
General purpose: 300-1 1,000 W output 
Models 6427B - 6483C 

Outstanding Value-Low Cost/Watt 
Up to 75% Efficiency at Full Output 
Constant Voltage/Current Operation 

balance circuit permits operation with line-to-line input voltage im- 
balance up to  8%. (6) Overcurrent and overvoltage circuits of master 
and slave supplies used in auto-series, -parallel, or -tracking opera- 
tion can be interlocked. 
Auto-series, -parallel, -tracking operation 

Supplies may be connected in auto-series, or auto-tracking. (Ex- 
ceptions are Models 6448B and 6483C which cannot be connected in 
au to-series.) 

For the lower power models (6427B-6448B), up to  three supplies 
may be connected in any of the above configurations. Connection of 
the higher-power models (6453A-6483C) in auto-series, -parallel, or 
-tracking should ordinarily include no more than two supplies. 
Remote sensing 

Remote sensing permits regulation with respect to the point of load 
connection, rather than at  the output terminals of the power supply. 
In all cases, there are limits to  the permissible load-lead voltage drops, 
and the amount varies within the model groups, as follows: 

Models 6427B-64488: 2 volts in negative output lead. 
Models 6453A, 6456B, 6459A: I volt in negative output lead. 
Models 6464C-6483C: 3 volts in negative output lead. 

_I 

5 -  

I 
I w 30 
I 

3 I 
POWER SUPPLIES I 

MEET ALL SPECIFICATIONS I 
I 

0 I 
n I 

I 
I 

s 
I % IO 
I 

6427B-6483C 
W 
4 

Description 0 > 
I- 
5 

This series of SCR-regulated power supplies is designed for high- 

IN THIS REGION 
power applications requiring a fixed or variable DC source with mod- 
erate regulation and ripple. 
Operating features 

All supplies in this series are of the Constant Voltage/Constant 
Current Type. Large easy-to-read panel meters continuously monitor 

Input and output power, remote sensing, remote programming, and 
auto-series, -parallel, and -tracking connections are made to bus bars 
and terminal blocks on the rear panel. 
Voltage and current controls 

models with output voltages below 100 volts (6464C - 6472C) employ 

E 20 
W 

LL output voltage and current. 

ae 

d The lower power models (6427B - 6439B) and the high power 

separate coarse and fine controls. Above 100 volts, the high power 
supplies (and Model 6448B) use IO-turn voltage and I-turn current 
controls. All medium power models (6453A, 6456B. 6459A) use sin- 
gle-turn voltage and current controls. 

30 100 IO 20 0 
% OF RATED OUTPUT CURRENT 

POWER SUPPLY OUTPUT RESTRICTIONS AS A FUNCTION OF LOADING 
(REFER TO NOTE § ON SPECIFICATION PAGES) 

Protective features 
In addition to the overload protection inherent in Constant Volt- 

age/Constant Current operation, there are many other built-in pro- 
tective features included in these supplies. The features vary within the 
three model classifications as follows: 
64278-6448B: ( I )  Reverse voltage protection. (2) Fused AC input 

UNSPECIFIED REGION FOR CCOPERATION. 
MEETS SPECIFICATIONS IN CV OPERATION. 
UNSPECIFIED REGION FOR CV OPERATION. 
MEETS SPECIFICATIONS IN CC OPERATION. 
UNSPECIFIED REGION FOR BOTH CC AND CV 
MODES OF OPERATION. 

m 
line. 
6453A, 6456B, 6459A: ( I )  AC line loss protection circuit monitors 3- 
phase input and cuts off SCR's and opens output bus if a phase drops 
out; operation resumes when AC input returns to normal. (2) 3-phase 
input  circuit breaker. (3) Optional internal crowbar (Option oo6) pro- 
tects load from overvoltage condition. 
6464C-6483C: (1)  High-temperature protection thermostat opens AC power requirements 
input to power transformer and lights front panel indicator if supply 
overheats. (2) Prolonged overload protection circuit is activated and 
lights front panel indicator if output current exceeds approximately 
115% of maximum rating. (3) Optional internal crowbar (Option 006) 
protects load from overvoltage condition. (4) Turn-on circuit limits 
peak line current during start-up into low impedance loads. ( 5 )  Phase- 

Remote programming 
The voltage and current outputs of the supplies can be pro- 

grammed by a remote resistance* Or, most models3 a "Itage 
source. Programming speeds and coefficients are detailed in the SpeCi- 
fications table. 

The AC power requirements vary with the three model classifica- 
tions (see option listings). When powered from a 50 Hz source (possi- 
ble with Option 005). the rms ripple and transient response specifica- 
tions increase by 50%. The p-p ripple specification is unchanged by 
line frequency. 
Accessories and options: See page 193. 

I 



Specifications A 

64338 64280 

0.05% + 5 mV . IO mV 
ine & load 

20 mV 40 mV 36 mV 
Load E f f ~ l  

0.1% + 1 A !A  comb. 
oad 

150 mA 450 mA 100 mA 

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

PARD rmslp-p: V 
(Ripple and - 
Noire): C 

180 mV rms t 

.* 

Temperature V 
Coefficient - 0.03% + 5 mV 

0.3% + 1 mV 0 25% + l O m V  0 1 % + 1 0 m V  0 1% + I 5  mV Drift 
(Stability): 

0 1% + 10 mV 0 25% + 10 mV 

3 A  O 6 % + 1 A  SA 0.5% + 0.6A 1 150 mA 450 mA 100 mA 

Resolution: 

n._L___. ,___A _ _ _ _  

2 o o w v  f 2 %  2oon/v +2% 2OOQlV f 2 %  2oon1v I 2oon/v +2% 

1RIA +2% 

2oon/v f 2 %  

1 W A  1.66RlA +2% 1 20WA +20% 6 W A  +20% 30WA +20% 2QIA I 

1.0 sec 

0 6 sec 0.6 sec 

NA NA NA 22-41 V 

5% of output +l v NA NA NA 

Ootion 06 NA 

100 v 
NA 

300 V 

NA 

300 V 300 V 

I I I I I 

115Vac + lo% 
57-63 HZ 
6 5 A, 450 W 

115Vac f 1 0 %  
57-63 HZ 
17A.1200W 

UDIlOn I ,  1, 3, 3. 31 UDllOn I.  1. 3, 3, 31 UDtIOP 1. L. 3 I I I 115 V ac + lo% 
57-63 HZ 
7 A, 450 W 

3 Wire. 5.Ft Cord 

32 32 32 31 

4-Terminal Strip 4-Terminal Strip 4 Pin Plug & lack 3.Wire. 5-Ft Cord 3-Terminal Strip 4 Pin Plug & lack 

Fan fan Convection t Fan $ Convection $ Fan Fan 

Dimensions 

4(1)Under light loading conditions. power supply may not meet all published specifications The graph on page *Operating temperature range for this supply IS 0 to 55°C -indica1 

(2)For operation with a 50 Hz input (possible only with Option 05), output current is linearly derated from 100% t. *, **  See page 192 for definitions 
190 delines the permissible operating regions lor CY and CC modes of operation 

at 40°C to 80% at 50°C 

of printing 

483 mm x 133 mm 
X 426 mm 
(19" W X 5%" H 

483 mm x 89 mm 
X 445 mm I (19" W X 3)4" H 

X 664 mm 

X 26%" D) 

X 445 mm 

X 17%" D) . X 16%" D) I ' X 17%'' D) 
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POWER 
Models 6427B - 

SUPPLIES 
6483C (cont.) 

Smcifications A R 
A 
T 
I 
N 
G 

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

F 
E 
A 
T 
U 
R 
E 
S 

G 
E 
N 
E 
R 
A 
L 

0-36118 

0 - 1 5 ~  I o-song 1 0-2.sng 0 - s r g  

t 
la 

64398 6459A I 64438 Model 

I 

6469C 

1 0 5 % + 5 m V  

64348 

40 mV 6 

64388 

,O mV 

6472C 6475C 

20 mV 0.2% + 10 mV I cornh line R load 
35% + 100 mV I 0 05% + 100 mV Y 

load Ell& - 
(load 
Re6uUion): C 

20 mV 

0.1% + 0.3 A 150 mA 1% or 0 5 A  comb 
~ 0 5 % + I O O m V  line & load 005%+100mV 

comb l ine & load 

100 mA '0 mA .I% + 0.15A 0.1% + 0.1 A I 5 mA 

0.05% + 5 mV Y 
- Source Effect 

(Lint 
Rerulation): C 200 mA 1 50mA 0 1 % + 0 3 A  

180 mV/1 V t  
~ 

PARD rms/pp: Y 
(Rippleand - 
Noire): C 

0 03% + 400 )rV 

006% + 0 1A 

0 15% + 1 mV 

0 4 %  + 0 4 A  

36 mV 

- 
- 

1.1% + 20 mV .I% + 30 mV .15% + 16mV 15% + 20 mV .I% + 60 mV Dr i l l  
(Stability): - 

'50 mA 0 mA .3% + 0.35 A 3% + 300 mA 5 mA 

0.3 A 12 5 mA 25mA 

I 
0 mR. 1 mH 

Output Impedance 
(Typical): I 1 2  

load Effect Time 
Transient - I Recovery: level 

200 ms t  I 200mst  50 ms, 100 ms t  

1.5 V. 500 mVt 200 mVt I 300mVf 600 mV t I 600 mV t I 2 ~ . 7 5 0 m ~ t  I Z . ~ V . I V ~  I 600 mV t I 

R Res Y 
E 
M Coef C 
0 -  

- 
T volt Y 

E Cod c 
- 

00 RIV *2% 00 niv f 2 %  00 RIV i 2 %  10 R l V  f 2 %  00 n/v i 2 %  

.7 RIA i 2 %  ) R I A  f 2 %  20 C l I A  

c -  WL 
0 
N < 
1 -  
R WL 

1.5 sec 

1.2 sec 

I FL 
: Down - 

Crowbar: Marrin 

Options 

DC Output Isolation: 

Meter R a n p  

15 vac  f 1 0 %  
7-63 HZ 
5 A, 400 W 

iptlOI7 1.2,3,5, 115Vac f lO% 
I ,  32 57-63 Hz I 19A. 1300 W 

15Vac i l O %  
7-63 HZ 
5 A, 400 W 

1 
5 

6 17A.1200W 6 - - - - 
4 Terminal Strip 3 Terminal Strip 3 Wire 5 Ft Cord 3 Terminal Strip 4 Pin Plug & Jack 4 Terminal Strip 4 Terminal Strip 3 Wire 5 Ft Cord 

f F C< f F# Fr C 

226 kg (500 Ib) 30 4 kg (67 Ib) 14 kg (31 Ib) 27 6 kg (61 Ib) I 108 kg (238 Ib) 226 kg (500 Ib) 226 kg (500 Ib) 14 kg (31 Ib) 

Connections 

Temperature 
Ratinis: Cool. 

Weight: 

Ship 

Dimensions: 

an a n t t  onvectiontt in onvectiontt 

251 kg (555 Ib) 

426 mm X 667 mm 
x 664 mm 

(16%" W X 263"H 
X 26%" D) 

!6 mm X 667 mm 
x 664 mm 
63' W X 26%" H 

Options 1.2,3.5.6,23. 5.10.27,28 5, 10. 27. 28 5. IO. 27. 28 1,2,3,5,6,10, 1,2,3,5,6,23, 1.2.3.5.6.23, 5.10.27.28 
Available: 31,32 31,32 31.32 31,32 

t For operation with a 50 HZ input (possible only with Option 05), the rms ripple and transient response ** Constant Current ripple and noise depends on the value and characteristics of the load. For a resistive load. 
specifications are increased by 50%. the rms current ripple can be calculated by dividing the rms ripple voltage by the load resistance. 
The output capacity is up to 25 A at 440 V. up to 20 A at 500 V. and 15 A at 600 V. A Refer to uaae 209 for complete specification definitions. 



0 03% + 8 mV 003%+11mV 

0 06% + 65 mA 

0 15% + 35mV 1015% + 80mV I 0 1 % + 3 0 0 m ~  I 0 06% + 60 mA 006% + 60 mR 5 mA 

0 03% + 20 mV 0 03% + 100 mV 

I 0.03% + 250 rnA 10.3% + 250 mA I 0.3% + 250 mA I 15 mA I 

1 v/v * ( I %  * I  V) 

124 mV/A f 7 %  

15sec 

I 20 U l A  f 2 %  128.6 I2/A f 2 %  I 4 0  RIA 5 2 %  I 600 R/A I 
1 v/v *(I% f l  V) 

177 mV/A f 7 %  0 25 V I A  f 7 %  NA 

1 5 sec 1 5 sec 0 2 sec 

1 v/v  *(I% f l  V) 1 V I V  

10% of output v 10% of output v 10% of output v NA 

300 V 300 V 100 v 300 V 

250 V. 60 A f 2 %  (350 V. 40 A fZ% 1 700V, 30 A fZ% I 700 V. 1 8  A f 2 %  

Option 06 (Option 06 1 Option 06 NA 

Option 1.2,3,5.31 Option 1.2.3,5.31 
32 32 

Option 1,2.3,5,31 115 Vac +IO% 
32 57 63 Hz 

I6  A, 1200 W 

4.Terminal Strip 

Fan 

226 kg (504 Ib) 

Options 
AC Input power: 
64278-64488 Price 
Std: 11 5 V ac, f IO%, single phase, 57-63 Hz. 
027: 208 V ac, *IO%, single phase, 57-63 Hz. $15 
028: 230 V ac, *IO%, single phase, 57-63 Hz. $15 
005: Realignment for 50 Hz operation at any of the 
above line voltages. $10 
6453A, 64568, 6459A: AC input may be delta or wye with isolation 
neutral. AC input connections are by means of Hubbell No. 74136 
connector at rear of unit. A matching connector is furnished. 
001: 208 V ac, f IO%, 3-phase, 15.5 A per phase, 57-63 
Hz. N / C  
002: 230 V ac, f IO%, 3-phase, 14 A per phase, 57-63 
Hz. N / C  
031: 380 V ac, f IO%, 3-phase, 8.5 A per phase, 57-63 
Hz. $55 
032 400 V ac, f IO%, 3-phase, 8.0 A per phase, 57-63 
Hz. $ 5 5  
003: 460 V ac, & I O % ,  3-phase, 7 A per phase, 57-63 

005: Realignment for 50 Hz operation at any of the 
above line voltages. $25 
6464C-6483C: AC input may be delta or wye with isolated neutral. 
AC input connections are by means of enclosed 4-wire terminal block. 
001: 208 V ac, *IO%, 3-phase, 55 A per phase, 57-63 
Hz. N/C 
002 230 V ac, f lo%, 3-phase, 50 A per phase, 57-63 
Hz. N/C 
031: 380 V ac, &IO%,  3-phase, 30 A per phase, 57-63 
Hz. $200 
032: 400 V ac, f IO%, 3-phase, 28.5 A per phase, 57-63 
Hz. $200 
003: 460 V ac, *IO%, 3-phase, 25 A per phase, 57-63 
Hz. $210 
005  Realignment for 50 Hz operation at any of the 

0 0 6  Internal overvoltage protection crowbar. For 
complete specifications, refer to specifications table. 
6456A2, 6459A, 6477C, 6479C, 6483C $3 10 
6453A $360 
6472C, 6475C $415 
6466C $515 
6469C $465 
010: Chassis slides. Enables convenient access to rack 
mounted power supply for maintenance. Chassis slides 
(one pair, 1%'' high on models 6427B-6448B) 
(Two pair, 3" high on models 6453A-6459A) are at- 

023 Rack ki t  (attached at factory) for mounting one 
6464C 
Accec 
14545. 
SUPPh 
Mode ~ ~~~ ~ ~ ~ . . ~  ~~ 

6427B High Power D.C. Supplj 
6428B High Power D.C. Supplj 
6433B, 6438B High Power D.C. 
6434B High Power D.C. Supplj 
6439B High Power D.C. Supplj 
6443B High Power D.C. Supply 
6448B High Power D.C. Supply 
6453A High Power D.C. Supplj 
6456B, 6459A High Power D.C 
6464C High Power D.C. Suppl) 
6466C High Power D.C. Supplj 
6469C High Power D.C. Supplj 
6472C, 6475C, 6477C, 6479C ai 
D.C. Supplies 

Hz. N/C 

above line voltages. N / C  

$130 

$200 tached to supply at factory. 

4-Terminal Strip 4-Terminal Strip 3-Terminal Strip 

Fan Fan Fan 

226 kg (500 Ib) 226 kg (500 Ib) 27.6 kg (61 Ib) 

'-6483C supply in standard 19" rack. 
reories: 
A Set of 4 snap-on casters for one 6464C-6483C 

I number and name: 

$25 

r .  $40 

251 kg (555 Ib) 

426 mm X 667 mm 
X 664 mm 

( l 6 % " W  X 26%"H 
X 26%" 0) 

$475 
$655 
$440 
$640 
$620 

251 kg (555 Ib) 251 kg (555 Ib) 

426 mm X 667 mm 426 x 667 mm 
X 664 mm X 664 mm x 664 mm 

(16%" W X 26%"H (16% W X 26%" ti (19" W X 5%" H 
X 26%" D) X 26%" 0) x 16% ' 0) 

32 6 kg (72 Ib) 

426 X 667 mm 

t ,  2. 3, 5, 6, 23 
31.32 

1, 2.3.5,6,23. I ,  2, 3 , 5 6 2 3 ,  5. 10,27.28 
31.32 31.32 



POWER SUPPLIES 
General purpose: high voltage output 
Models 6515A - 6525A 

Short circuit proof 
Precise voltage control-four-decade thumbwheel or 

Convection cooling 

Floating output-can be used as a positive or negative 
source 

switch-and-vernier Front-panel meters 
Bench or rack mounting 

6521 

65 15A 6516A 

Description 
6521A, 6522A, 6525A 

This series of high performance power supplies has broad applica- 
tion both in the laboratory and in the system. They have sufficient 
output current to power devices such as TWT’s, klystrons, magne- 
trons, backward-wave oscillators, high-power gas lasers, electron- 
beam welding devices, etc. Output voltage is set easily and precisely by 
a three-decade thumbwheel switch plus a thumbwheel vernier provid- 
ing 0.002% resolution. In constant voltage operation, a single-turn 
current control allows the current-limit point to be set to any value 
within the current rating. In constant-current operation, the current 
control varies the output current while the voltage controls (thumb- 
wheels) provide an adjustable voltage limit. The supplies are pro- 
tected against reverse voltages that could be generated by an active 
load. Protection from reverse current requires pre-loading the supply 
with a dummy load to ensure that the supply outputs current through 
the entire operating cycle of the load. 

Plus and minus output connectors (Type UG-931/U) are provided 
on the rear panel. Mating connectors (Type UG-932/U) are supplied 
with each unit. Either the positive or negative terminal may be 
grounded or the supply may be operated floating at up to 2000 V 
above ground. Units are packaged in a 19-inch wide case, suitable for 
rack or bench mounting. 

6515A and 6516A 
These high-voltage power supplies are lower in cost and output 

power than the 6521A-6525A supplies. Their small size, low price, and 
short-circuit-proof operation make them excellent high-voltage labo- 
ratory supplies, or high-voltage system supplies where current re- 
quirements are no more than 6 mA. 

Model 6515A employs a sixteen-position rotary switch and a ten- 
turn vernier control to adjust the output voltage. The rotary switch se- 
lects output voltage increments from 0 to 1500 V in 100-volt steps; the 
vernier control permits fine adjustment (100 mV resolution) over any 
100-volt span. Model 6516A uses a three-decade thumbwheel switch 
plus a thumbwheel vernier for convenient and precise (0.1 V resolu- 
tion) output voltage control. 

Non-adjustable current-limit protection is provided on both mod- 
els. On Model 6516A, the current-limit point is fixed at approxi- 
mately 8 mA. On Model 6515A. the current limit value varies with the 
selected output voltage tange as follows (voltage range/current limit): 
0-300 V/7.5 mA, 400-700 V/65 mA, 800-1100 V/32 mA, 1200-1500 
V/25 mA. Both supplies are protected against reverse voltages that 
could be generated by an active load. Pre-loading is necessary to pro- 
tect the supplies from reverse currents. 

Plus and minus output connectors (Type UG-931/U) are provided 
on the front panel of both supplies. Mating connectors (Type UG- 
932/U) are supplied with each unit. Either the positive or negative ter- 
minal may be grounded or the supply may be operated floating at up 
to 1000 V above ground. Units are packaged in half-rack width cases. 
They may be bench operated or mounted individually or in pairs using 
accessory rack-mounting kits. 
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Specifications t 

0 005% or 20 mV' 0.005% or 20 mV* 

2% or 1 mA* 

0 01% or 16 mV* 

NA 

0 01% or 16 mV* 

NA 

0.005% or 20 mV* 

2% or 1 mA' 2% or 1 mA' 

1 mVi5OO mV 1 mV/50 mV I mVi500 mv 

1 mA rms NA 500 PA rms 

0.036% + 3 mV 005% + 5 mV 0 036% + 3 mV 0.05% + 5 mV 0.036% + 3 mV 

0.25% + 0.5 mA NA 0.25% + 0.25 mA NA 0.25% + 0.12 mA 

1% of setting 

50 PS 50 PS 

0 005% or 20 mV* 

100 ps 

0 01% or 16 mV* 0.005% or 20 mV* I 0.01% or 16 mV* 0.005% or 20 mV' 

115Vac flO% 
57-63 Hz 
1 A , 4 0 W  

~ 

1 1 5 V a c f l O %  

4 A . 2 7 0 W  
48-440 HZ 

~ _ _ _ ~  

115Vack IO% 
60*03Hz  
162 mA. 19 W 

~ 

115Vac &IO% 
48-440 HZ 
4 A , 2 7 0 W  

~ 

48-440 HZ 
4 A . 2 7 0 W  

~ I 
5-ft cord Fq cord 1 3wire. I-wire, 5~11 cord 5-ft cord 

I Convec :onvection tion Convection Convec Cooling Convection 

Wd 19 kg(42Ib)  

Ship 
Weight 

28 5 kg (63 Ib) 

I . I k g ( l 7 l b f  

9.5 kg(21 Ib) 

Dimcmiont: 483 mm X 133 mm 

(8%" W X 3%" H 

'Whichever Quantity is Greater 
tReter to page 209 for complete specification definitions 

Accessories available 
14513A-89 m m  (3%") High Rack Kit for one 6515A 
14523A-89 m m  (3'/2))) High Rack Kit for two 6515A's 
14515A-I33 mm (5v) High Rack Kit for one 6516A 
14525A--133 mm (5%") High Rack Kit for two 6516A's 

005: 50 Hz ac input. Standard instrument is designed 
for 60 Hz input. Option 005 includes substitution of 50 
Hz magnetic components and readjustment of internal 
protection circuits. 
013: Three-digit graduated decadial voltage control. 

Options 

Price 
$20 turn vernier to provide resettability within 0.1%. $40 
$10 
$25 
$15 

Includes a calibrated IO-turn control replacing the 10- 

018 230 V ac *lo%, single-phase input. Factory mod- 
ification includes the replacement of input inductor and 
power and bias transformers for operation at 230 V ac. $55 

Model number and name 
6515A, 1.6 kV High Voltage Power Supply 
6516A, 3 kV High Voltage Power Supply 
6521A, I kV High Voltage Power Supply 
6522A, 2 kV High Voltage Power Supply 
6525A2, 4 kV High Voltage Power Supply 

$55 

$285 
$385 
$960 
$960 
$960 



?OWER SUPPLIES 
General Purpose: dual-tracking outputs 
Model!? 6227B t4 62288 

0 Two 50-watt power supplies for independent or tracking 

0 Built-in overvoltage protection crowbars 

Auto-parallel and auto-series capability 
Constant current in addition to constant voltage outputs operation 

62278 

Description 
These versatile lab supplies each house two identical 50 W regu- 

lated power supplies. A convenient front panel switch selects either in- 
dependent or tracking operation. In the tracking mode, the right sup- 
ply tracks the left within 0.2% f 2  mV. The tracking mode is especially 
useful for powering operational amplifiers, push-pull stages, deflec- 
tion systems, or any application where plus and minus voltages must 
track with insignificant error. The independent mode permits opera- 
tion of the two supplies individually, in auto-parallel or in auto-se- 
ries. 

Each side of the dual supply can be operated as a constant voltage 
or constant current source, and each has its own crowbar for over- 
voltage protection. In the tracking mode, an overvoltage condition in 
either supply trips both crowbars. The power supply outputs are iso- 
lated up to 300 V from output to  chassis or output to  output. 

Specifications 
DC Output: 62278, 0-25 V @ 0-2 A; 6228B, 0-50 V @ 0-1 A. 
AC input: 115 or 230 V ac f 10%,48-63 Hz, 260 W. Selected by rear 
panel switch. 
CV load effect (load regulation): For a load current change equal 
to  the current rating of the supply; 0.01% + 1 mV. 
CC load effect: For a load voltage change equal to  the voltage rat- 
ing of the supply; 0.01% + 250 pV. 
Source effect (line regulation): For a change in line voltage be- 
tween 103.5 and 126.5 V ac or 207 and 253 V ac at  any output voltage 
and current within rating; CV, 1 mV; CC, 100 PA. 
PARD (ripple and noise): At any line voltage and under any load 
condition within rating (20 Hz to 20 MHz); CV, 250 pV rms/4 mV 
p-p; CC, 250 pA rms/2 mA p-p. 
Temperature coefficient: Output change per degree Centigrade 
change in ambient following 30 minutes warm-up; CV, 0.02% + 200 

Drift (stability): Total drift in output (dc to  20 Hz) over 8-hour in- 
terval under constant line, load, and ambient following 30 minutes 
warm up; CV, 0.2% + 2 mV; CC, 0.2% + 3 mA. 
Remote resistance programming: CV, 200Q/V f 1%; CC, 500Q/A 
& I O %  (6227B); 1 kQ/A f 1 0 %  (6228B). 
Remote voltage programming: CV, 1 V/V f l % ;  CC, 0.5 V/A 

Output impedance (typical): Approximated by a resistance in se- 
ries with an inductance; 6227B, 2 mQ/2 pH; 6228B, 1 mQ/6 pH. 
Resolution (fine control): voltage, 5 mV (6227B), IO mV (6228B); 
current, I mA (6227B), 0.5 mA (6228B). 
Internal overvoltage crowbars: During independent operation, 

pV; CC, 0.02% + 300 pA. 

f10% (6227B); 1 V/A *IO% (6228B). 

62288 

each supply is protected by its own crowbar. In the tracking mode, an 
overvoltage in either supply results in firing both crowbars. 
Trip voltage margin: The minimum trip voltage above the operat- 
ing output voltage of the supply to  prevent false crowbar tripping: 7% 
of the output voltage + 1.5 V. 
Trip voltage range: 6227B, 5-28 V dc; 6228B, 5-55 V dc. 
Tracking error: In tracking mode, the slave supply is matched t o  
0.2% f 2  mV of the master. 
Transient recovery time: In constant voltage, the output will re- 
cover in 50 psec to within I O  mV of its nominal value for a resistive 
load change demanding an output current change equal to  the cur- 
rent rating of the supply. The nominal output voltage is defined as the 
mean between the no load and full load voltages. 
Temperature ratings: Operating: 0 to 55°C; Storage: -40 to  
+75OC. 
Cooling: Natural convection cooling. 
Weight (nethhipping): 11/12.9 kg (24/28 Ib). 
Dimensions: 197 mm W X 155 mm H X 310 mm D (7% in. W X 6% 
in. H X 12% in. D). 
Finish: Mint gray panel with olive gray case. 
Accessories Available: Price 
5060-8762 - Rack kit for mounting one or two dual 
supplies $33 
5060-8760 - Filler panel to block unused half of rack 
when mounting only one dual supply 
Options 
007: Two ten-turn output voltage controls replace both 
sets of concentric coarse and fine voltage controls 
008: Two ten-turn output current controls replace both 
sets of concentric coarse and fine current controls 
009: Four ten-turn output voltage and current con- 
trols replace all four concentric coarse and fine voltage 
and current controls $1 IO  
013: Three digit graduated decadial voltage control in- 
cludes graduated ten-turn control replacing standard 
coarse and fine voltage controls 
014 Three digit graduated decadial current control in- 
cludes graduated ten-turn control replacing standard 
coarse and fine current controls 
040: Interfacing for Multiprogrammer operation. Pre- 
pares standard H P  power supplies for resistance pro- 
gramming by the 6940A Multiprogrammer or 6941A 
Multiprogrammer Extender $135 
Model number and name 
6227B Dual Tracking Power Supply $625 
6228B Dual Tracking Power Supply $625 

$8 

$60 

$60 

$150 

$150 



Special purpose: precision sources 
Models 6101A - 6116A 

b output voltage accuracy 
ite warm-up 
I overvoltage crowbar 

- 
6114A, 6115A 

61 0 4 7 6 1  05A 

Description 
6104A, 6105A, 6114A, and 6115A 

These four 40-watt precision power supplies are ideal for applica- 
tions where an accurate, highly stable, and easy-to-use source of dc 
voltage is required. All four models feature automatic dual range op- 
eration. For example, Models 6104A and 61 14A can supply 0-20 V at 
0-2A, and 20-40 V at  0-1 A, without manual range switching. Auto- 
matic output current range crossover occurs when the supply is pro- 
viding greater than one-half of the maximum rated output voltage. 

a 

Output voltage controls 
Pushbutton voltage controls on Models 61 14A and 61 15A allow the 

output voltage to be set rapidly and accurately. The setting is dis- 
played in large, easy-to-read numerals. A fifth digit, set via a thumb- 
wheel on the switch assembly, provides output voltage resolution of 

Models 6104A and 6105A are intended for applications where the 
supply is to be primarily remote programmed. The output voltage 
control on these units is a ten-turn potentiometer; an optional three- 
digit Decadial is available for improved resettability (Option 013). 

200 pv. 

ai 

rc 
S I  

tc 
g' 

0 

htput current controls 
A front-panel current control allows the output current to be set to  

ny desired value within the maximum rating. Using this control, the 
ipplies can be operated as constant current sources with 0.01% cur- 
:nt regulation. A current mode indicator (a light-emitting diode) im- 

mediately lights when either the supply is operated in the gross cur- 
rent limit region, or the output current level established by the setting 
of the front panel control is reached. 

Remote programming 
All four of these supplies can be remote programmed by means of 

external voltage or resistance; when remote resistance pro- 
*ammed, output voltage accuracy is 0.01% plus the accuracy of the 
:mote programming resistor, and output current accuracy is 0.25% 
Ius the accuracy of the remote programming resistor. 
For computer controlled applications, these supplies are designed 

I be digitally programmed with the HP Model 6940A Multipro- 
'ammer or 6941A Multiprogrammer Extender. 

Wewokage protection 
A new circuit technique used in these supplies permits the output 

voltage to drop completely to zero once the overvoltage protection cir- 
cuit has been triggered, rather than to only 1-3 V as is typical with 

Constant voltage/current operation 
0 Thumbwheel or ten-turn voltage controls 
0 0.1% output voltage accuracy 

61 10A 6111A, 6112A, 6113A, 611bA 

6101A, 6102A, 6106A 

other SCR crowbars. This same circuit technique also permits the trip 
threshold to be set as low as 0.5 V, thus providing load protection at  
very low output voltage levels. 
6101A, 6102A and 6106A 

Although these 20-watt precision power supplies do not provide 
quite the level of performance and flexibility of Models 6104A, 6105A, 
61 14A, and 61 15A, they are lower in cost and are suitable for many 
precision power applications. Output voltage is adjusted by separate 
coarse (IO-turn) and fine (single-turn) controls; resolution is 0.002% + 
100 pV of the output voltage. A single-turn current control allows full- 
range adjustment of the current-limit point. Additional features in- 
clude a volt/ampere meter and associated meter function switch. The 
four-position function switch selects either of two output voltage or 
output current ranges (Xl ,  X0.l) for display on the panel meter. 

The d-c output of these supplies is floating, allowing the supplies to  
be used as either positive or negative sources. Terminals for +OUT, 
-OUT, and G N D  are provided on both the front and rear of the sup- 
ply. The rear terminal strip also includes terminals for remote resis- 
tance programming, remote sensing, and auto-series, auto-tracking 
operation. 

Units are packaged in 3%-inch high, half-rack cases which may be 
bench operated or rack mounted using accessory rack mounting hard- 
ware. 
6111A, 6112A, 6113A and 6116A 

This series of precision power supplies has essentially the same fea- 
tures and characteristics as models 6101A-6106A described above, but 
also includes a five-decade thumbwheel voltage programmer for con- 
venient and precise (100 pV resolution) adjustment of output voltage. 
Units are packaged in 5%-inch high, half-rack cases which are suit- 
able for bench or  rack installation. 
61 1 OA 

Model 61 10A is designed for applications requiring a precise and 
stable source of high-voltage dc power. Output voltage is set easily 
and precisely by a five-digit thumbwheel programmer providing 2 mV 
resolution. A non-adjustable current-limit circuit protects the supply 
from all overload conditions regardless of degree or duration. Plus 
and minus output connectors (Type UG-931/U) are provided on the 
front panel. Mating connectors (Type UG-932/U) are supplied with 
each unit. Either the positive or the negative terminal may be 
grounded, or the supply may be operated floating at  up to  1,000 volts 
above ground. Units are packaged in 5',&inch high, half-rack cases 
which are suitable for bench or rack installation. 



Yder Ranges: 1 2 V , 1 2 V f 3 %  2 4 V , 2 4 V f 3 %  2 4 V . 2 4 V f 3 %  0-50Vf2% Two 0 - 5 0 V f 2 %  One 5V ,50Vf3% 5V,50Vf3% 
2 5 0 m A , 2 5 A f 3 %  120mA 1 2 A f 3 %  120mA,12Af3% 0 - 2 4 A f 2 1  Meters 0 - 2 4 A f 2 %  Meter 60mA,600mAi3% 60mA,600mAf3% 

0-12OV f2% Two 
O - l O A i 2 %  Meters 

POWER SUPPLES 

Models 6101A - 6116A (cont.) 

Specifications* 
R 
A 
T 
I 
N 
G 

P 
E 
R 
F 
0 
R 
M 
A 
N 
C 
E 

O dbI% +IO0 pV* 

NA 

0 001% +IO0 pv* 

NA 

10005% +50 pV 

101% +500rrA 

001% + l O O p V '  

NA 

10005% +IO0 pV 

101% +500 uA 

Temperature VIO001%+10pV )O005%+30pV ]O001%+10pV I 0005%+25pV I O O O l % + l 5 p V  IO005%+50eV I O 0 0 1 % + 1 0 p V  I 0005%+50pV 
Coefficient: I I I NA NA I 0 02% +25pA NA NA I 0 02% +5OrA I 0 02% +SOPA C I  NA 

-t - I 0.01% + loo  pV t 

NA I 0.25% +dmA t 
(Stability): 90 day V 

8-hour c 
- 
- 
0.1% + I  mV NA 

- 
- 

0 1% + I  mV NA 0 025% f 1 . 0  mV NA 

NA NA 

Resolution: 4-P 1 rrv I 0.002% +loo pv 30 pv 3 mV 200 r V  t 0.002% + I O O p V  21 - 
NA I5 mA 15 mA NA NA NA 

4- c 4 +- 

'es 

'es 

'000R/V f0 .01% 

NA 

V f V  zto.17, 

1.46 sec 1.75 sec 

1.75 sec 

300 ms 

300 ms 

150 ms 

I50 ms 

NA 

NA 1.46 sec 

2 

4 
- -t -t 2. 

4' 
- 5-44v I 0 5 v - l l 0 V  

16 of output +2 v 2% +o 5 v 
5-23V 

% of output +2 v 
2.5-44V 

4% 01 output +2 v 
25-23V J5V-45V 

2%+05V 

05V-45V 

2% t 0 5 V  
Ovnvoltage 

- 

p 3 0 0  V 

0 

300 V 
- 

- 
Option 011 I Standard 

300 V I 300V 
- ption 011 jtandard Standard Option 011 

I DC Output Isolation: I300 V I 3 0 0 V  

1 1 5 V a c i l O %  115Vacf lO% 
48-63 HZ 48-63 HZ 
0.5 A. 52 W 0.5 A. 52 W 

104-127or208-254 104-127or208-254 115Vac f 1 0 %  115Vac f 1 0 %  104-127~208-254  
V ac (switchable). 48- 

0.5 A. 52 W 440 Hz. 150 VA max. 0.5 A. 52 W 
V ac (switchable), 48- V ac (switchable), 48- 48-63 Hz 

440 HI. 150 VA max. I 0.5 A. 52 W I 440 Hz, 150 VA max. 
48-63 HZ 

I P a n c o r d :  1 Attached I Attached Attached Removable I Removable I Attached I Attached I Removable I 
________ 

L e c t i o n  
Temperature 
Ratings: 7 Convection Convection 1 Convection 1 Convection I Convection Convection 1 Convection 

I I 
4 

Orrrall oirnensions: 216 mm X 133 h m  216 mm X 89 mm 
X 318 mm x 318 mm 

I 1 

216 mm x 133 mm 197 mm x 166 mm I 9 7  mm X I66 mm 216 mm X 89 mm 
X 318 mm X 336 mm x 336 mm X 318 mm X 318 mm x 336 mm 

4.5 k g ( l 0  Ib) 

5.4 kg (12 Ib) 6 3 kg(14 Ib) 9 5 kg (21 Ib) 

1 11.28,40 I 8. 13, 14 
- ~ 

*Refer to page 209 lor specification definitions. 

cause drift of 0.0015% +ZOO pV (90-day). 

+ I 5  pV (8-hour) or 0.0075% +30 pV (90-day) plus stability of remote programming device. 

$When remote programmed, drift is 0.25% +500 4 plus stability of remote programming device. 
"Specified with final decade pot set to zero. If pot is set to value other than zero. pot wiper jump elfect may $Accuracy is equal to accuracy of remote programming device f200 r V .  

*IO0 pV p p  noise is typical with a maximum 400 rV p-p spike of less than 1 psec duration occurring at a 
tPot  wiper jump effect may add 5 mV (6104A) or IO mV (61056). When remote programmed, drift is 0.001% repetition rate of twice power line frequency under worst case conditions of high line, full output voltage. When 

operated at 400 Hz input, peak-to-peak tipple is less than IO mV. 



I 61151 610611 61161 6110A I I I I 

Accessories available 
5060-8762 Rack Adapter - for rack 
two Precision Power Supplies in a I 

rack. 
5060-8760 Blank Panel - filler panel 
used half of rack frame. 
11057A Carrying Handle - For addea porraoiiiry ana 
handling convenience. 
1052A Combining Case - For mounting one or two 
Precision Power Supplies in a standard 19-inch rack 
where quick and easy removal and reinstallation of in- 
struments is desirable. A cooling kit (listed below) must 
be installed at the rear of the combining case when one 
or two Precision Power Supplies are operated in the 
case. 
5060-0789 Combining Case Cooling Kit - For I15 V 
ac, 50-60 Hz input. 
5060-0796 Combining Case Cooling Kit - For 230 V 
ac, 50-60 Hz input. 
14513A, 89 mm (3%”) High Rack Kit for one supply. 
14523A. 89 mm (3%”) High Rack Kit for two supplies. 
14515A, 133 mm (5%”) High Rack Kit for one supply. 
14525A, 133 mm (5%”) High Rack Kit for two I 
plies. 

Options 
005: 50 Hz ac input. For 50 Hz operation of 61 11 
0 0 8  Ten-turn output current control. Replaces 
standard single-turn current control. 
011: Internal bvervoltage protectioi 
tects delicate loads against power sup] 
erator error. 
013: Three-digit graduated decadial 
Attaches to the standard ten-turn vol 
014 Three-digit graduated decadial 
Includes a ten-turn control replacing ..._ I_ I.._I._ I... 
gle-turn current control. 
0 1 8  230 V ac f lo%, single-phase input 
ification includes installation of a 230 ’ 

transformer to replace the standard 115 ’ 
0 2 8  230 V ac f IO%, single-phase input 
ification consists of reconnecting the n 
power transformer for 230 V operation 
040: Interfacing for Multiprogrammer ( 
pares standard HP  power supplies for 
gramming by the 6940A Multiprogrammer or 6941A 
Multiprogrammer Extender. 
C05: Handle - Eight-inch black handle attached to 
side of 3%” high instrument. Standard on 5%” high in- 
struments. 
Model number and name 
6101A Precision Power Supply 
6102A Precision Power Supply 
6104A Precision Power Supply 
6105A Precision Power Supply 
6106A Precision Power Supply 
61 IOA Precision Power Supply 
61 1 I A  Precision Power Supply 
61 12A Precision Power Supply 
61 13A Precision Power Supply 
61 14A Precision Power Supply 
61 15A Precision Power Supply 
61 16A Precision Power Supply 

mounting one or 
standard 19-inch 

for blocking un- 
$33 

$8 
4 ....._ 4 

O O O l %  +lOOuV 1001% +IO0 uv 0 0005% +SO pV 

001% +500pA 

I O O l %  +IOO@V 

NA NA NA 

$ 5  

$170 

$37 

$45 
$20 
$10 
$25 

200 pv 1.002% +loo @V 200 p V  0 mV 

8 mA NA NA NA 

iup- 
$15 

3A. $55 
the 

CVICC CVICL CVICL CVICL 

1 k W V  fO 1% 

1000WA fO 25% NA 

$25 
n crowbar. Pro- 
ply failure or op- 

$55 
voltage control. 

tage control. $35 
current control. 

the stnndard sin- 
NA NA 

NA 
$60 

. Factory mod- 
V input power 
V transformer. $55 
. Factory mod- 
nulti-tap input.  

lperation. Pre- 
resistance Dro- 

$10 

NA 

MA 0 5V-110 V 20-106V 20-106V 

4% of output +2 v 
OptIan 011 

NA 

NA 

$30 

1 +IO% 
I2 

115Vac 
57-63 t 
1 A, 50 \I 

115Vac +IO% 
48-63 HI 
0 5 A, 52  W 

104-127or208-254 115Vac f10% 
V a c  (switchable). 48- 48-63 Hz 
440 HI. 150 VA max 0.5 A, 52 W 

$15 
Price 
$300 
$300 
$440 
$455 
$305 
$590 
$420 
$420 
$420 
$560 
$575 
$420 



POWER SUPPLIES 
Special purpose: dc power supply amplifiers 
Models 6823A - 6832A 

0 High-speed remote programming 
Overload protection 
Wide-band response 

6825A-6827A 

6823A 

6830A-6832A 6824A 

Description 
The Power Supply/Amplifier is a general-purpose instrument use- 

ful in any laboratory engaged in research and development of elec- 
tronic systems, circuitry, or components. The unit can be operated in 
one of two basic operating modes; power supply or amplifier. Termi- 
nals at the rear permit access to various internal control points to fur- 
ther expand the operational capabilities of the instrument. The result- 
ing flexibility lends the Power Supply/Amplifier to an almost unlim- 
ited number of applications. 

Models 6825A through 6832A 
These models feature dual-range output, Constant Vokage/Con- 

stant Current operation, and metering of the ac  and dc output voltage 
and current. Output voltage and current as a dc supply, or gain as a 
power amplifier, are remotely controllable and are compatible with 
Hewlett-Packard Multiprogrammer Systems. 

Each of the standard units (Models 6825A, 6826A, and 6827A) is 
available in a blank panel version (Models 6830A, 6831A. and 
6832A). The blank panel models are intended for dedicated system use 
where metering and front panel access to  controls is not required. 

As a dc power supply, the unit can furnish a bipolar, Constant Volt- 
age or Constant Current output. It can be remotely programmed with 
a resistance, voltage, or current and its high speed programming char- 
acteristics adapt it to a wide variety of laboratory and production test- 
ing applications. The supply can sink, as well as source, current per- 
mitting it to serve as a variable load device. 

As a direct-coupled power amplifier, each unit offers a signal-to- 
noise ratio of approximately 80 dB at full output with low distortion, 
and a frequency response up to 40 KHz in the fixed gain mode. 

Models 6823A and 6824A 
Although these models do  not provide quite the level of perfor- 

mance and flexibility of Models 6825A through 6832A, they are lower 
in cost and are suitable for many applications. 

As power supplies, these units offer Constant Voltage/Current 
Limiting operation, remote programming, and Auto-Series, Auto- 
Parallel operation. 

As power amplifiers, the units exhibit a high signal-to-noise ratio 
with a 20 d B  gain from dc to  10 KHz. They are useful in servo sys- 
tems, as pulse or oscillator amplifiers, for motor control, and a vari- 

ety of other applications. 
Accessories available 
Models 6825A - 6832A 
5060-8762 Rack Adapter Frame. For mounting one or 
two half-rack units in a standard 19-inch rack 
5060-8760 Blank Panel. Filler panel for blockifig un- 
used half of rack frame 
11057A Carrying Handle. Handle for added portability 
and handling convenience 
1052A Combining Case. For mounting one or two half- 
rack units in a standard 19-inch rack 
5060-0789 Combining Case Cooling Kit. For 115 V ac, 
50-60 Hz input 
5060-0796 Combining Case Cooling Kit. For 230 V ac, 
50-60 Hz input 
Models 6823A & 6824A 
14513A Rack Kit for one 3%” high supply 
14515A Rack Kit for one 5%“ high supply 
14523A Rack Kit for two 3%” high supplies 
14525A Rack Kit for two 5%’’ high supplies 

007: Ten-turn output voltage control. 
For models 6825A, 6826A, 6827A; replaces single-turn 
voltage control for improved resolution 
For model 6824A; replaces concentric coarse and fine 
voltage control for improved mechanical stability and 
convenience 
028: 230 V ac  f IO%, single phase input. Factory modi- 
fication consists of reconnecting the input power trans- 
former for the 230 V operation. (Models 6823A and 
6824A) 
Model number and name 
6823A Bipolar Power Supply/Amplifier 
6824A Bipolar Power Supply/Amplifier 
6825A Bipolar Power Supply/Amplifier 
6826A Bipolar Power Supply/Amplifier 
6827A Bipolar Power Supply/Amplifier 
6830A Bipolar Power Supply/Amplifier 
6831A Bipolar Power Supply/Amplifier 
6832A Bipolar Power Supply/Amplifier 

Options 

Price 

$33 

$8 

$5 

$170 

$37 

$45 

$20 
$25 
$10 
$15 

$25 

$40 

$10 

$280 
$445 
$800 
$800 
$800 
$900 
$900 
$900 



-20 to +20 V dc -50 to +50 Vdc -20 to +20 v -100to+100V 

-10 to +1ov  

-5010 +50V 

-510 +5V 

0-1.OA 

High Range 
output 

-5tO + 5V 

0-0.5 A 0-1.OA 1~ DCCurrent I 0-2.OA 0-0.5 A 

Voltage 
High Range 

Effect tow Range 

Current 

Voltage 
High Range 

Source 
Effect tow Range t Current 

0 07% +5 mV 

0.01% +7 mV 0 01% +10 mV 

0 01% +1 mV 

0 01% +O 25 mV 

0.07% +5 mV 0 01% +5 mV 

001% +O 5 mV 0.01% +0.2 mV 
~ 

0 01% +O 25 mV 0.01% f0.25 mV 

IVU mv 

100 rsec. 
of the nominal output Transient 

Voltage 
Resistance 
Programming 
Coefficient Low Range 

50012 per volt 200121v lOORlV 

2000D1v 1000n1v 
I I I 

Current 5WmA IOWmA 10RImA - 

OPERATION AS A POWER AMPLIFIER 

100 v p p .ovp-p 40 V p-p 100 v p-p 

IO v p-p 
~ 

0 -1OApk 
~ 

!A  pk. l A p k  0-0.5 A pk. - 

Variable 0-10 (20 dB) output inverted 

0-8 0-2 

Fixed 
Voltage 
Gain 

Fixed Gain 

Gain 

Frequency 
Response 
(+1.-3dB) 

1c--4u nnz oc-4u tin1 

IC-15 kHz dc-15 kHz dc-15 kHz 

Distortion 100 H z I f u I I  
output 0 1% THO 

1 lox fOl% 

0 1% THD 
7- 

+5 mV High Fixed Gain Accuracy 
(100 Hz.) 1 tow 

2x: f0 .1% 
+1 mV 

1 x :  fO.l% 
+0.5 mV 

High Range 

High 

Voltage Programming l- Voltage 

IO V I V  zu V I V  
1 VIV 1I 1 V I V  I 1 V I V  2 V I V  

1 AIV 
I 

I 1 AIV I 1 AIV L 1 
104-127 V ac 
1.3 A, 96 W 
48-63 HZ 

- 
104-127/208-254 
1 2 A, I 5 0  W 
48-63 HZ 

I ""Cl 

197 mm X 154 mm 
x 316 mm 

(7%" W X 6 H 
x 12'/,"0) 

208 mm X 1 
x 303 mm 

( W a "  W X 5 
x 11%" 0) 

31 mm 

H" H 

197 mm X 154 mm 
X 316 mm 

:7%" W X 6 H 
Dimensions: 

Options Available: 7 7 ,  28 

*Where k is the constant indicated, and Rf is the programming resistance 
tSee page 209 for specification definitions. 



POWER SUPPLIES 
Special purpose: constant current sources 
Models 6177C, 6181B & 6186C 

0 Continuously variable voltage limit 
Output useful to micro-ampere region 

6177C. 61818 

61 86C 

Description 
These solid-state constant-current sources are ideal for semicon- 

ductor circuit development, component testing, and precision elec- 
troplating applications. 

Their high-speed remote programming characteristics make these 
supplies useful in testing and sorting semiconductors, resistors, re- 
lays, meters, etc. The ability to superimpose ac modulation on the dc 
output permits the supplies to be used for measurement of dynamic or 
incremental impedance of circuit components. 

Load effect (load regulation): Less than 25 ppm of output f 5  ppm 
of range switch setting for a load change which causes the output volt- 

Specifications 

20.- tn vnrv frnm 7ern tn mivimi im - D -  I- .-., .. "... I-." I" I.. ,.I\.......... 

Model 

Output Current 

Voltage Compliance 

'ogramming Speed: from 0 to 99% of range 
'(Output Current Modulation) 
Dimensions: 

0 High output impedance-no output capacitor 

Source effect (line regulation): Less than 25 ppm of output f 5  
ppm of range switch setting for a change in the line voltage from 104 
to 127 V ac (or 127 to 104 V ac) at any output current and voltage 
within rating. 
Load effect transient recovery: Less than 800 ps for recovery to 
within 1% of nominal output current following a full load change in 
output voltage. (On 6186C, recovery time for 100 mA/10 mA/1 mA 
ranges is 800 ps/1.6 ms/4 ms, respectively.) 
Temperature coefficient: Output change per degree C is less than 
75 ppm of output current + 5  ppm of range switch setting. 
Drift (stability): Less than 100 ppm of output current +25 ppm of 
range switch setting. Stability is measured for eight hours after one 
hour warm-up under conditions of constant line, load, temperature, 
and output setting. 
Resolution: 0.02% of range switch setting. 
Temperature rating: Operating 0 to 55°C. Storage -40 to +75"C. 
Accessories available 
5060-0808: Rack adapter for rack mounting one or two 
6177B or 6181B supplies. 
5060-0797: Rack adapter for rack mounting one or two 
6 I86C supplies. 
5060-0097: Filler panel for Models 6177B, 6181B 
5060-0794: Filler panel for Model 6186C 
Options 
014 Three digit graduated decadial current control. 
Includes calibrated IO-turn control replacing front 
panel current knob. The dial is calibrated from 0 to 99.9 
with minor divisions equal to 0.1. 
0 2 8  230 V ac f IO%, single phase input. Models 6177C 
and 6181B only. 
Model number and name 
6177C, 6181B Constant Current Source 
6186C Constant Current S 

Price 

$25 

$25 
$5 
$5 

$40 

$10 

$555 

Resistance Control (Accuracy: 1% of output 
control +0.04% of range) 

Typical Output Impedance (R in parallel with C)* 

PARD (Ripple and Noise): rms/pp (dc to 20 MHz). 
Either output terminal can be grounded. 

constant voltage operation, minimum voltage is less than 0.5 V. 

10 k W m A  

1 kR/mA 

100 ohms/mA 

1 v/v 
820 ohms/V 



POWER SUPPLIES ‘- 
Modular: single output, series regulated 

Models 62005A - 620486 

Model 

62005 
62012 
62015 
62018 
62024 
62028 
62048 

0 UL recognized 
0 Cut-back current limiting 
0 Built-in overtemperature 2 

C 

voltage (Amodule) (C 
dc ‘h rack 

5 2.0 
12 1.5 
15 1.25 
18 1.0 
24 0.75 
28 0.70 
48 0.45 

ind reverse voltage protection 

”A” Module “C & E” Mod 

62000 Series 
Description 

This series of modular powe 
widely used voltage ratings, with 
voltage. Each nominal output v( 
f5% range (whichever is greatei 
ble screwdriver control. All supr 
linear derating by only 50% at 
Packaging: The units are pac 
depth cases which are fractions 
width, %-width, and %-width. Cc 
be mounted in an accessory rac 
supplies can be mounted indivic 
Protective Features: Overcui 
voltage protection are standard 
protection is optional (Option ( 

The current limit circuit is the 
an overload causes the output c 
proximately 105% to approxima 
varies from slightly over the max 
circuit. 

Overtemperature protection 
mounted thermostat which open 
jected to overheating caused by 
ply is also protected against reve 
be generated by an active loa( 
power supplies. Remote voltage 
protected against receiving a su( 
due to inadvertently opening or 

DC output ratings: 
62000 Series mi 

lule “G” Module 

r supplies covers seven of the most 
four current ratings available at each 
Dltage is adjustable over a f0 .5  V or 
e)! by means of a front-panel accessi- 
)lies deliver full output to 50°C, with 
7 1 “C. 
:kaged in three uniform height and 

)mbinations of the three packages can 
,k mounting tray (page 10.35) or the 
jually on various sides. 
‘rent, overtemperature, and reverse 

on all models; built-in overvoltage 
) I  1). 
self-restoring cutback type, in which 

,urrent to  cut back linearly from ap- 
itely 10% of rated output as the load 
imum rated value to a complete short 

is provided through a heat-sink 
s the fused ac line if the supply is sub- 
high ambient temperatures. The sup- 
rse voltages and currents which might 

or by parallel-or series-connected 
sensing is standard, and the load is 

lden large increase in output voltage 
le of the sensing leads. 

of standard 19-inch rack width: 

odular power supplies I 
urrent (amperes) at 50°C 

% rack 5 rack 5 rack 

3.0 
2.5 
2.25 
1.75 
1.5 
1.0 

6.0 
5.0 
4.5 
3.75 
3.25 
2.0 

12.0 
10.0 
9.0 
7.5 
6.5 
4.0 

Specifications 
Load effect (load regulation): less than 0.01% or 1 mV, \~IIILIIGVCI 1s 
greater, for a no load to full load (or vice versa) change in output cur- 
rent. 
Source effect (line regulation): less than 0.01% or 1 mV, whichever 
is greater, for change in ac input voltage over the specified range, at  
any output voltage and current within rating. 
PARD (ripple and noise): less than 1 mV rms, 2 mV p-p (20 Hz to 20 
MHz) at  any line voltage and under any load condition within rating. 
Temperature coefficient: less than O.OI%/”C over the temperature 
range from 0 to  50”C, under conditions of constant load and line fol- 
lowing 30-minute warmup. 
Drift (stability): 0.1% total drift in dc output voltage over 8-hour in- 
terval, under conditions of constant line, load, and ambient tempera- 
ture following 30-minute warmup. 
Load effect transient recovery: output voltage recovers to within 15 
mV of nominal output voltage in 50 ps following a load change from 
full to half load (or vice versa). 
AC input power: 104-127 V ac, 48-63 Hz, single phase. See Options 
101, 102, and 103 for other line voltage ratings available. 
Storage temperature: -55°C to +85OC. 
Operating temperature: 0 to 50°C ambient. Output current is lin- 
early derated to 50% of maximum at 71°C ambient. 
Cooling: convection cooled. 
DC output isolation: output is isolated; either output terminal may 
be grounded. 
Dimensions: 

A-suffix models: 48 mm (W) X 128 mm (H) X 311 mm (D) [1.91” 
(W) X 5.03” (H) X 12.25” (D)] 
C- 81 €-suffix models: 100 mm (W) X 128 mm (H) X 31 I m m  (D) 
[3.94” (W) X 5.03” (H) X 12.25” (D)] 
C-suffix models: 206 mm (W) X 128 mm (H) ) X 292 mm (D) 
[8.11” (W) X 5.03” (H) X 11.50” (D)] 

A-suffix models: 2.7 kg. (6 lb)/3.6 kg. (8 Ib) 
C-suffix models: 4.5 kg. ( I O  lb)/5.4 kg. (12 Ib) 
E-suffix models: 5.9 kg. (13 lb)/7.3 kg. (16 Ib) 
G-suffix models: 9.5 kg. (21 lb)/l l .3 kg. (25 Ib) 

Weight (netkhipping): 

Accessories available 
See page 207. 
Options Price 
011: Internal overvoltage protection crowbar. Adjust- 
ment range is from f0.5 V dc above the minimum rated 
output voltage to +2  V above the maximum rated out- 
put voltage. 
101: 220 V ac Nominal (190-233 V ac), 48-63 Hz, single 
phase ac input. 
102: 240 V ac Nominal (208-254 V ac), 48-63 Hz, sin- 
gle phase ac input. 
103: 120/240 V ac Nominal (104-127/208-254 V ac), 
48-63 Hz, single phase, field-changeable ac input. 
Model number and name 
62000 series modular power supplies 
A-suffix Models 
C-suffix Models 
E-suffix Models 
G-suffix Models 
(Quantity & OEM discounts are available.) 

$1  IO 
$150 
$190 
$250 



UL recognized 
Cut-back current limiting 
Built-in overtemperature and reverse voltage protection 

Model 

A-Module E-Module G-Module 

DC Current 
Nominal (each side) 
Voltage at 4OoC., 

50 Hz 60 HZ 
Input I Input 

Description 
This series of dual-output modular power supplies includes six 

models covering two output voltage ratings (iz 12 V and f 1 5  V), with 
three current ratings available at  each voltage. The supplies are de- 
signed primarily for applications such as powering operational ampli- 
fier, core drivers, D /A and A / D  converters, MOS devices, and volt- 
age comparators where equal but opposite polarity voltages must 
track with insignificant error. 

A single front-panel voltage control provides f5% adjustment of 
both outputs. All supplies deliver full rated output from 0 to 40°C, 
with derated operation up to  71°C. 
Packaging: The units are packaged in three uniform height and 
depth cases which are fractions of a standard 19-inch rack-width: 1/8- 
width, %-width, and %-width. 

The supplies may be used alone, in buried applications, or com- 
bined with other 62000 series supplies using an accessory rack mount- 
ing tray (page 10.35). 
Protective features: Overcurrent, overtemperature, and reverse 
voltage protection are standard on all models; built-in overvoltage 
protection is optional (Option 01 1). The master and slave supplies 
each have self-restoring cutback-type current limit circuits which are 
factory adjusted to limit at  approximately 105% of maximum rated 
load current. The same protection is maintained for single output load 
connections across the (+) and (-) terminals. 

Overtemperature protection is provided through a heat-sink 
mounted thermostat which opens the fused ac line if the supply is sub- 
jected to overheating caused by high ambient temperatures. The sup- 
ply is also protected against reverse voltages and currents which might 
be generated by an active load or by parallel- or series-connected 
power supplies. Remote voltage sensing is standard, and the load is 
protected against receiving a sudden increase in output voltage due to  
inadvertently opening one of the sensing leads. 
DC Output ratings: 

1.25 A 
3.00 A 
5.00 A 
1.10 A 
2.75 A 
4.50 A 

1.40 A 
3.30 A 
6.00 A 
1.25 A 
3.00 A 
5.20 A 

62212A 
62212E 
62212G 
62215A 
62215E 

Specifications 
(either output with res] 
Load effect (load regi 
load (or vice versa) ch 
Source effect (line re! 
input voltage over the I 
rent within rating. 
PARD (ripple and noir 
MHz) at any line voltag 
Temperature coefficic 
range from 0 to 40°C L 
lowing 30-minutes war 
Drift (stability): 0.1% 
over 8-hour interval un 
bient temperature follo 
Load effect transient r 
mV of nominal output 
100% to 50% or 50% tc 
AC input power: 104- 
101, and 102 for other 
Storage temperature: 
Operating temperatui 
rated from 41°C to 71 
Cooling: Convection c 
DC output isolation: c 
grounded. 
Tracking accuracy: ’ 

maximum of the maste 
Dimensions: 

A-suffix models: 48 
5.03” H X 12.25” D: 
E-suffix models: 10 
X 5.03” H X 12.25” 
G-suff ix models: 2C 
X 5.03” H X 11.50” 

Weight (nethhipping: 
A-suffix models: 2. 
E-suffix models: 5 .  
G-suffix models: 9. 

Accessories available 
See page 207. 

Option8 
011: Internal overvolti 
justable trip level is fact 
inal output voltage for 
Puts) 
Note 
For options 101 and 10 
60 Hz operation is shoi 
the dc output ratings t 
101: 220 V ac nominal 
phase ac input 
102 240 V ac nominal 
phase ac input 
Model number and n 
62200 Series 
A-suffix models 
E-suffix models 
G-suffix models 
(Quantity & OEM disc 



0 Up to 80% efficiency 
0 Overvoltage, overcuri 

voltage protection arc 
0 Compact half-rack p~ 

62605J 
62612J 
626151 
62618J 
62624J 
626281 

POWER SUPPLIES 
Modular - 200-300 W, switching regulated 

Models 6 2 6 0 s  - 626285 

5 V ( f 0 . 5  V) 
1 2 V ( f 0 . 6 V )  
15 V ( f 0 . 7 5  V) 
18 v ( fO.90  V) 
24 V ( f 1 . 2 0  V) 
2 8 V ( f 1 . 4 0 V )  

rent, overtemperature and reverse 
? standard 
ickage 

Description 
This family of switching 

ratings from 5 V to 28 V w 
output voltage is adjustable 
greater), by means of a fror 
supplies deliver full output 
only 50% at 71OC. 

An advanced 20 kHz tr 
these units. The design tak 
switching regulator, namel) 
noise to levels that are com 
including computer mainfr 
dustrial process automatior 
minimized through use off  
indicated by the relatively 
Packaging: All models ar 
1 1 %" D case. The supplies 
or combined with other 6 
mounting hardware (see pi 
Protective Features: 0 1  

and reverse voltage protec 
The self-restoring curren 

against externally caused o 
ternal adjustment allows th 
from 50% to 113% of full I (  
approximately 110% of ful 

An overvoltage protectic 
reduces it to less than 50 n 
The trip range is adjustabl 
output voltage to 3.0 V dc 
Minimum trip margin to pi 
output voltage setting. 

DC Output rating: 

-regulated supplies covers output voltage 
ith output currents to 40 A. Each nominal 
over a f0 .5  V or f 5 %  range (whichever is 

it-panel accessible screwdriver control. All 
from 0 to 50"C, with linear derating by 

ansistor switching design is employed in 
es advantage of the foremost virtue of the 
I efficiency, while holding down ripple and 
patible with most low-voltage applications 
ames, digital systems, and systems for in- 
I. Radiated and conducted interference are 
ilters and shielding of critical circuits as is 
low output peak-to-peak ripple content. 
e packaged in a standard 5" H X 8" W X 
may be used alone, in buried applications, 
2000 series supplies using accessory rack 
age 207). 
vervoltage, overcurrent, overtemperature 
tion are standard on all models. 
t limit circuit protects the supply and load 
verload or short circuit conditions. An in- 
e overcurrent trip point to be set anywhere 
Dad. I t  is adjusted at the factory to limit at 
1 load. 
)n circuit monitors the output voltage and 
N after the preset trip voltage is exceeded. 
le from 1.5 V dc above the nominal rated 
: above the nominal rated output voltage. 
revent false triggering is 1.5 V dc above the 

I Mode' IT 
DC Output 

'Nominal voltage 
linimum Adj. Span) 

Current -I 
40.0 A 
23.0 A 
20.0 A 
16.7 A 
12.5 A 
10.7 A 

Specifications 
Load effect (load regulation): less than 0.15% for a load change 
from 0 to 15% of rated output, and less than 0.10% for a change from 
15% to 100% of rated output. 
Source effect (line regulation): less than 0.1% for a change in ac 
input voltage over the specified range, at any output voltage and cur- 
rent within rating. 
PARD (ripple and noise): less ,than 20 mV rms, 40 mV p-p (20 Hz to 
20 MHz) at any line voltage and under any load condition within rat- 
ing. 
Temperature coefficient: less than O.O2%/"C over the temperature 
range from 0 to 50°C under conditions of constant load and line fol- 
lowing 30-minute warmup. 
Drift (stability): 0.1% total drift in dc output voltage (dc to 20 Hz) 
over 8-hour interval under conditions of constant line, load, and am- 
bient temperature following 30-minutes warmup. 
Load effect transient recovery: output voltage recovers to within 
0.1% of nominal output voltage in less than 3 ms following a load 
change from 100% to 50% or 50% to 100%. 
Overshoot: turn-on transient is within regulation and ripple band. 
Turn-off is smooth exponential decay. 
Carry-over time: output voltage remains within 2% of specified 
nominal for a minimum of 30 ms under full load following removal of 
ac input power. 
AC input power: 104-127 V ac, 48-440 Hz, single phase. See Options 
101 and 102 for other line voltage ratings available. 
Storage temperature: -55OC to +85OC. 
Operating temperature: 0 to 50°C ambient. Output current for con- 
tinuous operation is derated linearly from full output at 50°C to 50% 
of output at 71°C. 
Cooling: convection cooled. 
DC output isolation: output is isolated. Either output terminal may 
be grounded or the supply may be floated at up to 100 volts above 
ground. 
Dimensions: 207 mm W X 127 mm H X 292 mm D (8.14" W X 5.03" 
H X 11 SO" D). 
Weight (netlshipping): 6.6 kg. (14.5 lb)/8.2 kg. (18 Ib). 
Accessories available 
See page 207 

Options Price 
101: 220 V ac nominal (190-233 V ac), 48-440 Hz sin- 

102 240 V ac nominal (208-254 V ac), 48-440 Hz sin- 

Model number and name 
626005 Series Switching Regulated Supplies 
(Quantity & OEM discounts are available). 

gle phase N/C  

gle phase N/C  

$460 



1 POWER SUPPLIES 
Modular: 500 W, switching regulated 
Model 626051111 

5 volts, 100 amps 
0 Up to 70% efficiency 

Overvoltage, 
voltage prote 

Load effect (loac 
put current 
Source effect (lii 
voltage range 
PARD (ripple an 
20 M H I )  
Temperature COI 
Drift (stability): 
minute\ w‘irmup. 
Load effect trans 
noniindl in less 11 
50%. or 50% to I 
Turn-on and turi 
and ripple band. 
time - ---- 
Carryover time: 
inal for more thai 
removal of ac in: 
Temperature rat 

Storage: -55‘ 
Operating: 0 t 
eration is deral 
70°C. 
Cooling: Built 

Description DC output isolat 
This single output 5-volt, 100-amp modular power supply is de- output terminal n 

signed for permanent installation in a wide range of electronic equip- Thermal protect 
ment. The supply uses an advanced 20 kHz switching regulator which overtemperature I 

has 70% energy conversion efficiency, resulting in less energy loss and oerature conditio] 
equipment heating. Further contributing to reduced size and im- 
proved reliability is a unique heat transfer system. A continuous 
stream of air from a quiet, low-speed fan is directed over critical com- 
ponents and through thermal convectors in a controlled manner. 
Elimination of conventional heat sinks permits more freedom in ori- 
enting the power supply within operating equipment, since cooling is 
not dependent on convective air flow. 

Radiated and conducted interference are minimized through the 
use of filters and shielding of critical circuits as is indicated by the 
relatively low output peak-to-peak ripple content. 
Packaging: The 62605M is packaged in a 5” H X 8” W X 11%” D 
case. The area in front of the air inlet and over the top surface must be 
clear of solid obstruction for approximately 1” (25.4 mm) to permit 
free air flow. Clearance is not necessary along the side or bottom sur- 
faces. 
Protective features: Overcurrent, overvoltage, overtemperature, re- 
verse voltage protection and ac inrush current limiting are standard 
on the 62605M. 

The self-restoring output current limit circuit protects the supply 
against an externally caused overload or short circuit. An accessible 
screwdriver control allows the overcurrent trip point to be set any- 
where from 75% to 105% of rated load current. I t  is factory set a t  ap- 
proximately 105% of full load. The supply also features cutback cur- 
rent limiting, which reduces the output current by approximately 35 A 
below the current limit setting if the output is short circuited. 

The overvoltage protection circuit monitors the output voltage and 
reduces it to less than 50 mV after the preset trip level of 6.0 V, f0.3 V 
is exceeded. 

A controlled turn-on circuit is provided which limits transient in- 
rush current to less than 70 A at 120 V ac line (35 A at 240 V ac). 

Specifications 
Output voltage: 5 V f0.25 V. 
Output current: 100 A at 40°C. 

Reverse voltage 
of reverse polarity 
steady state revers 
rent. 
AC input protecl 
supply for 120 V 
Input power: 

Line: 104-127 
other line volta 
Line current: 
Input power: i 
put. 
Efficiency: a p ~  

Input trip signal: 
the rear barrier SI 

Overvoltage trip 
with respect to + 
falls to approxim, 
nal AI can supply 
low state. 
Remote sensing: 
lead voltage drop 
Load is protected 
Mounting: suppl 
intake and outlet 
Dimensions: 20. 
H X 11.50” D). 
Weight (netlshir 

Accessories av 
See page 207. 
Options 

62605M Switck 

106: 187-250 V i 



POWER SUPPLIES 
62000-Series mod. accessories; 60000-series supplies 

Models 600638 & 602468; also 62410A & 62415A 

Dimensions 
W X H X O  

62000 Series modular power supply accessories 

Price- 

6241 1 A 6241 2A 

Specifications 

6241 OA 

6241 3A 

60000 Series Supplies 

600630-602460 

Description 
These single and dual output modular supplies are intended for ap- 

plications requiring a fixed constant voltage source of dc. The nomi- 
nal output voltage is regulated to 0.05% and may be offset from the 
design center by up to f 10%. All supplies are short circuit proof and 
will not be damaged by overload. 

Load effect: better than 0.05%. 
Source effect: better than 0.05%. 
PARD: less than 1.5 mV rms, 6 mV p-p (except 60245B & 60246B 
which are 9 and 12 mV p-p, respectively). 
Temperature coefficient: 0.025% following 30-minutes warmup. 
Drift: 0.176, measured within dc to  20 Hz bandwidth, under constant 
line, load, and ambient, following 30-minutes warmup. 
Slave tracking error (dual supplies): less than 30 mV for each 1 V 
change in output voltage of master supply. 
Temperature ratings: 0 to 55°C. Output current is linearly derated 
from 100% at 55°C to 70% at 71°C. 
Output ratings: 
r I I I 

Model 

600638 
60065A 
60066A 
601228 
601238 
601258 
601268 
602428 
602438 
602448 
602458 
602468 
601530 
60155C 

oc output 
vans Amps 

5-6.5 1.5 
5-6.5 3.0 
5-6.5 8.0 
11.75-14.25 0.5 
11.75-14.25 1.0 
11.75-14.25 2.2 
11.75-14.25 6.0 
23.5-28.5 0.25 
23.5-28.5 0.5 
23.5-28.5 1.0 
23.5-28.5 1.5 
23.5-28.5 3.5 
f15 (*1.5) 0.2 
f15(*1.5) 0.75 

$ 95 
$120 
$210 
$ 80 
$ 85 
$110 
$190 
$ 80 
$ 85 
$ 95 
$110 
$190 
$105 
$145 

*Quantity and OEM discounts are available. Contact your local Hewlett-Packard sales office 

Accessories: Price 
62415A: Mounts on rear of rack tray for convenient ac 
power connections to supplies $25 
62414A A 20” slide kit for use with standard 19” wide 

$55 
62411A: Covers front of rack mounting tray. A clear- 
ance of 2 W  behind the panel controls, meters, sa 
etc. 
62410A Accommodates any combination of 
Series modular supplies totaling a full rack wi 
less. Attaches to a 19” equipment rack, via front I 
ing ears $70 
62413A: Occupies only 13/41 of rack space, yet pro- 
vides over 45CFM of cooling air to  modular supplies in- 
stalled in rack tray $150 
62412A Mounts on rear of rack mounting I-- m”” 

clearance behind the panel permits addition 
tors, terminal blocks, etc. 
12692B: Used with 2940A/B Series € 
enclosures 

equipment racks of 20” depth 

(itches, 

62000 
idth or 
nount- 

$15 

way. AL74 

of connec- 

I P  cabinet 
$15 

$65 



c 
POWER SUPPLIES 
General purpose: 0 - 320 V dc output 
Model 895A 

0 Remote programmin! 
0 Current limiting 
0 Excellent regulation, I 

3 and sensing 

ow ripple and noise 

Description 
Model 895A is a general purpose Constant Voltage/Current Limit 

supply. Output voltage is adjustable from 0 - 320 V via a front panel 
IO-turn potentiometer with concentric knoblock and a single-turn fine 
control. Separate voltage and current meters provide continuous in- 
dication of power supply outputs. High performance specifications in- 
clude 0.007% line and load regulation and 1 mV rms ripple and noise. 
Remote sensing and programming are standard features. Units are 
packaged in convection-cooled, 51/4 inch high, full-rack width mod- 
ules. 
Specifications 
DC Output: 0 - 320 V dc @ 0 - 1.5 A 
AC Input: 115 V ac &IO%, 57-63 Hz, 8.7 A, 585 W 
Load effect (load regulation): Less than 0.007% or  10 mV change 
(whichever is greater) for a load current change from no load to full 
load. 
Source effect (line regulation): Less than 0.007% or 10 mV change 
(whichever is greater) for a change in line voltage between 104 and 127 
V ac  at  any output voltage and current within rating. 
PARD (ripple and noise): Less than 1 mV rms at any load condition 
within rating. 
Load effect transient recovery (load transient recovery): Less 
than 100 psec is required for output voltage recovery to within 20 mV 
of the nominal output voltage following a full load change in output 
current. 
Temperature coeificient: Output change per degree Centigrade 



Specifications definitions 
The following definitions expand 01 

ual power supply specification tables 
Load effect (load regulation): Voll 
load current change equal to the curre 
Load Effect is given for a load voltage 
ing of the supply. In general, where a 
output terminals, load effect is specifi 
Source effect (line regulation): Gil 
age within the specified range at ar 
within rating. 
PARD (ripple and noise): Measu 
bandwidth at any line voltage and UI 
rating. For the high voltage supplies, 
surement bandwidth is 1 Hz to 20 b’ 
Temperature coefficient: Output 
change in ambient following 30-min~ 
Drift (stability): Change in output (d 
under constant line, load, and ambie 
UP. 
Resolution: Minimum output voltag 
obtained using front panel controls. 
Output impedance: Typical values, 
series with an inductance. 
Load effect transient recovery (loa 
required for output voltage recovery 
the nominal output voltage followir 
equal to the current rating of the si 
smaller. 
Remote programming speed: Typi 
tively change from zero to within 99. 
put voltage, or from the maximum 
0.1% of that voltage above zero (99% 
6427B-6483C and precision models 6 

General power supply terms 
Control: The determination of the PC 
a variable element or signal, the re1 
changed continuously or in steps to ct 
output quantity accordingly. 
(1) Local Control (Programming): T 
supply output by means of a control t 

(2) Remote Control (Programming): 
output by means of an external contrl 
lar modes of remote control are desig 
signal or signal quantity, for examplq 

supply. 

a. Resistance control 
b. Voltage control 
c. Current control 
d. Digital control 

Efficiency: The total output powe 
power. 
Remote sensing: A means by whic 
stabilized output quantity directly at 

Specification 
POWER SUPPLIES 

definitions and power supply terms 

n the terms used in the individ- 

.age Load Effect is given for a 
nt rating of the supply. Current 
change equal to the voltage rat- 
supply has both front and rear 
ed for the rear terminals only. 
ven for any change in line volt- 
iy output voltage and current 

red within 20 Hz to 20 MHz 
ider any load condition within 
models 65 15A-6525A, the mea- 
IHz. 
change per degree Centigrade 
ites warm-up. 
c to 20 Hz) over 8-hour interval 
nt following 30-minutes warm- 

e or current change that can be 

approximated by a resistance in 

ad transient recovery): Time 
to within the specified level of 
tg a change in output current 
upply or 5 amps, whichever is 

cal time required to non-repeti- 
9% of the maximum rated out- 
rated output voltage to within 
and 1% for high power models 

11 Ol A-6 1 16A). 

)wer supply output by means of 
levant value of which may be 
iange the value of the stabilized 

he determination of the power 
dement integral with the power 

The setting of the power supply 
01 quantity. In general, particu- 
pated according to the applied 

r divided by the active input 

h the power supply monitors a 
the load using extra “sensing” 

leads. Usually, the remote sensing leads monitor voltage directly a t  
the load, and the resulting circuit action compensates for voltage 
drops in the load leads up to a specified limit. 
Source: A point of origin of electrical energy. It is used as an adjec- 
tive to describe the AC input to the equipment. 
Stabilized power supply: An apparatus which takes electrical 
energy from a source and supplies it in a stabilized form to one or 
more pairs of output terminals. 
(1) Constant Voltage Power Supply: A power supply that stabilizes 
output voltage with respect to changes of influence quantities. 
(2) Constant Current Power Supply: A power supply that stabilizes 
output current with respect to changes of influence quantities. 
(3) Constant-Voltage/Constant-Current Power Supply: A power sup- 
ply that operates as a constant-voltage power supply or constant-cur- 
rent power supply, depending on load conditions. 
Terms related to static operation 
Constant-voltage/constant-current cross-over: The behavior of a 
power supply that automatically converts the mode of operation from 
voltage stabilization to current stabilization when the output current 
reaches a preset value and vice versa. 
Discontinuous control resolution (resolution): In the case of dis- 
continuous control (e.g., by means of switches, wire-wound adjust- 
able resistors), the maximum increment in the value of a stabilized 
output quantity arising from the smallest reproducible control ele- 
ment step. 
Drift: The maximum change of an output quantity during a specified 
period of time following the warm-up time, with all influence and con- 
trol quantities maintained constant during the warm-up time and the 
period of drift measurement. Drift includes both periodic and ran- 
dom deviations over the bandwidth from zero frequency (dc) to a spe- 
cified upper frequency limit. This specified upper frequency limit for 
drift must coincide with the lower frequency limit for PARD so that 
all deviations under constant operating conditions are covered by spe- 
cifying one or the other. 
(1) Warm-up Time: The time interval after switching on the power 
supply until it complies with all performance specifications. 
Nominal value: The yalue which exists “in name only” not the ac- 
tual value. For example, in the case of a power supply with a cali- 
brated output control, the nominal output is the value indicated by 
the control setting. For a supply with a fixed output, the nominal out- 
put is the output indicated on the nameplate. For alternating-current 
line input voltages, the nominal value is usually the “design center” 
value. For example, the nominal value of a 115 volt f 10 percent line 
voltage is 11 5 volts. In the case of remote control, the nominal value is 
the output value predicted by the remote control coefficient. 
Output effect (regulation): The change in the steady-state value of a 
stabilized output quantity (voltage, current or power) due to a speci- 
fied change in the steady-state value of one or more influence quanti- 
ties with all other influence quantities maintained constant. 
(1) Individual Effect: The change of value of a stabilized output quan- 
tity resulting from a specified change in one influence quantity, with 
all other influence quantities maintained constant. In general, abbre- 
viated terms are used for individual effects, e.g. “source effect” to des- 
ignate the effect of the stabilized output quantity due to changes of the 
source voltage. 



Output effect coefficient: The maximum change in value of an out- 
put quantity per unit change of one influence quantity, with all other 
influence quantities maintained constant. Temperature coefficient is 
the most commonly used output effect coefficient. 
PARD periodic and random deviation (ripple and noise): The pe- 
riodic and random deviation of a direct-current output quantity from 
its average value, over a specified bandwidth, with all influence and 
control quantities maintained constant. It is stated in rms and/or 
peak-to-peak values for a specified bandwidth. 
Steady-state value: The value of a quantity which persists after all 
nonrecurring transients have decayed to an insignificant magnitude. 
Warm-up time: The time interval after switching on the power sup- 
ply until it complies with all performance specifications. 

Terms related to dynamic operation: 
Output impedance: The complex ratio of a sinusoidal voltage and a 
sinusoidal current at the output terminals, the one being caused by the 
other and being of external origin. 
Transient recovery time: The time interval between a step change in 
one of the influence quantities or control quantities and the instant 
when the stabilized output quantity returns to and stays within the 
transient recovery band. 
Turn-on (turn-off) overshoot: The overshoot resulting from the 
application (removal) of the source power or from the power supply 
source switch being turned on (turned off). 

Terms related to physical and environmental aspects 
Ambient temperature: The temperature of the medium in which the 
power supply is immersed, usually the temperature of the air sur- 
rounding the power supply. 
Isolation voltage: In the case of a floating output, input, or control 
input, the maximum voltage that may be permanently maintained be- 
tween specified terminals. 

Terms related to combined operation of two or more power 
supplies 
Combined operation of power supplies: In order to extend the 
output capabilities of a single power supply, two or more power sup- 
plies may be connected for a combined mode of operation. Fre- 
quently, terminals other than the output terminals may be intercon- 
nected, e.g., to  provide a mode of operation where one power supply 
(the master) may serve to control the others (the slaves). 
Parallel operation: The operation of two or more power supplies 
with all positive output terminals connected together, and all nega- 
tive output terminals connected together, so that the total load cur- 
rent equals the sum of output current of all power supplies. 
(1) Parallel Operation With Specified Load Sharing: A parallel con- 
nection of two or more power supplies, with the total load being 
shared between them in a prescribed ratio. 
(2) Slave Parallel Operation: A parallel connection of one master sup- 
ply, with one or more slaves with output current(s) always equal or 
proportional to the output current of the master unit. 
Series operation: The operation of two or more power supplies with 
the positive output terminal of one connected to the negative output 
terminal of another, so that the output voltages of the supplies are ad- 

Le same or oppc 
output termini 

:ferred to as con 

ditive. 
( I )  Series Operation With Specified Load Sharing: A series connec- 
tion of two or more power supplies, with the total voltage being 
shared between them in a prescribed ratio. 
(2) Slave Series Operation: A series connection of one master supply, 
with one or more slaves, with their output voltage(s) always equal or 
proportional to the output voltage of the master unit. 
Slave operation: A method of interconnecting two or more 
stabilized power supplies and achieving coordinated control of the as- 
sembly by means of controlling the master supply alone, such combi- 
nations being characterized by essentially proportional outputs from 
all units. 
( I )  Slave Tracking Operation: An interconnection of two or more 
slaves with output@) always held equal or proportional to  the output 
of the master unit. The slave may be of t t  )site polarity 
as the master with respect to the common 11s in the lat- 
ter case, the configuration is sometimes re nplementary 
tracking. 
Protection terms 
Crowbar protection circuit: A protection circuit which rapidly 
places a low resistance shunt across the output terminals of the power 
supply, thereby initiating action to reduce output voltage to a low 
value. 
Current limiting: The action of limiting the output current of a con- 
stant-voltage supply to some predetermined maximum value (fixed or 
adjustable) and automatically restoring the output voltage to its nor- 
mal value when the overload or short circuit is removed. There are 
three types of currenl 
(1) By constant-volta; 
(2) By decreasing 01 
known as automatic ,  
Overcurrent protection: Protection ot the power supply and/or 
connected equipment against excessive output current, including the 
short-circuit current. 
Overtemperature protection: Protection of the power supply or 
parts of it against temperatures exceeding specified values. 
Reverse voltage protection: Protection of the power supply against 
reverse voltage applied at the output terminals. 
Short-circuit current: The steady-state current delivered by a con- 
stant voltage power supply when its output terminals are short-cir- 
cuited. 
Thermal disconnect: A device which prevents the maintenance of 
excessively high temperature in certain parts of the apparatus by dis- 
connecting those parts from their supply. 
Voltage limiting: The action of limiting the output voltage of a con- 
stant-current supply to some predetermined maximum value (fixed or 
adjustable) and automatically restoring the output current to its nor- 
mal value when the load conditions are restored to normal. There are 
two types of voltage limiting: 
(1) By constant-voltage/constant-current crossover. 
(2) By decreasing output current as voltage increases (otherwise 
known as automatic voltage limiting.) 
Open-circuit voltage: The voltage a t  the terminals of a constant- 
current power supply when there is no load connected. 

t limiting. 
ge/constant-current crossover. 
itput voltage as current increases (otherwise 
current limiting.) - - .  . .  



POWER SUPPLIES 

0 Digitally programmable in binary or BCD 
0 Complete digital-to-analog subsystem in 

Fast, accurate, bipolar output 

61 28C, 6129C 

6130C. 6131C 

Digital voltage sources 
HP’s family of digital voltage sources (DVS 

6128C, 6129C, 6130C, and 6131C. All models ar 
binary or 8421 BCD and have many system-orient 
hance their use in automatic testing and con 
Among these features are: isolation between the di 
log output lines, digital storage of programmed i 
ble current latch, analog input, and current mon 
Isolation 

All digital lines of the DVS’s are isolated from 
This feature is essential in automatic test system 
ground loops that could impair system operatic 
computer and instruments. 

Nearly all computer manufacturers ground the 
the digital 1 /0  logic to the mainframe of the coml 
nected to the ac power line ground. If a DVS did 
one of its analog output terminals would be conn 
input common line. 

Internal storage 
The DVS’s internally store the computer’s outp 

age setting), polarity, range, and output latch/ 
when the computer’s gate command is received. ’ 
finished processing the digital input, it notifies the 
mitting its flag. Since the DVS stores the digital 
does not have to continually refresh the DVS; it 
other important tasks. The DVS maintains its pros 
definitely, changing the output only when the coi 
digital input data and sends another gate commi 

In addition to eliminating the need for redunda 
the computer, internal storage also facilitates the 
DVS’s from a single computer 1 /0  channel. The 
that can be controlled from a single 1 /0  channel 
pabilities of the computer’s 1 /0  data bus drivers. 
easily drive up to eight DVS’s. 
Programmable current latch 

Overcurrent protection is provided by a current 
can be externally programmed to one of eight vali 

Digitally controlled: binary or BCD 
Models 6128C - 6131C, 6140A & 6145A 

I Digital inputs isolated from analog output 
one package Internal storage of digital data 

Digitally programmable current latch (on D 
voltage limit (on DCS models) 

’s) include models 
e programmable in 
.ed features that en- 
trol environments. 
gital input and ana- 
nputs, programma- 
iitoring terminals. 

the analog output. 
s to avoid forming 
in and damage the 

power supplies for 
mter, which is con- 
not have isolation, 

iected to the digital 

ut magnitude (volt- 
limit digital inputs 
When the DVS has 
computer by trans- 
data, the computer 
is free to carry out 
:rammed output in- 
nputer changes the 
md. 
nt programming by 
control of multiple 
: number of DVS’s 
depends on the ca- 
yIost computers can 

VS models) or 

6140A 

61 

output current. 
le output power 

mA. The reac- 
le start of a cur- 
1 be adjusted by 
le upper current 
circuit that pre- 
: current rating. 
:urrent overload 
e fed back to the 

lirable to inject an ac “wig- 
measure impedance at vari- .. . ” 

100% (six values for the 6131C) of the unit’s rated 
When activated, the current latch circuit turns off t t  
amplifier reducing the output current to less than 2C 
tion time of the current latch circuit (time between th 
rent overload and turn off of the power amplifier) cai 
adding an external capacitor at the rear terminals. TI 
limit is safeguarded by a separate fixed current limit 
vents the output current from exceeding 110% of thr 
The computer is continuously informed of possible E 
or current latch conditions by status outputs which ar, 
programming source. 

Analog input 
In automatic test systems, it is often des 

gle” on top of a programmable dc level to I 
ous voltage levels, to simulate worst case power suppl 
a module under test, or measure componen 
namic gain or transconductance. Many auto 
quire this feature to provide “dither” for th, 
vide an analog input to fulfill this need. 

Current monitoring terminals 
The output current of all DVS’s can be measurea w 

voltage accuracy by connecting a voltmeter across th 
toring terminals on the rear barrier strip. 

Specifications 
See pages 212 and 213. 

Digital current sources 
The Digital Current Sources, Models 6140A and 61 

suited for system applications requiring a rapidly 
high-precision source of current. The 6104A DCS is : 
eration with either binary or 8421 BCD control dl 
6145A is available only for BCD operation. The 6145, 
features manual, high resolution thumbwheel switche 
be utilized as a bench instrument or in system appl 

The isolation, internal storage, and analog input fe 
for the DVS’s also apply to the DCS’s. In addition, 
programmable voltage limiting and voltage monitor 

latch circuit which 
ies between 2% and 

ly conditions for 
t parameters such as dy- 
matic control systems re- 
e system. All DVS’s pro- 

. ... . ... ‘itnout upsetting 
le current moni- 

145A, are ideally 
programmable, 

ivailable for op- 
evices while the 
4, however, also 
s that allow it to 
ications. 
atures described 
the DCS’s have 
ing terminals. 



“ POWER SUPPLIIES 
Models 6128C-6131C, 6140A & 61451 

Programmable voltage limit 
DCS’s incorporate programmable gross 

tect the load from overvoltage conditions. 
negative voltage limit is programmed and, 
ceeds the programmed value by approximate 
lator within the DCS automatically activate! 
rent away from the load. At the onset of v 
starts to reduce output current to compens 
load. If the overload increases and output 
mately f10% + 1.4 V dc of the programmt 
full voltage limit operation during which out 
wards zero if necessary to hold output volta 
value f 10% + 1.4 V dc of programmed lir 
limit operation, but not before, the DCS re 
nals to the computer to notify it of the curr 

If the overload was temporary (whether or 
reached), the DCS automatically re-establisl 
rent output. At this time, if full voltage lin 
Flag is generated and another overload s 
notify the computer that an overload o c a  
(overload stored) is not removed until the 

The DCS also includes a Voltage Limit 0 
the programmed voltage limit setting to be 
placed at the minimum voltage limit (2 V dc 
useful in systems applications in which one 
is distributed to all DCS’s in a chain and all 
mum voltage limit simultaneously. 

Voltage monitoring 
The DCS is a precise constant current so1 

tive guard supply to eliminate leakage curre 
put terminals. The guard is maintained withii 
terminal a t  the DCS and completely surrouli 
current is “captured” by the guard and does 
guard output is also provided at a rear termir 
nient point at which to monitor the output vo 
connected directly to the HI output terminal 
put impedance and the meter would draw C I  
connecting the meter to the guard, however, 1 
monitored without impairing current regula 

Common specifications 
(Refer to table on page 213 for additional 
AC power input: 

6128C, 6129C 115/230 V ac, 48-63 Hz; 
115/230 V ac switch-selected. 
6130C, 6131C: 115 V ac f IO%, 48-440 
,.-a,.- ,.---a. ...-,e.,_. J ~~ A n  ” ” A r T - ~  

4 (cont.) 

voltage limiting to pro- 
The nominal positive or 
if the output voltage ex- 
ly 0.2 V dc, a shunt regu- 
i and begins to draw cur- 
oltage limiting, the DCS 
ate for the voltage over- 
voltage reaches approxi- 
:d limit, the DCS attains 
put current is reduced to- 
ge at the maximum limit 
nit. When in full voltage 
turns status and flag sig- 
ent overload condition. 
not full voltage limit was 
ies the programmed cur- 
lit was reached, another 
tatus signal returned to 
irred. This status signal 
DCS is reprogrammed. 
verride input that allows 
overridden and the DCS 
). This input is especially 
computer override signal 
I of them set to the mini- 

urce that employs an ac- 
nt flow between the out- 
n 10 mV of the HI output 
ids it so that any leakage 
not flow in the load. The 
ial and provides a conve- 
iltage. If a voltmeter were 
I, it would lower the out- 
urrent from the load. By 
the voltage output can be 
.tion of the DCS. 

specifications). 

5 .4A,780W@ 115Vac; 

Hz; 1.2 A, 100 W. 
OI~UA,  0143~:  I I ~ I L J U  v ac, 40-44u nz;  1.2 A, 100 W @ 115 V ac; 
115/230 V ac switch-selected. 

6128C, 6129C: 42.55 W x 26.67 H X 54.3 cm D, (16%” W X 10%’’ 

6130C, 6131C: 42.55 W X 13.34 H X 39.69 cm D; (16%“ W X 51h” 
H X 15%” D). 
6140A, 6145A 42.55 W x 13.34 H X 49.40 cm D; (16%” W X 5%” 

Dimensions: 

H x 2 1 ~ ~  D). 

H X 19%’’ D). 
Weight: 

6128C, 6129C: net, 33 kg (72 Ib); shipping, 35 kg (78 Ib). 
6130C, 6131C: net, 15 kg (32 Ib); shipping, 22 kg (48 Ib). 

6140A, 614519: net, 2, \-> .”,, o...yy...6, L7 ,”,. 
Cooling: 

Accessories furnished 
125 1-0086 50-contact rear plug. 
5060-8743 Rack mounting kit for Models 6128C and 6129C. 
5060-8740 Rack mounting kit for Models 6130C, 6131C, 6140A, and 
6145A. 
5060-7948 Plug-in extender board for DVS models. 
5060-7948/5060-7982 Two plug-in extender boards for DCS models. 
Accessories available Price 
14533B Pocket programmer permits manual program- 

$120 
14534A Pocket programmer extension cable (18‘) $60 
14535A HP computer interface kit includes 12661A 
computer 1 / 0  card, 14539A cable, verification soft- 
ware and BCS driver. Up to eight DCPS’s may be con- 
trolled from one 14535A 
l4539A cable connects the first DCPS in a chain of up 
to eight instruments to the 12661A DVS programming 
card for Hewlett-Packard computers $170 
14536A chaining cable connects an additional DCPS to 
the existing chain of DCPS’s $170 
14544A Cable connects a DCPS with option J95 (no 
charge) to a DEC PDP-8/1 computer. Includes instruc- 
tions for constructing the interface from DEC logic 
modules $155 

Drivers in the form of punched paper tape with accompanying op- 
erating manuals are available for Hewlett-Packard BCS, DOS, RTE, 
and BASIC software operating systems. Contact your HP  Field En- 
gineer for prices and ordering information. 

028 Transformer tap change for 230 V ac &lo%, single 

6130C, 6131C: are convection cooled. 
6128C, 6129C, 6140A, 6145A are forced air cooled. 

ming of all input functions by switch closure 

$ I700 

Software for HP computers 

AC power option 

phase input on 6130C and 6131C. $10 

Standard interlace options 
These options apply to all DVS’s and the 6140A DCS. Standard op- 

tions are not available on Model 6145A, which uses BCD microcir- 
cuit logic levels. 
520 binary interface for 12661A 1 /0  programmer card for Hewlett- 
Packard computers. 
061: BCD interface for NPN open collector circuits. 
062 binary interface for NPN open collector circuits. 
063: BCD interface for microcircuit logic levels. 
064: binary interface for microcircuit logic levels. 

Special options 
If none of the standard interface options meet your requirements, 

quotations for special options may be obtained from your Hewlett- 
Packard field engineer. 
Model number and name Price 
6128C, 6129C Digital Voltage Source $2900 
6130C, 6131C Digital Voltage Source $ I900 
6140A Digital Current Source $2575 
6145A Digital Current Source $2990 



X1 Range: 0.5 mV 
X10 Range: 5 mV 
X1 Range: 1 mV 
X10 Range: 10 mV 

8421 BCD Instruments 

BASIC ACCURACY (90 DAYS): 

X1 Range: 1 mV 

Accuracy at 23°C f 3 " C ,  115 V ac input, 
no load, following 30 minutes warm-up 

For output to settle within 350 psec 300 psec 
0.1% of programmed change 

Binary Instruments X 1  Range: 500 y V  X I  Range: 500 p V  X1 Range: 500 y V  
X10 Range: 5 mV 

8421 BCD Instruments X1 Range: 300 pV X1 Range: 300 pV X1 Range: 300pV 
X10 Range: 3 mV 

X1 Range: 2 mV p-p, 0.5 mV rms 
X10 Range: 7 mV p-p, 1.5 mV rms 

X1 Range: 150 pV 
X I 0  Range: 1.5 mV 

X1 Range: 1.5 mV X1 Range: 1.5 mV 
X10 Range: 15 mV 

X1 Range: 1 mV 
X10 Range: 10 mV 

PROGRAMMING TIME: 

STABILITY: DC output dri f t  under constant line, load, and ambient temperature for 8 hours after 30 minutes warm-up. 

X10 Range: 2.5 mV 

X10 Range: 1.5 mV 
RIPPLE AND NOISE: 

At any line & load 
condition within rating 

Change in  output voltage (or current for 
DCS's) for any load change within rating 

Change in output voltage (or current for 
DCS's) for any line voltage change within 
specified range 

Binary Instrument 300 pV X1 Range: 250 pV X1 Range: 500 pV 
X10 Range: 5 mV 

8421 BCD Instruments 250 p V  X1 Range: 200 p V  X 1  Range: 400 pV 
X10 Range: 4 mV 

6 mV p-p 
2 mV rms 

150 pV 

12 mV p-p 
3 mV rms 

LOAD EFFECT 
X1 Range: 150 pV 
X I0  Range: 500 p V  - 

SOURCE EFFECT 

X10 Range: 2.5 mV 

X10 Range: 2 mV 
TEMPERATURE COEFFICIENT 

Change in  output per "C in  
ambient temperature 
Binary Instruments 160 pV/"C X 1  Range: 160pVI"C XI: 160 pV/"C 

X10: 1.6 mV/"C X10 Range: 800 pV/"C 

8421 BCD Instruments 100 y V I " C  X1 Range: 100 pV/"C x1: 100 pVI "C 

X10 Range: 500 pV/'C X10: 1 mV/"C 

ANALOG INPUT 
DC Gain -1 v/v *0.2% X 1  Range: -1 V/V 4~0.2% 

Bandwidth ( f 3  dB) ~ 9 . 0  kHz ~ 2 5  kHz 
Stability -8 hrs. 
(+ Stab. of input signal) 
Impedance 10 k R  

X10 Range: -10 V /V  f 0 . 2 %  

X1 Range: 500 pV + input 
X10 Range: +5 mV + input 

500 pV + input 

Max. Input f16 .38  V X1 Range: f 2 0  V x1: f 2 0  v 
L X10 Range: f 5 . 0  V x10: f 1 0  v 



mmmm 
RECORDERS 
General information 

Chart Size 

& PRINTERS 

Maximum 
Sensitivity 
(mV/cm) 

Introduction 
Hewlett-Packard offers a wide selection of 

recorders that record and display data accu- 
rately, quickly, and reliably. Some areas of 
application include manufacturing, educa- 
tion, laboratories, and hospitals. The re- 
corders can also be utilized by the original 
equipment manufacturer (OEM) to fulfill the 
need for recording and displaying data from 
the OEM's equipment. The wide selection in- 
cludes X-Y, strip chart, oscillographic, and 
instrumentation tape recorders, along with 
graphic plotters for computer, timeshare, and 
calculator users. For more detail, refer to the 
specific type of recorder or graphic plotter 
which fits your application. 
X-Y recorders 

The Hewlett-Packard X-Y Recorders are 
designed for the laboratory or  the industrial 
user to plot Cartesian Coordinate graphs 
from dc electrical information. This results in 
providing the most effective methods for pre- 
senting related data clearly. 

A self-balancing potenl 
compares an unknown extei 
a stable internal reference i 
ference between these volta 
and applied to a servo mot( 
tentiometer in a direction tl 
difference or error voltage. 

8% X 11 
8% X 11 
8% X 11, A4 
11 X 17andA3 

11 X 17 
8% X 11 
11 X 17andA3 
11 X 17andA3 

A stepped attenuator or range selector is 
included for each axis, so voltages as high as 
500 volts may be handled directly. Input re- 
sistance is typically 1 megohm. Sensitivity 
may be as high as 20 pV/cm for dc. 

Zeroing potentiometers permit the user to 
locate the plotting origin as desired. 

T o  fit the range of the recorder's response 
exactly to the coordinates of the paper in use, 

0.4 
0.2 
1.0 
0.25 

0.25 
0.25 
0.25 
0.25 

or to  the units of nnvuou,.,.,,v,,L UIaI.-U, 

tinuously adjustable vernier control may be 
switched in as a substitute for the calibrated 
control. Thus, the response range of the re- 
corder can be adjusted smoothly to match, 
for example, some calibrated maximum from 
a transducer, so the paper's coordinates di- 
rectly correspond to the desired units of mea- 
surement (psi, "C, etc.). 

Applications 
The X-Y Recorders may be selected among 

models in the two basic chart sizes and from 
three basic levels of performance depending 
upon measurement needs. Certain models 
have high sensitivity and high common mode 
rejection. Models are available with and 
without time sweep capability. Metric and 
English models are available. Additionally, 
two pen models may also be selected which 
are capable of simultaneously plotting two 
curves. Whether the application be in the 
Bio-Medical, Chemical, Material Testing, 
etc., a wide variety of X-Y Recorders is avail- 
able to fit the requirement. 

Plug-in modules 
To expand the versatility and application 

of one group of X-Y recorders, plug-in mod- 
ules are provided. I f  the application changes, 
the needed measurement capability is avail- 
able by simply adding an inexpensive plug-in. 
I n  addition to these advantages, their high 
dynamic performance allows the recorders to 
be used in practically any application. 

Recorders that utilize plug-ins include the 
7004B and 7034A. The modules available in- 
clude Amplifiers, Time Bases, DC offset, Fil- 
ters and Null Detector. The flexibility inher- 
ent in the plug-ins will meet the constantly 
changing requirements of laboratory mea- 
surements. 

Hewlett-Packard X-Y recorders 

I 1  Description Model Other 
General 
Performance 

High 
Performance 

I .iometer circuit 
.rial voltage with 
ioltage. The dif- 
iges is amplified 
)r to drive a po- 

l hat will null any 

70358 
136A 

7015A 
7044A 

7004B 
7034A 
7045A 
7046A 
7047A 

External Time Base Available 
Two Pen, Time Base Standard 
Time Base Optional 
Time Base Optional 

Uses Plug-ins 
Uses Plug-ins 
High Speed 
Two Pen 
High Perf. h u t .  DC Offset 

7040A 
7041A 
7010A 

11 X 17andA3 
11 X 17 and A3 
8% X 11 and A4 1.0 

Single Sensitivity 
High Speed 
Single Range 



Digital graphic plotters 
The Hewlett-Packard Graphic PI1 

offer the user an opportunity to  prc 
graphs of computer-generated data. 
operate with terminals which commui 
with a computer directly or in a time-sh 
environment. Simple mnemonic comm 
which can be generated by any compu 
any language, are used to  feed data anc 
trol the plotter. 

Data is supplied in pairs of four-di 
and Y coordinates so each new data PC 
totally defined and not dependent up0 
accuracy of previous points. As true 1 

plotters, the 7200 series interpolate sti 
lines between data points, eliminatin 
need for the computer to  generate immc 
points. 
Applications 

Graphic plotters are particularly usef 
the graphing of functions, curve fittin 
gression analysis, transfer functions, p 
bility distribution, shear and momenl 
grams, checking of numerical contro 
chine programs, or anything else that c 
graphed. BASIC routines for curve ai  
phanumerical generation are available 
used on major time-sharing systems. 
Strip chart recorders 

Hewlett-Packard Strip Chart Recc 
are servo driven devices designed to pr 
permanent records of slowly varying a 
signals versus time. Pen movement on 
instruments is accomplished by comp 
the input signal with the voltage pi 
along the internal linear feedback elc 
(slidewire), amplifying this error signa 
applying it to  a servo motor. The motoi 

Channels, 
Chart Width 

I 7402A I 2 X 50mm* I 

otters 
lduce 
They 
iicate 
iaring 
ands, 
ter in 
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rector 
-aight 
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wders 
ovide 
nalog 
these 
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'esent 
:ment 
I and 
. then 

repositions the slidewire contact until electri- 
cal balance is achieved. Systems using this 
technique can be expected to have accuracies 
around 0.2 percent of full scale and have full 
scale response times of from Y, to  

Movement of the time axis in most strip 
charts is accomplished by a synchronous 
motor. The accuracy is, therefore, dependent 
on the frequency stability of the power input. 
It is necessary to specify either 50 or 60 Hz 
operation when the instrument is ordered. 
One recorder, the 7155A Portable, uses a 
stepper motor drive in conjunction with an 
internal oscillator and, therefore, operates in- 
dependently of line frequency. 
Writing systems 

Hewlett-Packard Strip Chart Recorders 
provide two types of writing systems; capil- 
lary ink and disposable pens (ink). 

Capillary ink systems use replaceable ink 
cartridges and have been traditional on 
SCR's for many years. More recently, dis- 
posable pens have been introduced which 
permit the user to rapidly change ink colors 
and perform less ink system maintenance. 
Oscillographic recorders 

The advantages of using direct writing re- 
corders are highlighted by the Hewlett-Pack- 
ard Oscillographic Recorder family. 

Time correlation of multiple channels of 
data, instantaneous read out, and the capa- 
bility to  use calibrated units of the cus- 
tomer's choice are just some of those advan- 
tages. Permanent and easily reproduced rec- 
ords of signals from dc to  150 Hz can also be 
made on H P  Oscillographs. From two to 
eight channels of recording can be made, de- 
pending upon the recorder model selected. 

second. 

The wide range of plug-i 
ing available for these ri 
customer to record dissir 
same chart paper. 

The 7402A 2-channe 
unique in that it can also 
channel recorder with a ' 
The 7404A 4-channel ink 
converted to a 2, or 3-ct 
Applications 

With appropriate sign 
cillographic recorders ci 
signals from microvolts 1 
ducers and they can makc 
of physical measurement 
sition, strain, stress, acc 
perature. 

Oscillographs can alsc 
bleshooting since the ch 
real time correlation of 
ables. The chart paper p 
record that can be used 
ports. 
Writing systems 

Both ink and thermal 
available. The 7402A 2-C 
Channel recorders use 
Channel and 7418A 6 an 
ers use hot tip thermal \ 

The ink writing system 
dries instantly to the to1 
ink system, and rugged 
with hard tungsten carbi 

Thermal writing systei 
stylus which is a major re 
stylus used on past H P  tt  
a result, the reliability of 
used in these recorders i 

125 Hz 
140 Hz 1 2:01 1 140Hz 

in signal condition- 
ecorders allows the 
nilar signals on the 

:I ink recorder is 
be used as a single 

wide 100 mm trace. 
recorder can also be 
iannel recorder. 

al conditioners, os- 
in record electrical 
to volts. Add trans- 
: records of all types 
s such as force, po- 
eleration, and tem- 

) be used for trou- 
art paper can show 
a number of vari- 

irovides a historical 
conveniently in re- 

writing systems are 
:hannel and 7404 4- 
ink. The 7414A 4- 
d 8-Channel record- 
writing techniques. 
I utilizes an ink that 
uch, a low pressure 
stainless steel stylus 
de tips. 
ms utilize a hot tip 
:design of the heated 
termal recorders. As 
' t he  writing systems 
s vastly improved. 

Oscillographic recorder system specifications 

With Maximum 
Writing Preamplifier Amplifier Sensitivity Response 
Method Configuration Model No. (mV/div) ( - 3 d B a l O d i v )  

I I 
Ink 

I 

10% to 90% 
(ms, 10 div) 

7 (50mm) 
7 (50rnm) 

I 7404A I 4 X 40mm**  1 Ink  I Plug-in I I t-t 7414A 

100 Hz I 100Hz 
I "  I I I 80 HZ 

7418A 6 x 8 X 40mm Thermal Plug-in/Bank 
*Single channel 100 ma operation standard. 

**Dual channel 80 ma operation standard. 



Signal conditioners - Plug-in preamps era1 purpose applications where economy is 
A wide line of Plug-in Signal Conditioners desired. They are used exclusively in the 7418 

is available for both ink and thermal record- 6- and 8-Channel recorder. Each Model 
ers which provide unmatched flexibility for 8820A low gain or 8821A medium gain is 
the recorder user. provided in 6- or 8-Channel versions. 
Bank amplification 3960A Instrumentation tape recorder 

Two bank amplifiers are available for gen- The H-P Model 3960A is a small-size, 

17401A 

17402A 

The 17400 Series of Plug-in Signal Conditioners is used in the 7420A 2-Channel and  
7404A 4-Channel ink recorders. 

Medium Gain D.C. 

Low Gain D.C. 

1 mV/div balanced to ground. Option 001 adds Cal zero suppres- 
sion. 
20 mV/div single ended. 

I Max Sensitivity Model No. I Description 

17400A I High Gain D.C. I 1 pV/div differential, floated and guarded. Cal zero suppression. 

1 17403A 1 A.C. Carrier Internal Excitation (2.4 kHz) for passive transducers such as strain 
gage and  differential transformers. Cal zero suppression. Differen- 
tial floating inputs. 

Model No. Description Max Sensitivity 

8802A 

8803A 

~ 

Medium Gain D.C. 

High Gain D.C. 

1 mV/div Differential Inputs. Cal Zero Suppression. 

1 V/div Guarded floating input.  Cal Zero Suppression. 

8805A 

88058 

88068 

light-weight portable instrumentation tape 
recorder designed to perform in a large as- 
sortment of applications - data acquisition 
and data reproduction - formerly per- 
formed by large, expensive recorders. Por- 
tability is further enhanced by the capability 
of operating from either AC or DC power- 
sources, a built-in DC calibrator, and peak 
AC/DC meter to facilitate any required pre- 
recording adjustments. 
Transport description 

Designed to be rugged, as well as portable, 
the 3960A encompasses engineering design 
techniques to ensure it will perform like the 
large sophisticated and expensive instrumen- 
tation tape recorder. All tape drive assem- 
blies are mounted on a solid aluminum cast- 
ing. The tape guides and the Record/Repro- 
duce heads are mounted on the capstan 
motor subassembly. This subassembly is then 
mounted on the solid aluminum casting as- 
sur inga permanent tape path alignment. 
Data electronics 

Data electronics are selected by opting for 
Direct recording when a wide passband is re- 
quired or FM recording where higher SNR 
or DC response is needed. Four channels of 
data electronics, with up to a 16:l time base 
expansion or contraction are available. 

Both Direct and FM electronics can be 
used simultaneously in any desired combina- 
tion for the four data channels. Located on 
the front panel of the transport assembly are 
the input sensitivity and output level con- 
trols plus the input and output BNC connec- 
tors. A systems connector for data input and 
output is also located on the back of the 
transport assembly to facilitate wiring when 
the instrument is rack mounted. 
Other features 

An optional Voice Amplifier permits voice 
annotating of data for locating specific test 
data during playback. Other options such as 
the Tape Speed Servo and Tape Loop 
Adapter may be chosen to enhance the 3960 
capability for many diversified applications. 

A.C. Carrier 

AX. Carrier 

Phase Sensitive 
Demodulator 

Internal Excitation (2.4 kHz) for passive transducers such as strain 
gages and differential transformers. Cal Zero Suppression. 

Same as 8805A, adds quadrature signal balance, signal averaging ca- 
pability and internal calibration. 
0.5 mV rms/div High impedance, transforms isolated inputs. 

8807A 

8808A 

8809A 

AC to DC 
Converter 

Log Level 
Signal Coupler 

50 Hz to 100 kHz  1 mV/div Average responding. 

100 d B  Span 5 Hz to 100 kHz  1 d B  accuracy 100 ~Vsensitivity. 

1.5 V (1 mA into 1.5 kf2) for Full Scale Deflection. 



0 High performance 

RECORDERS i 
Fast response X-Y recordc 

Plug-in versatility 

7004B 

The 7004B and the 7034A meet the constantly changing I 
ments of laboratory measurements. Plug-in modules and a va 
accessories form a versatile high performance X-Y Recordc 
cuitry, common to all plug-in modules (power supplies, int’ 
etc.), is located in the main frame. This allows the user to  purck 
ditional low cost modules to  expand the measurement capabi 
the system. 

With an acceleration of more than 3800 cm/s2 (1500 in./ 
slewing speed of 76 cm/s (30 in./s) the 7004B and 7034A recoi 
phenomena than earier X-Y Recorders. The high acceleratior 
the pen to follow small, quick input changes. 

Front and rear guard terminals are available for signal 
Guarding helps eliminate the common mode voltage effects 1 
troublesome when recording from low-level sources such as 1 
couples, strain gauges, and similar sources. 

Additional features include the proven Autogrip electrostati 
holddown, the disposable ink pen that produces a clean, crir 
tinuous trace, a RECORD/SETUP switch, knob locks, f 
binding posts, tilt stand, to  name a few. 

Selection of the plug-ins is dependent upon the type o f :  
corder as well as purpose. Two plug-ins per axis are place( 
mainframe. Each may be used individually or in series by set 
front panel switch. A description of each follows: 

70046 81 7034A Specifications 
Performance specifications 
Number of plug-ins: frame will accept the equivalent of four 
width plug-ins, two per axis. 
Type of input: floating and guarded signal pair. Available 
front panel or at the rear connector. 
Zero set: zero may be set f l  full scale from zero index. 

7034A 

.equire- 
riety of 
:r. Cir- 
erfaces, 
base ad- 
lities of 

S I )  and 
.d more 
I allows 

inputs. 
that are 
.hermo- 

c paper 
ip, con- 
ive-way 

Y-Y re- 
i in the 
ting the 

single- 

at  the 

Zero check switches: pushbutton zel 
lows verification of recorder’s zero posi 
ing of the input signal. 
Mainframe accuracy: f0.276 of full 
Range vernier: lockable, covers 2.5 1 
Slewing speed more than 75 cm/s 
voltage and frequency. 
Acceleration: more than 3800 cm/s2 
Reference stability: better than 0.00 
Terminal based linearity: f0.170 of 
Resettability: f0.05% of full scale. 
General soecificationa 
Paper holddown: Autogrip paper hol 
up to size of platen. 
Pen lift: local and remote control (cc 
Dimensions: 7004B: 445 mm wide, 
(17%’’ X 17’/2” X 4%”). 7034A: 445 mr 
deep (17VT X 10%’’ X 4 V ) .  
Weight: 7004B: Net, 12.7 kg (28 Ib). St 
Net, 7.3 kg (16 Ib). Shipping, 14.1 kg 
Power: 11 5 or 230 volts ac f IO%, 50 tc 
(depending on the plug-ins used). 

1717OA DC coupler 
The DC Coupler couples the inpul 

frame. The input signal range of 50 m’ 
justed to 125 mV/cm (250 mV/in.) witt 

17170A Specifications 
Input range: a single fixed calibraf 
mV/in.). 
Input resistance: constant, 1 MR. 
Common-mode rejection: 120 dB i 
above with 100 ohms between low sic 
with source impedance I O  kR or less. 

& PRINTERS 
er, plug-in-modules 

Models 7004B & 7034A 

‘0 check switch in each axis al- 
tion without removal or short- 

scale. 
imes range setting. 
(30 in./s) independent of line 

(1500 in./s2). 

full scale. 
3%/”C. 

ddown grips charts of any size 

intact closure or TTL). 
445 mm high, 121 mm deep, 
n wide, 267 mm high 121 mm 

lipping, 14.1 kg (42 Ib). 7034A: 
(31 Ib). 

) 400 Hz, approximately 85 VA 

t signal to the recorder main- 
V/cm (100 mV/in.) may be ad- 
I the recorder vernier control. 

ted range of 50 mV/cm (100 

it dc and 70 dB at  50 Hz and 
le and guard connection point 



RECORDERS bG PRINTERS 
Models 7004B & 7034A (cont.) 

17170A 17171A 17172A 

1717'1~ u\r arripiiiier 
This plug-in is a stable, low noise dc amplifier. The 14 calibrated 

input ranges are supplemented by the recorder vernier control and 
provides a continuously variable range from 0.25 mV/cm (0.5 mV/in.) 
to  12.5 V/cm (25 V/in.). 

Input ranges: Metric: 0.25, 0.5, 1, 2.5, 5, 10, 25 mV/cm, 0.05, 0.1, 
0.25, 0.5, 1, 2.5, 5 V/cm. English: 0.5, 1, 2, 5, 10, 20, 50 mV/in., 0.1, 
0.2, 0.5, 1, 2, 5, I O  V/in. 
Input resistance: 1 Mfl. 
Maximum allowable source resistance: 

17171A Specifications 

Range 

0.25 mV/cm (0.5 mV/in.) 
0.5 mV/cm (1 mV/in.) 
1.0 mV/+(2 mV/in.) 
2.5 mV/cm (5 mV/in.) 
5.0 mV/cm (10 mV/in.) 

25 mV/cm (50 mV/in.) 
10.0 mV/cm (20 mV/in.) ~ 

I ^ ^  . - 
ZU kil 
40 k f l  

100 k f l  
200 k f l  
400 k f l  

1 M  

Common-mode rejec 
above with 100 ohms b 
0.25 mV/cm (0.5 mVin . .  
decade step in attenua 
System accuracy: f0 .2% full scale. 
Zero drift: 1 pV/C with a maximum of 25 pV from 0 to 50°C. 

171 72A Time base 

tion: 120 dB at dc and 100 dB at 50 Hz ai 
etween low side and guard connection point 
.). On other ranges C M R  decreases 20 dB p 
tion. 

nd 
at 
ier 

Provisions for X-T or  Y-T recordings are accomplished by this 
module. Standard features include eight speeds, automatic reset and 
pen lift at  completion of sweep and remote start control. The vernier 
extends the sweep speed through 125 s/cm (250 s/in.). 

Sweep speeds: Metric: 0.25, 0.5, 1, 2.5, 5, 10, 25, 50 s/cm; English: 
0.5, I ,  2, 5, IO, 20, 50, 100 s/in. 
System accuracy: f 1% of full scale on the six fastest ranges, f2.5% 
on the remaining two ranges. 
Terminal based linearity: f0.5% of full scale. 

17172A Specifications 

171 73A Null detector 
Closed-loop plotting of data in point form, at up to  50 pps, is pro- 

vided by the Null Detector. Plotting is accomplished with the 
17012B/C Point Plotter which has a cable that plugs into the 17173A. 
Upon receipt of a seek signal and after the recorder reaches balance 
the 17173A commands the 17012B/C to plot and initiates a plot-com- 
plete pulse. 

17173A 171748 

171 73A Specifications 
Plot rate: up to  50 plots/s. 
Enable-disable: required disable voltage + 3  volts minimum to +20 
volts maximum. Required enable voltage: 0 V dc or  no connection. 
Other voltage- combinations available on request. 
Muting: local or  remote. 
Plotting accuracy: f0.25% of full scale. 
Input: all inputs, except analog inputs, are available through rear 
input connectors in the module. Analog inputs are applied to  the input 
terminals of the main frame. Mating connector supplied. 

17174B DC offset 
The recorder is provided with the capability of recording small sig- 

nals superimposed on a steady-state dc voltage by the D C  offset plug- 
in. The plug-in suppresses the steady-state dc voltage allowing re- 
corder sensitivity to be increased. 

Specifications 
is than 1 mV to approximately 1 volt. +..,- l,.-Lnl.1- * L:-L --_. 1 I' . .,. . . 

171 74B 
Offset: le5 
Controls: L w "  I u ~ ~ a u i c ,  tc11-Lu111 I I I ~ I I  rcw1uuon controls (less tnan I 
mV to approximately 10 mV and less than I mV tn nnnmrimat .dv I V\ 
An offset polarity sw 
Offset voltage stabil 
Insertion loss: less I 

171 75A Filter 
Rejecting ac input s.,..... uv.g.yv..u...U p ~ v v A y u y  uJ Ill\r 

sertion of the 17175A in front of any other signal conditioning inout 
module will impr 

17175A Spec 
Input voltage rai 
peak. 
Maximum sourcL ....r---..--. . .., ...6..u. ..l,yuuu,.uu uuuL*LIouo ,,,- 
ter response. 
Rejection: more than 55 dB at  50 Hz and higher (1/4 s rise time) or  
more than 70 dB at  50 Hz and higher ( 1  s rise time). Front panel se- 
lectable. 
Insertion loss: 1%; filter may be switched out with no change in in- 
sertion loss. 

171 76A Scanner 
This plug-in electrically abalia UGLWCCII  t w u  1llpttt>, d l l U  pruv~uc;s L I I C  

capability of plotting two dependent variables versus one indepen- 
dent variable. The Scanner, utilizing the 17012 B/C, can scan two se- 
lectable inputs (module or  main frame) in two scan modes. The scan 
rate is adjustable from 0.1 s/scan to 4 s/scan. 

- ,  
'ove normal mode ;ejection.- 

cifica tions 
nge: -5 to +50 V dc, 10 V ac maximum peak-to- 



17175A 17176A 17177A 

171 76A Specifications 
Input: module input; front panel miniature binding posts isolated 
from ground (high and low only). Main frame input; utilizes existing 
input connectors on main frame. 
Attentuator: fixed attenuator in decade steps from XI  to  XO.OO1. 
Variable attenuator provides continuous coverage. 
Input impedance: 100 kQ. 
Accuracy: 0.2% of full scale. 
Scan rate: adjustable from 0.1 to 4 s/scan. 

17177A AC/DC converter DC preamplifier 
The ability to record both ac and dc signals is combined in the 

17177A plug-in. The average-responding ac mode features an ex- 
tremely flat frequency response from 5 Hz to 100 k Hz. This double- 
width module may be used in eifher axis. 

171 77A Specifications 
Input ranges: 2.5 mV/cm to 10 V/cm (5 mV/in. to 20 V/in.) in 1, 2, 
5, steps. 
Minimum usable input (ac only): f0.2% of full scale. 
Maximum allowable input: 300 V peak. 
Type of input: floating and guarded signal pair. Rear inputs not 
available. 
Input impedance: 1 MQ shunted by less than 40 pF. 
Maximum allowable source resistance: IOQ. 
Common mode rejection: 80 dB at dc and 50 Hz and above with 
1OOU between low side and guard connection point and at  2.5 mV/cm 
(5 mV/in.). On other ranges CMR decreases 20 dB per decade step in 
attenuation. 
Rise/fall time (ac only, 10-90%): 

Slow response (5 Hz to 100 kHz): 2.5 s maximum. 
Fast response (50 Hz to 100 kHz): 0.5 s maximum. 

Calibration (ac only): responds to average value of input wave- 
form; calibrated in rms value of sine wave. 
Accuracy (% of full scale): 

dc: f0.570; 
ac (fast response): f0.25% from 150 Hz to 50 kHz, &OS% from 
50 Hz to 150 Hz and 50 kHz to  100 kHz; 
ac (slow response): f0.25% from 30 Hz to  50 kHz from 5 Hz to  
30 Hz and 50 kHz to  100 kHz. 

Linearity (AC): expressed as % of full scale, measured from 0.5% of 
full scale. 
Warm-up time: 3 minutes nominal. 

Zero drift (referred to input): 
Offset: up to one full scale of o 
Size: double width, occupies bo 

17178A DC attenuator 
A stable, passive attenuator W I  

17178A. The recorder vernier co 
settings between fixed ranges of 1 

17178A Specifications 
Input ranges: Metric: 0.05,0.1,0 
0.1, 0.2, 0.5, 1, 2, 5, 10, 20 V/in 
Input resistance: 1 MQ. 
Common-mode rejection: 120 
above with 100 ohms between lo\ 
connected (at 50 mV/cm or  100 I 
creases 20 dB per decade step in 
System accuracy: f0.2% of fu 
Model number and name 
7004B - 28.26 cm X 43.18 cm ( 
7034A - 21.59 cm X 28.26 cm I 

Option 001 - Metrically scaled 
Option 002 - X-axis retransmit 
kQ f0.1% linearity (7004B only) 
Option 003 - Tank type pens (: 
Option 004 - Power supply for 
chart advance (7004B only) 
17170A 
17171A 
Option 001 - Metrically scaled 
17172A 
Option 001 - Metrically scaled 
17173A 
Option 001 - +3  to +20 V ena 
Option 002 - -3 to -20 V dis; 
Option 003 - -3 to -20 V ena 
17174B 
17175A 
17176A 
17177A 
Option 001 - Metrically scaled 
17178A 
Option 001 - Metrically scaled 

17178A 

f 3 0  pV/"C. 
sffset by use of recorder's zero. 
lth plug-in spaces in axis. 

ith eight ranges is provided by the 
lntrol allows continuously variable 
this module. 

1.25, 0.5, 1, 2.5, 5, 10V/cm; English: 

dB at  dc and 70 dB at 50 Hz and 
N side and point where the guard is 
nV/in.). On other ranges CMR de- 
attenuation. 

11 scale. 

:I 1" X 17") 

and calibrated 
ting potentiometer, 5 

7004B only) 
17005-04 incremental 

(8"'' X 1 I") 

ble, 0 V disable 
able, 0 V enable 
ble, 0 V disable 

Price 
$1660 
$1500 
N / C  

N / C  
$85 

$55 
$40 

$315 

$245 

$270 
add $25 
add $25 
add $25 

$135 
$1 10 
$405 
$645 
N / C  
$135 
N / C  

N/C  

N / C  



+- RECORDERS & PRINTERS 
Incremental chart advance, point plotter 
Models 7591A, 17005A 81 17012B/C 

Fast, economical 
Roll or fanfold paper 

759 1 A 

1701 2B/C 

The 7591A Point Plotter System, which includes the 17005A Incre- 
mental Chart Advance, a 7004B X-Y Recorder, 17012B Point Plotter, 
the 17173 Null Detector, and other plug-ins like the dc offset, filter, or 
scanner which may be added to extend capabilities, is a fast and eco- 
nomical way to point plot analog data from computers, pulse height 
analyzers, signal averagers, and multi-channel analyzers. The system 
is capable of operating in a closed-loop mode up to  3000 plots/min- 
ute and control signals are provided to  operate external logic or equip- 
ment. It will plot on any size of sheet paper up to 27.9 cm X 43.2 cm 
( 1  1 X 17 in.), on a roll, or  fanfold paper. 

The 17005A chart advance, which may be selected individually for 
other applications, is available in several types of chart advance 
modes. The frame advance mode, which permits successive X-Y plots 
to be made during unattended operation, indexes to within 0.13 mm 
(0.005 in.) of the original chart location. The time base mode converts 
the recorder from X-Y to strip chart operation, while the incremental 
mode advances the chart in small increments in response to  an exter- 
nal signal. 

The 17012B is a high speed point plotter with maximum plot rates 
of 50 plots/second. The assembly mounts on the recorder pen car- 
riage block in place of the pen and pen holder. This model is used on 
the 7591A System or an individual 7004B recorder. The 17012C is de- 
signed for use on the 7034A recorder. Actuating sources for both are 
obtained from the 17173A Null Detector which allows rapid plotting 
for applications such as high speed readout for a multi-channel pulse 
height analyzer, or the 17176A Scanner that permits plotting of two 
inputs on a single axis to form X-Y,, Y2 or  XZ, XZ-Y recorder. 

7591A Specifications 

17005 Specifications 

Plot rate: Up to 50 plot/% Limited by amplitude excursion of re- 
corder. 

Frame advance mode: 
Advance distance: 60 cm (24 in.); time: less than 20 s. 
Accuracy: 0.01 25 cm (&0.005 in.) non-cumulative. 

Speeds: 0.4, 2, 4, 20, 40 s/cm (1, 5, IO, 50, 100 s/in.). 
Accuracy: f2%.  

Plot density: 80, 40, 20, 8, 4 plots/cm (200, 100, 50, 20, 10 

Time base mode: 

Incremental advance mode: 

plots/in.). 
Max advance rate: 100, 90, 50, 20, 10 plots/% 
Accuracy: 0.005 cm (f0.002 in.) non-cumulative. 

Power: supplied by recorder. 
Weight: net, 5 kg (11 Ib); shipping, 7.3 kg (16 Ib). 
Model number and name 
7591A (includes 7004B-004, 17173A, 17012B, and 
17005A-004) - one additional plug-in is required for 
each axis 
Option 001 - Metrically scaled and calibrated 
Option 002 - X-axis retransmitting potentiometer, 5 
kQ, f0.1% linearity 
Option 003 - Fan fold adapter (used with 17005A) 
ODtion 008 - 7591A without 17005A (Option 004) In- 
cremental Chart Advance 
17005A 
Option 001 - Fan fold adapter 
Option 002 - Metric scale 
Option 004 - Compatibility with 7004B - Option 004 
170l2B (fits Model 7004B) 
17012C (fits Model 7034A) 

Price 

$3145 
N / C  

$85 
$135 

less $1 130 
$1065 

$135 
N / C  
N / C  
$105 
$105 



Lowcost 

Range 

Metric English 
0.4 mV/cm 1 mV/in. 

4 mV/cm 10 mV/in. 
40 mV/cm 100 mV/in. 

400 mV/cm 1 V/in. 
4 V/cm 10 V/in. 

RECORDERS & IF 
General performance X-Y recoi 

Mod€ 

DC (C 

130 
110 
90 
70 
50 

High quality 

Range 

0.4 mV/cm (1 mV/in.) 

Variable 
4 mV/cm (10 mV/in.) 
Variable 

40 mV/cm (100 mV/in.) 
Variable 

400 mV/cm (1 V/in.) 
Variable 
4 V/cm (10 V/in.) 
Variable 

70350 

Input resistance 

Potentiometric 
(essentially 

infinite at null) 
11 kR 

100 k f l  
100 kR 

1 k f l  
1 k f l  
1 k f l  
1 k f l  
1 kR 
1 k f l  

70350 with 17108A 

General specifications 
Paper holddown: Autogrip electrostatic pa] 
chart up to size of platen. 
Pen lift: electric pen lift capable of being rc 
Dimensions: 226 mm high, 445 mm wide, I 
17%" x 4 4 V  deep). 
Weight: Net, 8 kg (18 Ib). Shipping, 10.9 k 
Power: 11 5 or 230 V f IO%, 50 to 60 Hz, i 

17108A Specifications 
Sweep speeds: 0.2, 0.4, 2, 4, 20 s/cm (0.5 
Accuracy: 5% of recorder full scale. 
Linearity: 0.5% of full scale (20°C to 30°C: 
Output voltage: 0 to 1.5 V. 
Power: replaceable mercury battery (100 hr 
Model number and name 
70358 
Option 001 - Metric calibration 
Option 003 - Retransmitting potentiometer 
5 kR f3% ~ 

17108A 
17108AM (metric) 



RECORDERS & PRINTERS 
OEM, lab X-Y recorders 
Models 7010A & 7015A 

Versatility Performance 

7010A-002 

The Hewlett-Packard Models 7010A and 7015A X-Y Recorders are 
low cost, one-pen, DIN A4 (8% X 1 1  in.) instruments that feature 
maximum electrical and mechanical flexibility to fit many and varied 
applications. The 7010A is specifically designed for the OEM user 
who is concerned with cost and space. Optional voltage spans from 
0.01 V/div to  1 V/div, as well as time base sweep options, control 
panel, metric calibration, electrical pen lift, and carrying case are 
available. The 7015A is for the laboratory user such as schools and 
other institutions where cost is the primary consideration without sac- 
rificing reliability or dependability. A control panel supplied with 
power on/off, standby, and range switches (three spans from 10 
mV/in. to 1 V/in.), as well as vernier and zero controls is provided 
with the standard recorder. Options available include metric calibra- 
tion, time base, electric pen lift, and carrying case. Standard equip- 
ment supplied on both units includes the electrostatic paper hold- 
down, rear connector, rack mounting brackets, and a universal pen 
holder (located in the standard Accessory Kit) that will hold most 
fiber tip pens. 

7010A and 7015A Specifications 
Performance specifications 
Input ranges: 7010A - single range, 0.1 V/div., 7015A - three 
ranges 0.01 V/in., 0.1 V/in., 1 V/in. (0.01 V/cm, 0.1 V/cm, 1 V/cm). 
Vernier adjustment overlapping all ranges. 
Type of inputs: differential, constant 1 ohm impedance. 
Impedance to ground: I O  MQ from either terminal to ground. 
Common mode rejection: 1 I O  dB, 90 dB ac under room ambient 
conditions. Degrades 20 dB/decade step in attenuator (both ac and 
dc). 
Connection: 7010A - via circuit board pins or  standard rear con- 
nector. 701 5A - front panel binding posts or standard rear connec- 
tor. 
Accuracy: f0.3% of full scale at 25°C on 0.1 V/div. (includes lin- 
earity and deadband). Temperature coefficient ?~0 .02%/C~.  
Range accuracy: f0.3% of full scale f0 .2% of deflection (includes 
linearity and deadband) at 25°C. Temperature coefficient O.O2%/OC. 
Deadband 0.2% of full scale. 
Overshoot: 2% full scale maximum. 
Slewing speed: 50 cm/s, (20 in./sec) minimum. 
Peak acceleration: X-axis - 1270 cm/sec2 (500 in./sec2) min. Y- 
axis - 2540 cm/sec2 (1000 in./sec2) minimum. 
Zero conditions: 

Control ranges: pen positioned at  any location on chart using I O  
T pot + I  full scale zero suppression. 
Resolution: pen positioned within +0.005 in. of any point on 
chart. 
Zero drift pen will not move more than 2.5 mm/day (0.1 in./day) 
independent of temperature. 

7015A 

General specifications 
Front panel controls: 

7010A: optional 
7015A: power on/off, servo standby, range switches, vernier, zero 
controls and chart hold. Pen lift switches optional. 

Writing system: Disposable pens, and universal pen holder to hold 
most fiber tip pbns. 
Platen size: holds DIN A4 or 8% X 11  in. size chart paper. 
Dimensions: 266.7 m m  high, 43 1.8 mm wide, 127 mm deep (10% x 
17 X 5 inches). Provisions provided for rack mounting in DIN or 19" 
size rack. 
Power: Switch selectable for 100, 115, 200, 230 V ac, 47.5-440 Hz 
power consumption. 70 VA maximum. 
Weight: Net, 7.2 kg (16 Ib); Shipping, I O  
Time base: (optional) 

Sweep rates: 7010A: single rate -1 set/,.., 
from 0.1 sec/div to  50 sec/div (0.5 sec/div. to 100 sec/div.). 
Accuracy: 1.5%, temperature coefficient f0 .1% per "C over tem- 
perature range of IO'C to  40°C. 
Controls: start, reset, actuated by remote contact closure or TTL. 
7015A also from control panel. 

Uvv,U.v. I V I J - .  

Price 

'ation N / C  
:I - provides power on/off servo 
rt hold switch, zero controls, and, 
lectric pen lift $50 
lift $50 

less $50 .der case 

Options 
701 OA: 

001: Metric calihi 
002: Control pant 

standby, cha 
if ordered, el 

0 0 3  Electric pen 
004: Deletes recoi 
005: Single span - I O  mV/div - X-axis 
006: Single span - 1 V/div - X-axis 
007: Single span - I O  mV/div - Y-axis 
008: Single span - 1 V/div - Y-axis 

011: Case, carrying (not to be used for shipping) 

N / C  
N / C  
N / C  
N / C  
$150 
$150 
$75 

009 Sweep rate - 1 sec/div - X-axis 
010 Sweep rate - I O  sec/div - X-axis 

701 5A: 
001: Metric calibration - I O  mV/cm, 100 mV/cm, 1 

0 0 2  Sweep rates - 0.1,0.5, 1, 5 ,  10, 50 sec/cm (0.5, 
$200 

003: Electric pen lift $50 
$75 

Model number and name 
7010A OEM X-Y recorder $900 
7015A Lab X-Y recorder $945 

V/cm N / C  

1, 5 ,  IO,  50, 100 sec/in. in 1-5-10 sequence) 

004: Case, carrying (not to he used for shipping) 

Time base: 



RECORDERS & 
OEM, Dedicated application 

M 

Rugged one-piece casting 
42 standard options 

7041 A 

The 7040A and 7041A X-Y recorders are specifically designed for 
dedicated, single-purpose recording applications. The 7040A is a me- 
dium-speed unit while the 7041A is a high-speed unit featuring fast ac- 
celeration for applications where recording time is critical or incorn- 
ing data is at a high rate. 

Both models use a one-piece aluminum casting mainframe which 
eliminates the need for critical mechanical adjustments. They are also 
equipped with the Autogrip paper holddown system and the quick- 
change disposable pen. 

Additionally, over 40 options give these recorders the ability to  be 
customized for the needed application. Most of the options can be eas- 
ily and quickly installed or changed in the field. This includes a con- 
trol panel (Option 038) which would provide the basic recorder func- 
tions such as zero set, servo, pen, and chart operation. Other options 
include a time base, a plug-in X-axis event marker, TTL logic remote 
control, plus a variety of input ranges. 

A functional and quantity discount is available for both units when 
qualified for the OEM purchase agreement. 

7040A & 7041A Specifications 
Input ranges: single range from 0.2 to 500 mV/crn (0.5 mV/in. to  1 
V/in.), specified by option choice. 
Type of input: floating, 200 V dc or peak ac max; internal polarity 
switch; inputs through rear barrier strip or optional connector. 
Input resistance: 1 mQ constant. 
Common mode rejection: 100 dB dc; 80 dB at  line frequency. 
Slewing speed: 

Acceleration (peak): 

7040A 50 cm/s (20 in./s) min. 
7041A 75 cm/s (30 in./s) min. 

7040A: Y axis 2540 cm/s2 (1000 in./s2); X axis 1270 crn/s* (500 
in./s2). 
7041A: Y axis 7620 cm/s2 (3000 in./s2); X axis 5080 cm/s2 (2000 
in./s2). 

Accuracy: 2~0.2% of full scale. 
Sweep: optional, single range. 
Zero set: external control provided by user; front panel controls 
available as Option 038. 
Paper holddown: Autogrip electric paper holddown grips charts 
279.4 X 431.8 mm (1 I "  X 17") and international DIN A3 size or smal- 
ler. 
Pen lift: electric pen lift controlled remotely by contact closure; TTL 
logic level provided by Option 039. 
Dimensions: 356 mrn high, 438 rnm wide, 165 mm deep (14 X 19 X 
6%"); rack mounting structure integral with unit. 

Weight: Net, 13.2 kg (29 Ib). Shipping, 16. 
Power: 1 15 or 230 V f lo%, 50 to 400 Hz, 

Options 
Input range: specify one range option fo 
English or both metric 
X Y Range Price X 

001 007 0.5 mV/in. $30 013 
002 008 1 mV/in. $30 014 
003 009 IOmV/in. $30 015 
004 010 100mV/in. N /C  016 
005 O l l  500mV/in. N / C  017 
006 012 1 V/in. N /C  018 

Note: other ranges available on special order 

Sweep range: specified by option choice, 
of full scale +O.l%/"C max; TTL logic st 

Sweep Price 

025 1 s/in. $135 030 
026 5s/in.  $135 03 1 
027 10 s/in. $135 032 
028 50s/in. $135 033 
029 100s/in. $135 034 

Note: OEM discounts available on both models. 

Note: other sweep ranges available on special order. 

035: Event marker, upper margin of X a 
036: X axis retransmitting potentiometer 
037: Y axis retransmitting potentiometer 
038 Control panel; for line, pen lift, 
standby, zero, and zero check; add 44 n 
height 
039: TTL logic remote control; for pen 1 
standby; also event marker if installed 
040 Rear connector; X, Y input signals 
mitting potentiometers, time base contro 
servo standby, pen lift, event marker and 
control lines brought to a single locking ( 

041: Side trim panels and dust cover (355. 
for standard unit 
042: Side trim panels and dust cover 
[15%"]) for unit with Option 038 installed 
Model number and name 
7040A Medium Speed X-Y Recorder 
7041A High Speed X-Y Recorder 
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I 

High performance X-Y recorders 
Models 7044A, 70454 &? 7047A 

0 High dynamic response 

, 

- 
7045A 

Tough environmental specifications 

I -  

7047A 

The Models 7044A, 7045A, and the 7047A are general purpose X-Y 
recorders specifically designed to  offer the needed requirements to  
perform laboratory measurements. This allows for a wide range of 
quick-changing signals to  be reproduced accurately and dependably. 
The 7044A is a medium-speed recorder designed for most general-pur- 
pose applications. The 7045A and 7047A offer higher speed and Y- 
axis acceleration exceeding 7620 cm/sec2 (3000 in./sec*). 

Other outstanding features found on the recorders include 10 cali- 
brated dc input ranges on each axis of the 7044A and 7045A from 0.25 
mV/cm to 5 V/cm (0.5 mV/in. to  20 V/in.) and 12 calibrated dc input 
ranges on each axis of the 7047A from 0.02 mV/cm to 5 V/cm (0.05 
mV/in. to  I O  V/in.). In between, a 1-5-10 sequence is used (except for 
the 0.02 mV/cm, most sensitive range setting on the metric option) on 
the 7047A. On all three, arbitrary full scale voltage ranges may be es- 
tablished with the vernier control in conjunction with the calibrated dc  
ranges. 

Additionally, these recorders are equipped with front panel polar- 
ity switches which reverse pen direction, eliminating the need for re- 
versing the input leads. The 7045A and 7047A are provided with a 
RESPONSE switch which allows the user to  slow the response of the 
recorder for easier setup. The 7047A preamplifiers for the X and Y 
axes are contained in two specially designed aluminum enclosures. 
These contain chopper dc amplifiers and have the unique serviceabil- 
ity feature of being removable and operational outside of the main- 
frame, using the cable extender included in the Accessory Kit. 

Also available on all models is the continuous duty, aluminum 
framed dc servo motor; the X-axis of the 7045A and 7047A contain 
the larger, faster motor. This ends overheating or  wear if the pen is 
driven offscale for an indefinite time. The trouble-free Autogrip elec- 
trostatic holddown platen capable of holding chart paper of the Euro- 
pean size A3 and 11 in. X 17 in. size is included, as well as a dispos- 
able pen with four color choices, and plastic coated wirewound bal- 
ance potentiometer. Latest circuitry design and assembly techniques 
have also been incorporated, thereby reducing failure and mainte- 
nance time. 

Options include the Time Base (standard on the 7047A) Event 
Marker and Metric Scaling. TTL Remote Control and Rear Connec- 
tor are standard on all models. 

7044A, 7045A Specifications 
Performance specifications 
Input ranges: 0.25, 0.5, 2.5, 5, 25 mV/cm; 0.05,0.25,0.5,2.5,5 V/cm 
(English calibration available in 0.5, 1, 5, 10, 50 mV/in.; 0.1, 0.5, 1, 5 ,  
I O  V/in.). Continuous vernier between ranges. 



Type of input: floating, 500 V dc or  peak ac maximum. Polarity re- 
versal switch located on front panel, guard internally connected. 
Inputs through front panel 5-way binding posts or  rear connector. 
Input resistance: 1 megohm constant on all ranges. 
Common mode: 1 I O  dB dc and 90 dB at  50 Hz and above (exceeds 
130 dB dc and 110 dB ac under normal lab environmental conditions) 
with 1 kQ between HI and LO terminals, C M R  voltage applied be- 
tween ground and LO, and attenuator on most sensitive range. C M R  
decreases 20 dB per decade step in attenuation. 
Slewing speed: 

7044A: 50 cm/sec (20 in./sec) minimum. 
7045A: Fast Response, 76 cm/sec (30 in./sec) minimum. Slow 
Response, 36 cm/sec (15 in./sec) typical. 

7044A: Y-axis 2540 cm/sec2 (1000 in./sec*), X-axis 1270 cm/sec2 
(500 in./sec2). 
7045A: (Fast Response only) Y-axis 7620 cm/sec2 (3000 in./sec2). 
X-axis 5080 cm/sec2 (2000 in./sec2). 

Accuracy: f0 .2% of full scale (includes linearity and deadband) at 
25°C. Temp Coefficient f0.01% per “C. 
Range Accuracy: f0 .2% of full scale f0 .2% of deflection (includes 
linearity and deadband) at  25°C. Temp Coefficient f0.01% per “C. 
Deadband: 0.1% of full scale. 
Overshoot: 7044A - 2% of full scale (maximum). 7045A - I %  of 
full  scale (maximum). 
Zero set: zero may be placed anywhere on the writing area or  elec- 
trically off scale up to one full scale from zero index. 
Environmental (operating): 0” to 55°C and <95% relative humid- 
ity (40°C). 

Acceleration (peak): 

General specifications 
Writing mechanism: servo actuated ink pen. 
Writing area: 25 cm X 38 cm (IO” X 15”). 
Paper holddown: Autogrip electric paper holddown grips chart 29.7 
cm X 42 cm (European size A3) and 11” X 16.5” or  smaller. Special 
paper not required. 
Pen lift: electric. 
Dimensions: 400 mm high, 483 mm wide, 165 mm deep (15%” X 19” 
X 6%”); rack mounting structure integral with unit. 
Power: 115 or  230 V ac f IO%, 50 to 400 Hz; 7044A, 135 VA; 7045A, 
175 VA. 
Weight: Net, 13.7 kg (30 Ib). Shipping, 19.1 kg (42 Ib). 

Options Price 

001: Time Base add $220 
Sweep rates: 0.25, 0.5,2.5, 5.25, 50sec/cm(0.5, I ,  5, 10, 

Time Base Accuracy: 1.0% at 25°C. 
Temp Coefficient f0.1% per “C. 
General: Switchable to either X or Y axis. Start and 

reset by front panel control, remote by momentary 
contact closure to ground or TTL levels. Automatic 
reset at  full scale, recycle accomplished by continu- 
ous start signal. 

0 0 2  Event Marker: Writes in upper margin, aligned 
with X-axis position, approximately 0.13 cm (0.05 in.) 
excursion completed 50 msec after application of sig- 
nal. Controlled remotely by contact closure to  
ground or  by TTL levels. 

0 0 6  Metric Calibration N / C  

50, 100 sec/in.). 

add $85 

7047A Specifications 
Performance specifications 
Input ranges: 0.02,0.05,0.1,0.5, 1 , 5  mV/cm; 0.0 
V/cm (0.05, 0.1, 0.5, 1, 5, 10 mV/in.; 0.05, 0.1, 
Continuous vernier between ranges. 
Type of input: Differential, floating, and guardec 
Employs a unique common mode driver circuit 
need for connecting CMV to the recorder if CMV 
to I O  v. 
Input resistance: 1 megohm constant on all ra 
Accuracy: f0.2% of full scale (includes linearit: 
25°C. Temp Coefficient f0.01% per “C. 
Range accuracy: f0 .2% of full scale f0 .2% of 
linearity and deadband) at 25°C. Temp Coefficie 
Deadband: 0.1% of full scale. 
Common mode rejection: 140 dB and 130 dB a 
ance in either the high or low terminal - exceeds 
ac under normal laboratory conditions. CMR dec 
cade step in attenuation. 
Normal mode rejection: 30 dB minimum at I 
FILTER IN. (50 dB typical at  60 Hz and 40 dB 
Slewing speed: 76 cm/second (30 in./sec) mini1 
in./sec) typical under normal lab conditions. 
Acceleration (peak): Y-axis 7620 cm/secz (300( 

X-axis 5080 cm/secz (200( 
Overshoot: I %  of full scale maximum. 
Calibrated zero offset: Provides eleven scales of 
set in both axes. Switchable in steps of one full sc 
scales. 
Offset accuracy: At 25OC, f O . I %  of full scale I 
number of scales of offset. 
Temperature coefficient: f0.004% of full scali 
l ime base: Speeds of 0.1, 0.5, 1, 5, 10, 50 sec/c 
100 seconds/in.). Switchable into X or Y axis. 
Time base accuracy: 1.0% at 25°C. Temp Co  
OC. 
General specifications 
Writing mechanism: servo actuated ink pen. 
Writing area: 25 cm X 38 cm ( I O  in. X 15 in.) 
Paper holddown: Autogrip electric paper holdd 
X 38 cm ( I  1 X 16.5 in.) and standard Europe: 
smaller. Special paper not required. 
Pen lift Electric (remote via TLL level). 
Power: 115 or 230 V ac & I O % ,  48 to  66 Hz, 1 
Weight: Net, 18.6 kg (41 Ib). Shipping, 24 kg ( 
Metric calibration - option 001 
Ranges are 0.02,0.05,0.10,0.50, 1, 5 mV/cm: 0.01 
0.1, 0.5, 1, 5 V/cm. 
Event marker - option 002 
Marking area: In margin at same X coordinati 
Excursion: Approximately 0.050 inch. 
Actuation time: Stroke complete 50 ms after ap 
Ink capacity: 0.45 cc cartridge, cartridge reloadii 
tance 500 ft minimum. 
Model number and name 
7044A 
7045A 
7047A 

1,0.05,0.1,0.5, 1,5 
0.5, 1, 5, 10 V/in.) 

1 (front input only). 
that eliminates the 
is less than or  equal 

nges. 
y and deadband) at  

deflection (includes 
nt f0.01% per “C. 

IC with I KQ imbal- 
150 dB and 140 dB 

reases 20 dB per de- 

line frequency with 
typical at  50 Hz). 

num. 97 cm/sec (38 

3 in./sec2) 
3 in./sec2) 

’ calibrated zero off- 
ale from + 1 to - 10 

times N where N = 

e times N per “C. 
:m (0.5, 1, 5, 10, 50, 

efficient f0.1% per 

lown grips charts 25 
in size DIN A3, or 

80 VA maximum. 
53 Ib). 

Price 
,0.05, 

N / C  
$85 

5 as recorder pen. 

plication of signal. 
qg type. Writing dis- 

$1665 
$2015 
$2850 



RECORDERS & PRINTERS 
Two-pen, three parameter X-Y/Y recorder 
Model 7046A 

Small pen separation Virtually no overshoot 

The Model 7046A is a general-purpose 2-pen laboratory X-Y re- 
corder designed to assure high quality recordings without sacrificing 
ruggedness, reliability and high performance so necessary for a laho- 
ratory recorder. The unit has dynamic performance that surpasses 
most 2-pen recorders by offering Y-axis acceleration exceeding 6350 
cm/s2 (2500 in./sec2). This high acceleration plus very little overshoot 
results in the 7046A reproducing a wide range of fast changing input 
signals. 

New thin line disposable pens that feature a visible ink supply and 
have a trace separation of 1.2 m m  (0.05 in.) are provided. These pens, 
available in three colors, produce good clean traces. A front panel po- 
larity switch that switches pen direction, and the response switch 
which reduces the speed of the unit, are also available. The Autogrip 
paper holddown system which holds up to 27.9 cm X 43.2 cm (1 I X 17 
in.) and standard European DIN A3 size paper is also standard. 
7046A Specifications 
Performance specifications 
Input ranges: metric calibration available in 0.25, 0.5, 2.5, 5, 25 
mV/cm; 0.05, 0.25, 0.5, 2.5, 5 V/cm (0.5, I ,  5, IO, 50 mV/in.; 0.1, 0.5. 
I ,  5, I O  V/in.). Continuous vernier between ranges. 
Type of input: floating, 500 V dc or peak ac maximum. Polarity re- 
versal switch located on front panel, guard internally connected. 
Inputs through front panel binding posts or rear connector. 
Input resistance: 1 megohm constant on all ranges. 
Common mode: 1 I O  dB dc and 90 dB at  50 Hz and above exceeds 
130 dB dc and 1 I O  dB ac under normal lab environmental conditions) 
with I k ohm between HI and LO terminals, CMR voltage applied be- 
tween ground and LO, and attenuator on most sensitive range. On 
other ranges, CMR decreases 20 dB per decade step in attenuation. 
Slewing speed: Fast Response, 76 cm/s (30 in./s) minimum; Slow 
Response, 36 cm/s (15 in./s) typical. 
Acceleration (peak, fast response only): Y-axis 6350 cm/s2 (2500 
in./s2), X-axis 3800 cm/s2 (1500 in,/s*). 
Accuracy:. f0 .2% of full scale (includes linearity and deadband) at  
25°C. Temp Coefficient f0.01% per “C. 
Range accuracy: f0.2% of full scale f0 .2% of deflection (includes 
linearity and deadband) at 25°C. Temp Coefficient f0.01% per “C. 

Deadband: 0.1% of full scale. 
Overshoot: 1% of full scale (maximum). 
Zero set: zero may be placed anywhere on the writing area or elec- 
trically off scale up to one full scale from zero index. 
Environmental (operating): 0 to 55°C and <95% relative humidity 
(40°C). 

General specifications 
Writing mechanism: servo actuated ink pens, offset by 0.12 cm (0.05 
in.) in X direction. 
Writing area: 25 cm X 38 cm ( I O ”  X 15”). 
Paper holddown: Autogrip electric holddown grips charts on stand- 
ard European DIN A3 or smaller and 11” X 16.5”. Special paper not 
required. 
Pen lift: electric (remote, via contact closure or TTL level). 
Dimensions: 441 m m  high, 483 m m  wide, 173 m m  deep (17W X 19” 
X 6’Yl,,’’); rack mounting structure integral with unit. 
Power: I15 or 230 volts ac f IO%, 50 to 400 Hz, 175 VA. 
Weight: net, 16 kg (35 Ih); shipping, 21.4 kg (47 Ih). 

Options Price 
007: Metric Calibration N / C  
001: Time Base $220 
Sweep rates: Metric calibration is 0.25,0.5, 2.5, 5,25, 50 
s/cm (0.5, I ,  5 ,  IO, 50, 100 s/in.). 
Accuracy: f l %  at  25°C (fO.l%/”C maximum). 
General: switchable to X-axis. Start and reset by front 
panel control, remote by momentary contact closure to  
ground or TTL levels. Automatic reset at  full scale, re- 
cycle accomplished by continuous start signal. 
002 Event Marker $85 
Writes in upper margin, aligned with X-axis position of 
Y pen, approximately 0.12 cm (0.05 in.) excursion com- 
pleted 50 ms after application of signal. Controlled re- 
motely by contact closure to ground or by TTL levels. 
Contact resistance: 4 k 0  (maximum). 
7046A $3065 



RECORDERS & PRINTERS 
Digital input graphic plotters 

Models 7202A 81 7203A 

e Easy to own 

7202A 

A 7200 Series Graphic Plotter will add a new din 
communications terminal. Instead of a column of nun 
appears as easy-to-understand charts and graphs. Ope 
and smooth. Use any size graph paper up to  27.9 X 4 
inches) with or without grids. Front panel controls adj 
to  fit preprinted grids. Paper is secured in place by 
holddown system. Clean disposable pens are available 

The 7202A accepts serial, ASCII characters utiliz 
concise input format. All that is required is to  add a fe 
your existing program. The plotter recognizes the 
mand mnemonics: PLTL - Plotter active, plots line 
dinates; PLTP - Plotter active, pl-ots points at  coordi 
Plotter inactive, does not accept data. Data is supplic 
and Y coordinates are expressed as positive, four-dig 
than or equal to  9999; X and Y coordinates are trar 
line separated by a space; the Y coordinate is followc 
return, line feed, and six fill characters (fill characters I 

non-typing characters and are required at  300 baud o 
(t)  immediately following the Y coordinate causes thl 
ceed to  the next point with pen up in PLTL mode. 

The 7203A accepts serial, binary data. It interpret: 
transmitted by the time-share system as binary posii 
characters are used for the 7203A control: Plotter On 
(Octal 167) - Plotter is enabled and remains on u 
Command received; Plotter Off - lower case s (Octal 
circuits disabled, remain off until Plotter On received; 
out (DEL) (Octal 177) - raises pen; Pen Down - 
(Octal 173) - lower pen. Four characters are required 
I. The numbers in bits 1 thru 6 indicate bit weight. 
2. Bit 7 is used for synchronization. 
3. The Plotter accepts data ranging from 0000 to 9999 

will cause an error indication. 
To ensure maximum plotter efficiency, the time-shs 

add null characters to some moves. This allows adr 
completion of a move before starting another. Refer tc 
for complete move length information. 

Plotting area: Front panel scaleable from 12.7 x 12. 
38.1 cm (5 X 5 to 10 X 15 inches). 
Paper size: Any size up to 27.9 X 43.2 cm (1 I x 1 
Plotting maneuvers: Plots lines or  points. 
Speed: Up to 105 Vectors per minute. 
Numerical code: ASCII. 
Plotting mode: Absolute coordinates. 
Numerical resolution: 1 / 10,000 (0.001 %). 
Plot accuracy: Better than 0.076 cm (0.03 inch). 
Resettability: 0.01 8 cm (0.007 inch) maximum. 
Writing method Ink, disposable pens. 

7202A Specifications 

iension to your 
ibers, your data 
:ration is simple 
3 .2cm( l l  X 17 
iust the plot size 
an electrostatic 
in four colors. 
ing a brief and 
:w statements to  
following com- 
s between coor- 
nates; PLTT - 
:d as follows: X 
it numbers, less 
ismitted on one 
:d by a carriage 
:an be any of 64 
nly). Up  Arrow 
B 7202A to pro- 

s the characters 
tion data. Four 
- lower case w 
ntil Plotter Off 

163) - Plotter 
Pen Up  - rub- 
left bracket ([) 
for each move. 

; any other data 

ire system must 
:quate time for 
3 Specifications 

7 cm to 25.4 X 

7 inches). 

e Easy to interface 

Controls: Power, Chart Hold, Tern 
Down, Graph Limits. 
Indicators: Power, Plot, Improper Fc 
Interface - EIA RS232C: For other i 
terface guide P/N 5952-2768. 
Move length: 3 inches maximum wit 
mum with pen up. 
Power requirements: 1 15/230 V ac, 4 
Physical: Height: 216 mm (8'/2 inche 

Width: 508 mm (20 inches 
Depth: 511 mm (20'/8 inch' 
Weight: 18.1 kg (40 Ib) 

Shipping weight: 23.6 kg (52 lb). 

7203A Specifications 
Plotting area: Front panel scaleable frc 
(0 X 0 to IO X 15 inches). 
Paper size: Any size up to 27.9 x 4: 
Plotting maneuvers: Pen or Position 
are independent commands. 
Speed: Up to 405 Vectors per minutl 
Numerical code: Position data is rec 
Plotting mode: .Absolute coordinates. 
Numerical resolution: 1/2500 (0.04% 
Plot accuracy: Better than 0.10 cm (0.1 
Resettability: 0.18 mm (0.007 inch) 
Writing method: Ink, disposable PI 

Controls: Line, Chart Hold, Mute, L 
Indicators: Power, Error, Plot. 
Interface: - EIA RS232C: 

Move length: 

Plotter units without 
additional null char 

Additional units per E null character 

Power requirements: 100, 115, 2w,  ( 

100 VA maximum. 
Physical: Height: 216 mm (8% inchee 

Width: 508 mm (20 inches: 
Depth: 511 mm (20% inchc 
Weight: 18.1 kg (40 Ib) 

Shipping weight: 23.6 kg (52 Ib). 
Model number and name 
7202A 
7203A 

7203A 

iinal Mute, Line/Local, Pen 

xmat .  
nterfaces refer to 7202A - In- 

h pen down; I O  inches maxi- 

%400 Hz, 100 VA maximum. 
s) 
1 
es) 

3m 0 X Ocm to 25.4 X 38. I cm 

3.2 cm (11 X 17 inches). 
. Pen and Position maneuvers 

e. 
eived in Binary Format. 

') . 
34 inch) in 38.1 cm (15 inches). 
iaximum. 

acters I 2182 1 532 I 
Ir L j U  V f l U Y o ,  48 to 66 Hz; 

Price 
$3830 
$3830 



RECQRRERS & PRINTERS 
Lab strip chart recorders, plug-in modules 
Models 7100B,7101B, 7127A, 7128A, 17500A thru 17506A 

0 One and two pen mainframes 0 Seven plug-in modules 

71008 71 28A 

* 
. -~ 

17500A 17501 A 17502A 

The Hewlett-Packard Models 7100B/7101B and 7127A/7128A 
Strip Chart Recorders are basic recorder frames containing all the me- 
chanical and electrical elements for strip chart recording. A wide line 
of interchangeable plug-ins complete their recording ability. Models 
7100B and Models 7l28A have two independent pens and require two 
input modules; Model 7101B and Model 7127A are single pen record- 
ers and require one input module. 

7100 Series specifications 
Performance specificaaions 
Response Time: <0.5 s (50 Hz, <0.6 s). 
Linearity (terminal based): fO. 1% full scale. 
Resettability: fO. 1% full scale. 
Chart Speeds: 

7100BM/7101BM: 2.5, 5, 15, 30 cm/h; 1.25, 2.5, 5, 15, 30 
cm/min; 1.25, 2.5, 5 cm/s. 
71008171018: 1, 2, in./h; 0.1, 0.2, 0.5, 1, 2 in./min; 0.1, 0.2, 0.5, 
I ,  2 in./s. 
7127A17128A Y4, %, 1 , 2  in./min. 
Option H01: 6, 12, 24, 48 in./hr. 
Option H02: 1 %, 3, 6, 12 in./hr. 

Chart speed accuracy: synchronous with line frequency. 
General specifications 
Writing system: servo actuated ink pen. 

Grid width 25 cm or I O  in. 
Chart length: 36 m or 120 ft. 
Pen lift: manual (remote optional). 
Power: 11  5/230 V f IO%, 60 Hz (50 Hz optional). 

7100817128A: 65 VA 
7101817127A: 42 VA 

7100B/7128A Net, 11.8 kg (26 Ib). Shipping, 18.2 kg (40 Ib). 
7101B17127A Net, 10.9 kg (24 Ib). Shipping, 17.3 kg (38 Ib). 

7100B/7101B series (cabinet): 304 mm high, 445 mm wide, 210 
mm deep (1 11%2’’ X 17%” X 8%”). 
7100BR/7101BR (rack): 222 mm high, 483 mm wide, 210 mm 
deep (g2Y32” X 19” X 8%”),. 
7127Al7128A series (cabinet): 231 mm high, 425 mm wide, 210 
mm deep (9%; X 16%” x 8%”). (Rack; brackets supplied) 222 mm 
high, 483 mm wide, 210 mm deep (82%2” X 19” X 8%”). 

Weight: 

Dimensions: 

17500A/17501 A Specifications 
Voltage spans: 

17500A: 5 ,  IO, 50, 100, 500 mV; I ,  5 ,  IO, 50, 100 V full scale. 
17501A: I ,  2, 5 ,  IO, 20, 50, 100, 200mV;0.5, 1, 2, 5 ,  IO, 20, 50, 100 
V full scale. 

Accuracy: f0 .2% of full scale. 



Input resistance: 1 megohm at nul 
able spans except 100 kQ in the varia 
tive spans on the 17500.4 only. 
Interference rejection: dc  commoi 
sensitive spans of the 17500.4 and 
17501A. Line frequency, 100 dB on 
17500A and the three most sensitivt 
Zero-set: adj. full scale, plus one fu 
zero suppression available on the I' 
Maximum source impedance: up 
not alter the recorder's performance 
of the 17500A and the six most s e n d  
pedance restrictions on spans above 
Reference stability: O.O05%/PC. 
Weight: Net, 0.9 kg (2 Ib). Shipping 

71008 7127A 
71018 71281 

17502A Specifications 
Voltage spans: single span to matc 
types J ,  K, R, S, and T. 
Accuracy: 3~0.5% or  f 1 ° C  (which1 
561, dated 1955. 
Input resistance: potentiometric. 
Interference rejection: dc commc 
100 dB. 
Weight: Net, 1.8 kg (4 Ib). Shipping 

Price 
$ 

17503A Specifications 
Voltage span: 1 mV. 
Type of input: floating (500 V dc 
Input resistance: potentiometric. 
Maximum allowable source resis 
Normal mode rejection: >60 dB 
Common mode rejection: 120 dE 
Accuracy: 50.2% full scale. 
Reference stability: 0.005%/°C. 
Zero set: f 1 scale. 
Weight: Net, 0.9 kg (2 Ib). Shippini 

Channel 1 
Switches (Each l imit Channel 2 

Both Channels SPDT with 0.5 A, 
30 V dc contacts) 

17504A Specifications 
Voltage spans: 5 mV thru 100 V, ( 

nier. 
Type of input: floating (500 V dc 
Input resistance: 1 MQ at null 01 
Maximum allowable source resis 
Normal mode rejection: >60 dB 
Common mode rejection: 120 dB 
sensitive range cards. 
Accuracy: f0.2% full scale. 
Reference stability: O.O05%/"C. 
Zero set: f 1 scale, screwdriver adj 
Weight: Net, 0.9 kg (2 Ib). Shippin! 

005 001 55 
017 009 55 
018 010 110 

17505A/17506A Specifics 

Event Marker Left side: ink 

Remote Control Pen Lift 

Right Hand Zero 

Both sides: ink 

Chart ON-OFF 
Hard (scale, 10 to 0) 
Soft (scale, 10 to 

-0.5)2 

50 Hz Operation 

Locking Glass Door 

1 on all fixed calibrated and vari- 
lble mode on the four most sensi- 

1 mode; 120 dB on the four most 
the three most sensitive of the 
the four most sensitive spans of 
: of 17501A. 
11 scale of suppression. 5 scales of 
7501A. 
to I O  kQ source impedance will 
on the four most sensitive spans 

.ive of the 17501.4. N o  source im- 
; 100 mV fs. 

;, 2.2 kg (5 Ib). 

012 004 40 
014 006 80 

006 008 55 
007 002 25 

020 020 N/C 
025 025 N/C 

010 003 N/C 

011 013 55 

h cold-junction thermocouples of 

ever is greater): refer to NBS CIR 

Integrator (Integrates 
Channel 2 i f  
2 pen 

Disposable Pen Tips 

015 007 855 

024 024 N/C 

Retransmitting Channel 1 
Channel 2 I 5 kQ Potentiometer 

in mode, 120 dB; line frequency, 

5, 3.2 kg (7 Ib). 

max) rear input only. 

tance: 5 k 0  
at  60 Hz. 

3 (dc) and 100 dB (60 Hz). 

5,  2.2 kg ( 5  Ib). 

ietermined by range card, no ver- 

max) rear input only. 
n all spans 
itance: 1 0  k0. 
at  60 Hz. 
(dc) and 90 dB (60 Hz) four most 

ust. 
5, 2.2 kg (5 Ib). 

Voltage spans: 
17505A: . I ,  .2, .5, 1, 2, 5, IO, 20, 
20, 50, 100 V full scale. 
17506A any one of the above s 

Accuracy: f0.25% of full scale. 
Input resistance: 1 M 0  at null. 
Interference rejection: dc CMR: 
1 -_., P M D .  inn A D  __  _. 

50, 100, 200, 500 mV; I ,  2, 5, 10, 

pans (specify). 

120 dB on most sensitive span. 
4111b Lrbyul;rrLy L-ivcl\. ,- uo , , a t  sensitive span. Line frequency 
normal mode: 17505A: switchable, 60 dB or 100 dB. 17506A: 100 dB. 
Zero set: +2, -1.5 scales. Optional calibrated offset of + I  to -10 
scales in one scale steps on 17505A. 
Zero stability: f l  WV after one hour. 
Maximum source impedance: I O  kQ on nine most sensitive spans; 
no source impedance restrictions on spans above 100 mV fs. 
Reference stability: O.O05%/"C. 
Weight: Net, 0.9 kg (2 Ib). Shipping, 2.2 kg (5 Ib). 

I Carrying Handle I Std I 011 I 25 I 
I Mint Gray Control Panel I 029 I 029 I N/C I 
1. Not compatible with event marker (right hand). retransmitting potentiometer (Channel 2). or metric calibra. 

tion 
2 Requires special Hewlett-Packard chart paper 

Plug-in options 
17500A/17501 Al17502A: 
001: 5 scale zero suppression (17501.4) 
002: Calibrated for use with Integrator (8 in. span) 
17500A/ 17501A) 
029 Mint gray control panel 
17503A 
001: Detector Selector Switch 
002: 50 Hz 
003 Calibrated for use with Integrator (8 in. span) 
029 Mint gray control panel 
17504A: 
001: 50 Hz 
002 Calibrated for use with Integrator (8 in. span) 
010-019: Range cards (specify opt) 
Additional range cards (order by part number) 
17505A: 
001: + I  to -10 scales of calibrated offset in one scale 
steps. Accuracy 2~0.25% per step 
002: Calibrated for use with Integrator (8 in. span) 
003: 50 Hz 
029: Mint gray control panel 
1750644: 
0 0 2  Calibrated for use with Integrator (8 in. span) 
003: 50 Hz 
005-023 Spans (specify one) 
029: Mint gray control panel 
Model number and name 
Single Channel: 
7 101 B/BR, 7101 BM/BMR 
7127A (English only) 
Dual Channel: 
7 IOOBjBR, 71 OOBM/BMR 
7128A (English only) 
17500A 
17501A 
I7502A 
17503A 
17504.4 
I7505A 
17506A (specify voltage span) 



RECORDERS & PRINTERS 
Linear motor strip chart recorders 
Models 7123A & 7143A 

Only One Moving Part 

The Hewlett-Packard Models 7123A and 7143A Strip Chart Re- 
corders are designed specifically for dedicated recording applications. 
High reliability, exceptional performance, plus a large assortment of 
options allow custom tailoring to each application. These 3%-inch 
high recorders conserve rack space without sacrificing chart drive or 
chart view capabilities, or overall operation. 
Reliability 

Reliability is the keynote. Maximum reliability was achieved 
through the development of a unique linear servo motor. The motor 
enabled the design of a servo drive system with only one moving part 
-the motor slider/pen assembly. This single moving part replaces the 
many cables, pulleys, and gears found in a conventional servo system. 

The entire radial field of the motor is produced by a permanent 
magnet, resulting in low power consumption and virtually no internal 
temperature rise. In addition, the motor can be driven continuously 
off scale with no audible noise and no possibility of damage to the re- 
corder. 
Precise response 

The linear motor also provides extremely quick response, produc- 
ing full scale response in less than I/, second. In addition, non-me- 
chanical tachometer feed-back is incorporated. The tachometer and 
the high gain solid state servo amplifier allow the units to faithfully re- 
produce the input signal and respond to step inputs with less than 1% 
overshoot. 
Versatile chart drive 

A unique chart drive and viewing system is incorporated. The sys- 
tem allows the paper to be rolled up, or to be fed out and conve- 
niently torn off for inspection or filing. In addition, a slanted view- 
ing/writing area is incorporated. Chart paper may be manually ad- 
vanced at any time without gear changing or performance interrup- 

7143A tion. 
Minimum panel height 

The unlque linear motor and chart drive/viewing system combine 
to make a recorder that requires only 3% inches of rack height. This 
low silhouette provides the user with additional rack space without 
sacrificing recorder capability. 
Low cost 

fied for the OEM Purchase Agreement. 

Flexibility of options 

The basic price is low. Additional savings are available when quali- 

With almost 50 options available, the 7123A and 7143A can be “de- 
signed” to fit your exact requirements. Most options are modular and 
options such as span and chart speed can be changed in the field if the 
need arises. 



7123A, 7143A Specificl 
Performance specifications 
Input ranges: single span, 1 m' 
Type of input: single-ended, f l l  
Input resistance: 1 megohm c 
Normal mode rejection (at linl 
filter). 
Common mode rejection: > 1 
quency. 
Response time with RS < I O  I 
below 1 V). 
Overshoot: < I %  of full scale. 
Accuracy (including linearity 

7123A: f0.25% of full scale 
7143A f0.4% of full scale. 

Zero drift: < f 0 . 2  pV/"C fO.( 
full scale/"C for 7123. 
Linearity (terminal based): 

7123A: f0.1% of full scale. 
7143A f0 .2% of full scale. 

Reference stability: f0.002%, 
Chart speeds: speed determin 
Chart speed accuracy: synch 
Zero set: left hand, adjustable 
Environmental (operating): 

7123A and 7143A: 0" to 55"' 

General specifications 
Writing mechanism: servo ac 
Grid width 

7123A: 25 cm or I O  inch. 
7143A: 12 cm or 5 inch. 

Chart length 28.5 meters or ' 
Pen lift: manual (remote optic 
Power: 11 5/230 V f 10%. 

Option 060 60 Hz, 60 VA. 
Option 050: 50 Hz, 60 VA. 

7123A Net, 19 kg (42 Ib). 
7143A Net, 11.3 kg (25 Ib) 

Weight: 

ations 

V thru 100 V (specified by option). 
Dating. 
.onstant on all spans. 
5 frequency): >66 dB with optional 

00 dB at dc and >80 dB at line fre- 

d o h m :  <% sec (<% sec for spans 

and deadband): 

13% full scale/"C for 7143, f0.015% 

IOC. 
ed by option choice. 
ronous with line frequency. 
f 1 full scale (right hand optional). 

C, and 95% relative humidity (40°C). 

tuated disposable ink pen. 

95 ft. 
mal on 7123A only). 

Shipping, 23 kg (51 Ib). 
I. Shipping 15 kg (33 Ib). 

Options 
Soan: MUST SPECIFY ONE . The front scale is determined by 

Span 7123,7143 Price Span 7123,7143 Price 
I mV 00 1 $160 1 v  008 N/C  
5 mV 002 $160 5 v  009 N/C  

10 mV 003 $110 IOV 010 N/C 
50 mV 004 $110 5 0 V  01 1 N I C  

100 mV 005 $110 IOOV 012 N/C  
500 mV 006 $1 I O  

Chart speeds: MUST SPECIFY O N E  basic speed or one basic 
chart speed and one reducer or one multiple speed. 

Speed Option Price Speed Option Price 

6in./min 016 N/C  15cm/min 022 N/C  
4 in./min 017 N / C  10cm/min 023 N/C  
I in./min 018 N/C  5cm/min 024 N / C  

Y2 in./min 019 N/C  3 c m  
1/4 in./min 020 N/C  15cm 

I in./hr 021 N/C  3 c m  

Variable speed options: 
Dual speed via speed reducer: 

6 0  1 Speed Reducer* 
IO: 1 Speed Reducer* 
4: 1 Speed Reducer* 
2: I Speed Reducer* 

'The slowest speed resulting from the addition of a speed reducer IT 

Options requiring power supply: 

Option Power Supply 
Remote Speed Change 
Remote Chart On-Off (Not Compatible 

with Options 045 & 048). 
Remote Pen Lift (7123 Only) 
Limit Switches 
Event Marker (Right Hand) Ink 
Event Marker (Right Hand) Electric 

"22 9-" 

040 $130 
034 $45 
037 $40 

Multiple speeds (7123 ONLY): 

4 Speed: 1/4, E, I ,  2 in./min plus 
external input 

4 Speed: .5, I ,  2.5, 5 cm/min, plus 
external input 

Other options: 

Retransmitting Potentiometer 

Input Filter 
(5 KQ, f0.5% linearity, I O  VDC max) 

1 thru 5 mV spans 
I O  mV thru 100 V spans 

Right Hand Zero Hard Right 
(Scale, 10 to 0) 

Right Hand Zero Soft 
(Scale, I O  to  -0.5; 7123 Only) 

Rack Slides (7123 Only) 
Chart Integrator (7123 Only) 
Analytical option combinations: 
7123A ONLY 

The following three options are for an; 
chromatography and include 1 mV span, ii 
quency rejection (60 dB), right hand zerc 
and chart speeds as indicated. 

Speeds 
% and 1/4 in./min 
1 and Vi in./min 
Vi, %, 1 and 2 in./min 

plus external input 

Model number and name 
7123A (One Pen 25 cm or 10 in.) 
7143A (One Pen, 12 cm or 5 in.) 
NOTE: Must specify power line frequency. 

039 $55 

007 $50 
013 $30 

014 N / C  



RECORDERS & PRIINTERS 
OEM 10-inch strip chart recorders 
Models 7130A & 7131A 

7130A 7131A 

The Model 7130A is a IO-inch, two-pen recorder; the 7131A is a 10- 
inch, one-pen recorder. Spans and chart speeds are selected by op- 
tions. 

7130A and 7131A Specifications 
Performance specifications 
Input ranges: single span, 1 mV thru 100 V (specified by option). 
Type of input: single ended, floating. 
Maximum allowable source resistance (Rs): no restriction. 
Normal mode rejection (at line frequency): >40 dB. 
Common mode rejection: 120 dB at dc and >90 dB at line fre- 
quency. 
Response time: sec. 
Overshoot: <2% of full scale. 
Accuracy (including linearity and deadband): f0 .2% of full scale. 
Deadband: f0.1% of full scale. 
Chart speeds: speed determined by option choice. 
Chart speed accuracy: synchronous with line frequency. 
Zero set: left hand, adjustable f 1 full scale (right hand optional). 
Environmental (operation): 0°C to 55"C, 95% relative humidity 
(40°C). 

General specifications 
Writing mechanism: servo actuated ink pens. 
Grid width: 25 cm or I O  in. 
Chart length 30 meters or 100 ft. 
Pen lift: manual (electric or  independent optional). 
Power: 

7130A, 7131A 115/230 V &IO%, 60 Hz, 120 VA. 
7130B, 71318: 115/230 V *IO%, 50 Hz, 120 VA. 

Weight: Net, 12.3 kg (27 Ib). Shipping 17.4 kg (38 Ib). 
Span: Must specify one for each channel; spans may be different. The 
front scale is determined by choice of English or metric chart speed. 
The 500 series options are for the lower channel of the 7130A only. 

Option Option 
Upper Lower Upper Lower 

Span Channel Channel Price Span Channel Channel Price 
I mV 001 501 $160 1 V 008 508 N/C 
5mV 002 502 $160 5 V  009 509 N/C  

lOmV 003 503 $110 1OV 010 510 N/C 
50mV 004 504 $110 50V 011 511 N/C  

1OOmV 005 505 $110 IOOV 012 512 N / C  
500mV 006 506 $110 

Chart speeds: must specify one basic speed. 
Speed Option Price Speed Option Price 

6 in./min 016 N/C 15cm/min 022 N/C  
4 in./min 017 N/C lOcm/min 023 N / C  
1 in./min 018 N/C 5cm/min 024 N/C  

Yz in./min 019 N j C  3cm/min 025 N/C  
'/4 in./min 020 N/C  15cm/hr 026 N / C  
1 in./hr 021 N/C 3cm/hr  027 N / C  

Speed reducers: 

6 0 1  Speed Reducer* 028 $45 4.1 Speed Reducer* 030 $45 
1O:l Speed Reducer* 029 $45 2:l Speed Reducer* 031 $45 
*The slowest speed resulting from the addition of a speed reducer must not be less than 2 54 cmlhr  (1 in./hr) 

Option Price Option Price 

2 in./min 
t 
.25,2.5, 5 cm/min 
t 

tion 
Y 
294, 

power supply: 
041 $ 4 5  

6 in./min 045 $190 
input 
i, 5 ,  IO, 15 cm/ 048 $190 
rnnl  inniit 

Multiple speeds: Option Price 
4 speed: %, %, 1, 046 $160 
plus external inpu 
4 speed 0.625,l 049 $160 
plus external inpu, 

Options requiring opi 
Option Power Suppl 
8 chart speeds: I ,  
and hr plus external 
8 chart speeds: 2.: 
min and hr plus exte 
Remote Speed Change* 032 $ 20 
Remote Chart On-Off* 033 $ 20 
Remote Pen Lift* 036 $ 45 
Right Hand Event Marker* 037 $ 45 
Left Hand Event Marker* 537 $ 45 

-..r-- 

'Actuated by contact closure to ground or TTL levels. Closed circuit current 1.5 mA (maximum). open circuit volt. 
age +1.5 V (minimum). 

Upper Lower 
Channel Channel 

Other Options: 

Retransmitting Potentiometers 040 540 $ 55 
Limit Switches* 044 544 $110 
Input Filter (1-500 mV) 007 507 $ 30 
Right Hand Zero Hard 
(Scale, I O  to 0) 014 N/C  
Right Hand Zero Soft 
(Scale, I O  to -0.5) 015 N / C  
Independent Mechanical 
Pen Lift (7 130 only) 034 N / C  
Rack Slides 042 $ 75 
Rack Mounting Brackets 052 $ I O  
Rear Control Connector 056 $ I O  

'Contact rating 1 amp at 1.5 V. 0.5 amp at 250 V non-inductive. 

Analytical option combinations: The following two options are for 
analytical applications such as chromatography and include 1 mV 
span each channel, right hand soft zero, front panel detector switch on 
the 7131A. and two chart speeds as indicated. 

Option 7130 7131 
2 speeds: (% and % in./min) 090 $365 $230 
2 speeds: (1 and 5/4 in./min) 091 $365 $230 

Model number and name 
7130A I O  inch two-pen recorder 
7131A I O  inch one-pen recorder 

$1340 
$925 



0 Multi-range attenuators 

7132A 

The Hewlett-Packard Models 7132A two-pen and 7133A one-pen 
Strip Chart Recorders are laboratory instruments equipped with stan- 
dard features that qualify them to accommodate your laboratory or 
scientific application needs. 

The 7132A and 7133A are equipped with multi-range attenuators 
providing eleven input ranges from 1 mV to 100 V full scale in a 1-5-10 
sequence. Both models have eight chart speeds of 2.5, 5, IO, 15 
cm/minute and 2.5, 5, IO, 15 cm/hour ( I ,  2,4,6 inches per minute and 
1, 2, 4, 6 inches per hour). Disposable ink pens are standard. These 
pens provide a clear, continuous trace, and are easily replaced. 

Modular construction facilitates easy removal of the servo module 
for inspection or maintenance of the drive system, slidewire, or pen 
lift. The elimination of slip clutches in the servo module contributes to 
quiet, reliable operation. In addition, should the pen go off scale, the 
amplifier gain is automatically reduced, preventing noise or damage to 
the equipment. A stepper motor chart drive eliminates mechanical 
shifting of gears. 

The chart magazine may be adjusted to any of three angles to pro- 
vide a comfortable writing surface. Chart paper may be automatically 
rolled up or fed out of the recorder. A convenient front panel indica- 
tor lets you know when the paper supply is low. 

In addition to multi-range capability, the Models 7132A and 7133A 
offer as standard features: Eight Chart Speeds, Disposable Pens, Rack 
Mounting Brackets, Remote Pen Lift, and Remote Chart On/Off. 

Options include: Metric Calibration, Right Hand Zero (Hard), 
Right Hand Event Marker, and 50 or 60 Hz Operation. 

Performance specifications 
Input ranges: Eleven ranges from 1 mV to 100 V full scale in 1-5-10 
sequence with overlapping vernier. 
Type of input: Single ended, floating. 
Input resistance: 1 megohm on all ranges. 
Maximum source resistance: IO kQ (without spec. degradation). 
Normal mode rejection (at line frequency): Greater than 40 dB. 
Common mode rejection: Greater than 120 dB dc and 100 dB ac. 
Accuracy: f0 .2% of full scale (includes linearity and deadband) at 
25°C. Temp Coefficient f0.01% per "C. 
Range accuracy: f0.2% of full scale f0.2% of deflection (includes 
linearity and dead/band) at 25°C. Temp Coefficient f0.01% per "C. 
Deadband: 0.1% of full scale. 
Response time: Less than 0.5 second. 
Overshoot: Less than 2% of full scale. 
Chart speeds: 2.5, 5, IO, 15 cm/min., and 2.5, 5, 10, 15 cm/hour (1, 

71 32A and 71 33A Specifications 

RECORDERS & PRllNTERS 
Laboratory 10-inch stri 

M 

0 Disposable pens 

71 33A 

2, 4, 6 inches/minute, and 1, 2, 4, 6 inch1 
Chart speed accuracy: f0.08% plus lin 
Zero set: Provides three full scales of of 
Environmental (operating): 0 to 55"C, 
midity (40°C). 
General specifications 
Writing mechanism: servo actuated ink 
Grid width: 25 cm (10 inches). 
Chart length: 30 meters (100 ft). 
Pen lift: manual (electric or independent 
Power: 115/230 V f IO%, 50 Hz or 60 € 
Dimensions: 178 mm high, 432 mm wide. 
13 %"). 
Weight: Net 12.3 kg (27 Ib); shipping, 17 
Supplies furnished with each instrume 
1. Accessory Kit 

Plastic Kit Box 
Slidewire Lubricant 
Slidewire Cleaner 
Disposable Pens - Blue (pkg of 3) 
Disposable Pens - Red (pkg of 3) 
Fuse, -% Amp, 250 V SB 

2. Operating and Service Manual 
3. One roll chart paper 

Chart paper, Metric 
Chart paper, English 

4. Power Cord (2.1 meters or 7 ft) 
5. Ink Cartridge Blank (For Event 

Marker Option) 

Options 
001: Metric Calibration. Provides chart s 
5, 10, and 15 cm per minute, and 2.5, 5, 1 
per hour. 
014 Right Hand Zero (Hard). Positive 
causes pen to deflect from right to left. 
037: Right Hand Event Marker 
537: Left Hand Event Marker 
0 5 0  50 Hz Line Power 
0 6 0  60 Hz Line Power 
(Span and chart speed options must also 
Model number and name 
7 132A (two pen) 
7133A (one pen) 



RECORDERS & PRINTERS 
Portable, battery power strip chart recorder 
Model 7155A 

Under 30 pounds with internal battery 
12 centimeter chart width 
Operates at -28°C to +65"C 

The Hewlett-Packard 7155A is the portable strip chart recorder de- 
signed especially for field applications while maintaining laboratory 
specifications. It is a rugged, light-weight instrument weighing under 
30 pounds with the rechargeable battery installed. The standard unit 
operates on external dc or ac from 48 to 440 Hz. The optional inter- 
nal battery, which operates for nine hours on a single charge, may be 
selected. The instrument operates within H P  Class A temperature 
range (-28°C to +65"C); a first in the strip chart recording field. 

This unit is provided with 16 calibrated spans, seven chart speeds, 
the totally-electronic transmission that eliminates the need for me- 
chanically shifting the gears, and a sealed jelled-electrolyte battery 
that allows operation in any orientation. Additional standard items 
include the disposable pen, front plexiglass cover, three chart maga- 
zine tilt angles, and easy access to PC boards for serviceability. 

7155A Specifications 
Performance specifications 
Input ranges: 0.1 mV/cm thru 10 V/cm in a 1, 2, 5 sequence with 
overlapping vernier (12 cm full scale). 
Type of input: single ended, floating. 
Input resistance: 1 megohm. 
Maximum allowable source resistance: 5 kQ for rated response 
and accuracy. 
Common mode rejection: 120 dB dc and 100 dB ac. 
Full scale response time: 0.6 sec to within rated accuracy. 
Overshoot: 1% of full scale maximum. 
Accuracy: f 0 . 4 %  of full scale (includes linearity and deadband) at 
25°C. Temp Coefficient f0.01% per "C. 
Range accuracy: f0.4% of full scale f0.2% of deflection (includes 
linearity and deadband) at 25°C. Temp Coefficient f0 .01% per "C. 
Deadband 0.2% of full scale. 
Chart speeds: 30, IO,  5 ,  2.5, 1 minute/cm; 30 and IO sec/cm. 
Chart speed accuracy: 1%. 
Environmental (operating): -28°C to -65°C <95% relative hu- 
midity (40°C). 

ers (70 ft). 

30 Ib) with battery option installed. 
.n ddn u7 PC tn ian 11 nr 1-19 xi in %n xi\ 

21.3 m (70 ft)) 
n (7.5 ft)) 

9780 
8120 

07155 
, m c ,  

ree, red) 
r .  ,. 

21 IO-0012 
07143-69134 
07 155-60014 
,,I..-.- ,An..- 

General specifications 
Writing mechanism: sen ~ ~ ~ ~ -~ 
Grid width: 12 cm. 
Chart length 21.3 met' 
Pen lift mechanical. 
Weight: Net 13.64 kg ( 
Power: External ac (48 1" 77v Lv . ". . I . Lw . ,. 

External dc (10.5 to 36 V, 0.5 amp typical 0.9 amp maximum 
independent of voltage). 

Supplies furnished Part Number 
1. Operating and Service Manual 
2. Chart Paper (one -0778 
3. Power,Cord (2.3 r -1378 
4. Accessory Kit: -60045 

lLJ1-2614 

07 155-90000 

DC Connector 
0.5 Amp SLBL Fusc 
Slidewire Lubricant 
Disposable Pens (th 
Disposable Event MarKer rens .u / I33-0VV 13 

(if ordl 
Supplies At 
See Chart Re 

Options 
005: Right I- 
(Positive volti 
to left). 
006: Event A 
Contact closi 
0.025 inch deiiecciun UI everii uerr. I V l t i I K l ~ E  U C C U I ~  

along left har 
008: Internal 
The jelled elei 
single charge ( 
only and requ 
Instrument m 
7155A $1095 

ered) (three, red) 
railable 
corder Supplies, 

Price 
[and Zero N/C  
ige input causes pen to deflect from right 

4arker $85 
ire on rear panel causes approximately 
- " . - . Z - -  .c 1 1 - _ 1 . 1 _ _ _ _ _ . . _ ^  

I 

id edge of paper. 

ctrolyte battery operates nine hours on a 
at 25OC). Recharging is from external AC 
ires approximately 14 hours to full charge. 
ay be operated while charging. 

Battery $150 
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680 SF 

mge-Compact 

RECORDERS & PRINTERS 
Compact atria chart recorder 

High accuracy, fast response 

3 0  680 

,wlett-Packard Model 680 12 cm (5 in.) strip chart recorders 
igh accuracy and fast response for a wide range of perfor- 
r general or  specialized use. The 680 is equipped with multi- 
ns, multispeed chart transport, full range zero set, and elec- 
ft. The instrument is useful as a monitor for instrumentation 
utputs and for digital devices utilizing digital to  analog con- 

:s include modular construction with all-transistor circuitry, 
IUS motor chart drive, and full-view tilting chart magazine. 

mifications 
Performance specifications 
Spans: ten calibrated spans; Metric - 6, 12, 60, 120, 600 mV; 1.2, 6, 
12, 60, 120 V (English - 5, 10, 50, 100, 500 mV; 1, 5, 10, 50, 100 V). 
Type of input: input floating with respect to ground. 
Maximum dc common mode voltage: 500 V. 
Input resistance: 200 kR/V (166 kR/V, metric models) full scale, 
through I O  V span; 2 MR on all others. Constant 100 kR input resist- 
ance on all spans, Option H02. 
Common mode rejection: dc 100 dB on most sensitive range. De- 
creases 20 dB per decade step in attenuation. 
Accuracy: f0 .2% of full scale. 
Response time: maximum, 0.5 s full scale. 
Resettability: 0.1% of full scale. 
Chart speed: synchronous motor driver; Metric - 2.5, 5, 10, 20 
cm/min; 2.5, 5, 10,20 cm/hr (English - I ,  2, 4, 8 in./min; I ,  2, 4, 8 
in./hr). Option 008, gear ratio 16/1 instead of 6O/l speeds - Yi6, 
%, %, 1, 2, 4, 8 in./min. 
Zero set: adjustable over full span. 

General specifications 
Writing mechanism: Ink. 
Pen lift: electric, controlled by loc: 
sure. 
Power: 115/230 V, 60 Hz, 22 VA. 
Weight: Net, 5 kg (11 Ib); shipping 
Accessory kit supplied with eat 
Ink Writing: 
1. Slidewire cleaner, slidewire lubric 

spare pen, pen cleaning wire, fou 
blue ink. 

2. One roll of graph paper. 
3. Power Cord 2.1 m (7 ft). 
4. Fuse, 1/4 Amp 125 V SB 
5. Instruction Manual. 
Options 
001: With installed 5 k0,  0.1% linea 
potentiometer 
0 0 2  With ink event marker installc 
0 0 3  With installed high-low limit ! 

008: With 16/1 instead of 60/1 spt 
009: With remote chart drive switc 
010: For 50 Hz operation 
014: Glass door with lock 
018 Disposable pen tips 
H01 1 mV span added (H01-680) 

1.2 mV span added (H01-680k 
H02 100 kR input resistance, all sp 
Note: Options H01 and H02 not cc 
OEM discounts available. 
680 M (Metric) 

680 (English) 



c RECORDERS 8r PRINTERS 
Digital-to-analog converters 
Models 58QA & 581A 

Resolution to 1 part in lo* 
Automatic Zero-Shift 
Error free Digital Zero-Suppression 
1 ms Transfer Time 
Solid State reliability 

High Resolution 
Any three successive digits (or the right-hand two) of the input may 

be chosen for analog output. By selecting the two or three least signi- 
ficant digits, analog records of high resolution and accuracy may be 
obtained with conventional strip chart and x-y recorders. For 
example, recording the three right-hand digits of eight- or nine- 
column data can provide an analog record with resolution of 1 part in 
108. 

Auto Shifting 
Since the data in three successive columns can range only from 000 

to 999, automatic zero-shifting is inherent in the output, keeping the 
record “on scale” at all times. As an example, consider successive 
readings of: 000, 120, 257, 496, 732, 998, 1024. Except for the last 
reading, the analog record would proceed up-scale to 998 (99.8% of 
full scale). Recording of the 1024 value would be made a t  024 (2.4% of 
full scale). The quick transition of the pen from 998 to 024 would serve 
to indicate that the range has been shifted up by 1000. Down-scale 
shifts of zero are similarly indicated. 

Accuracy: 0.5% of full scale or better. 
Potentiometer output: 100 mV full scale: minimum load resistance 
20K, calibrate control; dual banana plugs front and rear; typical 5 mV 
residual output at “000.” 
Galvanometer output: 1 mA full scale into 1500 ohms; zero and cal- 
ibrate controls; phone jack front and rear. 
Driving source: parallel entry 4-line BCD 4-2-2-1 (9 digits 
maximum); “ I ”  state +4 to 75 volts with reference to “0” state. 
Reference voltages: reference voltages required for both the “0” 
and “1” state, reference voltages not to exceed f 150 V to chassis. 
Command pulse: positive or negative pulse, 20 ps or  greater in 
width, 6 to 20 volts amplitude. 
Power: I15 or 230 volts f IO%, 50 to 1000 Hz, 1 1  W. 
Dimensions: 

Specifications 

580A (rack mount): 425 mm X 88 mm X 286 mm (16%” wide, 

581 H 

Description 
General 

Digital-to-Analog Converters make possible automatic, high-pre- 
cision analog records from electronic counters, digital voltmeters and 
other devices providing the proper 4-line BCD output code. These 
converters operate directly with H-P Quartz Thermometer, HP  Nuc- 
lear Scalers and most H-P solid-state counters. Since the digital-to- 
analog converters tolerate a wide range of input voltages, they are 
suitable for use with other tube and solid-state devices. The 580A and 
581A are identical except for dimensions and weight. 

Versatile 
Output signals for strip-chart or x-y recorders of both the potentio- 

meter and galvanometer types are available, and controls for recorder 
calibration and zero adjustment are provided. A 50-pin connector ac- 
cepts 4-line data from a maximum of nine decade counting units. This 
information is transferred to storage binary units upon receipt of a 

3 ’ % 2 ”  high, 1 1  VI’’ deep). 
581A 198 mm X 155 mm X 203 mm (7V32” wide, 6%2” high, 8” 
deep). 

Weight: 
580A net: 6 kg (13 Ibs) shipping: 7.2 kg (16 Ib) 
581A: net: 3.5 kg (8 Ib) shipping: 6 kg (13 Ib) 

Options Price 
001: 4221 BCD code “ 1 ”  state positive; “ 1 ”  state +4 to 
+75 V with reference to “0” state. 
002: 8421 BCD code “ I ”  state positive (voltages same 

003  8421 BCD code “ I ”  state negative; “0” state +4 
to +75 V with reference to “1” state. 

580A OT 581A D to A Converter 
Supplied with 562A-16C cable, 6’ (1830 mm) long with 
an amphenal 57-30500 connector at each end. 

N / C  

as above). N / C  

N / C  
command pulse from the countingsource.The storkd data a k  then 
translated and weighted to provide the proper analog output voltage 
or current. 

$725 



0 Instant drying ink 

7402A 

Two and four-channel oscillograi 
Models 7402A, 7404A, 17400A, 17401A, 17402% 81 17403 

a Interchangeable plug-ins 

The Hewlett-Packard Models 7402A and 7404A are rectilinear, 
low pressure ink writing oscillographic recorders, which, when used 
with interchangeable 17400A Series preamplifiers, measure and re- 
cord one to four input signals against time. The 7402A Recorder is 
portable and records on either two 50 mm channels or a single 100 
mm channel. The 7404A is a four-channel recorder, but will also re- 
cord on two 80 mm channels. 

Clear traces that dry immediately on contact with the paper are 
produced by the pressurized ink system of these units. The pen is 
constructed with stainless steel with a rough carbide tip. Pens will 
last the life of the instrument. Four chart speeds are provided on the 
7402A, while 12 are available on the 7404A. Remote control of the 
chart speed is either by contact closure or TTL. 

Oscillographic recorders with plug-ins can be used to measure pa- 
rameters such as voltage, pressure, flow, force, displacement, and 
temperature with respect to time. These recorders can be used in ap- 
plications such as line production, troubleshooting, or physiological 
measurements. 

17400A High gain 
This plug-in is equipped to handle all normally encountered dc 

signal sources. A unique error indicator is included to signal over- 
driven inputs. I t  provides 1 NV/div sensitivity, 1 megohm input re- 
sistance, guarded and floated inputs, and calibrated zero suppres- 
sion. 

17401A Medium gain 
Stable and solid, this dc-coupled preamplifier provides the basic 

signal conditioning required to cover the majority of applications. 
The optional calibrated zero suppression supports 1 mV/div maxi- 
mum sensitivity balance-to-ground inputs. 

17402A Low gain 
As an economical unit, no compromises are made in basic perfor- 

mance. The single-ended input is available through a conventional 
rear connector as well as convenient front panel binding posts. Eight 
calibrated ranges are provided from 20 mV/div to 5 V/division. 

17403A AC carrier 
LVDT, RVDT, and strain gauge based devices are just some of 

the ac and dc (passive) transducers compatible with the unit. The 
7402A with the 17403A supplies 2.4 kHz, 5 V ac excitation to trans- 
ducers and has standard calibrated zero suppression. Option 01 1, a 
plug-in electronics board, must be installed in the 7402A. On exist- 
ing 7402A, use Part No. 07402-60252. 

_ _  
7404A 

7402A Specifications 
Input specifications 
Type of Input: Compatible with 17400 Series 
Accuracy: *0.75% of full scale at 25°C. TI 
3=0.06%/"C. 

Dynamic specifications 
Frequency response: 100 div f 2 %  of full sci 

50 div f 2 %  of full sci 
Overshoot: <2% of full scale. 
Step response (rise time): 7.0 msec (10% to 
mm deflection). 
Time specifications 
Chart speeds: 1, 5, 25, 125 mm/sec or mm, 
panel or remote selection, including STOP, 7 

TTL level. 
Chart speed accuracy: f 0 . 5 %  plus nominal 
variation. 
General specifications 
Writing area: Two channels, each 50 mm (50 
ne1 100 mm (100 div) wide. Chart length, 84 m 
Writing system: Pressurized ink. 
Environmental: 0°C to 5 5 T ,  <95% relatii 
4OOC). 
Power: 115/230 V ac f IO%, 140 VA. 
Weight: 18.4 kg (40 Ib) (with two 17401A and 

7404A Specifications 
Input specifications 
Type of input: Compatible wi,,, , u ~ L L L o  

Accuracy: f0 .25% of full scale at 25°C. T 
&0.05%/"C. 

i 

th I7AAA Car:-n 

Dynamic specifications 
Frequency response: 100 div f 2 %  of full sci 

50 div f 2 %  of full sci 
Overshoot: <2% of full scale. 
Step Response (rise time): 6.2 msec (10% t 
mm deflection). 
Time specifications 
Chart speeds: 5, IO, 25, 50, 100, 200 mm/c 
trollable from front panel or with rear panel 
closure with front panel set to "RMT". 

Bhic recorders 
IA Series Preamps 

Preamplifiers. 
amperature coefficient 

ile from DC to 25 Hz. 
de from DC to 40 Hz. 

190% of 50 mm or 100 

lmin (Opt 009). Front 
via contact closure or 

I power line frequency 

div) wide or one chan- 
(275 ft) roll. 

le humidity (25OC to 

Preamplifier. 
emperature coefficient 

de for DC to 48 Hz. 
ile for DC to 48 Hz. 

o 90% of 40 mm or 80 

sec and mm/min con- 
TTL level or contact 



17400A 17401A 

Chart speed accuracy: &OS% plus nominal power line frequency 
variation. 

General specifications 
Writing area: Four channels each 40 mm wide with 50 div or two 
channels 80 mm wide with 100 div. Also, one 80 mm wide channel 
and two 40 mm wide channels operation is possible. Chart length 84 
m (275 feet) roll. 
Writing system: Pressurized ink. 

I Environmental: 0" to 55OC, <95% relative humidity (25°C to  
40°C). 
Power: 115/230 V ac, f IO%, 300 VA. 
Weight: 36.8 kg (80 Ib), with four each 17400A Preamplifiers and 
paper. 

17400A with 7402A and 7404A 
Gain accuracy (at 25°C floc): within 0.75% of full scale value. 
fO.O6%/OC. 
Linearity: f0.6% of full scale value. 
Frequency response (at 50 div): +0% -6% of full scale from dc to 
40 Hz at 5 pV/div and above; 28 Hz at 2 lV/div, 15 Hz at  1 pV/div. 
(at 10 div). -3 dB at 125 Hz at 5 pV/div and above; dc to greater than 
80 Hz at  2 pV/div; dc to greater than 45 Hz at 1 pV/div. 
Rise time (from 10% to 90% of 50 mm deflection): 7.5 millisec- 
onds. 

17401A with 7402A and 7404A 
Gain accuracy (at 25°C floc): within 0.75% of full scale value. 
f 0.06%/' C. 
Linearity: f0.6% of full scale value. 
Frequency response (at 50 div): f 2 %  of full scale from dc to 40 
Hz (at I O  div); -3 dB at 140 Hz. 
Rise time (from 10% to 90% of 50 mm deflection on 1 mVldiv 
range): 7 milliseconds. 

17402A with 7402A and 7404A 
Gain accuracy (at 25°C floc): within 0.75% of full scale value. 
f0.06%/"C. 
Linearity: f0.6% of full scale value. 
Frequency response (at 50 div): f 2% of full scale from dc to 40 
Hz (at I O  div); -3 dB at 140 Hz. 
Rise time (from 10% to 90% of 50 mm deflection on 20 mVldiv 
range): 7 milliseconds (nominal). 

17403A with 7402A and 7404A 
Gain accuracy (at 25°C floc): within 0.75% of full scale. 

17402A 1763A 

Gain temperature coefficient: f0.08%/°C. 
Linearity: f0.6% of full scale (terminal based). 
Zero temperature coefficient (referred to output): f 0 . 5  mV/'C 
with preamplifier sensitivity control in OFF position. 
Frequency response (with preamplifier filter switch to 200): 
Flat for DC to 40 Hz (less than 3 dB down at 55 Hz). 
Rise time (from 10Y0 to 90% deflection on 10 mV/V range): Pre. 

to 50 or 200: 7.5 msec. Preamplifier filtei 

Prict 

amplifier filter switch 
switch to AVG: 1 sec. 

7402A Options 
001: Event marker (left hand) 
002: Event marker/timer (right hand) 
003: Both event marker and event marker/timer 
004 50 Hz power line operation 
005: Paper take-up (external) 
0 0 6  Rack mount adapter 
008: Event marker, right hand minute/second timer 
009: 60: 1 speed reducer 
010: Hard storage cover 
011: 2.4 kHz oscillator board 

7404A Options 
004: 50 Hz line power 
005: Paper take-up 
006: Rack mount kit . 
007: Hard cover 
Supplieslaccessories available H P  Part Number 
IOOOA Mobile Cart: (7402A) 
IOOOB Mobile Cart: (7404) 
Field Installation Kits - 

Paper Take-up 17402-60022 

60:l Chart Speed Reduction 
Rack Mount Adapter J7402-60023 

(60 Hz) 07402-60068 
(50 Hz) 07402-60069 

7402A Hard Storage Cover 07402-60062 
Oscillator Board Kit (2.4 k 
for 7402A used with 17403 
Model number and name 
7402A Mainframe (less plug 
7404A Mainframe (less plul 
17400A High-Gain Preamplifier 
17401A Medium-Gain Preampli 
Option 001 (Zero Suppression) 
l7402A Low-Gain Preamplifier 
l7403A AC Carrier Preamplifiei 

: Hz) 
A 

;-ins) 
;-ins) 

07402-60252 

$ 
$' 

$75 
$ I  IO 
$170 
N / C  
$120 

$55 
$130 
$155 
$30 
-540 

/C 
50 

I. 50 
$75 

$195 
$195 

$137 
$98 

$275 
$275 
$40 

$45 

1755 
1400 
8725 
$235 
6135 
$155 
6675 



RECORDERS & 
Four and eight-channel oscillog 

Models 7414A, 7418A, & 8800 seri 

0 Versatile configuration 
0 Hot tip thermal writing 

lraphic recorders 
ies signal conditioners 

7414A 

The Hewlett-Packard Models 7414A, 4 channel and 7418A, 6 and 8 
channel oscillographic recorders provide permanent reproducible rec- 
ords of multichannel real-time low frequency data. They can be con- 
tained in a single benchtop package, in a mobile cart, or in an upright 
cabinet. The unit selected, depending upon channel needs, represents 
a unique combination of reliability, high performance, and flexibil- 
ity. Accepting a complement of the 8800 Series Plug-in Signal Condi- 
tioners results in a system capable of meeting many measurement re- 
quirements. 

Thermal writing tips featuring long stylus life and rectilinear pre- 
sentation are provided on these recorders. A closed-loop feedback 
system results in 0.5% linearity. The system provides flat response 
(10.5 dB) to 50 Hz at  full scale 50 divisions amplitude. On the 7418A, 
at 10 divisions, amplitude is 3 dB down at 100 Hz. 

A 500-sheet Z-fold chart paper pack loads easily. Z-fold allows for 
convenient data review and storage. Additionally, nine pushbutton 
chart speeds are provided ranging from 0.25 to  100 mm/sec on the 
7414A and 0.5 to  200 mm/sec on the 7418A. Options 025 (50 Hz) and 
026 (60 Hz) on the 7414A and 7418A provide all nine speeds in milli- 
meter per minute. 

Standard recorders are supplied with two event marker pens. One 
marker pen is activated by either a one-second or  one-minute timer se- 
lectable on the front panel. The second pen is activated by the event- 
button. Both markers can be activated remotely. 

Plug-in signal conditioners 
The entire 8800 Series is compatible with the 74l4A and 7418A pro- 

viding a versatile 4, 6, or 8-channel oscillographic recording system. 
The general characteristics of each preamplifier are given. 

8801A, 8802A, 8803A D C  preamplifiers 

sure l jtV/div to  5 V/div signals. 

8805A/B Carrier preamplifiers 
Carrier preamplifiers measure physical variables with almost any 

passive transducers. Strain gages and Linear Variable Differential 
Transformers (LVDTs) are some of these ac or  dc type transducers. 
The 8805B adds automatic quadrature signal balance, signal averag- 
ing capability, and selectable internal calibration for 2% to  100% of 
full scale. 

88066 Phase sensitive demodulator 
The 8806B provides a dc output proportional to the rms value of the 

input signal that is in phase or 180" out of phase with respect to a ref- 
erence voltage. 

8807A AC-DC converter 

age value of a full wave rectified ac input signal. 

8808A Logarithmic preamplifier 
The 8808A is an average detecting logarithmic converter. The unit 

can operate over a 50 dB or 100 dB span allowing signals from 100 pV 
to I V rms to be recorded without changing ranges. 

These three units are primary general-purpose devices used to  mea- 

This plug-in provides a dc voltage output proportional to the aver- 

7418A 

8809A Signal coupler 
A low-cost, solid-state unit, the 8809A 

8820A, and 8821A D C  bank amplifit 
The 8820A and 8821A combine six or eig 

amplification into one front panel unit foi 
venience and economy. Each amplifier co 
Ply. 

7414A Specifications 

external signal for recording. 

Frequency response: flat within f 0 . 5  dE 
ence 50 div. at  I O  Hz; down less than 3 dB 
at I O  Hz. 
Chart speeds: 0.25, 0.5, 1.0, 2.5, IO,  25, I 
regulation: 1 1%. Paper weave: less than 0. 
front panel pushbuttons.) 
Rise time: 5 milliseconds over any 20 d i  
overshoot adjusted for 4% or less. 
Limiting: Electrical limiting keeps stylus N 

yond edge of channel. 
Markers: event: local or  remote contro 
right side, between channels 3 and 4. Time 
terval (monopolar), located on left side, b 
Chart paper: four 40 mm wide channels, I 
lines every 1 mm, heat sensitive Z-fold Per 
lines is available in packs of 500 sheets, ei 
long, and numbered for footage and inde 
Green grid lines and black stylus trace mak 
production. 
Paper loading: no threading required. 
Remote operation: rear panel connect0 
chart drive, event marker, optional extra m 
plies f 1 2 ,  f 2 0 ,  and -24 V dc. 
Power required: I15/230 volts ac (f 109 
300 watts. Warmup time, approximately 
Dimensions: Height: 29 cm (10.5 inchc 
inches), for standard rack. Depth: 57.3 cm 
6.3 cm (2.5 inches) from rack front. 
Weight: Recorder: 34.4 kg (76 Ib). Bench 
Ib); with paper take-up shelf 43.3 kg (95.5 1 
(191 Ib). 

7418A Specifications 
Frequency response: flat with f6% ( & I  
Reference 50 div at I O  Hz. Down less than 
I O  div at I O  Hz. 
Rise time: 5 Msec over any 20 div range 
no more than 4%. 
Chart speeds: speeds are 0.5, 1, 2.5, 5 
mm/sec. Speed Regulation: f 1%. Paper 
Speeds are electrically selected via front 

inexpensively connects an 

?rs 
ht independent channels of 
. maximum operating con- 
ntains its own power sup- 

I ( f6%),  dc to 50 Hz, refer- 
at 100 Hz, reference I O  div. 

50, and 100 mm/sec. Speed 
S mm. (Speeds selected via 

visions (10% to 90%), with 

i thin a range of 1.5 mm be- 

l (monopolar), located on 
d: 1 minute or 1 second in- 
letween channels I and 2. 
:ach with 50 divisions; time 
,mapaper@ with green grid 
ich sheet 30 cm (12 inches) 
Xing. 
;e recording suitable for re- 

r J8: Remote operation of 
iarker. Connector also sup- 

\), 60 Hz (50 Hz optional), 
15 seconds. 
:s). Width: 48.3 cm (19.0 
(22.75 inches). Projection: 

Top Enclosure: 42.5 kg (95 
b); with Mobile Cart 81 kg 

1.5 dB) from Dc to 50 Hz. 
3 dB at 100 Hz. Reference 

with overshoot adjusted to 

, IO, 25, 50, 100 and 200 
weave: less than 0.5 mm. 
,anel pushbuttons. 



RECQRDERS & PRINTERS 

Models 7414A, 7418A, 81 8800 series (cont.) 

8801 A 8 8 0 2 ~  

Remote operation: rear panel connector 514 provides for full re- 
mote operation of chart drive, event marker, and optional extra mark- 
ers. Circuits operate remotely only when front panel REMOTE but- 
ton is depressed. Remote connector also supplies -20 V. 
Power requirements: I15/230 V ac, f IO% at  60 Hz. Recorder only 
- 425 watts. System plug-in - 545 watts. System bank - 430 watts, 
455 watts. 
Dimensions: recorder alone: Height - 29 cm (10.5 inches). Width 
- 48.3 cm (19.0 inches), for standard RETMA equipment rack. 
Depth - 57.3 cm (22.75 inches) Projects 6.3 cm (2.5 in.) from front of 
rack. 
Weight: recorder alone: 49.9 kg (I I O  Ib) including driver amplifiers. 
With bench top enclosure, 58 kg (128 Ib). In mobile cart with power 
supply, but less preamplifier, 160 kg (354 Ib). 

8801 A Specifications 
Input ranges: 5, IO, 20, 50, 100, 200 mV/div; 0.5, I ,  2, 5 V/div. Ac- 
curacy f l % .  
Type of input: balanced to ground; 500 kR- 1% in parallel with ap- 
prox. 100 pF each side. 
Common mode rejection: 48 dB min, dc to 140 Hz; f 5 0  V max on 
5, IO, 20 mV/div ranges; f 5 0 0  V max all other ranges. 
Output frequency response and rise time: 50 Hz a t  -3 dB at 50 
div. 5 ms at I O  div IO-90%, 4% overshoot. 
Zero suppression: 0 to f I O  and f 100 V for single-ended or differ- 
ential signals (f50 V max on 5, IO, 20 mV/div ranges); calibrated 10- 
turn potentiometer with f0.1% resolution; accuracy f0.5% of sup- 
pression range, f l %  of reading. 
Calibration: internal, + 100 mV f 1%. 

8802A Specifications 
Input ranges: I ,  2, 5 ,  IO, 20, 50, 100, 200, 500, 1000 mV/div; accu- 
racy * I % .  
Type of input: balanced to ground; 180 kR f 1% in parallel with ap- 
prox. 100 p F  each side. 
Common mode rejection: 48 dB min, dc to 60 Hz on 1000 mV/div 
range, dc to I50 Hz all other ranges; f12.5 V max on 1, 2, 5 mV/div 
ranges; + I25  V max on IO, 20, 50 mV/div ranges; f500 V max all 
other ranges. 
Output frequency response and rise time: 50 Hz at -0.5 dB at  50 
div. 5 ms at  I O  div IO-90%, 4% overshoot. 
Zero suppression: 0 to f 2  and f 2 0  V for single-ended or differen- 
tial signals (f 12.5 V max on I ,  2, 5 mV/div ranges); calibrated IO-turn 
potentiometer with f0.1% resolution; accuracy * O S %  of suppres- 
sion range, f l %  of reading. 
Calibration: internal, +20 mV 41%. 

8803A Specifications 
Input ranges: I to 5000 pV/div and 10 to 5000 mV/div, 21 ranges in 
a I ,  2, 5 sequence. Accuracy f2%.  
Type of input: floating and guarded signal pair; 1 MR on mV ranges. 
Common mode rejection (dc): 160 dB min on pV ranges, 100 dB 
rnin on mV ranges: 1 kQ max source unbalance; f 3 0 0  V max. 
Common mode rejection (ac): 120 dB min on pV ranges, 60 dB on 
mV ranges at 60 Hz; 500 kR max source unbalance; 510 V max, 1 

8803A 88058 

pV/div; f 2 0  V max, 2 pV/div; f50 V max, 5 pV/div; 100 V max, 10 
pV/div and 10 mV/div; f 2 2 0  V max all other ranges. 
Zero suppression: pV ranges: 0 to f 1, IO, 100 mV; mV ranges: 0 to  
f l ,  IO, 100 V; calibrated IO-turn potentiometer with f l %  resolution, 
accuracy f 1 % of suppression range. 
Calibration: internal, f 2 0 0  pV f 1% on pV range, +200 mV f 1% on 
mV range. 
Output frequency response and rise time: 50 Hz a t  -0.5 dB at  50 
div. 5 ms at  I O  div 10-9070, 6% overshoot. 

8805A, 88058 Specifications 
Sensitivity: I O  pV/div. 
Input attenuator: X I ,  2, 5, IO, 20, 50, 100, 200; accuracy f2%. 
Input impedance: 

8805A: approx. I O  kR. 
88056: 1 MR &IO%, single ended. 

Transducer impedance: transducer load impedance connected to  
excitation terminals 100 ohms rnin; transducer impedance connected 
to signal input terminals 5 kR max. 
Excitation: floating source 5 V nominal, 2400 Hz f 2 % ;  internal full 
bridge/half bridge switch grounds C.T. of excitation for use with half- 
bridge transducers. 
Quadrature rejection: greater than 40 dB; quadrature signal less 
than 50 div; C bal control permits bucking of transducer quad unbal- 
ance up to f 5  mV/V. 
Zero suppression: 0 to 100% of transducer full load rating, for 
transducer cal factor up to I O  mV/V at full load; calibrated IO-turn 
potentiometer with 0. I %  resolution; accuracy f0.5% of suppression 
range; R bal control permits bucking of inphase unbalance to f3 
mV/V regardless of cal factor. 
Output frequency response: 50 Hz (-0.5 dB at 50 div). 
Rise time: 5.6 msec (at I O  div, IO-90%, 4% overshoot). 
Calibration: 

8805A: 2% f0.02% of transducer full  scale output. 
88056: switchable, 2%, IO%, 5096, 100% f l %  of full scale. 

8806B Specifications 
Input ranges: 0.5, I ,  2, 5, IO, 20, 50, 100, 200, 500 mV rms/div; refer- 
ence voltage 3-133 V rms in two overlapping ranges, internal range 
switch. 
Type of input: signal input: transformer isolated, floating and 
guarded, approx. 1 MR; reference input: differential, transformer cou- 
pled, approx. 500 k R  each side to  ground. 
Common mode rejection: 40 d B  min to  IO Hz, 500 V rms max; 
quadrature tolerance 50 div max. 
Reference frequency range: 50 Hz to 40 kHz in six bands with vari- 
able frequency plug-in; fixed frequency calibrated plug-ins 60 Hz, 400 
Hz, 50 kHz. 
Output frequency response (3 dB @ 10 div) and rise time (at 10 
div, 10-90%, 4% overshoot): Ref frequency: @ 60 Hz: 12 Hz; @ 400 
Hz: 65 Hz; @ 5 kHz: 100 Hz, 5 msec. 
Phase shifter (plug in): 

Fixed frequency: 0"-90" dial; 2" graduations in four quadrants; 
accuracy f 3 % .  
Variable frequency: continuous 0-360". 

Calibration: internal, I V rms at  carrier ref frequency. 



6 milliseconds, 10.90% of final deflection, 4% 
20 div p-p 

Less than 6 milliseconds, 10.90% i 
overshoot, 20 div p-p 

Rise Time 7418A Less than 
overshoot, 

88068 8807A 8808A 881 D9A 

8808A Specifications 
Sensitivity ranges: 

50 dB span: bottom scale -80 to 0 dB below 
100 dB span: -80 to -50 dB below 1 V ir 

Type of input: single ended, 1 MQ min. 
Input frequency range: 5 Hz to  100 kHz slow 
HL to 100 kHz fast range. 
Rise time 10% to 90% (10 div): fast response 
slow response 2 s (9 dB/s). 
Calibration: internal at approx. 500 Hz: -80, - 
to 1 V; accuracy of -30 dB position f0 .25  dB 

8809A Specifications 
Input range: adjustable from 20 to 50 mV/di\ 
Type of input: switch selected, 1.5 kR f 2 %  o 
ended. 
Output frequency response and rise time: 5 
div), 5 ms ( I O  div, IO-90%, 4% overshoot). 
Calibration: internal, 600 mV f 2 % .  

8807A Specifications 
Input ranges: 0.02, 0.05, 0.1, 0.2, 0.5, 1, 
racy 12%;  scale expansion: XI,  2, 5, IO, 
Type of input: floating and guarded si 
shunted by I O  p F  and stray cable capacit, 
Input frequency range: standard model. 
tion 001, 50 Hz to 100 kHz. 
Common mode rejection: 60 dB min at 6 
with up to I O  kQ source unbalance: f50C 
Zero suppression: 0 to 100% of full scale 
t u r n  potentiometer. 
Frequency response and rise time: 

Standard model: 54 Hz (3 dB @ I O  div 
overshoot). 
Option 001: 9 Hz (3 dB 0 10 div) 7 
overshoot). 

Calibration: internal, I V f l % ;  approx. 

2, 5, 10, V rms/div; accu- 
20 f 2 % .  
gnal pair; approx. I MQ 
ance. 
, 330 HZ to 100 kHz; Op- 

0 Hz, 40 dB min at  400 Hz, 
I V max. 
;, any range; calibrated 10- 

8 1 V in 10 dB steps. 
I I O  dB steps. 

response range; 500 

, 20.5 ms (875 dB/s); 

-30, +20 dB referred 

) 11 ms ( I O  div IO-90%, 4% 

0 ms ( I O  div 10-90% 490, 

500 Hz. 

1. 

r 100 kf2 min, single 

0 Hz (-0.5 dB at 50 

8820A/8821A Bank amplifier : svstem 
Specifications 8820A 88211 

0.001 V/div (Amplifier Gain 100) 

250 volts (edge to edge) 

Sensitivity 

Maximum Full Scale Input 

0.05 V/div (Amplifier Gain 2) 

250 volts (edge to edge) 
~~ 

Sensitivity Ranges 
(attenuation) 

050,0.1,0.2,0.5, 1, 2, 

,050 V/div ranges, 1% 

0.001, 0.002, 0.005, 0.010,0.020,0.1 
5 V/div 

Att. accuracy (dc) 9% on 0.001 to 0 
on 0.1 to 5 V/div ranges 

0.05, 0.1,0.2, 0.5, 1, 2, 5V/div 

Att. Accuracy f2% 

able 100 dB at 60 Hz, 0.001 V/div sens 
balance, decreases to 66 dB at 0.05 
0.1 to 5 V/div sensitivities, 1 k sourci 

f 2 0  V on 0.001 to 0.05 V/div ran 
sensitive) 
f 2 5 0  V on 0.1 to 5 V/div ranges 
(six least sensitive) 

able 

itivity, 1 k source un- 
V/div, 66 dB at 60 Hz, 

Common Mode Rejection Not Applic 

Common Mode Tolerance Not Applic 

Frequency Response DC to less than 0.5 dB down at 50 Hz (50 div p-p) 

DC to less than 3 dB down at 100 Hz (10 div p-p) 

DC to less than 0.5 dB down at 50 Hz 

DC to less than 3 dB down at 100 Hz 
7418A System (with 
amplifiers) 

(50 div p-p) 

(10 div p-p) 

Amplifier Only nost sensitive ranges, response is DC to 7 kHz DC to 15 kHz (+1.0, -3.0 dB) 
1.0 dB), or DC to 15 kHz (+0.5, -3.0 dB). On 
: sensitive ranges, response is DC to 7 kHz (+0.5, 
or OC to 15 kHz (+0.5, -4.0 dB). 

On four n 

three lead 
(+0.5, - 

-2.0 dB, 

I f  final deflection, 4% I 



RECORDERS & PRINTERS 
Models 7414A, 7418A & 8800 series (cont.) 

8820A 

7414A Options Price 
001: Rack mount; includes slides and all mounting 
hardware. Deletes case. 
0 0 8  50 Hz operation 
012: 1 channel decrease; extreme right hand channel 
deleted, blank panel installed for plug-in. Not compati- 

015: Extra event marker, installed between channels 2 
& 3. Not compatible with option 012. $40 
025: 50 Hz speed reduction (60:l). 310 
026: 60 Hz speed reduction (60:l). $310 
054: Installed in mobile cart. Includes paper takeup 
drawer. $485 
7418 Options 
74 18 8-channel Hot-Tip Thermal Oscillographic Recorder only*. 
(Includes paper take-up tray.) 
001: 6-channel Hot-Tip Thermal Oscillographic Re- 
corder only.* (Includes paper take-up tray.) $600 

003: Bench Top Configuration $250 
004 63” Cabinet (includes 7 inch drawer) $1300 
005: 42” Cabinet (includes 7 inch drawer) $1300 
006: 21” Portable Cart $875 

009: 230 V ac Operation 
014: Extra Event Marker between Channels 4 and 5 $85 
015: Extra Event Marker between Channels 5 and 6 $85 
025: 50 Hz Speed Reduction 6 0 1  $300 
026: 60 Hz Speed Reduction 60:l $300 
030 8848A Plug-in Preamplifier Power Supply (re- 
quired for operation of 8800 plug-in preamplifiers - 
can be ordered separately as 8848A). 
031: 8820A 8-channel Low-Gain Bank Amplifiers (can 
be ordered separately as 8820A). 
032 8821A 8-channel Medium-Gain Bank Amplifier 
(can be ordered separately as 8821A). 
033: 8820A 6-channel Low-Gain Bank Amplifier (can 
be ordered separately as 8820A). 
034: 8821A 6-channel Medium-Gain Bank Amplifier 

For plug-in preamplification. Option 030 Power Supply is required to operate the 8800 Series Plug-in Preamps. 

N/C 
N/C 

ble with option 015. $210 

002: Rack Mount Kit $200 

008: 50 Hz Operation N/C  
N/C  

$1135 

$1600 

$2700 

$1600 

$2500 (can be ordered separately as 8821A). 

For Bank Amplification. select one ol options 031 through 034 as desired. 

8801A, 8802A, 8808A, and 8809A Options 
001: bench-top unit with power supply and portable 
case 

8803A Options 
001: bench-top unit with power supply and portable 
case 

8805A, 8805B 1 

001: (either mod 
and portable cast 
002: harmonic fi 

8806B Options 
001: bench-top 1 

case 
002 variable frequency pnase snirter plug-in, 30 HZ to 
40 kHz 
003: calibrated phase shifter plug-in, 60 Hz 
004: calibrated phase shifter plug-in, 400 Hz 
005: calibrated phase shifter plug-in, 5 kHz 

8807 Options 
001: 50 Hz to  100 kHz signal filter 
002 dc  plug-in 
003: bench-top unit with power supply and portable 
case 
Model number and name 
7414A 
7418A 
8801A 
8802A 
8803A 
8805A 
88058 
8806B 
8807B 
8808A 
8809A 
8820A 
8821A 

Price 

$445 

$540 

$220 
$200 
$160 
$160 

N/C  
N J C  

$445 

$5000 
$6600 

$375 
$375 
$780 
$500 
$730 
$600 
$830 
$670 
$135 

$1600 
$2700 
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aphic recorders 
lart recorder supplies 
'he following supplies are those most frequently used in recording 
Jlications. A complete list of available supplies may be obtained by 
ltacting your local Hewlett-Packard sales and service office. 
Y recorder supplies 
aph paper, 21.6 cm X 28 cm (8% in. X 11 in.): 

3e Plot Area Weight 100-sheet box Price 

heavy 9270-1023 $4.70 
glish 7 in. X IOin. light 9270- 1007 $4.40 

heavy 9270-1006 $3.80 
aph paper, 28 cm X 41.9 cm (11 in. X 16% in.): 

Part Number 
P C  Plot Area Weight 100-sheet box 

:tric 25 cm X 38 cm light 9270-1042 $6.35 
heavy 9270-1024 $6.60 

glish lo in .  X 15in. light 9270- 1005 $6.00 
heavy 9270- I004 $6.60 

sposable pens (one pen recorders): 
Part Number 

idor (package of 3) 

Part Number 

:tric 18 cm X 25 cm light 9270- 1027 $4.45 

d 5081-1 190 $4.85 
le 508 1-1 19 1 $4.85 

x k  5081-1 193 $4.85 
een 5081-1 192 $4.85 

sposable pens (two pen recorder - 7046A): 
Part Number 

)lor (package of 3) 

:d 5060-6662 $4.50 
ue 5060-6664 $4.50 

.rip chart recorder supplies 
iart paper, 5-inch (680, 7143A): 
Pe Description Part Number 
k Writing 
etric 12 cm X 28.5 m 9270-1025 $3.25 
iglish 5 in. X 95 ft 9270-1012 $2.65 

rart paper, 10-inch (71006, 71018, 7127A, 7128A): 
'Pe Description Part Number 
k Writing 
etric 25 cm X 36 m 9270-1037 $4.65 
iglish 10 in. X 120 ft 9270-1010 $4.65 

iart paper, 10-inch (7123A): 
rue Description Part Number 
1; Writing 
etric 25 cm X 28.5 m 9280-0176 $4.35 
iglish I O  in. X 95 ft 9280-0175 $4.75 

iart paper, 10-inch (7130A, 7131A, 7132A, 7133A): 
'Pe Description Part Number 
k Writing 
etric 25cm X 3 0 m  9280-0265 $4. I O  
iglish IOin. X lOOft 9280-0264 $4.10 

iermal writing: 
etric 25 cm X 24 m 9280-0289 $6.00 

English 10 in. X 80 ft 9280-0288 $6.00 
English, R.H. 10 in. X 80 ft 9280-0290 $6.00 
Soft Zero 

Chart paper, 12 cm (7155A): 

Type Description Part Number 
Ink Writing 
Metric 12 cm X 21.3 m 9280-0278 $4.70 
E.nglish 5 in. X 70 ft 9280-0277 $4.70 

Chart re 

Disposable pens (7123A, 7143A): 
Part Number 

Color (package of 3) 

Blue 07 143-60002 
Red 07143-60003 
Black 07 143-60024 

Disposable pens (7130A, 7131A, 7132A, 
Part Number 

Color (package of 3) 

Red 07130-625 I O  
Blue 07130-62500 

Disposable pens (7155A): 

Color Type 
Red Main pen 
Red Event pen 
Blue Main pen 
Blue Event pen 

Recording ink, 3 cc cartridge (680, i 
7128A): 
Color Part Number 

Red 1530- 1024 
Green 1530- 1025 
Black 1530-0705 
Blue 1530- IO34 
Purple 1530-0984 

Recording ink, 5 cc cartridge (7123A, 7' 

Color Part Number 

Blue 07 143-61701 
Red 07143-61 700 
Black 07 143-6 1702 

Recording ink, 5 cc cartridge (7130A, 
Event Markers) 

Color Part Number 

Red 5060-6506 
Blue 5060-6505 
Black 07 130-60002 

Instrumentation tape supplies 
3 M  951 tape '/4 inch, 1 mil, 2300 ft. HP P/N 
Oscillographic recorder supplies 
Chart paper 
Recorder 
System Description 

7402A 2 X 50 mm, 
84 m (275 ft) roll 

1 x IOOmm, 
84 m (275 ft) roll 

4 X 4 0 m m  
7404A 4 X 50 DIV. 84 m (275 ft: 
7404A 2 X 100 DIV. 84 m (275 ft: 
74 14A 500 sheet Z-fold pack 

2 x 50mm 
7702B 96 m (200 ft) roll 

8 X 4 0 m m  
7418A 500 sheet Z-fold pack 
Recording Ink, cartridge: 

Recorder 
System Description 

7402A/7404A Blue-black, 55 cc 

Price 

$4.85 
$4.85 
$4.50 

71 33A): 

$4.50 
$4.50 

Part Number 
(package of 3) 

07 155-6001 5 $5.00 
07 155-60016 $5.00 

07155-60014 $5.00 

07155-6001 7 $5.00 

rioo6, 71016, 7127~,  

$ .55 
$ .55 
$ .55 
$ .55 
$ .55 

143A): 

$2.00 
$1.60 
$1.60 

7131A, 7132A, 7133A 

$1.50 
$1.50 
$1.50 

I 9162-0006 $26.00 

Part 
Number 

9280-0258 $ 7.00 

9280-0276 $ 7.00 

9270-0878 $28.35 

I 9280-0294 $15.00 
I 9280-0293 $15.00 

651-52 $12.35 

9270-0946 $53.50 

Part Number 

07402-60008 $15.00 
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Portable instrumentation tape recorder 
Model 3960A 

15 
7% 
3% 

0 48 dB FM signal to noise ratio 
38 dB unfiltered DIRECT signal to noise ratio 

0 16:l time base expansion and contration 

f 4  1 78 f15 
f 5  ’% 6 f25 
f71h 

0 DCIpeak AC monitor meter 
DC calibration voltages provided 
Operated from 110/220 V ac and 

Tape Tape Speed Passband 
Type (ips) (f3 dB) 

15 
7% 

70 HZ - 60.00 kHz 
50 HZ - 30.00 kHz 

3M 3% 50 HZ - 15.00 kHz 
951 3 50 HZ - 12.00 kHz 

1 78 50 HZ - 7.50 kHz 
1% 50 HZ - 6.00 kHz 

’716 50 HZ - 3.75 kHz 

/ 

Signal/Noise 
Ratio4 (dB) 

38 
38 
38 
38 
38 
38 
38 

The 3960A Portable Instrumentation Tape Recorder is a combina- 
tion of a superior electromechanical tape drive assembly plus high 
performance electronics. Standard features such as the DC/Peak AC 
Monitor Meter and the DC Calibration Voltage Source make this in- 
strument non-dependent on other test equipment when used in the 
field. Optional features such as ‘Voice Annotation,’ ‘Tape Speed 
Servo,’ ‘Remote Controllability’ and the ‘Tape Loop Adapter’ make 
it adaptable to most data acquisition and reduction applications. 

Tape Speed: (ips) 

Start: (seconds) 
Stop: (seconds) 

3960A Specifications 
Transport specifications 
Tape width ‘h inch. 
Reel size: standard 7-inch plastic reels. 
Heads: 4-track Record and 4-track Reproduce. 
Tape speeds: 
Speed Option Table. 
Capstan drive: DC motor with phaselock servo. 
Tape speed accuracy: f0.2%. 
Time base error (TBE): Measured in accordance with IRlG 118-73. 
These snecifications aoolicable onlv with Ootion 040. 

3?4, 15 ips. For other speed combinations, see 

15 3% 15/16 

2.00 0.90 0.25 
0.25 0.25 0.25 

(microseconds) TBE I I Tap;rSPeed I TBE 1 TaptSpeed 1 
IPS) (microseconds) IPS) 

Flutter: Measured in accordance with IRIG 118-73. 

Operating modes: Forward and Reverse Record, Forward and Re- 
verse Play, Fast Forward, Fast Rewind, Stop. 
Start and stop times (typical): 

- 
Carrier Center 

Frequency(l) 
(kHz) 
27.00 
13.50 
6.75 
5.40 
3.38 
2.70 
1.69 

FM electronics specifications 
(Options A01 through A04) 
Passband, signal-to-noise ratio and distortion: 

Speed 
(ips) 

3% 

1 78 

1% 

Passband S I N  Ratio 
( H 4  I (dB) 

0 - 5000 
0 - 2500 
0 - 1250 
0 - 625 1 0 - 500 
0 - 312 

‘ 0 - 1000 

48 
48 
48 
48 
48 
47 
44 

Distortion 
(%) 

1.5 
1.5 
1.5 
1.5 
1.5 
2.0 
2.0 

(1) Signal measured at 10% of upper passband. 

Flutter compensation: standard on all models. Switched on and off 
with slideswitch behind front access door. 
Linearity: f l %  of p-p output for best straight line through zero. 
DC drift f0.1% of peak-to-peak output per “C. 
Input level: 1 V peak-to-peak to 30 V peak-to-peak. 
Input impedance: 50 kR, shunted by 200 p F  maximum. 
Output level: 0 to 5 V peak-to-peak (adjustable). 
Output impedance: 140 ohms maximum, single-ended. 



Meter modes: Meter has two modes: In PE 
absolute value, including any dc component 
component of signal. 
Meter accuracy: better than f'h dB for sig 
cycle; better than f l  dB for 1 to  50% dut: 

DC calibration source 
Voltages: f10, f5 ,  f2 .5 ,  or f 1 . 4  V dc 

Record control 
Combination Reqord Disable Switch/Leve 
nel. In OFF position, no signal is fed to re' 
tion of tracks can be recorded, including < 

General specifications 
Size: 425 mm X 381 mm X 187 mm (16- 
Weight: 22.7 kg (50 pounds). 
Power requirements: I 15-230 V AC f I (  
Environment: 

Temperature: Operating - 0°C to +5 
Altitude: Operating - 15,000 ft; Nono 
Humidity: 10% to 95% (+25"C to 40°C 
Shock: 30 g maximum (1 1 ms) nonope 

Speed options 
Description 

001 
002 
003 
004 
005 
006 
007 
008 
009 
010 

A K  mode it reads peak of 
s. In D C  mode it reads dc 

nals with 50 to 100% duty 
y cycle. 

:I Control for each chan- 
cord head. Any combina- 
)ne track at  a time. 

%" X 15" X 7%"). 

)%, 48-440 Hz. 

5°C. 
perating - 25,000 ft. 
:), noncondensing. 
rating. 

Price 

$140 
$140 
$140 

3%, and 7% ips $140 
$140 
$140 
$140 
$140 
$140 
N/C 

YI6, 178, and 3% ips 
15h6, l % ,  and 7% ips 
YI6, l% ,  and 15 ips 

l5/16, 7%, and 15 ips 
l%,  3%, and 7% ips 
l % ,  3%, and 15 ips 
l%,  7%t and 15 ips 
3% 7% and 15 ips 
lM ,  3, and 15 ips 

Data electronic options 
I Option NO. I Description I Price 1 

A01 I One Channel F.M. Record/Reproduce I $ 450 I I A02 Two Channel F.M. Record/Rcorodul .~ ., .r .._ce $ 900 
A03 Three Channel F.M. Record/Reproduce $1350 
A04 Four Channel F.M. Record/Reproduce $1800 

Direct recordheproduce electronics (equalized for 31111951): 
One Channel Direct Record/Reproduce 
Two Channel Direct Record/Reproduce 
Three Channel Direct Record/Reproduce 
Four Channel Direct Record/Reoroduce 

Direct recordheproduce electronics 
I Option NO. 1 Description 

H01 One Channel Direct Record/Repr 
H02 Two Channel Direct Record/Repi 
H03 Three Channel Direct Record/Rel 
H04 Four Channel Direct Record/Rep 

Direct recordheproduce electronics 

One Channel Direct Record/Repr 
Two Channel Direct Record/Repi 
Three Channel Direct Record/Re 
Four Channel Direct Record/Rep 

NOTE: A bias oscillator is included with each of the above data 

Miscellaneous options 
021: Inverter DC/AC, 23 V dc in1 
installed in 3960A with Option 040. Whc 
arately, order P/N 13061A 
022 Inverter DC/AC, 28 V dc input 
stalled in 3960A with Option 040. Whei 
rately, order Part No. 13061B 
023: Voice Channel Amplifier, includi 
When ordering separately, order Part 1 
024 Tape Loop Adapter. When orde 
order Part No. 13062A 
025: Rack Mount Kit. When ordei 
order Part No. 13065A 
026 Rack Slide Kit. When ordering s~ 
Part No. 13068A. This option deletes thi 
case, adds protective cover 
027: Rack Slide Kit. When ordering ss 
Part No. 13068B. This option deletes thc 
case, adds protective cover 
028 Remote ON/OFF foot switch. 
separately, order Part No. 13060A 
029 Transit Case. When ordering sf 
Part No. 13066A 
030 H P  Med White Paint 
040: Tape Speed Servo; for controlling 
recorded reference on tape. This option 
one channel of Direct Record/Reproc 
for recording and reproducing the refer' 
installed in 3960A with Option 010 or ( 
022 
050 Remote Control; provides capabi 
switching 3960A functional controls Fo 
verse Play, Record, Rewind, Fast Fori 
060 Limited Remote Control; provid 
remotely switching 3960A controls Pli 
Stop only 

3960A Transport' Assembly (for ] % 6  

standard speeds) 

(equalized for 3M150): 

Price 

,educe 
.educe 
produce $1120 
roduce $1460 

(equalized for 31203 or 

,educe 
produce $1150 
roduce 

I electronic options except A01 through A 0 4  

?ut; cannot be 
:n ordering sep- 

; cannot be in- 
1 ordering sepa- 

ng microphone. 
No. 13063A 
ring separately, 

ring separately, 

eparately, order 
e standard outer 

eparately, order 
E standard outer 

When ordering 

:parately, order 

; time base from 
requires at  least 
luce Electronics 
ence. Cannot be 
lptions 021 and 

ility of remotely 
rward Play, Re- 
ward, and Stop 
les capability of 
iy, Record, and 

, 3 % ,  I5 ips 

Price 

$215 

$215 

$215 

$425 

$25 

$190 

$190 

$45 

$425 
N / C  

$405 

$440 

$95 

$3700 



RECORDERS & PRINTERS 
Alpha-Numeric, 20 column thermal printer 
Model 5150A 

. * -  
Alpha-Numeric 
Silent 
20 Columns 
3.5 lines/second 

5150A, option O[ 

Description 
General 

The 5150A printer uses the thermal printing technique and plug-in 
design to provide silent printing with either BCD or ASCII coded 
input. The print head has 20 column capacity. With the BCD plug-in 
only 10 columns are used; however, two BCD plug-ins can be in- 
stalled for 20 column capability. The ASCII plug-in uses all 20 col- 
umns. A clock option is available with either BCD or ASCII input 
that controls the rate at which data and the real time are printed. A 
Scanner option is also available with the ASCII plug-in for use on the 
HP  Interface Bus. This option allows the printer to scan up to 13 dif- 
ferent talkers. The information from the talkers is presented in blocks 
of data with a letter designation for each individual instrument. The 
maximum printer speed in any configuration is 3 lines/sec. 

Option 001 ASCII interface 
The ASCII Interface option is a plug-in board to the 5150A main- 

frame. It  can be bought installed in the mainframe or, for a slightly 
higher price, can be bought after purchase of the mainframe as an ac- 
cessory kit and installed by the customer. This option is designed for 
use on the HP Interface Bus and allows printing of the entire upper- 
case, 64 character ASCII set of alpha characters, numbers and special 
characters. To use this option the Interface Bus Cable must be em- 
ployed between the printer and talker. 
Option 002 BCD interface 

The BCD Interface option is a plug-in board to the 5l5OA main- 
frame and provides 10 columns of printed data. Two option 002's can 
be installed in one 51 50A mainframe to provide 20column capability. 
I n  the standard mode each column can print any of sixteen of the fol- 
lowing characters: 0 through 9, +, -, J-, A, R and [blank]. For a 
nominal charge up to four special ROM's (Read-only-Memories) can 
be programmed and installed in the printer to give any sixteen char- 
acters each (from the 64 character set) in up to 4 different character 
sets in any column for each 10 column board purchased (for more de- 
tails see the data sheet). Qption 002 can be bought installed in the 
printer or for a nominal extra charge can be purchased as an acces- 
sory kit and installed by the customer. 

int 
3D 

anism: Direct drive, stepping motor 
ive in rolls or fan-folded 
wrnnrl  

Option 003 scanner 
The Scanner option is a plug-in board to the 5150A mainframe and 

must be used with Option 001 on the H P  Interface Bus. This option 
may be bought installed in the 5150A mainframe or for a slightly 
higher price can be bought as an accessory kit and installed by the cus- 
tomer in his 5 150A printer. The scanner option allows the user to scan 
up to 13 different talkers on the interface bus and print their data with 
an alpha-character designation. The user merely tells the scanner 
(through back panel switches) how many instruments he wants the 
option to scan and whether their addresses are odd or even (see man- 
ual for more detailed instructions). 

Option 004 clock 
The Clock option is a plug-in board to the 5150A, but, because of a 

front panel change and certain soldering operations, it may be pur- 
chased installed in the 5150A printer only. It will not be available in 
accessory kit form. The clock can be used with either ASCII or BCD 
input and controls the elapsed time between the acceptance of a print 
command by the 5150A mainframe. In addition the clock will cause 
the time in hours, minutes and seconds to be printed as often as the 
setting put on the time switch. An added feature allows the time to be 
printed on the same line as the data or on the line directly above the 
data (after the data). 

Principle: Thermal pr 
Columns: I O  or 20 B( 

Paper advance mech 
Paper: Thermal sensit 
Printing rate: 3 lines/uw--..u 
Character set: BCD: 0 through 9, +, -, J-, A, R and [blank], and 
specialcharacter sets at a nominal charge. ASCII: 64 character upber 
case set. 
Character print: 5 X 7 dot Matrix 
Input Requirements: BCD parallel ( i8421)  with no storage; ASCII 
byte-serial with storage. 
Line spacing: Set to  approximately 6 lines/inch 
Operating temperature: 0°C to 50°C 
Power: 115 V/230 V, 48 to 440 Hz 
Logic levels: TTL (low <.4 V, High >2.5 V) 
Print Command: + or - same levels as above; 2 KQ input imped- 
ance. 
Dimensions: Half rack module. 216 mm W X 178 rnm H X 356 mm 
D (8%" W X 7%" H X 14%'' D) 
Weight: 7 kg approximately (16 lb) (5150A + 1 option) 
Model number and name Price 
5150A Thermal Printer $800 
Supplied with one roll of thermal sensitive paper 

Specifications 

20 ASCII 

Option 001: ASCII Interface $175 
Option 002: BCD Interface $1 10 
Option 003: Scanner $175 
Option 004 Clock $250 
Operating supplies/accessories 
59004A Interface Kit $200 
59005A BCD Interface Kit $130 

c-nn 59006A Scanner v ~ *  
10533A BCD In 
10859A BCD 1 
5326A/B/C, 550 
10631A Interfacr 
106318 Interfact 
10631C Interfacr 

n i L  SLUU 

terface Cable for 5300A $155 
Input Cable for 3450B, 3480C/D, 
15A $65 
: Bus Cable, 3 ft. $55 
: Bus Cable, 6 ft. $60 
: Bus Cable, 12 ft. $70 



10 lines/sec. 
0 10 columns of data 

4-line f 8421 BCD 

Description 
General 

The Hewlett-Packard Model 5055A Dig 
high-performance economical method of m 
of digital data. It prints up to I O  columns 
data sources at  rates up to I O  lines/sec. Prii 
the print cycle starts the instant the exteri 
ceived and requires only 100 ms under any 
cabinet width allows for either bench use or 
ing, using the H P  Adapter Frame, 5060-07 
f8421, selectable by a rear panel switch. I 
vidual print wheel with 16 characters-IO 
meric. Special wheels can be ordered at  mi 
supplied complete for I O  columns of print1 
compatible integrated circuit logic levels. 
pressed when the printer is used with HP 
blanking. 

Reliability 
Reliability is enhanced by design simplicil 

ally small number of moving parts in the pr 
nism, manufactured by Hewlett-Packard, ic 
mechanism whose reliability and service2 
strated in other H-P printers for many yea 

Ink or pressure sensitive printing 
The 5055A prints in ink on regular pape 

paper. For ink printing, the mechanism ini 
tating ink roller-inherently more reliable 
mechanism. Paper loading is easy from the 1 
runs out an alarm lamp lights and recordin) 
output signal is provided for inhibiting the 

:ita1 Recorder provides a 
aking permanent records 
of data from 4-line BCD 
iting is asynchronous; i.e. 
ial print command is re- 
condition. The eight inch 
side-by-side rack mount- 

97. The codes offered are 
{ach column has an indi- 
1 numeric and 6 non-nu- 
nimal cost. The 5055A is 
:d data and accepts TTL 

Leading zeros are sup- 
instruments which have 

.y; i.e. there are an unusu- 
,inter. The printer mecha- 
I a modified version of a 
ibility has been demon- 
rs. 

r or on pressure sensitive 
:ludes a continuously ro- 
than a start-stop ribbon 
'ront, and when the paper 
3 stops automatically. An 

- - data source. 

Versatile 
Each column has an individual print wheel which can be changed 

independently of the other 9 wheels if a different character set is de- 
sired. This can apply to as many columns as desired. Special print 
wheels can be factory installed or may be field installed at  a later date. 
Both can be done at a nominal cost. 

0 TTL Logic Levels 
Ink or pressure sensitive printing 

Specifications 
Printing 
Accuracy: Identical to input device used 
Print cycle time: 100 ms. 
Printing rate: I O  lines/sec maximum, asynchi 
Line spacing: fixed, 4 to 5 lines per inch. 
Printing: ink roller or pressure sensitive pap 
paper is recommended for operation under ex 
Print wheels: 16 positions, numerals 0 to 9, + 
wheels available. 
Column capacity: Supplied complete for 10- 

Electrical 
Data input: parallel entry, BCD f8421 (st 
switch) 
Blanking: Hewlett-Packard counters with bk  
nificant zero suppression when blanked digits 
be defeated with rear panel switch. 
Logic levels: high state 2+2.4 V, +5 V maxi 
results in high state); low state 1+0 .4  V (1.6 mi 
imum. 
Print command: line I-low to high transition 
IkQ input impedance); line 2-high to  low ti 
(nominal 400Q input impedance). Voltage lev 
levels above, and a minimum pulse width of ( 
Inhibit voltage: (+) inhibit = transition f 
(22.4V, 15.0V) upon receipt of print comm: 
state until paper advance occurs, approximatel: 
state). (-) inhibit = inverse of (+) inhibit. 

General 
Operating temperature: 0°C to +50"C with 
per, +IO"C to +40°C with ink roller. 
Input connector: amphenol 57-40500-375, H 
50-pin female. Mating input cable connector 
30500-375, H P  Part No. 1251-0086, 50-pin m: 
Front panel controls: power switch, power 01 

ual print pushbutton, manual paper advancl 
paper light, standby/operdte switch. (Paper la 
Power: I 15 or 230 V f 10%. 60 or 50 Hz (two- 
corporated), approximately 25 W idle, 55 W : 
Dimensions: cabinet: 203 mm X 154 mm X I 

high, 16" deep) 

Weight: Net, 10 kg (18.5 Ib) (approximately): I 
(approximately). 
Operating supplies/accessories: 

9260-0071 Ink roller (black) 
9281-0386 Standard paper (250' pad) 
9281-0387 Pressure sensitive paper (305' pad) 
5060-0797 Rack adapter frame 
10533A Interface Cable for 5300 series counte 

Options 
001: 50 Hz line operation 
0 0 2  562A-16C input cable interconnects witt 
3480C/D, S326A/B/C, and 8443A 

5055A Digital Printer 
Supplied with Ink roller (9260-0071), one pad F 
paper (9281-0386) and one pad pressure sensitii 
(9281-0387). Each pad provides two loadings 
corder. 

ronous 

jer. Pressure sensitive 
treme temperature. 
, -, V, A, a, *; special 

column operation. 

Aected by rear panel 

inking will give insig- 
output is ( I  I 1  I) .  May 

mum (open input line 
1 max., low), 0 V min- 

causes print (nominal 
.ansition causes print 
els are same as logic 
1.5 / I S  is required. 
rom (20, 20.4V) to  
md. Remains at high 
y 85 ms (< mA in low 

pressure sensitive pa- 

P Part No. 1251-0087, 
': amphenol type 57- 
de. 
n indicator light, man- 
e pushbutton, out-of- 
laded from front.) 
speed motor pulley in- 
at 10 lines/sec. 
106 mm (8" wide, 63/3T 

shipping, 8.9 kg (22 Ib) 

Price 

S15.60 
% 2 .  I5 
$3.75 

$27.00 
:rs $155.00 

no charge 

$65 

$ I400 

I 34509, 

itandard 
/e paper 
of re- 



RECORDERS & PRINTERS 
Versatile 18-column BCD digital printer 
Model 5050B 

20 lines/sec. 
Up to 18 columns of data 
4-line f 8421, + 4221 BCD 
Storage option 
Ink or pressure sensitive printing 

5050B. option 055 

Description 
Compatible 

This recorder is compatible with a wide range of Hewlett-Packard 
solid state and integrated circuit instruments and a wide variety of 
other equipment. It prints up to 18 columns of 4 line BCD data from 
one or two sources up to 20 lines/sec. 

Versatile 
The user can easily change code to +8421, -8421, or +4221 by an 

inexpensive substitutable code disc, and can change print wheels to 
have a different code and/or character set in each column. Character 
suppression allows suppressing a character in each column. 

Storage 
An optional data storage feature is available at extra cost to reduce 

the time required to transfer data to the recorder. This means that the 
data source is inhibited for only about 0.1 ms out of a print cycle of 50 
ms duration, compared to being inhibited during the complete print 
cycle without storage. 

Specifications 
Printing 
Accuracy: identical to input device used. 
Print cycle time: 50 ms. 
Printing rate: 20 lines/second, max. (asynchronous) 
Line spacing: adjustable, 3.5 to 4.5 lines/inch 
Printing: i n k  roller or pressure sensitive paper. 

Pressure sensitive paper is recommended for operation under ex- 
treme temperatures. 
Print wheels: 16 positions, numerals 0 through 9, -, +, Z ,  V, Q ,  *; 
special wheels available at minimal cost. 

Electrical 
Input requirements withogt data storage: parallel entry, BCD 

(f8421, +4221), “ I ”  state must differ from “0” state by >4.5 V but 
<75 v. 
Input requirements with data storage: parallel entry, BCD, “ I ”  
state must differ from “0” state by >1.3 V but <35 V. Input drive 
1100 PA. Data must be on lines when print command occurs and re- 
main until release of holdoff (85 ws after print command). 
Transfer time: 50 ms without storage, 0.1 mx with storage. 

General 
Operating temperature: -20°C to +55”C with pressure sensitive 
paper, +IO”C to +40°C with ink roller. 
Power: 115 or 230 V *IO%, 50 to 60 Hz, about 100 W idle, 190 W at 
20 lines/sec. 50 Hz model with 20 prints/second also available. 
Dimensions: cabinet: 426 mm X 226 mm X 467 mm (16%” wide, 
8%” high, 18%’’ deep). Rack mount hardware supplied. 
Weight: Net, 18 kg (40 Ib), shipping, 24 kg (53 Ib) 

Option 055 clock for 5050B printer 
General: The Option 005 Clock provides a compact, convenient and 
versatile method for recording time-with 0.1 second resolu- 
tion-along with other data measurements being recorded by the 
5050B Printer. In addition Option 055 serves as an automatic measur- 
ing-recording system programmer by allowing printing at preselected 
time intervals. 
High resolution: Easy to read display tubes indicate time to 23 
hours, 59 minutes, 59 seconds. In the printout there is a seventh digit 
available for indicating tenths of a second. 

Specifications 
Time base: Selectable to be 50 Hz, 60 Hz or external. External 
requires 10 pps negative pulse. 
Print interval: 

Internal: selectable to be Is, lOs, 1 min., I O  min., or 1 hour be- 
tween prints. 
External: rates up to 20 prints per second. 

Time of measurement accuracy: time recorded may be 0.1s less 
than correct time f line accuracy. 
Visual indication: 6 in-line digital display tubes indicate to 23 hours, 
59 minutes, 59 seconds. 
Printed output: seven digits indicate to 23 hours, 59 min., 59.9s. 
BCD output code: +8421 or -8421 selectable. Output adaptable to 
other recorder codes. 
Print format: time printable in any recorder column. 
Clock set: 4 switches electronically set clock to desired initial time. 
Power: 115 V or 230 V f 10%. 50 Hz or 60 Hz. 
Weight: net, 1.4 kg (3 Ib) 
Operating supplies: Price 
9281-0386 Standard paper (1 pad) $2.15 
9281-0387 Pressure sensitive paper ( 1  pad) $3.75 
Options 
001: 8421 “ I ”  state positive code disc no charge 
002 8421 “1” state negative code disc no charge 
0 0 3  4221 “ I ”  state positive code disc no charge 
All three code discs are supplied with each 5050B at no 
charge. However, one of the above options must be 
specified so the 5050B can be delivered with the desired 
disc installed. 
010 50 Hz operation add $15 
015 Motor Control add $80 
020  Column Boards (one required, in addition to basic 
instrument, for each two columns to be operated) add $130 ea. 
032 Input cable, one per data source add $65 ea. 
035 Input cable, one per IC counter add $80 ea. 
037: Input cable, to 5360A add $80 ea. 
050: Storage for 20 columns $415 
051: Storage for I O  columns add $210 
055: Clock (factory installed) add $980 
(Price of kit for field installation available on request.) 
061: Package for 5360A add $1535 
50508 Digital Printer $2, I50 



ELECTRONIC COUI 
General ii 

Introduction 
The digital electronic frequency counter 

has come a long way since the first versions 
appeared over two decades ago. Once the lux- 
ury of large metrology labs and some crystal 
manufacturers, the frequency counter is now 
common-place in laboratories, on produc- 
tion lines, as a service tool and in automatic 
instrumentation systems. Moreover, count- 
ers have become increasingly more versatile 
and more powerful in the measurements they 
perform, thereby finding much wider appli- 
cations. When Hewlett-Packard introduced 
the 524A in 1952 it was considered a mile- 
stone; the counter could measure frequencies 
u p t o  10 MHz, or the time between two elec- 
trical events to a resolution of one ten mil- 
lionth of a second, 100 ns. Twenty years later, 
HP's product line features counters that can 
measure the frequency of a 10 mV signal at 18 
GHz completely automatically, or can re- 
solve time to one ten billionth of a second 
(100 psec), the same time it takes light to 
travel one inch! 

Basic counter measurements 
The basic measurements which counters 

are capable of performing are described in 
this section. 
Frequency 

This fundamental measurement is per- 

formed by totalizing the number of input cy- 
cles or events for a precisely known period of 
time. The total count that results is propor- 
tional to the unknown frequency, and logic 
circuits internal to the counter position the 
decimal point such that the display directly 
indicates the input frequency. The time ref- 
erence is usually derived from a precision 
quartz oscillator internal to the counter. 

Using this basic technique allows mea- 
surements to 500 MHz to be made. Several 
methods are available, however, to extend 
this frequency range to 18 GHz and more. 
These are described in more detail below. 

Period 
The inverse of frequency, this capability is 

sometimes offered to provide the user with 
high resolution, low frequency measure- 
ments. In digital systems a period measure- 
ment represents the average bit to bit time of 
the input signal. 

Totalize 
This measurement is similar to frequency 

except that the user now controls the time 
over which the measurement takes place. 
With digital systems becoming more preva- 
lent, this fundamental measurement assumes 
considerable importance. The HP  5345A, 
with its ability to totalize at a 500 megabit 

rate, represents the state 01 
time. 
Ratio 

The ratio between two inp 
a measurement that is also 
counters. The major applici 
measurement of harmonic; 
nals. 
Scaling 

Some counters offer the c 
viding a digital output si, 
quency is a scaled or dividc 
input frequency. 
l ime interval 

The measurement of the t 
events or the time between 
common event, commonly rl 
interval, is of major importa 
a wide variety of applicatio 

The 2 nanosecond sing1 
ment resolution of the HP  . 
today's state of the art. Ut 
interpolation scheme, how 
H P  5360A Computing COL 
100 picosecond resolution 
neered the concept of time 
ing, whereby for repetitive i 
improvement in resolution 
shot measurement can be 01 
terval averaging is offered ii  
ers (5345; 5326A/B; 5327A 

the art at this 

iut frequencies is 
offered by some 
ition for ratio is 
illy related sig- 

apability of pro- 
gnal whose fre- 
:d version of the 

ime between two 
two points on a 

eferred to as time 
nce and is used in 
sns. 
e shot measure- 
5345A represents 
ilizing an analog 
ever, allows the 
inter to obtain a 
. HP also pio- 
interval averag- 

nputs substantial 
over the single 

btained. Time in- 
1 four HP  count- 
/B and 5308A). 



5300A/5302A 

5326A/5326B 

5300A/5308A 

5345A 

5327Ab327B 

Table 2. Universal counter summarv 

50 MHz 100 nsec - 
50 MHz 100 nsec 50 psec 3 X I t 7  per Month P, MPA, T, R, V 

75 MHz 100 nsec 100 psec 3 X per Month P,MPA,T,R 

P, MPA, T, R 500 MHz 2 nsec 2 psec 5 X l0-lo per Day 

550 MHz 100 nsec 50 psec 3 X per Month P, MPA, T, R, V 

Time Interval Resolution 
Model Frequency 

No. 1 Range Single Shot Averaging 

5300A/5304A 10 MHz 100 nsec 

Yodel 
No. 

5300A/5301A 

5326C 

5381A 

5382A 

5300A/53036 

5327C 

5300A/5305A 

5341A: Op. 003 

5341A 

5340A 

I I I 

Number 
Frequency of Time Other 

R m l c  Oilits Bare Functions. 

lOMHz 6 3 X l o - ’  T 
50MHz 7 3 X IO-’ MPA,T. R 
80MHz 7 3 X IO-’ 

225MHz 8 3 X lo - ’  
500MHz 6 3 X lo- ’  , 

550MHz 7 3 X lo- ’  MPA,T.R 

1100 MHz 6 3 X 10-7 

1500 MHz 10 1 X lo- ’  
4500MHz IO 1 X lo- ’  

18000MHz 8 3 X lo- ‘  

Time 1 Base 

Model 
No. 

5354A* 

5341A 

5254C/5255A/5256A** 

5257A** 

5340A 

Other 
Functions* 

Frequency Time Number 
Range Technique Base Sensitivity of Digits 

4 GHz Auto Heterodyne 5 X 10-lo per Day -10 dBm 11 

4.5 GHz Auto Heterodyne 1 X per Month -20 dBm 10 

to 18 GHz Manual Heterodyne 3 X per Day -13 dBm 8 

18 GHz Manual Transfer Osc 3 X per Day -7 dBm 8 

18 GHz Auto Transfer Osc 3 X I t 7  per Month -35 dBm 8 

3 X per Month P, MPA, T, R 
3 X I P 7  per Month MPA,T,R 

*See legend on page 251 

frequency measurement and in addition 
sometimes provide some or  all of the other 
measurements described above except time 
interval. H P  has a wide range of counters that 
fall into this class including: a) the 5380 low 
cost bench series, a family of two counters 
featuring 80 MHz-7 digit and 225 MHz-8 
digit instruments; b) the 5300 portable, bat- 
tery operated snap-on series with the 5303B 
snap-on covering 525 MHz and the 5305A 
1100  MHz counter; and c) the 5326C 50 MHz 
and 5327C 550 MHz rack-mounted high sta- 
bility programmable instruments. 
Universal counters 

These instruments provide time interval ca- 
pability in addition to  the other measure- 
ments provided by the frequency counter. 
The 5302A snap-on is a perfect example of 
such an instrument featuring 50 MHz fre- 
quency, 100 nsec time interval plus period, 
ratio and totalize. Another member of the 
same family, the 5308A is ideally suited as a 
general purpose bench instrument, for in ad- 
dition to the 5302A capabilities the 5308A of- 
fers time interval averaging, totalizing (with 
electronic start, and stop) and frequency to  
75 MHz. The 5304A snap-on is especially ori- 
ented towards time interval featuring adjust- 
able hold off. The 5326A/B (50 MHz) and 
5327A/B (550 MHz) are precision rack- 

Table 3. Microwave counter summary 

mounted programmable instruments with 
useable time interval resolutions to  50 psec 
via averaging. Finally, the 5345A offers a 500 
MHz bandwidth, with totalizing, ratio and 
period capability to  this speed (50 psec), plus 
2 nsec single shot time interval and 2 psec 
time interval averaging! This extremely pow- 
erful instrument features plug-in flexibility 
(see page 252), and a reciprocal frequency 
measurement mode (see below). 
Microwave counters 

As Application Note 172 describes, the two 
techniques of microwave measurement, het- 
erodyne and transfer, each offer their own 
advantages; with the former having higher 
resolution per unit measurement time and 
better F M  tolerance, and the latter having a 
wider frequency range and better sensitivity. 
The 5354A 4 G H z  heterodyne converter is a 
plug-in to the 5345A and features extremely 
high resolution, wideband F M  tolerance and 
the ability to measure pulsed R F  for pulse 
widths down to 50 nsecs. The 5341A is also a 
heterodyne type microwave counter with 4.5 
GHz  frequency range. Conversely the 5340A 
is a transfer type counter that can measure 
frequency from 10 Hz to 18 GHz  via a single 
input at  -35 dBm sensitivity! In fact the 
H10-5340A is guaranteed to 23 GHz  at  -15 
dBm sensitivity. 



A special class of frequency counters, re- 
Ferred to  as reciprocal counters, are also 
available from Hewlett-Packard. The dis- 
tinction between these and conventional 
:ounters i s  that the latter provides 1 Hz reso- 
lution in one second, whereas the resolution 
Df the reciprocal counter is proportional t o  
the frequency of the internal counted clock. 
r h e  four instruments available are summar- 
ized in Table 4 below. Note that both the 
5360A and 5345A are plug-in instruments 
and hence the high mainframe resolving 
power offered by both apply to any of the 
:ompatible plug-ins. These two instruments 
i lso have pulsed RF measurement capability 
via an externally “triggered” mode. In addi- 
tion the 5345A includes a unique frequency 
averaging mode that allows high resolution 
measurements on repetitive pulses even if 
pulse width is 50 nsecs. 

Model Frequency 
No. Range 

Table 5. Counter selection guide 

Measurement Number Time 
Resolution of Digits Base I Sensitivity 

5300A/5307A 

5323A 

5360A/5365A 

5345A 

2MHz 3 X 6 

2 0 ~ ~ 2  1 x 10-7 7 

320 MHz 5 X 12 

500 MHZ 2 x 10-9 11 

per Month I 10mVrms 3 x l o - ;  
3 x 10-7 per Month 

5 x per Day 

5 x 1O-Io per Dav 

I Classification I Description 1 Frequency I Functionsa I TimeBase I 
5381A & 5382A 
Low cost 

Traditional HP quality and reliability at new low prices. F 3 x W 6 / M o .  
Optional 

I x 1 0 - 7 / ~ 0 .  

5300 Series 
Economic 

5326/27 Series 
Universal 
Counters frequency measurements and systems options. V 

5245 Series 
General Purpose 
Plug-incounters 

5345 Series 
High Performance 
Plug-in Counters 

Select from 8 plug-ons to meet present needs. Move up in  
functions or frequency range when needed. Battery pack 

A family of six universal counters that can include sub 
nanosecond time interval averaging, a built in  DVM, burst 

A family of 5 mainframes and 12 plug-ins provide un- 
matched versatility. Plug-ins provide up to 18 GHz fre- 
quency, 10 nsec time interval, voltage and preset ca- 
pabilities. 

A new series of high performance mainframe and plug-ins, 
providing 500 MHz direct count, 2 nsec time interval, and 4 
GHz automatic pulsed RF measurements. 

To 1100 MHz F, P, MPA, TI, 
TI AVG, T, R, 

F, P, MPA, TI, 
TI AVG, T, R, 

F, P, MPA, TI 
T A V  

Portable and 0 to A converter extend versatility. V 

To 550 MHz 

To 18 GHz 

To 18 GHz F, P, MPA, TI, 
TI AVG, T, R 

3 x 1 0 - 7 / ~ 0 .  

1 x 1 0 - 7 1 ~ 0 .  
Optional 

Optional to 

Optional to 

5340 & 5341 
Automatic 
Counters 

Broad band, high sensitivity, microwave frequency mea- F 
surements 1 Hz - 4.5 GHz and 1 Hz - 23 GHz. 

Optional to 
1.5 X 10-8/Mo. 

1 E:k:uting 
Systems 

Miscellaneous 

Most accurate frequency measurements available plus time 
interval measurements to 100 psecs. 

To 18 GHz F, P, MPA, TI 1.5 X l W / M o .  

I I I 
5210A 20 MHz Analog Frequency Meter & FM discrimination. 
5323A 20 MHz High Resolution Frequency Counter. 
5330A/B Programmable Preset Timebase & Preset Limit Counter. 

“Legend for Functions 

F = Frequency 
P = Period 
MPA = Multiple Period Average 
TI = Time Interval 

TI AVG 
T = Totalize 
R = Ratio 
V = Voltage 

= Time Interval Average 



ELECTROMIIC COUNTERS 
500 MHz plug-in counter 
Model 5345A 

-17dBm 30mV- 

-20 dBm 20 mV 
I 

U 

2 8mV 
d -3OdBm 7 m V  
2 

z 
c 
& 

3 mV 

500 MHz Direct Counting 
10 mv Sensitivity DC to 500 MHz 
2 nsec Single Shot T.I. Resolution 

iornV----------- 

A v 
I 
I 
I 
I 
I 

A I  I I I I 

Averaging to 2 psec resolution 
Pulsed RF and Microwave Measurements 
Programmable for systems applications via HPlB 

The 5345A Electronic Counter represents the most advanced general 
purpose instrument in the Hewlett-Packard Counter Product line. 
Utilizing state of the art monolithic bipolar integrated circuit technol- 
ogy especially designed and manufactured at Hewlett-Packard, this in- 
strument provides unsurpassed power, versatility and flexibility in fre- 
quency and time measurements. 
Major mainframe features 
Frequency: direct from DC to 500 MHz - Reciprocal technique pro- 
vides high measurement resolution 
Time interval: resolution of 2 nsec single shot. 
Averaging: New modulated clock technique gives true averages 
under all conditions. T.I. resolution extended to  2 psec. Frequency av- 
eraging improves R F  pulse measurements similarly. 
Totalize: to 500 megabit rate on both A and B inputs A f B func- 
tions also available 
Ratio: from D C  to 500 MHz on both inputs 
Fully programmable: Provides great flexibility when used with cal- 
culators and computers 
Plug-in versatility: Two plug-ins presently available (see page 254) 
with an on-going R&D program to extend this number. In addition 
the 10590A plug-in adapter allows all the existing 5245 plug-ins to be 
used. 
Signal input circuits 
Signal conditioning: Fully optimized front end includes switchable 

rigure ( 1 1  inpur bwiicnes 

50Q/l MQ input impedances, DC/AC coupling, and slope selection 
that assures triggering on any waveform. 
Sensitivity, dynamic range: Highly sensitive wideband amplifiers 

assure measurements on even the lowest level sinusoidal and digital 
signals. The inputs also feature an extremely wide linear dynamic 
range of f 0 . 5  V that greatly increases measurement versatility, espec- 
ially on digital input signals. 
Frequency measurements 
Reciprocal capability: One of the advantages of measuring period 

t 5345 RESOLUTION 
1x10-8 - 

z 
P 

2 1x10-6- * 
Eo 

1110-4 - 

3 u I  m z  

$0 a z 1x10-2 - (DIRECT COUNT) 

INPUT FREQUENCY . 
1 HL 1WHz 10kHz 1 MHz 1WMHz 

Figure (3) Measurement Resolution 

INPUT MEASUREMENT MADE 
GATE 
CONTROL OF PRF INPUT 
INPUT 

‘6 OVER THIS PORTION 



. .  . 

The major application is in the measuremm 
Frequency averaging: The minimum pi 
input frequency can be measured is 50 ns 
surement resolution is 2 X divided by tl 
olution can be improved up to  1000 times b 
tion known as frequency averaging that is 
The only requirement being that the signa 

PULSE 
COMPRESSION 
SIGNAL 

APPLIED "EXT GATE" TO J -n - n - 
I I r COUNTER 

I 
I 4 

FREQUENCY PROFILE OF 
PULSE COMPRESSION 
SIGNAL 

Figure (5) Frequency Averaging to Incrc 

In addition to greatly enhancing narrow pi 
ity, the frequency averaging mode also all 
pulse profile measurements. 

Time interval 
Precision measurement: The single shi 
ment resolution of the 5345A is 2 nsecs, whi 
to  travel approximately 2 feet-the 5345P 
solving time measuring device. 
Trigger level: Quantitative high speed til 
are provided by the 5345A since the user ci 
triggering occurs even on complex wavefor 
mination involves measuring the DC leve 
curs. These DC levels are available at  rea 

The ability to determine trigger level, to 
tivity and wide dynamic range of the input 
satility and power of the 5345A in time i r  

ent of pulsed R F  signals. 
ulse width for which the 
ecs. The single shot mea- 
he GATE TIME. This res- 
y a unique mode of opera- 
built into the mainframe. 

I is repetitive. 

SEQUENTIALLY APPLIED 
TO RF BURST 

- 
_-  

I 

?ase Resolution 

dse measurement capabil- 
lows higher resolution on 

Jt time interval measure- 
ich is the time it takes light 
L is an extremely high re- 

me interval measurements 
in simply determine where 
'ms. The method of deter- 
Is at which triggering oc- 
r panel BNC's. 
gether with the high sensi- 
s greatly enhances the ver- 
iterval measurements. 

I 

Figure (6) Using EXT GATE to Measure 

Ext. gate capability: External gating add 
the time interval measurements of the 534: 
as that shown in figure (6) indicate. 
l ime interval averaging: For repetitive i 
of measurements may be automatically av 
taining up to 1000 times improvement in re! 
eraging mode may be used irrespective of w 
the conventional or ext. gate mode of opt 

Totalize 
High speed The 5345A has the ability to 

I 

1 EXTGATE 

I 

? TM 

Is even more versatility to  
jA, as measurements such 

nputs a successive number 
peraged by the 5345A, ob- 
solution (2 psecs). This av- 
hether the instrument is in 
:ration. 

rate through either or both A and B inputs. Coupled with the high sen- 
sitivity and full signal conditioning of both channels, this capability 
enables measurements to be made on most modern digital systems. 

1 2  3 N 

INPUT n I n n  nnru+nnn I n n  n 

Figure (7) Selecting a Portion of a Pulse Train 

Ext. gate capability: Using the external gated mode allows the user 
to  select only the desired portion of the input pulse train for measure- 
ment. 

A f B modes 

reference and test signals applied to the two mainframe inputs. 
The A - B mode is used for comparison tests between high speed 

I I 

Figure (8) Comparison Measurements 
Any difference between the total number of events accumulated in 

each channel is indicated by the 5345A display after the measurement 
is, completed. 

The primary application for the A + B mode is in the measurement 
of N R Z  signals. By setting the "A" trigger slope to "+" and the B 
slope to "-" allows all transitions and hence bits of the N R Z  signal to 
be counted. Thus 1 gigabit NRZ waveforms can be measured. 

This mode of operation does not introduce any limitations-maxi- 
mum input rate is 500 megabits on either channel and external gating 
may be used. 

Ratio 
This measurement represents the ratio of the number of events oc- 

curring through channel B divided by the number occurring through 
channel A. The major features are: a) that the measurement or com- 
parison between the two signals occurs during the same real time du- 
ration (similar to the A f B totalize modes); and, b) the frequency or 
bit rate of either channel can vary from DC to 500 MHz. These fea- 
tures allow this measurement to be extremely useful in digital systems 
and synthesizer check out. 

Digital I/O 
Option 01 1 provides complete digital input-output capability (ex- 

cept slope and level control) to the 5345A. Digital output is a bit 
parallel, byte serial ASCII coded format and the 1 / 0  structure con- 
forms to the Hewlett-Packard Interface Bus (HPIB) standard. This 
option is particularly recommended for a bench top calculator con- 
trolled environment. 

Option 012 is similar to Option 011, but includes programmable 
control of slope and level. Option 012 is recommended for a computer 
controlled environment. 

The model 59310A Interface Kit provides a complete operational 
package for use with the H P  2100 Series Computers. Similarly, other 
interface kits allow the user to  interface the 5345A Option 01 1 or 012 
and other HPIB compatible devices to the 9820, 9821 and 9830 Series 
H P  Calculators. This powerful calculator counter combination is de- 
scribed in more detail on page 256. I totalize to  a 500 megabit 



ELECTRONIC COUNTERS 
Model 5345 (cont.) 

5345A Condensed specifications 
Frequency/period measurements 
Range: 0.0005 Hz to 500 MHz 

Accuracy: f 2  f trigger error* f time base error gate time 
Gate time: j000 seconds to 100 nanoseconds in decade steps; plus 
MIN setting, which equals one period of the input signal or I O  nsecs, 
whichever is greater. 

Time intervalltime interval average 
Range: I O  nsec to 20,000 sec 
Minimum time between trigger points: I O  nsec 
Trigger pulse width: 1 nsec minimum width input at minimum volt- 
age input 
Accuracy: 

Time interval: f trigger error** f 2 ns f time base error 
Time interval averaging: - -  

trigger error** 2 nsec 
,/intervals averaged f 0.7 nsec f time base accuracy 

not affected by harmonics of clock frequency. 

Time interval: 2 nsec 
Time interval average: 

2 nsec 
f ?  f 2 picoseconds 

Resolution: 

7 
'Trigger error is <(io 3% of one period + number of periods averaged) for signals with 40 dB or better signal- 
tonoise ratio 
**For any Wave shape. trigger error is less than 

0.0025 ps 
Signal Slope (v/ps) 

Ratio B/A 
Range: Both channels accept dc to 500 MHz 
Accuracy: * L.S.D. f trigger error* 
Starthtop 
Range: Both inputs dc to 500 MHz 
Modes: A, A f B  determined by rear panel switch 
Scaling - 
Range: dc to 500 MHz 
Scaling factor: Selectable by GATE TIME setting. Scaling factor 
equals GATE TIME ~e t t ing / lO-~  seconds. 
Input: Input signal through channel A 
Output: Output frequency equals input frequency divided by scaling 
factor. Rear panel BNC supplies 80% duty cycle TTL comaptible 
pulses. 
Input channels A and B 
Range: 0 to 500 MHz dc coupled 50Q and 1 MQ; 4 MHz to 500 MHz 
ac coupled, 500; 200 Hz to 500 MHz ac coupled, 1 MQ 
impedance: Selectable, 1 MQ shunted by less than 30 p F  or 50Q 
(nominal). 
Sensitivity: XI,  I O  mV rms sine wave and 30 mV peak-to-peak pulse. 
X20, 200 mV rms sine wave and 600 mV peak-to-peak pulse 
Dynamic range: f0 .5  V times attenuator setting 
Trigger level: Continuously adjustable to more than cover the: 
DYNAMIC RANGE 
Output: Rear panel BNC connectors bring out CHAN A TRIG 
LEVEL and CHAN B TRIG LEVEL for convenient DVM monitor- 
ing. Accurate to f 1 5  mV 

Common input 
In this mode the signal is applied to channel A 
Range: ac coupled 500, 4 MHz to 500 MHz; ac coupled 1 MQ, 300 
Hz to 500 MHz 
Impedance: 50Q remains 509; 1 MQ becomes 500 kQ shunted by 60 

Sensitivity: 50Q: 20 mV rms; 1 MQ: N o  change 
Dynamic range: 50Q fl .O V times attenuator setting. 1 MQ: N o  
change. 

PF 

General 
Display: 11 digit LED display 
nsec, k to n, pHz to GHz. D 
PLAY POSITION control or 
third most significant digit i f  
Leading zeros are suppressed. 
Overflow: Asterisk is illuminz 
Sample rate: Continuously v 
front panel control. In HOLD 
until the counter is reset. 
External arm input: Counter 
plied to the rear panel 50Q ini 
External gate input: Same cc 
Gate Output: > I  volt into 5C 

Time base 
Standard high stability time 
( 10544A) 
Stability: 

Aging rate: < 5  X 1O-Io pe 
Short term: < I  X IO-" fo 
Temperature: < 3  x 

Option 001: Crystal Frequeni 
Stability: 

Aging rate: <3  X10-7 per 
Short term: <2 X rm 
Temperature: <7 X 

<5 x 10-6, 
Line voltage: < I  x 10-8, 

Self test: A 100 MHz signal 
External frequency standard 
1 kQ required from source of 
Input can be sine or square w 
Frequency Standard Output: 
wave. All non-harmonics and 
Operating temperature: 0°C 
Power requirements: 115 or L ~ U  v rms f i u n  411 TO oo HZ, maxi- 
mum power 200 watts 
Weight: 17 kg (37 Ib) 
Model number and name 
5345A Plug-In Counter 
Option 001: Room Temperature Time Base 
Option 002 Same as 5345A but with no input amplifi- 
ers. Signal must be applied through plug-in 
Option 010: Digital output only. H P  Interface Bus for- 
mat, talk only. Useful with 59301A ASCII-to-Parallel 
Converter and 5050B or 5055A Digital Printers. 
Option 011: Digital Input/Output same as Option 010. 
Compatible with HP Interface Bus and allows 5345A to 
be remotely programmed. 
Option 012 Computer Digital 1/0 similar to Option 
01 1. Includes slope and level control. 

Accessories Available 
K13-59992A: Includes state machine tester as an aid 
for trouble-shooting the arithmetic processor. 
10595A Board extender kit: Useful for trouble- 
shooting plug-in boards while in operation. 
10597A Replacement board kit 
10590A Plug-in adapter: Adapts 5245 series plug-ins 
to 5345. See page 255. 

Reference Literature Available: 
H P  Journal. Vol. 25-10. June 1-74 

Price 
$3450 

less $400 

less $350 

$125 

$800 

$1450 

$2100 

$230 
$2900 

$375 

AN 173 Recent Advances in Pulsed Microwave Measurements 
AN 174A Series of Application Notes on Counter/Calculator Appli- 
cations 



5354A Automatic frequency 
The 5354A translates not only the mici 

ulation directly to the 500 MHz window 
erodyne technique) it allows signals with 
easily characterized. 

Perhaps even more powerful is its ab 
ments on the carriers of very narrow m 
surements can be easily automated for 
Range: 15 MHz to 4 GHz 
Sensitivity: -10 dBm (70 mV rms) to  
Input signal capability: CW signals. PI 
nals with very high FM content. 
RF Pulse width: Determined by count 
FM Sensitivity: Overlap a t  band edger 
Maximum deviation at  band center 
*250 MHz, above 1 GHz and below 5 
f 1 2 5  MHz, between 500 MHz and 1 C 
Operating modes: Automatic and Ms 

Automatic: Measures lowest frequen 
tude to trigger counter. 
Manual: Measures signal within selec 
amplitude between 15 MHz and 525 

Automatic mode: CONT, WAVE, < 
sec. 
Manual mode: When proper band 
WAVE <5  psec; PULSED R.F. <2C 

Option 011: Remote control via H P  In 

Acquisition time: 

Price: 

Price: 

5353A Channel C plug-in 
The 5353A Channel C Plug-In consist: 

Counter. When the plug-in counting cal 
mainframe gating capability suddenly it 
frequency sum and frequency differencc 

For high speed digital applications, tk 
offers is the ability to count a specific gl 
others. This measurement is required ii 
computer peripheral testing and digital c 
accomplished in the events C between ! 
start signal to CHAN A and a stop sign: 
the data to be counted to CHAN C. 
Range: dc coupled: 0 to 500 MHz; ac c( 
Impedance: 50Q (nominal), or  1 MQ 
Sensitivity: Variable to  10 mV rms si1 
peak pulse. Attenuator settings are XI  
Modes of operation: Frequency C & A 
Frequency C; Ratio C/A; Average Event 
Events accuracy: Plus or minus one 
Price: 
Option 011: Digital Input. Full compat 
Provides for digital control over all fur 
Price: 

10590A Plug-in adapter 
The 10590A allows the user to  interf 

plug-ins (except the 5264A) to the 53451 
these plug-ins). The major application 
range to 18 GHz via the 5255A, 5256A 
tion the adapter is “intelligent” in thal 
used and automatically adjusts the 534 
Price: 

converter 
-owave signal but all its mod- 
I of the counter (via the het- 
a large amount of FM to be 

iility to take direct measure- 
licrowave pulses. Pulse mea- 
the first time. 

+20 dBm (2.2 V rms) 
ulsed microwave signals. Sig- 

er GATE TIME setting 
i f10 MHz 

00 MHz 
;Hz 
inual 
cy signal of sufficient ampli- 

ted band. Signals of sufficient 
MHz will also be counted. 

’ 

160 psec; PULSED R.F., < 1 

I has bee,) selected CONT. 
I nsec. 

$1950 
terface Bus and L.O. f I.F. 

$200 

i of a third input to the 5345A 
,ability is combined with the 
becomes quite easy to make 
; measurements. 
le greatest benefit the plug-in 
-oup of events while ignoring 
n many applications such as 
:ommunications systems. It is 
\ and B mode by applying a 
11 to CHAN B while applying 

)upled: I O  MHz to 500 MHz 
shunted by less than 30 p F  
ne wave and 30 mV peak-to- 
and X20. 
; Frequency C - A; Period C; 
s C, A to B; Events C, A to B. 
Zount worst case 

$850 
ibility with H P  Interface Bus. 
ictions excluding amplifier. 

$250 

ace any of the 5245 series of 
\ (see page 254 for details on 

is to  extend the frequency 
and 5257A plug-ins. In addi- 
t it detects the plug-in being 
5 accordingly. 

$315 



IEbEC'ARm4lC COUNTERS 
Accessory modules 
59300A Series 

Benchtop System: 5345A Counter, 9821A Calculator, 9862A Calculator Plotter, and Modules 

ASCII Programmable Modules 
Modules in the HP 59300A Series are ideal building blocks for use 

with instruments such as the HP 5345A Counter Opt 011 to extend 
measurement capabilities. All modules can be interconnected via the 
Hewlett-Packard Interface Bus with compatible measuring instru- 
ments. The list of instruments which offer options providing HP  In- 
terface Bus compatibility is growing rapidly and includes multime- 
ters and frequency synthesizers in addition to frequency counters 
(5345A, 5340A2, 5300B). 

The HP  Interface Bus (HPIB) serves as a digital communications 
pathway for instruments and modules. Joined by the bus cables, they 
can talk and listen to each other to exchange data and commands. 
An addressing scheme organizes the flow. One device addressed to 
talk can direct messages to others addressed to listen. 

The range of capability can be extended by including a powerful 
system controller such as the HP  9820A/21A/30A Calculator. For 
example, a counter can be joined with a calculator, a remote dis- 
play, and input switches to make up a semi-automatic system that 
measures, reduces, and logs data. 

Instrument requirements differ. Some only output or accept data 
on the HPIB. Others can be remotely programmed by ASCII char- 
acters sent along the HPIB. The Series 59300A Modules can work 
with instruments on any of these levels with or without a controller. 
Each module can be operated stand-alone from its front panel or can 
be placed in automatic operation under program control. 

Module provision for stand-alone, local operation also has im- 
portant system benefits. The operator can set up and check out the 
system under manual control, avoiding otherwise complex and time 

consuming error tracing. Each module has status indicator lights 
that make it easy to monitor operation. 

Hewlett-Packard has an ongoing program of application notes 
that help you gain maximum benefit from a benchtop system utiliz- 
ing HPIB by providing complete solutions to a variety of measure- 
ment problems. For example, the photo shows equipment for mak- 
ing measurements on voltage controlled oscillators as described in 
Application Notes 174-1 through 174-4, measurements such as trans- 
fer characteristic, linearity, and tracking. Final data presentation is a 
plot complete with legends and measurement limits. 

The Series 174 Application Notes come with a listing of the pro- 
gram for the 9820A/21A Calculator to operate the instrument group 
automatically under remote control. These measurements take full 
advantage of the 5345A Counter's state-of-the-art performance and 
extend its capabilities to automated set-ups that make otherwise dif- 
ficult analysis tasks a simple matter to run and to interpret. Subjects 
covered include the determination of probability density functions; 
measuring fractional frequency deviation (short-term stability); FM 
peak-to-peak deviation; and precision crystal oscillator warm-up 
characteristics. 

Modules in the 59300A Series are 4 inches high and a quarter or a 
half of full rack width. The instrument case is a new HP design. The 
front frame clamps rigidly to like units side by side or stacked for 
benchtop or rack use. The case is high strength, lightweight 
MarbonB,. Brief descriptions of the modules are presented on the 
next page. Look them over. See how they can help you extend the 
capability of your measuring instruments. 
BBorg-Warner. 
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59306A(Top), 59307A 

59303A 59304A 

I09A ASCII digital clock, 59308A timing generator 
'his ASCII programmable timing family offers time-of-day and 

r--5sion timed intervals over a wide range from sub-seconds to  days. 
The clock and generator are independent of each other and can oper- 
ate under program control or stand-alone. The 59309A ASCII Digi- 
tal Clock displays month, day, hour, minute, and second; and upon 
command outputs time via the Interface Bus to  logging devices. Time 
can be updated by remote command. The clock accepts a small inter- 
nal battery to  provide glitch-free power and more than a day's 
standby; alternatively, the clock operates up to  a year on standby sup- 
plied by ordinary D-size batteries. The 59308A Timing Generator 

provides pacing and timing signals output for remote u 
terface Bus or on rear panel BNC's. Timed intervals can 
thumbwheels or  can be programmed to have precise len 
croseconds to minutes to more than a day. Accepts 
from front panel pushbutton, from rear panel connc 
motely via the Bus. 

Rear panel BNC's output TTL and ECL levels with 
tion of square wave or pulse and of positive-going or  n 
edge. Output pulses are 500 ns f l O O  ns wide, rise tim 

59307A VHF switch, 59306A relay actuator 
These ASCII programmable relay boxes provide for 

nals into frequency counters for measurement (593( 
switching external devices (59306A). They operate froi 
pushbuttons or remotely via the Interface Bus. 59307A c 
single throw 4-pole switches (dc to  500 MHz, 50 ohm) 
fast risetime ( 1  ns) pulse waveforms. 59306A is six F 
spec'd to handle 0.5 amp and useful to control, say, m 
attenuators. Switches light to indicate relay state; all rela 
accessible. 
59304A Numeric display 

Presents a highly visible readout of up to  12 character 
point. Operates as an Interface Bus monitor displaying 
can be addressed to display, say, frequency readout 01 
calculator results. 
59303A Digital-to-analog converter 

Accepts an ASCII string and converts any three con! 
to analog voltage accurate to 0.1% in 30 ps. Fully prog 
the Interface Bus or  operates stand-alone from the front 
three output modes for conversion: normal, offset, ( 

(9.99 volts to -9.99 volts) to make it convenient for o 
chart recorders. 

The primary application for the H P  59303A is to pre 
ging device the data points being taken with a frequencq 
as the H P  5345A Counter. N o  controller is required I 
Compatible logging devices include strip chart recordc 
ters, and displays. 
59301A ASCII-Parallel converter 

The 59301A ASCII-Parallel Converter (not shown) ac 
rial ASCII characters on the H P  Interface Bus and cor 
parallel output. A string of up to I6 characters terminat 
is converted and placed upon the output lines; the linei 
signals execution of a print command (strobe). With th 
struments with the HPIB interface can be opera 
5050B/5055A Printers and their accessories. A switch 
to  be formatted as print format or  hexadecimal format. 
output cables, H P  Part No. 562-16C (not furnished). 
Dimensions: 

Quarter width: (59303, 04, 09) 105.9 mm (4.17 inc 
Half width (59301, 06, 07, 08) 212.9 rnm (8.38 inc 
Depth (max): 294.6 mm (1 1.6 inches) 

Power requirements: 115 V or 230 V *IO%; 50 to 4 
Max. 
Environmental: Operating Temperature, 0 to  50°C. 

Relative Humidity, to 95% at 40°C. 
Ordering information: Included with each module, ca 
ft) and power cord (229 cm, 7% ft) with NEMA plug. 
Model No. Net Wt. Shpg Wt. 

2.32 kg (5 Ib 2 c 
3.17 kg (7 Ib) 
1.58 kg (3 Ib 8 < 
3.23 kg (7 Ib 2 c 
3.23 kg (7 Ib 2 c 
3.83 kg (8 Ib 7 c 
2.84 kg (6 Ib 4 c 

59301A 
59303A 
59304A 
59306A 
59307A 
59308A 
59309A 

1.70 kg (3 Ib 12 oz) 
2.61 kg (5 Ib 12 oz) 
1.23 kg (2 Ib 11 oz) 
2.64 kg (5 Ib 13 oz) 
2.64 kg (5 Ib 13 oz) 
2.10 kg (4 Ib 10 oz) 
1.70 kg (3 Ib 12 oz) 
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ELECTRONIC COUNTERS 
Plug-Ins for 5245L/M, 5246L, 5248L/M & 5345A 
Models 5252A-5267A 

52538 

5254C 

5255A 

5256A 

5257A 

5265A 5267A 

The 5245 series of plug-ins adds greatly to the versatility of the 5245 
series of plug-in counters. In addition, these plug-ins enhance the mea- 
surement capability of the 5345A Electronic Counter and the 5360A 
Computing Counter by the use of plug-in adapters which provide an 
interface between the plug-in and the 5345A and 5360A mainframes. 
A compatibility summary for presently available plug-ins is shown 
below, followed by brief descriptions of the individual plug-ins. Refer 
to  the 5245 series data sheet for complete details and specifications for 
all the plug-ins. 

Plug-in compatibility summary 
5345A compatibility (using 10590A plug-in adapter): all except the 
5264A 
5360A compatibility (using 10536A plug-in adapter): all except the 
S26SA, 5267A, 5262A, 5264A 
5245L/M compatibility: all 
5248LIM compatibility: all 
5246L compatibility: all except the 5264A 

Specifications 
52538 Heterodyne converter 

Frequency range: 50 MHz to 512 MHz 
Sensitivity: - 13 dBm to + 13 dBm 
Mixing frequencies: 50 to  500 MHz in I O  MHz steps 
Input coupling: ac 
Accuracy: Maintains counter accuracy 
Input impedance: 50Q 

Price 
$850 

5254C Heterodyne converter $ 1  IS0 

Frequency range: 150 MHz to 3 GHz 
Sensitivity: -13 dBm to +I3 dBm 
Mixing frequencies: 0. I5 to 3 G H z  in 50 MHz steps 
Input coupling: ac 
Accuracy: Maintains counter accuracy 
Input impedance: 500 
Auxiliary output: 1 MHz - 50 MHz 

5255A Heterodyne converter $2270 

Frequency range: 3 G H z  to 12.4 G H z  
Sensitivity: -7 dBm to + I O  dBm 
Mixing frequencies: 2.8 to 12.4 GHz in 200 MHz 
steps 
Input coupling: dc 
Accuracy: Maintains counter accuracy 
Input impedance: 50Q 
Auxiliary input: I MHz - 200 MHz at 5 mV sensitivity 
Auxiliary output: I MHz - 200 MHz 



5262A 5: !61 A 

5256A Heterodyne converter 

Frequency range: 8 G H z  to 18 GHz 
Sensitivity: -7 dBm to + I O  dBm 
Mixing frequencies: 8 to I8 G H z  in 2( 
Input coupling: dc 
Accuracy: Maintains counter accuracy 
Input impedance: 50Q 
Auxiliary input: I MHz - 200 MHz at 5 
Auxiliary output: 1 MHz - 200 MHz 

5257A Transfer oscillator 

Frequency range: 50 MHz to 18 GH;  
Input signal: CW, pulsed R F  or F M  I 
Sensitivity: -7 dBm, 50 MHz to 15 GH 
GHz to 18 G H z  
APC lock range: Approximately fc 
frequency 
Pulse carrier frequency measuremer 
pulse width: 0.5 psec. Minimum repe 
pulses per second 
Input impedance: 50Q 
VFO stability: typically I X IO-' per 
hours 

5265A Digital voltmeter 

Voltage ranges: I O  V, 100 V and 1001 
Resolution: 100 pV 
Accuracy: f O . I %  of reading, f0.01% I 

readings <%o of full scale 
Sample rate: 5 per second 
Input resistance: 10.2 MQ on all rani 
Range selection: Manual 
Noise rejection: 30 dB at 60 Hz, incre 
per octave 

IO MHz steps 

mV sensitivity 

2 
modulated 
lz; -4 dBm, 15 

3.2% of input 

Its: Minimum 
tition rate: I O  

minute after 2 

0 V full scale 

D f  full scale for 

:es 

:asing at  12 dB 

5267A Time interval unit 

Range: 100 nsec to  IOx sec with 5248LIM; I psec to IOx 
sec with 5245L/M; 1 psec to  IO6 sec with 5246L 
Resolution: 10 nsec with 5248LIM only; 0.1 psec 
otherwise 
Input sensitivity: 100 mV rms 
Start-Stop: Independent or common channels 
Trigger slope: Positive or negative on Start and Stop 
channels, independently selected 
Trigger amplitude: Both channels adjustable from 
-300 to +300 V peak 
Input repetition rate: 5 MHz, max 
Input impedance: 1 MQ/35 p F  

' 

$2370 

$2650 

$905 

$580 

5258A 

5262A Time interval unit 

5252A 

$435 

Range: 1 psec to  IOx sec (to IO6 sec with 52461) 
Resolution: 0.1 psec 
Input sensitivity: 100 mV rms 
Start-Stop: Independent or common channels 
Trigger slope: Positive or negative on Start and Stop 
channels, independently selected 
Trigger amplitude: Both channels adjustable from 
-250 to +250 V peak 
Input repetition rate: better than 2 MHz 
Input impedance: from 10k/10 p F  at  X0.I multiplier 
setting to I O  MQ/20 p F  at XI00 setting 

5261A Video amplifier $595 

Bandwidth: I O  Hz to 50 MHz 
Input sensitivity: I mV 
Input impedance: I MQ/15 p F  
Auxiliary output: 40 dB gain max into 50Q; 300 mV 
rms max output undistorted into 50Q; I 
ance 50Q 

I .  

5258A Sensitive prescaler 

Bandwidth 1 MHz to 200 MHz 
Input sensitivity: I mV, I O  mV, 200 mV I 
Input impedance: 500 
Scaling factor: 4 

5252A Prescaler 

Bandwidth: dc to  350 MHz 
Input sensitivity: 100 mV rms 
Input impedance: 509 
Scaling factor: 2, 4 and 8 

5264A Preset unit 

JY13 

Performs following basic functions: 
(i) N X frequency 

N X period measurements s 
mainframe. 

N X ratio 
(ii) Counts N events where input is apl 

INPUT of 5264A. 
(iii) Divides a frequency input applied t o .  ._. - _. ._ - . 

by N. Divided output available at  f /N OUTPUT. 
Frequency range aux input: 20 Hz to 100 kHz 
N range: 1 to 99,999 in integral steps 

ire made by 

plied to  AUX 

A T I X  INPIIT 

$875 



ELECTRONIC COUNTERS 
General purpose plug-in counters 
Models 5245UM, 5246L & 5248UM 

Highest performance in general purpos 
Wide selection of plug-ins provide unm 
Extremely high reliability proven from o 
hours of field operation 

5245L 

The Hewlett-Packard 5245L is representative c 
mance attainable in a general purpose counter. Th 
is the heart of the 5245 series, has become 
dard . . . for instruments of its type, there are mo 
operation today than all the rest put together. 

The 5245 series consists of a family of mainfr: 
plug-ins. The plug-ins provide frequency measu 
high sensitivity, time interval and preset capabilit! 
mainframes and plug-ins means that virtually an 
performable, by counters can be accomplished b 
tion within this family. 

The 5245 series of counters are not only leader 
mance and versatility, they are unsurpassed in t 
gedness, wide operating temperature range, and 1 
ity. 

The following is a description of the 52451, m 
mainframes are similar to the 5245L. The main ( 
eated in these condensed specifications. Refer to 
sheet for complete details and specifications on 
plug-ins. 

Specifications 
5245L/M 
Frequency measurements 

Range: dc to 50 MHz 
Gate time: 1 ps to  10 seconds in decade steps 
Accuracy: f l  count f time base accuracy 

Range: dc to 1 MHz for single period; dc to 300 KHz for multiple 
period 
Periods averaged: 1 period to IO5 periods in decade steps 
Accuracy: f l  count f time base accuracy f trigger error* 

~ 

Period average measurements 

Mainframe measurement functions: frequency, period, period av- 
erage, ratio, scaling 
Signal input 

Sensitivity: 100 mV rms 

5248L/M 
Frequency range: dc to  150 MHz 
Mainframe measurement functions: Frequency, period, period av- 
erage, tatio, scaling 
Compatible 5245 series plug-ins: all 
L version: I MHz oscillator, aging rate < 2 X lO-'/mo. 
M version: 5 MHz oscillator, aging rate < 5 X l0-I0/day 

Model number and name Price 
5245L 50 MHz Electronic Counter $3 I50 
5245M 50 MHz Electronic Counter $3975 
5246L 50 MHz Electronic Counter $2350 
5248L 150 MHz Electronic Counter $3500 
5248M 150 MHz Electronic Counter $4325 
'Trigger error is <(i 3% of one period i number periods averaged) for signals with 40 dB signal to-noise ratio 

and 100 mV rms amplitude. error decreases as signal to noise ratio increases 



ELECTRONIC COUNTERS 
Computing counter system 

Models 5360A & 5375A - 5379A 

The Computing Counter is a general purpose precision aigirai in- 
strument with built-in arithmetic capability. As a measuring device the 
Computing Counter provides unequalled precision. For example, it 
can measure the time between two events to a resolution of 100 pico- 
seconds, about the fime it takes light to travel one inch. 

The Computing Counter’s unique measurement technique employs 
extensive use of digital computatiori. Thus the mainframe contains an 
arithmetic unit which is an inherent, indispensable part of the mea- 
surement cycle. The arithmetic capability of the machine has been 
made available to  the user via several programming devices. This 
allows the system to be programmed to solve equations where mea- 
surements are the variables, in real time. This capability enormously 
increases the power of the Computing Counter System. 

Key specifications include a dc to 320 MHz direct count frequency 
range, measurement resolution of 1 part in 1Olo per second of gate 
time, and f l O O  psec single shot time interval resolution using the 
5379A Time Interval plug-in. A detailed description of the Compu- 
ting Counter System and complete specifications are contained in the 
Computing Counter data sheet, available upon request. 
5379A Time interval plug-in 

With the 5379A Time Interval Plug-In, the Computing Counter be- 
comes a high precision and versatile time interval meter. Measure- 
ments can be made down to zero and even “negative” times by virtue 
of a unique arming scheme. Single shot events can be measured with 
f 100 psec resolution and an accuracy of f 1 nsec. By programming 
the Computing Counter from any of a number of programming de- 
vices (such as the 5375A Keyboard), the average of a number of mea- 
surements can be displayed to  resolutions better than 5 psec. 

5375A Keyboard 
The 5375A provides the Computing Counter with the capability to 

add, subtract, multiply, divide and perform square root, logarithm 
and exponential functions. Decision capability and branching are pos- 
sible also. Electrical outputs are made available for limit testing and 
peak to peak measurements. 
10536A Plug-In Adapter 

The 10536A Adapter is a versatile accessory which allows nine of 
the 5245 series plug-ins to be used in the Computing Counter. Fre- 
quency range can be extended to 18 GHz with these plug-ins. 
Model number and name Price 5375A 

5360A Computing Counter 
5379A Time Interval Plug-In 
5375A Keyboard 
10536A Plug-In Adapter 

$6695 
$1000 
$ I570 
$350 



ELECTRONIC COUNTERS 
Automatic microwave counters 
Models 5340A & 5341A 

Single input 10 Hz to 18 GHz 
Automatic amplitude discrimination 
High sensitivity, -35 dBm 

0 Optional extension to 23 GHz 
Superior AM and FM tolerance 
Exceptional reliability 

5340A 

The 5340A Frequency Counter provides a modern, easily used, 
more versatile instrument for the direct measurement of frequencies 
from I O  Hz through 18 GHz via a single input connector. Utilizing 
new microwave samplers incorporated in advanced phase-lock loops, 
this counter excels in virtually every specification parameter. It is 
therefore suited to a wider range of applications than ever before pos- 
sible for a fully automatic microwave counter. 

The exceptional sensitivity of this instrument enhances measure- 
ment in the microwave field, where signals are commonly low level 
and many times are connected via directional couplers or lossy de- 
vices. Wide tolerance of AM, FM, and residual noise insure accurate 
measurement of microwave carrier frequencies despite the presence of 
these deviations. Automatic amplitude discrimination allows the 
5340A to choose the largest signal in a spectrum (250 MHz to 18 GHz) 
and measure only that signal's frequency, ignoring all others. 

Access to  the HP  Interface Bus via Option 01 1 provides a particu- 
larly flexible systems interface. The ability to program octave range 
via this input allows reduction of acquisition time to typically less 
than 25 msec. Application Note 181-1 describes the use of a calcu- 
lator-controlled measurement svstem built arnund the HP  Interface 
Bus for 

53408 
Signal 
Input 1 

Rang 
Symr.,-.,,. u n u c I * I a v c  "1 y u a c r w a v v  Irrpur  (.+urn duty factor, worst 
case) 
Sensitivity: -30 dBm, 10 Hz-250 MHz (direct count); -35 dBm, 
250 MHz-12.4 GHz; -25 dBm, 12.4-18 GHz 
Dynamic range: 37 dB, I O  Hz-250 MHz; 42 dB, 250 MHz to 12 
GHz; 32 dB, 12 GHz  to 18 GHz 
Impedance: 500 

Connector: Pre 
Coupling: dc tc 
Damage level: 
watt) 
Acquisition time; \ 13u ms mean typical 

Input 2 
Range: 10 Hz-250 MHz direct count 
Sensitivity: 50 mV rms. 150 mV p-p pulses to 0.1% duty factor; 
minimum pulse width 2 nsec 
Impedance: 1 MR shunted by <25 p F  
Connector: Type BNC female 
Coupling: ac 
Maximum Input: 200 V rms, 10 Hz to 100 Hz; 20 V rms, 100 Hz to 
100 kHz; 2 V rms, 100 kHz to 250 MHz 

VSWR: <2:1, 10 Hz-12.4 GHz; <3:1, 12.4-18 GHz  

lot to exceed 1 

Automatic amplitude discrimination: The counter will automat- 
ically select the largest of all signals present (250 MHz to 18 GHz  
phase-lock range), providing that signal is 20 dB ( I O  dB typical) larger 
than any other. 
Maximum AM modulation: Any modulation index as long as the 
minimum voltage of the signal is not less than the sensitivity specifi- 
cation. 

Time Base 
Crystal frequency: I O  MHz 
Stability: 

Aging rate: < f 3  X 10-7 per month 
Short term: <5 X 10-10 rms for 1 second averaging time 
Temperature: < f 2  X 1 0 - 6  over the range of 0" to 50°C 
Line variation: <f 1 X 10-7 for 10% line variation from nominal 

Output frequency: I O  MHz, 22.4 V square wave (TTL compatible) 
available from rear panel BNC. 
External time base: Requires I O  MHz approximately 1.5 V p-p sine 
wave or square wave into 1 KR via rear panel BNC. Switch selects 
either internal or external time base. 
Optional time base (Option 001) aging rate: < f 5  x 1O-Io per day 
after 24 hour warm-up for less than 24 hour off-time. 

General 
Accuracy: f l  count f time base error 
Resolution: Front panel switch selects 1 MHz, 100 kHz, IO kHz, 1 
kHz, 100 Hz, I O  Hz, or 1 Hz. 
Display: Eight in-line long life display tubes with positioned decimal 
point and appropriate measurement units of kHz, MHz, or GHz. 
Self check: Counts and displays 10 MHz for resolution chosen. 
Sample rate: Controls time between measurements. Continuously 
adjustable from 50 msec typical to 5 seconds. HOLD position holds 
display indefinitely. RESET button resets display to zero and acti- 
vates a new measurement. 
Operating temperature: 0" to 50°C 
Power: 115 V or 230 V f lo%, 50-60 Hz, 100 VA 
Weight: 

Net  11.3 kg (25 Ib) 
Shipping: 14.1 kg (31 Ib) 

Dimensions: 425 mm W X 467 mm D X 88.2 mm H (16%" X 13%'' X 

Model number and name Price 
5340A Frequency Counter $5900 
Option 001: High Stability Time Base $500 
Option 002: Rear Panel Connectors $105 
Option 01 1: Remote Programming-Digital Output $390 
Option H I 0  Frequency Extension to  23 GHz  $500 

3'%2'') 



Fast acquisition time 
High sensitivity 
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Impedance: 1 MQ, shunted by 50 p F  
Connector: Type BNC female 
Coupling: ac 
Sensitivity: I O  millivolts 
Maximum input: 5 volts peak-to-peak 
Damage level: 400 volts dc; 250 volts rms ac, I O  Hz to 100 kHz, 
decreasing 6 dB per octave to 80 MHz 

lime base 
Crystal frequency: 10 MHz 
Stability: 

Aging rate: < I  X per month 
Temperature: < + I  X over thc 
Line variation: < f l  X 110% 

Output frequency: 10 MHz, 22.4 V sq 
available from rear panel BNC. 
External time base: Requires 10 MHz approximarery 1 .3  v p-p sine 
wave or square wave into 1 kQ via rear panel BNC. Switch selects 
either internal or external time base. 
Optional time base (Option 001) aging rate: < f 5  X per day 
after 24 hour warm-up for less than 24 hour off-time. 

General 
Accuracy: f l  count f time base error 
Resolution: Front panel switch selects 1 MHz, 100 kHz, IO kHz, 1 
kHz, 100 Hz, 10 Hz, or 1 Hz. 
Display: Ten-digit sectionalized LED display and appropriate mea- 
surement units of kHz, MHz, or GHz. 
Self check Counts and displays 1 GHz for resolution chosen. 
Sample rate: Continuously adjustable from 40 msec to 10 seconds 
and HOLD. 
Operating temperature: 0°C to 50°C 
Power: 115 or 230 volts, 110%. 50-60 Hz, 104 VA 
Remote programming and digital output: Optional (Option 01 I )  
via 24-pin, series 57 Microribbon connector. Program and output in- 
formation are 7-bit ASCII code. 
Weight: 

Net: 10.5 kg (23 Ib) 
Shipping: 13.2 kg (29 Ib) 

Dimensions: 425 rnm W X 467 mm D x 88.2 m m  H ( 1 6 T  x 13W x 
3' 5/12") 
Model number and name Price 
5341A Frequency Counter $3475 
Option 001: High Stability Time Base $500 
Option 002: Rear Panel Connectors $105 
Option 003: 1.5 GHz  Frequency Range less $1000 
Option 01 1: Remote Programming-Digital Output $390 



ELECTRONIC COUNTERS 
50 MHz and 550 MHz universal counters 
532615327 Family 

5326A 

Description 
The Hewlett-Packard 5326/5327 family offers versatile, high preci- 

sion counters to measure frequency, time intervals, or  voltage. With 
six models to choose from, you can select just the capability to  solve 
your own measurement problems without paying for extras. The 5326 
series covers the frequency range to 50 MHz; the 5327 series measures 
to  550 MHz. In addition, the 5326/5327 family offers the following 
features to make your measurements simpler, easier to set up, and 
more accurate: 

Burst and CW measurement: special gating circuits start a count 
only when your input signal is present. You can measure a frequency 
burst as easily as a CW signal. 
One shot time interval measurements: from 0.1 psec to  108 sec. 
Time interval averaging: resolution better than 100 ps for intervals 
as short as 150 ps with repetitive signals. 
Built-in DVM: set trigger levels with ease, plus measure external DC 
voltages. 
Period, ratio, totalize and scale measurements: extra problem 
solving capability for your special requirements. 
High sensitivity input channels: for measuring the frequency of low 
level signals down to 5 mV to 50 MHz and 25 mV to 550 MHz. 
Fused input protection: for 550 MHz channels to prevent expen- 
sive damage from accidental overloads. 
Systems options: select remote programming and digital output to 
suit your application. 
Time base options: even greater precision and accuracy for de- 
manding applications. 
Front panel trigger lights: to  show when the counter is triggering 
properly on the input signal. 

These features and capabilities make counters of the 5326/5327 

family excellent tools for general lab use, for electronic service, and for 
production test. 

Numerous technical advances provide the extended capability in 
these counters. For example, unique high speed synchronizers pro- 
vide the key to effective time interval averaging. Averaging can dra- 
matically improve the resolution of time interval measurements. The 
synchronizers set up a very accurate statistical average for up to  1 0 8  

time intervals; resolution improves in proportion to  the square root of 
the number of intervals averaged. 

Time interval averaging may be used whenever the repetition rate of 
the input signal is asynchronous with the counter's 10 MHz clock. 
This condition is easily met for many potential applications including 
measurement of logic timing and propagation delays where time in- 
tervals are well below the range of conventional one-shot counter 
techniques. 
The built-in DVM 

Both the 5326B and the 53278 include a built-in DVM. The single 
DVM gives the user two major benefits. The first benefit is more ac- 
curate and far more convenient setting of trigger levels for time inter- 
val measurements. The second benefit is substantially increased single 
instrument capability. 

With the built-in DVM, you can actually set trigger levels with dig- 
ital accuracy. The unique functions READ A and READ B monitor 
the internal trigger level settings for the A and B channels. The values 
are shown directly on the display. This method has been found far su- 
perior to conventional marker techniques using Z-axis modulation on 
a scope. 

Of course, the integrating DVM can also make accurate external 
voltage measurements. Thus a single instrument can do  the job  of two. 
For systems applications, this means there is only one instrument to  
program and a single set of outputs for all measurements. 
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ELECTRONIC COUNTERS 

532615327 (cont.) 

5326A/B and 5327A/B Specifications 
Input Channels A and B 
Range: dc-coupled: 0-50 MHz; ac-coupled: 20 Hz-50 MHz. 
Sensitivity (min): 0.1 V rms sine wave; 0.3 V p-p pulse; 8 ns mini- 
mum pulse width. Sensitivity can be decreased by I O  or  100 times, 
using the ATTENUATOR switch. 
Impedance: 1 MU shunted by less than 25 pF. 
Dynamic input voltage range: 0.1 to  3 V rms ac times attenuator 
setting. f 5  V dc times attenuator setting. 
Trigger level: PRESET to center triggering about 0 V or variable 
over the range of - 3  V to +3 V times attenuator setting. Trigger 
threshold band < 1.0 mV, referred to input at  maximum frequency. 
Overload protection: 250 V rms on all attenuator settings, except 25 
V rms on XI about 50 kHz. 
Slope: Independent selection of positive or negative slope. 
Channel inputs: Common or  separate lines. 
Marker outputs: Rear panel BNC's. DTL pulse, low for approx. 2 ps 
after trigger point for A and B channels. 
Input Channel C 
Range: 5326A/B and 5327A/B: direct counting: dc-coupled, 0-50 
MHz. 5327A/B: prescaled (a IO): dc-coupled, 0-550 MHz. 
Sensitivity: 5326A/B: 5 mV rms. 5327A/B: direct counting: 15 mV 
rms; prescaled: 25 mV rms. 
Impedance: 509 nominal. 
Maximum input: 3.5 volts rms; 5.0 volts peak. 
Trigger level: 0 volts. 
Location: Rear panel, except front panel on 5326A. 
Frequency 
Range: 5326A/B: direct counting: 0-50 MHz. 5327A/B: direct count- 
ing: 0-50 MHz; prescaled: 0-550 MHz. 
Input: 5326A/B: Channel A or  Channel C. Channel A provides trig- 
gered frequency measurement. 5327A/B: direct counting: Channel A 
or  Channel C; prescaled: Channel C. Channel A provides triggered 
frequency measurement. 
Gate times: 0.1 ps to 10 s in decade steps. 
Accuracy: direct: f 1 count f time base accuracy. Prescaled: f 10 
counts* f time base accuracy. 
Display: kHz, MHz, or  GHz with positioned decimal point. 

.electable in decade steps. 
:an be common or separate. 
H7 

accuracy f 2  ns 
mor** f 100 ns) 
,ais Averaged 
'sitioned decimal point. 

Time interval 
Range: 0.1 ps to lo8 seconds. 
Input: Channels A and B; can be common or separate. 
Frequency counted: 10 MHz to  0.1 Hz in decade steps. 
Accuracy: f l  count f time base accuracy f trigger error.** 
Display: ps, ms, seconds or  IO'S of seconds with positioned decimal 
point. 
Time interval average 
Range: 0.15 ns to 10 s. 
Intervals averaged: 1-108 s 
Input: Channels A and B; c 
Frequency counted: I O  M..-. 
Accuracy: f time base 

(Trigger E 

Display: ns, ps with PO 

Period 
Range: 0-10 MHz. 
Input: Channel A. 
Frequency counted 10 MHz to 0.1 Hz in decade steps. 
Accuracy: f l  count f time base accuracy f trigger error.*** 
Display: ps, ms, seconds or IO'S of seconds with positioned decimal 
point. 
Period average 
Range: 0-10 MHz. 
Periods averaged: 1 -  IO8 selectable 
Input: Channel A. 
Frequency counted I O  MHz. 
Accuracy: f count f time base accuracy f trigger error.*** 
Display: ns, ps with positioned decimal point. 

J i 6 E  

FW. 
i10 counts of input frequency. (-fl count displayed.) 

**For any wave shape, trigger error is less than 
0.0025 FS 

Signal Slope ( ~ / r s )  

to-noise ratio and 100 mV rms amplitude. 
*'*Trigger error is less than i0.3% of one period + periods averaged for signals with 40 dBm or better signal- 



Start (totalizing and scalii 
Range: 0-10 MHz. 
Factor: 1-10" selectable in dt 
Output: Rear panel TIME B 
Display: Channel A input di 

Ratio 
Display: Any input function/ 
(IO- IO9 when prescaling) selec 
Range: Any input function. 
(External Oscillator Input) IC 
Mode: Any input function. 
Accuracy: Accuracy of selec 
Integrating digital voltmett 

The unique combination of 
electronic timer/counter prod 
more than a separate counter I 

5326B and 5327B easily measi 
ranges from f10 V to f l O O O  
sure and set the start and sto 
ture, together with hysteresic 
5327B the easiest and most ac 
able with none of the drawba 
The DVM measurement (inte; 
10 sec to permit a trade-off c 

Specifications 
Technique: voltage-to-frequc 
Voltage ranges: manual selt 

Range 
(V dc) (1 sec, in' 

1000 

Zero Drift 
re) (%of Range) 

Input: single ended. 
Polarity: automatic polarity , 
Overrange: 25% overrange 01 
racy. 
Overload protection: 1100 1 

Counter 

ns) 
xade steps. 
;ASE BNC. 
vided by scaling factor. 

Stability 
Range (% of Reading) 

F,,, times Multiplier (M). M = 1 to IO8 
:table in decade steps. 
See appropriate function section. Fcxt : 
0 Hz-IO MHz. 

:ted input function f trigger error of 
?r (53266 and 53276 only) 
an integrating digital voltmeter and an 
uces an instrument which can do  much 
and DVM. The mainframe DVM in the 
ires f dc levels in three programmable 
V. Plus, the DVM can internally mea- 
p time interval trigger levels. This fea- 
i compensation, gives the 5326B and 
curate trigger level setting system avail- 
cks of oscilloscope marker techniques. 
gration) time is selectable from 1 ms to 
if resolution vs. measurement time. 

Linearity 
(% of Rang 

:ncy conversion. 
:ction. 

solution 
tegration time) Input Impedance 

10 mV 10 MQ 

p (within 90-day calibration pe- 

I f0.01% I f l  count I 
~ 

l O O V  1 f0.04% 1 10.01% 
lOOOV I f0.08% 1 i0.01z 

f0.01% f l  count I f0.01% f l  count 

Operating temperature: 10°C to 41 
Measurement time: 

1 msec 2 digits 
10 msec 3 digits ~ ~ ~ i ~ ~ l  

100 msec 4 digits automatic 

I O  sec 6 digits 
Response time: < 100 ps for full acc 
AC noise rejection: infinite for mu1 
See graph for Normal Mode Rejecti 

1 sec 5 digits 1 
0°C. <SO% RH. 

joints 
ally displayed 

uracy with a step function input. 
ltiples of (measurement time)-'. 
on. 

detection. 
1 10 V and 100 V ranges with full accu- 

J dc all ranges. 

- .I I 
T f f- 

IO 
T 
- 



5326C 

do4-u aiiu 3 J G f  u q ~ ~ i i i ~ u i i u i ~ ~  

Input channel A 
Range: dc-coupled: 0-50 MHz; ac-coupled: 20 Hz-50 MHz 
Sensitivity: 0.1 V rms sine wave; 0.3 V p-p pulse; 8 ns minimum pulse 
width. Sensitivity can be decreased by I O  or 100 times, using the AT- 
TENUATOR switch. 
Impedance: 1 MQ shunted by less than 25 pF. 
Dynamic input voltage range: 0.1 to 3 V rms ac times attenuator 
setting. f 5  V dc times attenuator setting. 
Trigger level: PRESET to center triggering about 0 V or variable 
over the range of - 3  V to +3  V times attenuator setting. Trigger 
threshold band < 1.0 mV, referred to  input a t  maximum frequency. 
Overload protection: 250 V rms on all attenuator settings, except 25 
V rms on XI above 50 kHz. 
Slope: independent selection of positive or negative slope. 
Input channel B and B + 10 (5327C only) 
Range: Channel B: dc-coupled, 50 MHz; B t IO: dc-coupled, 0-550 
MHz. 
Sensitivity: Channel B: 15 mV rms; B t I O  (prescaled): 25 mV rms 
Impedance: 50R nominal. 
Maximum input: 3.5 volts rms, 5.0 volts peak. 
Trigger level: 0 volts. 
Star' (totalizing and scaling) 
Range: 5326C: 0-10 MHz. 5327C: 0-10 MHz (direct); 0-100 MHz 
(prescaled). 
Factor: 5326C: 1-108 i 7C: Channel A or Channel 
B. 1-108 in decade step -IO8 on selector) in decade 
steps. 
Output: Rear panel T l M h  BAbb B N L  
Display: Channel A, B, or B t 10 input divided by scaling factor. 
Frequency 
Range: 5326C: 0-50 MHz. 5327C: 0-50 MHz (direct); 0-550 MHz 
(prescaled) 

...p ".. -'JL". 

measurement 
prescaled (s\ 
measurement 
Gate times: 
Accuracy: ( 

counts* f ti 
Display: kH 

Period aver 
Range: 532( 
(prescaled) 
Periods avei 
or Channel B 
in decade ste 
Frequency c 
Accuracy: d 
Prescaled: f 
Display: ns, 

Ratio 
Display: any 
(10-109 when 
Range: any 
(External Osc 
Mode: any i 
Accuracy: as 

* * I 0  counts of 
"For any wave st 

0.0025 *- 
Signal Slope 

***Trigger error is I 
to-noise ratio a i  

2: Channel A. Channel A provides triggered frequency 
.5327C: Channel A; Channel B for direct and B + I O  for 
witchable). Any channel provides triggered frequency 

0.1 ps to  I O  s in decade steps. 
iirect: f l  count f time base accuracy. Prescaled: f10 
me base accuracy. 
lz, MHz or GHz with positioned decimal point 

'age 
5C: 1-10 MHz. 5327C: 0-50 MHz (direct); 0-550 MHz 

raged: 5326C: 1-108 in decade steps. 5327C: Channel A 
8: 1-108 in decade steps; B t 10: 10-109 (1-108 on selector) 
PS. 
:ounted: I O  MHz 
lirect: f 1 count f time base accuracy f trigger error.*** 
I O  counts* f time base accuracy f trigger error.*** 
ps with positioned decimal point 

input function/FeXt times Multiplier (M). M = 1 to lo8 
prescaling) selectable in decade steps. 
input function. See appropriate function section. Fext : 
:illator Input) 100 Hz-IO MHz. 
nput function 
ccuracy of selected input function f trigger error of F,,t. 

input frequency ( + I  count displayed). 
lape. trigger error is less than 

- 
(V/LISfS. 

ess than +0.3% of one period f periods averaged for signals with 40 dBm or better signal- 
Id  100 mV rms amolitude. 
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Low cost counters for frequency measurements 
Models 5381A & 5382A 

5381 A 

Description 
Genera! 

The 5381A and 5382A are a logical result of H-P’s 
leadership in frequency counter development. Leaders1 
technology and efficient production procedures allows 
price/performance combination in these two precisioi 
unequalled in their product category. These counters a 
deliver reliable, high quality operation in such diverse 
duction Line Testing, Service and Calibration (2-Way I 
equipment), Frequency Monitoring, Education and TI 

Resolution 
Both the 5381A and 5382A employ the direct count 

and with 7 and 8 digits respectively offer resolution of 1 
1 Hz in I sec and .I Hz in 10 seconds. 

Specifications 
53R1A 
Frequency Range: 10 Hz to 80 MHz 
Display: 7 Digit (LEDs) 
Input impedance: 1 M a ,  <50 pf 
Sensitivity: 25 mV (rms sinewave) 30 Hz to  20 MH. 
sinewave) 10 Hz to 80 MHz 
Input attenuator: Three Position (XI, X10, X100) 
Maximum input levels: 

D C  to 40 Hz 200 V (dc + 
Attenuator 40 Hz to  100 kHz 250 V rrns 

‘1x1 97 100 kHz to 5 MHz 2.5 x 107v  
>5 MHz 5 V rms 

Dc  to 40 Hz 200 V (dc + 
Attenuator 40 Hz to  1 MHz 250 V rrns 

“X10” 1 h4Hz to 50 MHz 2.5 X 108V 
6‘X100” 50 MHz to 80 MHz 5 V rrns 

Accuracy: f l  Count f Time Base Accuracy 
Gate times: Manually Selected . I  second, 1 second, 
Resolution: 10 Hz at 0.1 second gate time; 1 Hz at 
time; 0.1 Hz at I O  second gate time 
l ime base: Internal 

Frequency: 1 MHz Crystal 
Aging: <0.3 ppm/Month 
Temperature: i 10 ppm 0°C to 40°C 
Line voltage: i l  ppm for 10% line variation 

External input 
Frequency range: 10 kHz to 2 MHz 
Sensitivity: TTL Level or 2.5 V rrns Sinewave 
Maximum input: 25 V rms dc to 2 MHz 

long-standing 
lip in quality, 
H-P to offer a 
n instruments 
re designed to  
areas as: Pro- 
ladio and test 
.aining. 

ing technique 
0 Hz in . I  sec. 

z 50 mV (rms 

Peak ac) 

* H Z  

Peak ac) 

* H z  

10 seconds 
1 second gate 

5382A 
Frequency range: I O  Hz to  225 MHz 
Display: 8 Digit (LEDs) 
Input impedance: 1 M a ,  40 pf 
Sensitivity: 25 mV (rms sinewave) 30 Hz to  10 MHz; 50 mV (rrns 
sinewave) I O  Hz to 225 MHz 
Input attenuator: Three Position (XI, XIO, X100) 
Maximum input levels: 

Dc to 40 Hz 200 V (dc + Peak ac) 
Attenuator 40 Hz to 100 kHz 250 V rms 

“XI 19 100 kHz to  5 MHz 2.5 x 107 V.HZ 
> 5  MHz 5 V rms 

D C  to 40 Hz 200 V (dc + Peak ac) 
Attenuator 40 Hz to I MHz 250 V rrns 

“X100” 50 MHz to 225 MHz 5 V rrns 
“X10” 1 MHz to 50 MHz 2.5 X 108 V - H z  

Accuracy: f l  Count f Time Base Accuracy 
Gate times: Manually Selected .1 second, 1 second, 10 seconds 
Resolution: 10 Hz at 0.1 second gate time; 1 Hz at  1 second gate 
time; 0.1 Hz at I O  second gate time 
l ime base: Internal 

Frequency: 10 MHz Crystal 
Aging: <0.3 ppm/Month 
Temperature: f 2 . 5  ppm 0°C to 4OoC 
Line Voltage: f0 .5  m m  for 10% line variation 

External Input 
Frequency Range: 100 kHz to  10 MHz 
Sensitivity: 250 mV rms; 1 k n  input impedance 
Maximum Input: 25 V rms dc to 10 MHz 

OpJ ~ * -  ‘*-r 5382A only 
Option 001: Temperature Compensated Crystal Oscillator 

Frequency: I O  MHz 
Aging: < I  part in 107/month 
Temperature: f l  ppm 0°C to 40°C 

(No external oscillator input with 01: 
quirements 

ition 001.) Exceeds F.C.C. re- 

, - A , , . ,  , 1 0 1 1  . ” ” n r r - ,  
C 

5381A and 5382A General data 
Operating temperature: 0°C to 40” 
Power requirements: 100, 120,220 ana L ~ W  v rms (4a n z  10 44u n ~ )  
(+5% - 15%) 20 VA max. 
Weight: Net: 2.2 kg (4.75 Ib). Shipping: 2.8 kg (6 Ib) 
Dimensions: 89 m m  X 160 mm X 248 mm 13.5 in. H X 6.25 in. W X 
9.75 in. D) 
Model number and name 
5381A Frequency counter 
5382A Frequency counter 
Option 001 TCXO (5382A only) _ _ _  

Price 
$249 
$450 

add %inn 
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Plug-on modular/portable counter system 
Model 5300 A/B system & 5301A-5312A 

5300 Measuring system 
The 5300 measuring system marks a new era of high performance and 
versatility for low cost counters. 

Features include 
I O  MHz, 50 MHz, 525 MHz and 1.1 GHz 
100 ns Time interval resolution and time interval averaging 
Up  to  8 digits 
Auto ranging 
Unique time interval hold off 
Expandable with interchangeable modules 
Optional FCC type approved TCXO time base 
Portable-battery operation with all modules 
Compact and rugged 
High reliability MOS/LSI circuitry and LED display 
Designed for quick & easy owner-servicing 
Output via BCD, ASCII, or D to A converter 

Description 
Large scale integration and solid state display technology have 

helped to produce a uniquely versatile and capable counter at  a sur- 
prisingly low cost. Easy to use and reliable, this counter does what is 
important-solves your measurement problems while saving your 
money. Versatility and antiobsolescence come from modular con- 
struction. Take your choice from two mainframes and select the snap 
on module that you need now. Expand the capability later with more 
modules, if and when you need them. You can expand the capability 
of your 5300 Measuring system to match your expanding needs and 
budget. Hewlett-Packard is engaged in an on-going program to de- 
velop expanded capabilities for the 5300 as shown by the “new mod- 
ules” just added in this catalog. An optional battery pack provides 
portable cord-free operation of any of the modules, eliminating power 
problems and ground loops. The new plug-between digital to analog 
converter gives you an analog output that can drive a strip chart re- 
corder, providing hard copy of any of the 5300 System’s measure- 
ments. You can now easily obtain hard copy recordings of frequency 
drifts, time interval shifts, ratio changes, ohms variations, and even 
totalized levels from the 5300 system and its plug-between D to A con- 
verter. The BCD output and ASCII module lets you interface dig- 
itally with other instruments and systems. This is versatility that truly 
avoids obsolescence and optimizes your instrument dollars. 

Unique benefits 
Snap-together modularity allows you to match the display/main- 
frame capabilities with the functional module of your choice to match 
your present needs. Additional modules can be added as your mea- 
surement needs and budget expand, including the selection of three 
center modules which allows you to  add a battery, a D to A Con- 
verter, or an ASCII output to  your system when and if you need them. 
Frequencies up to I .  I GHz can be measured with this portable preci- 
sion frequency counter. Single time intervals can be measured with 
100 ns resolution. Time interval averaging over up to IO8 intervals al- 
lows you much greater resolution than ever available before in a 
counter of this price range. 

Auto ranging 
Auto ranging is included in many of the functions, enhancing the ease 
of operation by automatically selecting a correct gate time to fill the 
display. Any frequency within the range of the 5301A, 5302A, 5304A. 
5307A and 5308A may be counted with the counter’s logic circuits au- 
tomatically selecting the correct gate time up to 1 second for maxi- 
mum resolution without exceeding the display range. In the 5302A 
and 5304A auto ranging is also provided for the Period Average func- 
tion to select the number of periods to  be averaged. The high per- 
formance 5308A Universal Counter provides autoranging in the Fre- 
quency, Period Average, Ratio, and Time Interval average modes, a 
first for counters in any price range. 

Time interval holdoff 
Time interval holdoff is a unique featurc UI LIIC J J W V ~  I 1111Li/LuuIItcI 

module. This feature allows you to add a fixed delay between the start 
of a time interval measurement and the enabling of the stop channel. 
Thus any electrical pulses or irregularities in a waveshape that occur 
between the desired trigger points can be ignored. Even the delay it- 
self can be measured with the 5304A. 
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iurations 

:y Measurement System For 
Sommunications 
where Portability 

ecording System For Volt- 
istance, and Frequency 
Copy For Visual Analysis 

quisition System For Mea- 
And Recording Of Data 

sn Of All Measurements 

High resolution 
High resolution at low frequencies is p 
module. This easy to use counter mak 
ment, inverts it and displays the result a 
ing the high resolution of a period meas 
a frequency measurement automaticall 
Digital and analog output 
Digital output is available in BCD fori 
frame) or ASCII format via the HP I1 
5300B mainframe) to provide interfacir 
desktop calculators and other data p 
output for long term monitoring with 
vided by a digital to analog converter. 
generate hard copy results of any of the 
the 5300 modules. 
Battery pack 
A snap between battery pack provides 
go-anywhere measuring system for an: 
Serviceability 
Reliability and easy servicing have been 
the 5300 modules. The small number ( 

modular design techniques allows prc 
functional blocks. A check function is 
tional modules to allow immediate chel 
cuits from the front panel. A user orien 
available that provides plug-in cards u 
tines that allow the 5300 mainframes I 
Features like these make the net cost 
5300B Measuring System less than thz 

77 

High 
Resolution 
Reciprocal 

$ 305 pg 273 

$ 360 pg 274 

360 pg 276 
I 

Pg 276 

rovided by the 5307A counter 
es a period average measure- 
s a frequency, thereby provid- 
urement and the ease of use of 
Y. 

nat  (standard in 5300A main- 
iterface Bus (to be used with 
ig with digital printers or with 
rocessing equipment. Analog 

strip chart recorders is pro- 
rhis provides the capability to 
measurements made by any of 

a truly portable, light weight, 
y of the 5300 Systems. 

major design criteria for all of 
,f components and the use of 
,blems to be easily traced to 
i built into most of the func- 
cking of the basic counter cir- 
ted service support package is 
rith automatic diagnostic rou- 
to troubleshoot themselves. 
of owning either a 5300A or 
It of conventional counters. 



COUNTERS 
5300 A/B systems (cont.) 

SYUUA ana SYUOB measurement system 
mainframe 

The mainframe units provide the system with power, reference fre- 
quency, display, counting logic and timing control. 

The 5300A has a six digit, dot matrix display, standard time base, 
external time base input and BCD output as a standard rear panel out- 
put. The 5300B has an 8-digit 7-segment display, standard time base 
or optional TCXO time base, external time base input and no digital 
output from the mainframe. See mainframe/plug-on display chart 
below for number of display digits with a particular mainframe and 
plug-on combination. 

Time-base 
Standard crystal frequency: I O  MHz 
Stability: 

Aging rate: <3 Parts in 107/mo 
Temperature: < f 5  Parts in IO6, 0" to  50°C h 

Typically: < f 2  Parts in IO6, 15" to 40°C 
Line voltage: < f l  Part in IO7 for 10% Line Variation 

Oscillator output: I O  MHz, Approximately 1 V rms at  rear panel 
BNC, IO09 source impedance 
External input: 1 MHz to I O  MHz, 1 V rms into 2009 

Option 001: High stability time base (5300B Only) 
Frequency: I O  MHz 
Stability: 

Aging rate: <1.2 part in 106/year 
Temperature: <f5 parts in IO7, 0" to 50°C 
Line voltage: < f 5  parts in IO* for 10% line variation 

Oscillator output: 10 MHz, approximately 1 V rms at rear panel 
BNC, 2009 source impedance 
External input: 1 to I O  MHz, 1 V rms into 5000 

General 
Display: 6 Digit, Dot Matrix (5300A) or  8 Digit, 7 Segment Matrix 
(5300B) 
Solid state LED display (Gallium Arsenide Phosphide Light Emitting 
Diodes) including decimal point and annunciator units. 
Overflow: LED Light indicates when display range is exceeded. 
Display storage: Holds reading between samples 
Sample rate: Sample rate control adjusts the delay from the end of 
one measurement to  the start of a new measurement. Continuously 
variable from less than 50 msec to greater than 5 seconds. HOLD po- 
sition: display can be held indefinitely. Reset: Front panel pushbut- 
ton switch resets all registers and initiates new measurement. Reset 
input by contact closure to  ground or TTL type low level also avail- 
able on rear panel connector (5300A only). 
Operating temperature: 0" to 50°C 
Power requirements: 115 or  230 volts &IO%,  50 to  400 Hz, 25 VA 
maximum (depends on plug-on module). Mainframe power without 

plug-on nominal 
able battery pacl 
Digital output 
Digital serial, 4-1 
Code: 4-line I-:  
Decimal point: 
inserted at  corre, 
Print command 
Holdoff: Contac 
new measuremen 
Connector: 20-1 
IJN or  equivaler 
Parallel data ou 
specification. 
Note: Digital 01 

ASCII Module. 
Weight: Net 1.5 
Dimensions (wit 
160 rnm (6%"), I: 
Mainframe/plu! 
Plug-on 

5301A 
5302A 
5303B 
5304A 
5305A 
5306A (Frequenci 

(ACV, DC 
5307A 
5308A 
Accessories 
Digital Recorder 
output) See 1053: 
Service support 
and 4 diagnostic 
5300A or 53008, 
Leather carrying 
on module and f 
18019A. 
Rack mount kits, 
10851A Single 
10852A Double 
10853A Single/wi 
10854A Double/v 
Model number I 

53WA 6 digit mai 
5300B 8 digit mai 
OPT 001 TCXO (5300B only)' 



0 10MHz 
0 Auto ranging 
0 External gate 

0 50 MHz universal counter. 
0 Automatic or manual gate selectic 
0 100 nsec time interval resolution. 

)n. 

5301A 10 MHz frequent 
Input 
Range: 10 Hz to I O  MHz 
Sensitivity (min): 25 mV rms sin 
sine wave I O  Hz to I O  MHz; 15 
width, 50 ns. Sensitivity variable 
Impedance: 1 MR shunted by I 
Overload Protection: 500 V (dc 
10 V rms at I O  MHz. 
Trigger Level: Selectable positi7 
Frequency measurement 
Range: 10 Hz to I O  MHz 
Gate times: Manually selected 0 
selects gate time to  I second for 
Accuracy: f l  count f time ba 
Open/close (totalizing) 
Range: I O  MHz max count ratc 
External gate: Gate signal by COI 

General 
Check: Counts internal 10 MH. 
Operating temperature: 0” to 
Power requirements: Including 
Weight: Net, 0.9 kg (2 Ib); ship 
Dimensions: See Mainframe 
Price: 

10533A Recorder interfi 
The 10533A accessory providt 

measurement system mainframe 
corder such as the H P  5055A. Th 
sion from the 5300A serial data 01 
Output format: I O  parallel digil 
flow, 1 exponent and 1 exponent 
Code: 4-line 1-2-4-8 BCD; “ I ”  
Decimal point: Floating decimal 
rect digit position. Coded “1 I 11’  
wheels). Internal jumper wire rer 
mat if desired. 
Overflow: Coded “ I  11‘1” (“*”) I 
5300A overflow light is on. 
Exponent: fO, f 3 ,  f 6  corres] 
units. 
Print command Negative step, 
Inhibit inmt: +2.0 V or  hieher I 

cy counter module 

e wave 50 Hz to  1 MHz. 50 mV rms 
0 mV p-p pulse at  minimum pulse 
to  2.5 V rms. 
ess than 30 pF. + peak ac), 250 V rms, dc to  400 Hz, 

(e, negative, or zero volts 

. I ,  1, or  10 seconds AUTO position 
maximum resolution. 
se accuracy 

ntact closure to  ground or  TTL low. 

z reference frequency. 
50°C. 
: mainframe, nominally 8 watts. 
ping, 1.5 kg (3% Ib) 

$150 

ace specifications 
:s an interface between the 5300A 
and a standard parallel-input re- 

e interface module provides conver- 
itput to a standard parallel format. 
:s; 6 data, 1 decimal point, I over- 
. sign. 
state low, TTL levels. 
point automatically inserted at  cor- 
’ (“*” on standard HP 5055A print 
noves decimal point from data for- 

xinted in first printer column when 

ponding with 5300A measurement 

TTL levels. 
xevents the 5300A from recycling. 

rvD.TI ITC(UIITIIITII.3. dt 5 volts, provided by 5300A main- 
frame. 
Price: $155 

*For any wave shape, trigger error (ps)  is less than 
0.005 ps 

~ i g n a ~  Slope (v/ps) 

For period average this is less than 54.3% of one period + period average lor signals with 40 dB or better signal- 
lo-noise ratio 

5302A 50 MHr universal cou 
Input channels A and B 
Range: Channel A: I O  Hz to 50 MHz, C 
Sensitivity (min): 25 mV rms sine wave 
sine wave I O  Hz to I O  MHz. 100 mV rms I 
p-p pulse at  minimum pulse width, 50 ns 
rms. 
Impedance: 1 MR shunted by less thai 
Overload protection: 500 V (dc + peak I 

I O  V rms above 10 MHz. 
Trigger level: Selectable positive, negai 
Slope: Automatically switched to trigge 
tive pulse and negative slope for negativc 
nusoidal inputs. 
Marker outputs: Rear panel BNC, TTL 
Frequency 
Range: Channel A: I O  Hz to  50 MHz. 
channel B: 10 Hz to I O  MHz 
Gate times: Manually selected 0.1, 1, or  
selects gate time to  1 second for maximi 
Accuracy: f l  count f time base accui 
Time interval 
Range: 500 nsec to  1000 seconds 
Input: Channels A and B 
Resolution: 100 ns to 1 ms in decade s 
Accuracy: f l  count f time base ~ C C U I  

Period 
Range: 10 Hz to 1 MHz 
Input: Channel B 
Resolution: 100 ns to  1 ms in decade s 
Accuracy: f l  count f time base accui 
Period average 
Range: I O  Hz to I MHz 
Input: Channel B 
Periods averaged 1 to  IO3  automatic2 
Frequency counted: I O  MHz 
Accuracy: + I  count f time base accuj 
Ratio 
Display: F A/F times multiplier (N), N 
cade steps 
Range: Channel A: 10 Hz to I MHz, Ck 
Accuracy: f count of FB f trigger error 
Open/close (totalizing) 
Range: I O  MHz max 
Input: Channel B opening and closing of 
pushbutton switch. 
General 
Check Counts internal 10 MHz refere 
Operating temperature: 0” to 50°C 
Power requirements: Including mainfr 
Weight: Net, 0.9 kg (2 Ib); shipping, 1. 
Dimensions: See Mainframe 
Price: 

nter module 

hannel B: I O  Hz to I O  MHz 
50 Hz to  1 MHz. 50 mV rms 
;ine wave at 50 MHz. 150 mV 
, Sensitivity variable to 2.5 V 

1 30 pF. 
ac). 250 V rms, dc to  400 Hz, 

.ive, or  zero volts. 
r on positive slope for posi- 
t pulse. Positive slope for si- 

low level while gate is open. 

, prescaled by 10; 

10 seconds. AUTO position 
um resolution. 
racy 

.teps 
racy f trigger error* 

,teps 
racy f trigger error* 

illy selected. 

racy f trigger error* 

= I O  to  IO’, selectable in de- 

tannel B: 10 Hz to 10 MHz 
OfFA* 

‘gate initiated by front panel 

nce frequency. 

‘ame, nominally I O  watts 
5 kg (3’/4 Ib) 

$305 



P m  
i ELECTRONIC COUNTERS 

5300A/B System (cont.) 

0 CW or burst to 525 MHz 
Automatic gain control and fused input 
FCC type approved 

5303s Frequency counter module 
This counter module was especially designed for servicing and cali- 

brating mobile communications equipment and AM & FM broad- 
cast equipment. An automatic gain control (AGC) amplifier has been 
provided on the 80 MHz channel. This provides ease of use by com- 
pensating for input level variations and rejecting noise up to 50% of 
the peak-to-peak level oE the input signal. The front end circuitry of 
the 525 MHz channel is fuse protected against high input signal levels 
that would normally cause expensive frontend damage. The addition 
of the battery pack makes this an ideal portable instrument for the lab 
or the field. 
Input channel A (CW or burst) 
Range: D C  to 525 MHz, prescaled by 8 
Sensitivity (fixed): 

100 mV rms sine wave, dc to 500 MHz 
125 mV rms sine wave, 500 MHz to 525 MHz 

Signal must pass through zero. 
Impedance: 500 
Overload protection: 5 V rms (input circuitry fuse protected) 
Input channel B (CW or burst) 
Range: 50 Hz to 80 MHz, direct 
Sensitivity (automatic): 

25 mV rms sine wave, 100 Hz to 50 MHz 
50 mV rms sine wave, 50 Hz to 100 Hz and 50 MHz to 80 MHz 

Sensitivity is adjusted automatically by AGC (automatic gain con- 
trol). 
Effective up to  input clipping level of I O  V p-p. 
Impedance: 1 MR shunted by less than 40 p F  
Overload protection: 250 V rms, 50 Hz to 10 KHz declining to I O  V 
rms above I O  MHz 
Frequency measurement 
Resolution: (selectable): 1, 10, 100, IO00 Hz 
Accuracy: f l  digit f time base accuracy 
General 
Check: counts internal I O  MHz reference frequency. 
Overflow: light indicates display exceeded. 
Operating temperature: 0" to 50°C 
Power requirements: including mainframe, nominally I O  watts 
Weight: Net 0.9 kg (2 Ib) Shipping, 1.5 kg (3% Ib) 
Dimensions: see mainframe. 
Frica: $825 
Option 001: High stability time base (for use with 5300A) 
Frequency: 10 MHz 
Stability: 

Aging rate: <1.2 part in 106/year 
Temperature: < f 5  parts in IO7, 0" to  50°C 
Line voltage: < f 5  parts in 108 for 10% line variation 

Oscillator output: I O  MHz, approximately 1 V rms at  rear panel 
BNC. 200R source impedance 
External input: 1 to  10 MHz, 1 V rms into 5000 
Price: $180 
*For any waveshape. trigger error IS less than 

**Trigger error is less than -to.% of one period i periods averaged for 40 dB or better signal-to-noise ratio. 

0J3435 ps 
Signal Slope (V/ ps) 

Matched input amplifiers 
Time interval hold-off 
100 nsec time interval resolution 

5304A Timerkounter module 
Input channels A and E 
Range: DC coupled; 0 to 10 MHz, AC coupled; 100 Hz to I O  MHz 
Sensitivity (min): 25 mV rrns sine wave to  1 MHz, 50 mV rms sine 
wave to 10 MHz, 150 mV p-p pulse at  minimum pulse width, 40 nsec. 
Sensitivity can be decreased by 10 or 100 times using ATTENU- 
ATOR switch. 
Impedance: 1 MR shunted by less than 30 pF. 
Overload protection: 250 V rms on XI0  and XI00 attenuator set- 
tings. On X I  attenuator setting 120 V rms up to I kHz, decreasing to 
I O  V rms at  10 MHz. 
Trigger level: PRESET position centers triggering about 0 volts, or 
continuously variable over the range of -1 V to + I  V times attenu- 
ator setting. 
Slope: Independent selection of triggering on positive or negative 
slope. 
Channel inputs. Common or separate lines. 
Gate output: Rear panel BNC. TTL low level while gate is open. 
Time interval 
Range: 500 ns to IO4 sec 
Input: Channels A and B; can be common or separate. 
Resolution: 100 ns to 10 ms in decade steps. 
Accuracy: f l  count f time base accuracy f trigger error* 
Time interval holdoff Front panel concentric knob which inserts 
variable delay of approximately 100 ps to 100 ms between START 
(channel A) and enabling of STOP (channel B); may be disabled. Elec- 
trical inputs during delay time are ignored. Delay may be digitally 
measured in CHECK and TIME INTERVAL positions. Delay out- 
put: rear panel BNC. TTL low level during delay time. 
Period average 
Range: I O  Hz to 1 MHz 
Input: Channel A 
Period averaged: 1 to  10' automatically selectec 
Frequency counted: 10 MHz 
Accuracy: * I  count f time base accuracy f tr  
Frequency 
Range: 0 to 10 MHz 
Input: Channel A 
Gate times: Manually selected 0.1, 1, or I O  seconds. AUTO position 
selects gate time to  1 second for maximum resolution. 
Accuracy: f l  count f time base accuracy 
Open/close (totalizing) 
Range: I O  MHz max 
Input: Channel A Opening and closing of gate initiated by front panel 
pushbutton switch. 
General 
Check Inserts internal 10 MHz reference frequency into channels A 
and B. 
Operating temperature: 0" to 50°C 
Power requirements: Including mainframe, nominally I O  watts. 
Weight: Net, 0.9 kg (2 Ib); shipping, 1.5 kg (3% Ib). 
Dimensions: See mainframe 
price: $360 



0 1100 MHz 
0 25 mV rms sensitivity 

Fusedinput 

5305A 1100 MHz frequency cour 
Input channel A (CW or burst) 
Range: 70 MHz to 1100 MHz, prescaled by 
Sensitivity: 

I O  mV to 500 MHz 
25 mV to 1100 MHz 

Signal must pass through zero. 
Sensitivity can be varied continuously up to 5 V 
sitivity control. 
Sensitivity can be set automatically by use of P 
Control) mode. Counter automatically transfer 
ever amplifier is over driven, for added amplific 
of control, lights front panel indicator. 
Overload protection: 5 V rms (Input circuitr 
is located in BNC connector, accessible from 

Input channel B (CW or burst) 
Range: 50 Hz to 80 MHz Direct 
Sensitivity AGC (automatic gain control): 

25 mV rms sine wave, 100 H z  to 50 MHz 
50 mV rrns sine wave, 50 Hz to 100 Hz and 

Sensitivity is adjusted automatically by AGC. 
Effective up to input clipping level of 10 V p 
Impedance: 1 mR shunted by less than 40 p 
Overload protection: 250 V rms 50 Hz to I O  1 
rms above 10 MHz 
Frequency measurement 
Resolution (selectable): 

.1, I ,  10, 100, 1000, 10000 Hz correspondi 
0.001, 0.0001 Sec Gate Times on the 80 MHz 
1.6, 0.16, 0.016, 0.0016 Sec Gate Times on thc 
Accuracy: f l  digit f time base accuracy 
Display: Hz, kHz, MHz with pasitioned deci 
General 
CHECK: Counts internal I O  MHz Reference 
Operation temperature: 0" to 50°C 
Power requirements: AC operation: 115 or 2 
Hz through 5300A or 5300B mainframe (nom 
ing mainframe). 
Weight: Net, 1.3 kg (2% lb). Shipping, 1.8 ki 
Dimensions: See mainframe. 
Price: 
Option 001: High Stability Time Base (fc 
Frequency: I O  MHz 
Stability: 

Aging rate: <1.2 part in IO6/year 
Temperature: <f5 parts in IO7, 0" to 50" 
Line voltage: < f 5  parts in 108 for 10% lii 

Oscillator output: I O  MHz, approximately I 
BNC, 200R source impedance 
External input: 1 to 10 MHz, 1 V rms into 50 
base is also available in the 5300B mainframe 
other modules. 
Price: 

iter module 

16 

' rms by adjusting sen- 

LGC (Automatic Gain 
s to AGC mode when- 
:r protection. Transfer 

y fuse protected) Fuse 
front panel. 

DC volts, AC volts, ohms and frec quency 

5306A Digital multimeter/cob 
DC voltage 

I Range I Accuracy (60 days, 2 3 O C  f 5 O C ,  

I 1 o v  I &(0.03% of reading + 0.0034 
~~ 

l0OV 1 *(0.03% of reading + 0.0034 
1000 V I +(0.097% of reading + 0.034 

I I 

Temperature coefficient: f (0.002% o 
range/"C) 
Sample times: Normal: 0.5 sec, Fast: 
Input: Floating pair, I O  MQ resistance, 
Effective common mode rejection (1 
dB; 50 Hz or 60 Hz f0.1%: >80 dB 
Normal mode rejection: 50 Hz or 60 1 
Maximum input: High to Low: 1100 1 

Low to Guard f 2 0 0  V dc or peak a 
Guard to Ground: &500 V dc or 24( 

AC voltage 

I Range I Frequency I Accuracy (60 I I -11:: 40 Hz to 10 kHr I f(0.98% f(1,5% of 01 

f(0.98% 01 50 MHz to 80 MHz 

.P. 1000 V 40 Hz to 500 Hz f ( 1 . 5 %  of 
F 
kHz, declining to 10 V Temperature coefficient: 

1OV and lOOV range: *(.OS% of real 
lOOOV range: f (0 .5% of reading +.( 

Input Impedance: I O  MR shunted by 
Maximum input voltage: (See DC volt 
Effective common mode rejection (1 
dB; 50 Hz or 60 Hz f 0.1%: >50 d B  ' 
Ohms 

I Range I Accuracy (60 days, 2 3 O C ,  i 5 " C  

10 kHz to 100 kHz 
40 Hz to 500 Hz 

ng to 10, 1, 0.1, 0.01, 
Channel and 160, 16, 
: 1100 MHz Channel 

imal point - _. 

$1 100 

)r use with 5300A) 

inter module 

<80% RH) I Sensitivity 1 
L of range) 100 pv 

h of range) 
b of range) 10 mV 

f reading/"C + 0.0002% of 

3.05 sec 
all ranges 
kR imbalance): DC: >80 

Hz 10.1%:>50 dB 
I dc all ranges 

1 V rrns at 50 or 60 Hz 
IC 

days, 2 3 O C  f 5 O C ,  4 0 %  RH) I 

ding +.003% of range/"C) 
)03% of range/"(=) 
<75 p F  maximum 
.age specification) 
kR Imbalance); DC: >80 
10 V range) 

f(0.5% of reading + 0.003% 
&(0.5% of reading + 0.003% 
f(0.75% of reading + 0.003% 

Temperature coefficient: f(0.0002% c 
Current through unknown: 1 mA on I O  
range; I pA on I O  MR range 
Overload protection: 10 kR range; 240 
continuous (warning lamp indicates ov 
ranges; 240 V rms continuous 
Frequency 
Range: 40 Hz to 10 MHz 
Sensitivity (min): 50 mV rms to 1 MH 
Trigger level: Automatically adjusts to 
Overload protection: 1000 V rms. On 1 
40 H L  to 400 kHz, I O H  V Hz from 400 I 
Gate times: Normal: 1 sec, Fast: 0.1 
Accuracy: f l  count f time base ~ C C U I  
Power requirements: Including mainfr 
Weight: Net, 1.1 kg (2.3 lb). Shipping, 
Price: 

100 kR 
Frequency. 

130 V f IO%, 50 to 400 
inally I O  watts includ- 

C 
i e  variation 

V rms at rear panel 

On High stability time 
and can be used with 

$180 

, <80%RH) I Sensitivity I 
of range) 
of range) 
of range) 

If range/"C) 
kR range: lo( 

I 

1 pA on 100 kR 

-:- i d n  t i  --- V rms for I ~ M I .  ~ . t u  v 11115 

ervoltage) 100 kR, I O  MR 

z; 125 mV rms to I O  MHz 
40% of peak level of input 
0 V range: 240 V rrns from 
kHz to I O  MHz 
sec 
racy 
'ame, nominally 12 watts 
1.7 kg (3.6 lb) 

$465 



5300NB System (cont.) 

0 High resolution at low frequencies 
0 10 mV rms sensitivity 
0 100 Hz and 10 kHz low pass filters 

5307A High resolution counter module 
5307A is a period average measuring, frequency indicating (recipro- 
cal) counter, that provides very high resolution measurements in a 
minimum of time: (Le. 60.0000 Hz in <V2 second). The CPM mode 
converts Hz to counts/minute. 
Input 
Range: Hz mode: 5 Hz to 2 MHz. CPM mode: 50 to  10M counts/ 
minute (0.8333 Hz to 166 kHz). 
Sensitivity (Min.): 

I O  mV rms 5 HZ - 1.2 MHz 120 CPM - I O  MCPM 
25 mV rrns 1.2 MHz - 2.0 MHz 

For low-duty cycle pulses (<15%). 
15 mV peak for 250 nsec pulses. 
100 mV peak for 100 nsec pulses. 
Basic sensitivity can be varied continuously up to 2.5 V rms by ad- 
justing sensitivity control. 

Attenuator: f I or + 100 effectively raises basic input sensitivity by a 
factor of 100 ( I O  mV+2.5 V to 1 V-250 V). 
Low pass filters: (3 dB Point) 

50 CPM - 120 CPM 

Pulses: 

100 Hz 10 kHz 
Max. Attenuation 60 dB 40 dB 
Roll-off 20 dB per Decade 

Impedance: 
No filters 
100 Hz filters 
I O  kHz filter 

I MQ shunted by <SO p F  
1 MQ shunted by series of 100 kQ and 0.015 pF 
1 MQ shunted by series of 100 kQ and 150 p F  

Coupling: AC coupled amplifier. 
Overload protection: 200 V rms below I O  kHz; 2 X IOb V Hz rms to 
0.4 MHz; 5 V rms above 0.4 MHz; 300 V rrns with t lOO attenuator 
Trigger level: Selected positive or negative for optimum triggering 
from sinusoidal inputs or f pulses. 
Frequency measurement 
Periods averaged Automatically selected for maximum resolution. 
Two periods are averaged for signals up to 100 Hz. Periods averaged 
increase decade for decade up to 200,000 periods averaged above 1 
MHz. 
Measurement time: Varies from 312 msec for a display of 170000 to 
8 I5 msec for a display of 999000. Hold-off adjustable from .35 psec to 
3.5 psec and I msec to I O  msec. 
Accuracy: f 3  X & trigger error** f time base error. 
Display: Hz mode: Hz and MHz with automatic decimal point. 
CPM mode: M with automatic decimal point. 
General 
Check Measures internal reference frequency. Displays I .OOOOO 
MHz in Hz mode, 100000 M in CPM mode. 
Operating temperature: 0" to  50°C 
Power requirements: including Mainframe, nominally IO watts. 
Weight: Net, 0.9 kg (2 Ib). Shipping, 1.5 kg (3% Ib). 
r . .. $360 

**For any wave shape, trigger error (ps) is less than 

For period average this is less than i0.3% o i  one period + periods averaged for signals with 40 dB or better s i8  
nal-to-noise ratio. 

*+3 X is due to reciprocation scheme and is wont case. o,oo5 ps 
Signal Slope (v/ps) 
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0 Expanded digital output 
0 ASCII format 

V 
R 

; in-be- 
It pro- 

he 5300 
ee con- 
,lay for 
on just 
n. Now 
iy func- 
Easy to 
5310A 

iitoring 
output 

digital 
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D phone 
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I Main- 
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$325 
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’.’ 5 3 1 2 A  ASCII INTERFACE 

5312A ASCII interface module 
The ASCII Interface Module snaps in between the 53008 and any 

plug-on module. It provides digital Output capability via the H P  In- 
terface Bus. This is an easy to implement method of interfacing any 
5300 system that utilizes the 8-digit 5300B mainframe with any HPIB 
compatible printer. 

The 5312A outputs fifteen bits of information in the following for- 

D D D D D D E f O  

Possible Positions or 
Decimal Point 

3 
6 

i 
Exponent 

Digit, Blank, or Minus Sign as Required l 1  Annunciators (Hz, SEC, VOLTS, RESISTANCE) 
Overflow indicator 

General 
Sample rate: Controlled by mainframe front panel control or by set- 
ting rate of reset command (when in listening mode, counter can be 
reset by sending “initialize” command). 
Transfer time: 20 Milliseconds 
Transfer rate: Maximum of 40 reading/Sec depending on capabili- 
ties of plug-on. 
Indicator lights: Indicates if instrument is in Talk or Listen Modes. 
Self test mode: Checks functioning of basic interface. 

. . . . . . . .  1:;: 
L .  

.) ..... I::y ..:: . . . . . . . .  

... .,: .. ,... ,:,,: lk: k:!.::, !.’ 1:::. 

Samples of digital output from 5300 measuring system utilizing the 
5312A ASCII interface and the 5150A thermal printer. Note the indi- 
cation of function, decimal position, exponent and overflow when re- 
quired. 
Programmability: Front panel controls are not programmable 
Note: The 5312A is not compatible with the 5300A mainframe which 
contains its own BCD Digital Output. 
Price: $350 



5310A Battery pack module 
10548A Service support package Provides battery power to 5300A mainframe and snap on modules 

from rechargeable nickel-cadmium cells. 
The 5310A Battery Pack is easily inserted between the 5300A or  

5300B mainframe and any functional module, providing a truly port- 
able measurement system. Low voltage strobbed solid state displays 
and the MOS/LSI IC design of the mainframes make efficient battery 
operation possible. The front panel warning light indicates a low bat- 
tery condition. Any 5300 system with the battery inserted will auto- 
matically switch over to battery operation in the event of power fail- 
ure, providing extra reliability for unattended operation. Floating op- 
eration is also possible with the 5310A Battery Pack, thus avoiding 
ground loops. 
Battery capacity: 48 watt-hours, nominal. Minimum 3, typically 5 
hours of continuous operation at charging and operating temperature 
(20" to 30°C). 
Recharging time: 18 hours from minimum level (indicated bv Low 
Voltage Indicator) to full charge. 
Battery voltage: 12 Vdc 
Low voltage indicator: Solid stat, 
approximately 90% discharge. 
Line failure protection: Allows instrument to be operated in LINE 
position with automatic switch-over to battery power if line voltage 
fails. Batteries receive trickle charge in LINE position to maintain 
charge. 
Operating temperature: Operating: 0" to 50°C. Charging: 0" to 
4 0 T ,  mainframe not operating. 
Power requirements: Charging power via mainframe, nominal 7.5 
watts 
Weight: Net: 2.3 kg (5 Ib). Shipping: 2.9 kg (6% Ib). 
Accessories furnished Shoulder carrying strap 
Dimensions: Battery pack plugs between 5300A or 5300B main- 
frames and any plug-on module. Increase height of instrument by 38.4 
mm (1.5 in.) 
Price: $245 

11096A High frequency probe 

10N8A Service support package 
The unique HP  10548A Service Kit provides an easy and efficient 

means of trouble shooting the 5300A or 5300B mainframes. The four 
diagnostic cards, shown in use above, contain 16 self running tests that 
locate problems to the component level. Complete diagnostic flow 
charts in the manuals provide further step by step procedures. When 
failures are diagnosed, repair is siml 
cessible by merely removing a single 
PC board. 
Price: 

11096A High frequc 10533A BCD Serial to parallel interface 

Allows the 5306A to m 
ments. This probe is used fbL ac. r v ~ ~ a g ~  uicaauicii iciim UI U.LJ VOIL LO 

30 volts over a frequency range of 100 kHz to 500 MHz with an ac- 
curacy of f5% from 100 kHz to 100 MHz and f7% to 500 MHL over 
IO" to 30°C. Three probe tip accessories are supplied to extend the 
probe's versatility. 
Price: $82 

e warning light begins to glow at 
. .  ~~ ~ 

ple. All components are easily ac- 
screw and snapping out the main 

$95 

ency probe 
ake high frequency ac voltage measure- -.- _ _  .,,it,.._ ___-.._---_ &- ..cn ?c . . - I .  .- 
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PRODUCT EXCELLENCE 
WITH LASTING VALUE 

Your assurance of lasting value gc- 
companies every Hewlett-Packard prod- 
uct. We intend to continue our long- 
standing practice of offering you excel- 
lent products, supported by a wide vari- 
ety of useful services both before and af- 
ter the sale. 

HP design technology 
Our responsibility to you begins with 

product designs which apply advanced 
technologies, often pioneered at HP  
through our extensive ongoing research 
activities. Many of today’s commonly- 
accepted measurement standards and 
practices began with the design of inno- 
vative HP products. 

Important as advanced technology is, 
it is not the only design consideration, 
however. Among other design contri- 
butions to an HP  product’s lasting value 
are its “manufacturability” and (espe- 
cially important after you purchase that 
product) its “serviceability”. 

HP manufacturing 
HP product designers are closely at- 

tuned to the practical aspects of prod- 
uct manufacture. This emphasis on 
modern manufacturing technology, cou- 
pled with superior w( 
high productivity, ult 
high-value HP product 
petitive prices. In addi 
facturing facilities cont 
timate serviceability of 
purchase by furnishing 
and well-written opera 
instructions. 

Today, Hewlett-Pack 
uct-responsible manufa 
located in California, C 
New Jersey, Oregon, P 
Massachusetts in the U 
in Scotland, the Germ 

Irkmanship and 
imately delivers 
s to you at com- 
tion, HP manu- 
ribute to the ul- 
the products you 
: you with clear 
ting and service 

ard has 27 prod- 
cturing facilities 
:olorado, Idaho, 
‘ennsylvania and 
1.S. - as well as 
Ian Federal Re- 

public, France, Japan, Singapore and 
Malaysia. 

HP product serviceability 
Serviceability can mean many things. 

In the broadest sense, it means getting 
full utilization and value from your pur- 
chase, and this is one of HP‘s principle 
objectives in serving you. 

In other ways, it can mean having a 
product that is easy to understand and 
operate - as well as one that works 
under a variety of adverse conditions 
and can be depended upon to perform as 
expected for years to come. As a practi- 
cal matter, it also means having a prod- 
uct fully backed by a reputable firm so 
that subsequent maintenance, repairs 
and parts are readily available. Hew- 
lett-Packard’s worldwide service organ- 
ization helps you receive full and con- 
tinuing value from your HP purchase, 
wherever you are located. 

HP SALES AND SEhVICE: 
NEARBY.. AND WORLDWIDE 

The previously mentioned product ex- 
cellence and value are only part of the 
total HP story. Equally important to 
you is the ready availability of local sales 
and service support. 

To be responsive to your needs and 
those of other customers, Hewlett-Pack- 
ard has over 3,000 sales and service 
engineers and other technical personnel 
located in more than 172 offices in 65 
countries. This means that a signifi- 
cantly high percentage (more than 10%) 
of our world-wide total number of em- 
ployees are specifically and directfy avail- 
able to you and other H P  customers for 
pre-and-post sale technical support. 

To locate the HP Sales and Service 
Office nearest you, please see the com- 
plete listing inside the back cover of this 
catalog. 



FREQUENCY AND TIME STANDARDS 
General information 

Standard 

Cesium Atomic Beam Resona- 
tor Controlled Oscillator. 

Rubidium Gas Cell Resonator 
Controlled Oscillator. 

Hewlett-Packard offers Frequency Stan- 
dards and clocks which provide accurate fre- 
quency, time interval and timekeeping capa- 
bilities. Further, Hewlett-Packard standards 
provide means for comparing these quanti- 
ties against national standards such as the 
National Bureau of Standards (NBS) and the 
U.S. Naval Observatory. Units of frequency 
or time cannot be kept in a vault for ready 
reference. They must be generated for each 
use, hence be regularly compared against rec- 
ognized primary standards. 

Frequency Standard and clock systems 
manufactured by Hewlett-Packard are used 
for control and calibration at observatories, 
national centers for measurement standards, 
physical research laboratories, missile and 
satellite tracking stations, communication 
systems, radio navigation systems, manufac- 
turing plants and radio monitoring and trans- 
mitting stations. 

Types of frequency standards 
At the present time, three types of fre- 

quency standards are in common use. These 
are: 

1. The cesium atomic beam controlled os- 
cillator. 

2. The rubidium gas cell controlled oscilla- 
tor, and 

3. The quartz crystal oscillator. 
Hewlett-Packard is the only manufacturer 

of all three types of frequency standards. Of 
these three standards, the first is a primary 
frequency standard and the last two are sec- 
ondary frequency standards. The distinction 
between a primary standard and a secondary 
standard is that the primary standard does 
not require any other reference for calibra- 
tion; whereas the secondary standard re- 
quires calibrations both during manufactur- 
ing and at  intervals during use depending on 
the accuracy desired. 

Cesium beam frequency standard 
Cesium beam standards are in use wher- 

ever the goal is a very high accuracy primary 
frequency standard. In fact, the NBS fre- 
quency standard itself is of the cesium beam 
type. The cesium beam standard is an atomic 
resonance device which provides access to 
one of nature’s invariant frequencies in ac- 
cord with the principles of quantum me- 
chanics. The cesium standard is a true pri- 
mary standard and requires no other refer- 
ence for calibration. 

The H P  Model 5061A and the new 5062C 
are portable cesium beam standards proved 
capable of realizing the cesium transition fre- 
quency to the same levels of accuracy and 

Principal construction feature Principal advantage 

Atomic beam interaction with High intrinsic reproducibility 
fields-minimum disturbances of and long-term stability. Desig- 
resonating atoms due to colli- nated as primary standard for 
sions and extraneous influ- definition of time interval. 
ences. 

Gas buffered resonance cell Compact and light weight. High 
with optically pumped state se- 
lection. 

degree of short-term stability. 

TABLE 1 Comparison of Frequency Standards 

Quartz Crystal Oscillator. Piezoelectrically active quartz Very compact, light and rug- 
crystal with electronic stabili- 
zation. 

ged. Inexpensive. 

long term stability usually achieved by large- 
scale laboratory models. Recent beam tube 
improvements have made the short-term sta- 
bility comparable to that of the Rubidium 
Frequency Standard. With this improved 
performance cesium standards now have the 
capability of rapid measurement to high pre- 
cision along with the excellent long term sta- 
bility necessary for timekeeping. 

Rubidium frequency standard 
Rubidium frequency standards feature a 

high order of both short-term and long-term 
frequency stability. These are both impor- 
tant in certain fields such as deep-space com- 
munications, satellite ranging, and doppler 
radar. 

Rubidium standards are similar to cesium 
beam standards in that an atomic resonant 
element prevents drift of a quartz oscillator 
through a frequency lock loop. Yet the ru- 
bidium gas cell is dependent upon gas mix- 
ture and gas pressure in the cell, it must be 
calibrated and then it is subject to a small de- 
gree of drift. The drift is typically 100 times 
less than the best quartz crystal standard. 

Quartz crystal oscillators 
Quartz oscillators are used in virtually 

every frequency control application. They are 
an integral part of atomic standards and are 
used extensively as independent frequency 
sources for the less demanding applications. 
The quartz oscillator designs have improved 
over the years to provide a relatively low cost, 
small size source of frequency. 

However, an inherent characteristic of 
crystal oscillators is that their resonant fre- 
quency changes with time. After an initial 
aging period of a few days to a month, the 
rate of change of frequency or aging rate is 

almost constant. Over a long period the ac- 
cumulated drift could amount to a serious 
error, and periodic frequency checks are 
needed to maintain an accurate quartz crys- 
tal frequency standard. 
Stability 

Stability i s  specified in two ways, long term 
stability refers to slow changes in the average 
frequency with time due to secular changes in 
the resonator and is usually expressed as a 
ratio, Af/f for a given period of time. For 
quartz oscillators this is often termed “aging 
rate” and specified in “parts per day.” Ru- 
bidium standards being more stable are spe- 
cified in “parts per month.” On the other 
hand, Cesium Beam Standards are primary 
units with no systematic drift. Therefore, the 
frequency of these primary standards is guar- 
anteed to a specified accuracy. 

Short term stability refers to  changes in fre- 
quency over a time sufficiently short so that 
change in frequency due to long term effects 
is negligible. 

Short-term stability is usually specified as 
the rms average of a number of measure- 
ments each over a specified period of time. 
The longer the averaging time used, the more 
any deviation is obscured since the average 
must approach the mean or nominal output 
frequency in the long run. Hewlett-Packard 
specifies the short-term stability of its stan- 
dards in accordance with the definition de- 
veloped by the National Bureau of Stan- 
dards and others.* Measurements conform- 
ing to this definition can be easily made with 
available test equipment including the H P  
5360A Computing Counter. Figure 1 is a 
comparison of the short-term stability of 
various frequency standards. 
‘Statistics of Atomic Standards, D. Allen, Proceedings of IEEE. Feb 1966. 

page 221. 
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mines and keeps standard time for the United 
States. The Master Clock at  the Observa- 
tory, one of the world's most accurate clocks, 
is made up of an ensemble of more than a 
dozen Hewlett-Packard cesium beam fre- 
quency standards. The USNO directly con- 
trols the distribution of precise time and time 
interval (frequency) from Naval radio sta- 
tions, LORAN-C (operated by U.S. Coast 
Guard), Omega and Satellite Navigation Sys- 
tems. Hewlett-Packard portable cesium stan- 
dards, "flying clocks," are used to periodic- 
ally check the synchronization between these 
stations and the Master Clock. 

Hewlett-Paskard cesium beam standards 
are widely used to drive precision clocks be- 
cause of the extremely good long-term sta- 
bility and reliability of this primary stan- 
dard. I f  a quartz oscillator or other second- 
ary standard is used, it must be evaluated for 
rate of drift and be corrected periodically. 
Frequency comparison by VLF 
broadcast 

One excellent way to keep a local system's 
frequency-hence, time interval-referenced 
against master time interval is by use of a L F  
or VLF standard broadcast such as those of 
the National Bureau of Standards and the 
U.S. Navy. A prime means for doing this 
with ease and convenience is the H P  117A 
Receiver which is designed to monitor the 
NBS 60 kHz broadcast from WWVB. This 
unit is a complete system in itself. The strip 
chart produced by the 117A records minute 
by minute the results of a precision phase 
comparison (resolution, I ps) of the local sig- 
nal against the received signal to  show fre- 
quency offset or error of the local standard. 
Time scale 

The time interval of the atomic time scale is 
the International Second, defined in October 
1967 by the Thirteenth General Conference 
of Weight and Measures. Since January 1972 
the frequency offset between UTC and 
Atomic Time has been zero and the UTC 
time scale is kept in synchronism with the ro- 
tation of the earth to within f 0 . 7  second by 
step-time adjustments of exactly 1 second, 
when needed. The UTC signal is broadcast 
from the NBS station, WWVB (60 kHz) and 
several other stations throughout the world. 
The H P  117A VLF Receiver will provide di- 
rect comparison to this international time 
(frequency) reference. 
Standby power supplies 

Minimum down-time, important for any 
system, is vital to a time standard. Its worth 
depends directly on continuity of operation. 

Noninterrupted operation is also important 
to ultra-precise quartz oscillators. 

Hewlett-Packard standby power supplies 
ensure continued operation despite line in- 
terruptions, and operate over a range of ac 
line voltage to supply regulated dc to operate 
frequency standards and frequency dividers 
and clocks. The batteries in the supplies as- 
sume the full load immediately when ac 
power fails. 
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Figure 2. 5061A Phase Noise 

Hewlett-Packard time and frequency 
standard 

The Hewlett-Packard House Standard at  
the Santa Clara Division consists of an en- 
semble of four Hewlett-Packard Cesium 
Beam Standards including three H P  5061A's 
with Option 004 High Performance Tubes. 
The output is continually compared in phase 
with the U.S. National Bureau of Standards 
Frequency Standard (NBS FS) at  Boulder, 
Colorado by reception of NBS standards sta- 
tion WWVB via an H P  117A Receiver. The 
standard is also compared to the U.S. Naval 
Observatory Master Clock in Washington 
D.C. by means of LORAN-D and the 
USASTRATCOM Communication Satellite 
time intercomparisons. The frequency un- 
certainty of the standard is within a few parts 
in IO13 with respect to  the standards main- 
tained by the NBS and the USNO. 

Time is maintained relative to  the Naval 
Observatory and the National Bureau of 
Standards master clocks to an accuracy of 
better than f 2 . 5  microseconds. This accu- 
racy is verified with Flying Clock trips from 
the Naval Observatory to both Hewlett- 
Packard Santa Clara Division and Hewlett- 
Packard Geneva. Both locations have been 
designated U.S. Naval Observatory Time 
Reference Stations. 



FREQUENCY & TIME STANDARDS 
Atomic frequency standards 
Models 5061A, 5062C, 5065A 

Primary standard, 1 X 10 -I1 accuracy 
Proven re1 ia bl i I ity 
World-wide usage 

Option 004: Accuracy f 7 X 10 -I2 

0 Settability f 1 X 10 -13 

0 Short term 5 X 10 -'2 (1 sec avg) 

Introduction 
Hewlett-Packard Atomic Frequency Standards have become the 

world-wide standards for frequency and time keeping since the intro- 
duction of the 5060A Cesium Standard in 1964. With the introduc- 
tion of the 5062C the user now has a choice of four different fre- 
quency standards to satisfy a wide variety of applications: 

1) 5061A Cesium Beam Frequency Standard. This standard with an 
accuracy of f l  X IO-I I  was introduced in 1967 to  replace the 5060A. 
The high accuracy and excellent reliability of these units have gained 
world-wide acceptance of H P  frequency standards. 

2) 5061A with Option 004 High Performance Cesium Beam Tube. 
With the unique design features in this improved Cesium Beam Tube, 
the 5061A accuracy is f 7  X and short term stability is im- 
proved by a factor of IO. 

3) 5062C Cesium Beam Frequency Reference. This new unit with its 
small cesium beam tube is designed for system applications where a 
rugged primary standard is required. 

4) 5065A Rubidium Frequency Standard. This instrument features 
excellent long and short term stability performance at approximately 
one-half the cost of a cesium standard. 

These units are described in detail on the following pages and the 
specifications are combined in a table to  facilitate the comparison and 
selection of the best unit to suit the user's application. 

Principles of operation 
The basic block diagram of both cesium and rubidium standards is 

the same (see Figure 1). The output of the 5 MHz Crystal Oscillator is 

INTEGRATOR PHASE 
DETECTOR 

PREAMP 
A N D  ATOMIC 

RESONATOR TI lh lC"  n""D 

t 
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, ,.,.,, 
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!I ICONTROL 
I 4 

5 M H z  

OSCILLATOR 
PHASE MOD QUARTZ 

I 
- \- I - .  .. . .t , 

5 MHz 

L 
Figure 1. Block diagram of atomic frequency Sti andards. 

multiplied and synthesized to  the atomic resonance frequency (6834+ 
MHz for rubidium and 9192+ MHz for Cesium). This signal is phase 
modulated to sweep through the atomic resonance frequency causing 
the beam intensity in the cesium tube or transmitted light through the 

the rubidium cell to  vary. The output signal is amplified and through a 
phase detector controls the frequency of a low noise 5 MHz quartz 
crystal oscillator. This oscillator provides the 5 MHz output. Divid- 
ers produce 1 MHz and 100 kHz outputs. 

The invariant resonance frequency of the cesium atoms passing 
through the microwave cavity maintain the output frequency of the 
cesium standard constant to extremely high accuracy. The accuracy is 
in part a function of the microwave cavity length and is highest in the 
5061A with the long cavity of the high performance beam tube. 

In the rubidium standard a buffer gas is required to reduce colli- 
sions between the rubidium atoms in the gas cell and the resonant fre- 
quency varies slightly with pressure of the buffer gas. As a result, the 
rubidium standard has to  be calibrated and the frequency drifts slowly 
with time because of small changes in gas pressure and other effects 
within the rubidium cell and lamp. Offsetting this disadvantage are: 1) 
high signal-to-noise ratio of the rubidium cell output which results in 
excellent short term stability and; 2) a lower cost standard because of 
the simpler rubidium cell and associated electronics. 

Front panel controls and a circuit check meter for monitoring per- 
formance are protected by a panel door. Front panel lights indicate 
any interruption of continuous operation and that the crystal oscilla- 
tor is locked to the atomic resonance. 
Applications: Starting with their initial usage as reference standards 
in national laboratories the applications of H P  atomic standards have 
expanded to include use in operational systems such as the LORAN C 
and OMEGA navigation transmitters, satellite tracking and guidance 
stations, very long base line interferometers, navigation receivers 
based on direct distance measurement (LORAN Rho-Rho), geophys- 
ical survey positioning systems and communications systems. Precise 
timing for frequency control is required for some secure communica- 
tion systems and to improve efficiency of PCM and spread spectrum 
systems. 
Cesium standard accuracy: The cesium beam standard is a pri- 
mary frequency standard. A cesium beam tube carefully constructed 
along with the required supporting electronics will, when indepen- 
dently aligned, put out the correct frequency within very narrow lim- 
its. The frequency spread of the output for over 250 independently 
aligned 5061A standards with the standard beam tube is shown in Fig- 
ure 2. It can be seen from this data that the frequency perturbations in 
the standard beam tube are so small that all the units are within f 5  X 
10-12 of each other and of the NBS frequency. The one sigma stan- 
dard deviation iS I X 10-'2 between units. This performance is intrin- 
sic to the 5061A and is achieved without calibration. The absolute ac- 
curacy, intrinsic reproducibility and absence of any perceptible long- 
term drift or aging are important advantages of cesium standards and 
assure that the output frequency of a cesium standard is always within 
the specified accuracy. 
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and accuracy in the instrument which has become the worldwide stan- 
dard of frequency and time keeping since its introduction in 1967. Im- 
provements in magnetic shielding, ruggedization and environmental 
performance will permit improved performance and expansion of nav- 
igation and communication systems that have been made practical by 
the 5061A. 

The design concept of the high performance beam tube includes 
unique H P  designed dual beam optics with higher beam intensity to  
accomplish better short term stability and greater immunity to effects 
of shock and vibration. A 50 percent increase in resonance cavity 
length without change in the overall beam tube size contributes to bet- 
ter accuracy and settability because of the high Q of the narrower res- 
onant line width. This tube retains the unique cesium standard fea- 
ture of virtually no long term instability or aging. This new beam tube 
is offered as Option 004 in new instruments and is also available in a 
retrofit kit for units already in use. (Information on the 10653A/B/C 
Retrofit Kit is available from H P  Sales Offices.) 

The intrinsic accuracy is improved to  f 7  X 10-12 which provides an 
excellent reference standard without need of calibration. If desired, as 
in many timekeeping applications, two or more units may be cali- 
brated to determine the difference in rate or may be adjusted to the 
same frequency. With the improved settability specification of 1 X 
I O - ”  small changes in frequency are accomplished rapidly and accu- 
rately. A provision for degaussing the tube without adversely affect- 
ing the instrument operation allows removal of any residual magnetic 
field in the tube. This is important in achieving the settability perfor- 
mance. 

The short term stability specification is improved by a factor of ten 
with the new tube. The 5 X ( 1  sec avg.) performance compares 
very favorably with that of rubidium type standards which are noted 
for their excellent short term stability. An important advantage from 
the better short term stability is the capability to make measurements 
to I sigma precision of 1 X 10-’2 in about one minute compared to the 
two hours required previously. 
Reliability and warranty: The 5061A with the High Performance 
Tube has the same high reliability as the 5061A with the standard 
tube. The new high performance tube is warranted for 14 months 
(l0,OOO hours) and is designed to have the same long life as the stan- 
dard tube. 
10638A Degausser 

The 10638A Degausser is available as an accessory unit to degauss 
the high performance beam tube in the 5061A Cesium Standard. The 
degausser removes any residual magnetic field which could cause a 
small frequency offset by passing a gradually decreasing alternating 
signal through an auxiliary coil around the beam tube magnetic 
shields. 
E21-5061A Flying clock 

The E21-5061A consists of a 5061A Cesium Beam Standard with 
Option 001 Clock and a K02-5060A Power Supply joined together to  
make one portable unit. The power supply, which can be operated 
from 6 or 12 V dc, 24 to 30 V dc, or 115/230 V f IO%, 50 to 400 Hz, 
will provide approximately 7 hours standby power (from sealed 
nickel-cadmium batteries) for the 5061A Cesium Beam Standard. 

This wide range of operating power capabilities enables the E21- 
5061A to operate on local power in virtually any country in the world. 
Operation is approved aboard commercial aircraft. The seven hours 
of standby capability make it possible to travel where there is no 
power available and, of course, allow the E21-5061A to conveniently 
be transported between power sources and operated in almost any air 
or surface vehicle as a “flying clock” (see Hewlett-Packard Journal, 
August 1966 and December 1967). 

The Option 004 tube, because of the improved shielding, offers a 
significant increase in accuracy under the varying earth’s magnetic 
field conditions experienced by flying clocks and is a desirable addi- 
tion to the E21-5061A. In addition, the better short term stability per- 
mits more accurate and rapid comparison of standards. The Option 
002 Battery may also be added to increase standby capability. 
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FREQUENCY & TIME STANDARDS 
Atomic frequency standards 
Models 5061A, 5062C, 5065A (cont.) 

Primary frequencyltime reference 
Fast warm-up 
Rugged, reliable 

5062C 

5062C Cesium beam frequency reference (New) 
The Model 5062C Cesium Beam Frequency Reference is a rugged 

and compact precision oscillator designed for use in surface and air- 
borne systems such as shipboard navigatioh systems and air transport 
communications systems. The unit is a self-contained primary stan- 
dard with the frequency controlled by a cesium beam tube resonator. 
Features important for system operation are the expanded operating 
temperature range (-28'C to +65"C), 20-minute warm-up, fre- 
quency accuracy of within f 3  parts in 10" (including temperature and 
DC magnetic field effects) with negligible long-term drift and no need 
for calibration. 

The basic design of the Model 5062C is patterned after that of the 
Hewlett-Packard Model 5060A and the 5061A Cesium Beam Clocks, 
but this rugged unit is 25% smaller in size. Yet, space is provided for 
an optional clock and standby batteries. Other features such as spe- 
cial output frequencies or a time code generator may be added. This 
reduction in size has been accomplished by using a newly developed, 
smaller and more rugged cesium beam tube and more compact elec- 
tronics. Particular attention has been glven to the temperature, shock 
and vibration encountered in system applications, and the resulting 
rugged design assures stable operation under the various combina- 
tions of environmental effects encountered. 
Reliability: The unit incorporates conservatively designed circuits to  
insure reliability. Similar designs in the 5061A Cesium Beam Stan- 
dard have demonstrated mean time between failures (MTBF) in ex- 
cess of 20,000 hours in laboratory environments. Ease of mainte- 
nance features such as plug-in circuit cards, key test points and acces- 
sible controls minimize the unit's mean time to repair (MTTR) in the 
event of a failure. 
Options: The design of the 5062C includes space for several optional 
features. A solid-state digital readout clock with a 1 pps output is 
available as Option 001. Its output will automatically sync to within 
0.5 microseconds of an external sync pulse. A variable phase control 
advances the output in digital steps over a range of 1 second with a 
resolution of 100 nanoseconds. This option will meet the needs of pre- 
cision timekeeping applications. 

Option 002 standby battery consists of sealed gelled-electrolyte bat- 
tery cells which will allow operation independent of external power for 
periods up to  1 hour. 

- 

5065A Rubidium frequency standard 
The H P  Model 5065A is an atomic-type secondary frequency stan- 

dard which uses a rubidium vapor resonance cell as the stabilizing ele- 
ment. As a result, it has long term stability of better than I X 10-1' per 
month which exceeds that of high quality quartz oscillator frequency 
standards by 50 to 100 times. Furthermore, it has excellent short term 
stability. These features contribute to its desirability as a coherent sig- 
nal source, as a master oscillator for radio and radar systems where 
special requirements for stability and/or narrow bandwidth must be 
met, as a precision time keeper where the better performance of a ce- 
sium beam primary standard is not required, and as a house fre- 
quency standard for improved accuracy with fewer NBS calibrations 
compared to, that required with quartz standards. 

The magnetic field control provides fine frequency adjustment,with 
which the frequency can be set to a precision of better than 2 X I O - ' *  
without reference to a chart. 

The H P  Model 5065A is contained in a small sized package and is 
lightweight in comparison to  a cesium beam standard. The rubidium 
resonance cell is much more frequency stable than quartz oscillators 
while subjected to shock and vibration. Its environmental specifica- 
tions include temperature, shock, vibration, EMC, humidity and mag- 
netic field effects. 
Reliability and warranty: The most significant module in the H P  
5065A in terms of performance is the Rubidium Vapor Frequency 
Reference (RVFR). This temperature controlled, magnetically 
shielded unit includes the RBS7 gas cell,and a photo sensitive detector 
designed for maximum possible reliability. Field experience, includ- 
ing several million hours of operation, have demonstrated this relia- 
bility and the module is now warranted for a period of three years. 
This increased warranty protects the owner in the event of random 
failure.. 
E21-5065A Portable time standard 

E21-5065A Portable Time Standard is a complete system for preci- 
sion timekeeping and for tradsporting time from one location to  an- 
other. It consists of the 5065A Rubidium Standard with digital clock 
and divider (Option 001) and the K02-5060A Power Supply with 6 or 
more hours standby capability. The component units are held to- 
gether by side bars, and the interconnecting cables are protected by a 
back cover. 





*' ' FREQUENCY & TIME STANDARDS 

Instrument: 5061A Option 004 5061A 

<2 X 10-12for 
2 Gauss peak 

with isolators: MI L-T-21200 MIL-T-21200 

AC Magnetic Field: 50, 60 and 400 Hz f l O %  <2 X 10-12 for 
2 Gauss peak 

Vibration: MIL-STD-167 MIL-STD-167 

Atomic frequency standards 
Models 5061A, 5062C, 5065A (cant.) 

5062C 5065A 

<5 x 10-12 
1 G peak 

MIL-E-5400, Curve 1 

<2 x 10-12 for 
2 Gauss peak 

MIL-E-5400, Curve 1 
MIL-STD-167 MIL-STD-167 

MI L-T-21200, C. 1 MI L-E- 16400 

Shock: 

MIL-T-21200, C. l  

Option 001, Clock 

1 PPS Outputs: Master: Rear BNC 
Clock: Front & Rear BNC Front & Rear BNC Front & Rear BNC 

Amplitude: 

Width: 20 ps min ' 20 ps min 20 ps f 5 %  20 ps rnin 
Ricm Timw <50 ns <50 ns <20 ns <50 ns 

1 O V  peak into 5052 load 

<2 ps <2 ps <1 ps <2 ps - 
I <5 ns, rms <5 ns, rms <0.5 ns, rms <5 ns, rms 

Synchronization: Automatic, 10 f l ps Automatic, 10 f l  ps Auto. to within 
- 

. . .- . -  

delay delay f 5 0 0  ns - 
( 1 ps to 1 s 1 p s t o  1 s 0.1 ps to 1 s 

( 24-hr. sweep second 24-hr. sweep second Solid State Digital ~ 4 - n r  sweep secona 
- - 
- - 
- 

Caoacitv at 25°C with Ootion 001 Clock 

I Automatic, fast charge Switch 

30 Minutes 30 Minutes - - 
- 

EMC 

General 

MIL-STD-461, Notice 3, Class A 

One Hour 

JpIlUll UUA. MUU {Mbl Ub] 

002: Add (ACIDC) 

10 Minutes 

Iirnensions (H X W X D): Inches: 
mm: 

Neight: (lblkg) 
lpt ion 001: Add (Iblkg) 

nn3. A A A  / ihi lrn\  

Power: AC 50,60 or 400 Hz &lo%, 1151230 V fl( 

43 w 43 w 48 W 49 w 
D C  22 to 30 V 22 to 30 V 22 to 30 V 23 to 30 V 

27W 27 W 33 w 3 5 w  
1017.5 W 1017.5 W 1217 W 1017.5 W 
2214.5 W 2214.5 W 2513 W 610 W 

8% X 16% X 16% 
221 X 425 X 416 

y:-- nni. A A A  I I P / ~ P \  

- 
I 8% X 16% X 16% 

221 X 425 X 416 
5% x 19 x 21 
133 X 482 X 533 

5% X 16% X 16% 
133 X 425 X 416 - 

Y 70131.8 67130.5 50122.7 34115.4 
( 210.9 210.9 512.3 210.9 

""L. ""U \ '"I  "6, 512.3 512.3 1516.8 3.511.6 

... "" ..... ". 
Fall Time: 

~~~~~~ 

litter, pulse-to-pulse: 

:lock pulse adjustment range: 

:lock display: 

. I  

techarge, Fast/Float 

Front & Rear BNC 

Auto., 10 fl pS 
delay 

1 ps to 1 s 
... . 



FREQUENCY & TIME STANDARDS 
Quartz frequency standards 

Models 105A/B 

10-2 

10-1 

100 

High spectral purity 
0 Well-buffered outputs 
0 Aging <5 X 10-lo per day 

1.5 X 1.5 X 

1.5 X 1.5 X 

5 x 10-12 5 x 10-12 

1058 

Models 105A and B Quartz Oscillators provide state-of-the-art per- 
formance in precision frequency and time systems because of their ex- 
cellent long and short term stability characteristics, spectrally pure 
outputs, unexcelled reliability, and ability to  operate under a wide 
range of environmental conditions. They fill a need for a small and 
economical yet highly stable precision quartz oscillator for frequency 
and time standards. Both models can be operated from the ac line; the 
105B has a built-in 8-hour standby battery for uninterrupted opera- 
tion should line power fail. Both have 5 MHz, 1 MHz and 100 kHz 
buffered sinusoidal outputs with excellent short term stability (5 parts 
in 10'2 rms for 1 s averaging time) and aging rate (<5 parts in 1 O ' O  per 
davh 

The 105A/B features rapid warm-up. Typically, the oscillator will 
be within I part in lo9 of the previous frequency in 30 minutes after an 
"off" period of 24 hours. The basis of these oscillators is an extremely 
stable 5 MHz, 5th overtone quartz crystal developed by Hewlett-Pack- 
ard. New technologies in the crystal mounting and packaging have re- 
sulted in a cleaner crystal which in turn has a lower aging rate. The 
crystal, oscillator and A G C  circuit are all enclosed in a proportional 
oven which reduces the temperature effects on these components and 
circuits. 

The 68 mm X 68 mm X 137 mm (2.7" X 2.7" X 5.4")package con- 
taining the oven enclosed crystal oscillator with AGC circuit and buf- 
fer amplifier are available separately as a component oscillator, the 
K07-105A, for use in equipment where a high quality 5 MHz source is 
required. Details are available from Hewlett-Packard sales offices. 

Particular care was taken to  provide a spectrally pure 5 MHz out- 
put which, when multiplied high into the microwave region, provides 
signals with spectra only a few cycles wide. Spectra less than 1 Hz wide 
can be obtained in X-band (8.2 to  12.4 GHz). The stability and purity 
of the 5 MHz output make it suitable for doppler measurements, mi- 
crowave spectroscopy, and similar applications where the reference 
frequency must be multiplied by a large factor. 

Outputs: 5 MHz, I MHz, 100 kHz; 1 V rms into 50Q front and rear 
cnnnectors. 
Clock output: I MHz or 100 kHz; 0.5 V rms into 1 kR, rear connec- 
tor. Normally supplied wired for I MHz output. 
Frequency stability: 

Aging rate: <5  X 10-ln per 24 hours. 1058 $2470 



FREQUENCY & TIME STANDARDS 
Component oscillator 
Model 10544A 

Excellent spectral purity 
Low power 
Fast warm-up 

High reliability 
Rugged 
Compact 

The 10544A Quartz Crystal Oscillator was developed by Hewlett- 
Packard to meet the needs for compact, high stability oscillators for 
use in test equipment and systems. Its excellent short term stability 
and high spectral purity is especially desirable in applications where 
multiplication and synthesis are used to generate microwave frequen- 
cies. Rugged construction and high quality components assure high 
reliability and optimum performance. With the extremely low aging 
rate of this oscillator a significant cost savings can be realized by the 
end user because of the reduced frequency of calibration needed to 
stay within FCC accuracy requirements. 

The crystal for the oscillator is supported in a new rugged mount- 
ing in a cold-welded, high bake out enclosure. The housing around the 
crystal enclosure is massive with high thermal conductivity which con- 
tributes both to rapid warmup and excellent temperature stability. 
The oscillator, AGC amplifier and oven control circuits are all inside a 
thermally insulated oven. Rigid plastic foam with extremely low ther- 
mal conductivity is used to provide thermal insulation and firm me- 
chanical support for the oven enclosure. 

Low priced and compact, the 10544A uses an efficient thermistor 
control of the heater current duty cycle to maictain the oven tempera- 
ture. The oven heater may be operated over the range of 15 to 30 V 
while the oscillator and oven controller require a regulated 11.0 to 
13.5 V source. A simple external IC regulator may be used if the nec- 
essary voltage is not available. 

The 10544A is ideally suited for use in communication and naviga- 
tion systems, synthesizers, time-code generators, counters and spec- 
trum analyzers. The 10 MHz output frequency is a convenient start- 
ing point since it is easily divided or multiplied. 

A screwdriver adjustment through the top of the oven enclosure 
permits frequency adjustment over a range of 2 X (20 Hz), yet the 
control is sensitive enough to  allow adjustment to better than I X 
(0.01 Hz). Frequency can also be controlled electronically over a I Hz 
range with an externally applied voltage. 

Specifications 
Frequency:f1J I O  MHz 

output: 

Frequency stability: 

Voltage, rms: I V f20% 
Impedance, ohms: 1000 

aging rate!21 <5  X 10-l0/day 

Short term: 
avg. time: 1 s 1 X 

<1.5 X IO-'/year 

I O  s 1 x IO-" 
100 s 2 x IO-" 

Temperature: 

Load: < 5  x f250Q 
Warmup:") (25°C. at 20 V dc) <5  X in 20 min. 
Supply Voltage: (20-30 V dd4)) < 1  x 10-10, flO%!5) 
(11.0 - 13.5 V dc regulated) <5 X I O - I O ,  f l %  

Offset from carrier: 10 Hz 115 dB 
100 Hz 120 dB 

1 kHz 125 dB 
10 kHz 130 dB 

o to 7 1 0 ~ :  <7  x 10-9 
-55°C to +7I0C: <1.5 X 

SSB phase noise ratio (1 Hz bw): 

Distortion below rated output: Harmonic >25 dB; Nonharmonic 
>80 dB 
Frequency adjustment: 

Coarse (18-turn control): >2 x 10-6 
Fine (EFC): > I  x IO-' 

Connector: I5 pin PC Board 
Input power, 25OC: 2.75 watts 
Case size: 72 x 52 x 62 mm (2.8" x 2" x 2.4") 
Weight: 0.31 kg ( 1  I 02.) 
(1) Frequencies from 4.5 to 12 MHz available on special order. 
(2) For oscillator off.time less than 24 hours. 
(3) Final value is defined as frequency 24 hours after turn-on. With 15 V dc oven input, warm-up lime is 60 min- 

(4) 15-30 V dc. 0 to 71°C operating temperature. 
(5) A 10% voltage change will cause a frequency change of <1 x 10-8 for <2 min. 

10544A 10 MHz Component Oscillator 
Quantity discounts available. 

utes. 

$590 



FREQUENCY 81 TIME STANDARDS b,-v 

VLF comparator 
Model 117A 

0 Parts in 10" accuracy possible over 24 hour period 
0 Provides traceability to national standards 

Complete system for frequency comparison 

0 Offset and drift determinations for crystal oscillators 
0 Quick and easy checks of counter time-base accuracy 
0 Monitors atomic standards against national standard 

The H P  117A VLF Comparator measures the frequency offset of a 
local standard frequency source against a standard radio frequency to 
an accuracy that can reach 2 parts in IO" in a 24-hour period or parts 
in 10" over longer periods. The 117A receiver thus provides a link 
between house frequency standards and national standards. The 60 
kHz broadcast by WWVB links the Boulder, Colorado laboratories of 
the National Bureau of Standards (NBS) with the entire continental 
United States and adjacent areas in Canada and Mexico. 

The H88-117A is modified to receive the 60 kHz broadcast from 
MSF in Rugby, United Kingdom, providing a link to the standards 
maintained by the National Physical Laboratory. The H44-117A is 
designed to  receive the 75 kHz broadcasts of HBG in Prangins, Swit- 
zerland. 

The strip chart record of the H P  I17A provides a precision phase 
comparison to show frequency offset of the local standard permitting 
its calibration to parts in 1Olo in a few hours or long term monitoring 
to  measure oscillator drift rate. A transparent template overlayed on 
the recording enables the operator to  read at  a glance the frequency 
offset of his local standard. A front panel meter shows relative level of 
the received signal, proper adjustment of the phase-locked oscillator 
and phase difference. Full-scale chart width and meter reading can be 
set for either a 50 ps or 16% ps phase difference. (40 ps or 13% ps for 

Rear panel outputs provide for connection to  external meters or re- 
corders. An external recorder with a chart speed of several inches a 
minute can be used to record the amplitude modulated time code giv- 
ing time of day and UTI time corrections broadcast by WWVB. 

The VLF Comparator is a complete receiver system for compari- 
son of a standard broadcast signal with a local standard. It includes a 
servo-controlled oscillator which functions as a narrow band tracking 
filter (and assures a continuous output signal despite noise and inter- 
ference), a linear phase comparator with chart recorder and a loop an- 
tenna with a built-in preamplifier which may be located up to 300 
meters from the Comparator. The connecting cable also carries power 
to  the preamplifier. 

H44- I 17A). 

Specifications 
Received standard frequency: 60 kHz, NBS Station WWVB. 
Sensitivity: 1 pv rms into 5 O Q .  Minimum field strength, 60pv/meter. 
Local standard input: 100 kHz, 1 V rms into I KQ (divider to accept 
I MHz available as option). 
100 kHz Phase-locked output: 5 V rectangular positive pulses into 
5 KR. Phase-locked to received signal. 
Recorder outputs: Phase comparison, 0-1 mA dc into 1400R. Rela- 
tive signal strength, 0-100 mV dc from 2 KR. 
Overall phase stability: f 1 ps, 0-50°C. 
Chart speed: 1 in/hr. 
Temperature: Operating 0 to 50°C, Storage -50 to 75°C. 
Dimensions: 425 X 77 X 286 mm (3'7"" x 16%'' X 11%''). 
Weight: 117A: 9.1 kg (20 Ib); Antenna: 5.7 kg (12.5 Ib). 
Power: 115 or 230 V f IO%, 60 Hz, 40 watts. 
Accessories Price 
10509A Loop Antenna: Electrical height 1.6 cm, 43 in. 
(109 cm) in dia., mounts on I-in. pipethread. Operating 
temperature: -60°C to 80°C. (Available separately for 
use only with H P  117A, includes 10512A cable) 
10512A Coaxial Lead-In Cable: 5052 BNC Connectors, 
100 feet (30.5 m) long. Available in lengths to  300 m on 

Recorder Chart Paper: Box (six 30 ft rolls) (HP #9281- 
0081) $9.90 

$600 

special order $45 

Model number and name 
117A VLF Comparator: Supplied with one 10509A 
Loop Antenna, one 105 12A Coaxial Lead-In Cable (100 
ft), and one roll of Recorder Chart Paper 
H44-117A: 117A modified to receive HBG, 75 kHz, 
115/230 V, 50 Hz 
H88-117A: 117A modified to  receive MSF, 60 kHz, 
115/230 V, 50 Hz 

$2300 

add $515 

add $440 



FREQUENCY & TIME STANDARDS 
Distribution amplifier 
Model 5087A 

0 Versatile with 3 input and 12 output channels 
0 Low noise, high stability, and isolation 

The Hewlett-Packard Model 5087A Distribution Amplifier pro- 
vides the isolation and flexibility required fot distribution of the out- 
put of high quality frequency standards. Low distortion and excellent 
isolation make it ideal for providing multiple outputs from atomic or  
crystal frequency standards. The 3 input channels will accept 10 MHz, 
5 MHz, 1 MHz or  100 kHz in any combination with the number of 
outputs for each channel selectable up to a total of 12 outputs. The 
output levels are individually adjustable from 0 to 3 V rms. All input 
and output levels are monitored on a front panel meter. 

The Distribution Amplifier features plug-in modular construction, 
short circuit isolation, exceptional phase stability, low noise and cross- 
talk, and uninterrupted switchover to standby dc in event of ac power 
failure. 

The shielding around each input and output plug-in amplifier as- 
sures minimum noise and crosstalk. The tuned output amplifiers pro- 
vide clean signals and high channel-to-channel isolation. 

The instrument is designed for maximum versatility and can be sup- 
plied to meet a wide variety of special requirements. The standard 
configuration of input and output amplifiers is shown in Figure I .  

Several other commonly used Configurations are also available and 
special combinations of the various input and output modules can be 
supplied. Input and output amplifiers can be added or  the configura- 
tion easily changed at  any time. 

INPUT OUTPUT 
PREAMPS AMPLIFIERS 

Figure 1. 5087A Distribution Amplifier with Option 031, Standard 
Configuration input and output amplifiers. 

Specifications 
Inputs 
(up to three, rear panel BNC) 
Frequencies: I O  MHz, 5 MHz, 1 MHz or  100 kHz. 
Level: 0.3 to 3.0 V rms, 50 ohms. 

outputs 
(up to 12 rear panel BNC) 
Frequencies: I O  MHz, 5 MHz, 1 MHz or  100 kHz. 
Level: 0-3 V into 50 ohms (screwdriver adjustment). 
Harmonic distortion: >40 dB below rated output. 
Non-harmonic distortion: >80 dB below rated output. 

Isolation 
Load (open or  short on any other channel) 

Amplitude change: 0.1 percent 
Phasechange: <0.1 ns at 5 or  I O  MHz 

<0.5 ns at 1 MHz 
<5.0 ns at 100 kHz 

SSB phase noise (5 MHz): > 145 dB below signal in 1 Hz BW for 
frequencies > 1 kHz from carrier. 
Environmental 
Temperature: MIL-E-16400, Class 4. 

Operating: 0-50°C; storage: -62" to +75OC. 
Stability: 

Amplitude: f0.5 dB, 0" to 50°C. 
Phase: <0.1 ns/"C., 5 and I O  MHz. 

EMC: MIL-STD-461A. 
Humidity: 95% at 40°C. 
Vibration: MIL-STD-167. 
Altitude: Up to 30,000 ft. 
Shock: MIL-T-21200, Class 1 and MIL-E-5400 (30 Gs). 
General 
Power: 115 or  230 V f lo%, 48 to 440 Hz, 20 VA, max, or  22-30 V dc, 
500 milliamperes, max. 
Dimensions: 31Y321) X 16%" X 11%'' (88 X 425 X 286 mm). 
Weight: Typical, Option 031 - Net 7 kg (15 Ib). 
Normal configurations (input and output amplifiers) 
Option 031: 5, I and 0.1 MHz inputs and 4 outputs at 
each frequency $860 
Option 032: Single 5 MHz input and 12 outputs $800 
Option 033: Single I O  MHz input and 12 outputs $800 
Option 034: Single 5 MHz input, 4 each outputs at  5, I 
and 0.1 MHz $935 
Special configurations: 
Input preamplifiers (up to  3 total): 
Option 004: Input Preamplifier (0.1 to I O  MHz) $30 
Option 005: 5 to I MHz Input Divider $70 
Option 006: 1 to 0.1 MHz Input Divider $70 
Option 011: 5 to  I O  MHz Input Doubler $70 
Option 013: I O  to  5 MHz Input Divider $70 
Option 014: I O  to I MHz Input Divider $70 
Output amplifiers (up to 12 total): 
Option 001: 5 MHz Output Amplifier $70 
Option 002: 1 MHz Output Amplifier $70 
Option 003: 0.1 MHz Output Amplifier $70 
Option 012: I O  MHz Output Amplifier $70 
5087A Distribution Amplifier Mainframe $825 
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PULSE GENERATORS i 
I 

General information 

, 

Introduction 
The present range of professional pulse 

generators offered by Hewlett-Packard is the 
result of years of experience in the design and 
manufacture of such instruments. The range 
is divided into two: a series of dedicated pulse 
generators from simple to sophisticated, and 
a plug-in pulse generator system, the 1900 se- 
ries. 

The complete product line extends from 
the simplest, most economical model with a 
limited number of variable parameters to the 
most complex model with all variable pa- 
rameters, very fast transition times and a 
wide variety of output configurations. This 
enables a customer to choose a pulse genera- 
tor exactly suited to his needs and thus avoid 
having to pay for features he does not want. 
For very special combinations, the 1900 sys- 
tem with its 13 plug-in modules provides the 
customer with a tailor-made system. 

Logical design 
Experience gained in the design of instru- 

ment front panels has enabled Hewlett-Pack- 
ard to produce pulse generators with logical 
and simple front panel layouts that greatly 
improve ease of operation and minimize the 
risk of incompatible control settings. On 
many of the Hewlett-Packard pulse genera- 
tors the horizontal parameters are adjusted 
by horizontal controls and the vertical pa- 
rameters by vertical controls. In addition, 

compatible pulse settings are assured pro- 
vided that the pulse delay and width controls 
are either set to the left of the pulse period 
control or, if set vertically below the period 
control, that the delay and width verniers are 
set counter clockwise of the period vernier. 

50 ohm source impedance 
All Hewlett-Packard pulse generators have 

a 50 ohm source impedance; a feature which 
plays a very important part in producing 
clean output pulses. Signal reflections from 
the circuit under test are effectively absorbed 
by the 50 ohm source thus avoiding the re- 
flections that can occur with high impedance 
sources. The significant advances made by 
Hewlett-Packard in I.C. technology have 
made it possible to produce an almost per- 
fect 50 ohm source impedance in the model 
8082A. When used without an external ter- 
mination, 98% of all reflections are absorbed 
from signals up to 4 V amplitude. This is be- 
cause the 50 ohm source is deposited as a re- 
sistive pad on the substrate of the output am- 
plifier IC, thus producing a 50 ohm source of 
extremely low reactance. 

Independent parameters 
All variable pulse parameters on Hewlett- 

Packard pulse generators can be adjusted 
completely indepefidently of each other. This 
means that if, for example, pulse offset is 
varied, the amplitude is not affected and if 

transition times are varied, pulse width is not 
affected. In addition, all pulse parameters are 
completely specified including complete spec- 
ifications of pulse perturbations, thus the cus- 
tomer knows exactly what pulses tu except 
from his generator and can accurately mea- 
sure distortion caused by the circuit under 
test. 

Pulse stability 
A further feature is the extremely low jit- 

ter on all pulse timing parameters. This is 
very important when working with digital 
logic because it is essential that clock and 
data pulses maintain a fixed time relation- 
ship to each other to prevent incorrect strob- 
ing of gates, decoders, shift registers. 

Applications 
Hewlett-Packard has a pulse generator to 

fit every application, whether it requires very 
fast variable transition times, a high voltage 
output or a PRBS sequence. The following 
applications areas are typical. 

Digital logic applications 
The digital logic applications area is very 

large, covering logic families from MOS to 
ECLIII. MOS devices are being used in in- 
creasing quantities due to their low power 
consumption and high packing density. 
These devices require a phased clock system 
to drive them with voltages ranging from -27 
V (high threshold MOS) to +16 V (CMOS). 



Circuits using MOS devices can be tested 
using the 1915A output plug-in in a 1900 sys- 
tem (f50 V output) or the 8015A (up to 32 V 
with both channels combined). A further ad- 
vantage with the 8015A is the pulse burst op- 
tion which enables a preset number of pulses 
to be output for shift register testing. This 
pulse burst option is also available on the 
801 IA. 

At the other end of the digital logic range, 
ECL 111, with propagation delays of 1-2 ns, is 
the fastest logic family on the market at pres- 
ent. The 8082A, with variable transition 
times down to < 1 ns and a maximum repeti- 

Model No. 

tion rate of 250 MHz, is ideally suited to test- 
ing ECL 111. Alternatively, the 1420A output 
plug-in used in a 1900 system provides pulses 
with transition times of <350 ps. 

The 8016A word generator is ideally suited 
to testing LSI integrated circuits. With its 
variable word lengths from one 256 bit word 
to eight 32 bit words and the vatiable delay 
facility on each channel, the testing of LSI 
shift registers, encoders, decoders becomes 
simplicity itself. The 8016A can even be used 
as a replacement for a ROM enabling differ- 
ent bit patterns to be generated without hav- 
ing to change the ROM. 

Pulse generatori Word generators 

2141 I 800211 I 800411 I 80058 I 80078 1 80081 I 80101 I 80111 I 80128 I 80138 I 80151 I 80821 I 80061 I 80161 

Communications applications 
Another important applications area for 

Hewlett-Packard pulse generators is in test- 
ing both analog and digital communications 
systems. Communications links can be tested 
by transmitting bit patterns along the link 
using one word generator and checking the 
received pattern using a second word genera- 
tor; the 1930A formatting plug-in in the 1900 
system can be used in this application. 
Pseudo-random-binary sequences and vari- 
able length words are also used for commu- 
nications testing and can be provided by the 
8006A, 8016A, 1925A or 1930A. 

10 

f5110 

Dedicated pulse generators 
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PULSE GENERATORS 
High pulse power: 100 V, 200 W output 
Model 214A 

0 1 MHz repetition rate 
n-, ,kls nl nlcn mrrrln 

0 Wide amplitude range; 0.08V to 1OOV 
m I& ne trancitinn timac 

tor testing current-driven devices such as magnetic cores, as well as 
high-power modulators. The fast rise and fall times combined with 
high power output pulses facilitate checking switching time of high 
power semiconductors. The positive or  negative pulse output, with 
identical characteristics, provides a simple means of checking either 
npn or pnp type transistors. By gating the Model 214A output, a burst 
of pulses may be obtained for making computer logic measurements. 
The double pulse feature may also be used for pulse resolution tests of 
amplifiers and memory cores. Because of its ability to provide a 100 V 
amplitude output pulse, the 214A is ideally suited as a trigger source in 
high power applications where a poor signal-to-noise ratio is present. 

Source impedance is 50 ohms on all but the highest (100-volt) range, 
to  minimize errors caused by re-reflections when operating into un- 
matched loads. At lower output levels (down to 80 mV), the rise time is 
less than 13 ns (typically less than 10 ns). Carefully controlled pulse 
shape, pulse rate and width, and minimum pulse jitter ensure accu- 
rate and dependable test results. All characteristics of the pulse wave- 
form, including overshoot, preshoot, pulse droop, and pulse top vari- 
ations, are completely specified, and pulse irregularities are kept to  a 
minimum. 

An external trigger source of dc to 1 MHz can be used instead of the 
internal rate generator to produce the output pulses. Positive or nega- 
tive trigger signals of 0.5 volts peak may be used and trigger slope and 
level may be selected to determine the triggering point on the wave- 
form. A single pulse may be obtained from an internal circuit each 
time a manual button is pushed. Gating of pulses is easily achieved by 
applying an external signal and an output occurs only when the gat- 
ing signal reaches a positive 8 volt level. Three modes of pulse opera- 
tion allow: (1) setting of the output pulse to  occur from 0 to  10 ms be- 
fore (advance) the trigger output, (2) setting of the output pulse to 
occur from 0 to I O  ms after (delay) the trigger output, or (3) a double 
pulse output with variable spacing between the two pulses. 

Specifications 
Pulse characteristics 
Source impedance: 50 ohms on 50 V and lower ranges; approx. 
1500 ohms on the 100 V range. 
Transition times: < 13 ns on 20 V and lower ranges and the -50 V 
range, < 15 ns on the +50 V range; typically < I O  ns with the vernier 
set for maximum attenuation and typically 15 ns on the 100 V range. 
Pulse amplitude 100 V into 50 ohms. Attenuator provides 0.2 to  

oversnoot: <)YO, botn leaalng ana trailing eages (measurea on a JU 

MHz oscilloscope). 
Pulse top variation: <5%. 
Droop: <6%. 
Preshoot: <2%. 
Pulse widths: 50 ns to 10 ms in 5 decade ranges; continuously ad- 
justable vernier. 
Width jitter: <0.05% of pulse width + I  ns. 
Maximum duty cycle: 10% on 100 V and 50 V ranges; 25% on 20 V 
range; 50% on 10 V and lower ranges. 

Repetition rate and trigger 
Internal: 

Repetition rate: 10 Hz to 1 MHz (5 ranges), continuously adjust- 
able vernier. 
Rate jitter: <OS% of the period. 
Manual: pushbutton single pulse, 2 Hz maximum rate. 

Repetition rate: dc to 1 MHz. 
Sensitivity: <0.5 V peak. 
Slope: positive or  negative. 
Level: adjustable from -40 V to +40 V. 
Delay: delay between input trigger and leading edge of pulse is ap- 
proximately 250 ns in Pulse Advance mode (approx. 420 ns mini- 
mum in Pulse Delay mode). 

External gating: + 8  V signal gates pulse generator on. Maximum 
input, 40 V peak. 
Double pulse: 

External: 

Minimum Spacing: 1 ps on the 0.05 to 1 ps pulse width range and 
25% of upper limit of width range for all other ranges. 

Trigger output: 
Amplitude: > 10 volts open circuit. 
Source impedance: approximately 50 ohms. 
Width: 0.05 ps nominal. 
Polarity: positive or  negative. 

General 
Power: 115 or 230 V f lo%, 48 to 66 Hz, approx. 325 VA. 
Dimensions: 426 mm wide, 178 mm high, 467 mm deep (16%" X 7" 
x 18Y8"). 
Weight: net 15.8 kg (35 Ib); shipping 18.5 kg (41 Ib). 
214A Pulse generator $1400 
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PULSE GENERATORS ’ 

Economical 16 V output, pulse burst option 
Model 8011A 

0 Normal/complement switch 
Switchable 50 ohm source 
Square wave mode for rapid pulse set-up 

Specifications 
Pulse characteristics 
(50 ohm source and load impedances) 
Transition times: < I O  ns fixed. 
Overshoot, ringing and preshoot: <f5% of pulse amplitude. May 
increase to 10% at counter-clockwise positions of amplitude vernier. 
Pulse width: 25 ns to 100 ms in four ranges. Vernier provides con- 
tinuous adjustment within each range. 
Width jitter: <0.1% + 50 ps of any width setting. 
Maximum duty cycle: >50% (100% using pulse complement). 
Maximum output: 16 V, with internal 50 ohms and external high im- 
pedance or with internal high impedance and external 50 ohms. 8 V 
with 50 ohms source and load impedances. 
Attenuator: three step attenuator provides the ranges 0.25 V-1 V-4 V- 
16 V. Vernier provides continuous adjustment within each range. 
Source impedance: 0.25 V-l V-4 V ranges, 50 ohms f 10% shunted 
by 30 pF. 4 V-16 V range, 50 ohms f10% or high impedance, switch 
selectable. 
Polarity: positive, negative or symmetric 
Format: normal or complement switch s 
Repetition rate and trigger 
Repetition rate: 0.1 Hz to 20 MHz in 5 ranges. vernier proviaes con- 
tinuous adjustment within each range. 
Period jitter: <0.1% +50 ps of any period setting. 
Square wave: 0.05 Hz to  10 MHz. 
Trigger output: dc coupled 50 ohm (typ) source delivering 2+ 1 V 
across 50 ohm load (can increase to +5  
Trigger pulse width: 20 ns f 1 0  ns. 

Externally controlled operation 
External input: 

Input impedance: 50 ohms &IO%. 
Maximum input: f 5  V. 
Trigger polarity: positive. 
Sensitivity: I V. 
Manual: front panel pushbutton for generating single pulse. 

External triggering: 
Repetition rate: 0 to 20 MHz. In square wave, output frequency is 
half input frequency. 
Trigger source: manual or external signal. Min external signal 
width 10 ns. 
Pulse burst mode (option 001): preselected number of pulses 
generated on receipt of trigger. 
Burst trigger source: external signal or manual. Min external sig- 
nal width 25 ns. 

General 
Operating temperature range: O°C to 55°C 
Power: 100 V, 120 V, 220 V or 240 V, +5%, -lo%, 48 Hz to 440 Hz, 
70 VA max. 
Weight: net 4 kg (9 Ib), shipping 6.5 kg (14.6 Ib: 
Dimensions: 200 mm widex 142 mm highX 300 r 
5.6 in. X 11.8 in.). 
Accessories and options 
15179A Adapter frame: Rack mounting for two p 

Option 001: Pulse burst $300 
8011A Pulse Generator $500 

generators QOJ 

1. 
nm deep (7.9 in. X 

Price 
Nuke 
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PULSE GENERATOAS 
Simple operation, flexible output parameters 
Model 8002A & 8004A 

0 10 MHz repetition rate 
0 Variable transition times l0ns-2s 
0 Sawtooth/triangular/trapezoidal waveforms 

0 10 MHz reF 
0 1.5ns transi 
0 Double pul! 

8002A 80 

The 8002A is one of the cheapest variable transition time pulse gen- 
erators available. The other pulse parameters are also variable whlch 
enables the 8002A to  produce triangular, sawtooth and trapezoidal 
shapes as well as pulses and square waves. 

Either positive or  negative output signals can be selected; the source 
impedance is a constant 50Q. Output amplitude is continuously ad- 
justable from 0.02 to  5 volts and can be doubled by switching off the 
internal 50Q load. The output is protected against damage from a 
short circuit. 

The generator can be triggered externally with pulses of either po- 
larity. A trigger output signal is also available. 

Specifications 
Pulse characteristics (500 source and load impedance) 
Transition times: I O  ns to  2 s, 6 ranges, two verniers allow indepen- 
dent control of leading and trailing edges. 
Preshoot, overshoot, ringing: <5% of pulse amplitude. 
Non-linearity: for transitions >20 ns, <4% from 10%-90%. 
Amplitude: 5 V max. (10 V across 50Q if internal 50Q load switched 
out). Output short circuit protected. Seven step attenuator reduces 
output voltage to 0.05 V. 
Polarity: + or  - selectable. 
Pulse width: 30 ns to  3 s in 5 ranges. 
Maximum duty cycle: >90% from 0.3 Hz - 1 MHz. >50% from 1 

Delay: 18 ns or  35 ns fixed delay between trigger and pulse. 

Repetition rate and trigger 
Free running: 0.3 Hz to I O  MHz, 5 ranges. 
Manual: pushbutton for single pulse. 
Trigger input: sine waves 2 V p-p or  pulses f 1 V peak up to 10 MHz, 
2 1 5  ns wide. Impedance 1 kR dc coupled. f10 V max. 
External trigger delay: approximately 35 ns, leading edge of exter- 
nal input pulse to leading edge of trig. output puke. 
Trigger output pulse: >+2 V across 50Q, width 15 ns f 5  ns. 
Synchronous gating: -2 V to  -20 V signal turns generator “on”; 
last pulse completed even if gate ends during pulse. 
Input impedance: approximately 1 kQ, dc  coupled. 

MHz - I O  MHz. 

General 
,Power: 115 or 230 V +IO%,  -15%. 50 Hz - 400 Hz, 40 VA. 
Dimensions: 166 X 190 X 279 mm (6%” high, 7%“ wide, 11” deep). 
Weight: net 4 kg (9 Ib); shipping 5 kg (11 Ib). 

The 8004A generates pulses with extremely fast transition times. 
Both pulse width and delay are variable down to zero. A double pulse 
mode provides convenient test signals for logic and memory circuits 

and increases t 
vided and IS inueperiuerii UI p u i x  d l l l p l l l U U C  LUIILIUI~. A JU U I I I I I  

source ensures clean pulses for ECL propagation delay measure- 
ments. 

Specifications 
Pulse characteristics (500 source and load impedance) 
Transition times: < I 3  ns. 
Preshoot, overshoet, ringing: <5% of pulse amplitude. 
Amplitude: 5 V max. seven-step attenuator down to <0.02 V. 
Polarity: + or - selectable. 
DC offset: f 2  V across 50Q load; can be switched off. 
Pulse width 0 to 1 ms in six ranges. Adjustable in ranges. 
Maximum duty cycle: >50% from 100 Hz to  1 MHz; >25% from 1 
to I O  MHz. 
Width jitter: <0.1% on any width setting, plus 50 ps. 
Pulse delay: 0 - 1 ms (with respect to  trig. output) in 5 ranges. 
Delay jitter: <0.1% on any delay setting. 
Repetition rate and trigger 
Free running: 100 Hz to 10 MHz, five ranges. 
Period jitter: <O. 1%. 
Double pulse: increases max. rate to  20 MHz. 
External triggering: 0 to I O  MHz. 

Sensitivity: sine waves 2 V p-p; pulses 1 V peak, > I O  ns; maxi- 
mum input f10 V. Delay: approx. 125 ns trig. input to  trig. output 
(down to 35 ns with slide switch on board). 
Input impedance: approx. 1 kQ dc coupled. 

Manual: pushbutton for single pulse. 
Trigger output: ampl. >+2 V across 50Q, 15 ns f10 ns wide. 

Gating 
Synchronous gating: gating signal turns generator “on”. Last pulse 
is completed even if gate ends during pulse. 
Asynchronous gating: gating sigdal turns output pulse “on”. Trig- 
ger output always available; last pulse ends with gate. 
Gate input: -2 V to -20 V enabling. 
Input impedance: approx. 1 k R ,  dc coupled. 
General 
Power: 115 or  230 V, +lo%, -15%, 50 to 400 Hz, 35 VA. 
Weight: net 3.5 kg (7 Ib); shipping 4.5 kg (9 Ib). 
Dimensions: 197 mm wide X 165 mm high X 279 mm deep (7%” X 
6%” X 1 I”). 
Model number and name Price 
8002A Variable transitlcn time pulse generator $850 
8004A Pulse generator $1200 





PULSE GENERATORS 
Calibrated source of complex waveforms 
Model 8010A 

0 2 independent pulse generators in one 
0 Simulation of complex analog signals 

Independent timing for driving digital IC’s 
No waveshape degradation when channels combined 

The 8010A is the most versatile pulse generator in the range. This is 
because the 8010A is really two pulse generators in one, all pulse pa- 
rameters except repetition rate being generated separately for each 
channel. The two outputs can be used separately for digital logic ap- 
plications or can be combined (full I O  V output) at the output ampli- 
fiers to provide extremely complex waveforms for analog applica- 
tions. The repetition rate can be triggered separately for each channel 
thus enabling one channel to be controlled by the repetition rate gen- 
erator while the other is triggered externally. Variable parameters, 
high stability and accuracy, and fully calibrated verniers (except for 
offset) enable exact pulse settings to be repeated accurately and eas- 
ily. 

Pulse characteristics (with 500 load impedance) 
Transition times: sep. outputs: <10 ns to 1 s in eight ranges. Inde- 
pendent verniers control leading and trailing edge within each range 
up to a max. ratio of 1:lO. In A + B mode < I 2  ns to 1 s. With 10 V 
output <20 ns to 1 s. 
Accuracy: f10% of setting f 2 %  of full scale f 4  ns. 
Linearity: for transition time >30 ns, straight line deviation is <4% 
of pulse amplitude. 
Overshoot and ringing: <5% of pulse amplitude. 
Pulse width (A and B): <20 ns to 1 s eight ranges, continuous ad- 
justment within ranges. 
Accuracy: & I O %  of setting f 2 %  of full scale f4 ns. 
Maximum duty cycle: >80% for repetition rates from 1 Hz to 1 
MHz. >50% from 1 to 10 MHz. 
Width jitter: <0.1% on any width setting. 
Maximum output: 5 V sep., IO V combined (channel B). 
Attenuator: seven-step attenuator reduces output to 0.02 V. 
Accuracy: f10% of setting f2% of full scale. 
Source impedance: 50Q f10% shunted by typ. 20 pF. 
DC-offset: f 2  V across 50Q load; can be switched off. 
Pulse delay: (A and B) 50 ns to 1 s delay related to trig. output in 8 
ranges. Accuracy: f10% of setting, f 2 %  of full scale f 4  ns. Jitter: 
<0.1% of setting. 
Repetition rate and trigger 
Free running: 1 Hz - 10 MHz in seven ranges. 
Accuracy: 510% of setting f2% of full scale. 
Period jitter: <0.1% 

Specifications 
Figure 1. Channels A and B combined 

Square wave: 1 Hz - 10 MHz. Symmetrical to ground. 
Double pulse: channel A and B independently selectable. 

External triggering 
Rep. rate: 0 to 10 MHz. i 2 for square wave output. 
Trigger input: sine waves I V p-p. Pulses 0.5 V, 2 2 0  ns. 
Input impedance: 1.0 k 
Delay: approximately 30 ns trig. input to trig. output. 
Manual: pushbutton for single pulse. Sep. triggering for both chan- 
nels: spikes +2  V amplitude, >50 ns width. InDut inmedance 50R (in- 
puts on rear panel). 
Trigger output 
Amplitude: >+2 V across 50Q. 15 

Gating 
Synchronous: -2 V to -10 V sigi 
Asynchronous: -2 V to -10 V sigrw L U I I I ~  LIIG U U L ~ U L  ~ U I ~ C  “11.  

Trigger output always available. 

General 
Power: 115 or 230 V +IO%,  -15% 
Dimensions: 425 mm wide X 184 m 
7Y4” X 183/8”). 

8010A Pulse generator 

ns f10 ns. 50Q impedance. 

ial turns rate generator “on.” 
_ ^ I  r L -  ^ . . I _ . . +  -.. 1”- <*,... 9. 

, 50 to 400 HZ 200 VA. 
im high X 466 mm deep (l6)/4” X 

$2700 



PULSE GENERATORS 

Source 
impedance 

0 Variable transition times down to 5 ns 
0 f 1OV amplitude; selectable source impedance 
0 Ideal for testing TTL 

50 ohms flO% >50 ohms 
shunted by 
typically 
20 pF 

80128 

50 ohms f3% 
shunted by 
typically 
20 pF 

The 8012B and 8013B are at the top of their class for versatility, ease 
of operation and wide range of application. They provide the ideal so- 
lution to almost all digital logic testing problems with fixed 3.5 ns 
transition times on the 8013B and variable transition times down to 5 
ns on the 8012B. The well-composed layout of the front panel con- 
trols (horizontal controls for horizontal parameters, vertical controls 
for vertical parameters) enables output pulses to be set up quickly and 
accurately with minimum risk of incompatible settings. Both models 
feature normal and complement outputs and a switchable internal 50 
ohm source. 

Specifications 
Pulse characteristics 

>50 ohms 
shunted by 
typically 
20 pF 

separate control of both edges 
within ranges up to max. 
ratios of 100:l or 1:lOO. 

Parameter 

80138 

80128 / 80138 
Internal load IN I Internal load OUT 

Overshoot, 
ringing 
Maximum 
output 

Attenuator 

DC offset 

<f5% of pulse 
amplitude 
5 V across 50 ohms, 10 V 
across open circuit. cct. protection. 
Short cct. protection. 
4-step, reduces output 
to 0.2 v 
f 2 . 5  V across 50 ohms. 
Independent of 
amplitude settings. 

May increase to f10% when 
amplitude is between 0.4 V-4 V 
10 V across 50 ohms, Short 

4-step, reduces output 
to 0.4 V. 
DC offset switched off. 

Extremely flexible 50 MHz sources 
Models 8012B 81 80138 

0 Fixed 3.5 ns transition times 
0 1OV amplitude; selectable source impedance 
0 2 outputs 

80138 

Polarity: 8012B; positive or negative selectable, NORM/COMPL/ 
SYM selectable; 8013B, one positive + one negative channel, 
NORM/COMPL selectable. 
Pulse delay: <35 ns to  1 s (with respect to trigger output) in four 
ranges; vernier provides continuous adjustment within ranges. 
Delay jitter: <0.1% + 50 ps on any delay setting. 
Repetition rate and trigger 
I Hz to 50 MHz in four ranges, continuous adjustment within ranges. 
Period jitter: <0.1% + 50 ps on any rate setting. 
Square wave: 0.5 Hz to 25 MHz in four ranges. Duty cycle 50% f 5 %  
up to I MHz, tolerance increases to f 1 5 %  at 25 MHz. 
Trigger output: > + I  V across 50Q, 16 ns f10 ns wide. Suitable for 
triggering another 8012B/13B. 
External triggering 
0 to 50 MHz, for square wave output, frequency divided by factor 2. 
Trigger input: sine waves 1.5 V p-p (about zero) or pulses >0.8 V ei- 
ther polarity, >7 ns wide. Maximum input f 7  V. 
Impedance: 50Q f IO%, dc coupled. 
Delay: 25 ns f 8  ns leading edge trig. inpi-’ +A *A-  -*.+,..-* 
Manual: pushbutton for single pulse. 
Gating 
Synchronous gating: gating signal turns generator “on”. Last pulse 
is completed even if  the gate ends during pulse. 
Gate input: dc-coupled; voltage at  open connector approx. + I  .8 V. 
Shorting current 5 1 2  mA. Input impedance approx. 160R. 
Gate input signal: voltage >+ 1.5 V or resistor > 1 k R  to  ground en- 
ables rep. rate generator. Voltage < + O X  V or resistor < 160Q disa- 
bles rep. rate generator. Gate input TTL compatible. Maximum input 
f 5  v .  
External width and RZ 
External width output pulse width determined by width of drive 
input signal. Amplitude, transition times selectable. Trigger output in- 
dependent of external width input signal. RZ mode: external drive 
input switched to delay generator. Period determined by period of 
drive input signal. Delay, amplitude and width selectable. 
Input signal: >+ 1 V, >7 ns wide. Maximum f 5  V. Impedance 50Q, 
dc coupled. 
General 
Operating temperature range: 0°C to 55°C. 
Power: 100/120/220/240 V +5%, -lo%, 48 to  400 Hz, 100 VA max. 
Weight: Net, 4 kg (8.8 Ib). Shipping, 6.5 kg (14.6 Ib). 
Dimensions: 200 mm wide, 142 mm high, 330 mm deep (7.9” x 5.6” 
X 13“). 
Accessories: 15 179A Adapter Frame; rackmount for two units. 
Model number and name Price 
80128 Pulse generater $950 
8013B Pulse generator $750 
15 179A Adapter frame $85 



PULSE GENERATORS 
Versatile source, unique level controls 
Model 8015A 

50 MHz repetition rate 
0 2 output channels 

16 V amplitude and offset 

0 Counted burst option, 0-9999 pulses 
0 Ideal for MOS, TTL and analog applications 

Each control ergonomically designed 

The 8015A with its two outputs capable of 16 V each or 30 V com- 
bined, is compatible with all low threshold devices, including CMOS 
and N channel MOS. The 8015A has unique pulse level controls: each 
channel has two independent sliders, one for the pulse high level and 
one for the pulse low level. This feature, together with the logical lay- 
out of the front panel controls makes the 8015A extremely easy to op- 
erate. Each output also has its own source impedance switch (50 
ohms/] k 0 ) .  

Specifications 
Pulse characteristics 
Transition times: minimum to 0.5 s in four ranges (see table). Com- 
mon for leading and trailing edges within each range up to maximum 
ratios of 1OO:l or 1/100. 
Non-linearity: transitions > 30 ns: <5% of pulse amplitude. 
Overshoot and ringing: f 5 %  of pulse amplitude, possibly increas- 
ing <&lo% at minimum amplitude. 
Preshoot, droop: <5% of pulse amplitude. 
Pulse width: < I O  ns to 1 s in four ranges. 
Width jitter: <0.1% +50 ps for any width setting. 
Maximum output: f 1 6  V. 
Maximum duty cycle: >75% from 1 Hz to 1 MHz, decreasing to  
250% at 50 MHz. Square wave; 50% f 5 %  from 1 Hz to  1 MHz, 
f l 5 %  at 25 MHz. 
Pulse delay: 20 ns (+25 ns fixed) to  1 s, in four ranges. 
Delay jitter: <0.1% +50 ps for any delay setting. 
Repetition rate and trigger 
Repetition rate: 1 Hz to 50 MHz in four ranges (see table). 
Period jitter: <0.1% +50 ps for any rep. rate setting. 
Square wave: 0.5 Hz to 25 MHz. 
Double pulse: 25 MHz max. (simulates 50 MHz). 
B Delay: 20 MHz max. Channel B pulse delayed on channel A pulse 
by amount set on delay controls. 
Trigger output: dc coupled, 500 (typ.) source impedance, delivering 
1 1  V across 500 load. 9 ns f 5  ns width. 

Externally controlled operation 
External input: 500 & I O %  or 5000 &IO%, dc coupled. 
Maximum input: f 7  V (500 input), f 2 5  V (5000 input). 
Trigger polarity: positive or negative slope selectable. 

Threshold level: + 1 V to - 1 V (500 input impedance) or + 10 V to 
-10 V (5000 input impedance). 
Sensitivity: 500 input impedance, sinewaves 1 V p-p, pulses fO.5 V; 
5000 input impedance, sinewaves 10 V p-p, pulses f 5  V. 
Minimum pulse width: 5 ns in Ext. Trig., 20 ns in Burst mode. 
Manual button: push to  activate input. 
External triggering: manual or 0 to  50 MHz signals. <50 ns delay 
between trigger input and trigger output. 
External width: output pulse width and rate determined by width 
and rate of drive signal. 
Synchronous gating: gating signal turns on repetition rate. Last 
pulse completed even if gate ends during pulse. Max. repetition rate: 
40 MHz. 
Burst mode (optional): Trigger source: external or manual. Num- 
ber of pulses 1 to  9999. Repetition rate: 0 to 40 MHz. Minimum time 
between bursts: 200 ns. 

General 
Operating temperature range: 0°C to 55°C. 
Power: 100 V, 120 V, 220 V or 240 V, +5%, -IO%,  48 to 440 Hz. 180 
VA maximum. 
Weight: net 1 1  kg (24.26 Ib), shipping 12 kg (26.46 Ib). 
Dimensions: 426 mm wide, 145 mm high, 380 mm deep, (16% in. X 
5 ' % 6  in. X 15 in.). 
Accessories provided: rack mounting flanges, power cord and Op- 
erating and Service manual. 

Options: Price 
001: single channel version (deletes channel B) less $400 
0 0 2  pulse burst (adds preset counter, 0 to  9999) $500 
003: remote control (5 vernier, 4 amplitude, ' ----- 
inputs) 1 
004: direct output amplifier access (60 MHz, I 
offset) I 
005: extra TTL output, as output A, with fix 
014.7 V ) 
006: upper level tracking with ext. voltage, lox _ _  _ _  -. 
0 V. Tracking of clock/data pulses for CMOS with 
power supply. $150 
Options 001 and 002 exclude each other, as do 003 and 006 

8015A Pulse generator $2300 

Source/load Transition 
Impedance Times 

AsepB 500l500 *6 ns-0.5 s 

15 ns-0.5 s 

Upper Level lower Level V ~ J L L  I Current (VLL) 1:; Max Min 

+280 rnA to -320 rnA 16 V 2 V 320 rnA 40 rnA 

1+560 rnA to -640 rnA PV 30 V 2v I  4 V 640 rnA 80 rnA 

Max. Rep. 
Rate 

50 MHz 
40 MHz 

20 MHz 
20 MHz 

*6 ns at 8 V. may increase to 6.5 ns at 4 V. 



100 MHz repetition rate 
Variable transition times down to 2 ns. 

PULSE GENERATORS 
Clean waveshape, all parameters variable 

Model 8007B 

0 Extremely linear slopes 
0 Designed to drive TTL-S and commonly used ECL 

The 8007B is a very versatile pulse generator with variable transi- 
tion times as fast as 2 ns. 

The output can be set to positive or  negative polarity, complement 
or symmetrical to ground, square waves can be simulated by adjust- 
ing pulse width. A high dc-offset of up to f 4  V is also available. 

External triggering and synchronous gating are provided. The trig- 
ger level is adjustable for all externally controlled modes with the 
slope polarity selectable. This is very useful for avoiding malfunctions 
caused by noise and ringing on the external trigger signal. 

In “External Width” mode external input and pulse output have 
equal width. Transition times and amplitude of the output pulse can 
be set by the front panel controls. This mode is useful for shaping 
NRZ signals, as the width information is passed on to the output pulse 
unchanged. 

The “Width Trigger” mode is suitable for RZ signal shaping. 
Delay, width, transition times and amplitude are determined by the 
front panel controls. 

Specifications 
Pulse characteristics 
(50Q source and load impedance): 
Transition times: < 2  ns to 250 ps, three ranges (common for both 
transition times). Independent verniers for adjusting leading and trail- 
ing edge within each range up to maximum ratios of 1:50 or 501 .  
Linearity: maximum deviation from a straight line between 10% and 
90% points 1 5 %  of pulse amplitude. 
Preshoot, overshoot, ringing: <f5% of pulse amplitude. 
Pulse width <5 ns to 50 ms in five ranges. Vernier provides contin- 
uous adjustment within ranges. 
Width jitter: <0.1% on any width setting. 
Maximum duty cycle: normal >50%; complement approx. 100%. 
Amplitude: 5 V max (10 V across an open circuit); four-step attenu- 
ator reduces output voltage to 0.5 V. Vernier provides continuous ad- 
justment between steps and reduces output to 0.2 V. Pulse can be 
switched off for offset adjustment. 
Pulse output: + or - polarity selectable; normal, complement, or 
symmetrical to ground. 
Source impedance: 50Q f 40  shunted by typ. I O  pF. 
DC-offset: f 4  V across 500 load. Independent of amplitude setting, 
can be switched off. 

Pulse delay: <30 ns to 50 ms with respect to trigger output. Five 
ranges, with continuous adjustment within ranges. 
Delay jitter: <0.1% on any delay setting. 

Repetition rate and trigger 
I O  Hz to 100 MHz in 5 ranges. 
Continuous adjustment within ranges. 
Period jitter: <O. I%.  
Double pulse: available only up to pulse rate setting of 50 MHz, rep- 
resenting an output pulse rate of 100 MHz. 
Trigger output: > + I  V across 50Q, 4 ns f 2 ns wide. 

External triggering 
0 to 100 MHz. 
Delay: approx. 15 ns between trig. input and trig. output. 
Manual: front panel pushbutton for single pulse. 

External width and width trigger 
External width: output pulse width determined by width of drive 
input. 
Width trigger: external drive input switched to the width generator. 
Pulse width determined by front panel width setting. 
Rate generator: provides trigger pulses independent of drive input. 

Synchronous gating 
Gating signal turns generator “on.” Last pulse is completed even if 
gate ends during pulse. 

External input 
Impedance: 50Q, dc-coupled. 
Max. input: f 5  V. 
Level: adjustable from + I  V to - 1  V, Polarity: + or - 
Sensitivity: sine waves I V p-p; pulses 1 V. 
General 
Operating temperature range: 0°C to +55OC. 
Power requirements: 1 15 or 230 V + lo%, - 15%. 48 to 440 Hz, 100 
VA (maximum). 
Weight: net 8 kg (17.6 Ib); shipping 9 kg (19.8 Ib). 
Dimensions: 425 X 140 X 344 mm (16%’’ wide, 5%‘‘ high, 13%’’ 
deep). 
80078 Pulse Generator $2000 



PULSE GENERATORS 
High speed, fixed transition times 
Model 8008A 

200 MHz repetition rate 
0 1.2 ns fixed transition times 

0 Switch selectable ECL levels 
0 Dual outputs (normal and complement) 

tion times < 1.2 ns and repetition rate variable from I O  Hz - 200 MHz. 
An optional 7 step risetime converter enables adjustment of transi- 
tion times up to 2.50 ns. 

The two outputs deliver simultaneously complementary signals with 
selectable polarity. To absorb external reflections, both outputs have 
constant 50 ohm source impedances. A feature of the 8008A is that 
ECL compatible outputs (high -0.9 V, low - 1.7 V) can be selected 
without tedious adjustment of amplitude and offset controls. This fea- 
ture and the maximum output amplitude of 4 V with up to f 2  V dc 
offset ensures compatibility with the majority of logic integrated cir- 
cuits. 

The 8008A can be operated as a pulse shaper for RZ and N R Z  for- 
mat input signals. Similarly, external gating and triggering are possi- 
ble. The trigger level for any external input signal can be adjusted be- 
tween + I  V and - 1  V on either a positive or negative slope. 

Specifications 
Pulse characteristics 
(Son source and load impedance) 
Fixed transition times: 10%-90%: 11.2 ns; 20%-80%: 10.9 ns. 
Overshoot and ringing: < f 5 %  of pulse amplitude (may increase to 
510% with amplitude vernier ccw). 
Preshoot: 5 5 %  of pulse amplitude. 
Pulse width <2.5 ns to 50 ms in six ranges. Vernier provides contin- 
uous adjustment within ranges. 
Width jitter: <0.1% + 50 ps on any width setting. 
Maximum duty cycle: >50% (in NORM Mode). 
Pulse delay: 2.5 ns (+30 ns fixed) to  50 ms (with respect to trigger 
output) in six ranges. Vernier provides continuous adjustment within 
ranges. 
Delay jitter: <0.1% + 50 ps on any delay setting. 
Maximum variable delay: 250% of Dulse Deriod. 

W.J v .  vernier pruviueb Curiiiriuuub aujubimeni oeiween b r e p b  L U  ~ ~ 5 0  
mV. Vernier is common to both output channels. 
DC offset: f 2  V across 50Q. Independent of amplitude attenuator 
and vernier settings. Can be switched off. 

Repetition rate and trigger 
Repetition rate: I O  Hz to  200 MHz in six ranges. Vernier provides 
continuous adjustment within ranges. 
Double pulse: 100 MHz max. (simulates 200 MHz). 
Period jitter: <0.1% + 50 ps on any period setting. 
Trigger output: amplitude: 1 V or  200 mV (switchable) into 5OQ load. 
Width: typically; 3 ns at 200 MHz up to  1.5 ms at  I O  Hz. 

Externally controlled operation 
External input: 

Input impedance: 50Q (tj 
Coupling: dc-coupled. 
Maximum input: f 5  V. 
Trigger level: continuous1 

External triggering 
Repetition rate: 0 to 200 MHz. 
Delay: approx. 15 ns between trig. input and trig. output. 
Manual: front panel pushbutton for single pulse. 
Width trigger: external drive input switched to  
width determined by width setting. Trigger outp 
generator independent of input signal. 
External width output pulse width determin 
input. Trigger output available from rate generaror inaepenaenr 01 
input signal. 
Synchronous gating: gating signal turns generator “on.” First pulse 
is delayed (by fixed and variable delay) with respect to  leading edge of 
gate, last pulse is of normal width even if gate ends during the pulse. 
Rep. rate, width, amplitude and polarity determined by control set- 
ti ngs. 

{pically). 

y adjustable + I  V to  - 1  V. 

delay generator. Pulse 
)ut available from rate 

ed by width of drive . . .  I . , .  

Pulse output: normal and complemknt a;ailable simultaneously. General 
Output polarity selectable. Operating temperature range: 0°C to 55°C. 
ECL compatible output: fixed pulse levels from both outputs, -0.9 
V to -1.7 V. Both levels internally adjustable. 
Maximum amplitude: normal and comulementary; 4 V into 50Q (8 

Power: 115 V or 230 V, +IO%,  -15% 48 - 440 Hz, 100 VA max. 
Weight: net 8 kg (17.6 Ib); shipping 9 kg (19.8 Ib). 
Dimensions: 425 X 140 X 336 mm (16%” wide, 5%” high, 13%’’ deep. 
Ordering information 

t:! 
002 

V across open circuit). 
Source impedance: 50Q f 5 %  shunted typically I O  pF. 
Output protection: cannot be damaged by application of external 
voltage If8 V (at 25°C) or  short circuit, independent of control set- 
t i n m  

tions: 
: 15171A Rise time converter 
I: Two 15171A Rise time converters 

D - .  _... 
Attenuator: two separate four-step attenuators reduce the outputs to 800 8A Pulse Generator 

Price 
$230 
$455 

$2820 



0 250 MHz repetition rate 
0 Ultra-clean 50 ohm source 
0 Switch-selectable ECL levels 

PULSE GENERATORS 
Very fast & variable transitions, 1 ns to 0.5 ms 

Model 8082A 

0 Dual outputs (normal and complement) 
0 Designed using hybrid IC's 
0 250 MHz square wave 

The 8082A is the result of years of experience in designing and man- 
ufacturing professional pulse generators. Its 250 MHz repetition rate, 
variable transition times down to I ns and low reactance 50 ohm 
source enable it to  meet the stringent demands of today's fast logic like 
ECL and TTL-S. Although a highly sophisticated instrument, the 
8082A is still extremely easy to operate because of its logical front 
panel layout and switch selectable ECL outputs. 

The low reactance 50 ohm source impedance of the 8082A helps 
provide a clean pulse where it's needed - at the input of the device to  
be tested. When operating without an external termination, the low re- 
actance of the 8082A 50 ohm source absorbs 98% of reflections from 
signals of up to 4 V amplitude leaving only 2% signal distortion. 

Custom-made hybrid IC's are used extensively in the design of the 
8082A. These IC's, manufactured by HP, eliminate the need for fans, 
reduce the power consumption and contribute to the 8082A's high re- 
liability. 

Specifications 
Pulse characteristics 
(50Q source and load impedance) 
Transition times: I I ns - 0.5 ms in 6 ranges. First range from < I  ns 
to  5 ns controls leading and trailing edges simultaneously. For all 
other ranges transition times variable independently up to ]:IO. 
Overshoot and ringing: Sf5% of pulse amplitude may increase to 
f 10% with amplitude vernier CCW. 
Preshoot: S f 5 %  of pulse amplitude. 
Linearity: Linearity aberration for both slopes 55% for transition 
times >5 ns. 
Output: maximum amplitude is 5 V from 50Q into 50Q. Maximum 
output voltage is f 5  V (amplitude + offset). 
Offset: f 2  V, into 50Q. 
DC-source impedance: 50Q f5%. 
Reflection coefficient: reflection is 2% typical for steps with 1 ns rise 
time applied to output connector on all amplitude ranges except 5 V 
range. On the 5 V range, the reflection may be 15%. 
Output protection: cannot be damaged by open or short circuits or 
application of ext I f 6  V or f 2 0 0  mA independent of control set- 
tings. 
Attenuator: two separate three step-attenuators reduce the outputs 
to  I V. Vernier is common for both outputs and reduces the output to  
0.4 V minimum. A further position provides ECL-compatible out- 
puts (-0.9 V to  -1.7 V typ. open circuit). 
Timing 
Repetition rate: 250 MHz to 1 kHz in 6 ranges. 
Period jitter: <0.1% of setting +50 ps. 

Delay: 2 ns - 0.5 ms in 6 ranges plus typ. 17 ns fxd. with respect to 
trigger output. 
Delay jitter: <O.I% of setting +50 ps. 
Double pulse: up to 125 MHz max. (simulates 250 MHz). 
Delay duty cycle: >50%. 
Pulse width: <2  ns - 0.5 ms in 6 ranges. 
Width jitter: <0.1% of setting + 50 ps. 
Width duty cycle: >50%. 
Square wave: a further position of the Pulse Width switch provides 
Square Wave output. (Delay and double pulse are disabled, max. Rep. 
Rate 250 MHz). Duty cycle is 50% & I O %  up to 100 MHz, 50% f15% 
for > I O 0  MHz. 
Trigger output: negative going Square Wave (50% duty cycle typ.) 
>500 mV from 50Q into 500. Internal 500 load can be switched off by 
slide-switch on PC-board. Amplitude increases to  2 I V into 50Q up to  
200 MHz. 
Trigger output protection: cannot be damaged by short circuit or 
application of external f 2 0 0  mA. 
Externally controlled operation 
External input: 

Input impedance: 50Q f 10%. DC coupled. 
Maximum input: f 6  V. 
Trigger level: adjustable -1.5 V to +1.5 V. 
Slope control: positive, negative or manual selectable. In the man- 
position all ext. functions can be controlled by push button. Button 
pushed in simulates an "on-signal." 
Sensitivity: sine-wave >200 mVpp pulses >200 mV. 
Repetition rate: 0 to 250 MHz. 

Ext. trigger: there is approximately 7 ns delay between the xter- 
nal input and the trigger output. Rep. rate is externally controlled 
(is triggered by external signal). Trigger output provides the pulse- 
shaped input signal. Square wave mode is disabled. 
Synchronous gating: gating signal turns rep. rate generator on. 
Last pulse normal width even if gate ends during pulse. 
External width output pulse width determined by width of drive 
input. Rep. rate and delay are disabled. Trigger output provides 
shaped input signal. 

General 
Power requirements: 100 V, 120 V, 220 V, 240 V (+5%, - 10%) 48- 
440 Hz. Power consumption 85 VA max. 
Weight: net 7.9 kg (17.44 Ib), shipping 8.9 kg (19.63 Ib). 
Dimensions: 426 mm wide, 145 mm high, 380 mm deep (16% in. X 
5 ' % ,  in. X 15 in.). 
8082A Pulse Generator $3355 

Ext.-controlled modes: 



PULSE GENERATORS 
Model 1900 Plug-in pulse generator system 

1900 System introduction 
Unlike conventional pulse generators the 

Hewlett-Packard 1900 system with its modu- 
lar construction offers the maximum possi- 
ble flexibility and versatility. It makes avail- 
able an extremely wide range of facilities 
which could otherwise only be implemented 
by several conventional instruments. In many 
cases the plug-in concept offers the only sen- 
sible solution to  the ever changing require- 
ments of technology. 

The 1900 pulse system comprises 16 plug- 
in units which fall into three functional 
groups: SYSTEM CLOCK (Rate), INFOR- 
MATION (Timing) and INTERFACE (Out- 
put). There are two clock units with a repeti- 
tion rate of 25 Hz to 25 kHz and 10 Hz to 125 
MHz. There are six information units de- 
voted to pulse delay, bit error detection, word 
generation and pseudo-random-binary-se- 
quence generation, and eight interface and 
output units for the control of width, transi- 
tion times, polarity, offset and amplitude. A 
selected combination of medium or high 
power modules find space within one of the 
two mainframes. Additional features include 
the internal wiring of a mainframe, which 
permits the choice of external or internal in- 
terconnection of plug-ins, and built-in shield- 
ing to minimize radio frequency interference 
(RFI). 

Applications 
Because of its flexibility the 1900 system 

covers a very wide range of applications. The 
following applications areas have been 
chosen as typical. 

MOS applications 
MOS circuits are used in such applications 

as computer memories and peripherals and in 
process control " equipment, and a pulse 
source is required to  control the MOS circuits 
and enable them to perform the digital logic 
functions. The pulses required range from 

-27 V amplitude with high threshold MOS 
to + I 6  V amplitude with CMOS in either 2 
phase static or dynamic systems. The 1900 
system provides all the necessary facilities for 
solving problems concerned with MOS 
interfacing, timing, data testing, clock pulse 
degradation and worst case test patterns. 

The 1915A, for example, has a f 2 . 5  V to  
50 V output from an impedance of 5052. 
When modified by Option H51, the 1915A 
can produce single pulses or operate with 
duty cycles less than 0.2% over the complete 
range of 0 to 25 MHz. The variable transi- 
tion times, down to 7 ns, allow simulation of 
pulse degradation due to capacitive loading. 
The internal 5052 load enables the use of long 
interconnecting cables with a minimum of re- 
flection. 

For low threshold, P-channel, N-channel 
and C-MOS devices the 1917A provides 0.2 V 
to 10 V from a 50Q source into a 5052 load. 
When the internal or external load is discon- 
nected an output of 0 to 17 volts is available. 

Fast logic applications 
The two main types of high-speed logic on 

the market today are Schottky-clamped TTL 
(TTL-S) and non-saturating emitter-coupled 
logic (ECL). The 1900 output plug-ins, with 
transition times as fast as 350 ps, can be used 
in any high speed logic applications. 

The 1916A, for example, has dual normal 
and complementary outputs ideally suited to 
driving twisted pairs and differential amplifi- 
ers. Also, with a repetition rate of up to 100 
MHz and variable transition times down to 
2.5 ns it can be used for propagation delay 
and reflection measurements. 

One problem with sub-nanosecond logic is 
pulse degradation caused by the capacitive 
loading effect of the device under test. The 
1920A plug-in, with its 25 MHz repetition 
rate and 350 ps transition times produces 
pulse edges fast enough to tolerate this deg- 
radation and still come within the manufac- 
turer's specification. 

The 1921A plug-in has a feedthrough out- 
put that permits noise spikes to be injected in 
to a 50 ohm system to test a circuit for noise 
toleration or to generate bipolar signals. 
Communications applications 

Information can be transmitted using ei- 
ther digital or analog communications sys- 
terns. Digital systems are often used in pref- 
erence to analog systems because even badly 
distorted digital signals can be reconstructed 
and because they can easily be used to trans- 
mit messages in code (cryptography). 

The 1900 system provides facilities for 
word generation, random signal simulation, 
bit error detection and cryptography with the 
1925A and 1930A pulse pattern generators. 

The 1925A can generate words of 2 to 16 
bits in length at  frequencies up to 50 MHz 
and also a pseudo-random binary sequence 
(PRBS) of 32,767 bits in length for testing 
communications channels. The output can be 
switched to either non-return-to-zero (NRZ) 
or return-to-zero (RZ) mode. 

The 1930A can generate a PRBS sequence 
in either N R Z  or R Z  mode at  clock rates up 
to 40 MHz. The sequence can be varied from 
7 to 1,048,575 bits in length before being re- 
peated. It also has a facility for checking the 
validity of messages over communications 
links and producing error signals as errors 
occur. 

Programmability 
A remote programming facility is avail- 

able for the 1900 system which permits ana- 
log or digital programming of most 1900 sys- 
tem functions. Analog programming can be 
used for semi-automatic testing of compo- 
nents or  equipment that require a limited 
number of different repeatable pulse wave- 
forms. For digital programming, the 1900 
system is connected to a 6940A multipro- 
grammer which allows control of a large 
number of pulse parameters with a single 16- 
bit parallel computer word. 



PULSE GENERATORS 
1900 System: output plug-ins 

Models 1915A, 1916A, 1917A, 1920A & 1921A 

2.5 ns minimum variable transitions 
125 MHz maximum repetition rate 

The 1900 system output plug-ins are listed first because they are the 
plug-ins that primarily determine the output pulse characteristics. 

The 1915A is the high power plug-in of the range. Its 50 V, 1 A max. 
output and variable transition times from 7 ns to I ms make it ideal 
for testing magnetic memory devices, MOS devices and other high 
voltage, high current devices. In external width mode the 1915A can 
also be used in pulse code modulation (PCM) and digital non-return- 
to-zero (NRZ) applications. An overload circuit and lamp are pro- 
vided to protect the output amplifier from damage. 

The 1917A has variable transition times from 7 ns to 0.5 ms. It cov- 
ers a wide range of digital applications from MOS memories to TTL 
testing and is the most economical output plug-in of the 1900 system. 

The 1916A also has variable transition times, from 2.5 ns to  250 ps, 
and can be used to test a range of digital logic from RTL to MECL I O  
K at repetition rates up to 100 MHz. In addition, the two output chan- 
nels, with independent amplitude and offset controls, and the wide 
range of output configurations enable the 1916A to be used for ana- 
log applications. 

The 1921A with a maximum repetition rate of 125 MHz provides 
the high speed pulse shaping capabilities in the 1900 system. With its 5 
V amplitude, f 5  V offset and <2 ns transition times, the 1921A can be 
used for a variety of testing and design applications. An additional 
feature is a feedthrough output which allows the 1921A to inject 
pulses into a 50 ohm transmission line for generating bipolar and com- 
plex pulses. 

The 1920A is the output plug-in that provides the very fast transi- 
tion times (<350 ps leading edge, <400 ps trailing edge) in the 1900 
system. These very fast transitions enable the 1920A to be used for 
testing rise-time, propagation delay, bandwidth and storage time of 
high speed logic families such as ECL 111. The zero pulse width facil- 
ity also enables the 1920A to be used for impulse testing. 

Magnetic 

MOS 

HTL 

RTL 

DTL 

TTL 

TTL-S 

MECL 10K 

ECL 111 

1920A 



PULSE GENERATORS 

Models 1915A, 1916A, 1917A, 1920A & 1921A (cont.) 

I 

I I 

1915A Specifications 
Pulse characteristics 
Source impedance: 50 ohms or high impedance; self contained 50 
ohm termination can be disconnected. 
High impedance output: approx. 4 k 0  shunted by <45 pF. 
50 ohm output: approx. 50 ohms shunted by <45 pF. 
Amplitude (short-circuit current): 50 mA to 1 A in 4 ranges, 2,5:1 
vernier allows continuous control within ranges. Voltage into exter- 
nal 50 ohms is f 2 . 5  V to f5O V with high impedance source or  f 1.25 
V to f 2 5  V with 50 ohm source. Maximum amplitude (including off- 
set) is f 5 0  V. 
Pulse top variations: 50 ohm source and 50 ohm load, f5% for tran- 
sition times 7 ns to 20 ns, f 2 %  for transition times >20 ns; high im- 
pedance source and 50 ohm load, f 5 %  for all transition times. 
Transition times: 7 ns (10 ns with high Z source) to  1 ms in 11 ranges 
( I ,  2, 5 sequence), two 1001 verniers provide independent control of 
rise and fall times. Transition time variations over entire amplitude 
range ( f 0 . 2  V to f 2 5  V); f15%,  2100 ns; f40%,  7 ns to 100 ns. 
Polarity: positive or  negative, selectable. 
Baseline offset: f 6 0  mA, max. offset into external 50 ohms is f 1.5 
V with 50 ohms source, f 3  V with high Z source. 
Pulse width 

Internal: 15 ns to  40 ms in 7 decade ranges (except first range - 15 
ns to 40 ns), 1O:l vernier provides continuous adjustment within 
ranges; width jitter <0.5% of selected width. 
External: provides pulse amplifier operation; output pulse width 
determined by drive input width. 
Duty cycle: >65% on all ranges except >50% on 0.015 to 0.04 ps 
width range; 0 to 100% in external mode. For <0.2% duty cycle op- 
eration, refer to overload specification. 

Overload 
Overload lamp lights to  indicate when power detector protection 

circuits are turning off the output current to prevent damage to the 
output transistors. The power detector is energized for single pulse of 
<0.2% duty cycle operation for pulse widths > 1 ps. If single pulse or 
low duty cycle operation is required, Option HI5  or, in programma- 
ble (005) versions, H51 or  H52 may be ordered. 

Amplitude: 1 V peak min., 5 V peak max. 
Input impedance: 50 ohms, dc-coupled. 
Maximum delay: (after drive input) <45 ns. 
General 
Weight: net 2.5 kg ( 5 %  Ib); shipping 4.1 kg (9 Ib). 

1916A Specifications 
Pulse characteristics 
(500 source and load impedance). 
Transition times: 2.5 ns to 250 ps in 3 ranges; 50: 1 verniers provide 
separate control of rise and fall times. Nonlinearity; maximum devia- 
tion from straight line between 10% and 90% amplitude, less than 5% 
of pulse amplitude. 
Overshoot, ringing and preshoot: <5% of pulse amplitude. 
Amplitude: <200 mV to 5 V (across 500) in four ranges. Vernier pro- 
vides continuous adjustment within ranges. 
Pulse output: channel A; pos-normal, pos-symmetrical (about off- 
set voltage) or neg-complement. Channel B; neg-normal, neg-syrn- 
metrical or pos-complement, Switch selectable. 
Maximum duty cycle: >50% for internal width; up to  100% with 
complement; up to 100% for external width. 
Source impedance: 500 f40 shunted by I O  p F  (typ.). 
DC offset: f 2 . 5  V across 500, independent of amplitude. Can be 
switched off. 
Pulse width: 5 ns to  1 ms in 6 ranges. 1O: l  vernier provides continu- 
ous adjustment within ranges. 
Width jitter: <0.1% +25 ps of pulse width. 
External width pulse width within f 2  ns of external input width 
when input width measured at 0.6 V. 
Drive input 
Repetition rate: 0 to 100 MHz. 
Input impedance: 500, dc coupled. 
Pulse shape: amplitude, > l .5  V; width > 3  ns; slope, >0.25 V/ns in 
internal width, >0.15 V/ns in external width (smaller slopes may 
cause performance degradation). 
Maximum input: f 5  V. 
Propagation delay: internal width mode, 23 ns approx.; external 
width mode, 18 ns approx. 
General 
Weight: net 1.13 kg (2% Ib); shipping 2.8 kg (6% Ib). 

191 7A Specifications 
Pulse characteristics 
Source impedance: 50 ohms or  high Z; selected with internal 
switch. High impedance output, approx. 3 k 0  shunted by 45 pF; 50 
ohms output, approx. 50 ohms shunted by 45 pF. 
Amplitude: (volts into 50 ohms) 0.2 to I O  V with 50 ohms source; 0 to  
14 V (8 to 400 mA) with 3000 ohms source; 2.5: 1 vernier provides con- 
tinuous adjustment over each range. 
Pulse top variations: f 5 %  for transition times >7 ns. 
Transition times: 7 ns to  500 ps in 5 ranges; two 50:l verniers pro- 
vide independent control of rise and fall times. 
Transition time variations over entire amplitude range ( f 0 . 2  to  + I O  
volts): f15%. 2100 ns: f40%. 7 to 100 ns. 

Drive input 
Repetition rate: 0 to 25 MHz (see overload specification for low rep. 
rate considerations). 

Polarity: plus or  minus, selectable. 
Baseline offset: f2.5 V into external 50 ohms with 50 ohm source; 
100 mA with 3000 ohm source. 



Pulse width 
Internal: ranges, 15 ns to 40 ms in 7 ranges; 1O:l vernier provides 
continuous adjustment over each range; width jitter, <0.25% of se- 
lected pulse width. 
External: provides pulse amplifier operation; output pulse width 
determined by width of drive input. 
Duty cycle: internal width mode, 65% except for 15 to 40 ns width 
range, 50% on 15 to 40 ns width range; external width mode, up to 
100%; limited by output pulse transition times. 

Drive input 
Repetition rate: 0 to 25 MHz. 
Input impedance: 50 ohms, dc-coupled. 
Amplitude: 1 V peak min., 5 V peak max. 
Maximum delay after drive input: approx. 35 ns. 
General 
Weight: net 1.13 kg (2% Ib); shipping 2.8 kg (6% lb). 

1920A Specifications 
Pulse characteristics 
Source impedance: 50 ohms f5%. 
Amplitude: 0.5 V to 5 V into 50 ohms in three ranges; I ,  2, 5 se- 
quence. 2.5: 1 vernier provides continuous adjustment over each range. 
Output circuit cannot be damaged by shorting. 
Pulse shape (measured at 5 V into 50 ohms) 

Leading edge: risetime, <350 ps; preshoot, < I % ,  overshoot and 
ringing, < I O %  p-p; time to settle to within 3% of flat top, <5  ns; 
rounding <5%. 
Trailing edge: falltime, <400 ps; preshoot, < I %  for pulse width 
> 5  ns; overshoot and ringing, < 10% p-p; time to settle to within 3% 
of baseline, <5  ns except for perturbation 10-20 ns after trailing 
edge <f4%; rounding, <5%. 

Polarity: plus or minus, selectable. 
Baseline offset: plus, minus, or off; selectable, 0-2 V into 50 ohms. 
Width: 0 to 10 ps in four ranges. 10: 1 vernier provides continuous ad- 
justment between ranges. 
Width jitter: <20 ps or 0.1% whichever is greater. 
Duty cycle: 0 to >25% (0 to 20 MHz rep. rate); 0 to 10% (>20 MHz 
rep. rate). 
Drive input 
Repetition rate: 0 to 25 MHz. 
Amplitude: 1 V peak min., 5 V peak max. 
Maximum delay after rate input: approx. 60 ns. 
Input impedance: 50 ohms, dc-coupled. 
General 
Weight: net 1.8 kg (4 lb); shipping 4.5 kg ( I O  Ib). 

1921A Spe 
Pulse charact. ~ ~ 

Source impedance: approx. 50 ohms shunted by 9 pF. Reflection 
coefficient is typically <0.15 for incident pulses with rise times > l .5  
ns. 
Pulse amplitude: (volts into 50 ohms) 0.5 to 5 V; 2.51 vernier pro- 
vides continuous adjustment over each range. 
Polarity: positive. Opposite pulses can be obtained by adjusting off- 
set, amplitude and complement controls. 
Duty cycle: >50% in internal; up to 100% with complement; exter- 
nal width mode, up to 100%. 
Feedthru mode: allows output pulses to be added on a 50 ohm trans- 
mission line for bipolar applications. 
Complement: selects normal pulse or its logic complement. 
Transition time shift normal to complement, typically < f l  ns. 

Pulse top variations: <f5% for amplitudes from 1 to 5 V and 
< f7% for amplitudes of < I  V. 
Base line offset: 0 to f 5  V into 50 ohms. 
Transition times: <2  ns. 
Pulse width: 

Internal: ranges, 4 ns to 1 ms in 6 ranges (1O:l vernier provides 
continuous adjustment over each range); jitter, <25 ps + 0.1% of 
pulse width; time intersymbol interference, width change with rep 
rate <1.5 ns + 0.2% of pulse width. 
External: provides pulse amplifier operation; output pulse width is 
determined by width of drive input. Pulse width tracking is within 
approx. f 1 ns width input pulse width measured at 0.6 V. Time in- 
tersymbol interference: transition shift with rep. rate, < 1 ns. 

Drive input 
Repetition rate: 0 to 125 MHz. 
Input impedance: 50 ohms, dc-coupled. 
Pulse shape: amplitude, > 1.5 V; width, >3 ns; slope, >0.25 V/ns at 
0.7 V in internal width, >0.15 V/ns at 0.7 V in external width (smaller 
slopes may cause degradation of performance). 
Maximum input: f 5  V. 
Propagation delay: internal width m'ode, approx. 18 ns; external 
width mode, approx. 15 ns, feedthru mode, approx. 4 ns. 
General 
Weight: net 1.4 kg (3 Ib); shipping 2.7 kg (6 lb). 
191 5A Options Price 
001: analog programming. Provides connector and cir- 
cuits to control width, transition time, amplitude, po- 
larity and offset. $300 
0 0 2  positive output. Provides positive-only pulse out- 
put and positive-only offset. less $225 
003: negative output. Provides negative-only pulse out- 
put and negative-only offset. less $225 
004: voltage calibration. Calibration of pulse ampli- 
tude in voltage. $25 
005  digital programming. Provides digital control of 
Width, Transition Time, Amplitude, Polarity and Off- 
set. Refer to 1900/6940A description or contact your 
Hewlett-Packard Field Engineer for more information. $2835 
007: Rear Panel outputs. $25 

1917A Options 
001: analog programming. Provides connector and cir- 
cuits to control Width, Transition Time, Amplitude, 
Polarity and Offset. $300 
005: digital programming. Provides digital control of 
Width Transition Time, Amplitude, Polarity and Off- 
set. Refer to 1900/6940A description or contact your 
Hewlett-Packard Field Engineer for more information. $2250 
007: Rear Panel outputs. $25 
1920A Options 
001: analog programming. Provides connector and cir- 
cuits to control width range and vernier, offset range 
and vernier, and amplitude vernier. 
1921A Options 
001: analog programming. Provides connector and cir- 
cuits to control Width, Amplitude, Complement and 
Offset. $200 
Model number and name 
19 15A Output plug-'- 1950 
1916A Output plug- 1460 
1917A Output plug- $700 
1920A Output plug- 2300 

$155 

1921A Output plug- 1100 



PULSE GENERATORS 
1900 System: pulse pattern generator plug-ins 
Models 1925 & 1930A 

50 MHz, 1 x 16 bit 
RZ/NRZ format 
Fixed P5-l  PRBS 

19 

1925A D 
The 1925A is a digital word-generating plug-in unit. It generates a 

variable length word at a repetition rate of 0-50 MHz. Thus it can be 
driven by either the 1905A or 1906A rate generator plug-ins and will 
drive any of the 1900 output plug-ins. 

Word lengths of 2 to 16 bits can be selected using internal switches 
and the word content can be set either using the front panel switches 
or by external programming. The word can be initiated by an external 
command signal or by a manual pushbutton or it can be recycled au- 
tomatically with one clock period between words. 

Alternatively a pseudo-random sequence of fixed 215- 1 (32,767) 
bits can be generated by switching the 1925A to PRN. This facility is 
extremely useful for testing communications channels or LSI com- 
puter memories. The internal register can be set or cleared to estab- 
lish reference levels and sequences when PRN mode is being used. 

The 1925A will operate in either return-to-zero (RZ) mode or non- 
return-to-zero (NRZ) mode and the output can be switched to  com- 
plement if required. An en 
available at a separate sock 

1930A Description 
Model 1930A is a quarter-size, rormarring plug-in lor rne IYUU purse 

system. It can generate a psuedo-random binary sequence (PRBS) in 
either return-to-zero (RZ) or non-return-to-zero (NRZ) formats at 
clock rates up to 40 MHz (typically to  50 MHz). The length of a se- 
quence can be varied from 7 to 1,048,575 bits before being repeated. A 
PRBS is apparently random in that, for samples of n bits or less, it fol- 
lows closely the statistical characteristics of a binomial distribution 
but it is deterministic and periodic. 
Random signal simulation 

Random signal simulation allows a device that processes digital in- 
formation to be completely exercised while providing the stationary 
characteristics of a repetitive signal. In pattern sensitive devices, pseu- 
do-random binary sequences provide a fast, easy and complete 

40 MHZ PRBS 2 3  UP to 220-1 
40 MHz bit error detection 
40 MHz cryptography 

method of generating all possible combinations of up to 20 bits for de- 
tecting worst case patterns. Also, in an n cell device, a random se- 
quence can be generated that is 2n- I bits long and contains all possi- 
ble combinations of n bits except the all zeros combination. In the 
1930A, ‘n’ can be between 3 and 20, thus it is possible to select the se- 
quence length to  avoid “beating” with other signals in the device being 
exercised. 
Bit error detection 

One of the main reasons for testing digital processing equipment is 
to  determine how accurately the transmitted signal is received and to 
find the effect of noise in the transmission system. A measure of the 
quality of a digital system is Bit Error Rate (BER). 

Bit error detection in digital transmission systems is simplified by 
the ability of 1930A to synchronize rapidly to a data stream (either 
words or pseudo-random sequences) and compare the incoming data 
bit by bit with a stored replica. For example: one 1930A generates a 
signal that is transmitted over a digital communication link while a 
second 1930A synchronizes to the incoming signal from the link. Each 
time the received signal differs from the stored replica an error pulse is 
produced at the error output. Error pulses can be counted to  provide 
the bit error rate. This technique is not restricted to transmission sys- 
tems, it is equally applicable when testing mass-storage memory de- 
vices. 
Coding 

Coding in digital applications is accomplished by dividing the in- 
coming data stream by the characteristic equation of the generator. 
The pseudo-random binary sequence completely scrambles the origi- 
nal data in both time and frequency domains. Eleven different 
scrambling patterns can be selected with a front panel register length 
switch, and feedback tapes inside the plug-in allow over 73,000 differ- 
ent pseudo-random patterns. Scrambling patterns may also be set by 
remote, electronic program signals through the rear panel of an Op- 
tion 001 mainframe. To decode the information, another 1930A set to 
the same sequence multiplies the scrambled signal by the same equa- 
tion to regain the original data. 



1925A Specifications 
Clock input 
Rep. rate: 0 to 50 MHz (15-35”C), 0 to  45 MHz (0-50°C). 
Input impedance: 50 ohms, dc-coupled. 
Amplitude: + I  V min, +5 V max. 
Width: > 4  ns, < I 8  ns at +0.6 V. 
Propagation delay: 35 ns max., leading edge of transition of output 
data. 
Transition time jitter: (between clock or END and WORD-OUT) 
100 ps. 

Start input 
Period: >(word length plus 30 ns). 
Input impedance: 50 ohms, dc-coupled. 
Amplitude: + I  V min, + 5  V max. 
Width: >5 ns. 

Programming inputs (requires 1900A Option 001 or 1901A 
Opt ion  001 mainframe).  
True: contact closure to  ground, saturated DTL, or voltage source 
(TTL) <+0.2 V. 
False: open, off DTL, or voltage source (TTL) >2.5 V, <4.0 V. 
Noise immunity: >0.7 V p-p. True <0.2 V, False >3.5 V. 
Noise bandwidth: < 15 MHz. 

Word and End output 
True: 45 f5 mA current source or > I  V into 25 ohms. 
False: < I  mA. 
Risetime and falltime: <4 ns (10% to  90%). 
Perturbations: < 15%. 
Source impedance: unterminated current source. 

Functions 
Word length: 2 to 16 bits, set by internal switches; not programma- 
ble. 
Word content: set by front-panel switches or external programming. 
Word format: NRZ/RZ, selectable from front panel or external pro- 
gram. RZ pulse width less than Y2 clock period or 15 ns (whichever is 
smaller). WORD/WORD selectable from front-panel switch. 
Word cycling: automatic (continuous with one clock period delay 
between words), external start command, or manual pushbutton. 
ManuaVAuto: selectable from front-panel switch or external pro- 
gram. In AUTO mode, word continuously recycles with one clock pe- 
riod delay between words. In program mode, content of each word 
corresponds to the previous parallel word input that existed during 
END. In manual mode, a word starts after receiving an external start 
signal or pressing MANUAL pushbutton. 
End out: available from front-panel BNC corresponding to end-of- 
word. 
Set: serially loads 1’s into shift register. Output word bits are all 1’s 
after 16 clock pulses. Used to start the PRN sequence. 
Clear: parallel reset of shift register. Output word bits are all zero. 
Used to manually load the beginning of the PRN sequence if desired. 
Pseudo-random noise: provides a linear shift-register sequence of 
32,767 bits. The sequence starts with the last 16-bit word in shift reg- 
ister. Maximum clock rate is 30 MHz. 

Programming: all data  bits, NRZ/RZ,  PRN/WORD,  and 
MANUAL/AUTO. 
General 
Weight: net 1.02 kg (2% Ib); shipping 2.04 kg (4% Ib). 

1930A Specifications 
Clock input 
Repetition rate: 0 to 40 MHz (typically to  50 MHz in most se- 
quences). 
Input impedance: 50 ohms, dc-coupled. 
Amplitude: + I  V min. 
Width: >4 ns and < I 5  ns. 
Propagation delay: 40 ns max. (clock input to  transition of output 
data). 
Maximum input: f 5  V. 

Data input 
Repetition rate: 0 to 40 MHz (typically to 50 MHz). 
Input impedance: 50 ohms, dc-coupled. 
Amplitude 

One level: + I  V min. 
Zero level: 0 V. 

Maximum input: f 5  V. 
Trigger output 
Amplitude: I V (open circuit). 
Width: approx. 1 clock period. 
Source impedance: 50 ohms. 
Error output 
Amplitude: 45 f 5  mA current source or >2 V into 50 ohms. 
Width > I O  ns, <50% of period in R Z  mode. 
Source impedance: unterminated current source. 
Self generated error rate: < I  X 10-l2. 

Amplitude: 45 mA f 5  mA or >2  V into 50 ohms. 
Rise and fall times: <4  ns. 
Width: typically >7 ns and < I 4  ns. 
Source impedance: unterminated current source. 
Programming inputs 
(Requires option 001 1900A or 1901A mainframes) 
False: contact closure to <0.6 V. 
True: open or >3.0 V. 
Response: <300 ns. 
Threshold: approx. 2.2 V or 5.5 kR. 
General 
Weight: net 1.02 kg (2% Ib); shipping 2.04 kg (4% Ib). 
Options Price 
005: digital programming. Enables control by a 6940A 
Multi-programmer. For more information see 1900/ 
6940A description or contact your Hewlett-Packard 
field engineer $310 
Model number and name 
l925A Pulse pattern generator plug-in $900 
1930A Pulse pattern generator plug-in $1240 

PRBS output 



PWLSIE GENERATORS 
1900 System: delay plug-ins 
Models 1908A & 1910A 

0 25 MHz max. repetition rate 
0 151-1s-10ms delay 
0 Delay, advance, double pulse functions 

1908A Specifications 
Functions (drive output switch) 
Delay: drive output delayed with respect to  trigger output. 
Advance: trigger output delayed with respect to drive output. 
Double pulse: generated from drive output connector. Spacing de- 
termined by time interval setting. 
Time interval (between trigger and drive outputs) 
Range: 15 ns to I O  ms in 6 ranges. 10:l vernier provides continuous 
adjustment in any range. 
Jitter: <0.1% of selected time interval. 
Excessive delay light: indicates that selected delay time exceeds 
pulse period. 
Rate input 
Repetition rate: 0 to 25 MHz. 
Amplitude: >1.5 V peak min., 5 V peak ma: 
Maximum delay after rate input (with delay ..uIIIIuI 

mum). 
mlllrml- 

Trigger output: approx. 14 ns in delay mode; approx. 29 ns in ad- 
vance mode. 
Drive output: approx. 29 ns in delay mode; approx. 14 ns in 
advance mode. 

Input impedance: approx. 5 0  ohms, dc-coupled. 
Trigger and drive outy+-  
Output impedance: ap  
Amplitude: > 1.5 V into 
Risetime: <5 ns. 
Width: < I O  ns. 
General 
Weight: net 0.6 kg ( 1 %  Ib); shipping 2.7 kg (6 Ib). 
Accessories 
Programming kit: H P  Part No. 01908-69501 provides for field 
installation for Option 001. 

125 MHz max repetition rate 
Delay line, 100 ns in 5 ns increments 
Delay may exceed period 

L 

191 OA 

1910A Specifications 
Time interval (between trigger and time outputs) 
Range: 5 ns to 100 ns in 5 ns increments. 
Jitter: < I O  ps. 
Rate input 
Repetition rate: 0 to 125 MHz. 
Amplitude: 0 to 25 MHz; 1 V peak min, 5 V peak max. 25 MHz to 
125 M H z ;  1.5 V peak min, 5 V peak max. 
Maximum delay after rate input (with delay control set to min): 

Input impedance: approx. 50 ohms, dc coupled. 
Trigger and drive outputs 
Output impedance: approx. 50 ohms. 
Amplitude: > 1.5 V into 2 5 9  (drives 2 1900 series plug-ins). 
Risetime: <3  ns. 
Width: < 5  ns. 
General 
Weight: 1.13 kg (net 2% Ib); shipping 2.2 kg (4% Ib). 

1908A Options: Price 
001: analog programming. Provides connector and cir- 
cuits for control of Drive Output (Delay, Double Pulse) 
and Time Interval. Drive Output modes and Time In- 
terval ranges are selected by contact closure to ground. 
Time Interval vernier is controlled by analog current. 
005: digital programming. Provides digital control of 
Drive Output (Delay, Double Pulse) and Time Inter- 
val. Refer to 1900 /6940A description or contact your 
Hewlett-Packard Field Engineer for more information. $515 
Model number and name 
1908A Delay plug-in $250 
1910A Delay plug-in $270 

Trigger output: approx. 5 ns. 
Drive output: approx. 10 ns. 

$105 



PULSE GENERATORS 

1905A 25 MHz rate generator 
0 1906A 125 MHz rate generator 

1 

$1 r 
1928A 1 

1900 System: rate plug-ins 
Models 1905A, 1906A, 1927A & 1928A 

0 1927A 8 wide OR-gate 
1928A 8 wide fan-out amplifier 

1905A and 1906A Rate generators specifications 
(Except as noted, specifications apply to both rate generators.) 
Frequency 
Internal: 1905A, 25 MHz to 25 MHz in 6 ranges. 1906A, 10 Hz to 125 
MHz in 8 ranges. 1O:l range vernier. 
External: 1905A, 0 to 25 MHz; 1906A, 0 to 125 MHz. 
Period jitter: <0.1% of selected period. 
External trigger 
Amplitude: 1905A, 0.5 V p-p min., 5 V p-p max.; 1906A, 0 to 50 
MHz, 0.5 V p-p min.; 50 to 125 MHz 1.5 V p-p min. Maximum input 5 
v P-P. 
Slope: positive or negative (selectable). 
Trigger level: selectable on input waveform from 0 to f 3  V. 
Delay: 1905A, approx. 27 ns external input to rate output; 1906A, ap- 
prox. 12 ns external input to rate output. 
Input impedance: approx. 50 ohms. dc-coupled. 
Synchronous gating 
Amplitude: 1905A, -2 V gates generator on, -5 V max.; 1906A, + 1 
V gates generator on, +5 V max; 50 ohms, dc-coupled. 

Output pulse: 
Impedance: approx. 50Q, dc-coupled. 
Amplitude: > 1.5 V into 50R (drives 2 1900 series plug-ins). 
Risetime: 1905A. < 5  ns; 1906A. <3  ns. 
Width: 1905A, <10 ns; 1906A, <5 ns. 

Genera I 
Weight: net 0.6 kg ( 1 %  Ib), shipping 2.7 kg (6 Ib) 

Accessories 
Programming kit: H P  Part No. 01905-69501, provides for field in- 
stallation for Option 001. 

1927A Fan-in amplifier and 1928A Fan-out 
specifications 
Amplifier 
(Except as noted, specifications apply to both amplifiers) 
1927A 
This plug-in is used to OR several signals together which may then be 
amplified by a single output stage. 
1928A 
Normal 1900 plug-in drives 2 other plug-ins. The 1928A can drive 16 
others. 
Input 
Threshold: continuously variable from +0.5 V to + 3  V. In 1927A, 
one adjustment for all eight inputs. 
Repetition rate: 0 to 125 MHz. 
Amplitude: 1 V min., 4 V max; impedance 50 ohms, dc-coupled. 
Width: >4 ns. 
Propagation delay: 1927A, < 8  ns; 1928A, < I O  ns. 
Outout 
Source impedance: unterminated current source. 
Logic one: 45 mA f 5 mA current source; <3  ns transition times. 
Pulse stretching: increase in pulse width is <3  ns. 
1928A differential delay between output ports: < 3  ns. 
Genera I 
Weight: net 0.6 kg ( 1 %  Ib), shipping 2.7 kg (6 Ib). 
1905, 1906 Options Price 
001: analog programming. Connector and circuit card 
for control of Rate Source (INT, EXT, +, -) and pulse 
rate. $105 
0 0 5  (l905A only) digital programming. Digital con- 
trol of Rate Source and Pulse Rate. Ref. 1900/6940A 
description or contact Hewlett-Packard Field Engineer 
for more information. $515 
Model number and name 
1905A Rate dug-in $250 
1906A Rate plug-in 
1927A Rate plug-in 
1928A Rate plug-in 

$325 
$200 
$300 



PULSE GENERATORS 
1900 System: mainframes 
Models 1900A, IQOIA 

Powers all plug-ins including 1915A 
RFI shielded 
Internal signal routing between plug-ins 

Plug-in 

1905A 
1906A 
1908A 
1910A 
1915A 
1916A 
1917A 
1920A 
1921A 
192511 
1927A 
1928A 
1930A 

\ 

1900A 

Mainframe 
space 

25% 
25% 
25% 
25% 
50% 
50% 
50% 
50% 
25% 
25% 
25% 
25% 
25% 

The 1900A mainframe supplies the same voltages as the 1901A 
mainframe plus special positive and negative variable supplies for the 
1915A output plug-in. Thus the 1900A mainframe can power all plug- 
ins in the 1900 system and the 1901A mainframe can power all plug- 
ins except the 1915A. 

A further difference is that the 1901A mainframe has higher power 
capabilities in the other supplies than the 1900A mainframe for driv- 
ing the remaining 1900 system plug-ins (this can be seen from the table 
below). 

Both mainframes are fitted with RFI shielding and contain wiring 
to  provide internal connections between plug-ins. These connections 
can be changed for any combination of plug-in interconnections. The 
choice of internal or external interconnection of plug-ins is made 
using switches in the plug-ins. 

Plug-in compatibility 
For a given combination of plug-ins, add up the applicable percen- 

tages of each column. The configuration is compatible when no col- 
umn exceeds 100%. 

19OOA Power 1901A Power 

t 2 5 V  - 2 5 V  - l O V  

9% 9% 
11% 12% 
8% 8% 
4% 4% 

27% 25% 
41% 43% 7% 
40% 38% 
55% 55% 
43% 21% 
10% 2% 38% 
2% 2% 

28% 19% 
13% 5% 42% 

+25V 

6% 
8% 
6% 
4% 

27% 
27% 
36% 
28% 

6% 
2% 

18% 
8% 

- 

25% 

12% 

Powers all plug-ins except 1915A 
RFI shielded 
Internal signal routing between plug-ins 

1901A 

1900A and 1901A Mainframes specifications 
General 
Dimensions: 425 X 133 X 543 mm (16%” wide, 5%“ deep over-all), 
492 mm (193/”) behind rack mount. 
Weight: 1900A, net 16 kg (35 Ib); shipping 21 kg (46 Ib); 1901A, net 
12.7 kg (28 Ib); shipping 17.6 kg (39 Ib). 
Power: 115 V or 230 V f IO%, 48 to 66 Hz. 1900A, 300 watts max., 
will drive 1915A plug-in. 1901A, 250 watts max., will not drive 1915A 
plug-in. 
Accessories furnished: rack mounting tabs and power cord. 

Accessories 
Analog programming kit (HP PIN 01900-69502): provides field 
installation of Option 001. 
Chassis slide kit (HP P/N 01900-69501): Allows installation on 
non-pivoting slides with an adjustable length of 20 to 22 inches. 
Blank plug-ins: blank plug-ins fill unused plug-in compartments to  
provide proper plug-in cooling and reduce RFI. Model 10481A, quar- 
ter-size plug-in. Model 10482A, half-size blank plug-in. 
Plug-in extender: provides access to components when servicing 
and calibrating an operating plug-in. Extender accomodates both 
quarter- and half-size plug-ins. Model 10482A plug-in extender. 

Options Price 
001: provides internal cabling and connectors from 
plug-ins to  rear panel for digital or analog program- 
ming. $200 
002: non-pivoting chassis slides with adjustable length 
of 20 to 22 inches. $95 
007: Rear Panel inputs and outputs $80 
Model number and name 
1900A Main frame $1000 
1901A Main frame $650 



0 Full control of all parameters 
0 Both analog and digital control available 

1905A 001 
1906A 001 
1908R 001 

I - 1915A 001 Programming of these modules 
1920A 001 requires an option 001 1900A 
1921A 001 or 1901A mainframe. 

MAXIMUM) 

~~ ~ 

1905A 005 
1908A 005 
1915A 005 

I I  ,........,.. OUTPUT 
FUNCTIONS 

0 RESISTANCE 
8 VOLTAGE 

C U R R E N T  
0 CONTACT CLOSURES 
8 LOGIC LEVELS 

1917A 005 Programming of these mod- 
1925A 005 ules requires an Option 001 
1930A 005 1900A or 1901A mainframe. 

I INPUT 
FUNCTIONS 

8 CONTACT CLOSURES 
0 LOGIC L E V E L S  

PULSE GENERATORS 
1900 System: programming information 

0 Occupies only one controller I/O slot 
0 System can be easily expanded 

, I.... ...... .. 
1MgOA 
mbilization card 

nd by resistor or ana- 

Only the functions with parameters to be varied need be program- 
mable. For the others, standard plug-ins may be used or  part of the 
programming hardware can be omitted. For example; if only the 
width of an output stage and not offset, amplitude, etc. is to be pro- 
grammed, then the cards in the 6940/6941A which would be required 
to  control these non-varying parameters can be omitted. 

The 1900/6940A works with any digital computer, however, for 
Hewlett-Packard digital computers, software in FORTRAN and 
BASIC is available. 

Introduction 
If  a pulse generator can oe programmea, I I  can De incorporatea in 

automatic or semi-automatic test systems. This added flexibility is in- 
valuable for applications that require several different but repeatable 
pulse waveforms. Hewlett-Packard offers this capability in a number 
of their pulse generators, particularly in the 1900 series. 



Option 005 (1900/6940A) specifications 
Pulse parameter specifications are contained in the individual spec- 

ifications for each plug-in. The following specifications apply to pro- 
gramming accuracies for the 1905A, 1908A. 1915A, 1917A, 1925A 
and 1930A. 

1905A Rate generator 
Programmable functions 
Period: 25 Hz to 25 MHz in 6 ranges. 

Accuracy: f5% of digital input or  f IO ns, whichever is greater. 
Resolution: 360 points in each range. 

Response time: <30 ps plus one period. 
Mode: + Ext, - Ext, Internal. 

General 
6940A 1 slot required. 
Equipment supplied 1 output card and interconnecting cables. 

1908A Delay generator 
Programmable functions 
Mode: delay, advance, double pulse. 
Delay interval: 15 ns to  I O  ms in 6 ranges. 

Accuracy: f5% of digital input or  f I O  ns, whichever is greater. 
Resolution: 900 points in each range. 
Response time: <30 ps plus one period. 
Duty cycle: 50% max. 

, Temperature range: 10°C to 40°C. From 0°C to 55"C, specifica- 
tions are the same except for Accuracy, which is f 15% of digital input 
or f I O  ns, whichever is greater. 

General 
6940A: 1 slot required. 
Equipment supplied: I output card and interconnecting cables. 

1915A Variable transition time output 
Programmable parameters 
Width: 15 ns to 40 ns in 7 ranges. 

Accuracy: f 10% of digital input or  f I O  ns, whichever is greater. 
Resolution: 360 points in each range. 
Response time: <30 ps plus one period. 
Duty cycle: 50% max. 

Transition time: 7 ns to 100 ps in 5 ranges. 
Accuracy: f 15% of digital input or  10 ns, whichever is greater. 
Resolution: 450 points in each range. 
Response time: <30 ps plus one period. 

Polarity: positive or  negative. 
Accuracy: digital input f5% of max. vernier on each range. 
Resolution: 300 points in each range. 
Response time: <50 ms for 50 V pulses from high Z source into 
50 ohm load. < r5 ms for 25 V pulses from 50 ohm source into 50 
ohm load. Typically >500 ps for duty cycle >0.2%. 

Amplitude: 0.05 A to 1.0 A (1.25 V to 25 V into 25 ohms) in 4 ranges. 

Offset: 0 to 60 mA in 1 range (0 to 1.5 V into 25 ohms). 

Polarity: positive or  negative. 
Accuracy: f 2  mA of digital input (f50 mV into 25 ohms). 
Resolution: 150 points. 
Response time: <250 ps. 

Temperature range: 10°C to 40°C. From 0°C to 55"C, specifica- 
tions are the same except for the following: Offset Accuracy, f 15% or  
60 mV, whichever is greater; Transition Time Accuracy, f 2 0 %  or f I O  
ns, whichever is greater; Width Accuracy, f 15% or f I O  ns, which- 
ever is greater; Amplitude Accuracy, f 15% or  f50 mV, whichever is 
greater. 

General 
6940A: 5 slots required. 
Equipment supplied 5 output cards and interconnecting cables. 

1917A Variable transition time output 
Programmable parameters 
Width: 15 ns to 40 ms in 7 ranges. 

Accuracy: f5% of digital input or f 10 ns, whichever is greater. 
Resolution: 360 points in each range. 
Response time: <30 ps plus one period. 
Duty cycle: 50% max. 

Transition time: 7 ns to 100 ps in 5 ranges. 
Accuracy: f 15% of digital input or  f 5  ns, whichever is greater for 
all amplitudes between 2 and I O  volts. 
Resolution: 450 points on each range. 
Response time: <30 ps plus one period. 

Polarity: positive or  negative. 
Accuracy: f5% of digital input or  f 5 0  mV, whichever is greater. 
Resolution: 300 points in each range. 
Response time: <30 ps plus one period. 

Offset: 0 to 2.5 V in one range. 
Polarity: positive or  negative. 
Accuracy: f7% or  f 7 0  mV of digital input, whichever is greater. 
Resolution: 250 points. 
Response time: <80 ms. 

Amplitude: 0.2 V to I O  V in 5 ranges. 

Temperature range: 10°C to 40°C. From 0°C to 55"C, specifica- 
tions are the same except for the following: Offset Accuracy, f 15% o r  
60 mV, whichever is greater; Width Accuracy, f15% or  f10 ns, 
whichever is greater; Transition Time Accuracy, f 2 0 %  or f 1 0  ns, 
whichever is greater; Amplitude Accuracy, f 15% or f 5 0  mV, which- 
ever is greater. 

General 
6940A 5 slots required. 
Equipment supplied: 5 output cards and interconnecting cables. 

1925A Word generator 
(Specifications identical to standard version). 

1930A PR binary sequence generator 
(Specifications identical to standard version). 
Model 10490A kit is required to adapt the Models 6940A and 6941A 
to the 1900A or 1901A. 





PULSE GENERATORS 
Highly flexible word generator, 9 X 32 bit 
Model 8016A 

0 0.5 Hz to 50 MHz repetition rate 
0 2 complementary outputs per channel, RZ/NRZ formats 
0 Variable RZ width, 4 delay channels 

0 Channel serializer 
0 TTL/ECL output levels selectable 
0 Remote programming of bit pattern 

High speed, high capacity, high timing stability and unrestricted bit 
pattern programmability, all at  an economic prlce, put the 8016A at 
the top of the word generator class. The 8016A covers a very wide 
range of applications. It forms an ideal system component for large 
test systems because it can provide the complex signals necessary for 
testing IC‘s and circuit boards. It is also an ideal solution for testing 
complex communications systems. 

The high capacity and free programmability of bit pattern produce 
a flexibility of output, both in content and in format. The output of 
data can be in parallel or serial form. In parallel, data is output as 32 
bytes each 8 bits wide; in serial, data is output as 8 words each 32 bits 
long. When in the serial mode, the output channels can be serialized 
via a channel serializer to produce word length of up to  256 bits. This 
feature ensures that maximum use of the memory is retained when 
fewer channels are required. The channel serializer also determines 
the function of the strobe output. The strobe can function either as a 
ninth data channel (channel serializer in the 8 X 32 position only), or 
as a 32-bit trigger word which can be assigned to any or all words in 
the serialized 8-word data frame. Additional outputs for synchroniz- 
ing purposes are provided in the form of first and last bit outputs, and 
the cluck output. 

Complex word generators usually have complex data loading re- 
quirements. Complicated front panels create confusion and hence 
more work for the user. The 8016A front panel is designed with sim- 
plicity the objective. The number of data-setting pushbuttons is op- 
timised to a ‘single row of 16’/‘single column of 8’ arrangement. Each 
pushbutton controls a one-bit shift register whose state is indicated by 
an LED, i.e. illuminated for data ‘1’. Data can be loaded in parallel or 
serial form dependent on the selected position of the PARAL- 
LEL/SERIAL switch. When data is loaded into the buffer register, a 
single switch transfers the data to the 288-bit high speed memory. If 
data in any memory address needs to  be checked or transferred, there 
is a ‘fetch‘ facility for returning the required data to the buffer regis- 
ter, where it is indicated by LEDs. Besides the front panel method, bit 
patterns can be loaded into the 8016A via a card reader. This feature 
is unique to the 8016A and enables 256 data bits to be loaded in 2 sec- 
onds. 

Too often, a word generator is limited in application by a fixed am- 

plitude or a fixed delay. One solution to the fixed delay limitation is to 
connect several pulse generators in series with the word generator, i.e. 
one pulse generator/output channel. A better solution is the 801 6A - 
it has 6 independent delay circuits, with two selectable delay ranges, 0 
ns - 100 ns or 0.1 ps -, 1 ps. Similarly, one solution to the fixed ampli- 
tude is to  design or buy attenuators/amplifiers for different applica- 
tions. Again the 8016A provides an alternative solution - selectable 
output levels to meet ECL or TTL test specifications. (The transition 
times also meet these test specifications: 2 3  ns for TTL, 52.5 ns for 
ECL.) In addition, a choice of R Z  or N R Z  formats with variable R Z  
width is provided. 

Although an invaluable work-saver, the 8016A is also designed for 
flexibility as demonstrated by the free programmability of bit pat- 
tern, which, combined with the short cycle time (50 M H z  clock), 
makes the 801 6A especially effective for determining worst case con- 
ditions in I.C. testing, e.g. high speed testing of critical areas of mem- 
ory. The free programmability of bit pattern is also useful both for 
complement evaluation, by enabling small quantities of devices to be 
tested by unskilled personnel, and for feeding controlled bit patterns 
into data bus lines, e.g. data conittlunications systems, time-sharing 
systems, telemetry systems etc. 

Finally, the flexibility of the 8016A does not reduce the stability. 
Consider the following specifications: 
Delay jitter: 50.1% +50 ps. 
RZ Width jitter: 10.2% +50 ps. 
Overshoot and ringing at full amplitude (ECL and TTL): 510%. 

This is very important when working with digital logic because it is 
essential that clock and data pulses maintain a fixed time relationship 
to each other to prevent incorrect strobing of gates, decoders, shift 
registers, etc. 

Flexibility, stability, and ease of operation were the design objec- 
tives and a competitive price the marketing objective. Now, with su- 
perior technology and an economic price, the 8016A has achieved its 
objectives - and become the last word in word generation. 
Model number and name Price 
8016A Word generator $7000 
Option 001 $900 



g of 8 words or 256 bits. 

h up to 9 bits in parallel-strobe chan- 
~. . - . .  . .  

Specifications 
Data capacity 
Number of channels: 8 data channels plus 1 strobe channel. 
Number of bits per channel: 32 (fixed). 
Total bit capacity: 288. 
Data can be loaded in parallel or serial form depending on the posi- 
tion of the PROGRAM MODE switch. The data is loaded via a sin- 
gle row and single column of pushbuttons, each pushbutton control- 
ling a one-bit buffer register. 

Serial capacity 
One word consists of 32 bits in serial. A front panel switch serializes 
words to form a frame. 
Serial formats: 
9 words on 9 channels, including strobe word, each 32 bits long. 
4 frames on 4 channels, each consisting of 2 words or  64 bits. 
2 frames on 2 channels, each consisting of 4 words or 128 bits. 
1 frame on I channel consistin 

Parallel capacity 
Parallel format: 32 words wit1 
ne1 included - will be generated. The number 01 bits per word de- 
pends on the number of output channels serialized. 

Data outputs 
Two separate outputs per channel, one for normal and one for com- 
plement. 
Amplitude: TTL or  ECL voltage levels, variable by front panel con- 
trol. 
Source impedance: 50 ohms. 
Delay: Four channels can be separately delayed between 0 ns and I 
sec with reference to the channels 1 ,  

Two ranges: 0 ns - 100 ns 
0.1 ps - 1 ps 

Ranges are common to all delavable C I I ~ I I I I C I ~ .  L I I ~ I I I I C I S  I I ~ V C  11101- 

vidual vetnier controls. 
Delay jitter: 10.1% - 

Skewtime: Skewtime of 
channel one: f l  ns. 
Format: RZ or  N R Z  separately selectable for each data cnannel ana 
strobe channel. 
RZ Width I O  nsec to 1 psec in two ranges. Vernier provides continu- 
ous adjustment within ranges. Range switch and vernier common to 
all channels. 
Width jitter: f 0 . 2 %  +SO ps. 

Aux. outputs 
First bit: Corresponds with parallel word one or with the first bit of 
the serial word. Format is NRZ. 
Last bit: Corresponds with the last parallel word or  with the last bit 
of the last word of a frame. Format is NRZ. 
Clock Delivers one trigger pulse per bit. Format is RZ. 
Clock pulse width: controlled by RZ-Width control. Clock pulse 
may be delayed between 0 ns and 1 ps in reference to channels I ,  3, 5 
or  7. 
Strobe word: Separate LOAD and FETCH pushbuttons and length 
32 bits (can be extended to  256 bits by repetition). The strobe word 
may be delayed between 0 ns and 1 psec in reference to channels 1 , 3 , 5  
of 7. 
Amplitude of allx. outputs: TTL or ECL voltage levels variable by 
front panel control. 
Source impedance: 50 ohms. 

t50 ps 
' undelayable channels (3, 5 ,7)  in reference to 

Probe power 
ECL: -5.2 V dc &IO%; 80 mA. 
TTL: +5 V dc & I O % ;  100 mA. 

Bit rate 
Internal: 0.5 Hz to 50 MHz in eight ranges. Vernier provides contin- 
uous adjustment within ranges. 
External: dc up to 50 MHz or manual triggering. 
Clock input 

Repetition rate: 0 to 50 MHz. 
Trigger pulse width: 210 nsec. 
Trigger amplitude: selectable by internal switches on Bit Rate 
board AS. Max. Amplitude: f 7  V at 100% duty cycle. 
Ext. + (TTL): amplitude 2 + 2  V, input impedance 2 1  k to GND.  
Ext. +: amplitude 2 + 1  V, input impedance 50 ohms to GND.  
Ext. - (ECL): amplitude 1-1 .6  V, input impedance 50 ohms to 
-2  v .  
Ext. -: Trigger level adjustable at  Potentiometer A5R114 from + 1 
v to - 1  v .  
Input impedance: 50 ohms to G N D .  

Recycling 
Auto mode: data is recycled continuously. 
Single cycle (2 modes): 
a) one word generated for each cycle command. 
b) words generated as long as the cycle command is active. Last word 
always completed. I f  channels are serialized, the serialized word (64 
bits, 128 bits, 256 bits) is always completed. 
Period between cycle commands: Byte (frame) length plus 200 ns. 
Amplitude: > + 2  V, 1+10  V. 
Width: 2 1 2  ns. 
Input impedance: I kQ. 

after RESET generates byte number one. 
Single cycle: all channel outputs are reset to word pause. Word 
pause can either be "ZERO" or "LAST BYTE', controlled by a rear 
panel switch. 

Pulse characteristics 
The level of all output signals is controlled by a TTL/ECL switch. 
Adjusts for amplitude and offset. Source Impedance is 50 ohms. 
TTL (across 50 ohms): HIGH LEVEL variable from 2.5 V to 1 V. 
LOW LEVEL 1 0 . 2  V. 
Transition times: 1 3 . 0  ns (First/Last Bit Trigger <4.0 ns). 
ECL (across 50 ohms): HIGH LEVEL OFFSET variable from 
-0.9 V to +1.1 V. Amplitude variable from 0.3 V to 1.0 V. 
Transition times: 12 .5  ns (Fifst/Last Bit Trigger <4.0 ns). 

C. 
General 
Operating temperature range: 0°C to +50°( 
Power requirements: 100 V /  120 V/220 V or  240 V +5%, -IO%, 48 
Hz  to 66 Hz, 200 VA (miximum). 
Weight: net 14.5 kg (31.96 Ib); shipping 16 kg (35.27 Ib), 
Dimensions: 460 X 475 X 178 mm (18 X 18.650 X 7 inches). 

Options: 
001: Remote programming: Bit pattern can be 
grammed via a marked-card reader 

8016A 9 x 32 Bit Word Generator $7000 



PULSE GENERATORS 
PRBS and WORD generation up to 150 Mb/s 
Model 3760A 

The 3760A Data Generator is a fast, versatile PRBS and WORD 
generator intended for both factory and field use, with many features 
which make it especially attractive for applications in high frequency 
digital communications. 

The generator can be manually or  automatically triggered from an 
external clock in the frequency range I kHz-I50 MHz. Alternatively 
the clock can be derived from an optional internal clock source which 
can be variable or crystal controlled in the frequency range 1.5-150 
MHz. A clock output is always provided in normal or  complemented 
form, which is variable in amplitude and D C  offset. 

The pseudo-random binary sequence, PRBS, is variable in length 
from 2’ - 1 to  21° - 1 bits, with an additional long sequence of 215- 1 
bits. A sync pulse occurs once per PRBS and may be varied in posi- 
tion relative to the sequence. As the 3760A generator is often used in 
conjunction with the 3761A Error Detector, a pair of consecutive er- 
rors can be inserted once per 4000 sequences to check the accuracy of 
the 3760A13761A system. 

The length of the binary WORD is variable from 3 to  IO bits and its 
content is selected on the front panel. A sync pulse is generated once 
per WORD. Alternatively, a preprogrammed repetitive pattern can be 
selected. 

The sync pulse can be used to initiate a block of 1 to 99 zeros which 
can be added to the data stream and used to examine regenerator 
clock extraction and threshold circuits in PCM systems. 

The data output which can be PRBS, WORD or  the fixed pattern 
1010, is available in normal or  complemented form. Either RZ or  
N R Z  formats may be selected and the data output can be delayed by 
up to 100 ns with respect to the clock. As with the clock, the data out- 
put can be varied in amplitude and DC offset. A second data output, 
which is synchronously delayed by 8 bits from the normal data out- 
put, is also available a$ an option. This feature makes the generator 
ideally suited for driving digital radio systems employing four phase 
modulation. 

Specifications 
Modes of operation 
PRBS normal: Generates a repetitive 2” - 1  bit. Maximal length 
PRBS where n = 3 to I O  and 15. 
PRBS add zeros: Addition of a block of 1 to 99 zeros with PRBS 
normal, occuring after the sync pulse. 
PRBS add error: Introduction of two errors per 4000 sequences. 
1010: Generates a preset repetitive word, content 1010. 
WORD normal: Generates a continuous 3 to 10 bit word with select- 
able content. 
WORD add zeros: Addition of a block of 1 to 99 zeros into WORD 
normal, occuring between words. 

Clock input 
Rate: 1 kHz to 150 MHz. 
Impedance: 50 ohms f 5 %  dc coupled (75 ohms optional). 
Trigger: manual with level range -3 V to  +3 V, +ve or  -ve slope. 
Auto with input mark:space ratio range 1 0 1  to 1:lO. 
Sensitivity: Better than 500 mV p-p. 
Amplitude: 5 V p-p maximum. Limits f 5  V. 
Pulse width: 3 ns minimum at 50% pulse amplitude. 
Indicator: Lamp showing clock present and triggering correctly. 

Internal clock (optional) 
Variable: Range 1.5 to 150 MHz. 
Crystal: Two rates in the range 1.5 to 150 MHz, stability f 2 0  ppm. 
Jitter: <OS% of period +0.05 ns p-p. 

Clock output 
Outputs: CLOCK or m. 
Impedance: Source impedance 50 ohms f 5 %  (75 ohms optional). 
Amplitude: Continuously variable in 5 ranges from 0.1 to 3.2 V sym- 
metrical about offset level. 
DC offset: Zero, <2% of pulse amplitude. 

Variable, continuous 0 to f 3  V. 
Transition times: <1.4 ns into 50 ohms. 

< 1.6 ns into 75 ohms. 
Overshoot: < 10% of pulse amplitude. 

Data output 
Outputs: DATA or  m. 
Format: N R Z  or  R Z  (up to 130 Mb/s). 
Delay: Data (and sync) delayed with respect to clock continuously in 
10 ranges from 0 to 100 ns. 
Other specifications as for clock output. 
Delayed data output optional) 

Delay: Synchronous 8 bits with respect to normal Data output. Other 
specifications as for normal Data output with ganged amplitude and 
D C  offset controls. 

Rate: Once per PRBS or  WORD cycle. 
Amplitude: +1 V into 50 ohms. 

General 
Power: 100 to 125 V or  200 to 250 V. 40 to 400 Hz consumption 90 W. 
Weight: 13.5 kg. (30 Ib). 
Dimensions: 425 mm wide, 140 mm high, 467 mm deep. (16%” X 
5%” x 18%”). 
3760A Data Generator $5740 

Outputs: DATA or  DA Ir;r ganged with normal Data output. 

sync output 



FREQUENCY SYNTHESIZER 
General information 

ItP Model 

Level 
Frequency Frequency Frequency Range level Remote Other* 

Range Resolution Stability dBm - 50Q Resolution Control Features 

3320A 
(Pg. 320) 

33208 
(Pg. 320) 

33308 
(Pg. 322) 

8660A** 
(Pg. 348) 

8660B** 
(Pg. 348) 

Freq. Amol. and I 2,3,4,6 I 

DC - 13 MHz 0.01 Hz to 10-’/day 0 to +13 %turn Freq. 1 

DC - 13 MHz 0.01 Hz to lO-’/day - 13 to +27 0.01 dB Freq. and 1 

5 ranges 10 kHz (4 digits) Vernier 

5 ranges 10 kHz (4 digits) (4  digits) Ampl. 

DC - 13 MHz 0.1 Hz lOP/day - 87t0+13  0.01 dB 
(9 digits) (4 digits) 

10 kHz to  1 Hz 3 X lOP’/day -146 to +13 1 dB steps 
1300 MHz (10 digits) plus Vernier 

(2 plug-ins) 

1 dB steps 
1300 MHz (10 digits) plus Vernier 

(2 plug-ins) 

10 kHz to 1 Hz 3 X l W / d a y  -146 to  + 13 

Freq. and 
Ampl. & 

Modulation I I 
Freq. and 
Ampl. & 

Modulation 



FREQUENCY SYNTHESIZERS 
.01 Hz to 13 MHz frequency synthesizer 
Models 3320A & 33208 

Description 
The 3320A/B Frequency Synthesizer has the frequency accuracy, 

stability, and resolution demanded by many of today’s exacting ap- 
plications. The ease and flexibility of adding greater stability means 
the 3320A/B can be tailored to your needs as they emerge. Spectral 
purity and low signal-to-phase noise complement the frequency qual- 
ities of the 3320A/B. 

The 3320B is more than a synthesizer. It offers precise level control, 
superior frequency response, low harmonic distortion and high power 
output. 

Two choices of digital remote control afford great flexibility for to- 
day’s system applications. High precision in both frequency and amp- 
litude means that expensive system monitoring is unnecessary. 

Frequenc 
The 332!A/B Frequency Synthesizer has a broad frequency range 

of 0.01 Hz to 13 MHz in seven frequency ranges. 
Three digits plus a ten-turn two-digit continuous vernier, plus 30% 

overrange capability, gives the 3320A/B one part in IO6 frequency res- 
olution across its total frequency range. 

Am litude 
T r e  3320A has a maximum one volt rms into 50 ohms output (+ 13 

dBm) with a continuous + 13 dBm to 0 dBm amplitude vernier. 
The 3320B features a four-digit leveling loop with a 0.01 dB level 

resolution of a calibrated output from +26.99 dBm to -69.99 dBm 
(-73.00 dBm under remote control). 

Frequency response of f0.05 dB over the range of 10 Hz to 13 
MHz, and level accuracy of f0.05 dBm absolute at 10 kHz, comple- 
ment the level capability of the 3320B. 

Pr rammability/remote control 
R e  3320A/B is a programmable signal source. Digital remote con- 

trol capability may be purchased installed in the instrument, or may 
be added later if the need arises. 

The 3320A. with its Option 003, allows parallel BCD remote con- 
trol of frequency only. The first digit of the frequency vernier, the fre- 
quency range, and the main frequency digits may be controlled re- 
motely. 

The 3320B has two remote control options. Both options allow full 
control of all functions except the last vernier digit and the line switch. 
Option 004 is parallel BCD remote control capability. Option 007 is a 
unique bit-parallel/word serial ASCII programming option. This op- 
tion is advantageous where several 3320B’s need to be controlled, 
since only one programming device is needed. The ASCII program- 
ming option has eight input lines, thus allowing direct interface to the 
HP  3260A Marked Card Programmer, photo reader, or any other 
eight-bit controller. This buss line programming means a saving of 
computer interface slots and a simplification of software. 

Frequency range: 0.01 Hz to 13 MHz in 7 ranges. 
Frequency ranges: 10 MHz, 1000 kHz, 100 kHz, I O  kHz, 1000 Hz; 
100 Hz and I O  Hz (optional). 30% overrange on all ranges. 

Specifications 



Range 

I 10MHz I 10 kHz I 10Hz I 1 kHz I 

Vernier Out Vernier In Vernier in 
(local or remote) (local) (remote) 

I 1000 kHz I 1 kHz I 1 Hz I 100Hz I 

10 kHz 

1000 Hz 

100 Hz 

I 100 kHz I 100Hz I 0.1 Hz I 10Hz I 
10 Hz 0.01 Hz 1 Hz 

1 Hz 1 mHz 0.1 Hz 

0.1 Hz 0.1 mHz 0.01 Hz 

I 10 Hz I 0.01 Hz I 0.01 mHz I 0.001 Hz I 
Frequency accuracy 
Vernier out: f0.001% of setting for 6 mo, 0°C to 55°C. 
Vernier in: f0.01% of range for 6 mo, 0°C to 55°C. 

Frequency stability 
Long term: f 10 parts in 106 of setting per year (vernier out) with am- 
bient temperature reference. Optional high stability crystal reference 
oven available (Option 002). 
Signal-to-phase noise (integrated): >40 dB down in 30 kHz band, ex- 
cluding f 1 Hz, centered on carrier. 10 MHz range, vernier out. Im- 
proves on lower frequency ranges. 
Harmonic distortion: with output frequencies >0.1% of range at full 
output amplitude, any harmonically related signal will be less than the 
following levels: -60 dB with output from 5 Hz to 100 kHz; -50 dB 
with output from 100 kHz to 1 MHz; -40 dB with output from 1 
MHz to 13 MHz. 
Spurious: >60 dB down. 
Internal frequency standard: 20 MHz crystal. 
Phase locking: the 3320A/B may be phase locked with a 200 mV to 2 
V rms signal that is any subharmonic of 20 MHz. 
Rear panel output: front or rear panel output is standard. 
Auxiliary outputs 
Tracking outputs: 20 MHz to 33 MHz offset signal. > I O 0  mV 
rms/50Q. 
1 MHz reference output: 220 mV rms/5OQ (>dBm/SOQ). 
LOW level output: same frequency as main output but remains be- 
tween 50 mV rms and 158 mV rms (into 50Q) depending on main out- 
put level setting. 
3320A Amplitude section 
Amplitude: maximum 1 V rms f10% into 50Q. 
Amplitude range: 0 dBm to +13 dBm range through % turn front 
panel control (not programmable). 
Frequency response: f 2  dB over total range. 
Output impedance: 50Q (7552, Option 001). 
33208 Amplitude section 
Amplitude range: +26.99 dBm (% watt) to -69.99 dBm (-73.00 
dBm under remote control) into 50Q. (+26.99 dBm = 5 V rms into 
509). 
Amplitude resolution: 0.01 dB. 
Frequency response (10 kHz reference): 
de 10 Hz 13 MHz 

I ‘)F nn 2”-  
~ L O . Y Y  o m  

- 3.00 dBm 
fO.05 A D  

I f0.5 d B  If0.1 
, UD 

d B  
dR 

I -23.00dBm 
f0.2 ”- 

f0 .4  d B  
Amplitude accuracy (absolute): +26.99 dBm, f0.05 dB at I O  kHz 
and (20°C to 30°C). 
Output impedance: 509 (753 Option 001). 
Options 
001 (3320AlB) 75 ohm: Amplitude range (3320B only) is +24.99 
dBm to -69.99 dBm (-75.00 dBm under remote control) into 759. 

-53.00 dBm 

-73.00 dBm 

002 (3320AlB) crystal oven*: 5 MHz crystal in temperature stabi- 
lized oven. Long term stability: f l  part in 108/day; f l  part in 
107/mo. Frequency accuracy: f I part in IO7 of setting per mo. For 
field installation order accessory kit HP  11237A. 
003 (3320A only) BCD remote control*: Allows digital remote con- 
trol of frequency only on 3320A. The most significant digit of the ver- 
nier may be programmed, thus giving four digits, plus 30% overrange, 
control of frequency in seven ranges (two are optional). Frequency 
switching and settling time: f0.1% of range, 15 ms, f0.001% of range, 
60 ms. For field installation order accessory kit HP  11238A. 
004 (33208 only) BCD remote control*: Allows digital remote con- 
trol of frequency and amplitude. **Four digits of frequency, over- 
range, frequency range, Vernier In/Out, four digits of amplitude, and 
leveling loop response times are all controlled digitally. Frequency 
switching and settling time is f0.01% of range, 15 ms; f0.001% of 
range, 60 ms. Amplitude switching and setting time: < 1.5 s to rated 
accuracy. 
007” (33208 only) HPIB remote control: Allows bit-parallel word- 
serial remote control of all functions. **A 3320B with this option will 
recognize an address and then accept instructions in a serial fashion. 
Instructions are a seven-bit parallel HPIB code. Due to the address- 
ing feature, up to ten 3320Bs (with this option) may be programmed 
from one programmer. The H P  3260A Marked Card Programmer 
may be used as a programmer for this option. This option requires 
eight digital input lines for full control. **Seven of the eight are pro- 
gramming input lines and one is a data command line. Full digital iso- 
lation is standard with this option. 

Logic Level Requirements for all Digital Remote Control Options. 
State Requirements 

0 V to 0.4 V (5 mA max.) or contact closure 
to ground through <80 ohms. 

+2.4 V to +5 V or removal of contact closure 
to ground. 

“Low” (logical “1”) 

“High” (logical “0”) 

006 (3320AlB) 100 Hz, 10 Hz Ranges’: Adds two lower frequency 
ranges, 100.0 Hz and 10.00 Hz, yielding greater resolution for low fre- 
quency outputs (see resolution section of specifications). These two 
ranges are fully programmable if digital remote options are installed. 
For field installation, order Accessory Kit HP  11240A. 
General 
Operating temperature: 0°C to 55°C. 
Storage temperature: -40°C to +70°C. 
Power requirements: 1 15 V or 230V f IO%, 48 Hz to 63 Hz, 110 VA 
max (400 Hz operation on special basis). 
Weight 

3320A 14.4 kg (32 Ib); shipping, 21.3 kg (47 Ib). 
3320B: 15.4 kg (34 Ib); shipping, 22.2 kg (49 Ib). 

Dimensions: 425 m m  wide, 491.5 mm deep, 132.6 mm high (16%” x 

Accessories furnished: rack mounting kit. 
Model number and name Price 

3320A Option 002, crystal oven $310 
3320A Option 003, BCD remote conti $320 
3320A Option 006, 100 Hz/lO Hz ran $216 
3320B Option 001 759 output 
3320B Option 002, crystal 310 
3320B Option 004, BCD re 495 
3320B Option 006, 100 Hz, 216 
3320B Option 007, HPIB r 695 
11048C, 509 feedthrough $15 
11094B, 759 feedthrough $15 
3260A Marked Card Programmer allows the 3320B 
with HPIB remote to be easily programmed by a 
punched or marked card $995 
1 1473-76A Balancing Transformers. (see page 477) $200 ea 
3320A Frequency Synthesizer $2,115 
3320B Frequency Synthesizer $2,960 

**Except last vernier digit and line switch. 

19%” x 5%,c). 

3320A Option 001, 75Q output N /C  

N/C 

*Field installable. 

add 
rol add 
iges add 

oven 
:mote control 
/ I O  Hz ranges 
emote control 

add $ 
add $ 
add $ 
add $ 



FREQUENCY SYNTHESSZZRS 
0.1 Hz to 13 MHz automatic synthesizer 
Model 33308 

0 Digital sweeping of frequency and amplitude 

i 
I 

Description 
The fully programmable 3330B Frequency Synthesizer has a fre- 

quency stability of f 1 X per day, -50 dB signal-to-phase noise, 
with a constant resolution of 0.1 Hz up to  13 MHz. Amplitude can be 
controlled to a resolution of 0.01 dB over a 100 dB range. 

Solid-state displays show frequency and amplitude. Nine digits of 
frequency and four digits of amplitude are displayed on the Model 
3330B. 

Spectral purity, not normally associated with frequency synthe- 
sizers, is a unique feature of the 3330B. Spurious is >70 dB below the 
carrier and harmonics are >60 dB to 40 dB below the carrier, de- 
pending upon the frequency setting. As a sweeper, the 3330B uses dig- 
ital sweeping for linearity. Either single or continuous sweeps may be 
set up. Parameters such as center frequency, frequency step, time per 
step, and the number of steps, go into the memory, then are executed 
by pressing a single button. The ROM operates the sweep as set up 
until told to  stop. Many of the sweep parameters can be changed 
while the instrument is sweeping. The instrument sweeps amplitude in 
steps as small as 0.01 dB. The amplitude can be stepped at  the end of 
t 

t 

1 
I 

r 
Long rerm: * I  x IU - or rrequency per aay. * I  x I U  or rre- 
quency per month. 
Temperature: f 1 X of frequency at  25°C f 10°C. f 1 X IO-’ of 
frequency at  0°C to 55°C. 
Signal to phase noise (integrated): 50 dB down in a 30 kHz band, 
excluding f l  Hz, centered on carrier. 
Harmonic distortion: with full output amplitude, any harmonically 
related signal will be less than tl. 

5 HZ to 100 kHz: 
100 kHZ to 1 MHz: -50 dB. 
1 MHz to 13 MHz: -40 dB. 

-60 dB. 

Spurious 
All nonharmonically related spurious signals will be greater than 70 

dB below selected output level or SI10 dBm/SOQ, whichever is 
greater. 

:ach frequency sweep cycle to  produce a family of curves. 

Specifications 
-requency range: 0.1 Hz to 13,000,999.9 Hz. 
‘requency resolution: 0.1 Hz (8 digits + overrange). 

ie following specified levels. 

. . ... . . ~. 

Frequency switching and settling time: the time required for fre- 
quency switching and settling is a function of the largest frequency 
digit affected by the frequency change in question. 

or 10 MHz 

Internal frequency reference: 5 MHz crystal oscillator in tempera- 
ture stabilized oven. 

Frequency adjustments 
Coarse: internal adjustment adequate for five years of aging. 
Fine: one turn pot or f 5  V dc for 1.2 to  2.5 X IO-’ max control with 
internal reference or 3 X 10-5 max control with rear panel switch in 
ext. ref. position without an external reference applied. 
External frequency reference: the 3330B may be phase locked with 
a 200 mV to 2 V rms signal that is any subharmonic of 20 MHz from 1 
MHz through 10 MHz. 
Rear panel output: front or rear panel output is standard. 

Auxiliary outputs 
20 - 33 MHz tracking output: >lo0  mV rms/500. 
1 MHz reference output: >220 mV rms/50Q (0 dBm/50Q). 
Synthesized search or tune: a frequency step (0.1 Hz min) may be 
entered. This step may be added to  or subtracted from the synthe- 
sized output signal. Rate of search or tune is selected by the time per 
step control. 
Digital sweeping of frequency: accomplished by entering and set- 
ting the center frequency, a frequency step, number of steps, time per 
step, and sweep direction. 
Sweep width: the product of the step size and number of steps. 
STEPS. 
Step size: continuously adjustable in 0.1 Hz increments. 
Step accuracy: f 1 X IO-* per day for standard reference crystal. 
Number of steps: 10, 100, or 1000. 
Time per step: 1 ms, 3 ms, 10 ms, 30 ms, 100 ms, 300 ms, 1000 ms, 
and 3000 ms. 
Direction of sweep: up, both, down. 



Single sweep: initiated by momentary pushbutton. 
Continuous sweep: initiated by momentary pushbutton. 
Manual sweep: accomplished by holding down the freq t or freq + 
keys. Display will follow output. 
Sweep output: stepped dc voltage proportional to sweep position, 0 
to + 10 v. 
Accuracy: f0 .2% of full scale. 
Linearity: f0.1% of full scale. 

Digital outputs 
Step count: 0 to 1000 count on 12 BCD (1-2-4-8) lines to  indicate 
sweep position. 
Sweep status: line to  indicate when instrument is sweeping. 
Step ready: indicates instrument has spent the selected time per step 
and is ready to go to  the next step. 
Sweep modification (continuous): during a continuous sweep, the 
step size, center frequency, sweep direction, and time per step may be 
changed without stopping the sweep. 
Center frequency modification: accomplished by pressing freq t or 
freq 4 . 
Frequency step: to  widen or narrow the sweep width, the frequency 
step size may be expanded or contracted by factors of 2 or IO. The keys 
labeled freq step X2, freq step +2, freq step X I 0  and freq step + I O  
may be pressed. 
Sweep modification (single): during a single sweep, the time per 
step and direction sweep may be changed without stopping the sweep. 

Amplitude section 
Amplitude: maximum 2.1 V rms into open circuit; maximum 1.05 V 
rms into 50R. 
Amplitude range: +13.44 dBm to -86.55 dBm into 503. 
Amplitude resolution: 0.01 dB. 
Output impedance: 503 (75R Option 001). 
Display: four digit readout in dBm with reference to 50R. Leveled fre- 
quency response (10 kHz reference) IO Hz - 13 MHz.* 

+13.44 dBm to -16.55 dBm: f0 .05 dB. 
-16.55 dBm to -36.55 dBm: f O . l  dB. 
-36.55 dBm to -66.55 dBm: f 0 . 2  dB. 
-66.65 dBm to -86.55 dBm: f 0 . 4  dB. 

Amplitude attenuator accuracy: f0 .02  dB/10 dB step (at 10 kHz) 
of attenuation down from maximum output. 
Amplitude accuracy (absolute): f0.05 dB at 10 kHz and +13.44 
dBm (15°C f 5 ” C ) .  (For absolute accuracy a t  other frequencies and 
amplitudes, add 0.05 dB to the leveled frequency response specifica- 
tion, plus the attenuator accuracy specification.) 
Amplitude modulation: requires external modulation source. Rear 
panel BNC. ALC switch must be in slow position. 
Modulating signal: 100 Hz to 100 kHz. 
Modulation depth: 0.95 V rms modulating signal for 95% modula- 
tion depth. 
Digital sweeping of amplitude: accomplished by entering and set- 
ting the center amplitude, an amplitude step, number of steps, time per 
step and sweep direction. 
Type: linear and symmetrical about the center amplitude. 
Sweep width: product of the step size and number of steps. 
Step size: 0.01 dB to 99.99 dB in 0.01 dB increments. 
Number of steps: IO, 100, or 1000. 
Time per step: 30 ms, 100 ms, 300 ms, 1000 ms, 3000 ms. 
Direction of sweep: up, both, down. 
Single sweep: momentary pushbutton. Display follows output. 
Continuous sweep: momentary pushbutton. Display of center am- 
plitude or step. 
Manual sweep: accomplished by holding down the amp1 t or 
amp1 4 keys. Display will follow output. Sweep output, digital out- 
puts, sweep modification (continuous), sweep modification (single), all 
the same as with frequency sweep. 

Digital remote control 
The 3330B allows full programming of frequency, amplitude and 

sweeping. 
Each key, slideswitch position, and control has a seven-bit parallel 

ASCII code assigned to it. Programming is accomplished by sending 

‘Add i0.5 dB for leveling off. 

State 

“Low“ 
(logical “1”) 

the 3330B a series of seven-bit codes (instructions). Before the instru- 
ment will accept instructions, it must be addressed. This is done by 
preceding the first instructions with the ASCII code for the instru- 
ment being addressed. The address of a 3330B is set at  Octal “044” by 
the manufacturer but may be easily changed by the user. 

The addressing capability of the 3330B allows up to 15 units to be 
connected in parallel on the ASCII buss. Up  to  63 different addresses 
are available. 

The H P  3260A Marked Card Programmer may be used as a pro- 
grammer for one or more 3330B. 
Timing: maximum of 310 ps per digit. Maximum of 1 ms to enter and 
initiate program control codes. Maximum of 2.5 ms to  enter and initi- 
ate sweep. 
Input control lines: 7 Program Data lines, 1 MRE,* 1 Data Strobe 
line, 1 Remote Enable line, 1 Step Inhibit line (use not required). 
Output control lines: 1 Ready for Data, 1 Data Accepted, 14 Sweep 
Parameter lines (use not required). 
Isolation: the input and output control lines on the standard 3330B 
do not have isolated grounds with respect to  output signal ground. For 
isolation of these digital grounds, order Option 004. 
Logic level requirements: 

Requirements 

0 V to 0.4 V (5 mA max) or contact closure to 
nround through <80 ohms. 

I +2.4 V to +5 V or removal of contact to ground. I (lo,;$”o,., 
*Multiple Response Enable 

Options 
Option 001: 75 ohms - 1 V rms (factory installation only). Attenua- 
tion and output referenced to  750. 

Amplitude range: +11.25 dBm to -88.74 dBm. 
Option 002: High Stability Crystal Oven 

Long term frequency stability: f 1 X per day. +2  X IO-* per 
month. 
Long term temperature: f l  X 10-9  total frequency at  2 5 ° C  
f l 0 ” C .  f l  X 10-8 total of frequency at  25°C. 0°C to +55”C. 
Frequency adjustments: same as standard instrument. 

Option 003: Deletion of Crystal Oven. 20 MHz ambient temperature 
crystal reference oscillator. 

Frequency stability: f 10 parts in 106/yr. 
Frequency adjustments: rear panel 1 turn pot or rear panel volt- 
age control input for 30 j< 10-6  maximum control. 

Option 004: Isolated Digital Input (factory installation only.) With 
this option, the digital input lines are electrically isolated from the sig- 
nal ground. 

DC isolation: f 2 5 0  V. 
AC isolation: >30 dB, 0 to  1 MHz. 

Option 005: 5 V rms - 50 ohm output. This option gives the 3330B a 
% watt output. 

General 
Operating temperature: 0°C to +55”C. 
Storage temperature: -40°C to +70°C. 
Turn on time: 

Amplitude range: +26.99 dBm to -73 dBm into 50 ohms. 

Application of power to  “On”: 20 min to within f 1 X 10-7 of the 
final frequency. 
“Standby” to “On”: 15 s to  full specifications. 

Power requirements: 1 15 V or 230 V f lo%, 48 Hz to 63 Hz, (400 Hz 
line frequency operation on special basis), 20 W standby, 200 W on. 
Weight: 22.6 kg (53 Ib); shipping, 26.8 kg (63 Ib). 
Dimensions: 426 mm wide X 178 mm high X 547 mm deep (16%’’ X 

Model name and number Price 

Option 002, crystal oven add $530 
Option 003, deletion of oven less $200 
Option 004, isolated ASCII add $400 
Option 005, 5 V - 50R output add $270 
3330B Automatic Synthesizer $6365 

7” x 21 %”). 

Option 001, 75fl - 1 V output N /C  



OSCILLATORS & FUNCTION 
General information 

GENERATORS 

Oscillators, function generators 
Signal sources have been described by var- 

ious names-oscillators, test oscillators, au- 
dio signal generators, function generators, 
etc. Different names are applied, depending 
on design and intended use of the source. In 
recently developed sources, the name “test 
oscillator” has been used to  describe an os- 
cillator having a calibrated attenuator and 
output monitor. The term “signal genera- 
tor” is reserved for an oscillator with modu- 
lation capability. 

A function generator is a signal generator 
that delivers a choice of different waveforms 
with frequencies adjustable over a wide 
range. Function generators produce sine, tri- 
angle, square wave, saw-tooth waves, pulses, 
sweep, and modulation. Hewlett-Packard’s 
function generators extend from a low fre- 
quency of 0.00005 Hz (HP  203A Option 002) 
up to a high frequency of 13 MHz (HP 
3312A). 
Basic requiremnnte 

In selecting i 
erator, the user 
frequency cove 
swered here is, 
both the lowes 
interest for ant 
Table 1, Hewlett-Packard manufactures a 
broad range of oscillators and function gen- 
erators covering the frequency spectrum 
from 0.00005 Hz to 13 MHz. 

The user’s next concern will be with avail- 
able output power or  voltage. Some tests re- 
quire large amounts of power, while others 
merely require sufficient voltage output. For 
almost any application, there is a Hewlett- 
Packard oscillator capable of delivering de- 
sired voltage output into a high-impedance 
load or  of supplying desired power into lower 
impedance loads. 

Besides frequency range and power out- 
put, the user will be interested in instrument 
stability, its dial resolution, and the amount 
of harmonic distortion, hum and noise in the 
output signal, and functions available. See 
Table 1 for a comparison of Hewlett-Pack- 
ard oscillators and function generators. 

Frequency stability 
Frequency stability of an oscillator deter- 

mines the ability of the instrument to main- 
tain a selected frequency over a period of 
time. Component aging, power-supply vari- 
afions and temperature changes all affect sta- 
bility. Carefully chosen components, such as 

t .. . .”. * .“ 
tn oscillator or  function gen- 
will be most interested in its 

rage. The question to be an- E L !  
I 1  
E E  
r -  

“Will the instrument supply 
t and highest frequencies of 
icipated tests?” As shown in 

0 

- . -. . __ -. - . . -&... 

-1 t 

1 W I 200AB 

250mW I 3312A*’ 

160mW I 202C 

160mW I 4204A 

(Opt. 002) 

40 mW 

- rwr OUWPU~I :  TWO varia~ie pnare “‘Two Generaton, AM, FM. Sweep, T o n e  Bunt, TriggerlGate 

PAGE 

334 

329 

500 

Table 1. Functions, frequency range and  power output of Hewlett-Packard oscillators a n d  
function generators.  

precision resistors and variable capacitors in 
the frequency-determining networks, contri- 
bute to long-term stability. 

Amplitude stability 
Amplitude stability is important in certain 

oscillator applications. Amplitude stability is 
inherent in the Hewlett-Packard RC oscilla- 
tor circuit because of large negative feedback 
factor and amplitude stabilizing techniques. 
“Frequency response,” or  amplitude varia- 
tion as frequency is changed, is of special in- 
terest when the oscillator is used for re- 
sponse measurements throughout a wide 
range of frequencies. 

Distortion 
Distortion in the oscillator’s output signal 

is an inverse measure of the purity of the os- 
cillator’s waveform. Distortion is undesir- 
able in that a harmonic of the test signal may 
feed through the circuits under test, generat- 

ing a false indication at  output. If the oscilla- 
tor is used for distortion measurements, the 
amount of distortion that it contributes to  
measurements should be far less than that 
contributed by the circuits under test. 

Hum and noise 
Hum and noise can be introduced at  a va- 

riety of points in oscillator circuits; but when 
the circuit operates at a relatively high level, 
the amount of hum and noise introduced into 
the device under test is usually negligible. 
Hum and noise introduced by a power am- 
plifier usually remain constant as output sig- 
nal amplitude is diminished. Hence, even 
though hum and noise power may be quite 
small compared to rated output, these spuri- 
ous signals sometimes become a significant 
portion of low-level output signals. To over- 
come such a limitation, many Hewlett-Pack- 
ard oscillators have their amplitude control 



on the output side of the power amplifier so 
that hum and noise are reduced proportion- 
ally with the signal when low-level signals are 
desired for test purposes. 

Function generators 
The function generator has emerged as a 

versatile multiwaveform signal source capa- 
ble of very wide frequency coverage. The 
function generator has become an indispens- 
able general purpose signal source for pro- 
duction testing, instrument repair, and the 
electronics laboratory. Diverse fields of ap- 
plications in which the function generator is 
being used include medical research, educa- 
tion, chemical, communications, geo-phys- 
ics, industrial control, military, and aero- 
space. 

Most function generators are designed 
around the block diagram shown in Figure 1. 

The basis of this circuit is generation of a 
triangle waveform through a feedback net- 
work. The upper current source delivers 21 to 
the integrator and the lower current source 
takes away -1. This, with the upper current 
source “on” the integrator, charges linearly 
with a current I. Output of the integrator is 
sensed by a voltage comparator. 

TO 
OUTPUT 

AMPLIFIERS 

INTEGRATOq, 
LOWER 

CURRENT 
SOURCE 

Figure 1. Block diagram typical function 
generator. 

When the proper level is reached, the com- 
parator is triggered which in turn “discon- 
nects” the upper current source. With upper 
current source disconnected, the integrator 
discharges linearly a t  a -I  rate due to the 
lower current source. When the proper dis- 
charge voltage is reached, the comparator 
again triggers turning “on” the upper 
current source; thus, completing the cycle. 
The resulting triangular waveform is varied 
in frequency by changing the charge current 
1. T o  obtain a sine wave, the triangular 

waveform is processed by a diode shaping 
network. The square wave is already avail- 
able at the output of the voltage comparator. 
By varying current ratio between two cur- 
rent sources, ramp and pulse waveforms may 
be generated. 
331 OAIB 

Hewlett-Packard‘s 3310A/B utilizes this 
basic circuit with many refinements resulting 
in a versatile seven function instrument cov- 
ering a frequency range from a high of 5 
MHz down to the millihertz range (0.0005 
Hz). The 3310B has additional capability of 
tone burst with variable start/stop phase. 

331 1 A 
For the user with general requirements and 

a tight budget, Hewlett-Packard‘s 331 IA is 
an ideal choice. This instrument generates 
sine, square, triangle and pulse waveforms 
over a 0.1 Hz to 1 MHz frequency range. The 
small size, cast aluminum case, and output 
protection make it a rugged performer. 
3300A 

Hewlett-Packard’s 3300A Series offers the 
user a broad selection of functional capabil- 
ity through the use of plug-ins. The 3300A, in 
combination with the 3302A, offers trig- 
gered and phase lock of the mainframe. 
Phase between locking signal and mainframe 
output is continuously variable through a 
front panel control. 

If a log sweeper is called for in audio test- 
ing, the 3300A combined with the 3305A 
Plug-in is the answer. This combination will 
sweep from 0. I Hz to 100 kHz (6 decades) in 
one continuous sweep. Narrower sweeps can 
also be made through independent start/stop 
adjustments. 

209A 
A modification to the Wien bridge oscilla- 

tor is HP‘s 209A Sine-Square Wave Oscilla- 
tor. Stable, accurate signals, which can be 
synchronized with an external source, are in- 
stantly available over a frequency range of 4 
Hz to 2 MHz. Amplitude of the sine and 
square wave outputs are separately adjust- 
able and are available simultaneously. Dis- 
tortion and flatness can be improved at low 
frequencies by a low distortion modes switch. 
3312A (New) 

The 33 12A combines two generators in one 
instrument. The generators may be used sep- 
arately or combined internally. The combi- 

nations available are: AM, FM, Sweep, Trig- 
ger/Gate, Tone Burst with variable start/ 
stop phase. Each generator has sine, square, 
triangle, pulse and ramp functions. The 
waveforms available are almost unlimited. 
Frequency range of this instrument is 0.01 Hz 
to 13 MHz. 
Selecting an osc./function gen. 

In selecting an oscillator or function gen- 
erator, the user is faced with a broad spec- 
trum of available instruments. To narrow this 
spectrum, the following guidelines may be 
used: 
I .  Define current requirements and probable 
future requirements in terms of frequency 
range, power output, functional capability 
desired,* sine wave harmonic distortion, fre- 
quency stability, and output flatness vs. fre- 
quency. 
*Functions 01 interest are: multiple output, output level monitor, cali- 

brated attenuator, sine wave, square wave, triggered output. pulse, 
phase lock, ramp, de offset, and modulation capability. Another lea- 
ture which may be 01 interest is internal sweep. Most function genera. 
t o n  may be swept externally; some have internal sweep as well. Sweep 
may be linear lor narrow-band testing or log lor multi-decade sweeps. 

2. If application is general purpose in nature 
with no stringent requirements, such as .Ol% 
harmonic distortion, consider the function 
generator. This class of instruments may be 
used as a sine wave source, square wave test 
source, pulse generator, low frequency ramp 
for x-y recording, etc. If, however, any of the 
intended applications have specific require- 
ments, the function generator will, in most 
cases, not have sufficiently tight specs to sat- 
isfy these requirements. In this case, the user 
must look to dedicated instrumentation. 
3. In general, test oscillators or oscillators 
will be your choice when large voltage out- 
put or low harmonic distortion are require- 
ments. 
4. If frequency stability and accuracy are 
paramount requirements, then synthesizers 
should be considered. (See page 323.) 
5 .  Specialized output impedances other than 
50 or  600 ohm single-ended, will require spe- 
cialized instruments such as the 654A. 
6. If maximum versatility per dollar is the 
prime consideration, then function genera- 
tors are your best choice. 
7. In the sub-Hertz frequency range, the func- 
tion generators are top performers. 
8. For digital frequency selection, the 4204A 
or  the frequency synthesizers should be con- 
sidered. 



OSCILLATORS tk FUNCTION GENERATORS 
5 Hz to 600 kHz audio oscillators 
Models ZOOAB, ZOOCD, 200CD Opt: H20, 81 201C 

200AB 200CD 201c 

Description frequency control. 
These Hewlett-Packard oscillators have high stability and accurate, 

easily resettable tuning circuits. Low-impedance operating levels, to- 
gether with superior insulation, guarantee peak performance through- 
out years of trouble-free service. The instruments have a wide fre- 
quency range and long dial lengths and feature an improved vernier 

Accessories available: 
1 IOWA Cable Assembly 
1 IOOlA Cable Assembly 
11004A Line Matching Transformer 
11005A Line Matching Transformer 

E-xifications 

Price 
$15 
$15 
$72 

$100 

200 

20 Hz to 40 kHz 

200CD 201c 

5 Hz to 600 kHz 

5 overlapping 3 overlapping 

20 Hz to 20 kHz I I Frequency Range I 
Number of Ranges 4 overlapping 

Dial Accuracy f2' I . nm . .I % *L70 *I% 

fl dB (1 kHz ref) 

>160 mW (10 V) 
Opt. H20, 93 mW (7.5 V) 

fl dB (1kHz ref) 

3 W (42.5 V) 

Frequency Response 

output 1 W (24.5 V)  

fl dB (1 kHz ref) h- (intc Imp1 15 kHz I 6009 load) 

1ut 
?dance 

6009 6009 %lo%, 20,30 and 40 dB 
settings 
<6009, 0 dB and 10 dB 
settines 

<759 from 20 I 

Balance and floating 
Better than 0.1% at lower 
I frequenciesand approx. 1% 

at higher frequencies 

0.2%, 20 Hz to 200 kHz 
0.5%, 5 Hz to 20 Hz and 
200 kHz to 600 kHz 
Opt. H20: 0.06%, 60 Hz to 
50 kHz 
0.1%, 20 Hz to 60 Hz and 50 
kHz to 400 kHz 
0.5%, 5 Hz to 20 Hz and 400 
kHz to 600 kHz 

One terminal at ground 
potential 

4 5 %  50 Hz to 20 kHz at 1 W 
<1%, 20 Hz to 20 kHz at 3 W 

<0.03% of rated outout 

Balance over entire frequency range 

<1%, 20 Hz to 20 kHz 
<2%, 20 kHz to 40 kt' 
(into 6009 load or hig 
impedance) 

66 dB below maximum rated output <0.1% of rated outDut 

Bridged "T" Bridged "T" 
~~ 

I 0 to 40 dB in  10 
Coarse and fine 

Attenuator I 1 dB steps 
controls 

Input Power 
~~ 

115 or 230 V ( . _ _  I 115 or 230 V, 5( I tn Ann u, I must be 
specitled) 30/400 Hz, -- 

115 or 230 V, 50 to 1000 Hz 
90 VA 

Net: 9.9 kg (22 Ib) 
Shiminn: 10.8 ka (24 Ib) 

15 VA - 
WC 
k g ~  , Shipping: 7.2 kg (16 Ib 

Net: 6.7 kg (15 Ib) 

n m  X JUJ IIIIII w v u v n  in1  ..._ v mi  

Di 12") - 
Pr 

?ight 
(Ib) 

, m c  __ ~ .-. .. 187 mm X 292 mm X 365 mm 
(7%" X 11%" X 14%") 

' IYI mm x 292 mm X 318 
(7%" x 11%"- x 12%") I 131 111111 A LJL I 

(7%" x 11%" x 
200AB: $340. ice 200CD: $385 

Opt. H20: $452 



OSCILLATORS & FUNCTION GENERATORS 
4 Hz to 2 MHz sine, square wave oscillators 

Models 209A, 204C 81 204D 

Low distortion mode 

Normal mode 

- 

f l %  34.5% f l %  

+5%, -1% f0.5% f l %  

209A 204C 

Description 
The H P  209A is a small, lightweight, sine/square oscillator. Stable, 

accurate signals which can be synchronized with an external source 
are instantly available over a frequency range from 4 Hz to 2 MHz. 
Separately adjustable sine/square outputs are located on the front 
panel. Distortion and flatness can be minimized at low frequencies by 
a real panel low distortion mode switch. 

The H P  204C is a small, lightweight capacitive-tuned oscillator. 
Interchangeable power packs, line, rechargeable batteries or mercury 
batteries make this instrument ideal for both field and laboratory use. 

The H P  204D Oscillator is identical to  the 204C with the addition of 
an 80 dB attenuator and vernier. The attenuator with the vernier pro- 
vides excellent output amplitude settability. 

209A Specifications 
Frequency: 4 Hz to 2 MHz in 6 ranges. 
Dial accuracy: f 3 %  of frequency setting. 
Flatness: at maximum output into 6003 load. 1 kHz reference. 
I Low distortion mode I f l %  I f0.5% I f l %  I f5% I 
INormalmode I +5%, -1% I f0.5% I f l %  I f5% I 

4 100 300 k 1 M 2M(Hz) 

Distortion: 200 Hz to 200 kHz, 0.1% (-60 dB); 4 Hz to 200 Hz, 

Hum and noise: <0.01% of input. 

Output characteristics sine wave 
Output voltage: 5 V rms (40 mW) into 6003; I O  V open circuit. 
Output impedance: 6003. 
Output control: >26 dB range continuously adjustable. 
Output balance: >40 dB below 20 kHz. Output can be floated up to  
f 5 0 0  V p between output and chassis ground. 

Output characteristics square wave 
Output voltage: 20 V p-p open circuit symmetrical about 0 V. Out- 
put can be floated up to f 5 0 0  V p. 
Rise and fall time: <50 ns into 6000. Symmetry: f5%. 
Output impedance: 6003. 

<0.2% (-54 dB); 200 kH2-2 MHz, < I %  (-40 dB). 

Synchronization 
Sync output: sine wave in 
(high end affected by capa 
Sync input: same as 204C 

phase with output; 1.7 V rms open circuit 
citive loads); impedance 10 kf2. 

204D 

Distortion: 30 Hz to 100 kHz, 0.1% (-60 dB); 5 Hz to 30 Hz, <0.6% 
(-44 dB); 100 kHz-1.2 MHz, linearly derated to < I % .  
Hum and noise: <0.01% of output. 

Output characteristics 
Output voltage: >2.5 V rms (10 mW or + 10 dBm) into 6003; > 5  V 
rms open circuit. 
Output impedance: 6003. 
Output control: >40 dB range; continuously adjustable. 
Output balance: >40 dB below 20 kHz. Can be floated up to f500 
V p between output and chassis ground. 

Synchronization 
Sync output: sine wave in phase with output; >IO0 mV rms into 
<IO0 p F  over entire range; impedance 10 k 3 .  
Sync input: oscillator can be synchronized to  external signal. Sync 
range, the difference between sync frequency and set frequency, is a 
linear function of sync voltage. f l%/V rms for sine wave with a max- 
imum input of f 7  V p ( f 5  V rms). 

204 D Specifications 
(Identical to 204C except “output control” is replaced by the follow- 
ing): 

Output attenuator 
Range: 80 dB in 10 dB steps. 
Overall accuracy: f0 .3  dB, + I O  dB through -60 dB ranges; f0.5 
dB on -70 dB range. 
Output vernier: > I O  dB range, continuously adjustable. 

General 
Operating temperature: specifications are met from 0°C to 55°C. 
Power: standard: ac-line 115 V or 230 V f IO%, 48 Hz to 440 Hz, <7 
VA max. Opt. 001: mercury batteries 300 hours operation. Opt. 002: 
line/rechargeable batteries 115 V or 230V f IO%, 48 Hz to 440 Hz, <7 
VA max. 35 hours operation per recharge. 
Dimensions: 130 mm wide, 155 mm high (without removable feet), 
203 mm deep (51/8c X 6Y37 X 8”). 
Weight: net 2.7 kg (6 Ib); shipping, 3.6 kg (8 Ib). 
Accessories available: Price 

? a 7  
11 137.4 Rechargeable battery/AC power 
204C/D 
11075A Instrument case 
Model number and name: 
Option 001, 204C/D (for mercury batteries) 

209A Sine, square wave oscillator $400 
204C Sine wave oscillator $295 
204D Sine wave oscillator $370 

1 1  136A Mercury power pack for 204C/D 

Option 002, 204C/D (for rechargeable batt/ac line) i s 5  

pack for 
$103 

$80 

$75 



OSCILLATORS & FUNCTION GENERATORS 
10 Hz to 1 MHz digital oscillator 
Model 4204A 

0.2% frequency accuracy 
Accurate 80 dB output attenuator 
0.01% frequency repeatability 
Excellent stability 
Flat frequency response 

Description 
Hewlett-Packard's 4204A Digital Oscillator provides accurate, 

stable test signals for both laboratory and production work. This one 
instrument does the job of an audio oscillator, an ac voltmeter, and an 
electronic counter where an accurate frequency source of known am- 
plitude is required. 

Any frequency between 10.0 Hz and 999.9 kHz can be digitally se- 
lected with an in-line rotary switch, to  four significant figures. As 
many as 36,900 discrete frequencies are available. Infinite resolution is 
provided by one vernier control, which also extends the upper fre- 
quency limit to 1 MHz. Frequency accuracy is better than f0 .2% and 
repeatability is typically better than f0.01%. 

A built-in high impedance voltmeter measures output. The meter is 
calibrated to read volts or dBm into a matched 600 ohm load. (0 dBm 
= I mW into 600 ohms.) The output attenuator has an 80 dB range, 
adjustable in I O  dB steps with a 20 dB vernier. Maximum output 
power can be increased to I O  volts (22 dBm) into 600 ohms or 20 volts 
open circuit. 

Frequency response is flat with less than f 3 %  variation over the en- 
tire frequency range at any attenuator setting. Frequency stability is 
better than IO parts in IO6 per minute. 

Frequency range: I O  Hz to 1 MHz, 4 ranges. 
Frequency accuracy: f 0 . 2 %  or f O . l  Hz (at 25°C). 
Frequency stability: 
f10% line voltage variation: less than f0.01%. 
Change of frequency with temperature: <f 100 ppm/"C. 

Specifications 1 

Drift < I O  ppm/minute. 
Frequency response: flat within f 3 % .  
Output: 10 V (22 dBm) into 600 ohms (160 mW). 20 V open circuit. 

Output attenuator: 80 dB in I O  dB steps; < f 0 . 5  dB error. 
Output monitor: voltmeter monitors level at  input of attenuator in 
volts or  dB. 
Accuracy: f 2 %  of full scale. 
Flatness: f 1% at full scale, I O  Hz to  500 kHz; f 2 %  at full scale, 500 
kHz to 1 MHz. 
Distortion: less than 0.3%, 30 Hz to 600 kHz. Less than 1.2%. I O  Hz 
to  1 MHz. 
Hum and noise: less than 0.05% of output. 
Temperature range: 0°C to +50°C. 
Power: I15 V/230 V switch, f IO%, I O  VA, 50 to  60 Hz. 
Weight: net, 8.5 kg (19 Ib); shipping, 11 kg (28 Ib). 
Dimensions: 134 mm high X 426 mm wide X 286 mm deep (5%" X 
16%" X 1 1  lh''). 
Accessories available: Price 
1 IOOOA Cable: dual banana plugs $15 
1 IOOIA Cable: banana plug to  BNC male connector $15 
11004A Line Matching Transformer has a frequency 
response of 5 kHz to 600 kHz providing fully balanced 
outputs for 135 or  600 ohms 
11005A Line Matching Transformer has a frequency 
response of 20 Hz to 45 kHz providing full balanced 

16252A Matching Transformer has a frequency re- 
sponse of I O  kHz to  1 MHz providing unbalanced 75 
ohm output, terminated in UG-657/U female BNC 
connector Price on request 
Model number and name 
Option 001, 4204A Output Monitor top scale cali- 
brated in dBm/600Q. Bottom scale calibrated in volts add $24 
4204A Digital Oscillator $1305 

$72 

output into 600 ohms $100 



OSC I LLATO RS 
0.00005 Hz 

& FUNCTION GENERATORS ~ , 
to 60 kHz Variable-phase function generator 

Model 203A 

Description 
HP's solid-state 203A Variable Phase Function Generator provides 

two transient-free square and low-distortion sinusoidal test signals 
particularly useful for a wide variety of low-frequency applications. 
Field and laboratory testing of servo, geophysical, medical and high- 
quality audio equipment becomes practical when using the 203A. 

HP's 203A frequency range of 0.005 Hz to  60 kHz is covered in 
seven overlapping bands (two additional ranges available on special 
order offering frequency range to 0.00005 Hz). Accurate f I %  fre- 
quency setting is provided by 180 dial divisions. A vernier drive al- 
lows precise adjustment. 

HP's 203A provides a maximum output voltage of 30 V peak-to- 
peak for all waveforms. Sinusoidal signals have less than 0.06% dis- 
tortion and provide virtually transient-free outputs when frequency 
and operating conditions are varied rapidly. Four output circuits of 
the 203A have individual 40 dB continuously variable attenuators. 

Outputs consist of a reference sine and square wave, and a vari- 
able-phase sine and square wave. Both sine-and-square-wave outputs 
are electrically identical except that one sine-and-square-wave output 
contains a 0-to-360 degree phase-shifter. These four signals (two ref- 
erence phase and two variable phase) are available simultaneously 
from the 203A. The output system is floating with respect to ground 
and may be used to supply an output voltage that is terminal 
grounded, or  may be floated up to 500 volts dc above chassis ground. 
Output impedance is 600 ohms for all outputs. 

Frequency range: 0.005 Hz to 60 kHz in seven decade ranges.* 
Dial accuracy: f I %  of reading. 

Specifications 

Frequency stability: within f 1% including warmup drift and line 
voltage variations of f 10%. 
Output waveforms: sine and square waves are available simultane- 
ously; all outputs have common chassis terminal. 
Reference phase: sine wave, 0 to 30 V peak-to-peak; square wave, 0 
to 30 V peak-to-peak (open circuit). 
Variable phase: sine wave, 0 to 30 V peak-to-peak; square wave, 0 to 
30 V peak-to-peak; continuously variable, 0 to 360'; phase dial accu- 
racy, f5" sine wave, *IOo square wave (open circuit). 
Output impedance: 600 ohms. 
Output power: 5 volts into 600 ohms (40 mW); 40 dB continuously 
variable attenuation on all outputs. 
Distortion: total harmonic distortion hum and noise >64 dB below 
fundamental (<0.06%) at full output. 
Output system: direct-coupled output is isolated from ground and 
may be operated floating up to 500 V dc. 
Frequency response: f I %  referenced to  1 kHz. 
Square wave response: rise and fall time, <200 ns; overshoot, <5% 
at full output. 
Power: 115 or  230 V f lo%, 50 to  1000 Hz, 27.5 VA max. 
Dimensions: cabinet: 425 mm wide X 133 mm high X 286 mm deep 
(16%" X 5%'' X 11%"); rack mount kit (00203-84401) furnished with 
instrument. 
Weight: net, 9.17 kg (20 Ib 4 02); shipping, 12.6 kg (28 Ib). 
Model number and name Price 

add $89 Option 001, 0.0005 Hz 
Option 002, 0.00005 Hz add $270 
203A, Variable Phase Function Generator $2145 
'Two lower ranges of 0.0005 Hz (Option 001) and 0.00005 Hz (Option 002) are available on special order. 



OSCILLATORS & FUNCTION GENERATORS 
Function generator 
Models 3300A & 3301A plug-in 

Description 
Plug-ins and multiple outputs set Hewlett-Packard’s 3300A Func- 

tion Generator apart from other function generators. Any two of 
three waveforms-sine, square or triangular-may be selected by a 
front-panel switch over the frequency range from 0.01 Hz to 100 kHz, 
continuously adjustable in seven decade ranges. This solid-state, mul- 
ti-purpose source provides simultaneous signals of any two wave- 
forms over the entire frequency range with independent variable am- 
plitudes. 

Plug-ins, which insert directly into the front panel, include HP’s 
3301A Auxiliary Plug-in to  provide internal connections for basic unit 
operation. The 3302A plug-in provides single and multiple-cycle op- 
eration with adjustable start-stop phase. A phase-lock loop in the 
3302A permits synchronizing the 3300A with an external signal and 
permits adjustable phase control. The 3305A Sweeper Plug-in sup- 
plies internal log sweep and manual sweep over four decades with cal- 
ibrated variable start-stop frequency control within four decades. 
Sweep width is continuously adjustable. It has manual or external 
triggering. Sweep can be analog-programmed with horizontal sweep 
available for driving scopes or recorders. 

The frequency of the H P  3300A can be controlled by either the 
front-panel frequency dial or an external voltage applied to  a rear-ter- 
minal connector. This feature is useful for sweeping filters, amplifiers 
and other frequency dependent devices and for externally program- 
ming frequencies for production testing. 

Specifications 
Output waveforms: sinusoidal, square and triangular selected by 
panel switch (any two outputs available simultaneously). 
Frequency range: 0.01 Hz to  100 kHz in 7 decade ranges. 
Typical frequency stability: 

Short term: drift <f0.05% of setting for I O  min. 
Long term: drift <f0.2.5% of setting for 24 hrs. 

Frequency response: f I%, 0.01 Hz to I O  kHz; f3%, I O  kHz to 100 
kHz on the XI0  k range. 
Dial accuracy: f I %  of maximum dial setting (1 minor division), 0.01 
Hz to I O  kHz at +25OC; f 2 %  of maximum dial setting (2 minor divi- 
sions), I O  kHz to 100 kHz on the XI0  k range. 
Maximum output per channel: >35 V p-p open circuit; > I 5  V p-p 
into 6000; >2 V p-p into 500. 
Output attenuators (both channels): 40 dB range. 
Sine-wave distortion: < I % ,  0.01 Hz to 10 kHz; <3%, I O  kHz to  100 
kHL on the X I 0  k range. 
Square-wave response: <250 ns rise and fall time on all ranges; 
< I %  sag, <5% overshoot at full output; < I %  symmetry error; <500 
ms rise and fall time (-A). 
Triangle-linearity error: < I % ,  0.01 Hz to I O  kHz; <2%, I O  kHz to  
100 kHz at full  output; < I %  symmetry error. 
Sync-pulse output: >10 V p-p open circuit. <5  ps duration. Output 
impedance (both channels): 6000 f20%. 
DC stability: drift <f0.25% of p-p amplitude over a period of 24 
hours (after 30-min. warmup). 
Remote frequency control: 0 to - I O  V will linearly change fre- 
quency > I  decade within a single range. Frequency resettability with 
respect to voltage f 1% of maximum frequency on range selected. 
Power: I I5 or 230 V f IO%, 48 to 440 Hz, 65 VA max. 
Dimensions: standard Hewlett-Packard full module 425mm wide x 
133mm high X 279mm deep (16%’’ X 5Y32“ X 11”). 
Weight: net, 9 kg (20 Ib); shipping, 11.3 kg (25 Ib). 
Accessories furnished: rack mount kit for 19” rack. 
Plug-ins available 
3301A Auxiliary Plug-in 
3302A Trigger/Phase Lock Plug-in 
3305A Sweeper Plug-in 
(must have a plug-in to  operate) 

Price 
$4 1 

$325 
$1075 

3300A Function Generator $900 



OSCIILLAKORS & FUNCTllON GENERATORS 
LinAog sweep, phase lock, dc offset plug-ins 

Models 3302A & 3305A 

Description 
HP's 3302A Trigger/Phase Lock Plug-in provides single-cycle, 

multiple-cycle, and phase-lock operation. The instrument can be trig- 
gered over the entire frequency range, either manually or by applying 
an external voltage. 

Hewlett-Packard's 3305A Sweep Plug-in will sweep logarithmic- 
ally, repetitively between any two frequencies within one of three (4- 
decade) ranges: 0.1 Hz to 1 kHz, 1 Hz to  10 kHz, and IO Hz to 100 
kHz. Calibrated independent start-stop controls greatly simplify set- 
ting desired sweep end points. 

3302A Specification- 
Trigger requirements 
Single cycle: manual or external, dc coupled. Requires at  least 0.5 V 
to trigger externally. May be triggered with positive or negative input 
voltage which starts at or goes through 0 V (&20 V p max.). 
Multiple cycle: manual or external start/stop, dc coupled. Requires 
at  least 0.5 V to start, 0 V to  stop. May be triggered with either posi- 
tive or negative ( f 2 0  V p max.). 
Phase lock I O  Hz to  100 kHz (upper 4 ranges only), dc coupled. Re- 
quires + and -0.5 V p to  lock, 10 V p-p for specified accuracy with 
sine wave input. The 3302A will lock on a fundamental or harmonic of 
the input signal. 
Phase dial accuracy: &IOo from I O  Hz to 10 kHz; f20° from I O  
kHz to 100 kHz on X10 k range (funda 
Introduced distortion: < I % ,  I O  Hz to  1 
kHz on X I 0  k range (fundamental). 

3305A Specifications 
Frequency range: 0.1 Hz to  100 kHz in 3 overlapping ranges. 
Sweep width: limits adjustable 0 to 4 decades in any of 3 (4-decade) 
bands: 0.1 Hz to 1 kHz, 1 Hz to 10 kHz, 10 Hz to 100 kHz. Start-stop 

dial accuracy: f 10% of setting. 
Sweep modes 
Automatic: repetitive logarithmic sweep between start and stop fre- 
quency settings. 
Manual: vernier adjustment of frequency between start and stop fre- 
quency settings. 
Trigger: sweep between start and stop frequency settings and retrace 
with application of external trigger voltage or by depressing front- 
panel trigger button. 
Trigger requirements: ac coupled, positive going at least 1 V p with 
>2 V per ms rise rate. Max. input, f 9 0  V p. 
Sweep time: 0.01 s to 100 s in 4 decade steps, continuously adjust- 
able vernier. 
Retrace time: <0.003 s for 0.1 to 0.01 s sweep times; <0.03 s for 1 to 
0.1 s sweep times; <4 s for 100 to 1 s sweep times. 
Blanking: oscillator disabled during retrace. 
Pen lift: terminals shorted during sweep; open during retrace in auto 
and trigger modes for 100 to 1 s sweep times. 
Sweep output: linear ramp at  channel B output (plug-in); amplitude 
adjustable independently of sweep width; max. output > I 5  V p-p into 
open circuit, > 7  V p-p into 60Ofl. 
External frequency control 
Sensitivity: 6 V/decade (refer: start setting), f 2 4  V max. V-to-F con- 
version accuracy: for each 6 V change in programming voltage, fre- 
quency changes 1 decade 
Input impedance: 400 k 
General 
Dimensions: 154 rnm wide X 121 mm high X 260 mm deep (6Yl6'' X 
4%'' x 10%"). 
Weigh! net, 2 kg (4 Ib 6 02); shipping, 3.6 kg (8 Ib). 
Model number and name: Price 
3302A Trigger/Phase Lock Plug-in $325 
3305A Sweep Plug-in $1075 

f 5 %  of end F. 
fl f5%. Max. rate: 100 Hz. 

_. . .  . - ~ -  . 



OSCILLATORS & FUNCTION GENERATORS 
0.1 Hz to 1 MHz 
Model 3311A 

Description 
The 33 1 IA Function Generator offers wide functional capability at 

a modest price. This compact unit has seven decades of range from 0.1 
Hz to 1 MHz. Pushbutton range and function selection add conve- 
nience to versatility. Added features normally not found on function 
generators in this price range are 1O: l  voltage control and a separate 
pulse output suitable for synchronization or driving TTL logic cir- 
cuits. 
output 

Ten V p-p into 6000 (20 V p-p O.C.). This output may be attenu- 
ated by >30 dB by a variable attenuator and offset by f 5  V. The dc 
offset allows the sine, square, and triangle functions to  be positioned 
to  the most desired level. This feature adds to the usefulness of all 
three functions. 
vco 

The dc coupled voltage control allows the use of an external source 
to  sweep the 331 I A  > 1 0 1  in frequency. An ac voltage can be used to 
F M  the function generator. 

A separate TTL compatible pulse output provides current sinking 
for up to  20 TTL loads. The pulse has a 15/85 aspect ratio with a <25 
ns rise time. 

Waveforms: sinusoid, square, triangle, and positive pulse. 
Frequency range: 0.1 Hz to  1 MHz in seven decade ranges. 
Dial accuracy: f 5 %  of full scale. 
Isolation: using an external supply, outputs may be floated up to 
f 5 0 0  V relative to  the instrument case (earth ground). 
600 Ohm output 
Maximum output amplitude: 20 V p-p open circuit; I O  V p-p into 
600 0. 
Amplitude control: continuously variable, >30 dB range. DC off- 
set: up to f I O  V open circuit, f 5  V into 600Q2, continuously adjust- 

Specifications 

able and independent of amplitude control. Maximum V,, peak + 
v d c  offset without clipping is f I O  V open circuit, f 5  V into 6000. 
Output impedance: 600R f 10%. 
Sine wave amplitude flatness: within f 3 %  of I O  kHz reference 
(maximum output amplitude) to 100 kHz, 5 6 %  to 1 Hz. 
Sine wave total harmonic distortion: <3% (maximum output am- 
plitude). 
Triangle linearity: deviation < I %  from best straight line at  100 Hz 
(maximum output amplitude). 
Square wave transition time: rise time: < 100 ns; fall time: < 100 ns. 
Square wave time axis symmetry error: f 2 %  maximum to 100 
kHz. 

Pulse output 
Output amplitude: >3 V positive (open circuit) TTL compatible. 
Duty cycle: 13.5% to 16.5% of the total period. 
Transition times: <25 ns. 

External frequency control 
VCO range: > 1 0 1  on any frequency range. 
Input requirement: with frequency dial set to 1.0, a linear ramp of 
0.0 V to -10 V f 2  V will linearly increase frequency >10:1. 
Input impedance: IO k 0  *IO%. 

General 
Operating temperature: 0-55°C; specifications apply from + 15°C 
to +35”C. 
Storage temperature: -40°C to +75”C. 
Power: 100/120/220/240 V -IO%, +5% switchable: 48 Hz to  440 
Hz; 1 1 2  VA. 
Dimensions: 89 mm high X 160 mm wide X 248 mm deep (3%” X 
6’h” X 9%”). 
Weight: net, 1.5 kg (3% Ib); shipping, 2.5 kg (5% Ib). 

331 1A Function Generator $270 



OSCILLATORS & FUNCTION 

0 AM, FM, sweep, trigger, gate and burst 

m- ~ _ _  
GENERATORS ,< 

Function generator 
Model 3312A 

Description 
Hewlett-Packard’s 33 12A Function Generator combines two sepa- 

rate, independent function generators with a modulator section in one 
compact instrument. 

The main generator can-via pushbutton control-be triggered by 
the modulation generator to provide sweep functions, AM, FM, FSK, 
or  tone burst. 

Ten V p-p into 50R provides power for most applications. The out- 
put attenuator has a range of more than 10,000: 1 so clean low-level 
signals from I O  V to I mV p-p into 50Q can be obtained. 

The main generator includes dc offset up to I O  volts p-p 50R. 
Hewlett-Packard’s 3312A is an effective low cost solution for gen- 

erating a multitude of functions. 

3312A Specifications 
Output waveforms: Sine, square, triangle, f ramp, pulse, AM, FM, 
sweep, trigger and gate. 
Frequency characteristics 
Range: 0.1 Hz to  13 MHz in 8 decade ranges. 
Dial accuracy: 1 5 %  of full scale. 
Square wave rise or fall time (10% to 90%): < I 8  nsec. 
Aberrations: < 10%. 
Triangle linearity error: < 1% at 100 Hz. 
Variable symmetry: 80:2080 to  1 MHz. 
Sine wave distortion: <0.5% T H D  from I O  Hz to  50 kHz. >30 dB 
below fundamental from 50 kHz to  13 MHz. 
Output characteristics 
Impedance: 50Q f 10%. 
Level: 20 V p-p into open circuit, I O  V p-p into 50R. 
Level flatness (sine wave): < f 3 %  from I O  Hz to 100 kHz at full 
rated output (1  kHz reference). < f 1 0 %  from 100 kHz to I O  MHz. 
Attenuator: I : ] ,  1 0 1 .  100:1, 1OOO:l and >10:1 continuous control. 
Attenuator accuracy: <5%. 
Sync output: impedance: 50R f lo%, > I  V p-p square wave into 
open circuit. Duty cycle varies with symmetry control. 
DC offset: f I O  volts, continuously adjustable, independent of vari- 
able attenuator setting. Instantaneous ac voltage + Vdc offset must be 
between f 10 V (not terminated) or  f 5  V (terminated with 50Q) in the 
1:1 attenuator position. 
Modulation characteristics 
Types: internal AM, FM, sweep, trigger, gate o r  burst; external AM, 
FM, sweep, trigger, gate or  burst. 
Waveforms: sine, square, triangle, ramp or  pulse variable symmetry. 
Frequency range: 0.01 HZ to 10 kHz. 
Output level: >1.0 V D-p into I O  k R .  

Amplitude modulation 
Depth: 0 to 100%. 
Modulation frequency: 0.01 Hz to  10 kHz (internal). Dc to  > 1 MHz 
(external). 
Carrier 3 dB bandwidth: <IO0 Hz to  > 5  MHz. 
Carrier envelope distortion: <2% at 70% sine wave modulation 
with f, = 1 MHz, f, = 1 kHz. 
External sensitivity: < I O  V p-p for 100% modulation. 

Frequency modulation 
Deviation: 0 to f 5 %  (internal). 
Modulation frequency: internal: 0.01 Hz to 10 kHz; external: Dc  to 
>50 kHz. 
Distortion: <-35 dB at f, = 10 MHz. f, = 1 kHz, 10% modulation. 

Sweep characteristics 
Sweep width: > 100: 1 on any range. 
Sweep rate: 0.01 Hz to  100 Hz, 9010 ramp, and 0 Hz (provides 
manual setting of “Sweep Start” without modulation generator 
oscillating). 
Sweep mode: repetitive linear sweep between start and stop fre- 
quency settings. Retrace time can be increased with symmetry con- 
trol. 
Gate characteristics: start/stop phase range: +90° to  -80”. 
Frequency range: 0.1 Hz to 1 MHz (useful to  10 MHz). 
Gating signal frequency range (external): Dc to 1 MHz, TTL 
compatible. 
External frequency control 
Range: 1OOO:l on any range. 
Input requirement: with dial set at  IO, 0 to  -2 V 120% will linearly 
decrease frequency >lOOO:l. An ac voltage will FM the frequency 
about a dial setting within the limits (0.1 < f < 10) X range setting. 
Linearity: ratio of output frequency to  input voltage (Af/AV) will be 
linear within 0.5% over a 10O:l frequency range. 
Input impedance: 2.8 kR i 5%. 

General 
Operating temperature: 0°C to +50”C; specifications apply from 
0°C to 35°C. 
Storage temperature: -40°C to +75”C. 
Power: 100 V, 120 V, 220 V, 240 V +5%, -lo%, switchable; 48 Hz to  
440 Hz; 1 2 5  VA. 
Dimensions: 102 mm high X 213 mm wide X 377 mm deep (4” X 8%’‘ 
X 14%”). 
Weight: 3.5 kg (7 Ib 12 02). 
3312A Function Generator $900 
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OSCllbLATQRS & FUNCTION GENERATORS 
0.0005 Hz to 5 MHz function generators 
Model 3310A/B 

i 

*gl 

3310A 

The 33 IOA Function Generator is a compact voltage-controlled 
generator with I O  decades of range. Ramp and pulse functions are 
available in addition to sine, square and triangle. DC offset and exter- 
nal voltage control provide wide versatility. A fast rise time sync out- 
put is provided. Aspect ratio of nonsymmetrical function is IS%/SS%. 

The 3310B has all the features of the standard 3310A plus single and 
multiple cycle output capability. 

3310A Specifications 
Output waveforms: sinusoidal, square, triangle, positive pulse, neg- 
ative pulse, positive ramp and negative ramp. Pulses and ramps have a 
15% or 85% duty cycle. 
Frequency range: 0.0005 Hz t o  5 MHz in 10 decade ranges. 
Sine wave frequency response 
0.0005 Hz to 50 kHz: & I % ;  50 kHz to  5 MHz: f4%.  Reference, 1 
kHz at  full amplitude into 503. 
Dial accuracy 
0.0005 Hr to 500 kHz all functions: * ( I %  of setting + 1% of full 
scale). 
500 kHz to 5 M H r  sine, square and triangle: &(3% of setting + 3% 
of full scale). 
500 kHz to 5 MHz pulse and ramps: &(lo% of setting + 1% of full 
scale). 
Maximum output on high: >30 V p-p open circuit: > 15 V p-p into 
50Q (except for pulses at frequency >2  MHz). 
Pulse (frequency >2 MHz): >24 V p-p open circuit: > 12 V p-p into 
50Q. 
Minimum output on low: <30 mV p-p open circuit: < I 5  mV p-p 
into 50Q. 
Output level control: range >30 dB. High and low outputs overlap 
for a total range of >60 dB; low output is 30 dB down from high out- 
put. 
Sine wave distortion 
0.0005 Hr to 10 Hr: >40 dB (1%). 
10 Hz to 50 kHz (on 1 k range): >46 dB (0.5%) 
50 kHz to 500 kHz: >40 dB (1%). 
500 kHz to 5 M H z :  >30 dB (3%). 
Square wave and pulse response: <30 ns rise and fall times at  full 
output. 
Triangle and ramp linearity: 0.0005 Hz to 50 kHz, < I % .  
Impedance: 50% 
Sync 
Amplitude: >4  V p-p open circuit, > 2  V p-p into 50Q. 

J 

33108 

DC offset 
Amplitude: f10 V open circuit, f 5  V into 503 (adjustable). 
Note: max V ac p +V dc  offset is f l 5  V open circuit. 
External frequency control: 50:l on any range. 
Input requirement: with dial set to low end mark, a positive ramp of 
0 to + 10 V f 1 V will linearly increase frequency 50: I .  With dial set at  
50, a linear negative ramp of 0 to  -10 V f 1 V will linearly decrease 
frequency 50: 1. An ac voltage will F M  the frequency about a dial set- 
ting within the limits (1 <f <SO) X range setting. 
Linearity: ratio of output frequency to input voltage (AF/AV) will be 
linear within 0.5%. 
Sensitivity: approximately 100 mV/minor division. 
Input impedance: 10 kQ. 
General 
Power: 115 V or 230 V f IO%, 48 Hz to 440 Hz, <20 VA max. 
Dimensions: 197 mm wide, 114 mm high (without removable feet), 
203 mm deep (7%” X 4%” X 8”). 
Weight: net, 2.7 kg (6 Ib); shipping, 4.5 kg (10 Ib). 
Accessories available 
H P  Part No. 5060-0105 filler strip for use with HP 1051A Combining 
Case or H P  5060-0797 Rack Adapter Frame. 

33108 Specifications 
Same as 3310A with the following additions: 
Modes of operation: free run, single cycle, multiple cycle. 
Frequency range: 0.0005 Hz to 50 kHz (usable to  5 MHz). 
Single cycle**: ext trigger (ac coupled) requires a positive-going 
square wave or pulse from 1 V p-p to I O  V p-p. The triggering signal 
can be dc offset, but (V ac peak + V dc) 5f 10 V ext gate (dc coupled) 
will trigger a single cycle on any positive waveform 2 1 V but 1 I O  V 
which has a period greater than the period of the 3310B output, and a 
duty cycle less than the period of the 3310B output. The gate signal 
cannot exceed 10 V. 
Multiple cycle**: manual trigger will cause the 3310B to free run 
when depressed. When the trigger button is released, the waveform 
will stop on the same phase as it started. Ext gate will cause the 3310B 
to free run when the gate is held at  between + 1 and + I O  V. When the 
gate signal goes to  zero, the 3310B will stop on the same phase as it 
started. 
Start-stop phase: The start-stop phase can be adjusted over a range 
of approximately f90”.  
Model number and name Price 
3310A Function Generator $635 
3310B Function Generator ’ $800 
**This specification applies on the X.0001 to X1 k range only. 



OSCIILAATQRS 1G FUNCTIION GENERATURS 
10 Hz to 10 MHz test oscillators 

Models 6516, 652A, 654A 

Specifications 

MODELNO. I 654A 

Similar to the 6518 Test Oscillator, HP's Model 
654A has balanced outputs of 135R2, 150% and 
6009. Automatic leveling over entire frequency 
range and expanded meter. 

Same as Model 6518, HP's Model 652A offers 
an expandable output monitor for amplitude 
control to 0.25% across its entire frequency 
band for greater output resolution and resetta- 
bility. 

Amplitude and frequency stability of this solid 
state capacitance-tuned test oscillator provides 
high quality signals for general purpose lab or 
production measurements. 

DESCRIPTION 

I I 

FREQUENCY 
RANGE 10 HZ to 10 MHz, 6 bands. 

f2%, 100 Hz to 1 MHz; f3%, 10 Hz to 100 Hz and 1 MHz to 10 MHz. f2% 100 Hz to 5 MHz; f3% 10 Hz to 100 Hz; 
f4% 5 MHz to 10 MHz. 

(+lo dBm and 0 dBm) f0.5% from 10 Hz to 
10 MHz for unbalanced outputs and 10 Hz to  5 
MHz for 135R and 150R outputs, and 10 Hz to 
1 MHz for 600R output. 

FREQUENCY 
ACCURACY 

FREQUENCY 
RESPONSE 

(FLATNESS) 

f2%, 100 Hz to 1 MHz; f3%, 10 Hz to 100 Hz; 
(f4%, 1 MHz to 10 MHz applies only at 
500 or 75R output and amplitude readjusted to 
a reference on the output monitor.) 

50.25% 3 V and 1 V range; 50.75% 0.3 V to 
0.3 mV range; f1.75% 0.1 mV range. (Ampli- 
tude readjusted using expanded scale on output 
monitor). 

DISTORTION 1 <1%, 10 Hz to 2 MHz; <2%, 2 MHz to 5 MHz; <4%, 5 MHz to 10 MHz. 10 Hz to 1 MHz, >40 dB below fundamental; 1 
MHz to 10 MHz, >34 dB below fundamental. 

~ 

OUTPUT 

~~~~ ~ ~ ~ ~~ 

3.16 V into 50 R or 600 R; 6.32 V open circuit. 0.1 mV to 3.16 V full scale, 10 steps in  1 ,  3, 10 se- 
quence; -70 dBm to +23 dBm (50R output) ful l  scale, 10 dBm per step; 20 dB coarse and fine 
adjustable amplitude control. 

+I1 dBm to -90 dBm, 10 dB and 1 dB steps 
with adjustable fl dB meter range, calibrated 
for each impedance of 50R and 75R unbal- 
anced and 135R, 1500 and 600R balanced. I 

OUTPUT I I 
MONITOR 

(MONITORS 
LEVEL AT 
INPUT OF 
ATTENUATOR) 

fl dBm full scale with 0.02 dB resolution. Ac- 
curacy f0.05 dB. 

Top scale calibrated in  volts, bottom scale in  dB. Same as 651B plus Expand Scale which ex- . ^- ,, .. . 
I ' 'erence voltage of the normal scale 

o 1.0 or 2.8 to 3.2. 

- 

I - 
OUTPUT* 
CONNECTORS 

ATTENUATOR 
f0.2 dB, -70 dBm to -60 dBm. 99 dB range in  10 dB and 1 dB steps; f1.5% 

(0.15 dB) except f10% (1 dB) at output lev- 
els below 60 dBm at frequencies >300 kHz. 

TEMPERATURE 
RANGE 

POWER 115 V or 230 V 510%, 50 Hz to 400 Hz, 35 VA 
max. 

I Net, 9.4 kg (21 Ib). Shipping, 11.8 kg (26 Ib). 
- - 

Net, 7.6 kg (17 Ib). Shipping, 9.90 kg (22 Ib). 

425 mm wide X 133 mm high X 286 mm deep (16%" X 5%; x 11%"). 

WEIGHT 

DIMENSIONS 
I 

PRICE $775 $900 $1060 
'Maximum dc voltage that can be applied to output: <*3 V p. 



OSCILLATORS & FUNCTION GENERATORS 
AC calibrator, high voltage amplifier 
Models 745A & 746A 

50 Hz to 20 kHz 

20 Hz to 50 Hz 
20 kHz to 110 kHz 

Description 
Hewlett-Packard's Model 745A AC Calibrator combined with 

Model 746A High Voltage Amplifier is a compact, calibrated ac 
source with continuously adjustable frequency output from 10 Hz to 
110 kHz. Output voltage can be varied from 0.1 mV to 1099.999 V in 
steps as small as 1 ppm of range over the entire frequency range. 

HP's 745A provides the first six voltage ranges, 0.1 mV to 109.9999 
V, while the combination of the 745A and 746A permits expansion to 
1099.999 V as a seventh range. Model 746A can only be used with the 
745A. 

f(O.028 of setting +0.0028 of 
range +10 pV) 

f ( 0 . 0 5 8  of setting +0.005% of 
range +50 pV) 

Error measurement: two ranges with zero center dial; f0.3%, f3%. 
A zero range is provided to easily switch out the effects of the error 
measurement system. 
Performance rating 
Accuracy: accuracy holds for a 90-day period and is met after a one- 
hour warm-up period at 25°C &5"C with <95% RH. This applies 
only to the 745A. Warm-up time required for HP's 746A is approxi- 
mately 30 s. 
Voltage: specifications are absolute, traceable to National Bureau of 
Standards. 
1 mV to 100 V ranges: 

Frequency 

Specifications 

Accuracy 

I Frequency I Accuracy I 
Ranges 
Output voltage ranges: seven ranges with 10% overrange as fol- 
lows: 

I Range I Settability and resolution I 
0.100000 mV to 1.099999 mV in 1 nV steps 

1.00000 mV to 10,99999 mV in 10 nV steps 

10.0000 mV to 109.9999 mV in 100 nV steps 

0.100000 V to 1,099999 V in 1 pV steps 

1.00000 V to 10.99999 V in 10 pV steps 

100 mV 

I l0OV I ~O.OOOO v to 109.9999 v in  100 p~ steps I 

Output voltages from 100 pV to 110 V are available from 745A out- 
put terminals; voltages from 100 V to 1100 V are available from the 
746A output cable. 
Output frequency ranges: continuously adjustable from 10 Hz to 
1 I O  kHz in four decade ranges with 10% overlap. 

I f ( 0 . 2 8  of setting +0.0058 of I range +50 pV) 

20 Hz to 50 Hz I 20 kHz to 50 kHz 1 fO.088 of setting 

I 50 kHz to 110 kHz I f0 .15% of setting 

f ( 0 . 2 8  of setting I 10Hzto20Hz 1 +om% of range) 

Frequency: f (2% of setting +0.2% of end scale). 
Error measurement: f (0 .5% of setting +OS% of range). 



Temperature coefficient 
Voltage: 1 mV to 100 V ranges: f0.0003% of setting per "C, 0°C to 
55°C. 1000 V range: f0.0005% of setting per "C, 0°C to 55°C. 
Frequency: f0.05% of end scale per "C, 0°C to 55°C. Derate accu- 
racy specification by this temperature coefficient for operation in tem- 
perature range of 0°C to 20°C and 30°C to 50°C. 
Voltage stability: stability met after one-hour warm-up period at 
constant temperature with <95% RH. 1 mV to 100 V ranges: 

Long-term: f0.01% of setting for six months. 
Short-term: f0.005% of setting for 24 hours. 

1000 V range: 
Long-term: 50 Hz to 20 kHz: f0.01% of setting for six months; 10 
Hz to 50 Hz and 20 kHz to 110 kHz: f0.02% of setting for six 
months. 
Short-term: f0.005% of setting for 24 hours. 

Output characteristics 
Total distortion and noise: 0.05% of setting + I O  pV over 100 kHz 
bandwidth on all ranges. 
Total distortion, cycle-to-cycle instability and noise: will cause 
< f0.005% of error when used to calibrate an average-responding or 
true rms-responding instrument from 1 mV to 1100 V. 
Load regulation (no load to full load): 

Output impedance: < I Q  on 1 mV, 10 mV, 100 mV ranges. On the 
1 V, 10 V, 100 V and 1000 V ranges for output current equal to or 
less than that shown in the diagram below, error is included in the 
accuracy specification. 

Load capability: 1000 p F  or 50 mA on 1 mV to 100 V ranges (50 mA 
allows 800 p F  at 100 V, 100 kHz). 1000 p F  or 63 mA on 1000 V range 
(63 mA allows 100 p F  at 1000 V, 100 kHz). 
Line regulation: f0.001% of setting change in output voltage for a 
10% change in line voltage (included in accuracy specs). 
Output terminals: high and low output terminals can be floated 
f500 V dc above chassis ground. 
Counter output: frequency counter output on 745A rear panel, 2.2 V 
f20%, protected against short circuits. 

Voltage range, 
frequency range, 

error range, and senses 

Contact closure 

NPN transistor 

Reed switch 
through diode 

NPN transistor 
through diode 

50mo --- 
7 4 5 A  p- ~ 

25 ma 
10% 20% 110% 

Output voltage setting 
50ma max. independent of frequency in the 
1,1O,lOOv ranges. 

63mo --- t I 

Requirements 

Less than 400Q to ground 

Open circuit voltage 5 V 
Short circuit current 2 mA 
Maximum voltage on program- 
ming line at closure 
0.8 V 

I 
I 

7 4 6 A  I 
I I 
I 

6.3 ma. 
IOHz 20Hz 2 0 0 H z  I IO kHz 

Frequency vernier 

Analog voltage 

Resistance to ground 

Frequency (independent of voltage setting) 

Minimum to maximum of range 

+1 V to +10 V DC 

500Q - 10 kQ 

1 

Genera I 
Operating temperature: 0°C to 55°C. 
Storage temperature: -40°C to +75"C. 
RFI: meets MIL-I-6181D when using shielded output connectors. 
Power: 

745A 115 V or 230 V f IO%, 50 Hz to 400 Hz, 100 VA max. 
746A 115 V or 230 V f lo%, 50 Hz to 60 Hz, 850 VA max. 
746A aux power rated at 120 VA max. 

Weight: 
745A: net 29.3 kg (65 Ib); shipping 36.3 kg (80 Ib). 
746A: net 34 kg (75 Ib); shipping, 38.5 kg (85 Ib). 

745A: 425 mm wide X 221 mm high X 467 mm deep (16%" X 8%" 
x 18-y;). 
746A: 425 mm wide X 177 mm high X 464 m m  deep (16%" X 7" X 
18%"). 

Dimensions: 

745A Accessories furnished: 
Rack mount kit. 
HP  Part No. 5060-0630, 22-pin printed circuit board extender. 
H P  Part No. 5060-0043, 15-pin printed circuit board extender. 
HP  Part No. 5060-0031, IO-pin printed circuit board extender. 
HP  Part No. 1251-0084 remote programming plug. 
746A Accessories furnished: 
Rack mount kit. 
HP  Part No. 1251-0485, remote right angle connector. 
H P  Part No. 1450-0356, incandescent lamp. 
H P  Part No. 4040-0427, extractor. 
HP  Part No. 5040-0404, probe holder. 
HP  Part No. 5060-0216, joining kit bracket. 
HP  Part No. 5060-0630, 22-pin printed circuir U U ~ I U  GALGIIUGI. 

HP Part No. 00746-02701, foam filter. 
Model number and name Price 
HP  745A AC Calibrator $4240 
H P  746A High Voltage Amplifier $2750 



\--' OSCILLATORS & FUNCTION GENERATORS 
DC Standard / ADC voltmeter / DC amplifier 
Model 7408 

Period 

1 hr 

Description 
DC standard 

The 740B is an ultra stable, high resolution D C  calibration source 
which delivers output voltage from zero to  1000 volts with specified 
accuracy of f(0.002% of setting +0.0004% of range). Designed for 
calibrating digital voltmeters, differential voltmeters, potentiometers, 
voltage dividers and for general standards lab application, the 740B 
has six digit resolution with discrete steps of 1 ppm of full scale. 

The 740B will deliver current up to 50 mA and may be set at any de- 
sired limit between 5 mA and 50 mA by a continuously adjustable 
front panel control. A front panel indicator displays overload condi- 
tions if the load current exceeds the current limit setting'. Low output 
impedance is maintained by remote sensing terminals which control 
the output voltage at  the load. The entire circuit is floating and 
guarded. 
Differential voltmeter 

As a differential voltmeter, the 740B measures voltage from zero to  
1000 volts dc with an input resistance of > I O I O  ohms independent of 
null condition. Meter sensitivity pushbuttons allow input voltages to 
be measured to  six digits for a maximum resolution of 1 ppm of range, 
with a maximum usable sensitivity of 1 pV full scale. Specified ac- 
curacy is f(0.005% of reading +0.0004% of range + I  pV). 

Voltage stability 

ppm of setting + ppm of range 

f ( 0  ppm + 1 ppm) 

Zero stability (excludes zero stability) 
ppm of range 

f l  ppm 

Specifications 
DC standard ranges 
Output voltage: 0 to 1000 V* in 4 decade ranges as follows: 0 to  1 V 
in 1 pV steps, 0 to  I O  V in 10 pV steps, 0 to 100 V in 100 pV steps, 0 to  
1000 V in I mV steps. Digital display tubes,indicate first 5 digits, meter 
displays 6th digit. 
DC standard performance 
Accuracy: (<70% RH, constant line, load and temperature f l o c .  

Calibrated a t  factory at  I15 V and 23°C.) 30 day: f(0.002% of setting 
+O.o004% of range). 90 day: &(0.005% of setting +0.0004% of range). 
Stability: (<70% RH, constant line, load and temperature floc.) 



DC differer 
Voltage: 1 I 
Resolution: 
digit indicate 
DC differer 
Accuracy: ( 
brated at fac 
30 day: f(( 
90day: f(( 
Stability: (< 

Zero stability r Period 

Reading stability 
(excludes zero stability) 

ppm 01 reading + ppm of range 

10 mV 
Temperatur 

Line regulat 
change. 
DC differer 
Terminals: 
Minus input 
spect to cha! 
Input resistc 
>IO"%; I O  r 
Effective co 
the common 
unbalance re 
Normal-ma 
mal-mode si 
above: > I O (  
Overload pi 
sensitivity W I  

D C  voltme 
Voltage ran1 
Accuracy: 
Input resistc 

Zero contro 
Zero drift: 
Normal m a  
DC amplifil 

I p V ) / T .  

> 1 0 9 ~ ;  I pv 

..-I .___ __I. 

<0.4 pV <loo pv 

i ( lppm of range 
+2 PV) 

*(5 ppm + 1 ppm) 

e coefficient: 10°C to 40°C: <f(0.0002% of reading + 
,ion: <d~(O.Ool% of reading +2 pV) for 10% line voltage 

rtial voltmeter input characteristics 
plus and minus input, circuit guard and chassis ground. 
and circuit guard can be floated up to f500 V with re- 

rsis ground. 
mce (independent of null): 100 mV to IO00 V ranges: 
nV range: >109R; I mV range: >108Q. 
mmon-mode rejection (ECMR): ECMR is the ratio of 
-mode signal to the resultant error in readout with 1 kQ 
:&tor in either lead. At 60 Hz and above: >I20 dB. 
l e  rejection (NMR): N M R  is the ratio of the ac nor- 
gnal to the resultant error in readout. At 60 Hz and 
3 dB. Maximum ac normal-mode signal: 25 V rms. 
-0tection: 1000 V* dc may be applied on any range or 
ithout damaging instrument. 
ter 
ges: 1 pV to 1000 V* in I O  decade ranges. 
*(2% of range +0.1 pV). 
mnce: 100 mV to 1000 V range: >IO"Q; 10 mV range: 
' to 1 mV range: > f I O 8 Q .  
11 limits: > f 10 pV. 
<2 pV per day. 
l e  rejection: same as dc differential voltmeter. 
er 

Range Gain 

100 mV 

1 v - 1000 v 

Bandwidth dc to 0.2 Hz. 
Gain accuracy: f(0.01% of input +0.0005% of range +2 pV) re- 
ferred to input. 
Linearity: f0.002% on any range. 
Stability: 
Temperature coefficient: 
Line regulation: Same as DC 
Input resistance: Differential 
ECMR: Voltmeter 
NMR: 
Overload protection: 
Load regulation: 
Output current: 
Output resistance: 
Noise (rms value, referred to input): 

Same as DC Standard 

100 mV <loo pv 

< loo  pv 

<10 pv < l o o  pV 

100 v <loo pv <1 mV 

1000 v <1 mV <10 mV 

General 
Recorder output: provides voltage proportional to meter deflection 
in all  modes of operation. Adjustable output supplies up to f l  V dc 
across 1 k R  load; voltage polarity same as meter deflection. 
Operating temperature: 10°C to 40°C unless specified otherwise. 
Storage temperature: -40°C to +65"C. 
RFI: meets MIL-I-6181Dt. 
Power: 115 V or 230 V f IO%, 50 to 400 Hz, < 125 W. 
Dimensions: 425 mm wide, 175 mm high, 464 mm deep (16%" X 67/8" 
X 18%"). 
Weight: net 21.3 kg (47.3 Ib): shipping, 27 kg (60 Ib). 
Accessories furnished: 11054A input cable assembly; 4 banana 
jacks mounted on terminal box with 3-ft cable and mating connector. 
Terminals include positive and negative input, circuit guard, and chas- 
sis ground. Positive and negative terminals are solid copper, gold 
flashed. A switch allows reduction of input resistance to 2 MQ. 
I1055B output cable assembly; 6 banana jacks mounted on terminal 
box with 3-ft cable and mating connector. Terminals include positive 
and negative output, positive and negative sense, circuit guard, and 
chassis ground. Output and sense terminals are solid copper, gold 
flashed. Rack mount kit. 
7405 D C  Standard / A DC voltmeter $3280 

*Maximum of -500 V dc with respect to line ground can be applied to or obtained from the HP 7408. 
tPositive or negative output terminals of the output box (HP 110558) connected to chassis, and guard and char. 

SIS terminals of the input box (HP 11054A) connected together. 
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OSCILLATORS & FUNCTION GENERATORS 
AC/DC meter calibrator 
Model 69208 

0 Calibrateltest DC ammeters up to 4 amps 
Calibrateltest average reading AC ammeters up to 5 amps 
Calibrateltest DC voltmeters up to 1000 volts 
Calibrateltest average reading AC voltmeters up to 1000 
volts 

Description 
Model 6920B is a versatile ac/dc meter calibrator, capable of both 

constant voltage and constant current output. Its absolute accuracy 
makes it suitable for laboratory or production testing of panel meters, 
multimeters, and other meters having accuracy of the order of 1.0% or 
higher. This calibrator has been designed for convenience, and com- 
bines in one instrument all the outputs needed to test the more com- 
monly used meters. 
Output switch 

An output switch selects the safest mode of operation for the par- 
ticular type of meter being tested. A “lock” position leaves the testing 
parameters in operation to free both hands for attaching and discon- 
necting successive meters. A spring-loaded “test” position facilitates 
testing meters with several full-scale values and reduces the danger of 
burn-out. 
AC output waveshape 

When the function switch is set on “AC”, the output wave-shape is 
sinusoidal (to a first approximation) and has the same frequency as 
the input line power applied to the instrument (except when an exter- 
nal ac reference is used). The feedback loop, which controls and regu- 
lates this ac, is actually monitoring the average value of the ac output, 
although the front panel controls are calibrated in terms of rms. Thus, 
this calibrator is suitable for use with average reading ac voltmeters 
scaled in rms. In addition, the calibrator can be used with true rms 
meters, provided allowance is made for the total output distortions. 
This distortion is approximately equal to the line input waveshape dis- 
tortion (or distortion of the external ac reference) plus 3%. 

Specifications 
Output voltage ranges 
0.01-1 V current capability 0 - 5 A 
0.1-10 V current capability 0 - 1 A 
1-100 V current capability 0 - 100 mA 
10-1000 V current capability 0 - I O  mA 

each range apply in full for either dc or ac operation. 

Output current ranges 
( 5  A maximum output) 
1-100 PA: voltage capability 0-500 V (uncalibrated in AC) 
0.01-1 m A  voltage capability 0-500 V 
0.1-10 mA: voltage capability 0-500 V 
1-100 m A  voltage capability 0-50 V 
0.01-1 A voltage capability 0-5 V 
0.1-10 A: ( 5  A max. output) voltage capability 0-0.5 V 
Above output current ranges and maximum voltage capabilities for 
each range apply in full for either dc, 50 Hz or 60 Hz operation. 
Output accuracy: DC - 0.2% of set value plus 1 digit. AC - 0.4% 
of set value plus 1 digit (when used with average reading meters). 
Above accuracy applicable over a temperature range from 15°C to 
35”C, over full input voltage range, and after 1 hour warmup. 

Function switch This is a 3-position switch: “off”, “AC” and 
“DC”. In the “off’ position the ac power input is disconnected from 
the unit. In the “AC” position the meter calibrator produces an ac 
output; similarly, in the “DC” position the calibrator produces a dc 
output. 
Range switch: 10 positions, one for each voltage and current range. 
Calibrated output control: digital potentiometer readout control (3 
significant digits) determines exact value of output. 
Output switch: Switch described at left. 
Output terminals: two front panel terminals are provided; these are 
the output terminals for both ac and dc operation. I n  voltage ranges, 
the negative terminal is grounded. 
Ripple: in dc operation the output ripple is typically less than 1.0% 
rms/5% p-p of the output range switch setting. 
Input: 1 15 V ac f IO%, single phase, 58-62 Hz, 0.7 A, 65 W max. (See 
options 005 and 028 for 50 Hz and 230 Vac operation). 
Operating temperature range: 0-50°C. 
Size: 172 mm H X 198 mm W X 279 mm D. (6%” H X 7I%gC W X 
1 1 ”  D). 
Weight: 6.8 kg (I5 Ib) net. 7.71 kg (17 Ib) shipping. 

Above output voltage ranges and maximum current capabilities for 

Controls 

Accessories available 
5060-0797 Rack kit for mounting one or two 6920B’s in 
a 19“ rack 
5060-0794 Filler panel to block unused half of rack 
adapter 
1 1057A Clip-on carrying handle 
1051A Combining case for two 6920B’s that is both 
portable and easily rack mounted 
Options 
005 50 Hz output regulation realignment 
028: 230 V ac *IO%, single phase input 
6920B Meter calibrator 

Price 

$27.00 

$7.50 
$5.00 

$150.00 
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SIGNAL GENERATORS 
Signal generators to 40 GHz 

Signal generators 
Hewlett-Packard offers a complete line of 

easy to use HF,  VHF, UHF, and S H F  signal 
generators covering frequencies between I O  
kHz and 40 GHz. This line includes new 
solid-state generators and synthesized signal 
generators as well as a complete line of per- 
formance-proven vacuum tube signal gener- 
ators. Each includes the following features: 
1) accurate, easy-to-read frequencies, cali- 
brated and variable. 
2) accurately calibrated variable output level. 
3) wide modulation capability. 

Beside these basic features, H P  signal gen- 
erator characteristics ensure the utmost con- 
venience and accuracy for all kinds of mea- 
surements and signal simulations, including 
receiver sensitivity, selectivity or  rejection, 
signal-to-noise ratio, gain bandwidth char- 
acteristics, conversion gain, antenna gain, 
and transmission line characteristics, as well 
a s  power to drive bridges, slotted lines, filter 
networks, etc. 

New solid-state generators 
This new group of signal generators offers 

all the advantages of solid-state design, such 
as increased portability, ruggedness, and re- 
liability, while still retaining the outstanding 
signal quality characteristic of Hewlett-Pack- 
ard’s older vacuum tube signal generators. In 
addition these generators offer: many new fea- 
tures not found on the older generators such 

as digital frequency readout (8640B, 8660B), 
ability to count external signals (8640B), field 
portability (8654.4) and complete remote 
programming (8660A, 8660B). 
HF to UHF 

The newest member of the solid-state fam- 
ily is the 8640 signal generator covering 450 
kHz to 550 MHz. Frequency coverage can be 
extended to 1100 MHz with an internal dou- 
bler, (OPT 002) and an optional built-in 
audio oscillator extends the CW output range 
down to 20 Hz (OPT 001). This new genera- 
tor is available in two models: the 8640B fea- 
turing a built-in 550 MHz counter and the 
8640A with a mechanical slide rule fre- 
quency dial. 

The 8640B with built-in counter includes 
two significant new features not previously 
found on Hewlett-Packard signal genera- 
tors: l )  the ability to  count external signals at 
frequencies up to  550 MHz and 2) a front 
panel pushbutton to phase-lock the genera- 
tor’s R F  output to  the built-in counter time 
base for frequency stability of better than 5 X 
1 O-a/hour. 

Internally, the heart of the 8640 is a me- 
chanically tuned high-Q cavity oscillator that 
operates over the range of 230 to 550 MHz. 
This oscillator has very good inherent stabil- 
ity and exceptionally low noise characteris- 
tics. Nine lower frequency ranges are ob- 
tained by dividing down the basic oscillator 
frequency and filtering out the unwanted har- 

monics. 
The 8640’s broad frequency coverage and 

calibrated output range, together with full 
AM/FM modulation capability and excep- 
tionally low noise, make it the ideal choice 
for complete R F  and IF performance tests on 
virtually any type of HF, VHF, or U H F  re- 
ceiver. 
Compact, field portable 

Compact, portable signal generators form 
another part of the solid-state family. The 
8654A covering I O  to 520 MHz features cali- 
brated output level with a full range attenu- 
ator and both AM and FM modulation ca- 
pability. Small size and light weight make it 
well suited for field maintenance and opera- 
tional readiness checks in addition to general 
purpose signal generator applications. 

The 8601A covering 100 kHz to I I O  MHz 
is a unique instrument with full sweep capa- 
bility in addition to AM/FM modulation 
and a wide range output attenuator. Hew- 
lett-Packard microcircuit technology is used 
extensively in the 8601A to provide this 
broad range of performance in a very small 
package. 

Synthesized signal generators 
The 8660A/B Synthesized Signal Genera- 

tor is a plug-in family instrument combining 
synthesizer stability and accuracy with the 
precise modulation and output level calibra- 
tion of a high quality signal generator. 



Two TTL p r o g r a m m a b l e  m a i n f r a m e s  a r e  
avai lab le.  t h e  8 6 6 0 A  and t h e  8660B.  The 

Frequency range 
0.01 to 110 MHz 
1 to 1300 MHz 
50 kHz to 65 MHz 

0.5-1024 MHz 

Characteristics 
1 Hz frequency resolution, 3 X 10-8/day stability. Calibrated output from +13 to -146 dBm. Com- 
pletely TTL programmable. Plug-ins determine frequency range 
output 3 V to 0.1 pV, mod. BW dc to 20 kHz, low drift an tortion. 
auxiliary RF output 
output +19 to -145 dBm into 5052; AM, FM, and ext. puise moauiation, airect caiiixation, leveled 
outout. 86408 has built-in counter and ohase-lock caoabilitv. All solid state 

- 
- 

Sianal aenerator summaw 

608E 
Signal Generator 
3200B 

UHF to SHF 
A c o m n l e t e  l ine of Hewlett-Packard micro- 

10 to 480 MHz 

10-1000 MHz 

output 1 V to 0.1 pV, into 50-ohm load; AM, pulse modulation, direct calibration, leveled power output, 
aux RF output 
1 V to 1 UV outout into 5052. 120 dB attenuator ranee 0.002% stabilitv. comoact. oortable: weight. 15 

tures with a d e m o d u l a t e d  output and specia l  
AM rirrititrv rnrnhinprl with Qiiitahle eyt-7- 

, 
I 

Signal Generator 1 solid-state, compact, weight 16 Ib 

Signal Generator 

S 

1 360 

Synthesized Generator 

Sienal Generator 

612A 
Signal Generator 

I !%Enerator 

450 to 1230 MHz output 0.5 V to 0.1 pV into 50-ohm load; pulse or square-wave modulation, direct calibration 

86144 8616A 0.8 to 2.4 GHz 

and AM/FM capability 
id noise, low incidental FM, low dis 

output +10 (8616: +3 dBm above 3 GHz) t o  -127 dBm into 50 ohms, leveled below 0 dBm; internal 
square-wave; external pulse, AM and FM; auxiliary RF output 
output 1 mW to -127 dBm (0.1 pV) into 50 ohms, pulse, frequency or square-wave modulation, direct 
calibration, ext FM and pulse modulation, auxiliary RF output 
output +10 dBm to -90 dBm; pulse, frequency or square-wave modulation, direct calibration 

. . . .  .. . ... . 

Signal Generator 
618C, 6208 

! 343 

1.8 to 4.5 GHz 
3.8 to 7.6 GHz 

driven by 9 to  13.25 GHz source, 13.25 to  20 GHz source, HP 626A, 628A, 8690 series sweepers or 
klystrons; 100 dB precision attenuator 

I 
I .  . . .  

Oscillator I Ib. Doubler extends frequency t o  1000 MHz 
8654A I 10-520MHz I output 0 to  -120 dBm into 5052, direct calibration, leveled o 

359 

Nutput, amplitude and frequency m' odulation, 31 
I Univerter I I I x n l  

~ ~ _ _ _ _ _ _  

I output up to -10 dBm. Provides Pulse Avionics Signals when used with external modulators for 
DME/ATC/TACAN tests 1 3 6 0 1  8925A DME/ATC I Test Set 

Frequency Doublers 26.5 to 40 GHz 



SIGNAL GENERATORS 

Wide frequency and power range 
Low broadband and close-in noise 
Calibrated, metered AM and FM 

Precision, high stability, AM-FN, 0.5 to 1024 MHz 
Models 8640A, 86406 

All 8640A features plus 
Internal pushbutton synchronizer 
External counter to 550 MHz 

8640A 

The 8640 signal generator covers the frequency range 500 kHz to  
512 MHz (450 kHz to 550 MHz with band overrange) and can be ex- 
tended to 1100 MHz with an internal doubler (option 002). An op- 
tional audio oscillator is also available to  extend the C W  output range 
of the generator down to 20 Hz. This broad coverage, together with 
calibrated output and modulation, provides for complete R F  and IF 
performance tests on virtually any type of HF ,  VHF, and U H F  re- 
ceivers. 

Both solid state generators 8640A and B have an output level range 
of + 19 to - 145 dBm (2 V to 0.013 p V )  which is calibrated, metered, 
and leveled to within f 0 . 5  dB across the full frequency range of the in- 
strument. 

The 8640AIB generators provide AM, FM, and pulse modulation 
for a wide range of receiver test applications. This modulation is cali- 
brated and metered for direct readout under all operating conditions. 

Other significant features of the 8640A/B signal generators in- 
clude: extremely low noise, built-in phase lock and counter (B version 
only) and front panel controls designed for operating convenience and 
flexibility. 
Spectrally pure output signals 

Noise performance of the 8640 is state-of-the-art for a solid-state 
generator. The high-Q cavity oscillator has been optimized with use of 
a low-noise microwave transistor for spectrally pure output signals. 

At 20 kHz offsets from 230 to 450 MHz, SSB phase noise is >I30 
dB/Hz below the carrier level and rises to  122 dB/Hz at  550 MHz. 
This signal-to-noise ratio increases by approximately 6 dB for each di- 
vision of the output frequency down to the broadband noise floor of 
better than 140 dB/Hz. This exceptional noise performance is also 
preserved during FM modulation and in the phase-locked mode of the 
86408. 

There are two versions of the 8640 Signal Generators. One, the 
8640A. has an easy-to-read slide rule dial with scales for each of the I O  
output frequency ranges. There is an additional scale, to provide di- 
rect readout of the output frequency even in the INTERNAL DOUB- 
LER band, 512-1024 MHz. 

The 8640B has the same performance features as the 8640A, but in- 
corporates a built-in 550 MHz frequency counter and phase lock syn- 
chronizer. 

The built-in 6-digit counter displays the output frequency and can 
also be used to count external input signals from 20 Hz to 550 MHz. 
This eliminates the need for a separate frequency counter in many 
measurement systems. 

Internal pushbutton synchronizer 
t. 

At the push of a button, the 8640B built-in phase lock synchronizer 
locks the R F  output frequency to the crystal time base used in the 
counter. In this locked mode, the output stability is better than 5 X 
10-8/hr and the spectral purity and FM capability of the unlocked 
mode are preserved. For higher stability, it is possible to lock to an ex- 
ternally applied 5 MHz standard. Two 8640B’s can also be locked to- 
gether for various 2-tone measurements. 

FM while phase locked 
When phase locked, full F M  capability is preserved down to modu- 

lation rates of 50 Hz. The narrow bandwidth of the phase lock loop 
(<5 Hz) provides for FM modulation up to  250 kHz rates and as- 
sures no degradation in noise from the unlocked mode. This crystal 
stability, coupled with the precision modulation and low noise, makes 
the 8640B ideal for testing narrowband F M  or  crystal-controlled re- 
ceivers. 



8640A/B Specifications 
(See Technical Data Sheet for Complete Specifications) All specifica- 
tions apply over the nominal Frequency Bands and over the top I O  dB 
of the output level vernier range unless otherwise specified. 

Frequency characteristics 
Range: 500 kHz to 512 MHz in 10 octave bands (to 1024 MHz with 
option 002 internal frequency doubler). 
Bands and band overlap: bands extend 10% below and 7% above 
the nominal frequency bands shown below. 

Frequency Bands 
( M W  

0.5 - 1 

1 - 1 6  

16 - 128 

128 - 1024 

Frequency bands (MHz) 
0.5 - 1 128 - 256 

256 - 512 

512 - 1024 

16 - 32 

32 - 64 

64 - 128 (opt 002) 

Normal 
Mode 

10 Hz 

100 Hz 

1 kHz 

10 kHz 

Fine tuning: 
8640A and 86408 unlocked: >200 ppm total range. 
86408 locked mode: > f 2 0  ppm by varying internal time base ver- 
nier. 
Counter resolution (86408): 

Residual AM: 

Residual FM: 
CW and u p  to ?h AF 
max. peak dev. (AF) 

>85 dB down >78 dB down 

<5 Hz <I5 Hz 
<15 Hz <30 Hz 

Expand 
x10 

1 Hz 

10 Hz 

100 Hz 

1 kHz 

Expand 

0.1 Hz 

10 Hz 

100 Hz 

Accuracy: 
8640A, mechanical dial; accuracy better than 0.5%, resettability bet- 
ter than 0.1%. 
86408, 6-digit LED display with XI0  and XI00 expand; accuracy de- 
pends on internal or external reference used. 

Internal reference error (15°C to 35OC): < f 2  ppm when calibra- 
ted at 25" every 3 months and operated between 15°C and 35°C. 
Stability (after 2-hr warm-up): 

Normal: < I O  ppm/lO min. 
Locked: (8640B) <0.05 ppm/hr. 

I 1 

1 kHz 10 kHz 100 kHz 1 MHz 
A f  (Hz) 

Measured SSB Noise vs. Offset from Carrier. Markers indicate 
specified limits. 

Restabilization time after frequency change: 
Normal: < I 5  min. 
Locked (86408): 1 min after relocking to be within 0.1 ppm of 
steady state frequency. 

Output characteristics 
Range: continuously selectable from +19 to -145 dBm (2 V to 0.013 
p V )  into 50R. 
Level accuracy: (worst case as indicated on level meter) + I 9  to -7 
dBm, f 1.5 dB; -7 to -47 dBm, f 2 . 0  dB; -47 to - 137 dBm, f2.5 
dB; -137 to -145 dBm, f 3 . 0  dB. 
Level flatness: < f 0 . 5  dB from 0.5 to 512 MHz referred to output a t  
50 MHz. (Flatness applies to +13 dBm to -7 dBm output range and 
for top I O  dB of vernier range.) 
Impedance: 50R, VSWR <2.0 on 2 V and 1 V output ranges. VSWR 
< I .3 on all other ranges. 
Auxiliary output: rear panel BNC output is >-5 dBm into 50Q, 
source impedance is approximately 500R. 
Leakage (with all unused outputs terminated properly): leakage 
limits are below those specified in MIL-I-6181D. Furthermore, less 
than 3 pV is induced in a 2-turn, I-inch diameter loop 1 inch away 
from any surface and measured into a 50R receiver, and less than 1 
pV, 2 inches away. This permits receiver sensitivity measurements to 
at least <0.03 pV in a shielded system. 
Spectral purity 
Harmonics: (at 1 volt (+ 13 dBm) output range and below) >35 dB 
below fundamental of 0.5 to 128 MHz. >30 dB below fundamental of 
128 to 512 MHz. 
Subharmonics and nonharmonic spurious: (excluding line-rela- 
ted sidebands) 

8640A: none detectable. 
86408: > 100 dB below carrier. 

Noise: averaged RMS noise level below carrier stated in a 1 Hz band- 
width. SSB phase noise at 20 kHz offset from carrier. 
256 MHz to 512 MHz: > 130 dB down from 230 to 450 MHz increas- 
ing linearly to >I22 dB down at 550 MHz. 
0.5 MHz to 256 MHz: decreases 6 dB for each divided frequency 
range until it reaches SSB broadband noise floor of > 140 dB down. 

Post-detection Bandwidth 
Residuals 

300 Hz to 3 kHz I 20 HZ to 15 kHz 

P 

s -'lo 
5-120 ~-lo0EEi3 
E .- 
L .t -130 

-140 

% -150 

L 

d 

m" 
- 

230 300 350 400 450 500 550 

Carrier Frequency (MHd 

Specified Signal to Phase Noise Ratio at 20 KHz Offset vs. Carrier 
Frequency. 



Modulation characteristics 
General 
Types: Int AM and FM, Ext AM, F M  and PULSE. 
Internal modulation sources: (independently adjustable output is 
available at  front panel). 
Standard 8640A or 8640B. 
Frequency: fixed 400 Hz and 1 kHz, f 2 % .  
Output level: I O  mV to 1 V. Accuracy f20%. 
Optional: (internal variable audio oscillator Option 001, 8640A or 

Frequency Band (MHz) 

0.5 - 1 
1 - 2  
2 - 4  
4 - 8  
8 - 1 6  

16 - 32 
32 - 64 
64 - 128 

128 - 256 
256 - 512 
512 - 1024 

8 640 B) . 
Frequency: variable 20 Hz to 600 kHz, f 10% plus fixed 400 Hz and 
1 kHz f 3 % .  
Output level: I O  mV to 3 V. Accuracy f20%. 

Maximum Peak Deviation (kHz) 

5 
10 
20 
40 
80 

160 
320 
640 

1280 
2560 
5120 Amplitude modulation 

(AM specifications apply to the top 10 dB of output vernier range un- 
less otherwise specified.) 
Depth: 0 to 100% for output level range of + 13 dBm and below and 
for top I O  dB of vernier range. 
AM rates: INT and EXT ac; 20 Hz to A M  3 dB bandwidth below. 
EXT dc; dc to  A M  3 dB bandwidth below. 
AM 3 dB bandwidth 

2 - 8 M H z  40 kHz 25 kHz 

8 - 512 MHz 60 kHz 

Freq. Bands 0 to 50% AM 50 to ! 90% AM 

I I I I 

External AM sensitivity: 0.1% f0.005'77 AM per mV peak into 60052 
with AM vernier at full cw position. 
Indicated AM accuracy: (400 Hz and I kHz rates using internal 
mcter) f84o of meter reading on 0-10 scale, f98 of meter reading on 
0-3 scale (for greater than IO% of full scale). 
Peak incidental PM: (at 30% AM) 

Less than 0.15 radians, 0.5 to 128 MHz. 
Less than 0.3 radians, 128 to 512  MHz. 

Peak incidental FM: equals peak incidental PM x modulation fre- 
quency. 

Mode Normal Expand X10 

0 - 10 MHz 100 Hz 10 Hz 

0 - 550 MHz 10 kHz 1 kHz 

Pulse modulation: 

Expand X l O O  

1 Hz 

100 Hz 

4 4 - a  8 - 3 2  3 m Frequency 
Bands 

Rise and 

Times 

2 - 512 

<1 ps 

Pulse 50 Hz 1 Rate I 50kHz 
Repetition to 

ON/OFF 
ratio at max >40 dB 
vernier 

Required return to zero into 503 schmitt trigger. 

'For level accuracy within 1 dB of CW (<0.1% duty cycle). 

Internal reference characteristics: (after 2-hr .warmup). 
Accuracy: (after calibration at 25°C) 
Better than f l  ppm for 15" to  35°C. 
Better than f 3  ppm for 0" to 55°C. 
Drift rate: (constant temperature and line voltage) <0.05 ppm per 
hour; <2  ppm per year. 
Frequency tuning: 
> f 2 0  ppm using internal time base vernier. 
Rear output: >0.5 V p-p into 500fl. This will drive another 8640B. 
External reference input: 5 MHz, nominally >0.5 V (5 V max) into 
1 kfl. 

Operating temperature range: 0 to 55°C. 
Power requirements: 100, 120,220, and 240 volts, +5%, -IO%, 48 
to 440 Hz; 175 VA maximum. 
Weight: 8640A and 8640B: net, 20.4 kg (45 Ib); shipping 24.1 kg (53 
Ib). 
Dimensions: 134 mm high X 425 mm wide X 476 mm deep (5%'' x 
16%'' X 18V). 
Model number and name Price 
8640A Signal Generator $4200 
86408 Signal Generator $5700 
Option 001: (internal variable audio oscillator, 20 Hz to 
600 kHz) 8640A or 8640B add $200 
Option 002: (internal doubler 512-1024 MHz) add $750 
Option 004: (Avionics option) add $515 

General characteristics 



SIGNAL GENERATORS 

Frequency 
Range 

Internal doubler option, 512 to 1024 MHz 
8640A/B option 002 

Output level Signal Frequency Broadband 
Range VSWRZ VSWR3 

0 8640A/B Option 002 Internal Doubler 

512 - 1024 

0 460 to 1100 MHz 
.45 to 550 MHz 

I 
- - _ - - _ -a' , ,  

&---A - - _ _ _ - _ _  
d p l  

Figure 1. Internal Doubler Block Diagram 

1 v  2 2.55 

Mode Change 
(CW to FM) 

Noise: Averaged RMS noise level below carrier stated in a 1 Hz 
bandwidth. 
SSB phase noise at 20 kHz offset from carrier: >I24 dB down 
from 460 to 900 MHz increasing linearly to > 116 dB at 1100 MHz. 
SSB broadband noise floor at maximum vernier greater than 500 
kHr offset from carrier: >I37 dB down. 
Residual AM: same as 8640AIB. 
Residual FM: (Averaged RMS) twice the value of the 8640A/B in 
the 230-550 MHz range. 

Output level characteristics 
Range: I O  dB steps and 18 dB vernier provide output power settings 
from + I 3  dBm to -145 dBm (1 V to 0.013 p V )  into 50n. 
Level flatness: referred to output at 50 MHz and applies to 1 V 

Normal locked (86408) 
<1% of selected None 
peak deviation, or measurable 
400 Hz whichever is 
greater. 

range and below. <f0.5 dB, 0.5-64 MHz; * < f l  dB, 64-512 MHz; 

Impedance: 50Q, ac coupled, 40 V dc maximum, VSWR (see table) 
< f 1 . 5  dB, 512-1024 MHz 

I 0.5 - 512 1 0.3 V &  below I :.3 I *::;: I 2 V & l V  



S11GNAL GENERATORS 
Avionics option 

Model 86406 Opt 004 

Demodulated output from RF detector, - ' -- 
Phase shift; less than 0.01" at 30 Hz. 
External Count Capability: 1 Hz to 551 

The Hewlett-Packard Model 8640B OPTION 004 NAV/COM 
SIGNAL GENERATOR is an 8640B AM/FM SIGNAL GENER- 
ATOR specially adapted for testing ILS (Marker Beacon, Localizer 
and Glide Slope), VOR and VHF communications receivers used 
throughout the Aviation industry. VOR, LOCALIZER and V H F  
communications frequencies (108 to 136 MHz) are available on one 
frequency band for rapid channel selection. GLIDE SLOPE (329 to  
335 MHz) and MARKER BEACON (75 MHz) frequencies are also 
easily set using the 6-digit LED display. 

The 8640B OPTION 004 provides highly stable, spectrally pure R F  
signals for testing narrow-channel, crystal controlled receivers. For 
avionics testing, external audio generators are required to provide the 
composite modulation. Designed with versatile A M  and FM modula- 
tion, OPTION 004 features low distortion modulation when used with 
suitable, external VOR/ILS Audio Generators. 

Operation and specifications of the 8640B Option 004 are the same 
as the Standard 8640B AM/FM Signal Generator with the following 

the R F  peak detector for precise AM settings. A choice of combined 
AC/DC at 1 V rms or AC only at  5 V rms is provided. 

setting 
nnrr;hl- linearit" nntinn nnri 

Output level 
To ensure the LL y v a ~ . v . w  UI...vYU.-.w.Y vu.y... ...._-... >, -,, .._.. _- . 
combines a 1 dB step attenuator and a vernier with a I O  dB step atten- 
uator. This provides output levels from + 15 dBm to - 142 dBm ( I  .3 V 
to  0.018 pV). The output level can be read directly from the attenu- 
ator dial in dBm or  from the front panel meter in dBm or volts. 

External AM Input Impedi 
External AM input impedance 
tion with old and new genera 

Low distc 
The 8640E 
phase shifi 
between 9 

Specific 

mce 
of 2K ohms allows compatible opera- 

tions of external audio generators. 

wtion modulation 
% Option 004 provides flat AM response and minimum 
t at  30 Hz and 9960 Hz as well as constant group delay 
kHz and 1 1  kHz for accurate VOR and ILS testing. 

:ations 
. . - . . . (These specitications apply to  86408 Uption UU4 in addition to stan- 

dard 8640B specifications. See 8640B AM/FM Signal Generator Data 
Sheet for complete spec ifications.) 

. _. . .... ^^ 
Spectral purity 
Noise: SSB Broadbana N O M  Floor: greater than 300 kHz ott/set 
from carrier, > 130 dB down. 

< f0 .5  dB from 108 to  336 MHz referred to output at 
atness applies to + I O  to -10 dBm.) 
cy: 

I + 1 5 t 0  -10 I -10to -50  I - 5 0 t 0  -142 

y r y a s  1 f 1 . 5 d B  1 
ter 

Output characteristics 
Range: + I 5  dBm to -142 dBm (1.3 V to 0.018 pV) 
Attenuators: a I O  dB step attenuator, a 1 dB step attenuator with 
vernier allow selection of any output level over the full output level 
range. 
Vernier: 2 dB continuously variable from a CAL detent position. 
Level flatness: <f0 .75  dB from 0.5 to 512 MHz referred to output 
at 190 MHz. 
190 MHz. (FI 
Level accura 

Output Level 1 I I 

Indicated 

Modulation characteristics 
Demodulated output (Output vernier in CAL position) (108 to 
118 and 329 to 336 MHz): An internal selector switch allows selec- 
tion of AC only or AC and DC at the demodulated output. 
AC only output: Directly proportional to  AM depth, (90 to 150 Hz 
modulation frequency). 

%AM equals: (20 f 0.6)% per V rms, 0 to 55°C; (20 f 0.4)% per V 
rms, 20 to 30°C; (20 f 0.2)% per V rms (using calibration sheet pro- 
vided by factory.) 

AC and DC output: AC output voltage is directly proportional to 
AM depth (90 to 150 Hz modulation frequency) 

%AM equals: (100 f 3)% per V rms, 0 to 55OC; (100 f 2)% per V 
rms, 20 to 30°C; (100 f I)% per V rms (using calibration sheet pro- 
vided by factory.) 

DC output equals 1.41 V dc with vernier in CAL position. 

f2.0 dB f2.5 dB 

Amplitude Modulat:-- eL _-__ a_-:-&:-- I 0 4 -  -I-- -....-... 
and below): 
External input impec 
Frequency response: 
118 and 329 to 335 Mhz.) ;  2 u . u ~  LIB rrom Y K n z  rnrougn I I K n L  (IWO 

to I18 MHz); f 3  dB (0 to 70% AM) from dc through 50 kHz (8 to 512 
MHz); f 3  dB (0 to 90% AM) from dc through 35 kHz (8 to 512 MHz) 
Phase shift from Audio Input to Demodulated Output (108 to 118 

ion bnaracrerisiics t-r I W  UDIII  uuipui 

jance: nominally 2kQ. 
: fO.05 dB from 90 Hz through 150 Hz (108 to  
1 \ . n n r  .n P n ,  ~ -,. , *  , 1 . - , * n o  

. .  
MHz) (AM EXT DC mode): 

30 Hz < f O . O 1 "  
30 Hz to I O  kHz <f3' 
9 kHz to 11  kHz <f I o  difference. 

Model number and name Price 
86408 Avionics Option 004 $6215 



SIGNAL GENERATORS 
Synthesized signal generators 
Model 8660A & 8660B 

0 10 kHz to 1300 MHz 
0 Synthesizer Stability and Accuracy 

1 Hz resolution 

Calibrated output over 150 dB range 
0 AM, FM or Pulse modulation 
0 Fully TTL programmable 

System concept 
The 8660A/B family is a modular solid-state plug-in system. Each 

system includes: 1) a programmable synthesized signal generator 
mainframe, 2) at  least one R F  section plug-in, and 3) at  least one 
modulation section or the 86631 B Auxiliary Section plug-in. 

This modular plug-in construction allows an 8660 system to be con- 
figured for any specific application while minimizing the extra money 
spent on unnecessary features. And as new needs arise, additional R F  
or modulation plug-ins can easily be added. 

As its name implies, the 8660 is a true frequency synthesizer. Yet it 
is finding even broader appeal as a high performance AM/FM signal 
generator. And being completely programmable, the 8660 is the per- 
fect choice for most automated receiver or component testing situ- 
ations. 

Mainframes 
There are two different synthesized signal generator mainframes to 

choose from, the 8660A and the 8660B. Both feature complete TTL 
programming of frequency, output level, and modulation and can be 
operated from an internal I O  MHz crystal reference oscillator or from 
any external 5 MHz or I O  MHz frequency standard. The standard 
programming interface is BCD, but an optional interface (referred to  
as the H P  Interface Bus, and utilizing ASCII code) is offered, allow- 
ing direct connection to H P  calculator based systems. 

The 866019 mainframe uses front panel thumbwheel switches to se- 
lect CW output frequencies with 1 Hz resolution. An economical ver- 
sion of the mainframe with 100 Hz resolution is also available. An in- 
ternal I O  MHz crystal oscillator with 3 X IO-*/day stability is in- 
cluded in the basic mainframe with an optional higher stability crys- 
tal oscillator (3 X 10-9/day) available. 

The 8660B keyboard mainframe includes all the capability of the 
8660A plus a keyboard control panel. Added capabilities of the 8660B 
include digital sweep, frequency stepping, synthesized search, and a 
ten-digit numerical LED display. 

Swept testing of very narrowband devices such as crystal filters is 
made possible by the 8660B’s digital sweeping capability. The se- 
lected sweep width is divided into either 100 or 1000 discrete steps de- 
pending on the sweep speed selected. Since the R F  output is synthe- 
sized at each step, the result is a very linear sweep with extremely low 
residual FM. A 0-8 V horizontal sweep output is provided for driving 
XY plotters, oscilloscopes, etc. 

For receiver testing and similar applications which require fre- 
quency to be changed in uniform increments, a frequency stepping ca- 

pability is provided on the 8660B. For example, if a receiver with 50 
kHz channel spacing is being tested, 50 kHz can be entered on the key- 
board. Then the step? or  step& buttons will step the frequency to the 
next higher channel or lower channel respectively. 

A unique synthesized search provides the dial tuning convenience of 
a signal generator while maintaining synthesizer signal quality. As the 
dial is rotated the output frequency is tuned up or down in discrete 
synthesized steps which may be chosen as small as 1 Hz. When the 
8660B is used as a local oscillator in a manual communication re- 
ceiver, the synthesized search dial is very helpful in quickly locating 
unknown signals while maintaining the full-spectral purity of the syn- 
thesizer. 

The ten-digit L E D  readout provides a continuous numerical dis- 
play of the selected C W  or center frequency, with spring-loaded push- 
buttons to  display sweep width, frequency step size, or a partially en- 
tered new command. 

Plug-in RF sections 
Two R F  sections are presently available for 8660 mainframes. The 

86601A covers the I O  kHz to  1 I O  MHz frequency range with a Cali- 
brated output of + 13 dBm to - 146 dBm. The 86602A, used in con- 
junction with the 11661A Frequency Extension Module, covers 1 
MHz to 1300 MHz with a calibrated output of + I O  to -146 dBm. 
Both R F  sections have 1 Hz frequency resolution and in the remote 
mode output level can be programmed in 1 dB steps over the full op- 
erating range. 

Plug-in modulation sections 
Two AM/FM modulation sections are available, the 86632A and 

86633A. Both provide AM to 95% at rates up to 100 kHz and a choice 
of internal or external modulation. An accurate modulation meter in- 
dicates % AM or F M  peak deviation in both internal and external 
modes. 

The 86633A differs from the 86632A in that it features a phase 
locked carrier while F M  modulating at  rates and deviations up to  100 
kHz. The 86632A utilizes a free running VCO during FM, but allows 
rates and deviations up to 1 MHz. All modulation capabilities of both 
plug-ins are fully programable through the 8660 mainframe. 

The 86631B Auxiliary Section is an economical, non-program- 
mable modulation plug-in which provides both external AM and 
pulse modulation capability. Providing necessary inter-connections 
for mainframe operation, the 86631B Auxiliary Section must be used 
when another modulation plug-in is not installed. 
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details on these additional capabilities contact your 
Hewlett-Packard sales office. 

'B Mainframe specifications 
:y accuracy and stability: CW frequency accuracy and 
stability are determined by reference oscillator in 8660A/B 

e (3 X 10-8/day) or  by external reference if used. 
e oscillator 
11: I O  MHz quartz oscillator. Aging rate less than f 3  parts 
ier 24 hours after 72 hours warm-up. ( f 3  parts in IO9 per 24 
Option 001). 
al: rear panel switch allows operation from 5 MHz or  I O  
requency standard at  a level between 0.2 V and 2.0 V rms 
0 ohms. 
e output: rear panel BNC connector provides output of 
signal selected at  level of at least 0.5 V rms into 170 ohms. 
Neep (8660B): Auto, single or  manual. Selectable speeds 

I O  seconds. 
wogramming: 8660A - all front panel frequency, output 
modulation functions are programmable. 8660B - C W  fre- 
requency stepping (Step t , Step I ), output level, and mod- 
'e programmable. 
g time: less than 5 ms to  be within 100 Hz of any new fre- 
:lected. (Less than 100 ms to be within 5 Hz). 
n stepping rate: 1 ms per step. 
ming input: 
ctor type: 36-pin Cinch type 57. [Optional Hewlett- 
i Interface Bus - 24 pin connector] 
TTL compatible (negative true) 

30% 70% 90% 

g temperature range: 0" to 55°C 

0.4 - 110 MHz 

Power: 100, 120, 200, 240 V rms +5%, -IO%, 48 to 66 Hz; approxi- 
mately 375 W. 
Size: 426 mm W X 184 mm H X 610 mm D (16%'' X 7%" X 24") 
Weight: Net, 23.6 kg (52 Ib). Shipping, 29.5 kg (65 Ib). 

<1% <3% <5% 

Options: 
001: f 3  X 10-9/day internal reference oscillator. 
002: N o  internal reference oscillator. 
003: Operation from 50 to  400 Hz line. 
004: 100 Hz frequency resolution. 
005: Hewlett-Packard Interface Bus. 
009: (8660A only): LED display indicates selected frequency in 1-2-4- 
8 BCD code. 
100: 11661A frequency extension module factory installed. 

86601A RF section specifications 
Frequency range: 0.01 to 109.999999 MHz. Selectable in 1 Hz steps. 
Output level: Continuously adjustable from + 13 to - 146 dBm into 
50 ohms; programmable in I dB steps. 
Output accuracy: [Local and remote] 
f l  dB from +13 dBm to -66 dBm 
f 2  dB from -67 dBm to -146 dBm 
Output flatness: Output level variation with frequency is less than 
f0 .5  dB across entire frequency range. 
Harmonics: <-40 dB 
Spurious signals: non-harmonically related < -80 dB; power line 
related <-70 dB. 
Signal-to-phase noise ratio: >SO dB in a 30 kHz band centered on 
the carrier excluding a 1 Hz band centered on the carrier. 
Signal-to-AM noise ratio: >70 dB in a 30 kHz band centered on the 
carrier excluding a 1 Hz band centered on the carrier (at 0 dBm out- 
put level). 

Amplitude modulation 
Modulation depth: 0 to 95% 
AM 3 dB bandwidth 

I Center I Frequency I Oto30%AM I 70%AM I 9 0 Z A M  

10 kHz 

100 kHz 
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SIGNAL GENERATORS 
Model 8660A & 86608 (cont.) 

Center 
Frequency 

Fc<lO MHz 

F c 2 l O  MHz 

0 RF Sections 

0 to 30% AM 70% AM 90% AM 

10 kHz 60 kHz 5 kHz 

100 kHz 60 kHz 50 kHz 

86601A 86602A 

Frequency 
Range 

1 - 1300 MHz 

86631 B 

30% 70% 90% 
<1% <3% <5% 

Incidental AM: With 75 kHz peak deviation at  a 1 kHz rate, AM 
modulation sidebands are <-60 dB. 
Weight: Net, 5 kg (11 Ib); shipping 6.0 kg (13 Ib). 
Options: Option 001 - no RF output attenuator. Output level ad- 
justable from + I 3  to 0 dBm. 

1 10 102 103 104 105 I &  
OFFSET FROM CARRIER 

86602A RF Section specifications 
(must be used with I1661A Frequency Extension Module) 
Frequency range: 1 to 1299.999999 MHz. Selectable in 1 Hz steps. 
Output level: continuously adjustable from + I O  to  - 146 dBm into 
50 ohms; programmable in 1 dB steps. 
Output accuracy: [local and remote] 
*IS dB, + I O  dBm to -76 dBm 
f 2 . 0  dB, -77 dBm to -146 dBm 
Output flatness: output level variation with frequency is less than 
1.0 dB (typically h0.5 dB, 100 MHz to 1300 MHz) across entire fre- 
quency range. 
Harmonics: <-30 dB (<-25 dB for output levels above +3  dBm). 
Spurlous signals: 
Below 700 MHz, -80 dB. 
Above 700 MHz, -80 dB within 45 MHz of carrier; -70 dB greater 
than 45 MHz from carrier (-50 dB on 1 V range). 
Power line related, -70 dB. 

0 Modulation Sections 

I, 
86632A 86633A 

11661A Frequency extension module 
Use: Must be installed in 8660A/B mainframe to enable operation of 
86602A RF Section (does not affect operation of 86601A). 86602A 
specifications imply 11661A installation in 8660A/B mainframe. 
Ordering note: The 11661A may more conveniently be ordered a s  
Option 100 on either the 8660A or  86608 mainframe. This includes 
factory installation at  no additional cost. 
Weight: Net, 1.8 kg (4 Ib); shipping 2.6 kg (6 Ib). 



86631 B Auxiliary section specifications 
External amplitude modulation 
Modulation frequency: D C  to maximum specified for R F  Section 
installed. 
Modulation depth maximum specified for R F  Section installed. 
Input level.required: 0 V to f 1.4 V peak. Percent AM is linear with 
input level over this range. 
Input impedance: 600 ohms. 
External pulse modulation 
Rise/fall time: 
86601A R F  Section, 200 ns. (Limited by R F  rise/fall time at  low R F  
frequencies.) 
86602A R F  Section, 50 ns. 
On/off ratio: with pulse level control at  Max. 
86601A R F  Section, at least 50 dB. 
86602A R F  Section, at  least 40 dB. 
PULSE LEVEL control allows continuous adjustment of peak pulse 
power. 
Input level required: 0 to  -10 V (86602A); 0 to -5 V (86601A). 
Negative voltage turns R F  on. 
Input impedance: 50 ohms. 
Weight: Net 1.2 kg (3 Ib); shipping, 2.1 kg (5 Ib). 

This feature is also programmable. 

nodulation 
ites: 400 Hz and 1 kHz f 5 % .  

86632A Modulation section specifications 
Functions: Internal and external AM or FM. Both modes are fully 
programmable. 
Meter: AM range 0 to  100%. F M  deviation in three ranges: 0 to  10 
kHz, 100 kHz, or 1 MHz. 
FM-CF CAL: In the F M  mode, depressing the front panel C F  CAL 
button initiates a 5-second internal calibration cycle to  correct any 
VCO drift. 

Internal n 
Internal ra 
AM: 

Modulation uepm Lontinuousiy aajusraoie rrom u to IUUYO or 
maximum specified for R F  section installed. 

Deviation: adiustable from 0 to 1 MHz ueak or maximum soeci- 
fied for RI 

Distortion: I 
section used. 
Modulating 
nal provided 

FM: 

F section installed. 
Maintains minimum AM/FM distortion specified for R F  

signal output: selected internal 400 Hz and 1 kHz sig- 
at front panel, 200 mV rms minimum into 10 kQ. 

External moautarton 
Input level required: 

AC coupled mode: external modulating signal must be between 
0.2 V and 2 V rms to provide full vernier control range and cali- 
brated remote programming of modulation. 
DC coupled mode: external modulation signal must be 2.0 V rms 
minimum to maintain full vernier range and calibrated remote pro- 
gramming of mo * ' 

Input impedanc 

Rate: DC to 1 M 
imum in ac mode. Maximum usable modulation rate depends on 
specifications for R F  section installed. 

Rate: D C  to 1 MHz in dc mode, or 20 Hz to 1 MHz in ac mode. 
Maximum usable rate depends on specifications for R F  section in- 
stalled. 

' 

AM: 

FM: 

auiation. 
e: 600 ohms. 

Hz maximum in dc mode or 20 Hz to 1 MHz max- _ _  . .. . .  . 

Deviation: adjustable from 0 to 1 MHz peak or maximum specified 
for R F  section installed. 
Distortion: partially determined by external modulating signal dis- 
tortion. Modulation signal distortion must be less than 0.3% to meet 
R F  section distortion specification. 

Remote programming 
Functions: All 86632A front panel controls are programmable 
through the 8660A or 8660B mainframe programming interface. 
Remote modulation setting resolution: modulation level can be re- 
motely set in steps of 1/100 of the range selected. 
Weight: Net 2.6 kg (6 Ib); shipping, 3.2 kg (7 Ib). 

86633A Modulation section specifications 
(Specifications same as for 86632A except as follows) 
FM center frequency accuracy and long term stability: same as 
CW mode -3 X 10-8/day with standard internal reference oscillator. 
Functions: Two external ac-coupled modes are provided: 

AC leveled: external modulating signals 0.2 V and 2 V rms are in- 
ternally leveled to  a standard amplitude. Allows calibrated pro- 
gramming of external modulation level. 
AC (unleveled): external modulating signal is ac-coupled but not 
leveled. 

Meter: indicated F M  peak deviation in two ranges: 0 to  10 kHz or 0 
to 100 kHz. 
Internal modulation 
FM: 

External modulation 
Input level required: 

AC leveled mode: 0.2 V to 2 V for full vernier control range. 
AC (unleveled) mode: 2.0 V rms minimum for full vernier con- 
trol range. 
DC mode: cannot be used for F M  modulation. Same as standard 
86632A for AM modulation. 

Rate: 20 Hz to 100 kHz (25 Hz minimum rate above 80 kHz devi- 

Deviation: adjustable from 0 to 100 kHz peak. 

FM: 

ation). 
Deviation: adjustable from 0 to 100 kHz peak. 

Rate: 100 kHz maximum. 
AM: 

Weight: Net, 2.6 kg (6 Ib); shipping, 3.2 kg (7 Ib). 
Model number and name 
8660A Synthesized Signal Generator Mainframe 
8660B Synthesized Signal Generator Mainframe 
Option 001: f 3  X l0-9/day internal reference oscilla- 
tor 
Option 002: no internal reference oscillator 
Option 003: operation from 50 to 400 Hz line 
Option 004: 100 Hz frequency resolution 
Option 005: Hewlett-Packard Interface Bus 
Option 009 (8660A only): LED display indicates se- 
lected frequency in 1-2-4-8 BCD code. 
Option 100 11661A factory installed inside mainframe 
86601A R F  Section 
86602A R F  Section 
Option 001: N o  R F  output attenuator (for either the 
86601A or 86602A). 
8663 1 B Auxiliary Section 
86632A AM/FM Modulation Section 
86633A AM/FM Modulation Section 

Price 
$5600 
$7400 

$210 
less $300 

$155 
less $350 

$250 

$210 
$2800 
$2900 
$4 IO0 

less $600 
$250 

$1550 
$ I700 



pr-m 
SIGNAL GENERATORS 
VHF oscillator 
Model 32006 

0 lOto 500 MHz 
0 to 1000 MHz with accessory Probe 

1 
32008 VHF OSCILLATOR 

32008 

The H P  3200 V H F  Oscillator provides low cost, stable, 10 to 500 
MHz R F  for testing receivers and amplifiers, and driving bridges, slot- 
ted lines, antennas, and filter networks. Good pulse modulation sen- 
sitivity allows standard audio oscillators to be used to  provide usable 
square-wave modulation; a 2.5-volt sine wave will provide adequate 
drive for this type application. The 3200B can also serve as a local os- 
cillator for heterodyne detector systems and as a marker source for 
swept systems._An optional accessory Frequency Doubler Probe, H P  
135 15A, provides additional frequency coverage from 500 to  1000 
MHz. 

The 32008 will typically recover specified stability in 30 minutes fol- 
lowing a frequency band change. Long-term warmup (24 hours) can 
reduce this time as much as 50%. Following in-band frequency dial 
changes, the oscillator typically requires 10 minutes to recover speci- 
fied stability. With the instrument in thermal equilibrium with its sur- 
roundings, (i.e., long-term warmup and constant temperature lab), 
stabilities of O.OOOI% are typical at  some frequencies, if sufficient set- 
tling time is allowed after a frequency change. 

Effective R F  shielding permits measurements at levels down to 1 pV. 
R F  is read on an expanded slide-rule type scale. The oscillator may 

be precisely tuned by means of a mechanical vernier activated by the 
main tuning control. 

32008 Specifications 
Frequency characteristics 
Frequency range: 10 to 500 MHz in six bands: 10 to 18.8 MHz; 18.5 
to 35 MHz; 35 to 68 MHz; 68 to 130 MHz; 130 to 260 MHz; 260 to  
500 MHz. 
Frequency accuracy: within &2% after 1/2 hour warmup. 
Frequency calibration: increments of less than 4%. 
Frequency stability (after 4-hour warmup under 0.2 mW load): 
short term (5 minutes) +0.002%; long term (1 hour) +0.02%; line volt- 
age (5-volt change) f0.001%. 

RF output 
Maximum power (across IO-Ohm external load): >200 mW (10 to  
130MHz); >150mW(130to260MHz);  >25mW(260 to500MHz)  
Range: 0 to >I20 dB attenuation from maximum output. 
Load impedance: 50 ohms nominal. 
RF leakage: sufficiently low to permit measurements at  1 pV. 
RFI: meets requirements of MIL-I-6181D. 
Amplitude modulation: externally modulated. 
Range: 0 to 30%. 
Distortion: 1% at 30% AM. 
External requirements: approximately 32 volts rms into 600 ohms 
for 30% AM, 200 Hz to 100 kHz. 
Pulse modulation: externally modulated. 
External requirements: 2.5-volt negative pulse into 2000 ohms. 
Power: 105 to 125 V or 210 to 250 V, 50 to  400 Hz, 30 W. 
Dimensions: 75/s” wide, 6%,,’‘ high, 13%’’ deep (194 X 167 X 333 
mm). 
Weight: net, 15 Ib (6.8 kg); shipping, 17 Ib (7.7 kg). 
Accessories available: 135 1 SA Frequency Doubler Probe; 00502B 
Patching Cables. 
Model number and name Price 
3200B V H F  Oscillator $750 

$9 5 135 15A Frequency Doubler Probe 
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auunarmonics ana non-narmonics spurious: (exciuaing line re- 
lated) none measurable. 

Post-detection Bandwidth 

1 Residuals (averaged rms) 
300 Hr to 3 kHz 50 Hz to 15 kHz 

I Residual AM: I >70dBdown I >60dBdown I 

SIGNAL GENERATORS 
Rugged solid-state generator 10-520 MHz 

Model 8654A 

0 Compact size and shape 

Output characteristics 
Range: 10 dB steps and a 13 dB vernier provide continuous power 
settings from + I O  dBm to -130 dBm (0.7 V to 0.07 pV) into 50Q. 
Level accuracy: (total as indicated on level meter) + I O  to -7 dBm, 
f 1.5 dB; -7 to -57 dBm, f 2 . 0  dB; -57 to -97 dBm, f 2 . 5  dB; -97 
to -127 dBm, f3 dB. 
Level flatness: f 1 dB referenced to the output a t  50 MHz for out- 
put levels >-7 dBm. 
Impedance: 50Q as coupled, 75 V dc maximum, VSWR <1.3:1 on 
0.1 V range or lower. 
Auxiliary RF output: nominally -7 dBm (100 mV). 
Leakage: (with all R F  outputs terminated properly) Leakage limits 
are below those specified in MIL-I-6181D. Furthermore, with an out- 
put level <0.01 V, less than 0.5 pV is induced in a 2-turn, I-inch di- 
ameter loop 1 inch away from any surface and measured into a 50Q re- 
ceiver. 

Modulation characteristics 
Amplitude modulation: Specifications apply for output power <+3 
dBm. 
Depth: 0 to 90%. 
Modulation rate: Internal, 400 & 1000 HzflO%; External 3 dB 
bandwidth, dc-coupled to >20 kHz. 
External AM sensitivity: (0.1 f 0.01)% AM/mvPK into 60052 a t  400 
and 1000 Hz rates. 
Indicated AM accuracy: f ( 5 %  of reading +5% of full scale) for 
modulation rates of 400 and 1000 Hz. 
Peak incidental frequency deviation: (30% AM), less than 100 Hz 
plus 0.1 times modulation rate. 
Envelope distortion: (at 1 kHz rate) <2% to 30% AM; <3% to 
70%; <5% to 90% AM. 

Frequency modulation 
Deviation: >O. 1 % of carrier frequency, maximum. 
Modulation rate: Internal, 400 & 1000 Hz f10% External 3 dB 
bandwidth, dc-coupled to >25 kHz driven from 600 ohms or less. 
External FM sensitivity: 10 VPK into 600Q yields >0.1% deviation 
(k 15 volts max). 
Power: 100, 120,220 or 240 Volts +5%, -lo%, 48 to  440 Hz; I5 VA 
maximum. 
Weight: Net, 7.4 kg (16 Ib 4 oz); Shipping 10 kg (22 Ib). 
Dimensions: 266 mm W x 155 mm H x 279 mm D (10%'' X 61/81) 
x 1 I"). 

Price 
8654A Signal Generator $1700 



SIGNAL GENERATORS 
HF signal generator 
Modd 606B 

0 50 kHz to 65 MHz 

The Hewlett-Packard 606B Signal Generator provides you with 
high quality, versatile performance with distinctive ease of operation 
in the important and widely used 50 kHz to 65 MHz frequency range. 
Output signals are stable and accurately known, output amplitude can 
be precisely established over a very wide dynamic range, and versatile 
modulation capabilities are incorporated to satisfy virtually all mea- 
surement requirements. Convenient size and shape, together with a 
simple, straightforward control panel layout, make the 606B well 
suited for production line use as well as laboratory or field applica- 
tions. 

Design 
The 606B is a master oscillator-power amplifier (MOPA) design 

with a broadband buffer amplifier stage between the oscillator and 
power amplifier circuits for isolation. The MOPA design permits op- 
timization of the oscillator circuit for highest stability including low 
drift, minimum residual FM, low harmonics, etc., without restricting 
the modulation characteristics. Modulation is applied to the power 
amplifier circuit with negligible effect on the oscillator frequency (be- 
cause of the buffer stage). Very fine frequency settability is achieved 
through incorporation of a A F  control which provides better than I O  
ppm resolution. 

6066 Specifications 
Frequency and output characteristics 
Range: 50 kHz to 65 MHz in 6 bands; accuracy: & I % .  
Drift: ( 1  V output and below) less than 50 ppm (or 5 Hz, whichever is 
greater) per I O  min period after 2-hr warmup; less than 10 min to re- 
stabilize after changing frequency. 
AF control: better than I O  ppm settability; range of AF control ap- 
proximately 0.1%. 
Resettability: better than 0.15% after warmup. 
Crystal calibrator: provides frequency checkpoints every 100 kHz 
and 1 MHz; jack provided for audio frequency output; crystal fre- 
quency accuracy better than 0.01% from O"-5O0C. 
Residual FM: lesa than f l  ppm or  f 2 0  Hz peak, whichever is 
greater. 
Frequency control input: front panel input can be used with 8708A 
Synchronizer and external frequency control; limits: 0 to  -50 V, 4 kQ 
nominal input impedance. 
Output level: continuously adjustable from 0.1 pV to 3 V into 50- 
ohm resistive load, calibrated in voltage and dBm. 

Frequency response and output accuracy: at output below 1 V, 
output variation with frequency is less than 2 dB; output accuracy is 
better than f l  dB at  any frequency. 
Impedance: 50 ohms, SWR less than 1.2 on 0.3 V attenuator range 
and below. 
RFI: meets all conditions specified in MIL-1-6181 D; permits receiver 
sensitivity measurements down to at  least 1.0 pV. 
Harmonic output: at least 30 dB below the carrier, 
Spurious AM: hum and noise sidebands are 70 dB below carrier 
down to thermal level of 50-ohm output system. 
Auxiliary RF output: on front panel. 
Synchronizer or other external equipment: Minimum output: 100 
mV rms into 50 ohms from 50 kHz to 19.2 MHz, 200 mV rms from 19 
to  65 MHz. 

Modulation characteristics 
Internal AM: 

Frequency: 400 and 1000 Hz, f5%. 
Modulation level: 0 to 95% on 1 V attenuator range and below; 0 
to at least 30% on 3 V range. 

Incidental FM (attenuator on 1 V range and below, 30% modula- 
tion): less than 5 X + 100 Hz peak. 
Carrier envelope distortion: < 1% at  30% AM, <3% at 70% AM (at- 
tenuator on 1 V range and below). 
External AM: 

Frequency: dc to 20 kHz maximum, dependent on carrier fre- 
quency (F,) and percent modulation as tabulated. 

Maximum modulation frequency: 
30% Mod: 70% Mod: Square wave Mod: 
0.06 f, 0.02 f, 0.003 f, (3 kHz max.) 
Modulation level: 0 to 95% on 1 V attenuator range and below, 0 to 
at least 20% on 3 V range. 
Input required: 4.5 V peak produces 95% modulation (maximum 
input 50 V peak); input impedance 1000 ohms. 
Carrier envelope distortion: same as for internal AM. 
Modulation meter accuracy: f5% of full scale, 0 to 9076, for mod- 
ulation frequencies to 10 kHz, f 10% of full scale for frequencies from 
10 kHz to  20 kHz. 
Modulation level constancy (internal or external AM; attenuator 
on 1 V range and below): modulation level stays constant within 
+I/? dB regardless of carrier frequency and output level changes. 

Genera I 
Power: 115 or  230 V IO%, 50 to  400 Hz, 135 W. 
Dimensions: cabinet, 527 mm W X 318 mm H X 370 mm D,  (20%" 
X 12%" X 143/4))); rack, 483 mm W X 266 mm H X 367 mm D behind 
panel, (19" X 10%" X 14%"). 
Weight: cabinet, net, 24.8 kg ( 5 5  Ib); shipping 29.3 kg (65 Ib); rack, 
net, 22.5 kg (50 Ib); shipping 28.4 kg (63 Ib). 
Accessories available: 
11507A Output Termination, provides 3 positions: 50 ohms, 5 ohms 
and IEEE Standard Dummy Antenna 
1 1509A Fuseholder, protection for 606B transceiver tests. 
10534A Mixer, for use as a nonosecond pulse modulation. 
Model number and name Price 
606B H F  Signal Generator (cabinet) $2400 
606BR H F  Signal Generator (rack) $2400 



SIGNAL GENERATORS 
VHF signal generator 

Model 608E 

0 Versatility and value, 10-480 MHz 

Model 608E provides high-quality, versatile performance with dis- 
tinctive ease of operation. The 608E provides an output of up to 1 volt 
over the range from I O  to 480 MHz. 

The 608E is an improved version of the popular and time-proven 
HP  608C/D Signal Generators. The instrument is a master oscillator- 
power amplifier (MOPA) type with a broadband buffer amplifier 
stage between the oscillator and power amplifier circuits for isolation. 
The MOPA design permits optimization of the oscillator stage for 
high stability of 0.005% per 10 minutes, minimum residual FM, and 
low harmonics without restricting the modulation characteristics. 

fect on the oscillator frei 

608E Specificatioi 

I 
harmonic ourpur: ar least JJ OD ueiuw iiic L ~ I I I C I  IUI I I ~ L I I I U I I I L .  LIL.- 

quencies below 500 MHz. 
Output characteristics 
Output level: continuously adjustable from 0.1 pV to 1.0 V into a 50- 
ohm resistive load; output calibrated in volts and dBm. 
Accuracy: within f 1 dB of attenuator dial reading at any frequency 
when R F  output  meter indicates “ATTENUATOR CALI-  
BRATED.” 
Impedance: 50Q with a maximum SWR of 1.2 for attenuator setting 
below -7 dBm. 
RFI: meets all conditions specified in MIL-I-6181D; permits receiver 
sensitivity measurements down to at least 0.1 pV. 
Auxiliary RF output: at least 180 mV rms into 50Q provided at front 
panel. 
Modulation characteristics 
Internal AM 

Frequency: 400 and 1000 Hz, f 1 0 % .  
Modulation level: 0 to 95% modulation at carrier levels 0.5 V and 
below 1 Carrier envelope distortion: less than 2% at 30% AM, less than 
5% at 70% AM. , External AM 
Frequency: 20 Hz to 20 kHz. 
Modulation level: 0 to 95% modulation at carrier levels of 0.5 V 
and below; continuously adjustable from front panel MOD LEVEL 
control; input required, 1-10 V rms (lOOOQ input impedance). 
Carrier envelope distortion: less than 2% at 30% AM, less than 
5% at 70% AM (modulation source distortion less than 0.5%). 
Modulation meter accuracy: f5% of full scale 0 to 80%, f 10% 
from 80% to 95% (for INT AM or 20 Hz to 20 kHz EXT AM). 

I 

Frequency characteris 
Range: 10-480 MHz in . . 
Accuracy: f0.5% 
Drift: less than 50 X 10-”10 min after one hr warmup. 
Resettability: better than fO. 1% after initial warmup; fine-fre- 
quency-adjust provides approximately 25 kHz settability at 480 MHz. 
Crystal calibrator: provides frequency check points every 1 MHz up 
to 270 MHz or every 5 MHz over total range; jack provided for audio 
frequency output; crystal frequency accuracy better than 0.01% at 
room temperatures. 

Dduration 
re: from 40 MHz to 220 MHz, combined rise and 
1 4  ps; above 220 MHz combined rise and decay 

Incidental FM (at‘400 and 1000 Hz modulation): less than 1000 
Hz peak at 50% AM for frequencies above 100 MHz; below 100 
MHz, less than 0.0001% at 30% AM. 

External pulse mi - -  
Rise and decay tin 
decay time less that 
time less than 2.5 c 
On-off ratio: at lenJl Lu uy pylnv’u cLIIIIv .  .c.c.U ”._ . -..- 
above. 
Input required positive pulse, 10-50 V peak, input impedance 2 kQ 
General 
Power: 115 or 230 V IO%, 50 to 400 Hz; approx. 220 W. 
Dimensions: cabinet, 337 mm W X 416 mm H X 533 mm D (13%” X 
16)/8” X 21”); rack mount: 483 mm W X 335 mm H X 467 mm D be- 
hind panel (19” X 133%’’ X 18%”). 
Weight: cabinet mount: net, 28 kg (63 Ib); shipping 33.4 kg (74 Ib); 
rack mount: net, 28 kg (62 Ib); shipping, 37.4 kg (83 Ib). 
Accessories available: 
11508,. 1- .A n . L I -  P-- L:-L :-.--Ae--- -: :r-  

I I5091 
105141 
Model 
608E ’ 

608ER . - _ _  Y.O ..-_ _____ ~ _ _ _ _  \ - - - . -I  

9 uutput ~ a u i e  iur nrgri ~ I I I ~ C U ~ I I L C  SIILUILD. 

9 Fuse Holder: protection for transceiver tests. 
4 Mixer for use as nanosecond pulse modulator. 
I number and name 
VHF Signal Generator (cabinet) 
1 VFlF 9iunal Gpnrmtnr I m r C b  

Price 
$3600 
$3600 



SIGNAL GENERATORS 
U H F signal generator 
Model 612A 

450 to 1230 MHz 

Cavity oscillator 
The oscillator-amplifier circuit in the 612A employs high-fre- 

quency pencil triodes in a cavity-tuned circuit for precise tracking over 
the entire band. Noncontacting cavity plungers are die-cast to  precise 
tolerances, then injection-molded with a plastic filler for optimum Q. 
The frequency drive is a direct screw-operated mechanism, free from 
backlash. A waveguide-beyond-cutoff piston attenuator and crystal 
monitor circuit are used to ensure accurate, reliable output down to 
0.1 pV. The attenuator is calibrated over a range of 131 dB and has 
been carefully designed to provide a constant impedance-versus-fre- 
quency characteristic. The SWR of the 50-ohm output system is less 
than 1.2 over the complete frequency range. 

Frequency range: 450 to 1230 MHz in one band; scale length ap- 
proximately 381 mm (15”). 
Calibration accuracy: within f I % ,  resettability better than 5 MHz 
at high frequencies. 
Output voltage: 0.1 pV to 0.5 V into 50-ohm load; calibrated in V 
and dBm (0 dBm = 1 mw).  
Output accuracy: + 1 dB, 0 to  - 127 dBm over entire frequency 
range. 
Outpdt impedance: 50 ohms; maximum reflection Coefficient, 0.091 
(1.2 SWR, 20.8 dB return loss) for attenuator settings of 0 dBm and 
below. 
Amplitude modulation: above 470 MHz, 0 to  90% at audio fre- 
auencies. indicated by panel meter: accuracy f 10% of full scale, 30 to 

Specifications 

_ .  
90% modulation. 

Here is an all-purpose, precision signal generator particularly de- 
signed for utmost convenience and applicability throughout the im- 
portant UHF-TV frequency band. It is ideally suited for measure- 
ments in UHF-television broadcasting, studio-transmitter links, citi- 
zen’s radio and public service communications systems. The H P  612A 
also covers the important frequencies used in aircraft navigation aids 
such as DME, TACAN and airborne transponders. Accessory modu- 
lators, available from many of the manufacturers of these naviga- 
tional aids, enable the 612A to provide the complex modulation pat- 
terns required for testing and aligning these systems. In the labora- 
tory, the 612A is a convenient power source for driving bridges, 
slotted lines, antennas and filter networks. In addition, the H P  8731 
PIN Modulators can be used with the 612A to obtain R F  pulses with 
30 ns rise time and 0.1 ps minimum duration-with on-off ratios ap- 
proaching 80 dB. 

MOPA circuit 
The master oscillator-power amplifier circuit in the H P  612A pro- 

vides 0.5 volt into 50 ohms over the full frequency range of 450 to 
1230 MHz. There is very low incidental FM (less than 0.002% at 30% 
AM) and excellent amplitude modulation capabilities by all fre- 
quencies from 20 Hz to 5 MHz. The degree of modulation is easily 
read from the large percent modulation meter. The instrument can be 
amplitude-modulated (either internally or externally), and provision 
is made for external pulse modulation as well. Pulse modulation can 
be applied to  the amplifier or  directly to the oscillator when high on- 
off signal ratios are required (signal may be completely cut off 
between pulses). Modulation can be up or down from a preset level to 
simulate TV modulation characteristics accurately. 

Incidental FM; less than 0.002% for 30% AM. 
Internal modulation: 400 and 1000 Hz *IO%; envelope distortion 
less than 3% at 30% modulation. 
External modulation: 20 Hz to 5 MHz; above 470 MHz, 2 rms 
produces 85% AM at modulating frequencies up to  500 kHz, at least 
40% AM at 5 MHz; modulation may be up or  down from the carrier 
level or  symmetrical about the carrier level; positive or  negative pulses 
may be applied to idcrease or  decrease R F  output from the carrier 
level. 

Pulse Modulation 
Pulse 1 (pulse applied to amplifier): positive or  negative pulses, 4 
to 40 V peak produce an R F  on-off ratio of at  least 20 dB; minimum 
R F  output pulse length, 1.0 ps. 
Pulse 2 (pulse applied to oscillator): positive or negative pulses, 4 
to 40 V peak; no R F  output during off time; minimum R F  output 
pulse length, 1.0 ps. 
RFI: conducted and radiated leakage limits are below those speciked 
in MIL-I-6181D; permits receiver sensitivity measurements down to 1 
PV. 
power: 115 or  230 volts f10%, 50 to 400 Hz, 215 watts. 
Dimensions: cabinet: 333 mm W X 419 mm H X 546 mm D (13%” 
X 16%” X 21%”); rack mount: 483 mm W X 355 mm H X 514 mm D 
behind panel (19” X 13”/3; X 2OY4’‘). 
Weight: tiet, 25.2 kg (56 Ib); shipping, 30.6 kg (68 Ib) (cabinet); net, 
25.2 kg (56 Ib); shipping, 34.6 kg (77 Ib) (rack mount). 
Accessories available: 1 1500A R F  Cable Assembly; 10503A Video 
Cable Assembly; 3608 Low-Pass Filter (may be used where harmonic 
output must be reduced to a minimum, as in slotted line measure- 
ments). 
Model number and name Price 
612A U H F  Signal Generator (cabinet) $2600 
612AR U H F  Signal Generator (rack) $2650 



SIGNAL 

0 Stable, easy to use, 800-4500 MHz 

mm- 

GENERATORS 
UHF Signal generators 

Models 8614A & 8616A 

HP 8614A, 8616A Signal generators 
The H P  8614A and 8616A Signal Generators provide stable, accu- 

rate signals from 800 to 2400 MHz (8614A) and from 1800 to  4500 
MHz (8616A). Both frequency and attenuation are set on direct-read- 
ing digital dials, while selectable functions include CW, leveled out- 
put, square-wave modulation, and external AM, F M  and pulse mod- 
ulation. Modulation can be accomplished simultaneously with or 
without leveling. 

Two R F  power outputs are simultaneously available from separate 
front-panel connectors. One provides at  least I O  mW (2 mW above 
3000 MHz) or a leveled output from 0 to -127 dBm. The other is at  
least 0.5 mW across the band and is independent of attenuator set- 
ting. This signal can be used for phase-locking the signal generators 
for extreme stability, or it can be monitored with a frequency counter 
for extreme frequency resolution without adversely affecting the pri- 
mary output. 

A unique PIN diode modulator permits amplitude modulation 
from dc to I MHz or furnishes R F  pulses with a 2 ps rise time. This 
broad modulation bandwidth permits remote control of output level 
or precise leveling using external equipment. The internal leveling is 
also obtained by using a PIN modulator. 

The 8614A and 8616A can also be used with companion modula- 
tors, H P  8403A modulators and H P  8730-series PIN modulators to 
provide 80 dB pulse on/off ratio (see page 361). In addition, TWT 
amplifiers can be used with these generators to provide high power 
levels. 

Spec 
8614A 
Frequency range: direct reading within 2 MHz 800 to  2400 MHz. 
Vernier: A F  control has a minimum range of 1.5 MHz for fine tun- 
ing. 
Frequency calibration accuracy: f 5  MHz 
Frequency stability: Approximately 0.005%/°C change in ambient 
temperature, less than 2500 Hz peak residual FM, negligible inciden- 
tal FM in pulse and AM operation below -10 dBm, 0.003% change 
for line voltage variation of f 10%. 
RF output power: +10 dBm ( I O  mW) into 50Q load. Output attenu- 
ation dial directly calibrated in dBm from 0 to  -127 dBm. A second 
uncalibrated output (approximately 0.5 mW) is provided on front 
panel. 
RF output power accuracy (with respect to attenuation dial): 
f0.75 dB + attenuator accuracy (0 to - 127 dBm) including leveled 
output variations 
Attenuator accuracy: +0, -3 dB from 0 to -15 dBm; f 0 . 2  dB 
f0 .06  dB/lOdB from -15 to -127 dBm; direct reading dial, 0.2 dB 
increments. 
Output impedance: 500; SWR <2.0 
Modulation: On-off ratio at  least 20 dB for square wave, pulse 
Internal square wave: 950 to 1050 Hz. Square wave can be synchro- 
nized with a + 1 to + I O  V signal at PULSE input. 

External pulse: 50 Hz to 50 kHz; 2 psec rise time, +20 to +IO0 V 
peak input. 
External AM: DC to I MHz 
External FM: a) Front panel connector capacity-coupled to  repeller 
of klystron; b) Two-terminal rear panel connector (Cinch-Jones type 
S304AB) is dc-coupled to repeller of klystron 
Power source: I15 or 230 V *IO%, 50 to 60 Hz, approximately 125 W 
Dimensions: 425 mm W X 467 mm D X 141 mm H (16V X 18%’’ X 
5%”); Rack Mount 483 mm X 416 mm X 133 mm (19” X 16%’’ X 

Weight: Net, 19.5 kg (43 Ib). shipping, 22.3 kg (49 Ib) 
Option 001: External modulation input connectors on rear panel irl 
parallel with front-panel connectors; R F  connectors on rear panel 
only. 
861 6A 
Frequency range: direct reading within 2 MHz 1800 to 4500 MHz. 
Vernier: AF control has a range of approximately 1.5 MHz for fine 
tuning . 
Frequency calibration accuracy: f I O  MHz 
Frequency stability: Approximately 0.005%/°C change in ambient 
temperature, less than 2500 Hz peak residual FM, negligible inci- 
dental FM in pulse and AM operation for attenuator settings below 
- 10 dBm. 0.003% change for line voltage variation of f 10%. 
RF output power: + 10 dBm ( I O  mW) to - I27 dBm into 50Q load, 
1800 to 3000 MHz; +3  dBm to -127 dBm from 3000 to 4500 MHz 
into a 50Q load. Output attenuation dial directly calibrated in dBm 
from 0 to - 127 dBm. A second uncalibrated output (approximately 
0.5 mW) is provided on the front panel. 
RF output power accuracy (with respect to attenuation dial): 
f l . O  dB + attenuator accuracy (0 to -127 dBm). 
Attenuator accuracy: + I ,  -2 dB from 0 to -10 dBm, f 0 . 2  dB 
f0 .06  dS/10 dB from - I O  to -127 dBm. 
Output impedance: 50Q; SWR less than 2.0. 
Modulation: On-off ratio at least 20 dB for square wave, pulse. 
Internal square wave: 950 to 1050 Hz. Other frequencies available 
on special order. 
External pulse: 50 Hz to 50 kHz; 2 psec rise time, t 2 0  to +IO0 V 

External AM: DC to 1 MHz 
External FM: a) Front panel connector capacity-coupled to repeller 
of klystron; b) Four terminal rear panel connector (Cinch-Jones type 
S304AB) is DC-coupled to repeller of klystron. 
Dimensions: 425 mm W X 467 mm D X 141 mm H (16%‘’ X 18%’’ X 
5%‘’); Rack Mount 483 mm X 416 mm X 133 mm (19” X 16%” X 
5%2“). 
Weight: Net, 19.1 kg (42 Ib). Shipping, 21.8 kg (48 Ib). 
Option 001: External modulation input connectors on rear panel in 
parallel with front-panel connectors; R F  connectors on rear panel 
only. 
Model number and name Price 
8614A Signal Generator (800-2400 MHz) $3100 
8616A Signal Generator (1800-4500 MHz) $3100 
8614A Option 001 add $25 
8616A Option 001 add $25 

57/32? 

peak input. 



SIGNAL GENERATORS 
SHF Signal generators 
Models 618C, 6208 

0 Multiple-purpose instruments, 3.8 to 11 GHz 

The Models 618C and 620B SHF Signal Generators provide versa- 
tility, accuracy, and stability in the range from 3.8 to 1 1  GHz. Fre- 
quency is set on a large, direct-reading dial. A AF vernier control pro- 
vides ultra-fine tuning capability. There is also a provision for remote 
fine tuning. 

A calibrated output from 0 to -127 dBm (0.224 volts to 0.1 micro- 
volt) is also set on a large, direct-reading dial. The dial is calibrated in 
both dBm and volts. An auxiliary output of at least 0.3 milliwatt is 
available and is independent of attenuator setting. Thus, it can be used 
for phase-locking the signal generator when crystal-oscillator stabil- 
ity is required, or it can be monitored with a frequency counter for ex- 
treme frequency resolution. 

The 618C and 620B Generators both feature oscillators of the re- 
flex klystron type, with external resonant cavity. Oscillator frequency 
is determined by a movable plunger which varies the length of the cav- 
ity. Oscillator output is monitored by a temperature-compensated de- 
tector circuit. This circuit operates virtually unaffected by ambient 
temperature conditions. 

Modulation includes internal pulse, square wave, and frequency 
modulation plus external pulse and frequency modulation. 

618C and 6208 Specifications 
Output 
Frequency range: 

618C: 3,800 to 7,600 MHz covered in a single band. 
6208: 7 to 11 GHz covered in a single band; repeller voltage auto- 
matically tracked and proper mode automatically selected. 

Calibration: direct reading; frequency calibration accuracy better 
than f l % .  
Frequency stability: with temperature: less than 0.006%/°C change 
in ambient temperature; with line voltage less than 0.02% change for 
line voltage variation of 510%; residual FM: <15 kHz peak. 
Output range: I milliwatt or 0.224 volt to 0.1 microvolt (0 dBm to 
- 127 dBm) into 50 ohms; directly calibrated in microvolts and dB; co- 
axial type N connector. 
Output accuracy: within f 2  dB from -7 to -127 dBm, within f 3  
dB from 0 to -7 dBm, terminated in 50-ohm load. 
Source impedance: 50 ohms nominal; reflection coefficient less 
than 0.33. 

Modulation 
Modulation: internal or external pulse, FM, and square wave. 
Internal pulse modulation: repetition rate variable from 40 to 4,000 
pps, pulse width variable ’/z to 10 microseconds. 
Sync out signals: simultaneous with R F  pulse, positive; in advance 
of R F  pulse, positive, variable 3 to 300 microseconds (better than I 
microsecond rise time and 25 to 100 volts amplitude into 1,000-ohm 

Ext lo*? rnal synchronization: sine wave: 40 to 4,000 Hz, 5 to 50 V rms; 
pulse: 40 to 4,000 pps, 5 to 50 V peak, positive or negative, 0.5 to 5 ps 
wide, 0.1 to I ps rise time. 
Internal aquare-wave modulation: variable 40 to 4,000 Hz. 
Internal FM: sawtooth sweep rate adjustable 40 to 4,000 Hz; fre- 
quency deviation to 5 MHz peak-to-peak over most of the frequency 
range. 
External pulae modulation: pulse requirements: amplitude from 20 
to 70 volts positive or negative, width 0.5 to 2,500 microseconds. 
External FM: frequency deviation approximately 5 MHz peak-to- 
peak over most of the band; sensitivity approximately 20 V/MHz at 
front-panel connector, approximately I O  V/MHz at rear-panel con- 
nector (mating connector supplied); front-panel connector is capaci- 
tively coupled to klystron repeller; rear-panel connector is dc-coupled 
to klystron repeller and is suitable for phase-lock control input. 

General 
RFI: conducted and radiated leakage limits are below those specified 
in MIL-I-6181D. 
Power source: I15 or 230 volts f IO%, 50 to 60 Hz 230 W. 
Dimensions: cabinet, 445 mm W X 353 mm H X 518 mm D (17%” X 
137/8” X 20Yg’’); rack mount 483 mm X 355 mm X 483 mm (19” X 

Weight: net, 31.1 kg (69 Ib); shipping, 40.5 kg (90 Ib). 
Accessory furnished I IOOlA Cable Assembly, 1830 mm (6 ft) of 
RG-214A/U 50-ohm coax, terminated on each end by type N male 
connectors. 
Model number and name Price 
618C or 620B SHF Signal Generator (cabinet mount) $3800 
618CR or 620BR SHF Signal Generator (rack mount) $3850 

133’/~z” X 19”). 



SIGNAL GENERATORS -. A 

S H F  generators/doublers 
Models 6 2 6 ~ ,   ma^, 9 3 a ~ ,  940A 

0 Generate stable signals, 10 to 40 GHz 

Description 
The 626A covers frequencies 10 to 15.5 GHz, and the 628A covers 

frequencies 15 to 21 GHz. In design and operation, the instruments 
are similar to Hewleit-Packard generators for lower frequency ranges. 
Carrier frequency is set and read directly on the large tuning dial. N o  
voltage adjustment is necessary during tuning because repeller volt- 
age is tracked with frequency changes automatically. Oscillator out- 
put also is set and read directly, and no frequency correction is neces- 
sary throughout operating range. A frequency logging scale permits 
frequency to be reset within 0. I %. 

Both the 626A and 628A offer internal and external pulse, square- 
wave and frequency modulation. The pulse generators may be syn- 
chronized with an external sine wave and positive or negative pulse 
signals. 

The high power output of these signal generators makes them 
ideally suited for driving H P  938A and 940A Frequency Doubler sets. 
These doubler sets retain the modulation and stability of the driving 
source and have accurate power monitors and attenuators. 

626A, 628A Specifications 
Frequency range: 626A, I O  to 15.5 GHz; 628A, 15 to 21 GHz. 
Frequency calibration: dial direct-reading in GHz, accuracy better 
than f l % .  
Output range: I O  mW to 1 pW ( + I O  dBm to -90 dBm. 0 dBm = 1 
mW); attenuator dial calibrated in output dBm. 
Source impedance: 50 ohms nominal; reflection coefficient: 

626A less than 0.43 at + I O  dBm, 0.15 at 0 dBm and below. 
628A: less than 0.43 a t  + I O  dBm, 0.091 at 0 dBm and below. 

Output monitor accuracy: better than f 1 dB; temperature-com- 
pensated thermistor bridge circuit monitors RF oscillator power level. 
Output connector: 626A: 0.850 X 0.475 inch waveguide, WR75, flat 
cover flange; 628A: 0.590 X 0.335 inch waveguide, WR51, flat cover 
flange. 
Output attenuator accuracy: better than f 2 %  of attenuation in dB 
introduced by output attenuator. 
Modulation: internal or external pulse, 
Internal pulse modulation: repetition I 
pps; pulse width variable 0.5 to  10 ps. 
Internal square-wave modulation: variame L)U IO wuu H Z  con- 

938A 

trolled by “pulse rate” control. 
Internal frequency modulation: power line frequency, deviation up 
to  f 5  MHz. 
External pulse modulation: pulse requirements: amplitude 15 to  70 
volts peak positive or negative; width 1 to 2500 ps. 
External frequency modulation: provided by capacitive coupling to  
the klystron repeller; maximum deviation approximately f 5  MHz. 
Sync out signals: positive 20 to  50 V peak into 1000-ohm lead; bet- 
ter than I p s  rise time; 1) simultaneous with RF pulse, positive; 2) in 
advance of RF pulse, positive, variable 5 to  300 ps. 
External synchronization: 1) sine wave, 40 to  4000 Hz, amplitude 5 
to 50 V rms; 2) pulse signals 0 to  4000 pps, 5 to 50 V amplitude, posi- 
tive or  negative; pulse width 0.5 to 5 ps; rise time 0.1 to  1 ps. 
Power: 115 or 230 volts f IO%, 50 to 60 Hz, approx. 200 watts. 
Dimensions: cabinet: 432 m m  W X 356 m m  H X 381 m m  D (17“ X 
14” X 15”); rack mount: 483 m m  W X 356 mm H X 313 m m  D (19” X 

Weight: 626A,AR: net, 29.5 kg (65 Ib); shipping 33.6 kg (74 Ib); 
628A,AR: net, 28.6 kg (63 Ib), shipping 32.7 kg (72 Ib). 
Accessories furnished: 626A, MX 292B and MP 292B Waveguide 
Adapters: 628A, N P  292A and N K  292A Waveguide Adapters. 
Accessories available: 10503A Video Cable Assembly for 626A: 
M362A low-pass filter. 

14” X 12’%6”). 

Frequency doubler sets 
Model 938A supplies power from 18 to  26.5 GHz and Model 940A 

from 26.5 to 40 GHz when driven by 9 to 13.25 GHz and 13.25 to  20 
GHz sources respectively. For a swept output, use a swept-frequency 
source such as Model 8690B or Model 8620A/B series with appro- 
priate RF units. 

Frequency range: 938A. 18 to 26.5 GHz; 940A, 26.5 to 40 GHz. 
Conversion loss: less than 18 dB at 10 mW input. 
Output power: approximately 0.5-1 mW when used with typical 
626A, 628A signal generators; input power: 100 mW maximum. 
Output attenuator: accuracy, f 2 %  of reading or 6 0 . 2  dB, whichever 
is greater; range, 100 dB. 
Output reflection coefficient: approx. 0.33 a t  full output; less than 
0.2 with attenuator set to 10 dB or greater. 
Output flange: 938A K-band flat cover flange for WR-42 wave- 
guide; 940A R-band flat flange for WR-28 waveguide. 
Dimensions: 137 m m  H X 489 m m  W X 457 m m  D (5Y8” x 19%” x 

938, 940A Specifications 

18“). 
Weight: net, 9 kg (20 Ib); shipping, 11.8 kg (26 Ib). 
Model number and name Pri 
626A or 628A (Cabinet) $62 
626AR or 628AR (Rack mount) $62 
938A or 940A $40 

ice 
00 
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00 



SAGNAB, GENERATORS 
Special signal generators 
Models 202H, 207H, 8925A 

202H 
The H P  202H FM-AM Signal Generator covers the frequency 

range 54 to 216 MHz and is designed for the testing and calibration of 
FM receiving systems in the areas of broadcast FM, VHF, TV, mo- 

RF range: 54 to 216 MHz in two bands. 
RF accuracy: main dial: * O S % ;  electronic vernier &(IO% + 1 kHz); 
after I-hour warm-up. 
RF stability: <O.Ol% per hour (after 2-hour warm-tp). 
RF output: range: 0.1 pV to 0.2 V (across external 50Q load a t  panel 
jack). 
VSWR: <1.2. 
Spurious output: 50Q >30 dB below carrier. 
AM range: internal: 0 to  50%; external: 0 to 100%. 
AM accuracy: & I O %  of reading at  400 Hz INT. 
AM distortion: <5% at 30%. <8% at 50%. 

202H bile and general communications. 

AM fidelity: f l  dR, 30 Hz to 200 kHz. 
FM deviation: range, int. or  ext. 0 to 250 kHz in  4 ranges; accuracy, 
* 5 %  of I.\ (for 400 H7 sinewave). 
FM distortion: <OS'% at 75 kHz (100 MHz), < I %  at 75 kHz (54 to  
216 MHz) at  400 Hz rate. 
Oscillator frequency: 50 Hz, 400 Hz, 1000 Hz, 3000 Hz, 7.5 kHz, I O  
kHz, 15 kHz, 67 kHz; f5%. 
Oscillator distortion: <OS% 50 Hz to 15 kHz. 

207H 
The H P  207H Univerter is a frequency converter with unity gain de- 

signed for use with the H P  202H Signal Generators to provide addi- 
tional frequency coverage from 100 kHz to 55 MHz. The 207H dupli- 
cates AM & F M  of the 202H with no appreciable distortion for input 
levels less than 50 mV. 
RF range: 100 kHz to 55 MHz (with 199.9 to 145 MHz input from 
202H). 
RF output: I V to  0.1 V and 0.01 V to 1 mV across external 50-ohm 
load at panel jack; I V open circuit with 0.1 V input. 
Power: 105 to  125 V or  210 to 250 V, 50 to 400 Hz, 50 W. 

The H P  8925A DME/ATC Test Set is specifically designed for test- 
ing and calibrating D M E  (Distance Measuring Equipment) and ATC 
(Air Traffic Control) transponder aircraft equipment. When used with 
suitable external modulators, the test set wilt also simulate some 
TACAN and IFF  signals. Completely self-contained (except for video 
modulators), the system consists of a continuously tuneable signal 
generator (HP 8614A Option HOI), direct-reading frequency counter 
(HP 5245L), solid-state modulator (HP  8403A Option HOI), fre- 
quency converter (HP 5254C), wavemeter (HP  8905A), peak power 
measuring system (HP 8900B), and all necessary circuitry for inter- 
connection to the radio set under test (HP  13505A). 
Frequency range: 962 to 1213 MHz. 
Model number and name Price 
H P  202H $2040 
H P  207H $740 
H P  8925A $15,920 
Opt 001 (less counter) less $3575 
Opt 002 (less cabinet) less $800 

add $135 Opt 003 (dual power range) 
less $630 Opt 004 (5246L counter) 

8 9 2 5 ~  
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PIN modulators, modulators 
8730 Series, 8403A 

8730 PIN modulators 
With H P  8730 series PIN Modulators, signal sources, including 

klystrons, can be pulse-modulated, leveled or amplitude-modulated 
with sinusoidal and complex waveforms. Fast rise-times, low inci- 
dental F M  and a nearly constant impedance match to source and load 
are typical of these absorption-type modulators. 

8403A Modulator 
The Model 8403A provides complete control of the PIN modula- 

tors, supplying the appropriate modulation wave shapes and bias lev- 
els for fast rise times, rated on/off ratios and amplitude modulation. 
An internal square-wave and pulse modulator with P R F  of 50 Hz to  
50 kHz and adjustable pulse width and delay also provide square 
wave and pulses for general pulse applications. For applications re- 
quiring an absorption-type modulator plwcontrols in a single unit, a 
PIN modulator can be installed in the Model 8403A. 

Output characteristics 
(available separately at front panel) 
For driving 8730 pin modulators: AM and pulse output, pulse out- 
put specially shaped for optimum R F  rise and decay times. 
For general pulse applications: positive dc-coupled pulse 25 to 30 
volts in amplitude, approximately symmetrical about 0 volt; no AM 
signal. 
Modulation 
Internal square wave: 

8403A Specifjcations 

Frequency: variable from 50 Hz to 50 kHz. 
Symmetry: better than 45/55%. 

Internal pulse: 
Repetition rate: variable from 50 Hz to 50 kHz. 
Delay: variable from 0.1 ps to 100 ps, between sync out pulse and 
R F  output pulse. 
Width: variable from 0.1 ps to 100 ps. 

8730 Series specifications 

External sync: 
Signal: 5 to 15 volts peak, + or -, pulse or sine wave. 
Input impedance: approximately 2000 ohms, dc-coupled. 

Trigger out: 
Sync out: simultaneous with or 0.1 to 100 ps in advance of R F  
pulse, as set by delay control. 
Delayed sync out: simultaneous with output pulse. 
Amplitude: approximately -2 volts. 
Source impedance: approximately 330 ohms. 

Exterm! puke rate 
Amplitude and polarity: 5 volts to  15 volts peak, + or -. 
Repetition rate: maximum average PRF, 500 kHz/sec. 
Input impedance: approximately 2000 ohms, dc-coupled. 
Width minimum 0.1 ps; maximum I/PRF - 0.4 ps. 

Continuous amplitude modulation 
(with 8730 series) 

Frequency response: dc to approximately 10 MHz (3 dB). 
Sensitivity: approx. I O  dB/volt with H P  8730A series; approx. 20 
dB/volt with H P  8730B series. 
Input impedance: approximately 100 ohms. 

General 
Power: 115 or 230 volts &IO%, 50 to 400 Hz, approx. 10 walts. 
Dimensions: 425 mm W X 96 mm H x 467 mm D (16%'' x 33/41 x 
18%"). hardware furnished for rack mount 483 mm W X 89 mm H X 
416 mm D (19" X 31732'' x 16%"): 
Weight: Net, 6.5 kg (14.5 Ib). Shipping, 8.3 kg (18 Ib). 
Model number and name Price 
8403A Modulator $1050 
PIN Modulators installed in 8403A: 
Option 001, 8731A; 003, 8732A; 005, 8733A; 007, 
8734A add $570 
Option 002,8731B; 004,87328; 006,8733B; 008, 8734B add $825 
Option 009 Input and Output Connectors on rear panel add $25 

in MlL.I.6181P at input levels less than 1 mW; at all input 
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SIGNAL GENERATORS 
Accessories 
Models 10511A, 10514A. 10534A, 11507A, 11508A, 11509A 

0 Additional Capabilities for Signal Generators 

11 509A 

1051 1A Spectrum generator 
Extends the useful frequency range of signal generators, sources and 

frequency synthesizers by providing a spectrum of harmonics up to 1 
GHz from sine-wave inputs between 10 and 75 MHz. A 50Q band- 
pass filter can then be cascaded with the 1051 1A to extract the desired 
harmonic. The harmonic power available is at least - 19 dBm for har- 
monics 1 through 10. 
Input requirements. 1 to 3 volts rms into 50R, 10 to 75 MHz. 

10514A, 10534 Double balanced mixers 
Used with signal generators in a variety of mixing as well as AM, 

pulse and square-wave modulation applications. The careful balanc- 
ing of the hot carrier diodes in the 10514 and !0534 Mixers provides 
excellent suppression of the local oscillator and input frequencies at 
the output port. Frequency range of the 10514 is 0.2-500 MHz and the 
10534 is 0.5-150 MHz. 

11507A Output termination 
A multi-purpose termination which enhances the usefulness of the 

606A or 606B by providing the following: 
I .  A matched 50-ohm termination to permit use into high impedance 
circuits. 
2. A 20-dB ( 1 0 1 )  terminated voltage driver which reduces the source 
impedance to 5 ohms. 
3. A dummy antenna having the IEEE standard characteristics for re- 
ceiver measurements (driven from 10: 1 divider). 
Frequency range: 50 kHz to 65 MHz on 0 to 20 dB positions. 540 
kHz to 23 MHz on dummy antenna. 

11508A Output cable 
Provides 50Q termination and standard binding posts at the end of a 

610 mm (24-inch) length of cable. Allows direct connection of the sig- 
nal generator to high impedance circuits. 

11509A Fuseholder 
Prevents accidental burnout of attenuators in HP  8640, HP 606 and 

608 Signal Generators during transceiver testing by introducing a fuse 
element between the signal generator and the transceiver. Several 
watts of R F  power could otherwise be applied to the signal generator 
attenuator should the transceiver accidentally be switched to “Trans- 
mit.” While the fuseholder provides protection, 
usable output from the signal generators. 
Accessories furnished 10 extra fuses. 
Model number and name 
10511A Spectrum Generator 
10514A Double Balanced Mixer 
10534A Double Balanced Mixer 
11507A Output Termination 
11508A Output Cable 
11 509A Fuseholder 

it in no way limits the 

Price 
$250.00 
$115.50 
$90.30 

$100.00 
$35.00 
$80.00 
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Model 

11698A Retrofit kit 
The 11698A is an accessory kit which has all the components nec- 

essary to  install the Option 002 Internal Doubler into either the 8640A 
or 86408.' This kit contains the doubler board assembly, output am- 
plifier, low pass filter and interconnect cables plus a Manual Supple- 
ment and Service Note which gives a step by step installation proce- 
dure. 

Pass 
Band 

(MH4 

SIIGNAL GENERATORS '. 
Accessories 

Models 11 687A, 11 690A, 11 697AlB/C, 11698A 

Pass 
Band 

Attenuation 

11.1 dB 

11.1 dB 

This kit was specifically designed to enable present or future own- 
ers of the standard 8640A or 8640B to extend frequency coverage of 
the generator to 1024 MHz. The installation procedure is simple and 
straightforward, and it can be done at a Hewlett-Packard Service Cen- 
ter or at the custonter's own facility. 

Once the kit is installed and calibrated, the generator acquires the 
same specifications as shown for the 8640AIB Option 002 on the pre- 
vious pages. 

11 690A Frequency doubler 
The HP 11690A Frequency Doubler is designed to  extend the 

8640A or 8640B frequency range by doubling the 256-512 MHz Fre- 
quency Band up to 1024 MHz (to 1100 MHz with band overrange). 
Its recommended input level for optimum performance with AM 
modulation is +10 dBm. 

The 8640A has a dial scale for the 512 to 1024 MHz external dou- 
bler band to indicate the correct doubled output frequency. The 
8640B also displays the correct doubled output frequency when the 
512 to 1024 range is selected. For FM in the doubled range, an addi- 
tional position on the PEAK DEVIATION RANGE switch allows 
peak deviation up to 5.12 MHz. 

The following specifications describe the 11690A when used with 
the 8640A or 86408: 
Input required: + I O  to + I 9  dBm (0.707 V to 2 V). 
Conversion loss: <13 dB. 
Level flatness: 4 dB total variation. 
Suppression of 1st and 3rd harmonic of input typically >20 dB. 

11687A 50-75Q Adapter 
This 50-759 Adapter with Type N connectors is recommended for 

use with the 8640A/B for measurements in 759 systems. The voltage 
calibration on the output level meter is unaffected by use of the 
adapter, but a correction of 1.76 dB must be made when using the dB 
scale. 
11697AlBlC Bandpass filters 

The Option 002 Internal Doubler covers several communication 
bands including UHF-TV, Mobile Radio and some ATC/DME. Ex- 
ternal band pass filters can be used to improve the generator spurious 
and harmonic performance in any of these bands. Three such filters 
are available, I1697A, 11697B and 11697C. 
1. Option 002 cannot be fitted in the 86408 Option 004. 

Mid- 
Band 

Attenuation 

10.6 dB  

1 0 . 6  dB 

Model number and name 
11698A Retrofit Kit 
11697A Bandpass Filter 
11697B Bandpass Filter 
11697C Bandpass Filter 
11690A Frequency Doubler 
11687A 507-75Q Adapter 

11697A 

11697B 

Price 
$750 
$270 
$270 
$270 
$155 
$100 

512-674 

674-890 

Pass 
Band 
VSWR 

11.4 

11.4 

Rejection Band Attenuation 

Below Passband Above Passband 

Frequency 

1445 

Attenuation 

120 d B  

Frequency Attenuation 

2 2 0  dB I - 3000 I 
I I 11697C I 800-1100 I 11.4 1 11.1 dB  I 10.6dB 1 1550 1 220dB I 1333 - 3000 I 220dB 
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SWEEP OSCILLATORS 
General information 

Sweep oscillators 
Swept frequency oscillators are used in ap- 

plications where the characteristics of a de- 
vice must be determined over a wide, contin- 
uous range of frequencies. Combined with a 
broadband detector and display test set, 
sweep oscillators provide many benefits com- 
pared to C W  frequency sources. A swept 
measurement provides a dynamic display of 
the data. The results of any adjustments to 
the unknown test device are seen immedi- 
ately (real time) on the display. By replacing 
laborious point-by-point techniques swept 
measurements increase the speed and conve- 
nience of broadband testing. The continuous 
frequency characterization of the unknown 
device also eliminates the chance of missing 
important information between frequency 
points. Swept techniques are applicable in all 
phases of design, manufacture and mainte- 
nance. 
Hewlett-Packard sweep oscillators 

Hewlett-Packard sweepers cover the entire 
frequency spectrum from dc  to  40 GHz. Self- 
contained, multi-octave sweepers cover the 
frequency range to 110 MHz. The 8690 se- 
ries of backward wave and solid state oscilla- 

tors’ features plug-ins from 400 kHz to 40 
GHz. The 8620 family of solid state oscilla- 
tors provide a versatile choice of configura- 
tions - single band, multiband, or very wide 
band plug-ins from 3 MHz to 18 GHz. A 
chart of the individual frequency bands avail- 
able appears on page 18.3. 

Sweep oscillator features 
Sweep flexibility 

Every H P  sweeper has several different 
sweep modes available for setting the fre- 
quency limits of the instrument. A full band 
or independently adjustable start/stop fre- 
quency sweep can be selected. Alternatively, 
a marker sweep or a symmetrical AF sweep 
about the desired center frequency can be 
chosen. Switching from one sweep mode to 
another is a simple pushbutton operation. In 
the auto mode the sweep retriggers automat- 
ically. Sweep times of 0.01 to more than 100 
seconds can be selected. A manual sweep is 
also available a s  a front panel control, a real 
convenience for calibrating displays such as 
X-Y recorders. An external trigger is pro- 
vided as well for applications where the 
sweeper must be synced to other instrumen- 
tation or remotely controlled. 

On all sweeps a linear voltage propor- 
tional to frequency is available on an exter- 
nal connector which is useful for driving the 
horizontal of the display. Blanking and pen 
lift signals are also provided at rear output 
connectors during flyback time when the R F  
is off. 

The 8620 solid state family also features a 
self-contained multi-band capability in one 
compact instrument. Different octave range 
oscillators (up to  three in one drawer) can be 
selected by simply pressing one band select 
lever. This results in performance, cost, and 
size benefits compared to externally multi- 
plexed sweeper systems. 
Power output and leveling 

Power output is continuously adjustable at 
the front panel over approximately a IO dB 
range. Built-in attenuators are also available 
for greater power control. Internal or exter- 
nal leveling is employed to  obtain (1) a con- 
stant power output and (2) a good source 
match (low VSWR). This ensures high accu- 
racy when making swept measurements. 
Modulation 

Modulation capabilities further extend the 
sweeper’s usefulness both as a sweeper and a 
signal generator for signal simulations. Wide 



AM and FM bandwidths are useful for a 
variety of tests on communication receivers. 
The flexible FM capability allows remote 
analog frequency programming which is im- 
portant for many applications. 
Programming 

Digital programming is available as an op- 
tion on the 8620 solid state sweeper main- 
frame. One-thousand frequency points per 
band, band switching, R F  attenuation and 
remote/manual operation can all be pro- 
grammed remotely through a rear panel con- 
nector. This allows the sweeper to be used in 
a wide variety of automatic systems and so- 
phisticated signal simulation applications. 
Digital sweeping synthesizers 

The 86608 and 3330A/B combine the pre- 
cision frequency accuracy and stability of a 
synthesizer with the time saving convenience 
of a sweeper. Parameters such as center fre- 
quency, frequency step, time per step, and 
sweep width are  entered and executed 
through a convenient keyboard or remote 
program’ming connector. An additional fea- 
ture on the 3330B is amplitude sweeping in 
steps as small as 0.01 dB. The combination of 
frequency and amplitude sweeping can be 
used to produce a comprehensive family of 
curves. 

Sweeper applications 
Sweepers are used extensively with swept 

frequency test sets to characterize the ampli- 

- -  
Frequency 

Range* 

dc - 100 kHZ 
0 1 H Z  - 13 MHz 
10 kHZ - 1300 MHz 

100 kHZ - 110 MHz 
400 kHZ - 110 MHz 

3 - 350 MHz 
10 - 1300 MHz 

1 0  - 2 0 GHz 
1 4  - 2 5 GHz 
1 7  - 4 2  GHz 

1 7 - 4 3 G H z  
1 8 - 4 2 GHz 

2 - 4 GHz 
2 - 18 GHz 

3 2 - 6 5 GHz 
3 5 - 6 75 GHz 
3 7 - 8 3 GHz 

4 - 8 G H Z  

5 9 - 9 0 GHz 
7 - 11 GHz 
8 - 12 4 GHz 
8 - 18 GHz 

10 - 15 GHz 
12 4 - 18 GHz 

18 - 26 5 GHz 
26 5 - 40 GHz 

100 MHz - 4 GHz 

‘Other Special Frequency Ranges 

tude response of broadband devices or with 
network analyzers when the phase character- 
istics of the device (or S-parameters) are 
needed as well. Two R F  measurements - 
transmission and reflection - are basic to  
both types of analyzer. Hewlett-Packard of- 
fers a complete line of directional couplers, 
power splitters, and qther transducers which 
together with the analyzers and sweep oscil- 
lators provide a total swept measurement so- 
lution. Figure l shows a complete swept sys- 

875SL 

Model Number 

8620 8690 Other 100 1 10 100 1 2 4 8 12 18 26 40 
Series Series Sweepers kHz MHz MHz MHz GHz GHz GHz GHz GHz GHz GHz GHz 

3304/5A 
3330A/B 4 c 
8660A/B + * 

8601A 4 8 -  

86988 * ? 
86210A 4 .c 
86220A 4 * 

863308/86320A 86998 * c 
8691A/B c-c 

8691A Opt 200 
86928 Opt 100 +d* 

86331B 4-* 

862308 or 863308 --c 
8692A/B - 

8629PA 4 L 

86241A or 863418 +c---c 
8693A Opt 200 ++ 
86938 Opt 100 

8693A/B 

8694A/B Opt 200 

8694A/B Opt 300 

8695A Opt 100 

8696A 
8697A 

.-. - 
I I I W I I I  862428 or 86342A 

86350A Opt H20 
862508 or 8635OA 8694A/B 

86260A Opt H03 
86260A 8695A/B 

Can Be Provided Upon Request 

I ‘  ’ I  

tem that can be used to simultaneously char- 
acterize the transmission and reflection pro- 
perties of devices from 15 MHz to 18 GHz. 

For high power applications such as RFI- 
susceptibility tests and high attenuation mea- 

plifiers which provide better than l watt from 
1 to 12.4 GHz. 

By phase locking Hewlett-Packard sweep 
oscillators to a very stable reference, excel- 
lent microwave signal purity can be achieved. 
It is possible to maintain phase lock while 
sweeping the oscillator by using the 8709A 
synchronizer. The high stability obtainable is 
important for many applications including 
microwave spectroscopy and high-Q swept 
frequency cavity measurements. 

The modulation and built-in attenuator 
features of Hewlett-Packard sweep oscilla- 
tors make them useful in many traditional 
CW signal generator applications. 

For wideband applications the 86290A, 2 - 
18 GHz plug-in features performance that ri- 
vals octave band oscillators in the area of fre- 
quency purity and accuracy, harmonics, and 
flatness. 

For a complete discussion of swept fre- 
quency measurements the following applica- 
tion notes and others are available from your 
local Hewlett-Packard sales office: 

A N  65 “Swept Frequency Techniques” 
A N  95 “S-Parameters . . . Circuits Analy- 
sis and Design” 
A N  117-1 “Microwave Network Analysis 
Applications” 
A N  117-2 “Stripline Component Mea- 
surements” 
AN 121-1 “Network Analysis with the 

surements, Hewlett-Packard offers TWT am- 8407A, 0.1 - 110 MHz” 
Sweep oscillator - summary chart 
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I SWEEP OSCILLATORS 

Digital marker & generatorhweeper 
Models 8600A & 8601A 

8600A 

I 

I 

8601A 

Covering 100 kHz to 110 MHz, the Model 8601A Genera- 
tor/Sweeper combines the high linearity and flatness of a precision 
sweeper with a signal generator’s frequency accuracy and wide range 
of calibrated power levels. Though it’s small and lightweight, it does 
the work of two instruments easily and conveniently. 

8601A Specifications 
Frequency range: low range, 0.1-1 1 MHz; high range, 1-1  10 MHz. 
Frequency accuracy: approximately f 1% of frequency. 
Power output: +20 to  - 110 dBm; 10-dB steps and 13-dB vernier 
provide continuous settings over entire range. Meter monitors output 
in dBm and rms volts into 50Q. 
Power accuracy: f l  dB accuracy for any output level from + I 3  
dBm to - I  I O  dBm. 
Flatness: f0 .25  dB over full range, f O . 1  dB over any I O  MHz por- 
tion ( + I O  dBm step or  below). 

Impedance: 50R, SWR <1.2 on 0 dBm step and below. 
Harmonics and spurious signals: (CW above 250 kHz, ostput 
levels below + I O  dBm) harmonics at least 35 dB below carrier. Spur- 
ious at least 40 dB velow carrier. 
Residual FM: noise in a 20 kHz bandwidth including line related 
components (dominant component of residual FM is noise). 

C W  <50 Hz rms, low range; <500 Hz rms high range. 
SYM 0, sweep: < I O 0  Hz rms, low range: < I  kHz rms, high 
range. 

Residual AM: AM noise modulation index (rms, 10 kHz bandwidth) 
is <-SO dB; (typically -60 dB at  25°C). 
Crystal calibrator: internal 5 MHz crystal allows frequency calibra- 
tion to f0.01% at any multiple of 5 MHz. 
Sweep modes: full, video, and symmetrical. 
Internal AM: fixed 30% f5% at 1 kHz. 
External AM: 0 to 50%, dc to 400 Hz; 0 to 30%, up to I kHz. 
Internal FM: 1 kHz rate, fixed 75 kHz f5% deviation, high range; 7.5 
k H z  f5% deviation, low range; <3% distortion. 
External FM: sensitivity, 5 MHz per volt f5%, high range: 0.5 MHz 
per volt f5%, low range; negative polarity; FM rates to I O  kHz. 
Weight: net, 9.5 kg (21 Ib); shipping 12.3 kg (27 Ib). 
Dimensions: 190 mm (7*%21)) wide, 155 mm (6%21)) high, 416 mm 
(1 6%”) deep 

The Model 8600A Digital Marker provides five independent, con- 
tinuously variable frequency markers over the range 0.1 - 110 MHz 
when used with the H P  8601A or  8690B/8698B Generator Sweeper. 

The high resolution controls and 6-digit readout permit 0.05% fre- 
quency settability. The frequency of any marker may be read while 
sweeping, simply by pushing a button within the marker control. The 
marker selected is brighter than the others and points in the opposite 
direction, ensuring positive marker identification. 

8600A Specifications 
Marker accuracy: any marker may be placed at a desired frequency 
f (0.05% of sweep width + sweeper stability). 
Weight: net, 5.9 kg (13 Ib); shipping 8.2 kg (18 Ib). 
Dimensions: 99 mm (3Y8”) high, 413 mm (16%”) wide, 337 mm 
( 1  3%”) long. 
Option 001: includes modification kit for 8690B/8698B: no addi- 
tional charge. 
Model number and name 
8600A Digital Marker $1400 
8601 A Generator/Sweeper $2800 
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SWEEP OSC?LLATORS 

Solid state sweeper family, 3 MHz to 18 GHz 
8620 System 

0 > 10 rnW to 18 GHz 

The fundamental oscillators used in the plug-ins and modules are 
YIG tuned transistor or bulk effect circuits. YIG tuning results in ex- 
ceptional tuning linearity, low noise, and low spurious content; it also 
allows frequency modulation at  high rates and wide deviations with 
low distortion. 
8620A Sweeper mainframe 

The 8620A has many features which are highly useful in stringent 
applications. With convenient functionally grouped controls and 
lighted pushbutton indicators the mainframe offers extreme ease of 
operation and flexibility. In addition, it can be a completely pro- 
grammable source, an indispensable feature for automatic systems 
and signal simulation applications. 
86200 Series single-band plug-ins 

The 86200 series of plug-ins covers both ends of the frequency spec- 
trum from 3 MHz to 18 GHz with a choice of more than seven plug- 
ins. 
8621B and 86300 Series multiband plug-ins 

The 8621B drawer provides capability for up to  two fundamental 
oscillator modules (86300 series) plus a heterodyne module (86320A). 
Selecting the band is as simple as pressing a front panel lever. 
New 86290A wide band plug-in 

The 86290A covers the full 2 to 18 GHz frequency range in just one 
plug-in the same size as the 86200 series single band plug-ins. The full 
flexibility of the 8620A mainframe can be utilized to  allow continuous 
calibrated sweep of any portion of the band. 
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SWEEP OSCILLATORS 
8628 Family: mainframe 
Model 8620A 

Full programming capability 
0 Convenient, flexible operation 

The 8620A offers many features as standard equipment. For exam- 
ple, up to four separate bands and their respective frequency scales 
can be selected with a touch of the band select lever just to the left of 
the dial scale. This represents a truly convenient wide-band capacity, 
one which doesn’t necessitate changing plug-ins or the addition of 
costly, bulky, additional instruments to make wide-band swept mea- 
surements. Pushbuttons, concentrically located in the frequency con- 
trol knobs, light when actuated to indicate the sweep function in use. 
As such, they also indicate the frequency controls to be utilized in set- 

ting frequencies. For example, the wideband START/STOP function 
is selected by actuating either the START or  STOP button in its re- 
spective frequency control knob. Both knobs light to  indicate both 
controls are in use. 

The 8620 is fully and continuously calibrated for any AF sweep 
width. Having chosen an optimum width, one can read the total sweep 
width from the calibrated AF dial scale. Two continuously variable 
AF ranges are available by using the range switch below the AF knob. 
This allows calibrated sweep widths of up to 1% or 10% of full band a t  
the users choice. 

The CW function is selected by depressing the CW knob. It is pos- 
sible to also engage the CW vernier knob to achieve very accurate set- 
ability. With the main dial scale cursor placed on any convenient 
mark, it is possible to accurately interpolate between dial scale mark- 
ers by utilizing the CW vernier. This vernier makes the effective length 
of the dial scale >20 inches and contributes to the increased setabil- 
ity. 

Another feature is the capability to fully program the sweeper. The 
standard 8620A includes programming inputs for band selection, at- 
tenuator setting (with 8621B Opt 010 installed), sweep function selec- 
tion, and analog frequency programming. Option 001 provides, in ad- 
dition, 1000-point digital frequency programming. 
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range: Determined by band switching lever and R F  unit. 
linearity: Refer to R F  unit specifications. 

ictions 
'OP sweep: Sweeps from START to STOP frequency set- 
:d by depressing either START or STOP frequency but- 
: front panel. 
Both independent settings are fully calibrated and contin- 
djustable over the entire frequency range: can be set to 
her up or down in frequency. 
it  accuracy: Refer to R F  unit specifications, same as fre- 
ccuracy. 

~ Sweeps symmetrically upward in frequency, centered on 
. CW vernier can be activated for fine control of center 

2ontinuously adjustable from zero to 10% or zero to 1% of 
:quency band as selected with front panel switch. Dial scale 
i directly in MHz. 
:curacy: & I %  of maximum AF plus f 2 %  of AF being 

requency Accuracy: Refer to R F  unit specifications, 
frequency accuracy. 
tions: Single-frequency R F  output controlled by CW 
ed by depressing pushbutton in CW/MARKER control. 
requencies: START-STOP sweep end points in manual 
sde and CW frequency can be used as preset CW frequen- 

tier: Calibrated directly in MHz about CW setting. CW 
ctivated by pushbutton in CW vernier control. Zero to 
r zero to f5% of full bandwidth, selectable with front panel 

y: Refer to R F  unit specifications, same as frequency ac- 

' marker: The constant width frequency marker is fully 
ind independently adjustable over the entire range and set 
NIMARKER control. Front panel switch provides for the 
' either amplitude or intensity markers (amplitude modu- 
i F  output or Z-axis modulating the CRT display). 
on: Better than 0.25% of R F  unit bandwidth. 
Dutput: Rectangular pulse, typically -5 volts peak avail- 
I Z-axis BNC connector on rear panel. Source impedance, 
lately 1000 ohms. 
y: Refer to R F  unit specifications, same as frequency ac- 

Ddes 
:ep recurs automatically. 
ep can be synchronized with the ac power line. 
rigger: Sweep is actuated by external trigger signal 
peak, >0.5 ps pulse width and < 1.0 MHz repetition rate. 
le: Continuously adjustable in four decade ranges typi- 
o 100 seconds. 
wp: Activated by front panel switch. 
'eep: Front panel control provides continuous manual ad- 

JUJLMWL UL' frequency between end frequencies set in any of the above 
sweep functions. 
External sweep: Sweep is controlled by external signal applied to 
programming connector. Zero volts for start of sweep increasing lin- 

early to approximately +6 volts for end of sweep. 
Sweep output: Direct-coupled sawtooth, zero to approximately + 10 
volts, at front panel BNC connector, concurrent with swept R F  out- 
put. Zero at start of sweep, approximately + 10 volts at end of sweep 
regardless of sweep width or direction. In CW mode, dc output is pro- 
portional to frequency. Source impedance, approximately 10,000 
ohms. 
Modulation 
Internal AM: Square-wave modulation continuously adjustable from 
950 to I050 Hz on all sweep times. On/Off ratio, refer to R F  unit 
specifications. 
External AM: Refer to R F  unit specifications. 
External FM: Refer to R F  unit specifications. 
Phase-lock Refer to R F  unit specifications. 
Remote programming 
Remote band select: Frequency range can be controlled remotely 
by three binary contact closure lines available at programming con- 
nector. 
Remote attenuation select: 0 to 70 dB attenuation in 10 dB steps 
can be controlled by 4 binary contact closure lines when used with 
8621B Option 010. 
Remote frequency programming: See option 001 below. 
Remote frequency programming, option 001 
Functions: 

Enable: Remote/Manual, One-line Binary. 
Frequency: 1000 points, 12-line BCD. 
Sweep function: Automatically in CW mode during remote pro- 
gramming. 
Logic: TTL compatible. 

General 
Blanking: 

RF: With blanking switch enabled, R F  automatically turns off dur- 
ing retrace, and remains off until start of next sweep. On automatic 
sweeps, R F  is on long enough before sweep starts to stabilize exter- 
nal circuits and equipment whose response is compatible with the 
selected sweep rate. 
Display (Z-axis/MKR/Pen Lift Output): Direct-coupled rectan- 
gular pulse approximately +5.0 volts coincident in time with R F  
blanking is on rear panel. 
Negative (Negative blanking output): Direct-coupled rectangu- 
lar pulse approximately -5.0 volts coincident in time with R F  
blanking, fully compatible with 8410A/B network analyzer. 
Pen lift For use with X-Y recorders having positive power sup- 
plies. Transistor-switch signal is available on Z-axis/ MKR/Pen lift 
connector. This signal is also available on the programming con- 
nector. 

Furnished: 229 cm (7%-fOOt) power cable with NEMA plug; rack- 
mounting kit; 2 spare 3 amp fuses; extender board for servicing; and 
calibration scale. 
Power: 115 or 230 volts f lo%, 50 to 400 Hz. Approximately 140 
watts. 
Weight (not including R F  unit): Net, 11.1 kg (24 Ib). Shipping, 13.4 
kg (30 Ib). 
Dimensions: 425 mm wide, 132.6 mm high, 337 mm deep (16%" X 

Model number and name Price 
8620A sweep oscillator mainframe $1750 
Option 001, Remote frequency programming $515 

5%"' X 13%"). 



SWEEP OSCIILLATORS 
8620 family: single band plug-ins 
86200 Series 

High Performance 
3 MHz - 18 GHz 

RF OUTPUT 5 1 0 P €  FM INPUT 

Specifications 
86200 Series 

Frequency linearity: Typically f 1% 
Reference output: DC-coupled voltage which is an analog of fre- 
quency is available for referencing or phase-locking external equip- 
ment to the plug-in. 
RF power leveling: Internal dc-coupled leveling amplifier and PIN 
modulator provided. 
Internal, option 001: Selected by front panel switch; refer to R F  
plug-in specifications. (Standard on 86210A and 86220A.) 
External: 

Crystal input: Approximately f 2 0  to f 2 5 0  mV for specified level- 
ing at rated output; for use with bositive or negative polarity detec- 
tors such as 780 Series Directional Detectors, 423A and 8470 Series 
Crystal Detectors; polarity switch provided in R F  plug-in. 
Power meter input: The 8404A Leveling Amplifier and external 
AM input on the 8620 Mainframe must be used with all R F  plug-ins 
except the 86260A. It contains an internal leveling amplifier se- 
lected by front panel ALC switch. 
Indicator: Front panel indicator lights when R F  power level is set 

too high to permit leveling over entire selected sweep range or when 
operating in unleveled mode. 

Residual A M  in 1 kHz bandwidth: >50 dB below fundamental at  
maximum power. 
External AM: 

Frequency response: Typically dc to 100 kHz unleveled, dc  t o  50 
kHz leveled (at maximum leveled power). 

Input impedance: Approximately SO00 ohms. 
Mainframe compatibility: May be used interchangeably in 8620A or 
8620B Mainframe. 
RF output connector: Type N Female. 
Dimensions: IS2  mm wide, 127 mm high, 295 mm deep (6” X 5” X 
1 I %‘ I ) .  

Weight: Net, 2.3 kg ( 5  Ib). Shipping 3.2 kg (7 Ib). 
Options: Price 
001: Internal leveling. Refer to R F  plug-in specifica- 
tions. 
002: 70 dB attenuator in 10 dB steps, available in 
86210A and 86220A. add $180 
004: Rear panel R F  output add $80 
005: APC-7 R F  output connector available on 86260A add $40 
006: > + I O  dBm leveled output power guaranteed on 
86260A add $300 



f 7  

*IO 

f 1 0  

f 1 5  

<5 <5 

+13 +10 

>27 @ 13 dBm 
>35 @ 0 dBm 
>60 

>25 

>60 

ug-ins 

I - 
86: 
- 

1.8 - 

plug-in installed in 
86201 or 8620B 862421 862508 8626011 8624111 

3.2 -6.5 

862101 862201 

0.003 - 0.35 0.01 - 1.3 5.9 - 9.0 8.0 - 12.4 12.4 - 18.0 Frequency range' (GHz): 

f 3 5  

f 40 

f 4 0  

*50 

Frequency accuracy 
CW mode (MHz): 
All sweep modes 
(sweep time >lo0 ms) (MHz). 

f 1 5  

f 2 0  

f 5 0  

f 7 0  

f 3 0  

f 3 3  

<7  

>+5 

Residual FM (10 kHz BW) 
CW mode (kHz peak): <7 <15 <15 <25 

>+lo >+lo >+7 (for 
>+lo order 
Opt 006) 

> + I  Maximum leveled power' (dBm): 

Power variation: 
Internally leveled (dB): 
Externally leveled (dB) 
(excluding coupler & 
detector variation): 

Spurious signals: 
(dB below fund. at 
specified max power) 

Harmonics: 

Nonharmonics: 

Source VSWR (503 nom, 
internally leveled) 

External FM: 
Max deviations (MHz) 
for modulation frequencies: 

DC .- 100 Hz: 
OC - 1 MHz: 

Sensitivity (nom, MHz/V): 

<fi 

< f( 

<f0.7 

(f0.1 

< f l  

<f0.1 

< i l  

<*0.1 

<f0.25 

Internal leveling, 
cal'd output std. 

>20 

>60 

>16 (3.2 - 3.8 GHz) 
>20 (3.8 - 6.5 GHz) 
> 60 

>30 

>60 

>30 

>60 

>25 

> 50 

<1.6 <1.6 <1.6 <1.5 <1.5 

f 2 5  
f 2  

f 2 5  
f 2  

-6 

f 2 5  
f 2  

-6 

f25 
f 2  

-6 

f 7 5  
f 5  (DC - 
200 kHz) 
-2O/-6 

AM: Internal square 
Wave on/off ratio & 
Ext AM sensitivity 
TO -10 V (dB): >40 1 >35 I >25 >25 >40 >40 >25 

Price: 
Plug-in: 
Option 001 (int. lev): 

$1520 
Included 

$1625 
$ 390 

$2210 
$ 390 

$2315 
$ 390 

$2840 
$ 550 

'Special frequency bands and higher power outputs available on 
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SWEEP OSCILLATORS 
8620 Family: multiband plug-ins 
Model 86218, 86300 series 

0 Modular construction 

I, 
8621 B 

The 8621B R F  Drawer houses the 86300 series R F  Modules. The 
standard drawer will accept one fundamental oscillator module. In ad- 
dition, with the 1.8 to 4.2 GHz fundamental oscillator module, the 
standard drawer also accepts the 0.1 to 2 GHz heterodyne module to 
give 0.1 to 4.2 GHz  coverage. The 86218 Option 100 will accept two 
fundamental oscillator modules and the heterodyne module. This will 
allow, for example, 0.1 to 6.5 GHz coverage in one plug-in. 

Specifications 
8621 B 
70 dB step attenuator, option 010 

Range: 70 dB in I O  dB steps set by front panel switch. 
Insertion loss: <2.0 dB. 
Accuracy (including frequency response): 
For 10 dB: < f 0 . 6  dB. 
For >10 dB: <f5% of attenuation. 
Programming capability: 4-line binary logic, open or contact clo- 
sure to ground. (8620A Mainframe only, input available at  pro- 
gramming connector.) 
Weight: Net, 0.9 kg (2 Ib). 

RF power leveling: Internal dc-coupled leveling amplifier provided. 
Internal: Selected by front panel switch; refer to  R F  module speci- 
fications. 
External: 
Crystal input: Approximately f 2 0  to f 2 5 0  mV for specified level- 
ing at rated output; for use with positive or negative polarity detec- 
tors such as 780 Series Directional Detectors, 423A and 424 Series 
Crystal Detectors; polarity switch provided in R F  drawer. 
Power meter input: Switch in R F  drawer selects proper compen- 
sation for Models 431B/C or 432A/B/C power meters. 
Indicator: Front panel indicator lights when R F  power level is set 
too high to permit leveling over entire selected sweep range or when 
operating in unleveled mode. 

0 > 40 mW in S-band 

86300 Series 

Reference output: DC-coupled voltage which is an analog of fre- 
quency is available for referencing or phase locking external equip- 
ment to the sweeper. 
Mainframe compatibility: May be used interchangeably in 8620A or 
86208 Mainframe. 
RF output connector: Type N Female. 
Dimensions: 152 mm wide, 127 mm high, 295 mm deep (6” X 5” X 
1 1 ‘/s“). 
Weight: Net, 1.4 kg (3 Ib). Shipping, 2.3 kg (5 Ib). 

Common specifications 
86300 series 
Frequency linearity: Typically f 1%. 
Residual AM in 1 kHr bandwidth: >50 dB below fundamental at  
maximum power. 
External AM: 

Frequency response: Typically dc to 100 kHz unleveled, dc to 50 
k H L  leveled (at maximum leveled power). 
Input impedance: Approximately 5000 ohms. 

Dimensions: 92 mm wide, 103 mm high, 95 mm deep (3%’’ X 4” X 
3%”). 
Weight: Net, 1.4 kg (3 Ib). Shipping, 1.8 kg (4 Ib). 
Options: 
001: Internal Leveling (refer to R F  module specifications). Standard 
on 86320A. 
030 For use with 8690/8700A. Refer to  8690 Sweeper Family Speci- 
fications. 
Model number and name 
8621B R F  Drawer 
8621B Options 
004: Rear panel R F  output 
010: 70 dB Attenuator 
100: Multiband capability 

Price 
$465 

add $80 
add $770 
add $440 



f75 
f 5  
+2 

-20 
-6 

- 

Multiband plug-ins 

NEW 
863318 

Specifications with unit 
installed in  86218 and 
8620A/B 

NEW 
863308 86320A' 863418 86350A 86342A 

5.9 - 9.0 8.0 - 12.4 0.1 - 2.0 1.8 - 4.2 1.7 - 4.3 3.2 -6.5 Frequency range2 (GHz): 

Frequency Accuracy: 
CW mode (MHz): 
All sweep modes 
(sweeptimes >lo0 ms)(MHz): 

f15 

f20 

f15 

+20 

f20 

+25 

f30 

+33 

f35 

f 40 

f40 

f50 

Residual FM (10 hHz BW) 
CW mode (hHz Peak): <7 <15 <15 <15 <7 <7 

>+7 >+6 Maximum leveled power2 (dBm): >+13 >+16 
(40mW) 

>+16 (2 - 4 GHz: 
>+13 (1.7 - 4.3) 

>+lo 

~ 

<f0.7 

<f0.1 

16 (1.8 - 2 GHz) 
>20 (2 - 4.2 GHz: 
> 60 

Power variation: 
Internally leveled (dB): 
Externally leveled (dB) 
(Excluding coupler-detector 
or thermistor variation): 

<f0.8 

<+0.1 

<f0.7 

<+0.1 

<fl 

<f0.1 

f0.7 <fl 

<+0.1 

>30 

>60 

<1.5 

+75 
f 5  
+2 

-20 
-6 

<f0.1 

Spurious signals: 
(dB below fund. at 
specified max power) 

Harmonics: 

Nonharmonics: 

>16 (3.2 - 3.8 GHz) 
>20 (3.8 - 6.5 GHz) 
>60 

>30 

>60 

>30 @ 10 dBm 
>24 @ 13 dBm 
>30 @ 10 dBm 
>24 @ 13 dBm 

>16 (1.7 - 4.3 Gt 
>20 (2 - 4 GHz) 
>60 

<1.6 
Source VSWR (50Q nom, 

internally leveled) <1.6 11.6 <1.5 

f75 
f 5  
f 2  

-20 
-6 

External FM: 
Max deviations (MHz) for 
Modulation frequencies: 
DC - 100 Hz: 
DC - 1 MHz: 
DC - 2 MHz: 

Sensitivity: nominal 
FM mode (MHz/V): 
Phase loch mode (MHz/V): 

f75 
f 5  
f2 

+75 
f 5  
f 2  

-20 
-6 

f75 
f 5  
f 2  

-20 
-6 

- 

> 40 

-20 
-6 

I - . . . .  . 
AM: internal square 

wave on/off ratio and 
Ext. AM sensitivity 
to -10 V (dB) >40 >25 

Price: 
Module: 
Option 001 (int. lev): 

$2050 
$ 250 

$2300 
$ 250 
- 

$1980 
$ 260 

$2110 
$ 260 

$2110 
$ 260 

$1855 
Included 

'86320A is a heterodyne unit which must be used with 863308 or 863318 
2Special frequency bands and higher power outputs are available on request 



SWEEP OSCILLATORS 
8620 System: broadband plug-in 
Model 86290A 

2 to 18 GHz continuous sweep 
Extended capability for network analysis 

HP 86290A Typical Leveled Power Output 

2 10 18 
Frequency (GHz) 

+5 
dBm 

The 86290A broadband plug-in sets new standards in wideband 
sweeper value with versatile frequency coverage and excellent perfor- 
mance characteristics at an attractive size and price. For broadband 
testing, a continuous sweep from 2 to 18 GHz (or anywhere in be- 
tween) is provided. In addition, higher frequency resolution is 
achieved by covering the 2 to 18 GHz range in three individual bands 
of 2 to 6.2 GHz, 6 to 12.4 GHz, and 12 to 18 GHz. Individual bands 
and corresponding dial scales are selected using the band select lever 
on the 8620A mainframe. Front panel lights indicate the frequency 
range selected. In each frequency band, all sweeper mainframe con- 
trols are operable. 

The 86290A plug-in offers outstanding electrical performance along 
with small size and simplicity of operation. The key microelectronic 
elements of the 86290A are a 2 to 6.2 GHz fundamental oscillator, 100 
mW amplifier, and high-efficiency multiplier integrated with a track- 
ing YIG filter, which combine to produce a 5 dBm swept output over 
the 2 to 18 GHz range. This output is low in harmonic and spurious 
content and has excellent frequency linearity. On wideband sweeps, 

Advanced technology provides outstanding performance 

the 6.2 GHz and 12.4 GHz switch points can be Z-axis blanked as well 
as R F  blanked, resulting in a spurious-free, clean continuous trace on 
any display. 

The 86290A plug-in has unique advantages as a source for network 
measurements. For 2 to 18 GHz scalar measurements, the 86290A ac- 
cepts direct 27.8 kHz square wave AM modulation from the H P  8755 
Frequency Response Test Set. Thus the need for an external modula- 
tor is eliminated providing convenience and cost savings, and more 
important, making full sweeper power available a t  the test device. 
Phase/amplitude network analysis over the continuous 2 to 18 GHz 
range becomes a reality using the 86290A and the new HP 8410B Net- 
work Analyzer. Interfacing between the 8410B and the sweeper per- 
mits the 8410B to automatically phase-lock over multi-octave sweeps. 
Together, the 86290A and the 8410B provide the only means of mak- 
ing phase and amplitude measurements from 2 to 18 GHz in one con- 
tinuous sweep. 

As a stand-alone sweeper, the 8620A and 86290A plug-in provide 
still more features for ease in swept testing. Even a t  18 GHz, fre- 
quency can be set with f 2 0  MHz accuracy. Sweep linearity is 0.05% 
which means frequencies in the swept mode can be identified to accu- 
racies comparable with wavemeters. Internal leveling is standard. Ex- 
ternal crystal and power meter leveling circuitry is also provided. A 
SLOPE control permits the frequency-dependent losses of a test setup 
to be compensated. The 2 to 6.2 GHz fundamental oscillator signal is 
always available through a rear output connector. Phase-locking from 
2 to  18 GHz is accomplished using only 6.2 GHz hardware via this 
output. Accurate frequency readout is possible by connecting a DVM 
to the calibrated 1 volt/GHz output located on the rear panel. 

With the plug-in flexibility and these exceptional features, the 
8620/86290A sweeper is the ideal source for broadband sweep testing 
of components, transmission lines, antenna systems and ECM equip- 
ment. 

General specifications 
Switch points: Broadband switch points are at 6.2 and 12.4 GHz. 
Frequency overlap is typically 0 to 20 MHz a t  switch points. 
Auxiliary output: Rear panel 2 to 6.2 GHz fundamental oscillator 
output, nominally - 10 dBm. 
Slope control: Front panel control allowing compensation for fre- 
quency dependent losses of a test setup by attenuating power at lower 
frequencies. 
Peak control: Front panel control for peaking power over desired 
frequency range. 
1 volt/GHz output: 2-18 volt rear panel BNC output, CW fre- 
quency accuracy typically f35 MHz. 
Mainframe modification: Order modification kit for sequential 
sweep capability on all 8620B mainframes, and on existing 8620A 
mainframes with serial prefix 1332A and below. (Kit included for 
8620A mainframe with 86290A Option 060.) 
Weight: Net, 4.4 kg (9.6 Ib). Shipping, 5.9 kg (13 Ib). 



86290A Broadband plug-in 
BAND3 

12-18 

f 2 0  
f 3 0  
f 3 0  

f 8  

f1.5 
f l O O  
5600 
f300 

f900  

<30 

>5 
>10 

f0.8 

f0.15 
f0.15 
fO.l  

>25 
>50 

> 55 

<1.9 

f 7 5  
f5 

-20 
-6 

>30 
45/55 
>30 
>25 
>30 

10 

5 

and sweep out voltage) 

BAND4 

2-18 

f80 
f 8 0  
f 8 0  

f 3 0  

f2.0 
f l O O  
f600 
f300 

f900 

<30 

>5 
>10 

f0.9 

f0.15 
f0.15 
f0.1 

>25 
> 50 

>55 

<1.9 

f 7 5  
f 5  

-20 
-6 

> 30 
45/55 
>30 
>25 
>30 

60 

10 

BAND1 BAND2 Specifications with plug-in installed i n  an 862011 mainframe 

Frequency range: (GHz) 

Frequency accuracy (25OC) 
CW mode (or >lo0 ms sweep time with FM switch in FM/PL): (MHz) 
All sweep modes: (MHz) 
Marker: (MHz) 
Frequency linearity (correlation between frequency 
typically: (MHz) 

Frequency stability 

I I 

With temperature: (MHz/"C) 
With 10% line voltage change: (kHz) 
With 10 dB power level change: (kHz) 
With 3:l load VSWR, all phases: (kHz) 
Frequency drift (in 10 minute period 
after 30 minute warm-up): typically (kHz) 
Residual FM (10 kHz bandwidth; 
FM switch in norm) CW mode: (kHz peak) 

Maximum leveled power (25OC): (dBm) . >5 
>ll Power level control range: (dB) 

Internally leveled: (dB) 
Externally leveled (excluding coupler and detector variation) 
Crystal detector: 

Power variation 

PnwPr m h r .  

f0 

fO 
fO 

¶ZJU 

f 8  

2-6.2 6-12.4 

f 2 0  f 2 0  
+30 f 3 0  

f 3 0  

f 8  

, 9n 

f0 .5  fl.O 

f200 f400 
f l O O  f200 

f300  f600 

<10 <20 

f100 f l O O  

>5 
0 >10 

.15 f0.15 
. 1..1. ...-.-.. .15 f0.15 
With temperature (typically): (dB/"C) fO.l  f0 .1  

I 
Spurious signals (below fundamental at specified maximum power) 

Harmonic related signals: (dB) >25 >25 
Nonharmonics: (dB) >50 > 50 

Residual AM in 100 kHz bandwidth (below fundamental at specified 
maximum power): (dB) >55 >55 

Source VSWR internally leveled, 503 nominal impedance <1.9 <1.9 

Maximum deviations for modulation frequencies. 
OC to 100 Hz: (MHz) 
100 Hz to 2 MHz: (MHz) 

FM mode: (MHz/volt) 
Sensitivity (typically) 

~ . . . . . . . . . . . . 
-20 -20 

Phase-lock mode: (MHz/volt) -6 -6 

AM (At specified maximum power) 
Specific requirements guaranteeing HP 8755 operation with 
f 6  V, 27.8 kHz square wave mod drive connected to external AM input. 
On/Off ratio: (dB) 
Symmetry: 

Attenuation for +5 volt input: (dB) 
Internal 1 kHz square wave On/Off ratio: (dB) 
RF blanking (selected by mainframe switch) On/off ratio: (dB) 

I Sweep time typically: (ms) 

CW remote programming settling time 
(typical time to settle into CW frequency accuracy specification, 8620A Opt. 001; 
(FM switch i n  FM/PL): (ms) 

Moaei numoer an0 name r r ~ r  aequenriai t 

ately): 
0 08620-60099, 
0 prefix 1332A 

86290A 2 to 18 GHz plug-in (internal leveling stan- 
dard): $13,25 
Option 004, rear panel R F  output: $8 
(See Data Sheet for specifications) 
Option 005, APC-7 R F  output connector: $4 
Option 060, 08620-60099 kit included for modifying 
8620A mainframes with serial prefix 1332A and below: $30 

Dweep moairicarion nire (oruereu bepal- 

for existing 8620A mainframes with serial 
and below: $300 
for all 8620B mainframes (8620B dial 

* ^ ^ ^  
08620-60100, 

0 scales included): 

0 

tljuu 



SWEEP OSCILLATORS 
8690 Sweeper Family, 400 kHz to 40 GHz 
8690 System 

26 

24 

20 

m -a E 16 

12 

8 

4 

A Y A 

G R I D  L E V E L E D  BWO P L U G - I N S  7- d . 4  .*.-e* - 

----, --*I/ ’-‘., ,/y,* J r - ,*+‘;,*C*., 
I ” 

S O L I D  S T A T E  P L U G - I N S  ’ b * 

v v  

Frequency (GHzl 

86908 Mainframe specifications 
Sweep functions 
START-STOP sweep: Sweeps from “start” to “stop” frequency set- 
ting. Both settings continuously adjustable over entire frequency 
range. 
MARKER sweep: Sweeps from “Marker I ”  to “Marker 2” fre- 
quency setting. Both settings continuously adjustable over entire fre- 

quency range and accurate to I %  of full scale for all R F  units. 
AF sweep: Sweeps upward in frequency, centered on CW setting. 
Width is continuously adjustable from zero to 10% of the frequency 
band and is calibrated in MHz. Accuracy is f l %  of maximum AF 
plus f10% of AF being swept. 
CW operation: Single-frequency RF output selected by START/CW 
or MARKER I control, depending on sweep function selected. 

Sweep modes 
Auto, manual, and triggered sweep modes; sweep indicator lights 

during each sweep. 
Sweep time: Continuously adjustable in four decade ranges, 0.01 to 
100 seconds. 
Sweep output: Direct-coupled sawtooth, zero to  approximately + 15 
V, concurrent with swept R F  output, regardless of sweep width or di- 
rection. 
General 
Frequency markers: Two markers independently adjustable over 
entire frequency range accurate to 1% of full  scale. Amplitude is ad- 
justable from front panel. A -5 V triangular pulse is available as an 
intensity marker on the rear panel. 
Internal AM: Square wave modulation continuously adjustable from 
950 to 1050 Hz. 
External AM: Frequency response dc to 3 kHz. Deviation from C W  
setting approximately 6% of frequency band per volt. 
Blanking: Both negative (-4 V) and RF blanking available along 
with pen lift output. 
Weight: Net, 23.9 kg (53 Ib). Shipping 32 kg (71 Ib). 
Dimensions: 425 mm wide, 222 mm high, 467 mm deep (16%” X 8%” 
x 18X”). 
86906 Sweeper mainframe $1905 



0 Solid state plug-ins 0 Both pin and grid leveled BWO plug-ins 

8690 mainframe. BWO replacement is both expensive and inconve- 
nient. Solid state plug-ins not only offer high reliability, but also pro- 
vide low residual F M  and good spectral purity. This capability allows 
one 'mainframe to cover high frequency, high power BWO applica- 
tions, yet facilitate high performance, longer life solid state coverage 
of lower frequencies. 

Solid state frequency coverage is accomplished two ways. The 
86988 covers 400 kHz to 1 I O  MHz while the 8699B plug-in has a 200 
MHz to 4 GHz  range. Utilizing the 8700A RF drawer, 86300 series 
solid state modules from the 8620 sweeper line (page 18.10) can be 
used in the 8690 mainframe. These modules enable solid state cover- 
age from 1.7 to 12.4 GHz. Furthermore, since the same modules are 
used with the 8620A, later expansion to the 8620 all solid state 
sweeper can be made conveniently and at minimum extra cost. 

8700A specifications 
Frequency coverage: Accepts one module from the 86300 series 
line, 1.7 to 12.4 GHz. 
Leveling indicator: Front panel LED indicates unleveled operation. 
ALC gain: Adjusts ALC loop-gain for optimum leveling. 
Sweep reference: dc voltage proportional to RF frequency output 
~ 4 0  Vloctave. 
FM input: F M  and phase lock input. Refer to  R F  module specifica- 
tions. 
Internal AM: Frequency response typically dc to 100 kHz unleveled, 
dc to 15 kHz leveled. 
Weight: Net 4.1 kg (9 Ib). Shipping 5.5 kg (12 Ib). 

BWO plug-ins 
Both grid leveled and pin leveled BWO plug-ins are available cov- 

ering 1 to 40 GHz. Grid leveled BWO oscillators achieve power and 

metnoo, grio leveling provioes an economical means 01 power controi 
and delivers higher power output since there are no components (pin 
modulators) between BWO and front panel output. 

PIN leveled BWO plug-ins offer superior frequency stability char- 
acteristics. As in all solid state plug-ins, leveling is accomplished 
through use of a pin diode modulator between oscillator and output. 
Use of the pin allows the oscillator to work at  constant bias and into a 
constant impedance load, resulting in very low residual F M  and very 
little frequency pulling. Pin leveling also results in a better soutce im- 
pedance match. 

Common specifications: BWO plug-ins 
Warranty: All BWO's are unconditionally warranted for one year. 
Spurious signals: Harmonics, >20 dB below CW output, nohhar- 
monics, >40 dB below C W  output. 
Residual AM: >40 dB below C W  output. 
Magnetic shielding: All plug-ins except the 8691A/B have shielded 
BWO's. 
Reference output: dc voltage proportional to  frequency output =40 
V/octave. 
Leveling indicator: Front panel light indicates unleveled operation. 
Power variation: 

Unleveled: < I O  dB over 
Externally leveled f 0 . 2  

f O . l  
Frequency stability with tc 
Weight: 

8691-8692: Net 7.6 kg ( 
8693-8697: Net 5.4 kg ( 

Model number and name 
8700A RF drawer 
Option 004 rear panel R F  output $80 

' full band 
dB for A units 
dB for B units. 

rmperature: f O . O I % / O C .  

20 Ib). Shipping 12.6 kg (28 Ib). 
12 Ib). Shipping 9 kg (20 Ib). 

Price 
$465 



SWEEP OSCILLATORS 
8690 Sweeper family (cont.) 

- 
Frsq. Stability 
With Power 

- Lcrcl Change] 

<20 MHz 

f500 kHz 

<30 MHz 

- 
OOJLO rln >iJrnw -13 Mnz f 4  MHz 
opt. 100 

8692A GRID >70 mW f l %  <40 MHz 

86928 PIN >40 mW i 2 0  MHz 4 MHz 

opt. 200 

opt. 100 

' . I  -*.'""< 

2.0-4.0 GHz 

3.5-6.75 GHz 8693A GRID >40 mW i l %  <80 MHz 

3.7-8.3 GHz 86938 PIN >5 mW i 4 5  MHz il MHz 

8693A GRID >30 mW f l %  <80 MHz 

86938 PIN > I 5  mW f40 MHz f l  MHz 

8694A GRID >25 mW i l %  <160 MHz 

4.0-8.0GHz 

opt. 200 
7.0-11.0 GHz 

86948 PIN >15 mW i 4 0  MHz i l  MHz 
opt. 200 

8694A GRID >25 mW f l %  <160 MHz 
Opt. 100 

7.0-12.4 GHz 
86948 PIN > I 5  mW i 5 0 M H z  il MHz 
opt. 100 

8694A GRID >50 mW f l %  <I60 MHz 

86948 PIN >30 mW t l  MHz 

8694A GRID >10 mW 150 MHz 
Opt. 300 

86948 PIN >5 mW t l  MHz 
Opt. 300 

Opt. 100 

869511 GRID >40 mW i l %  <0.25 GHz 

86958 PIN t l  MHz 

8.0- 12.4 GHz 

8.0-18.0 GHz 

10-15.5 GHz 8695A GRID >25 mW f l %  <0.25 GHz 

12.4-18.0GHz 

111.0-25.5 GHZ 8 6 9 6 ~  GRID 0.36 GHz 

26.5-40 GHz 8697A GRID 0.53 GHz 

1. Power level change specification for B units typically 11 
2. Residual FM measured wilh 10 kHz bandwidth. 

Pin leveled solid state plug-ins and modules 

Option 001 Option 001 
Residual FM Int. Leveling Inl. Leveling 

Peak' Powcr Variation Connector Price Price. Add 

<30 kHz i 0 . 4  d8 Type N $2515 $360 

<10 kHz Type N $2900 

<30 kHz Type N $2775 

<20 kHz Type N $3040 

<30 kHz f0.4 d8 Type N $2320 $360 

<15 kHz Type N $2680 

<50 kHz Type N $2705 

<20 kHz f 0 . 4  d8 Type N $2810 $390 

- 
- 

- 

- - 

- - 

<50 kHz i 0 . 5  d8 Type N $2060 $390 

<15 kHz i 0 . 4  d8 Type N $2475 $390 

<60 kHz f0.75 d8 Type N $2110 $490 

<20 kHz i 0 . 7 5  d8 Type N $2580 5490 

<60 kHz f0 .75  d8 Type N $2365 $490 

<20 kHz i 0 . 7 5  d8 Type N $2835 $490 

<60 kHz i 0 . 7 5  d8 Type N $2055 $490 

<15 kHz i 0 . 7 5  d8 Type N $2525 $490 
- <150 kHz Type N $4555 - 

<50 kHz - Type N $5000 

4 5 0  kHz Flat Flange $3320 

<150 kHz UG-419/U $2185 

<25 kHz - UG419/U $2680 

<ZOO kHz - UG.595/U $2985 

<350 kHz UG-599/U $4835 

- 

- 
for WR-75WG - 

- 
- 

- - 

i 5 0 0  kHz/"l 

i 6 5 0  kHz/'I 

i 7 5 0  kHz/"I 

863318I Opt. 030 

863418' Opt 030 

86342A1 Opt 030- 

1. Must be used with the 8700A. Includes 8690 dial scale. Refer to page 372 for further 86300 information 
2. 75R BNC output available. Add $55. 
3. Residual FM measured with 10 kHz bandwidth. Multiply by (3) lor 8690A mainframe 

d and pin leveled BWO dua-ins 
Maximum 

Power Leveled Frequency 
Frequency Number Control Power Accuracy 

1.0-2.0 GHz 
8691A >IO0 mW 

86918 >70 mW i 1 0  MHz 

GRID i l %  I opt. 200 I 
1 _I-. 9 CY- OE"*D n,., . . c -,., . I- . m a , -  

i 4 0  MHz 3 
>15 mW i 5 6  MHz 

>10 mW 

>5 mW < 

0 d8. A units 6 dB. 



8404A 

11531A 

87uti~, 8707A Multiband system 
Multiband systems 400 kHz to 40 GHz are available using the 

8706A control unit plug-in and the 8707A R F  unit holder. The 8706A 
allows pushbutton control of R F  plug-ins installed in the 8707A. The 
8705A multiplexer switches R F  signals up to  12.4 GHz from three R F  
units and provides an ALC signal for the 8690B leveling circuits. 

Specifications 

( 1  

p i  
17( 
rer 
(1" .",. "'..yy...-, a 1 . 7  1.6 \Ad B Y , .  

7 Ib). Shipping, I O  kg (22 Ib). 

in 
)6A controls up to three 8707A R F  unit hold- 
note band switching of the 8699B. 
Ir Ih\ qhinnino 1 1  A G n  13< lhi 

der 
up to three 8690 plug-ins. 

8690B sweep functions. 
jriver setting of individual start/stop points. 
30 Ib). Shipping, 16.8 kg (37 Ib). 

k synchronizer 
. >  > .  . I  

K: 
IniLer is a pnase compararor aesignea to sraoi- 
,oth H P  BWO and solid state sources by phase 
' oscillator. Under these conditions system sta- 
-in 
ilit 

_- . - - ~ -. -y.lol 
plete phaselocked syster 

iarily by the stability of the reference oscilla- 
y is standard on solid state plug-ins from I .7 
n 400 for BWO plug-ins. Information on com- 
ns available on request. 

Specifications 
Input frequency: The locking frequency of the 8709A is 20 MHz. 
This signal is obtained by multip 

>wave signal. 
Bm. 
oltage: Higk 

. .  . . iator witn tne micrc 
Sensitivity: -65 d 
Minimum output v 
dc. 
Modulation sensiti 
MHz/V. 8620 solid 
Weight: Net 4.5 kl 

lying and mixing the reference oscil- 

I level f12.0 V dc; low level f8.0 V 
_ _  vity: 8690 BWO Option 400 plug-ins, 0.5 to 6.0 

state plug-ins 6.0 MHz/V. 
< ( I O  Ib). Shipping 5.3 kg (11.6 Ib). 

The 
power 
output 

oquvM ruwcI meter leveling amplifier 
8404A leveling amplifier permits the 431B/C or 432A/B/C 
meter to level both the 8620 and 8690 sweeper plug-ins. R F  
is leveled to  f 0 . 5  dB or less when connected to  the AM input 

-f +l.- ,per. 

11531A 
The 115 

ornn P 

! test plug-in 
dug-in allows complete calibration c . -.-.- 1 .. 

x7 
87 
87 
8 78 
1 1  

Mainframe 
31A test unit F if the 

OOYU rnainirame, including sweep moaes, marKers ana b w u .  A I I  volt- 
ages are selected from a front panel switch. 
Model number and name Price 
8404A power meter leveling amplifier $410 
Option _ _  001, 4 line BCD level control add $210 

O5A signal multiplexer dc - 12.4 GHz $2 I40 
06A control unit plug $725 
07A R F  unit holder I745 
09A phase-lock synch I I30 
531A mainframe test unit plug-in $415 

:-in 

ronizer 



POWER & NOISE FIGURE METERS 
Power measurements 

Power measur6ments 
At microwave frequencies, power is the 

basic measure of signal amplitude. Unlike 
voltage and current, microwave power re- 
mains constant along a lossless transmission 
line. Thermocouple a n d ,  thermistor power 
meters are the most common type of instru- 
ments used to measure microwave power. 
Thermocouple power meters 

The use of thermocouples as a sensing ele- 
ment is the most rece?t development in mi- 
crowave power measurement. Wide power 
range, low drift, low VSWR, and simple op- 
eration are the major advantages of thermo- 
couples over other power sensing devices. 

A thermocouple measurement system con- 
sists of a power sensor which produces a dc 
output voltage proportional to the power dis- 
sipated in it and a power measurement cir- 
cuit which measures the dc voltage and dis- 
plays it in units of power. 

The power sensor provides an impedance 
match between the thermocouple element 
and the microwave transmission line. In the 
Hewlett-Packard 8480 Power Sensor family, 
input power is dissipated in silicon-tantalum 
nitride thermocouple elements. The dissi- 
pated power causes the junction tempera- 
tures to rise above the ambient temperature 
of the sensor substrate. This temperature dif- 
ferential and resulting thermocouple voltage 
are proportional to  the applied power. The 
small physical size of the element and careful 
design of the structure assure that changes in 
ambient temperature affect all junctions 
equally, thus making the system relatively in- 
sensitive to zero drift. 

The dc output voltage is amplified by an 
FET, chopper-stabilized amplifier in the 
power sensor and delivered to the power 
meter. 

With thermocouple type power meters, ac- 
curacy is fundamentally dependent on the in- 
strument’s gain being matched to the power 
sensor sensitivity. Since thermocouple sensi- 
tivity is subject to, change with variations in 
temperature, overload, and aging, a conve- 
nient means of calibration is vital. 

The Hewlett-Packard 435A Power Meter 
provides an accurate, built-in power refer- 
ence, as shown idFigure I ,  for use in calibra- 
ting the meter-power sensor combination. In 
this way, long term accuracy is assured. With 
the 8480 Power Sensor family, the meter mea- 

i 

4 3 5 A  POWER M E T E R  

I ! I 
I I 1 ----------- 1 C A L I E R A T I O N  

Figure 1. Power measurement system. 
Built-in power reference provides con- 
venient means of calibrating the meter- 
power sensor combination. 

sures power from 0.3 pW to 3 W at frequen- 
cies from 100 kHz to 18 GHz, depending on 
the power sensor used. 

The largest source of uncertainty in power 
measurements is mismatch. For example, 
consider the effect of mismatch when mea- 
suring the output of a microwave source at  a 
frequency of 1 GHz  and a VSWR of 1.5. If 
the power sensor also has a VSWR of I .5, the 
total mismatch uncertainty, which cannot be 
calibrated out, is f8%; the diagram in Figure 
2 shows this. With the 8481A Power Sensor, 
that has a VSWR of 1.1 at  1 GHz, the mis- 
match uncertainty is only f 1.9% when mea- 
suring the same source. See figure 3. 

1.08  mW 

M I S M A T C H  LIMITS 

+0.34 dB 

M E T E R  

-0 .35  dE 

I -8% -0 .35  dEm 
0.92  mW 

1 . 0 1 9 m W  

M I S M A T C H  L I M I T S  

[ +0.082 dE . 
M E T E R  

-0 .083  dE 

I -0 .083  dEm -1.9% 
0 .981 mW 

Figure 3. Limits of mismatch uncertainty 
when VSWR of source is 1.5 and VSWR of 
power meter is 1 .l. 

Thermistor power meters 
Thermistors offer an alternative means to 

measure microwave power. A thermistor is a 
resistive element whose resistance decreases 
with increasing temperature. In a thermistor 
type instrument, the sensor elements are con- 
tained in a mount and form one leg of a 
Wheatstone bridge through a bias connec- 
tion to the power meter. Dc or ac excitation 
biases the thermistor elements to balance the 
bridge. When microwave power is applied to 
the sensor elements, the resulting tempera- 
ture rise causes the thermistor resistance to 
fall, unbalancing the bridge. Withdrawing an 
equal amount of bias power from the ther- 
mistors rebalances the bridge. The change in 
bias power is then measured and displayed on 
a meter. 

Automtltic thermistor bridges 
There are a number of thermistor bridge 

designs which provide various degrees of ac- 
curacy, speed, and convenience. 

The Hewlett-Packard 432 Series of Power 
Meters use a temperature-compensated, au- 
tomatically balanced bridge of versatile, de- 
sign. Operating with any of the Hewlett- 

Packard temperature-compensated thermis- 
tor mounts, the meter automatically main- 
tains bridge balance and reads substituted 
bias power over ranges of 10 microwatts to I O  
milliwatts (full scale). 

Since thermistor elements are tempera- 
ture-sensing devices, they are unable to  dis- 
tinguish between applied power level changes 
ahd environmental temperature changes. As 
thermistor bridge sensitivity is increased, 
even minute temperature variations can un- 
balance the bridge. This results, if uncom- 
pensated, in “zero drift” of the power meter 
and erroneous power measurements. 

A dual bridge arrangement, as shown in 
Figure 4, is used in the 432-series to  compen- 
sate for variations in temperature at the ther- 
mistor mount. The thermistor mounts used 
have two thermistor elements. The two are in 
klose thermal proximity and are affected 
equally by changes in ambient temperature. 
Thus R D  responds to both ambient tempera- 
ture and applied R F  power; Rc, isolated 
from the R F  power, responds only to  ambi- 
ent temperature. Each element is connected 
to  its own bridge circuit in the power meter 
which automatically controls bias power. 
This arrangement compensates for tempera- 
ture changes, thus reducing zero drift by a 
factor of 100 over uncompensated thermis- 
tor meters. Another advantage of this design 
is that when zeroed on the most sensitive 
range, the meter may be switched to  any 
other power range without rezeroing (zero- 
carryover is within f0.5% on all ranges). A 
dc output proportional to  the meter deflec- 
tion is available for recording purposes or  
control of external circuits such as power 
meter levelling of microwave sweep oscilla- 
tors and signal generators. 

Compensated thermistor mounts avail- 
able for the 432-series of power meters in- 
cluded the 478A (10 MHz to 10 GHz) and the 
8478B ( I O  MHz to 18 GHz) coaxial mounts. 
The 486A Waveguide Series collectively 
cover the waveguide bands from 2.6 to 40 
GHz. All mounts have low SWR over their 
frequency ranges without tuning. 

Peak power measurement 
A frequent requirement in microwave 

work is the measurement of peak power in a 
periodic pulse. This may be done by various 
indirect techniques using thermocouples or 
thermistors. Hewlett-Packard produces a ver- 
satile instrument that conveniently measures 
peak power directly in the 50 MHz to 2 GHz  
frequency range. This instrument (the model 
89008) utilizes a video comparator tech- 
nique to bring a known dc voltage, supplied 
by the instrument, in a known impedance to  a 
level which is equal to the pulse being mea- 
sured. This allows simple measurement of 
peak pulse power with a basic accuracy of I .5 
dB even when the waveform is not rectangu- 
lar. A custom calibration chart increases ac- 
curacy to  0.6 dB for critical applications. 

Applications 
Information on virtually all aspects of mi- 

crowave power measurement, including de- 
tailed descriptions and illustrations of in- 
struments, measurement techniques, error 
analysis, and applications, is contained in 



Application Note 64. Sources of measure- 
ment error and systematic methods for error 
reduction allow selection of the best proce- 
dure for specific applications. Application 
Note 64, entitled “Microwave Power Mea- 
surement,” is available on request through 
your Hewlett-Packard Sales Office. 
Steps t6ward better accuracy 

The fundamental standards of microwave 
power lie in dc or low-frequency ac voltage 
and resistance standards which may be accu- 
rately measured and used for comparison or 
substitution. Other factors, such as imped- 
ance matching and efficiency of the sensing 
device, also play an important role in overall 
measurement accuracy. 

The basic Bccuracy of Hewlett-Packard 
power measuring equipment satisfies the re- 
quirements of most applications without 
complicated setups requiring extensive man- 
ual operations and calculation. Should 
greater accuracy be required, the versatility 
and stability of Hewlett-Packard equipment 
allows easy enhancement of its basic accu- 
racy in a step-by-step manner until the de- 
gree of accuracy needed is achieved. 

factor 
A power meter c, 

the power which is : 
its sensor elements 
pated elsewhere in t 
it will not be indicatl 
tial distribution of 
within the sensor el 
at  microwave freque ..-.-- _ _  _ _  ___._ 
power used for reference or substitution. The 
effects of these sources of error are measured 
at  a number of frequencies for all Hewlett- 
Packard power sensors and temperature- 
compensated thermistor mounts and pre- 
sented o n  the nameplate as Effective Effi- 
ciency and Calibration Factor. 

For thermistor mounts, Effective Effi- 
ciency is the ratio of substituted bias power in 
the power meter to  the microwave power ab- 
sorbed by the mount. Effective Efficiency ac- 
counts for all losses except the reflection due 
to impedance mismatch. Calibration Factor 
is the ratio of substituted bias power in the 
meter to the microwave power incident on 

the mount. Calibration Factot, therefore, ac- 
counts for all losses. .Although direct trace- 
ability to the National Bureau of Standards is 
not yet available in certain bands, the exten- 
sive tests and crosschecks conducted by Hew- 
lett-Packard on literally thousands of mounts 
assure a high level of confidence in the cali- 
bration of all mounts. In addition, the 
mounts are swept-frequency tested to reveal 
any “holes” in their response. 

For the thermocouple power sensor, the 
same concepts apply. Hobever, to simplify 
operation, the data is presented as a Calibra- 
tion Factor which normalizes the data to the 
value at 50 MHz, the frequency of the inter- 
nal Power Reference, simplified for the user. 
Effective Efficiency data is not displayed 
since the extremely low SWR of the power 
sensor means 1 1  \ .*s iks ,inlv slightly from the 
Calibration Factor. 
Tuners 

In most applications it is sufficien! to cor- 
rect for the various losses associated with the 
sensor by using Calibration Factor data, 
Source mismatch (SWR) is also a factor in 
any power measurement, and the combina- 
tion of source and load SWR can result in se- 

duced by using an H P  870A Slidescrew 
Tuner, ahead of the sensor. When a tuner is 
used, only correction for Effective Efficiency 
is necessary. Of course, the lower the sensor 
SWR, the smaller the effect of mismatch will 
be; maximum accuracy is always obtained 
from the lowest SWR. In the case of the 
model 8481A Power Sensor, the reflection co- 
efficient in both magnitude and phase is sup- 
plied for 17 frequencies from 2 - 18 GHz. By 
making the same measurement on the source 
under test, you can calculate the effect of mis- 
match and eliminate this source of error. 
Instrumentation 

Maximum instrumentation uncertainty of 
the model 435A Power Meter is f 1% of full- 
scale on all ranges. This uncertainty can be 
reduced by directly measuring the voltage at  
the recorder output. A digital voltmeter, such 
as the Hewlett-k’ackard 3480A2, may be used. 

The 432-series of Power Meters provides 
instrumentation accuracy of f 1% (f0.5% 
with the digital readout of the 432B and 
432C) in measuring the substituted power to 
the thermistor. Rear panel connectors allow 
direct measurement of the bridge voltages 
and computation of substituted dc power to  

\ 

THERMISTOR 
MOUNT 

MULTI 
VIBRATOR 

“COMP 

TO VCOMP + VRF 

Figure 4. Block diagram of 432A Power Meter. Dual bridge provides proper bias to 
thermistor mount to correct for temperature variation and reduce zero drift. 



POWER & NOISE FIGURE METERS 
Thermocouple power meter 
Model 435A, 8480 Series, 81 11683A 

8483A 

R A N G 6  
.r 

l l  

435A 

Accurate power measurements 
The 435A Power Meter and its family of power sensors (8481A, 

8482A, 8483A. 8481-H0l and 8482A-HOI) represents a significant ad- 
vance in microwave power measurement. The power measurement cir- 
cuit consists of a thermocouple sensing element which develops an 
output voltage proportional to the input power, a chopper stabilized 
amplifier, and a calibrated meter circuit. 

Overall measurement accuracy is dependent on careful considera- 
tion of all sources of error. Instrumentation uncertainty, mismatch 
uncertainty, and sensor calibration must all be considered to arrive at 
a final accuracy figure. 

Mismatch is usually the largest single source of error in power mea- 
surement. The VSWR of the sensor must be reduced to  an extremely 
low level to obtain high measurement accuracy (see example page 
380). The 8480 family of power sensors uses a physically small silicon 
monolithic thermocouple to do this. 

The accuracy of any power measurement in a thermocouple power 
meter depends on the accuracy of the thermocouple sensitivity. There- 
fore, some method must be provided to allow matching the sensor to a 
particular meter and accounting for physical changes in the sensing 
element. The 435A power meter has a built-in power reference to  in- 
sure a proper match between the power meter and the thermocouple 
sensitivity. 

435A Power meter 
Improved overall measurement accuracy 
Low instrumentation uncertainty (<& 1%) and a built-in power refer- 
ence contribute to the overall measurement accuracy. The power ref- 
erence assures that the meter is properly matched to the thermo- 
couple sensitivity, a prerequisite to highest accuracy and confidence in 
the measurement. 
Low drift-auto zero 

Even on the lowest range, drift and noise are less than 1.5%. In 
those cases where occasional zeroing of the meter is required, this may 
be accomplished by merely depressing a front panel switch. 

8481A 

Battery operation-long cables 
An FET chopper amplifier in the power sensor provides a rela- 

tively high output level with low power consumption. Thus, long 
cables (up to  200 feet) can be used in the power sensor circuit to  allow 
remote powei monitoring. Also, an optional internal battery allows 
truly portable operation. 
Recorder output 

complished by utilizing the recorder output. 
Long-term monitoring and leveling of sweep oscillators may be ac- 

8481A Power sensor 
Wide frequency and amplitude range 

from I O  MHz to 18 GHz with a single power sensor. 
Low VSWR reduces measurement uncertainty 

A silicon monolithic thermocouple is used as the sensing element 
and its small physical size allows reduction of VSWR to < 1.1 over the 
range of 50 MHz to 2 GHz; <1.18 up to 12.4 GHz; and <1.28 to 18 
GHz. This assures low mismatch uncertainty, usually the largest sin- 
gle source of error in power measurement. 

Individually calibrated 
Each sensor is individually calibrated, traceable to  the National Bu- 

reau of Standards, and a Cal Factor control on the meter compen- 
sates for power sensor efficiency at  any frequency. In addition, a pre- 
cise Automatic Network Analyzer printout at  17 frequencies for Cal 
Factor and reflection coefficient in magnitude and phase is supplied. 
This means you can eliminate mismatch uncertainty by calculating the 
mismatch error. 

Measure power from 0.3 pW to 100 mW over a frequency range 

8482A Power sensor (new) 
RF sensor (similar to the 8481A power sensor) 

Measure power from 0.3 pW to 100 mW over a frequency range 
from 100 kHz to 4.2 GHz  with a VSWR <1.2 over the range of 300 
kHz to  1 MHz;<I.I  between I M H z a n d 2 G H z ; a n d < 1 . 3 t o 4 G H z .  

8483A Power sensor (new) 
75 ohm RF sensor (similar to the 8482A power sensor) 

Measure 75fl source power from 0.3 pW to 100 mW over a fre- 
quency range from 100 kHz to 2 GHz  with a VSWR <1.18 over the 
range of 600 kHz to 2 G H z  (75/50fl adapter furnished). 



8481 A-HO1 

I V I ~ L  10 io u n ~  wiin a bingic: power beiibur (oiie~eu ab a racrury 
special). 

8482A Power sensor opt. H01 (new) 
Higher power version of the 8482A power sensor 

Measure power from 30 p W  to 3 W over a frequency range from 
100 kHz to 4.2 GHz  with a single power sensor (offered as a factory 
special). 

11 683A Range calibrator (new) 
The 11683A calibrator is specifically designed for use with the435A 

power meter. It allows verification of full-scale meter readings on all 
ranges, as well as meter tracking. Simply connect the cable between 
the power meter and calibrator. The CAL ADJ control, on the power 
meter, is used to set the meter to full scale on the 1 mW range. The cal- 
ibrator and meter are then stepped through the other ranges verifying 
accuracy within f 1% plus noise and drift. The 11683A also has a po- 
larity switch which tests the Auto-Zero circuit. 

Specifications 
435A power meter 
Frequency range: 100 kHz to 18 GHz  (depending on power sensor 
used). 
Power range: 

435A and 8481A, 8482A or 8483A: 55  dB with I O  full-scale 
ranges of 3, 10, 30, 100 and 300 pW; I ,  3, 10,30, and 100 mW; also 
calibrated in dB from -25 dBm to +20 dBm full scale in 5 dB steps. 
435A and 8481A-H01 or 8482A-H01: 50 dB with 9 full-scale 
ranges of 0.3, 1, 3, IO, 30, 100 and 300 mW; 1 and 3 W; also cali- 
brated in dB from -5 dBm to +35 dBm full scale in 5 dB steps. 

Instrumentation uncertainty: f 1% of full scale on all ranges (0" to 
55OC). 
Zero carryover: & O S %  of full scale when zeroed on the most sensi- 
tive range. 
Ref OSC: internal oscillator with Type N female connector on front 
panel or rear panel (Option 003 only). Power output 1.00 mW &0.70% 
at 50 MHz (traceable to National Bureau of Standards). 

Noise and drift (with 8481A, 8482A, and 8483A): <1.5% of full- 
Stability: f0.02%/°C (Oo-55T). 

1.). 

es furnished: 
power cable. 
ts. 

.. . . 

range, and 100 msec on all other ranges. (Typical, time constant mea- 
sured at  recorder output.) 
Zero: automatic, operated by front panel switch. 
Cal factor: 16-position switch normalizes meter reading to account 
for Calibration Factor or Effective Efficiency. Range 85% to 100% in 
1% steps. 100% position corresponds to Calibration Factor at  50 
MHz. 
Recorder output: proportional to indicated power with 1 volt corre- 
sponding to full scale; I kQ output impedance, BNC connector. 
RF blanking output: provides a contact closure to ground when 
auto-zero mode is engaged. 
Cal adj: front panel adjustment provides capability to adjust gain of 
meter to match power sensor in use. 
Power: 100, 120,220, or 240 V +5%, - IO%,  48 to  440 Hz, less than 4 
watts (less than I O  watts for option 001 when recharging battery). 
Weight: Net, 2.6 kg ( 5  Ib, 12 02). Shipping, 4.2 kg (9 Ib, 3 02). 
Dimensions: 155 mm high, 130 mm wide, and 279 mm deep (6% X 
5 %  X 11 i r  
Accessoric 1.52 m ( 5  ft) cable for the power sensor; 2.29 
m (7,% ft) Mains plug shipped to match destination 
requiremen 
Accessories available: 
11076A carrying case. 
5060-8762 rack adapter frame (holds three instruments the size of the 
435A). 
Combining cases: 

1051A: 286 mm (11% in.) deep. 
1052A: 416 mm (16% in.) deep. 

The combining cases accept the %-module Hewlett-Packard instru- 
ments for bench use or rack mounting. See 1051A data sheet for de- 
tails. 
11683A Range calibrator 
Calibration functions: outputs corresponc f 
3, 10, 30, 100 and 300 pW; I ,  3, IO, 30, an 
Calibration uncertainty: f0.2570 in all ranges. 
Power: 115 or 230 V f 10%; 50-400 Hz, less than 2 W. 
Weight: Net, 1.13 kg (2 Ib 8 02). Shipping, 1.9 kg (4 Ib 3 02). 
Dimensions: 88.9 mm high, 133.35 mm wide, and 215.9 mm deep 
(3% X 5% X 8% in.). 

ling to meter readings o 
Id 100 mW. 



POWER & NOISE FIGURE METERS 

Model 435A, 8480 series & 11683A cont'd. 

Model 
Specification 

Freauencv Ranee: 

84821-H01 848 1 A-HO 1 84811 84821 84831 
(Factory Special)* (Factory Special)* 

10 MHz - 18 GHz 100 kHz - 4.2 GHz 100 kHz - 2 GHz 10 MHz - 18 GHz 100 kHz - 4.2 GHz 

I Nominal h e d a n c e :  15Q 

1.18 
(<0.082) 
600 kHz - 2 GHz 

1.8 
(<0.286) 
100 - 600 kHz 

Maximum SWR: 

(Reflection Coefficient) 

5051 

1.2 
(<0.091) 
10 MHz - 8 GHz 

1.3 
(<0.13) 
8 - 12.4 GHz 

50Q 

Maximum Energy Per Pulse: 

RF Connector: 

Power Sensor Calibration: 

1.1 
(<0.048) 
50 MHz - 2 GHz 

1.18 
(<0.082) 
30 - 50 MHz 

30 W-psec 30 W-psec 30 W-psec 100 W-psec 100 W-psec 

Type N male Type N male Type N male (7552) Type N male Type N male 

Cal Factor data individually calibrated for each power Sensor. 
8481A and 8481A-H01 Sensors also supplied with individual automatic network 
analvzer orintout at 17 freauencies for Cal Factor and ohase and maenitude of reflection. 

1.18 
(<0.082) 

1.28 
(<0.123) 

2 - 12.4 GHz 

12.4 - 18 GHz 

Dimensions: 
(includes RF Connector) 

Weight: Net: 
Shipping: 

1.4 
(<0.17) 
10 - 30 MHz 

30 mm wide 30 mm wide 30 mm wide 30 mm wide 30 mm wide 
38 mm high 38 mm high 38 mm high 38 mm high 38 mm high 
105 mm long 105 mm long 105 mm long 149 mm long 149 mm long 
( 1 3 ~ ~  x 1% x (1% x 1% x (1x6 x 1% x (1%6 x 1% x (1%6 x 1% x 
4% in.) 4% in.) 4% in.) 5% in.) 5% in.) 

0.2 kg (6 oz) 0.2 kg (6 oz) 0.2 kg (6 oz) 0.2 kg (8 oz) 0.2 kg (8 oz) 
0.5 kg (1 Ib) 0.5 kg (1 Ib) 0.5 kg (1 Ib) 0.5 kg (1 Ib, 2 oz) 0.5 kg (1 Ib, 2 oz) 

5 0 0  

1.1 
(<0.048) 
1 MHz - 2 GHz 

1.2 
(<0.091) 
300 kHz - 1 MHz 

1.3 
(<0.13) 
2 - 4.2 GHz 

1.6 
(<0.231) 
100 - 300 kHz 

1 ( d . 2 0 )  ::4-18GHz 

50Q 

1.2 
(<0.091) 
100 kHz - 4.2 GHz 

Maximum Average Power: I 300mW I 300mW I 300mW I 3.5 w I 3.5 w 
Maximum Peak Power: I 15W I 15W I l o w  I 1oow I 1oow 

Model number and name 
I1683A range calibrator 
8481A power sensor 
Option 001: precision 7 mm (APC-7) connector 
Option HOI: 0.3 mW to 3 W power range 
8482A RF power sensor 
Option HOI: 0.3 rnW to 3 W power range 
8483A RF power sensor (75Q) 
435A power meter 
435A Power meter options: 
001: rechargeable battery installed, provides up to 16 
hours of continuous operation 

Price 
$425 
$360 

add $25 
add $135 

$400 
add $135 

$400 
$700 

Model number and name 
002: input connector placed on rear panel in parallel 
with front 
003: input connector and reference oscillator output on 
rear panel only 
009 3.05 m (IO-foot) cable for power sensor 
010: 6.10 m (20-foot) cable for power sensor 
011: 15.24 m (50-foot) cable for power sensor 
012 30.48 m (100-foot) cable for power sensor 
013 60.96 m (200-foot) cable for power sensor 

Price 

add $25 

add $10 
add $30 
add $55 

add $105 
add $155 
add $260 

add $100 



0 Automatic zero 
High accuracy 

432A 

432A/B/C Power meters 

POWER & NOISE FIGURE 
Thermistor 

Recorded outputs, analog & digital 
Long cable options 

METERS k-, 

power meters 
Models 432A/B/C 

4326  

DC bridge circuit: Using dc instead of the conventional I O  kHz bias 
current results in three benefits: 1) No signal emission from the mount 
to disturb sensitive circuits, 2) meter zeroing is independent of the im- 
pedance connected to the R F  input of the thermistor mount, 3) the in- 
strument is not affected by capacitance changes caused by movement 
of the thermistor mount cable. 
High accuracy-no thermoelectric error: High accuracy over a 
wide temperature range is featured on the 432 Power Meters. By mea- 
suring the output voltage of the thermistor bridges, and computing the 
corresponding power, even higher accuracy of f0.2% f 0 . 5  pW can be 
obtained. 

Accuracy is maintained on even the most sensitive range because 
the error due to thermoelectric effect is reduced to a negligible level. 
Calibrated mounts: Each thermistor mount is furnished with data 
stating the Calibration Factor* and Effective Efficiency* at various 
frequencies across the operating range. For easy and accurate power 
measurements, the front panel of the 432 contains a calibration factor 
control, calibrated in ‘1% steps from 88% to loo%, that compensates 
for losses in the mount and eliminates the need for calculation. 
‘“Calibration Factor” and “Effective Efficiency” are figures of merit expressing the ratio of the substrtuted signal 

measured by the power meter to the microwave power incident on and absorbed by the mount, respectively. 

Instrument type: automatic, self-balancing power meter for use with 
temperature-compensated thermistor mount. 

Specifications 
Power range 
432A: seven ranges with full scale readings of 10, 30, 100, and 300 
pW, I ,  3, and I O  mW; also calibrated in dBm from -20 dBm to + I O  
dBm full scale in 5 dB steps. 
4328, 432C: four ranges with full scale readings of 10 and 100 pW, 
and 1 and I O  mW. 
Noise: 
Less than 0.25% of full scale peak. 

Response time 
At recorder output, 35 ms times constant (typical). 

Fine zero 
Automatic, operated by front panel switch. Remote fine zero may be 
accomplished with 432C. 

- 
432C 

Zero carryover 
Less than 0.50% of full scale when zeroed on most sensitive range. 

RFI 
Meets all conditions specified in MIL-I-6181D. 

Meter 
432A taut-band suspension, individually calibrated, mirror-backed 
scales. Milliwatt scale more than 108 mm (4%”) long. 
432B, 432C: three digits with one digit overrange. 20% overrange ca- 
pability on all ranges. 

Calibration factor control 
13-position switch normalizes meter reading to account for thermis- 
tor mount calibration factor. Range 100% to 88% in 1% steps. 

Thermistor mount 
External temperature-compensated thermistor mounts required for 
operation (HP 478, 8478B, and 486 Series; mount resistance 100 or 
200 ohms). 

Recorder output 
Proportional to indicated power with 1 volt corresponding to full- 
scale. 1 kQ output impedance. 

BCD output 
8, 4, 2, 1 code: “1” positive. TTL compatible logic. Operates with HP  
5055A Digital Recorder. “Print” and “Inhibit” lines available. (432B 
and 432C only.) 

Bridge outputs 
(VRF and VCOMP). Direct connections to the thermistor bridges; 
used in instrument calibration and precision power measurements. 

Model 432C control lines 
Instrument is referenced to +5  V, “Logic 0” is equivalent to 0 V. 

outputs: 
BCD output as described above. 
Overrange: single bit indicates meter overrange. 
Underrange: single bit indicates meter underrange. 
Range: two-bit code indicates range selected. 
Print: single bit indicates data is ready. 
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Thermistor mounts 
Models 478A, 84788, 486 Series, and 432A, B, C Cont’d. 

Broad band frequency coverage 

Inputs: 
Remote enable: single bit establishes control of instrument rang- 
ing and fine zero controls for remote programming. Remote fine 
zero may be accomplished in remote or local modes of operation. 
Remote range: two-bit code selects instrument range. 
Auto zero: contact closure to ground or TTL “0” zeroes meter. 
Inhibit: single bit holds data and stops A / D  converter. 
External trigger: when in inhibit mode, single bit starts new data 
conversion. Data ready in I O  msec. 
Inputs and outputs: compatible with 5055A Digital Recorder and 
12566A interface card for 2100 Series computers. 

Power consumption 
432A 115 or 230 V ac IO%, 50 to 400 Hz, 2% watts. Optional re- 
chargeable battery provides up to 24 hours continuous operation. Au- 
tomatic battery recharge. 
4328: 115 or 230 V ac lo%, 50 to 400 Hz, I O  watts. 
432C: 115 or 230 V ac IO%, 50 to 400 Hz, 16 watts. 
Weight 
432A: net, 3.1 kg (6 Ib 14 02); shipping, 4.7 kg ( I O  Ib 5 oz). 
432B: net, 3.1 kg (6 Ib 14 oz); shipping, 4.7 kg ( I O  Ib 5 02). 

432C: net, 3.2 kg (7 Ib); shipping, 4.8 kg (10 Ib 7 oz). 

Dimensions 
130 mm wide, 155 mm high, 279 mm deep (5%” X 632)) X 11”). 

Accessories furnished 
I .52 m ( 5  ft), cable for Hewlett-Packard temperature-compensated 
thermistor mounts: 2.29 m (7% ft) power cable. Mains plug shipped to 
match destination requirements. 
Model number and name 
432A, 432B, 432C Power meter options 
001: rechargeable battery installed, provides up to  24 
hours continuous operation (432A only) 
002: input connector placed on rear panel in parallel 
with front 
003: input connector on rear panel only 
Note: thermistor mount cable impedance is part of the 
432 input bridge circuit. For cables over 10 feet long, the 
bridge is matched to specific cable options, so the vari- 
ous cables should not be interchanged.) 
009: 3.05 m ( I O  ft) cable for 1 10-ohm or 200-ohm mount 
010 6.10 m (20 ft) cable for 100-ohm or 200-ohm mount 
011: 15.24 m (50 ft) cable for 100-ohm or 200-ohm 
mount 
012: 30.48 m (100 ft) cable for 100-ohm or 200-ohm 
mount 
013: 60.96 m (200 ft) cable for 100-ohm or 200-ohm 
mount 
432A Power meter 
432B Power meter 
432C Power meter 

Price 

add $105 

add $25 
add $10 

add $30 
add $55 

add $105 

add $155 

add $260 
$625 

$1200 
$1550 

Temperature compensated thermistor mounts 
High efficiency and good R F  match are characteristic of the H P  

478A and 8478B Coaxial and 486A-Series Waveguide Thermistor 
mounts which, in conjunction with the 432 Power Meter, provide you 
with high accuracy even in routine power measurements. These ther- 
mistor mounts are temperature-compensated for low drift, even in the 
presence of thermal shocks, permitting measurement of microwave 
power as low as one microwatt. Each mount contains data showing 
Calibration Factor and Effective Efficiency at six frequencies, di- 
rectly traceable to the National Bureau of Standards at those fre- 
quencies where NBS provides calibration service. 

Specifications 

K486A’ 18 0 to 26.5 2.0 200 $375  

R486A3 26.5 to 40.0 2.0 200 $450 

‘11528A Adapter adapts mount to 430 Series Power Meter (thermistor circuit unbalanced. no temperature com- 
pensation). 

*Option 011, furnished with APC-7 R F  connector 
’Circular flange adapters: 

add $25 

$100 
$100 

K-band (UG-425/U) H P  11515A 
R-band (UG-381/U) H P  11516A 



POWER & NOISE FIGURE METERS , I_ ,' 
Peak power calibrator & power meter calibrator 

Models 8900B & 8477A 

89008 

Description 
The H P  8900B peak power calibration provides a convenient means 

for measuring the peak RF  power of pulses in the range from 50 to 
2000 MHz. The power level is read out directly on the panel meter and 
is completely independent of repetition rate and pulse width (>0.25 
psec). 

Specifications 
Radio frequency measurement characteristics 
Frequency range: 50 to 2000 MHz. 
RF power range: 10-200 mW peak full scale (may be readily in- 
creased through use of external attenuators or  directional couplers). 
RF power accuracy: f 1 . 5  dB ( f 0 . 6  dB) with custom calibration 
curve furnished with instrument). 
RF power precision: 0.1 dB. 
RF pulse width: > 
RF repetition rate: 
RF impedance: 50 
RF VSWR: <1.25. 
Monitor output 
Level: >0.2 volt f a  LU I I I V V  I I I ~ U L  [rlurrllnal). 
Impedance: 150 ohms nominal. 
Bandwidth: >7 MHz. 
Physical characteristics 
Dimensions: 197 mm wide, 156 mm high, 279 mm deep (73/4" x 61/81 
x I I") .  
Weight: net, 4.5 kg ( I O  Ib); shipping 5.9 kg (13 Ib). 
Power 
105 to 125 or  210 to  250 volts, 50 to 60 Hz. 

8477A Description 
The 8477A Calibrator is specifically designed for use with the 432 

Power Meter. It allows you to verify full-scale meter readings on all 
ranges, and meter tracking. Simply connect three cables between the 
power meter and calibrator; no charts or additional instruments are 
required. 

Specifications 
Calibration points: outputs corresponding to meter readings of: 
0.01, 0.03, 0.1, 0.3, 1.0, 2.0, 3.0, and I O  mW (for mount resistance 
switch settings of both 100 and 200 ohms). 

Calibration uncertainty: f0.2% on the top five ranges, and f0.5% 
on the 0.01 and 0.03 mW ranges from +20° to +30"C. 
RFI: meets all conditions specified in MIL-I-6181D. 
Power: I15 or 230 V f lo%, 50-400 Hz, approximately 2 W. 
Weight: net, 2.0 kg (4% Ib); shipping, 2.9 kg (6% Ib). 
Dimensions: 155 mm high, 130 mm wide, 203 mm deep (6%; X 5%" 
X 8"). 

Uncompensated mounts for power meters 
The Model 477B Thermistor Mount allows measurements from I O  

MHz to I O  GHz, and the 487-Series waveguide mounts cover the 8.2- 
18.0 GHz  frequency range. These uncompensated thermistor mounts 
may be used with a variety of power meters such as the H P  430-series. 
Approximately 13 mA bias current is required to obtain the nominal 
resistance of the thermistor. 

477B Thermistor mount specifications 
Frequency range: I O  MHz to 10 GHz. 
Maximum VSWR: 1.5 over full frequency range; 1.3 from 50 MHz to 
7 GHz. 
Power range: 0.001 to I O  mW (with H P  430C) I O  mW maximum 
average power; 1 W maximum peak power. 
Element: 200-ohm, negative temperature coefficient thermistor in- 
cluded; approxinlately 13 mA bias required. 
RF connector: Type N male. 

487 Thermistor mount specifications 
Frequency 

Maximum range' 
Model 

X487B 8.2 - 12.4 

P487B 12.4 - 18.0 
.... ."*... I . . _. . . .. . .. . .  . - .. . . . . . . ~. ~ ~~~ 

quired. 
Model number an" --I- Price 

$785 89OOB Peak power 
8477A Power mete $510 

$175 477B Thermistor n 
P487B Thermistor $225 
X487B Thermistor mount $225 

'hr 4 0 0 ~  waveguioe InermlSIor Maunls are avallanle In b. tnraugh R-band (2.6 to 40 GHz); 1152811 Adapter re- 

I" 11mm115 

calibrator 
:r calibrator 
iount 
mount 

1 



POWER & NOISE FIGURE METERS 
Noise figure meters; sources 
Models 3406, 342A; 343A, 3456, 347A, 349A 

0 Reads noise figure directly in dB 
0 Completely automatic measurement to 18 GHz 
0 No periodic recalibration needed 

Measure noise figure of radars, receivers, and amplifiers 

0 Compare unknown noise sources against known noise 

Adjust parametric amplifiers for optimum noise figure 
levels 

3 4 0 8  

In microwave communications, radar, etc., the weakest signal that 
can be detected is usually determined by the amount of noise added by 
the receiving system. Thus, any decrease in the amount of noise gen- 
erated in the receiving system will produce an increase in the output 
signal-to-noise ratio equivalent to a corresponding increase in re- 
ceived signal. From a performance standpoint, an increase in the sig- 
nal-to-noise ratio by reducing the amount of noise in the receiver is 
more economical than increasing the power of the transmitter. 

The quality of a receiver or amplifier is expressed in a figure of 
merit, or  noise figure. Noise figure is the ratio, expressed in dB, of the 
actual output noise power of the device to the noise power which 
would be available if the device were perfect and merely amplified the 
thermal noise of the input termination rather than contributing any 
noise of its own. 

The Hewlett-Packard system of automatic noise figure measure- 
ment depends upon the periodic insertion of a known excess noise 
power at  the input of the device under test. Subsequent detection of 
noise power results in a pulse train of two power levels. The power 
ratio of these two levels contains the desired noise figure information. 
Hewlett-Packard noise figure meters automatically measure and pre- 
sent this ratio directly in dB of noise figure. 

Noise figure is discussed in detail in Hewlett-Packard Application 
Note 57, which is available from your local Hewlett-Packard field of- 
fice upon request. Application Note 57, “Noise Figure Primer,’’ de- 
rives noise figure formulas, describes general noise figure measure- 
ments and discusses accuracy considerations. One of the measure- 
ment systems discussed in Application Note 57 is shown in Figure I .  
The portion of the diagram within the dashed box is a simplified block 
diagram of the H P  340B and 342A Noise Figure Meters, and the ex- 
cess noise source could be any of the noise sources described on these 
pages. 

Operation 
H P  noise figure meters and noise sources offer time-saving and cost- 

reducing advantages. Their ease of operation and continuous, auto- 
matic metering of noise figure reduce the time required for alignment 
and adjustment and simplify measurements so that they can be done 
by nontechnical personnel. N o  periodic recalibration of the meters is 
needed, and accbrate alignment is easy, so high-level, on-line perfor- 

349A 

mance IS assured. 
In operation, a noise source is connected to the input of the device 

under test. The IF output of the device is connected to the 3408 or 
342A. The noise figure meter gates the noise source on and off. When 
the noise source is on, the noise level is that of the device plus the noise 
source. When the noise source is off, the noise level is that of the de- 

EXCESS DEVICE 
NOISE U N D E R  

SOURCE TEST + I 
TERMINATION 

1 
I 
I 
I 
I 
I 
I 

VIDEO 
AMPLIFIER 

I i I I l l  I 
I 

GATED AGC GATED M E T E R  
INTEGRATOR INTEGRATOR 

I 
I 
I 

GATING 
SOURCE 

Figure 1. Noise figure measurement. 

vice and its termination. The noise figure meter automatically com- 
pares the two conditions and displays noise figure directly in dB. 
Power to operate the noise source is supplied by the noise figure 
meter. Simply connect the noise source, adjust drive current using the 



. .. 

H347A 

X347A 

P347A 

controls and meter on the 340B or 342A, and the noise source is ready 
for operation. 
Noise figure meters 

Model 340B Noise Figure Meter, when used with an H P  noise 
source, automatically measures and continuously displays noise fig- 
ure for frequencies of 30 and 60 MHz. On special order up to four cus- 
tom frequencies between I O  and 70 MHz, and some frequencies out- 
side this range, car. be supplied. 

Model 342A is similar to Model 340B, except that it operates on five 
frequencies: 60, 70, 105, 200, and the basic tune-amplifier frequency of 
30 MHz. Up to  six custom frequencies between I O  and 200 MHz, in- 
cluding 21.4 MHz, are available on special order. 
Uoise sources 
343A VHF noise source: Specifically for IF and R F  amplifier noise 
measurement, a temperature-limited diode source with broadband 
noise output from IO to 600 MHz with 50-ohm source impedance and 
low SWR. 
3458 IF noise source: Operates at  either 30 or 60 MHz, as selected 
by a switch; another selector permits matching 50-, 100-, 200-, and 
400-ohm impedances. 
347A Waveguide noise source: Argon gas discharge tubes 
mounted in waveguide sections; for waveguide bands 3.95 through 18 
GHz, they provide uniform noise throughout the range; maximum 
SWR is 1.2. 
s r n r  ,,“F --I-& 1 I ~ I .  I . I  , . T .  . I  

7.05-10.0 15.6 f 0 . 5  16 406 

8.20-12.4 15.7 f 0 . 4  14% 375 

12.4-18.0 15.8 f 0 . 5  14% 375 

I 

I 

&a, unr noise source; Argon gas aiscnarge woes in I ype IY co- 
axial configuration for automatic noise figure readings, 400 to 4000 
MHz. 

340B and 342A Specifications 
Noise figure range: with a 5.2 dB noise source, 0 to 15 dB, indica- 
tion to infinity; with a 15.2 dB noise source, 3 to 30 dB, indication to 
infinity. 
Accuracy (excluding source accuracy): noise diode scale: f0 .5  
dB, 0 to 15 dB; gas tube scale: f 0 . 5  dB, I O  to 25 dB; f I dB, 3 to I O  dB 
and 25 to 30 dB. 
Input frequency: 340B; 30 or 60 MHz, selected by switch; 342A: 30, 
60, 70, 105, and 200 MHZ, selected by switch. Other frequencies avail- 
able; prices and details on request. 
Bandwidth: 1 MHz minimum. 
Input requirements: -60 to -10 dBm (noise source on); corre- 
sponds to gain between noise source and input of approximately 50 to  
100 dB for 5.2 dB noise source and 40 to 90 dB for 15.2 dB noise 
source. 
Input impedance: 50 ohms nominal. 
AGC output: nominal 0 to -6 V from rear binding posts. 
Recorder output: 1 mA maximum into 2000 ohms maximum. 
Power input: 1 I5 or 230 volts f IO%, 50 to 60 Hz, 185 to 435 watts, 
depending on noise source and line voltage. 
Power output: sufficient to operate 343A, 345B, 347A or 349A Noise 
Sources. 
Dimensions: cabinet: 527 mm wide, 324 mm high, 368 mm deep 
(20%’’ X 12%‘’ X 14%”); rack mount: 483 mm wide, 266 mm high, 353 
mm deep behind panel (19” X 1Oi%2’’ X 137/8”). 
Weights: net 19.4 kg (43 Ib), shipping 23.9 kg (53 Ib) (cabinet); net 
16.2 kg (36 Ib), shipping 22.5 kg (50 Ib) (rack mount). 
Accessory furnished: one 340A- 16A Cable Assembly, connects 
noise figure meter to 347A or 349A Noise Source. 

Frequency range: I O  to 600 MHz. 
Excess noise ratio’: I O  to  30 MHz, 5.20 dB f 0.20 dB; 100 MHz, 
5.50 dB f 0.25 dB; 200 MHz, 5.80 dB f 0.30 dB; 300 MHz, 6.05 dB f 

343A Specifications 

0.30 dB; 400 MHz, 6.30 dB f 0.50 dB; 500 MHz, 6.50 dB f 0.50 dB 
600 MHz, 6.60 dB f 0.50 dB. 
Source impedance: 50 ohms nominal. 
Reflection coefficient: <0.091 (1.2 SWR), I O  to 400 MHz; <0.13 
(1.3 SWR), 400 to 600 MHz. 
Noise generator: temperature-limited diode. 
Dimensions: 70 mm wide, 63 mm high, 127 mm deep (2%” x 2%’’ x 
5“ ) .  
Weight: net 0.34 kg (% Ib); shipping 0.9 kg (2 Ib). 

3458 Specifications 
(Same weight and dimensions. as 343A) 

Spectrum center: 30 or 60 MHz, selected by switch. 
Excess noise ratio’: 5.2 dB. 
Source impedance: 50, 100, 200 or 400 ohms, f 4 % ,  as selected by 
switch, less than I p F  shunt capacitance. 
Noise generator: temperature-limited diode. 

347A Stxcifications 
Excess 

Range 
Model 

G347A 3.95-5.85 15.2 f 0 . 5  

1347A 5.30-8.20 15.2 f 0 . 5  483 

349A Specifications 
Frequency range: 400 to 4000 MHz, wider with correction. 
Excess noise ratio’: 15.6 dB f0.6 dB,* 400 to 1000 MHz; 15.7 dB 
f 0 . 5  dB,* 1000 to 4000 MHz. 
Source impedance: 50 ohms nominal. 
SWR: <1.35(fired), <1.55(unfired) up to2600MHz; <1.55(firedor 
unfired), 2600 to 3000 MHz; <2.0 (fired), <3.0 (unfired) 3000 to 4000 
MHz. 
Dimensions: 76 mm wide, 51 mm high, 381 mm long (3” X 2“ x 15”). 
Weight: net 1.4 kg (3% Ib); shipping 2.7 kg (6 Ib). 
Model number and name Price 
340B Noise Figure Meter (cabinet) $1 I95 
340BR Noise Figure Meter (rackmount) $1180 
342A Noise Figure Meter (cabinet) $1320 
342AR Noise Figure Meter (rackmount) $1305 
343A Noise Source $165 
343A Noise Source Option 001: spare noise diodes cali- 
brated and supplied with instrument add $45 
345B Noise Source $250 
349A Noise Source $360 
G347A Noise Source $650 
H347A Noise Source $750 
5347 Noise Source $700 
P347A Noise Source $600 
X347 Noise Source $550 
‘ENR (dB) - 10 log !k-@ 

k l O B  
where kTB = available noise power, and k10B = available noise power with noise source at 290°K 
21ncludes factor for insertion loss. 



MICROWAVE TEST EQUIPMENT 
Microwave measurements; frequency, impedance, attenuation 

Measuring techniques 
Hewlett-Packard offers a complete line of 

microwave test equipment from which sys- 
tems can be assembled for making accurate 
reflections, transmission and frequency mea- 
surements. Equipment ranges from inexpen- 
sive C W  systems which measure a magni- 
tude response to powerful network analyzers 
which furnish a dynamic C R T  display of 
swept frequency magnitude and phase. Mea- 
surement techniques and equipment func- 
tions are discussed briefly in the following 
paragraphs. More detailed information is 
available in Application Notes 64,65, and 84, 
complimentary copies are available from 
Hewlett-Packatd sales offices. 

Passive catalog 
Hewlett-Packard now offers a comprehen- 

sive catalog of coaxial and waveguide mea- 
surement accessories. It contains complete in- 
formation about our extensive selection of 
precision R F  passive instruments and acces- 
sories such as directional couplers, fixed and 
variable attenuators, frequency meters, de- 
tectors, mixers, filters, modulators, termina- 
tions, etc. A free copy may be obtained 
through your local Hewlett-Packard sales of- 
fice. 

Frequency measdrements 
There are two general classes of frequency 

measuring devices - active and passive 

types. Electronic counters, transfer oscilla- 
tors, and frequency converters are examples 
of active types. H P  manufactures a complete 
line of these instruments which measure fre- 
quency with accuracies of a few parts in IO8. 

Where the accuracy of active devices is not 
required, passive devices offer direct readout 
at  a considerable saving in cost. Passive 
transmission-type frequency meters, such as 
the H P  532, 536A, and 537A, are two-port 
devices that absorb part of the input power in 
a tunable cavity. When the cavity is tuned to  
resonance, a dip occurs in the transmitted 
power level. This dip can be observed on a 
meter or  oscilloscope display of the detected 
R F  voltage. Frequency is then read from a 
calibrated dial driven by the cavity tuning 
mechanism. The frequency meters achieve ac- 
curacies of a few parts in IO4. 

Impedance measurements 
Impedance-matching a load to its source is 

one of the most important considerations in 
microwave transmission systems. If the load 
and source are mismatched, part of the power 
is reflected back along the transmission line 
toward the source. This reflection not only 
limits maximum power transfer, but also can 
be responsible for erroneous measurements 
of other parameters or even cause circuit 
damage in high-power applications. 

The signal reflected from the load inter- 
feres with the incident (forward) signal, caus- 
ing standing waves of voltage and current 

along the line. SWR, which is the ratio of 
standing wave maxima to minima, is directly 
related to  the impedance mismatch of the 
load. The standing wave ratio (SWR), there- 
fore, provides a valuable means of determin- 
ing impedance magnitude and mismatch. 
There are two common methods for measur- 
ing SWR; slotted line measures the ratio of 
standing wave maxima to minima while a re- 
flectometer separates the incident and re- 
flected voltage waves and then measures their 
ratio. 

Network analyzers, such as the 8410 sys- 
tem, give a more complete and convenient 
impedance characterization by providing si- 
multaneous phase and amplitude informa- 
tion. For more details see page 431 of this 
catalog. 

Slotted line techniques - single 
frequency 

Standing-wave ratio can be measured di- 
rectly with a slotted line. The slotted line has 
a probe that is looselpcoupled to  the R F  field 
in the line, thus sensing relative amplitudes of 
the standing-wave pattern as the probe is 
moved along the line. The ratio of maxima to  
minima (SWR) is displayed directly on a 
SWR meter, such as the H P  415E. 

A typical slotted-line set up consists of a 
C W  signal source; a low pass filter to elimi- 
nate spurious responses from the source; the 
slotted-line; the device under test, and an 
SWR meter. 



The swept slotted line 
A measuring system which combines the 

speed and convenience of swept-frequency 
measurements and the inherent accuracy of 
the slotted line can be built around the HP  
817B Swept Slotted Line System. The setup is 
similar to the single frequency method ex- 
cept that the source is replaced with a sweep 
oscillator, the slotted line is an 817B and the 
415E is replaced by the HP 8755A/181A. 
This system will operate throughout the fre- 
quency range from 1.8 to 18 GHz. The mea- 
surement results are displayed on a storage 
oscilloscope as an envelope of the SWR in 
dB. See Figure 1. At any given frequency, the 
ratio of the maximum and minimum ampli- 
tude of the envelope is the SWR. A plot of 
SWR can be generated in a few seconds and 
retained on the CRT for evaluation or pho- 
tography. Accuracy of slotted-line measure- 
ments is limited primarily by the residual 
SWR of the line itself, 1.01 in waveguide and 
1.02 to 1.06 in coax depending upon the fre- 
quency and type of connector. 

suring R F  attenuation: 1) square-law detec- ure 4. Coupler tracking and detector errors 
tinn with nildin ciihctitiitinn 7) dirert R F  are eliminated hv nlottine a calibration mid 

Hewlett-Packard Application Note 65 for 
more information). However, greater speed 
and convenience is possible with the HP  8755 
Series Frequency Response Test Sets. Mea- 
sured data can be either plotted on an X-Y 
recorder or read directly from a fully cali- 
brated CRT display. See Figure 3. 

Accuracy of reflectometer measurements is 
limited by directional coupler directivity. A 
residual SWR of 1.02 (40 dB directivity) is 
common in waveguide and 1.02 to 1.1 in coax 
depending on the frequency range and con- 
nectors. 

Attenuation measurements 
Attenuation is defined as the decrease in 

power (at the load) caused by inserting a de- 
vice between a ZO source and load. Under this 
condition, the measured value is a property 
of the device alone. The term ZO is used to de- 
scribe a unity SWR condition where the load 
and source impedance equal the transmis- 
sion line impedance. 

There are three common methods for mea- 

8755L 
TEST S E 1  

I I 
Figure 3. Setup for simultaneous swept 
measurement of transmission and reflec- 
tion. 

X-Y recorder. The 8755L has a frequency 
range of 15 MHz to 18 GHz. 

RF substitution technique 
Swept attenuation measurements up to 45 

to 50 dB can be made using the R F  pre-in- 
sertion X-Y recorder system shown in Fig- 

. . . . - . -, - -. . _ _  
Reflection coefficient is measured by sepa- 

rating the incident and reflected waves prop- 
agating in the transmission line connecting 
the source and load. The reflectometer uses 
either coaxial or waveguide couplers to ac- 
complish this separation. Reflectometers per- 
mit dynamic oscilloscope displays or perma- 
nent X-Y recordings of reflection coefficient 
or return loss across complete operating 
bands. 

The reflectometer technique is an econom- 
ical way for making swept measurements (see 

test device in the system. The device is then 
inserted as indicated in Figure 2 and its at- 
tenuation versus frequency determined by the 
amplitude decrease from the reference level 
previously established. 

A much improved square-law detection 
technique uses the HP  8755L Frequency Re- 
sponse Test Set. The setup diagram in Figure 
3 permits simultaneous measurements of at- 
tenuation and return loss over a continuous 
60 dB dynamic range. Readout is either on a 
CRT display calibrated directly in dB or an 

I ne ir SuDsutuuon recnnique or attenua- 
tion measurement involves conversion of the 
microwave frequency to a constant, much 
lower frequency for which very accurately 
calibrated attenuators are available. Detec- 
tion at a constant IF  frequency improves the 
system sensitivity permitting measurements 
over a wide (>60 dB) dynamic range. 

The 8410 Network Analyzer is an instru- 
ment where IF  substitution is used; thus al- 
lowing accurate measurements to be made 
over a frequency range of 110 MHz to 40 
GHz. 



MERQWAVE TEST Eo!UIIPMENT 
Coaxial instrumentation 

For coaxial systems operating to 18 GHz 

Instrument 
name 

Adapters 

Low-Dass filters 

Bandpass 
filters 

Variable 
attenuators 

Fixed 
attenuators 

Crystal 
Detectors 

Thermistor 
mounts 

Thermocouple 
Sensors 

Frequency 
meters 

Dual 
directional 
couplers 

Directional 
detectors 

Uses 

lntercohnect coaxial-waveguide 
and coaxial-coaxial systems 

Output filters for signal sources to 
eliminate harmonics 

Spectrum analyzer preselectors to 
eliminate signals outside the range 
of interest 

Measurement of reflection co- 
efficient, insertion loss, transfer 
characteristics by RF substitution; 
reduction of power levels; reduc- 
tion of source mismatch 

RF detection; reflection coefficient, 
attenuation measurements 

Power measurements with HP 
430C (4778), 432 series (4784 
84788). Dower meters 

Power 
Measurements 
with HP 435A 
Power Meter 

Frequency measurements 

Reflectometer measurements; 
power monitoring 

Closed-loop leveling of signal 
sources; signal monitoring 

Freouencv coverane b v  model 1-  I " ,  

10 100 215 450 500 940 1 2 3 4 10 12.4 18 
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Instrument 1 name 

I Directional 

Slotted line 
System 
Slotted section 
Swept slotted 
line system 

Fixed and 
sliding loads 

Mixers 

Transistor 
fixtures 

Bias networks 

I Coaxial switches 

Air lines I 
Shorts 

"11.. 

Power measurements; power 
leveling; reflection measurements; 
isolation 

Measurement of SWR, wavelength, 
impedance; fixed and swept- 
frequency slotted line measure- 
ments 

Fixed loads for terminating 50-ohm 
systems (908A, 909A) Sliding loads 
for separating load reflections from 
other system reflections (905A, 
907A, 911A) 

Sinusoidal and complex AM and 
RF Dulsing of microwave sources 

Make RF, dc connections to solid 
state devices 

Apply dc bias to solid state devices 
in  RF measuring systems 

Electrically switch RF signals 

Adapt test equipment port spacing 
to devices under test 

Establish measurement planes, 
reflection phase and magnitude 
references 

Frequency coverage by model 

10 
DC MHz 

100 215 
MHz MHz I 

450 500 
VlHz MHz 

940 
MHz I 

1 2  
GHz GHz 

3 4  
GHz GHz 

10  ! 
GHz 1 

L2.4 18 
GHz GHz 



MICROWAVE TEST EQUIPMENT 
Waveguide instrumentation 

For waveguide systems operating 2.60-40 GHz 

Instrument 
Name 

AdaDters 

Uses 

Interconnect coaxial-waveguide systems 

Interconnect two different waveguide systems 

Low-pass filters 

Variable attenuators 

Crystal Detectors 

Detector mount 

Thermistor mount 

Output filters for signal sources to eliminate 
harmonics 

~ _ _ _ _ ~  ~~~ ~ 

Measurement of reflection coefficient, insertion 
loss, transfer characteristics by RF substitution; 
reduction of power levels; reduction of source 
mismatch 

RF detection; reflection coefficient, attenuation 
measurements 

Tunable detector mount for accurate matching of 
waveguide sections to crystal or bolometer 

.Power measurements with 432 series (486A), and 
430C (487B). 

~~ 

Frequency meters Frequency measurements 

Directional couplers Power measurements; power leveling; reflection 
measurements: isolation 

fixed and swept-frequency slotted line measure- 
ments 

Sinusoidal and complex AM and RF pulsing of 
microwave sources without incidental FM 

PIN modulators 

Fixed and sliding 
loads 

Fixed and sliding 
shorts 

Fixed loads for terminating waveguide systems. 
Sliding loads for separating load reflections from 
other system reflections 

Establish measurement planes, reflection phase 
and magnitude references 

Harmonic Mixer I Mixers 

~ 

Slide screw tuners 
Phase shifters Provide phase control 

Correct discontinuities in waveguide 

Frequency coverage by band - GHz 

1. Instrument model number consists of family model number prefixed by letter of waveguide band, e.&, X281B specifies X-band waveguide to coax adapter. 



Flat frequency response 
Low VSWR 

anipping 
Weight 
kg (Ib) 

8491A 

8492A 

61.9 X 20.6 61.9 X 20.6 39.7 X 12.7 39.7 X 12.7 
( 2 7 ~ ~  x 1 3 ~ ~ )  ( 2 7 ~ ~  x 13/16) (z% x 'J /16)  x %) ( 1 9 ~ ~  x w 

0.17 0.17 0.20 0.11 0.11 
(6 02.) (6 02.) (7 02.) (4 02.) (4 02.) 

1158-. . 

Connector 
Dimensions 
mm (in) ... . . 

84918 
Option: 3, 6, 10, 20, 30, 

40. 50. 60 
nr - 12  cu7 

I U . J  uu- 

f0 .5  dB 
I n c A"& 

MICROWAVE TEST EQUIIPMEMT l . 1  

Coaxial attenuators 
Models 8491A, B 8492A; 8493A, B 

Specifications traceable to NBS 
Fully tested with HP Automatic Network Analyzer 

8491A/B, 8492A, 8493A/B Fixed attenuators 
Hewlett-Packard fixed coaxial attenuators provide precision atten- 

uation, flat frequency response, and low VSWR over broad fre- 
quency ranges at low prices. Attenuators are available in nominal at- 
tenuations of 3 dB, 6 dB and 10 dB increments from 10 dB to 60 dB. 
These attenuators are swept-frequency tested to  insure meeting speci- 
fications at  all frequencies. 

11 581 A, 11 S82A, 11 S83A Attenuator sets 
A set of four Hewlett-Packard attenuators, 3, 6, I O  and 20 dB are 

furnished in a handsome walnut accessory case. In addition to the cal- 
ibration stamping on the bodies of the attenuators, the set includes a 
calibration report. The calibration report is certified traceable to  the 
National Bureau of Standards. The calibration report also includes 
accuracy of both the attenuation and the reflection coefficients at  
selected frequencies. 

Price 
Model number and name ( Q ~ Y  1-4) 
8491A 3-30 dB Fixed attenuator $65 
8491A 40-60 dB Fixed attenuator $90 
8491B 3-30 dB Fixed attenuator $85 
84918 40-60 dB Fixed attenuator $120 
8492A 3-30 dB Fixed attenuator $155 
8492A 40-60 dB Fixed attenuator $190 
8493A 3-20 dB Fixed attenuator $70 
8493A 30 dB Fixed attenuator $15 
84938 3-20 dB Fixed attenuator $85 
8493B 30 dB Fixed attenuator $90 
I1581A (8491A's) includes 3, 6, 10, 20 dB $260 
I1582A (8491B's) includes 3, 6, IO, 20 dB $340 
11583A (8492A's) includes 3, 6, 10, 20 dB $635 

8493h 
Ition: 3, 6, 10,20, 3 

f 1 . 5  dB 

*I 84938 

DC - 12.4 GHz i DC - 18 GHz 

f1 .5  dB 
zk2 dB 
APC-7 

69.9 ,"., . X . .II 20.6 . 



MICROWAVE TEST EQUIPMENT 
Coaxial attenuators 
Models 354A, 355C-F, 393A, 394A, 33300 Series 

8 S A A  

355D 
I. 

* -- ... 

33300A 355E 

354A Step attenuator, dc to 12.4 GHz 
The Model 354A is a turret-type coaxial attenuator which provides 

0 to 60 dB of attenuation in 10-dB steps over the frequency range from 
dc to 12.4 GHz. Attenuation changes are made with a simple knob ro- 
tation: no pull-turn-push sequence is required. For bench use the at- 
tenuator is supplied with a base; however, the base is removable for 
easy conversion to panel mount. 

rectional coupler to achieve a wide range of attenuation over a full oc- 
tave. The H P  393A covers 5 to 120 dB from 500 to 1000 MHz; H P  
394A covers 6 to 120 dB from 1 to 2 GHz. With special high-power 
terminations they handle up to 200 watts average. Since these instru- 
ments are variable directional couplers, they are particularly useful 
for mixing signals while maintaining isolation. 

355C, D, E, F manual and programmable 
attenuators, dc to 1 GHz 33300/01/04/05 Programmable step attenuators, 

These are precision attenuators from dc-I GHz. The 355C and D 
are manual while the 355E and F are programmable. 0-12 dB in I-dB 
steps are provided by the 355C and E; 0-120 dB in 10 dB steps are Pro- 
vided by the 355D and F. Attenuator sections are inserted and re- 
moved by cam-driven microswitches. The programmable version uses 
a 7-pin connector which allows remote control by BCD signals. 

GHz to 2 GHz 

dc to 18 GHz 
These step attenuators provide a fast and precise means for elec- 

trically controlling the level of signal attenuation in automatic test 
systems. They are available in four basic configurations: 0-70 dB in 
IO-dB steps (333001, 0-42 dB in 6-dB steps (33301), 0-1 1 dB in l-dB 
steps (33304) and 0-1 10 dB in IO-dB steps (33305). Magnetic latching 
solenoids (12 and 24 volts) are used to switch individual attenuation 
elements into and out of contact with a 50 ohm transmission line, A 
and B are “no contacts” and C and D are “with contacts.” Refer to 
data sheet for further specifications of the 33300/01/04/05. 

393A, 394A Attenuators, 500 MHz to 1 GHz and 1 

Each of these coaxial variable attenuators uses the principle of a di- 

I 1 Type N female connector available as option 001 - TNC female conrector available as option 005 3 Maximum Pulse Width 10 psec 
4 Power Sensitivity 0 001 dB/dB/Watt 2 With SMA female Connectors 



n m m m  

MICROWAVE TEST EQUIPMENT 
Coaxial step attenuators 

Models 8495A, B; 8496A, 6; 33321A, B; 33322A, B 

HP 
Model 

8495A 

84958 

8496A 

0 High Accuracy 
0 Low VSWR 

Frequency 
Range VSWR' 
GHz (50Q Nominal) Accuracp 

DC - 4 1 3 5  17064 

1 35.10 8 GHz 
15 ,  to 12 4 GHz 
1 7, to 18 GHz 

3%' to 12 4 GHz 
452 to 18 GHz DC - 18 

D C - 4  1 5  17%' 

0 High Repeatability 
0 Convenient Size 

84968 
1 5. to 8 GHz 
1 6 ,  to 12 4 GHz 
19. to 18 GHz 

3%' to 12 4 GHz 

4%' to 18 GHz 
DC- 18 

33321A D C - 4  1.35 1.7%4 

8496A 8495B 

333228 

8495A,B; 8496A,B 
These new miniature, precision coaxial step attenuators offer out- 

standing performance at  attractive prices. The attenuators offer the 
choice of two frequency ranges and two attenuation ranges. The high 
frequency version covers from dc to 18 G H z  in two attenuation 
ranges, 0 to 70 dB and 0 to 110 dB. The low frequency version, dc to 4 
GHz, is available also in two attenuation ranges, 0 to  70 dp and 0 to 
110 dB. A choice of three connector types is available: Type N,  SMA, 
and APC-7. 

Attenuator sections are inserted and removed by low-torque cam- 
actuated contacts. These contacts are gold-plated leaf-springs to en- 
sure long life and extremely high repeatability (typically 0.02 dB). 

The attenuators employ a resistive thin-film deposited on attenua- 
tor cards as the resistive elements. The thin-film deposition process en- 
sures high accuracy and low VSWR (1.35 at 4 GHz, 1.7 at 18 GHz) 
over the specified frequency range. Performance to specifications is 
verified by fully testing each attenuator with the H P  Automatic Net- 
work Analyzer. 

33321A,B; 33322A,B 
The H P  coaxial step attenuators provide you low cost RF/micro- 

wave signal attenuation in accurate, highly repeatable steps. The H P  
33321A/B (0-70 dB in 10 dB steps) and the 33322A/B (0-1 I O  dB in 10 
dB steps) are lightweight and compact for simple integration into your 
instrument or system. Both models are available in either dc-4 GHz  or 
dc-18 G H z  versions. They are similar in construction to the 8495A/B 
and 8496A/B. 

The attenuator elements are miniature thin film T-pads, utilizing 
tantalum resistive films on sapphire substrates. This thin film tech- 
nique permits the construction of circuits which are truly distributed 
and without stray reactances, even at  very high microwave frequen- 
cies. The result is exceptionally flat attenuation from dc to 18 GHz. 
The inherent stability of the sapphire-tantalup combination results in 
an extremely small variation of attenuation with temperature (less 
than 0.0001 dB/dB/OC) and thus contributes to the attenuator accu- 
racy and repeatability. 

Performance to specifications is verified by fully testing each atten- 
uator with the H P  Automatic Network Analyzer. 

Residual Power3 
Attenuation Handling Incremental' 

Attenuation 
Dimensions 

mm (in) Price 

$400 
$400 
$450 

0 - 70 d 8  
in IO d 8  
Steps 

0.4 d8 -+ 
0.07 db/GHz 

1 W avg 
100 W peak' 

130.2 X 54 X 43 
(51% x 21% x 1%) 

0 - 110 d8 
in 10 d 8  
steps 

158 8 X 54 X 43 
6% X 2H X 1%) 

0 6 d B  
+ 
0.09 db/GHz 

1 Wavg 
100 W peak3 

0 - 70dB 
in 10 d8 
steps 

123 2 X 45 3 X 22 4 
(4% x I %  x 7,) 

1 Wavg 
100 W Peak5 

0 07 d8iCHz 

1 W avg 
100 W peak5 

0 09 dB/GHz 

1.35 to 8 GHz 

1 7 to 18 GHz 

3%' to 12.4 GHz 

406' to 18 GHz 
I 333218 I DC - 1 8  I 1.5 to 12.4 GHz 

I 33322A I DC - 4  I 1.5 I 17%' 
0 - 110 d 8  
in 10 d 8  
steps 

150.7 X 45.3 X 22.4 
(5'%, x 1% x %) 1.5; to 8 GHz 

1.9: to 18 GHz 

3C'to 12.4 GHz 

406l to 18 GHz 
I 333228 1 DC - 18 I 1.6: to 12.4 GHz 

I I I I 

I .  VSWR Specification applies irrespective of connector type, 
2. Repeatability is typically 0.02 d8. 
3. Power Sensitivity. 0.001 dEld8iwatt for all models. 
4. Refer to Data Sheet for more details. 
5. Maximum pulse width: IO p sec 

6. When ordering, Connector Option must be specified: 
Option 001. Type N(F) 
Option 002, SMA(F) 
Option 003. APC-7 



MICROWAVE TEST EQUIPMENT 
Waveguide attenuators 
Model 382A, C & 375A 

Frequency coverage to 40 GHz 
High accuracy 

K and R382A 

Low VSWR 
Excellent repeatability 

X375A 

382 Precision variable attenuators 
Operation of these direct-reading, precision attenuators depends on a 
mathematical law, rather than on the resistivity of the attenuating ma- 
terial. Accurate attenuation from 0 to  SO dB (0 to  60 dB for S382C) is 
assured regardless of temperature and humidity. The instruments can 
handle considerable power and feature large, easily read dials. In ad- 
dition, the S382C achieves both long electrical length and short physi- 
cal dimensions through dielectric loading. The result is an S-band at- 
tenuator which is only 641 millimeters (25% inches) long and vet is 

H, X and P382A 

375A General-purpose attenuators 
Variable flap attenuators provide a simple, convenient means of ad- 
justing waveguide power level or isolating source and load. They con- 
sist of a slotted section in which a matched resistive strip is inserted. 
The degree of strip penetration determines attenuation. A dial shows 
average reading over the frequency band, and a shielded dust cover re- 
duces external radiation and eliminates hand capacity effects. Attenu- 
ation is variable from 0 to 20 dB. Dial calibration is accurate within 
f l  dB from 0 to 10 dB. f 2  dB from 10 to 20 dB. Maximum VSWR . -  

more accurate than previously available units. 

Specifications 

1.1s. 
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MACRQWAVE TEST E10U11PNEF - 1  

Broadband coax couplers 
Models 774D-778D & 11692D 

1 1692D 

778D 

774D 

778D Dual directional coupler 
The H P  778D is a 20-dB dual directional coupler with a frequency 

range of 100 MHz to 2 GHz. High directivity and close tracking (typ- 774D-777D Dual directional couplers 
The economical 774D-777D couplers cover frequency spreads of 

more than two-to-one, each centered on one of the important VHF- 
UHV bands. With their high directivity, these couplers are ideal for 
reflectometer applications. Furthermore, the close tracking of the aux- 
iliary arms makes these couplers particularly useful for reflectometers 

icaljy 0.7 dB and 4") of the auxiliary arms make it ideal for reflectom- 
eter measurements of complex reflection coefficient. 

692D Dual directional coupler (new) 
The high directivity, dual directional I1692D coupler is a precision 

I . I . ~ , ,  , ~ ~ I - 3  .~~ .._ ... ! ,,-.-__ L ^ ^  r r n  O L n n D  ..-A :-.*-..-.-..+ A-n:-..-A r,.+ h - , . - A h - - A  ".., ,,.+ ,,fl,.-,+,- m,...licn+inme i n  ariven IJY externally-leveleo sweep usuiiaiurs suu i  ab n r  O U Y W D  dllU 

8620A/B. The forward signal is detected and used to  level the output 
of the sweep oscillator while the reflected signal, after detection is ap- 
plied to a display device. Changes in the leveled power due to the cou- 
pling variation in the forward arm are virtually cancelled by a similar 
coupling variation in the reverse arm. 

774D, 7 

Model 

776D 

777D 

11692D k 

,,,a11 "111G;111 "F;JI&I,GU ,u, u, Uauuallu Jwcp' , c , ,v , , , c .Lc I  app"c'l"v"n 111 

the 2 to 18 GHz frequency range. With its wide frequency coverage, 
the 11692D coupler can replace several couplers without performance 
degr 
tion 
set L 

adation, thus adding economy and convenience to  swept retlec- 
and transmission coaxial microwave measurements by reducing 

IP  and calibration time. 

ms 
Shipping 

Max Lendh Weinht 

75D, 7760, 777D, 7781) and 116921) Specificatic 
Frequency 

Range Coupling Coupling 
MHz Attenuat. Variation Directivity SWR Input 

215-450 20dB f l  dB 40 dB 1.15 pri 
1.2 aux. 

450-940 20dB f l  dB 40 dB 1.15 pri 50 W avg. 
1.12 aux 500 W peak 

940-1900 20 dB f l  dB1 40 dB 1.15 pri 0.1 sec 
1.2 aux duty cycle 

1900-4000 20 dB f 0 . 4  dB' 30 dB 1.2 pri 
1.3 aux 

100 - 2000 

2-18 GHz 

20 dB f l  dB2 
nominal 

22dB I f l d B 4  
nominal 

1. Aux arm tracking: 0.3 dB for 776D. 0.5 for 777D. 
2. Auxiliary arm typically trace within 0.7 dB and 4". 
3. Option 011: APC-7 output. N ( I )  input. 

Option 012: N (m) output. N (f) input. 

Reflected Port: 
36 dB, 0.1-1 GHz 
32 dB, 1-2 GHz 

30 dB, 0.1-2 GHz 
Inc. port: 

30 dB; 2-8 GHz 
26 dB, 8-18 GHz5 

1.1 all 50 W avg. 
10 kW Pk. 

50 W avg. 
250 W Pk. 

- - 
Pri: 1.3; 

1.4; 

aux: 1.3 

2-12.4 GHz 

12.4-18 GHz 

I I I 

4. Incident to test port. 
5. 24 dB with type N connector on the test port. 
6. Other connector options are available. See data sheet for details 

Connector 

Pri: type N(m.f) 
Aux: type N ( f )  

Pri line3 
. ... . 
input: N(m) 
output: N ( f )  
Aux arms: N(f) 

Pri Line6 
input: N ( f )  

Aux. arms: N(f) 
Output: APC-7 

$ 425 

$ 400 
161 1.4 



MICROWAVE TEST EQUIPMENT 
Directional couplers 
Models 779D, 790 Series, 780 Series, & 11691D 

HP Frequency 
Model range (GHz) 

779D 1.7 to 12.4 

796D 0.96 to 2.11 

7978 1.9 to 4.1 

798C 3.7 to 8.3 

11691D 2 to 18 

Mean Output Max. Max. Max 
output coupling Direc- Equiv. primary aux. Max Insertion Shipping 

coupling variation tivity source line arm input loss length weight 
(dB)l (dB)2 match2J SWR SWR (W) (dB)' (mm) (in) (kg) (Ib) Price 

20 f 0 . 5  < f 0 . 7 5  GHz, 26, 1.2 1.2 1.2 50 0.5 196 7% 1.4 3 $570 

20 H l . 5  f 0 . 2  30 1.13 1.152 1.202 50 0.4 152 6 0.9 2 $325 

20 H l . 5  50.2 26 1.16 1.152 1.25* 50 0.5 124 4% 0.9 2 $330 

10 *0.3 f0.3 20 1.25 1.20 1.20 10 0.8 124 4% 0.9 2 $400 

30, 1.7-4 

4-12.4 GHz 

22 30 1.3 

265 1.5 
Nominal f l  (2-8GHz) 1.2 (2-12.4GHz) 1.3 50 2 404.8 1515/16 2.25 5 $825 

(8-18 GHz) (12.4-18 GHz) 

780 Series specifications 

loss 
(dB) 

I Shipping I I  
length weight 

(mm) I (in) I (kg) I (Ib) Price 

0.4 1 152 1 6 I i:: I 1 I $350 1 
0.5 124 4% 9 $350 

0.8 124 4% 0.9 $450 

1.2 295 11% 1.4 5725 

For all models: Detector output impedance: 15 k 0  maximum Detector output polarity: negative (positive polarity available, no 
shunted by approximately I O  pF. 
Detector element: supplied. Detector output connector: BNC female. 
Noise: <200 pV peak-to-peak with CW power applied to produce 
100 mV output. male) 
1 Includes coupler and detector variation with frequency as read on a meter calibrated for square-law detectors 

( e a .  HP 415E SWR Meter) 
? 2 The apparent reflection coefficient at the output of an RF generating system, using a directional detector in a 

closed loop leveling system 

extra charge, specify option 003). 

RF connectors: type N,  one male (input), one female (789C Both fe- 

3 Options available 
002. Matched load resistor for optimum square law operation add $20 
< f O  5 dB variation from square law, over a range of at least 30 dB, up to 50 mV peak output into >75 kO, 
sensitivity typically one-fourth of unloaded sensitivity 
003. pr i t ive polarity detector output no additional charge 





Crystal detectors 
Models 84704 84714 8472A, 423A, 424A, 42QA/B, 422A 

Flat response 
High sensitivity 

Low VSWR 
Excellent square law characteristics 

8470A 8472A 

Description 
The H P  8470A and 8473A extend the frequency range of coaxial 

crystal detectors to 18 GHz. Like the 423A and 424A Crystal Detec- 
tors, the 8470A and 8472A combine extremely flat frequency response 
with high sensitivity and low SWR, making them extremely useful as 
the detecting element in closed-loop leveling systems. Matched pairs 
are available for applications requiring the utmost in detector track- 8471A 423A 

420A X424A 

Specifications 
Low-level 

HP Freouencv Frmuencv Sensitivitv Marimiii 

ing, and all but the 8472A can be supplied with video loads for opti- 
mum conformance to  square law over a range of at least 30 dB. 

The 422A Crystal Detectors are convenient waveguide detectors 
which cover K- and R-bands. They have a dynamic range of 40 dB or  
more, making them suitable for reflectometer as well a i  general-pur- 
pose applications. 

The 420A is a low-cost crystal detector which covers the coaxial 
range from I O  MHz to 12.4 GHz,  making it ideal for general-purpose 
video detection. The 420B is  essentially the same unit as the 420A with 
the addition of a selected video load for optimum square-law charac- 
teristics in the 1 to 4 GHz range. 

- 

"...._ m RF 

8471A 100 KHz- f0.6; typ Typically 1.3 BNG 
1.2 GHz f0 .1 /100  MHz Male 

to 8 GHz; f0.5 1.35, 4.5-7 GHz Male 

~ ~., 
Model Rai&iH; Re;;:idi$ SWR Input 

.. . 

423A 0.01 -12.4 fO.Z/octave 1.2 to 4.5 GHz; Type r 
overall 1.5, 7-12.4 GHz 

420A 0.01-12.4 f 3 . 5  dB >0.1 3.0 Type 
Male- 

4208 1-4GHzwith f3 

L to 8 GHz; 
f0.5 to 12.4 GHz 
f l  Overall 
Same as 8470A 

Matched Square- 
Pair l a w  Load 

Available Available 
No No 

U Yesi Yes2 

U No No 

Type N Yes1 Yes2 
Male 
APC-75 Yes1 Ye5 

SMA Yes1 No 
Male 

Yes3 Yes2 
Yes3 Yes2 

Wave- Yes3 Yes2 
Guide Yes3 Yes2 

Length Shipping Weight 

- (In.) (mm) (Ib) (kg) Price 
1 0.5 $ 50 

0.5 0.2 $150 
- 

- 
0.5 0.2 $ 65 " I  

Cover Yes2 

ns, (4.2 V pk). Detector element supplied. 
specify Option 003-no additional charge; for 8471.4 specify Option 004-no additional charge; for 847% 

add $40 'Opt. 001: Matched pair of waveiuide units fitted with rquare4aw loads 
frequency tracking (excluding basic sensitivity) * I  dB for power levels less than approxi. 
mrtrlv 0 0 5  mW 1-11 dRm> 

add $80 
110 MHz to 18 
for R470R and 

For all models-Maaimum Inpu l l 00  mW peak or average, 8471.4: 3 V rr 
output polarity: negative (positive output available: for 423.4, 8470.4, 424A 
by speual order only). Output connector: BNC lemale. 

'Opt. 001: Matched pair coaxial ddKtors 
frequency tracking (excluding basic sensitivity) f0.2 dB over an octavefron 

8472.4). -?PI. 12 type N male input . . ----- 
'Opt. 002: Match lpt. 13 type N female inpi 
<it5 dB variati Ipt. IC4 OSSM female out 
>O.l mv/rW. :ircular flante adapters: 
'Opt. 002 Matchw pair wavyuiae a n K t o n  11515A (U6425/U) for K-l 
frequency tracking (excluding basic sensitivity) f0.2 dB for S. G. 1. and H bands; f0.3 dB 11516A (U6.381/U) for R-t 
for X.band: and iO.5 dB for M and P-bands. 

. . ..- GHz; f0.3 dB from 8 to  12.4 GHz; and f0.6 dB from 12.4 to 18 GHz ( . . ~ . . ..... ~ _ _  

aaa $LU 

I 

*I 
id load resistor for square law operation add $20 I 
on from square law up to 50 MV peak into >75 kn: sensitivity typically 

71 . .  . . . - " ~  

connector tor w u n  
it connector for 84701 
,put connector for 8412L 

land 
land 

add $1) 
add $15 
add $15 

each $100 
each $100 



MICROWAVE TEST EQUIIPMEMK 
Slotted lines 

Models 805C, 809C, 810B, 816A, 817A/B, 444% 4478 

Precision tools for measurements to 40 GHz 

817A 

Slotted lines 
Hewlett-Packard offers a broad line of slotted lines and associated 

equipment to measure standing-wave ratio covering the frequency 
range of 0.5-40 GHz. A summary of this product group is presented 
on the following three pages. 

805C Coaxial slotted line, 0.5-4 GHr 
Model 805C is a coaxial slotted line with an integral probe circuit 

tunable from 500 to 4,000 MHz. The slotted line consists of two par- 
allel planes and a rigid center conductor. This configuration results in 
negligible slot radiation, minimum sensitivity to variation in probe 
depth or centering, and greater structural stability. 

80% Specifications 
Frequency range: 500 to 4,000 MHz. 
Impedance: 509. 
Residual SWR: less than 1.04:l. 
Connectors: type N, one male/female. 
Calibration: metric, cm and mm; vernier reads to  0.1 mm. 
Dimensions (maximum envelop): 637 X 178 X 178 mm (25 X 7 X 7 
in). 
Shipping weight: 12.1 kg (27 Ib). 
Detector probe: tunable; detector may be IN21 B crystal (supplied) 
or 821 series barretter or selected %oo-amp instrument fuse. 
Accessories furnished 11511A N female short; 11512A N male 
short. 

1.8-18 GHz 
The H P  817A/B is a fully tested system that permits accurate swept- 

frequency SWR measurements in coax from 1.8 to  18 GHz. In this 
range, especially above 4 GHz, coaxial directional couplers suffer 
from low directivity, thus limiting the accuracy of swept-frequency re- 
flectometers. The 817A/B enables you to realize the accuracy of the 

817NB Coaxial swept slotted line systems, 

8176 

slotted line technique and the complete coverage and time saving of 
swept-frequency testing. Higher accuracies can be achieved only by 
using error correcting automatic network analyzer systems. 

The Model 817B Swept Slotted Line System consists of an 816A co- 
axial slotted line, an 809C carriage with baseplate, and the 448B slot- 
ted line sweep adapter which accepts the detectors of the H P  8755 Fre- 
quency Response Test Set. The 817A system consists of the 816A slot- 
ted line, the 809C carriage, and the 448A sweep adapter equipped with 
its own matched detectors for use with logarithmic amplifiers. 

81 7A/B Specifications 
Frequency range: 1.8 to 18 GHz. 
Impedance: 50Q *0.2Q. 
Output connector: APC-7 or type N female, depending upon which 
end of the 816A is connected to the load. 
Residual SWR: 
APC-7 connector: 1.02- 1.04 depending on frequency coverage. 
Type N connector: 1 .04-1.06 depending on frequency coverage. 
Accessories furnished: 11512A N male short, 11565A APC-7 short. 
Dimensions (maximum envelope): 343 X 178 X 178 mm. (13%”, 
7”, 7“). 
Shipping weight: 9.0 kg (20 Ib). 
Option 011: Both connectors APC-7. 
Option 022 type N male connector in lieu of APC-7. 
Model number and name Price 
805C Coaxial Slotted Line $ I250 
817A Coaxial Swept Slotted Line system $ 1250 
817B Coaxial Swept Slotted Line system (accepts the 

$1200 
Opt. 011 (For both 817A and 817B) Both Connectors 

add $25 
Opt. 022 (For both 817A and 817B) type N male con- 
nector in lieu of APC-7 less $ I5 

detectors of the 8755A Frequency Response Test Set) 

APC-7 



MICROWAVE TEST EQUIIPMENT 
Slotted lines 
Models 816A, 809C, 810B's, 444A & 4470 

Precision tools for measurements to 40 GHz 

HP Frequency Fits Waveguide 
Model range (GHz) size Ell\ Equivalent 

UG441/U 1810B 5.30-8.20 WR137 

81 6A 

Price 

$375 

809C X810B 

H810B 

809C Carriage 
The 809C Carriage operates with the 816A Coaxial Slotted Section 

and four 810B Waveguide Slotted Sections. Four detectors can be 
used with the 809C: the 442, 444A, 447B, and 448AIB. The carriage 
has a centimeter scale with a vernier reading to  0.1 mm, and provision 
is made also for mounting a dial gauge if more accurate probe posi- 
tion reading is required. 
816A Coaxial slotted section, 1.8-18 GHz (Used with 809C Car- 
riages and 4478 or 448AjB Detector Probes). 

The 816A consists of two parallel planes and a rigid center conduc- 
tor. This configuration virtually eliminates radiation and minimizes 
the effect of variation in probe penetration and centering. It is fitted 
with one APC-7 and one type N female connector. 

Frequency: 1.8- 18 GHz. 
Residual VSWR: APC-7, 1.02-1.04 depending on frequency cover- 
age. 'Type N,  1.04-1.06 depending on frequency coverage. 
Length: 248 mm (9% inches). 
Weight: net, 0.68 kg ( 1 %  Ib); shipping 1.4 kg (3 Ib). 
Accessories furnished: 11512A type N male short; 11565A APC-7 
sh 3; 1 .  
Option 011: both connectors APC-7. 
Option 022 type N (m) connector in lieu of APC-7. 

816A Specifications 

4478 Detector 
Model 441B consists of a crystal diode detector plus a small an- 

tenna p.obe for sampling energy in H P  816A Coaxial Slotted Lines. 
l'he untuned probe is extremely sensitive over its frequency range of 
1.8 to 18 GHz. l ' h e  447B fits H P  809C Carriage or other carriages 
with a 19 mm (v) mounting hole. 

444A Untuned probe, 2.6-18 GHz 
The 444A Untuned Prcibc, for use with H P  810B Waveguide Slot- 

I UG138/U I $375 7.05-10.0 WR112 

1 P810B I 12.4-18.0 I WR62 I UG419/U I $375 I 
Model number and name Price 

8 16A Coaxial Slotted-Line Section $400 
Option 01 1 both connector APC-7 add $25 
Option 022 type N (m) Connector in lieu of APC-7 less $15 
4478 Untuned Probe for use with 816A coaxial slotted- 
line $150 
444A Untuned Probe for use with 810B waveguide 
slotted-line $90 

809C Slotted-Line Carriage $375 



MICROWAVE TEST EQUIPMENT 
Slotted lines 

Models 440A, 4426, 4466, 448A/B, 8146, K8156, RE156 

Precision tools for measurement to 40 GHz 

440A Detector mount 
The 440A is a tunable mount used for detecting R F  energy in coax- 

ial systems or in conjunction with the H P  442B in waveguide or coax- 
ial slotted sections. Detector (not supplied) can be a IN21 or IN23 
Crystal or 821 Series Barretter. 

4426 Broadband probe, 2.6-12.4 GHz 
Model 4428 is a probe whose depth of penetration into a slotted 

section is variable. Held in position by friction, it may be fixed in place 
by a locking ring. Sampled R F  appears at a type N jack. It can be con- 
nected to  a 440A Detector Mount to form a sensitive and convenient 
tuned R F  detector for H P  810B Waveguide Slotted Sections. The 
442B fits the 809C Carriage. Frequency range is 2.6 to 12.4 GHz. 

448A/B Slotted line sweep adapter, (detector 
probe) 1.8-18 GHz 

The 448B consists of a short section of slotted line and two adjust- 
able probes fitted with Type N connectors for mating with the detec- 
tors of the 8755 Frequency Response Test Set. 

The 448A consists of a short slotted line and two matched detectors 
with adjustable probes. One detector levels the signal source, the other 
monitors the standing waves in the 816A. 

Frequency Range: 1.8- I8 GHz. 
Connectors: type N ,  one male/female. 
Weight: net, 7 oz (0.20 kg); shipping, 14 oz (0.40 kg). 

448A/B Specifications 

8156 Slotted section, 18-40 GHr (used with 814B 
carriage and 446B detector) 

The 815B Waveguide Slotted Sections are designed to  fit the 814B 
Carriage. Like the lower-frequency slotted sections, each 815B is pre- 
cision-manufactured, broached and checked with precision gauges for 
careful control of guide wavelength. The slot is tapered to insure a low 
SWR. 

8156 Specifications 

R 8 1 5 B O  

Frequency range (GHz): 18 to  26.5 26.5 to 40 

Residual SWR: 1.01 
Overall length: 192 mm (79/16") 192 mm (7'/16") 

'Circular flange adapters K-band (UG425/U) 11515A, R-band (UG381/U) 11516A. 

8148 Carriage 
The H P  814B Carriage is designed for use with the K815B (18 to 

26.5 GHz) and R815B (26.5 to 40 GHz) Waveguide Slotted Sections 
and H P  446B Untuned Probe. The carriage is equipped with a dial in- 
dicator for accurate reading. Slotted Sections and H P  4468 Untuned 
Probe. The carriage is equipped with a dial indicator for accurate 
reading. Slotted sections are easily interchanged. 

4468 Broadband detector 
The H P  446B is a broadband detector and probe which consists of a 

modified IN53 silicon diode in a carefully designed shielded housing. 
N o  tuning is required, and probe penetration may be varied quickly 
and easily. Designed for use with the 814B Carriage, the 446B has a 
frequency range of 18 to 40 GHz. 
Model number and name Price 
440A Detector Mount $175 
442B R F  Probe $100 
448A Slotted Line Sweep Adapter $450 
448B Slotted Line Sweep Adapter $325 
446B Broadband Untuned Probe $350 
814B Slotted Line Carriage Assembly $850 
K815B Waveguide Slotted Line Section $695 
R815B Waveguide Slotted Line Section $725 



MlCROWAVE TEST ECJUIPMENT 
Terminations 
Models 905; 907-911; 914; 920; 930 

HP 
Model 

905A 

907A 

Loads and shorts for measurements to 40 GHz 

Frequency Power length Shipping 
ranla Load SWR rating in. (mm) weight Price 

1 Wavg. 17% 31b $310 1.8-18GHz 1.05 

1-18 GHz ~ 1.1, . - 1-1.5 . . . - GHz; . . . 1 W avg. 307 91b $525 

5 kWpk (440) (1.4 kg) 

-* 5 
907A 

Frequency Power 
Ranre (GHz) SWR Rating Type 

51-R? 1 watt f w d  

905A, 907A, 911A Sliding loads 
The 905A, 907A afld 911A are movable 50Q, low reflection loads 

for precision measurements. The 905A and 907A are supplied with 
three interchangeable connectors, N-male, N-female and APC-7. The 
91 IA is supplied with SMA male and female. 

908A, 909A Terminations 

905A, 907A, 911A Specifications 

The 908A and 909A Terminations are low-reflection loads for ter- 
minating 50Q coaxial systems in their characteristic impedance: 

Waveguide 
Size 

(EM) Price 

WR177 ticln 

r 
I 

Model R 

1920A 

H920A 7 
X923A 

P920B 1 $225 

K920B 1 8 0 - 2 6 5  $450 

R920B 26 5-40 0 WKLO 5385 

X930A 8 2-12 4 WR90 $350 

- - 
- - 
- - 
- 

I I I I 

11511A, 11512A, 11565A SI 
These shorts are used for establishinz measurement uianes ana 

known reflection phase ar 

Model number and naml 
11511A N-female short 
11512A N-male short 
11565A APC-7 

- 
id magnitude in 50Q coaxial systems. 

e Price 
$10 
$10 
$30 

H920A XSIOB 

91OA/B, 914A Waveguide terminations 
The 910A/B are fixed termination for waveguide systems. The 

914A/B are similar to  the 910A/B, except that its absorptive element 
is movable and a lockable plunger controls the position of the ele- 
ment. 

920A/B, X923A, X930A Shorts 
The 920A/B are movable shorts, adjustable through at  least half a 

wavelength at  the low end of the band. The X923A is also a movable 
short, but is adjustable through about two wavelengths at 8.2 GHz. 
The X930A is a removable short. SWR is less than 1.02 in “open”, 
greater than 125 in “short.” 

910A/E I, 914A/B Specifications 

El Model 

I x9iOB I 8.2-12.4 I 1.015 I 1 watt I fixed I WR90 I $ 75 I 

920A/B, X923A, X930A Specifications 

ange (6111) 

5 3-8.2 

.05-10.0 

8.2-12.4 

2.4-18 

Waveguide Size 
E M  

WR137 

W R I I ?  

WR90 

WR62 

WR42 



0 Effective elimination of undesirable signals 
0 Low insertion loss through passband 

cut-off 
HP frequency Insertion Rejection Impedance VSWR 

50Q <1.6 to Less than Greater 
1 d6 than 50 d6  5 0 3  100 MHz 
below ai 1.25 of cut-off 
0.9 times times 5052 <1.6 to  
cut-off cut-off within 
frequency frequency 200 MHz 

of cut-off 
360D 4100 50Q <1.6 to 

within 
300 MHz 
of cut-off 

Loss Model MHz 
360A 700 

3606 1200 

360C 2200 

within 

360D 

Overall Shipping 

mm (in) kg (Ib) 
Connectors Length Weight Price 

Type N (M, f) 276 0.9 $175 

Type N (M, f) 183 0.9 $175 

Type N (M, f )  274 0.9 $125 

(10%) (2) 

(7732) (2) 

(102%2) (2) 

Type N (M, f) 187 0.45 $125 
(7%) (1) 

These Hewlett-Packard low-pass and bandpass filters facilitate mi- 
crowave measurements by eliminating undesirable signals (such as 
harmonics) from the measurement system. Suppression of such sig- 
nals is particularly important in applications such-as broadband re- 
flection and transmission measurements or slotted line measure- 

Coaxial low pass filters, 360 series specifications 

Passband Waveguide Shipping 
HP Passband Stopband Insertion Stopband VSWR Size length Weight 

Model GHz GHz Loss Rejection mm (in) mm (in) k i  (Ib) 
X362A 8.2 - 12.4 16 - 37.5 1.5 25.4 X 12.7 136 0.9 

(1 x 9) (5'%2) (2) 
WR 90 

than .Least (0.85 X 0.475) (4%) (2) 
M362A 10.0 - 15.5 19 - 47 Less At 1.5 21.59 X 12.07 114 0.9 

WR 75 

(0.702 X 0.391) (3'%6) (13 oz) 
WR 62 

(M x %) (2%) (5.3 oz) 
WR 42 

R362A' 26.5 - 40.0 47 - 120 Less At 1.8 9.14 X 5.59 42 0.11 
than Least (0.36 X 0.22) (1*%2) (4 02) 

1 d6  40 d6  
P362A 12.4 - 18.0 23 - 5 4  1.5 17.83 X 9.93 94 0.37 

K362A' 18.0 - 26.5 31 - 8 0  1.5 12.7 X 6.35 64 0.15 

2 d6 35 d6  WR 28 

Low-pass; bandpass filters 
Models ~ ~ o A - D ;  3 6 2 ~ ;  a43o~-a436~ 

Price 

$575 

$400 

$550 

$415 

$465 

No spurious response 

....... .I, .* 

,...- -. . . 

i 
i 

X362A 8432A 

ments, where harmonics generated by the signal source could other- 
wise impair measurement accuracy. These filters also can be used as 
preselectors for the H P  8555A Spectrum Analyzer. As such, they per- 
mit the maximum utilization of the analyzer's broad spectrum-width 
capability while ensuring virtually spurious-free displays. 

Connectors. Type N. one male, one female 



MICROWAVE TEST EQUIPMENT 
Frequency meter 
Models 5324918, 53649 81 53749 

I 

Model 

536A 

537A 

1532A 

H532A 

X532B 

P532A 

K532A5 

R532A5 

0 High resolution, easy-to-read dial 
0 Direct reading 

Frequency Dial Overall Calibration Fits Waveguide Size In. (mm) Weight Ib (kg) 
Range Accuracy Accuracy1 Dip at Increment Nom. Equivalent 
(GHz) (9) (9) Resonance (MHz) OD(in) EIA Flange Length Height Depth Net Shipping 

0.96-4.20 0.102 0.173 Note6 2 152 232 152 10(4.5) 13 (5.9) 

3.7-12.4 0.10 0.17 1 dB min 10 118 146 89 4(1.8) 5(2.3) 

5.30-8.204 0.033 0.065 1 dB min 2 1% X % WR137 UG-441/U 159 232 114 8(3.6) 11 (5.0) 

7.05-10.0 0.040 0.075 1 dB min 2 1% X 7'~ WR112 UG-l38/U 159 203 111 S(2.7) g(4.1) 

8.20-12.4 0.050 0.08 1 d B  min 5 1 X % WR90 UG-39/U 114 156 73 3(1.4) 4(1.8) 

12.4-18.0 0.068 0.10 1 dB min 5 0.702 X WR62 UG-419/U 114 159 70 3(1.4) 4(1.8) 

18.0-26.5 0.077 0.11 1 dB min 10 % X % WR42 UG-595/U 114 137 73 Z(O.9) 3(1.4) 

26.5-40.0 0.083 0.12 1 dB min 10 0.360 X WR28 UG-599/U 114 140 70 Z(O.9) 3(1.4) 

(6) (9%) (6) 

(4%) (5%) (3%) 

(6%) (9%) (4%) 

(6%) (8) (4%) 

(4%) (6%) (2%) 

0.391 (4%) (6%) (2%) 

(4%) (5%) (2h) 

0.220 (4%) (5%) (2%) 

0 Broadband 
Accuracy specified over 20°C and 0 to 100°/o relative 
humidity 

These direct-reading frequency meters allow you to measure fre- 
quencies from 5.30 to 40 GHz in waveguide and from 960 MHz to 
12.4 GHz in coax quickly and accurately. Their long scale length and 
numerous calibration marks provide a high resolution which is par- 
ticularly useful when measuring frequency differences or small fre- 
quency changes. Frequency is read directly in GHz so no interpola- 
tion or charts are required. 

The instruments comprise a special transmission section with a 
high-Q resonant cavity which is tuned by a choke plunger. A I-dB or 
greater dip in output indicates resonance; virtually full power is trans- 
mitted off resonance. Tuning is by a precision lead screw, spring- 
loaded to  eliminate backlash. Resolution is enhanced by a long, spiral 
scale calibrated in small frequency increments. For example, Model 

532A Series, 536A and 537A Specifications 

X532B has an effective scale length of 1956 mm (77 inches) and is  cal- 
ibrated in 5-MHz increments. Resettability is extremely good, and all 
frequency calibrations are visible so you can tell at a glance the speci- 
fic portion of the band you are measuring. Except for the J532A, there 
are no spurious modes or resonances. (See note 4 below.) 
Model number and name Price 

537A Frequency meter $600 
H532A Frequency meter $950 
J532A Frequency meter $950 
K532A Frequency meter $700 
P532A Frequency meter $500 
R532A Frequency meter $700 
X532B Frequency meter $500 

536A Frequency meter $775 

Tlecause of the wide frequency range of the 1532A, frequencies from 7.6 to 8.2 GHz can excite the TEl t2  mode 
when the dial is set between 5.3 and 5.6 GHz. 

5Circular flange adapters: K-band (UG.425/U) 11515R, R.band (UG-381iU) 11516A. 
61  dB min.. 1-4 GHz: 0.6 dB min.. 0.96.1 GHz and 4-4.2 GHz. 

'Includes allowance for 0 to 100% relative humidity, temperature variation from 13 to 33"C, and backlash. 
20.15. 0.96 to 1 GHZ. 
30.22, 0.96 to 1 G H ~ .  



MICROWAVE TEST EQUIPMENT '*.. 

Tuners, phase shifters 
Models 870A & 885A 

Model 

X870A 

X885A X870A 

Equivalent Shipping 
Freq. Range Fits Waveguide Size Flange Length Net Weight Weight 

8.20-12.40 1xn  WR90 UG-39/U 140 5% 0.34 % 0.9 2 $375 

( G W  Nom. OD (in.) ( E W  Type (mm) (in.) (kg) (Ib) (kg) (Ib) Price 

885A Waveguide phase shifters 
H P  885A Phase Shifters provide accurate, controllable phase varia- 

tion in the J- ,  X-, and P-band frequency ranges. They are particularly 
useful in microwave bridge circuits where phase and amplitude must 
be adjusted independently. They are also used in the study of phased 
arrays. 

The instruments are differential phase devices; that is, they add or 
subtract a known phase shift from the total phase shift which a wave 
undergoes in traveling through the device. 

The instruments have high accuracy over their entire phase range, 
-360 to  +360 electrical degrees, have low power absorption, are sim- 
ple to  operate, and require no  charts or  interpolation. They are stur- 
dily built, comprising two rectangular-to-circular waveguide transi- 
tions with a dial-driven circular waveguide mid-section. These wave- 
guide phase shifters are housed in cast aluminum containers for ex- 
treme rigidity and durability. 

870A Slide-screw tuners 
Waveguide slide-screw tuners are used primarily for correcting dis- 

continuities or for "flattening" waveguide systems. They are also used 
to match loads, terminations, power sensors, or antennas to the char- 
acteristic admittance of the waveguide. They are particularly valuable 
in determining experimentally the position and magnitude of match- 
ing structures required in waveguide system. 

H P  870A tuners consist of a waveguide slotted section with a preci- 
sion-built carriage on which an adjustable probe is mounted. The po- 
sition and penetration of the probe are adjusted to set up a reflectioti 
which is used to cancel out an existing reflection in a system. 

Probe penetration into the guide is varied by a micrometer drive. 
Position of the probe along the guide is adjusted by a thumb-operated 
wheel, and position can be read to 0.1 mm on a vernier scale. An SWR 
of 20 can be corrected to 1.02, 
actly. 

885A SDeci ifica tions 

Frequency Differential 
Range Phase Angle Accuracy2 Insertion SWR 

Model (GHz) Range* (The smaller of) Loss3 (max.) 

1885A 5.3-8.2 -360" to +360" f 3 "  or <2 dB 1.35 
0 l A &  

X885A 8.2-12.4 f 2 "  ( f 3 " ,  10- <1 dB, 8.2- 1.35 
12 4 GHz) or 10 GHz; <2 dB, 
O.lA& 10-12 4 GHz 

P885A 12.4-18 -3bU- 10 t 3 b U -  f 4 "  or O.lA@ <3 dB 1.35 

, . > "  L Y >  . , .L - L  , 

-360" to +360" 

Waveguide Size 
Power 
Rating 

(Watts) 

(1.5 X .75) 
WR 137 

(1 X 0.5) 

17.83 X 9.93 
(0.702 X 0.391) 
WR 62 

(1) Can ne sniiieo conrinuousiy rnrougn any numoer 01 cycles. 
(2) A 4  = phase difference in degrees. 
(3) Variation with frequency (fixed phase setting): approx. 1 dB. 

Variatibn with phase setting (fixed frequency): 4 4  dB. 1885A 0.3 dB max. 8.2 to 10 GHz and 0.4 dB max. 10 to 12.4 GHz, X885A 4 5  dB. P885A. 

870A SDecifications 

mm 
Flange (in) kg Ib Price 

638 8.2 18 $1400 

. 

UG-344/U (25%) 

397 5.0 11 $1100 
UG-39/U (15%) 

312 3.6 8 $1200 
UG-419/U (1215/~16) 

I P870A I 12.40-18.00 I 0.702 X 0.391 WR62 I UG-419/U I 127 5 I 0.23 y? I 0.9 2 I $375 I 
Correctable SWR an all models: 20. 
Insettion loss dB at carrected SWR af 20: 2 d6  max. 



MICROWAVE TEST EC?UUPPMNT 
Mixers, coaxial switches 
Models 934A. P932A & 8761A/B 

Model 

934A 

8761A Option 001 

Frequency Maximum Typical Miri. video 

2 to 12.4 100 mW -48 dBm at 3.5 GHz 1.4 mV p-p 

Range (GHz) Input Sensitivity output* 

-25 dBm at 10 GHz 

934A 

P932A I 12.4 to 18 100mW -10 dBm 0.4 mV p-p 

I Frequency I 7-mm I 

Characteristic impedance: 50 ohms. 
Frequency range: dc to 18 GHz. 
Standing-wave ratio: looking into one of the connected ports with 
50 ohms (or built-in termination) on the other, third port open. 
I I Connector type 

N I 
dc-12.4 GHz <1.15 (1.20) <1.20 (1.25) 
dc-18 GHz I <1,20 (1.25) I <1.25 (1.30) I ~ ~ : ~ ~ { ~ : ~ ! ~  I 

I SWR in parenthesisapplies to switch with built-in termination. I 
These specillcations apply when connected pods are of the same connector type. lor mixed connector types. the 

larger of tne two VSWA'r app ies N.connector VSWR specillcat onr app y to Option 4 conneclors 

Insertion loss: <0.5 dB, dc-12.4 GHz; <0.8 dB, dc-18 GHz. 
Isolation: >50 dB, dc-12.4 GHz; >45 dB, dc-18 GHz. 
Power: safely handles I O  W average, 5 kW peak, without built-in ter- 
mination; built-in termination rates at  2 W average, 100 W peak. 
Switching energy: 1.5 W for 20 ms (permanent magnet latching). 
Solenoid voltages (dc or pulsed): 12-15 V, 8761A. 

Switching speed 35-50 ms (includes settling time). 
Life: > 1,000,000 switchings. 
Dimensions: 41 X 38 X 38 mm (1.6 X 1.5 X 1.5 in.), excluding con- 
nectors and solenoid terminals. 
Weight: net, 140-220 g (5-8 02); shipping, 220-300 g (8-11 02). 

24-30 V, 8761B. 

8761A/B Ordering information 
Specify solenoid voltage and connectors (including built-in 50R ter- 
mination) by the alphabetic suffix on the switch model number and 
the appropriate three-digit option number. 

Port 1 Port2 POrtC - 8761A Option 001 
L I  
Solenoid Voltage Connector Configuration 

A: 12-15 V; B: 24-30 V 

Connector Type Connector Type 

N female 7-mm for UT-250 Coax 

Model numt e 
934A Harmo 3 
P932A Harmonic Mixer (12.4-18 GHz) $400 
8761AIB Coaxial Switch (Quantity 1-9) $155 
8761A/B Coaxial Switch (Quantity 10-24) $145 
8761A/B Coaxial Switch with built-in termination add $35 



MIICR0WAVE TEST EQUIPMENT, , i  

Miscellaneous equipment 
Models 281A-B, 292A-B, 11524A/25A, 11588A, 11606A 

- Frequency range 
(W 

8.20 to 10.0 
10.0 to 12.4 
12.4 to 15.0 
15.0 to 18.0 

NK292A I 1.05 I 60 I 2% 18.0 to 22.0 

0 Increase versatility of microwave measurements 

Price 

$ 90 
$125 
$ 95 
$ 75 
$ 75 

MX2 

X281 B 

1 1606A 

292A,B Waveguide to waveguide adapters 
Models 292A,B waveguide-to-waveguide adapters connect two dif- 

ferent waveguide sizes with overlapping frequency ranges. The 292A 
consists of a short tapered section of waveguide. The 292B is broached 
waveguide with a step transition between waveguide sizes. 

281A,B Coax to waveguide adapters 
H P  281A,B adapters transform waveguide impedance into SO-ohm 

coaxial impedance. Power can be transmitted in either direction, and 
each adapter covers the full frequency range of its waveguide band 
with SWR less than 1.25. 

11524A, 11525A, 11533A, 11534A Coax to coax 
adapters 

These coaxial adapters, not pictured above permit easy intercon- 
nection of 50-ohm precision 7-mm (APC-7) connectors and SO-ohm 
Type N or SMA (3-mm type) connectors. 

11588A Swivel adapter, 11606A rotary air line 
The I1606A rotary air line and the 11588A swivel adapter are capa- 

ble of a full 360" of rotation. A combination of the air line and the 
adapter permits rigit coax movement in three dimensions. Even the 
most awkwardly shaped devices can be easily connected or  discon- 
nected in a coax system with the aid of these components. 

Waveguide stand, waveguide holder 

281A,B Specifications 

1. 1.3 from 5.3 to 5.5 GHz. 
2. Option 013. Furnished with stainless steel N-female connector, less $15. 
3. Shipping weight tor all models, approximately 0.45 kg ( 1  la). 

11524A, 1 1525A, 1 1533A, 11 534A Specifications 
Shipping Weight Price Description 

APC-7 to N female 
APC-7 to N male 
Apt-7 tn SMA malo 

110 gm (4 oz) I S 7 5  
I ldn  nm 15 n i l  I f 7 5  - .- 0'" \ -  --I  7 I "  

11533A ... " .  ._" ........ "... 140 gm (5 02) $120 
11534A APC-7 to SMA female 140 Em (5 02) $120 - 

1588A, 11 606A Specifications 

Ranre VSWR Connectors Dimensions Weichl Price 1 M% 1 6 H z  1 1 1 mm (in) 1 kg ~:~~ (Ib) 1 1 
i: ~ f ~ ~ ' n ~ ~ " e ~ ~ . ~ o ~ i o n :  -57 dB 

Model number and name 
11540A Waveguide stand 
11542A Waveguide holder 
11543A to 48A Waveguide holder 

11588A DC - 12.4 1-1 7 mm. male 42 X 59 X 30 
7 mm, female (1% x 2 x 6  X 1%) (10 ai)  5250 

11606A DC - 12.4 1.11.2 APC.7 100 x 19 
(1 Ib) $200 7 mm. female (4 x fk) 

The 11540A waveguide stand locks HP waveguide holders at  any 
height from 70 to 133 mm ( 2 T  to 5%").  The stand is 64 mm (2%") 
high, and the base measures 121 mm (4%") in diameter. The wave- 
guide holders are offered in seven sizes to hold waveguide covering fre- 
quencies from 2.95 to 40 GHz. They consist of a molded plastic cradle 
with a center rod. 

Price 
$15 
$10 
$ 5  



MICROWAVE TEST EQUIPMENT 
SWR meter 
Model 415E 

The Hewlett-Packard Model 415E SWR meter is a low noise, tuned 
amplifier-voltmeter calibrated in dB and SWR for use with square law 
detectors. It is an extremely useful instrument for measuring SWR, at- 
tenuation, and gain directly from metered scales, or as a tuned ampli- 
fier for driving an X-Y recorder when making R F  substitution mea- 
surements. The 415E responds to 3a standard tuned frequency of 1000 
Hz. This frequency is front panel adjustable over a range of 7% for 
exact matching to the internal 1 kHz modulation of the signal source 
being used. Amplifier bandwidth is also adjustable from 15 to  130 Hz. 
The narrow bandwidth allows maximum sensitivity at C W  frequen- 
cies while the wider bandwidths enable swept tests to  be displayed on 
an oscilloscope or X-Y recorder. 

A precision 60 dB attenuator with an accurdty of 0.05 dB/10 dB as- 
sures high accuracy in making substitution measurements. An ex- 
pand-offset feature allows any 2 dB range to be expanded to  full scale 
for maximum resolution. Linearity is i 0 .02  dB on expanded ranges 
and is limited only by meter resolution on normal scales. This perfor- 
mance, together with the inherently low noise figure, allows maxi- 
mum measurement range with exceptional resolution and linearity. 

The Model 415E operates with either crystal or bolometer detectors 
(see page 402). Both high and low-impedance inputs are avail- 
able for crystal detectors. Precise bias currents of 4.5 and 8.7 mA 
(200R) are available for operation with bolometers as selected at  the 
front panel. This bias is peak limited for positive bolometer protec- 
tion. 

Both ac and dc outputs located on the rear panel allow use of the 
415E as a high-gain tuned amplifier or for X-Y recorder operation. In 
addition, the 415E can be operated with an internally mounted bat- 
tery pack (option 001) for completely portable use. 

Specifications 
Sensitivity: 0.15 p V r m s  for full-scale deflection a t  maximum band- 
width ( 1  pV rms on high impedance crystal input). 
Noise: At least 7.5 dB below full scale at  rated sensitivity and 130 Hz 
bandwidth with input terminated in 100 or 5000R; noise figure less 
than 4 dB. 
Range: 70 dB in 10 and 2-dB steps. 
Accuracy: f0.05 dB/10 dB step; maximum cumulative error be- 
tween any two I O  dB steps, iO.10 dB; maximum cumulative error be- 
tween any two 2 dB steps, i0.05 dB; linearity, f0 .02  dB on expand 
scales, determined by inherent meter resolution on normal scales. 

Input: Unbiased low and high impedance crystal (50-200 and 2500- 
I0,OOOQ optimum source impedance respectively for low noise); bi- 
ased crystal ( I  V into 1 kQ); low and high current bolometer (4.5 and 
8.7 rhA f 3 %  idto 200R), positive bolometer ptotection; input con- 
nector, BNC female. 
Input frequency: 1000 Hz adjustable 7%; other frequencies between 
400 and 2500 Hz available on special order. 
Bandwidth: Variable, 15-130 Hz; typically less than 0.5 dB change in 
gain from minimum to maximum bandwidth. 
Recorder output: 0-1 V dc into an open circuit from lOOOR source 
impedance for ungrounded recorders; output connector, BNC fe- 
male. 
Amplifier output: 0 - 0.3 V rms (Norm), 0 - 0.8 V rms (Expand) 
into at least l0,OOOQ for ungrounded equipment; output connector, 
dual banana jacks. 
Meter scales: Calibrated for square-law detectors; SWR: 1 - 4, 3.2 
- I O  (Norm); 1 - 1.25 (Expand). dB: 0 - 10 (Norm); 0 - 2.0 
(Expand); battery: charge state. 
Meter movement: Taut-band suspension, individually calibrated 
mirror-backed scales; expanded dB and SWR scales greater than 108 
mm (4%”) long. 
RFI: Conducted and radiated leakage limits are below those speci- 
fied in MIL-I-6181D. 
Power: 115-230 V f IO%, 50-400 Hz, 1 W; optional rechargeable bat- 
tery provides up to 36 h r  continuous operation. 
Dimensions: 190 mm wide, 155 mm high, 279 mm deep (7*%2” X 

Weight: Net 4 kg (9 Ib). Shipping 5.8 kg (13 Ib). 
Accessory available: 11057A handle, fits across top of instrument 
for carrying convenience. 
Combining cases: 1051A, 286 mm deep (1 1%”). 1052A 416 mm deep 

Model number and name Price 
415E SWR meter $490 
Option 001: rechargeable battery installed $105 
Option 002: rear panel input connector in parallel with 
front panel connector $25 
1051A Combining case $150 
1052A Combining case $170 
11057A Handle kit $5 

6%? X 1 I ” ) .  

(1  6%“). 



MICROWAVE TEST EQUIPMENT 
Frequency response test sets, 15 MHz to 18 GHz 

Models 87551, & 8755M 

0 15 MHz to 18 GHz frequency range 
0 Absolute and ratio measurement capability 

8755~ 
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Frequency (GHz) 

8755L 

I J I  

0 60 dB dynamic measuring range 
0 Excellent stability with time and tetnperature 

Swept amplitude measurements over a frequency range of 15 MHz 
to 18 GHz  can be made using the 8755 Frequency Response Test Set. 
This versatile measuring system consists of an 8755A plug-in for 180 
series oscilloscope displays, three 1 1664A hot carrier diode detectors, 
and an 116658 modulator. The dual channel 8755 allows simulta- 
neous swept-frequency display of two ratio measurements or  mea- 
sures absolute power at  the push of a button. The 8755 offers a num- 
ber of advantages besides covering a wide frequency range; the 
11665B modulator allows AC signal processing enabling virtually 
drift-free operation with time and temperature compared to non- 
modulated systems. Use of hot carrier diode detectors, which are 
completely interchangeable, enable a -50 dBm sensitivity as com- 
pared to  -35 dBm with crystal detectors. This means a 60 dB dy- 
namic measuring range is available with solid state sweepers having a 
I O  mW output (8620 Family). Front panel controls are both easy to 
understand and operate. Each channel is separated, but identical, and 
all functions are push button controls. A direct reading digital dB off- 
set thumbwheel allows the magnitude of any displayed signal to be 
easily determined. An offset cal vernier is used to average frequency 
response variations of directional couplers and detectors, and to com- 
pensate for coupling factors. 

Applications 
A common measurement set-up for using the 8755 is shown in the dia- 
gram. The reference detector samples incident power. The A detector 
measures reflected power while the third (B) detector measures inser- 
tion loss of a bandpass filter. The ratio A/R  then provides return loss 
(SWR) information directly in dB, while the B/R trace displays trads- 
mission data simultaneously. At any time absolute power can be mea- 
sured without disturbing the calibration performed for a ratio mea- 
surement. 

Its wide frequency coverage and simplicity of operation make the 
8755 well-suited for a number of other microwave applications. An- 
tenna measurements are simplified since the AC system enables use of 
long extension cables on detectors without performance degradation. 
Cable measurements, including fault location, are made quickly and 
accurately using the H P  11667A power splitter. Amplifier measure- 
ments including gain, harmonic content, and I dB gain compression, 
can be made while zero dc offset recorder outputs enable hard copy 
results. Since the 8755 responds only to the 27.8 kHz modulated sig- 
nal, LO feedthrough can be eliminated from mixer measurements. 



I L A  MICROWAVE TEST EQUIPMENT 

Frequency 
Range 

15 - 40 MHz 
40 MHz - 4 GHz 

4 - 8 GHz 
8 - 12.4 GHz 
12 4 - 18 GHz 

Models 8755L & 87551 (cont.) 

Return Loss Insertion Loss 
On and Off On Off 

1 7 0 d B  1 3 5 d B  
1 3 . 2 d B  2 3 5 d B  
1 3 . 8 d B  2 4 0 d B  
1 4 . 3 d B  2 4 5 d B  
1 5 . 0 d B  2 4 5 d B  

2 1 0  dB 
2 1 5  dB 
2 1 2  dB 
1 8  dB 
2 8  dB 

11665B 

m 

n .P 
g .? 0.5 1 
i: 1.0 
ylr 

Accurate S W K  measurements mom 1.8 to 18 t iHz  can be made 
using the H P  817B Swept Slotted Line. Simultaneous reflection and 
transmission measurements from 2 to  18 G H z  can be made using the 
H P  11692D coupler with the H P  8620A/86290A hroadhand solid 
state sweeper. 

S ipecifications 
7551. and 87551111 Systems 
unction: The 8755L and 8755M are configured test sets complete . .  . . 

8: 
Fi 
with plug-in and display, three .detectors, and mrA..'-+-- 
Frequency range: 15 MHz to 18 GHz. 
Measurement range: 

Single channel: +10 dBm to -50 dBm (noir 

Frequency resp 
Ratio of two ykammals .  LA A D  

duuiawi. 

;e level). 

Ratio measurement accui 

+0.5 
0 

0 10 20 30 40 50 60 
Gain or Attenuation Measured (dB) 

Note This specification curve applies for attenuation measurements with initial calibration at +10 dBm signal 
levels at the A and B detectors and a constanl signal level at the reference (R) deteclor 

Modulator drive feedthrough: 1 8  mV (peak) at  27.8 kHz at  either 
port when powered by the 8755A. Reduced to  I 1  mV (peak) using the 
11668A. (See I1668A High Pass Filter). 
Drive current: Nominally +50 mA in O N  condition, -50 mA Off 
condition. 
Weight: Net, 0.17 kg (6  oz). Shipping, 0.9 kg (2 lb). 
11664A Detectors 
Function: Hot carrier diode detects envelope of the modulated mi- 
crowave signal, 15 MHz to 18 GHz. 
Frequency response: 

I 1.5 L I I I I I I 1 I 



1 1667A 

1 1668A 

band transmission measurements using the 8755 Test Set. This two-re- 
sistor type splitter provides excellent output SWR at the auxiliary arm 
when used for source leveling or ratio measurement applications. The 
0.25 dB tracking between output arms over a frequency range from dc 
to 18 GHz allows wideband measurements to be made with a mini- 
mum of uncertainty. 
Frequency range: dc - 18 GHz. 
Impedance: 50Q. 

Input SWR: 1.15 1.25 1.45 
dc-4GHz dc-8GHzdc-18GHz 

(leveling or ratio 
measurement) 

Equivalent output SWR: 1.10 1.20 1.33 
Output tracking:(between output arms) 0.15 0.20 0.25 
Insertion loss: 6 dB nominal (input to either output). 
Maximum input power: +27 dBm. 
Connectors: Type N female on all ports. 
Dimensions: 50 mm wide, 46 mm high, 19 mm deep (2” X I13/lb’’ X 

Weight: Net, 0.06 kg (2 02). Shipping 0.22 (8 02) .  

New 11678A low pass filter kit 

%“). 

The I1678A Low Pass Filter Kit contains five filters conveniently 
matched to H P  8620 sweeper bands. These filters have < 1.1 dB inser- 
tion loss with >40 dB rejection at 1.25 fc. Filter use is recommended 
to reduce undesirable harmonics causing errors in broadband detec- 
tor measurements. 
Frequency range: low pass filters, cutoff frequency fc: 11688A, 2.8 

Display units 
The 8755A can be used with any 180 series display. However, the 

180 “T” series displays are recommended. These mainframes provide 
long persistence P7 phosphor which reduces flicker on slow sweeps, 
negative z-axis blanking input, and zero dc offset recorder outputs. 
Both 8755L and 8755M systems come with “T” displays. Retrofit kits 
are available. 

Accessories _- 
igh pass filter 
)8A High Pass Filter accessory 
asurements on active devices wl- . ..,,_. . . r I .. 

50 - 100 MHz 
100 MHz - 8 GHz 

8 - 12 GHz 
12 - 18 GHz 

Insertion Loss 

5 2 . 5  dB 
51.0 dB 
51.0 dB 
51.5 dB 

Maximum input: +27 dBm. 
Connectors: N-female, N-male. 
Weight: 0.13 kg (5 oz). Shipping 0.28 kg ( I O  o 

.ecommended when 
I-....- --:- L-I c n  

11668A Hi 
The 116C is I 

making me, 
MHz. Use or tne I ibb6A, piacea arter me  I i665F 
lator drive feedthrough from 8 mV to 1 mV and p 
plifier saturation. Use of the I1668A filter is not I 
measurements since the feedthrough from the 11  
and causes no degradation in system performan 
Frequency range: 50 MHz to I8 GHz. 

iich i i a v c  garii U G I U W  JV 
’ ’ I  

I ,  reauces rne moau- 
revents possible am- Opt 
iecessary for passive Opt 
665B is <-65 dBm Opt 

1 8 2  
I80 ce. 

_ .  . 181’ 

2 1 2  dB 
216 dB 
2 1 4  dB 
2 1 4  dB 

New 11667A Power splitter, 
The 11667A Power Splitter is recommended when making wide- 

: N: one male, one female. 
kg ( I  Ib). Shipping, 1.2 kg (2.9 Ib). 

I . .  c . r  

idividually. 

;t set 
set 

iernaitt, output ArL- /  

male, output N-male 
male, output N-male 
male, output APC-7 
18 GHz detector 
onnector 
nale connector 
de connector 
ibinet scope display 
:en rack display 
:t display 
display 

itior 
. -  .___ ._st systems nave Deen conrigurea ror oraering con- 

venience. The 8755L is cabinet configured in a 182T large screen dis- 
play. The 8755M provides the 180TR rack mount display. Both 
systems include the 8755A plug-in, three 11664A detectors and the 
I1665B modulator with standard connector options only. T o  order a 
different mainframe or non standard connector options each part of 
the system must be listed i r  
Model number and name 
8755L Complete cabinet te: 
8755M Complete rack test 
8755A Test set plug-in only 
116658 15 MHz - 18 GHz modulator 
Option 01 1 Input N-female, Output N female 
Option 013 I n p u t  N-’ ....- I .  

$1520 
$345 

, s 0 - r  N / C  L -..- A ”n 7 

Option 021 Input N- 
Option 022 Input N- 
Option 023 Input N- 
11664A 15 MHz - 

ion 001 APC-7 C I  
ion 002 SMA fer 
ion 003 SMA ma 
T Large screen ci 
TR Standard scre 
T Storage, cabine 

181TR Storage, rack 
Accessories: 
11679A 25 ft detect0 
I1679B 200 ft detect( 
I1668A 50 MHz higl 
Option 001 APC-7 i r  
Option 002 Type N 
11667A DC - 18 G 
Option 001 Type N n 
Option 002 Type N 
I l678A Low pass filter kit 
Individual filters, specify model number 

$450 
$90 

r extension cable 
3r extension cable 
h pass filter 
iput and output 
female input and output 
Hz power splitter 
d e  input, type N female outputs 
female input, APC-7 outputs 

Price 
$3740 
$3825 

aao WJ 

N / C  
N / C  

add $25 
$225 

add $25 
N / C  
N / C  

$1200 
$ I300 
$22 I5 
$23 I5 

$55  
$195 
$150 

add $55 

$475 

add $75 

N / C  

N / C  



NETWORK ANALYZERS 
Complete characterization of linear networks 

Why network analysis? 
Characterizing the behavior of linear net- 

works that will be stimulated by arbitrary sig- 
nals and interfaced with a variety of other 
networks is a fundamental problem in both 
synthesis and test processes. For example, the 
engineer designing a multicomponent net- 
work must predict with some certainty the 
final network performance from his knowl- 
edge of the individual components. Simi 
larly, a production manager must know al 
lowable tolerances on the products he manu 
factures and whether the final products mee 
the specified tolerances. Network analysis of 
fers a solution to  these problems through 
complete description of linear network be- 
havior in the frequency domain. 

Network analysis accomplishes the de- 
scription of both active and passive network 
by creating a data model of such component 
parameters as impedances and transfer func- 
tions. However, these parameters not only 
vary as a function of frequency but are also 
complex variables in that they have both 
magnitude and phase. Until the advent of the 
modern network analyzer, phase was diffi- 
cult to measure at  C W  frequencies and often 
involved laborious calculations; these mea- 
surements were accomplished by conven- 
tional oscilloscopes at  lower frequencies and 
slotted lines at  microwave frequencies. How- 
ever, swept network analyzers now measure 
amplitude and phase (the total complex 
quantity) as a function of frequency with less 
difficulty than conventional CW measure- 
ments. Impedance and transfer functions can 
then be conveniently displayed on a swept 
CRT, X-Y recorder, or  on calculator (or 
computer) controlled peripherals such as a 
printer and/or a plotter. H P  digital calcula- 
tors (and computers) also combine with net- 

yuiieu tu test n w  
allowing more tim 
itself. Likewise, pr 
minimized while 

: surrounding the ti 

work analyzers to  give new levels of speed 
and accuracy in swept measurement that 
could only be attained previously by long and 
laborious calculations at  C W  frequencies. 

Thus, network analysis satisfies the engi- 
neering need to characterize the behavior of 
linear networks quickly, accurately, and com- 
pletely over broad frequency ranges. In de- 
sign situations, this minimizes the time re- 

- - - - t  designs and components, 
le to  be spent on the design 
,eduction test times may be 
reducing the uncertainties 
est. 

.-..:--A I _  ._^. 

What is network analysis? 
Network analysis is the process of creating 

a data model of transfer and/or impedance 
characteristics of a linear network through 
sine wave testing over the frequency range of 
interest. All network analyzers in the H P  
product line operate according to this defini- 
tion. 

Creating a data model is important in that 
actual circuit performance often varies con- 
siderably from the performance predicted by 
calculations. This occurs because the perfect 
circuit component doesn’t exist and because 
some of the electrical characteristics of a cir- 
cuit may vary with frequency. 

At frequencies above 1 MHz lumped ele- 
ments actually become “circuits” consisting 
of basic element plus parasitics like stray ca- 
pacitance, lead inductance, and unknown ab- 
sorptive losses. Since parasitics depend on the 
individual device and its construction they 
are almost impossible to predict. Above 1 
G H z  component geometries are comparable 
to  a signal wavelength, intensifying the vari- 
ance in circuit behavior due to device con- 
struction. Further, lumped-element circuit 

theory is useless at  these frequencies, and dis- 
tributed-element (or transmission-line) pa- 
rameters are required to  completely charac- 
terize a circuit. 

Data models of both transfer and imped- 
ance functions must be obtained to  com- 
pletely describe the linear behavior of a cir- 
cuit under test. At lower frequencies, h, y, 
and z-parameters are examples of transfer 
and/or impedance functions used in net- 
work description; at  higher frequencies, S-pa- 
rameters are used to characterize input-out- 
put impedances and transfer functions. 
Therefore, a network analyzer must measure 
some form of a circuit’s transfer and imped- 
ance functions to  achieve its objective of 
complete network characterization. 

Network analysis is limited to the defini- 
tion of linear networks. Since linearity con- 
strains networks stimulated by a sine wave to  
produce a sine wave output, sine wave test- 
ing is an ideal method for characterizing lin- 
ear network’s amplitude and phase re- 
sponses as a function of frequency. In non- 
linear measurements phase is often meaning- 
less and amplitude has to be defined with re- 
spect to individual frequency components. 
For nonlinear measurements see sections on 
spectrum analyzers and wave analyzers. 

Network analyzers 
Hewlett Packard Network Analyzers are 

instruments that measure transfer and/or im- 
pedance functions of linear networks through 
sine wave testing. A network analyzer sys- 
tem accomplishes these measurements by 
configuring its various components around 
the device under test. The first requirement of 
the measurement system is a sine wave signal 
source to stimulate the device under test. 
Since transfer and impedance functions are 
ratios of various voltages and currents, a 
means of separating the appropriate signals 
from the measurement ports of the device 
under test is required. Finally, the network 
analyzer itself must detect the separated sig- 
nals, form the desired signal ratios, and dis- 
play the results. 
Signal sources and signal separation 

In the general case, any sine wave source 
meeting the network analyzer’s specifica- 
tions can be used to stimulate the device 
under test. For C W  measurements a simple 
oscillator may suffice; for greater C W  fre- 
quency accuracy a signal generator or  syn- 
thesizer may also be desirable. If the ana- 
lyzer is capable of swept measurements, great 
economies in time can be achieved by stimu- 
lating the device under test with a sweep os- 
cillator or sweeping synthesizer. This allows 
quick and easy characterization of devices 
over broad frequency ranges. Some network 
analyzers will operate only with companion 
source which both stimulates the device 
under test and acts as the analyzer’s internal 
oscillator. 

At low frequencies it is not particularly dif- 



ficult to separate the appropriate voltages 
and currents required for transfer and im- 
pedance function measurements. Signal sep- 
aration is merely the process of establishing 
the proper shorts, opens, and connections at 
the measurement ports of the device under 
test. As frequencies increase the problem of 
signal separation usually involves traveling 
waves on transmission lines and becomes cor- 
respondingly more difficult. Hewlett Pack- 
ard manufactures test sets (often called 
“transducers”) applicable for separating the 
appropriate traveling waves in a variety of 
high frequency measurements. 
Broadband and narrowband detection 

After the desired signals have been ob- 
tained from the test set (or transducer) they 
must be detected by the network analyzer; 
HP  network analyzers can use one of two de- 
tection methods. Broadband detection ac- 
cepts the full frequency spectrum of the input 
signal while narrowband detection involves 
tuned receivers which convert CW or swept 
R F  signals to a constant I F  signal. There are 
certain advantages to each detection scheme. 

Broadband detection reduces instrument 
cost by eliminating the IF section required by 
narrowband analyzers but sacrifices noise 
and harmonic rejection. However, noise is 
not a factor in many applications, and care- 
ful measurement techniques, using filters, can 
eliminate harmonic signals that would other- 
wise produce inaccurate measurements. 
Broadband systems are generally source in- 
dependent while some narrowband systems 
require companion tracking sources. Fi- 
nally, broadband systems can make mea- 
surements where the input and output sig- 
nals are not of the same frequency, as in the 
measurement of the insertion loss of mixers 
and frequency doublers. Narrowband sys- 
tems cannot make these measurements. 

Narrowband detection makes a more sen- 
sitive low noise detection of the constant IF 
possible. This allows increased accuracy and 
dynamic range for frequency selective mea- 
surements (as compared to broadband sys- 
tems) and high resolution accuracy through 
IF substitution using precision I F  attenua- 
tors. Source dependent narrowband systems 
utilize a companion tracking source not only 
to stimulate the device under test but also to 
produce a signal offset from the R F  by a 
fixed frequency for tuning the analyzer’s con- 
stant IF. 
Signal processing and display 

Once the R F  has been detected, the net- 
work analyzer must process the detected sig- 
nals and display the measured quantities. All 
H P  network analyzers are multichannel re- 
ceivers utilizing a reference channel and a t  
least one test channel; absolute signal levels 
in the channels, relative signal levels (ratios) 
between the channels, or relative phase dif- 
ference between channels can be measured 
depending on the analyzer. Using these mea- 
sured quantities, it is possible to either dis- 

play directly or compute the amplitude and 
phase of transfer or impedance functions. 

Amplitude measurements fall into two cat- 
egories, relative and absolute; absolute mea- 
surements involve the exact signal level in 
each channel while relative measurements in- 
volve the ratios of the two signal channels. 
Absolute measurements are usually ex- 
pressed in voltage (dBV) or in power (dBm). 
The units dBV are derived by taking the log 
ratio of an unknown signal in volts to a one 
volt reference. Similarly, dBm is the log ratio 
of unknown signal power to a one milliwatt 
reference. 

Relative ratio measurements are usually 
made in dB which is the log ratio of an un- 
known signal (Test Channel) with a chosen 
reference signal (Reference Channel). This al- 
lows the full dynamic range of the instru- 
mentation to be used in measuring varia- 
tions in both high and low level circuit re- 
sponses. For example, 0 dB implies the two 
signal levels have a ratio of unity while f 2 0  
dB implies a 101 voltage ratio between two 
signals. 

All network analyzer phase measurements 
are relative measurements with the reference 
channel signal considered to have zero phase. 
The analyzer then measures the phase differ- 
ence of the test channel with respect to the 
reference channel. 

Measurement results at CW frequencies 
may be displayed on analog meters, LED’s, 
or calculator (or computer) controlled print- 
ers. Swept frequency measurements of am- 
plitude and phase may be displayed versus 
frequency on CRT’s or X-Y plotters. Real- 
time dynamic displays are both fast and con- 
venient in either design optimization or pro- 
duction testing. 

Low frequency network analysis 
Networks operating a t  frequencies below 

10 MHz are generally characterized by mea- 
suring the gain and phase changes through 
the network and the associated input and 
output impedance; h, y, and z-parameters as 
well as other lumped-component models are 
typical analytical and computational tools 
used to represent these measurements. The 
first derivative of phase with respect to fre- 
quency, group delay, is an important mea- 
surement of distortion in communications 
systems. Hewlett-Packard produces a broad 
line of instrumentation capable of measuring 
all of these parameters. 

Phase information complements amplitude 
data in the measurement of low frequency pa- 
rameters because it is more sensitive to net- 
work behavior and because it is a required 
component of complex impedance and trans- 
fer functions. For instance, phase is more 
sensitive than amplitude in determining the 
frequency of network resonances (poles) and 
anti-resonances (zeroes). This is because the 
phase shift of a network transfer function is 
exactly zero at the frequency of resonance. 
Phase information is also vital in circuit de- 

sign, particularly loop design, where phase 
margins are critical. 

Phase data are also required to measure 
delay distortion or group delay of networks. 
Delay distortion occurs when a complex 
waveform’s frequency components experi- 
ence nonlinear phase shifts as they pass 
through a network. Group delay is defined 
as: 

d e  Tg X - dw 
There are several techniques for measur- 

ing group delay; the most common tech- 
niques are phase slope, amplitude modula- 
tion, frequency modulation and frequency 
deviation. Most HP  network analyzers can 
make measurements with a t  least one of these 
techniques. 
High frequency network 
analysis 

Total voltage and current along a trans- 
mission line begin to vary periodically with 
distance as frequency increases. Conse- 
quently, it becomes difficult to establish the 
required shorts and opens in the correct mea- 
surement plane to determine low frequency 
parameters. Transmission-line theory ex- 
plains the variations in total voltage and cur- 
rent a t  high frequencies through forward and 
reverse traveling waves. Thus, traveling 
waves are the logical variables to measure a t  
higher frequencies. 

Scattering parameters or S-parameters 
were developed to characterize linear net- 
works at high frequencies. S-parameters de- 
fine the ratios of reflected and transmitted 

/ \  
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Er1 : 4-0 Ei2 I 
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traveling waves measured at the network 
ports. SI1 is the complex reflection coeffi- 
cient at port 1 and is the ratio of Erl/Eil ,  if 
Ei2 = 0 (port 2 terminated in its characteris- 
tic impedance). S2l is the complex transmis- 
sion coefficient from port 1 to port 2, Er2/Eil, 
if Ei2 = 0. Eil, Ei2, Erl, and Er2 are normal- 
ized voltages (voltage divided by the charac- 
teristic impedance of the system) and repre- 
sent the amplitude and phase of the traveling 
waves. By reversing the ports and terminat- 
ing port 1 in its characteristic impedance, S22 
and S12 can be similarly defined. From these 
definitions, the following equations can be 
derived: 

Erl = S I I  Eil + S12 Ei2 
Er2 = S ~ I  Eil + ,522 Eil 

where incident signals act as independent var- 
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NETWORK ANALYZERS 
Complete characterization of linear networks (cont.) 

iables determining the signals leaving the net- 
work. The definition of a S-parameter can be 
easily extended to multiport networks; mea- 
surement is also easily accomplished by ter- 
minating additional ports in their character- 
istic impedances. Thus, S-parameters com- 
pletely describe linear network behavior in 
the same manner as low frequency param- 
eters. 

S-parameters offer numerous advantages 
to  the microwave engineer because they are 
both easy to use and easy to measure. They 
are easy to  measure because the device is ter- 
minated in its characteristic impedance which 
is accurate at high frequencies, allows swept 
broadband frequency measurement without 
tuning, enhances the stability of active de- 
vices, and permits a test set up to  be used for 
different devices. The design process is sim- 
plified because S-parameters are directly ap- 
plicable to  flow graph analysis. H P  network 
analyzers with the appropriate test sets will 
measure and directly display S ~ I  or SI*  as gain 
or attenuation and SI, or S22 as reflection co- 
efficient, return loss or impedance. Also, S- 
parameters may be directly related to h, y, 
and z-parameters through algebraic trans- 
formations. 

With the increased utilization of micro- 
wave frequencies in a broad spectrum of ap- 
plications, S-parameter measurements have 
become more important and more generally 
used in designing both active and passive net- 
works. Hewlett-Packard has developed a se- 
ries of tutorials for measurement and design 
with S-parameters; Application Notes 95, 
117-1, 117-2, 154, video tapes #go0586 and 
#800600 deal with general S-parameter tech- 
niques. Further aids include special S-pa- 
rameter design seminars and a new set of cal- 
culator programs “Microwave Circuit De- 
sign PAC” for computationally aided de- 
sign. A continuing program in all medias is 
underway to  disseminate information on 
both designing and testing with S-param- 
eters. 

Additional capabilities 
The computational capabilities of digital 

calculators and computers can complement 
the network analyzer’s versatility through 
simplifying and speeding measurements, data 
processing, and accuracy enhancement. Hew- 
lett-Packard has integrated network ana- 
lyzers into computer systems and now offers 
some analyzers that may be easily interfaced 
with H P  programmable calculators through 
the Hewlett-Packard Interface Bus. 

Precision design work and important man- 
ufacturing tolerances demand highly accu- 
rate measurements, but most errors in net- 
work measurements are complex quantities 
that vary as a function of frequency, making 
manual error correction prohibitive. How- 
ever, the calculator or computer can make 

great contributions to  measurement confi- 
dence by quickly and easily performing the 
complex mathematics for sophisticated error 
correction. 

Aside from new levels of accuracy, calcu- 
lator (or computer) controlled network ana- 
lyzers can be programmed to set up and make 
many measurements automatically. The mea- 
surement process is further accelerated by the 
calculator’s ability to  store, transform, sum- 
marize, and output data in a variety of for- 
mats on a number of peripherals. These ca- 
pabilities make the calculator controlled net- 
work analyzer ideal for both computation- 
ally aided design or automatic production 
testing. 

Network analyzer product line 
Hewlett-Packard offers a complete line of 

network analyzers capable of measurements 
throughout the 1 Hz to 40 GHz  frequency 
range. Brief descriptions of the individual in- 
struments are given below so that you can de- 
termine which instrument most economi- 
cally satisfies your measurement needs. Fur- 
ther information is available on the follow- 
ing pages. 
3575A 

The 3575A measures Phase and Ampli- 
tude or Gain. With the 3575A, the complete 
response picture is available at  a reasonable 
cost from a single instrument, over an 80 dB 
range, from 1 Hz to 13 MHz. The 3575A uses 
a broadband measurement technique, which 
is attractive because the measurement is not 
constrained by an internal tracking source or 
dedicated external device. The 3575A is not 
dependent on the wave shape, thus measure- 
ments can be made on a variety of wave- 
forms such as triangle and square waves. 
Noise and harmonic tolerance further en- 
hances the range of measurement, so the in- 
strument is useful under bench conditions. 
3040A/3041 A/3042A 

The 3040A is a network analysis system ca- 
pable of measuring amplitude and phase to  
13 MHz. Group delay is an optional capabil- 
ity. The system consists of a synthesizer sig- 
nal source and a two-channel tracking detec- 
tor. The system has a 100 dB dynamic range, 
and measures amplitude to a resolution of 
0.01 dB and phase to a resolution of 0.01”. 
Measurement applications include filter de- 
sign and production, amplifier testing, delay 
measurements on communications devices, 
and measurements on any linear two-port de- 
vice. 

The 3041A extends the capabilities of the 
3040A to semiautomatic use. The 3260A 
Card Reader provides control over all front 
panel functions such as frequency, level, and 
sweep. Repetitive tests can be done quickly 
and easily without operator error. The 3041A 
provides not only the amplitude, phase and 

group delay, but limit test and offset as stan- 
dard features. 

The 3042A is a fully automatic system 
which uses the Hewlett-Packard 9820A Cal- 
culator (9821A or 9830A are optional) as a 
controller. The memory, computational 
power and decision making power of the cal- 
culator-controller extend the measurements 
to  complex network solutions in the lab or 
rapid production line testing system. Accu- 
racy can be improved by subtracting system 
errors from the measurements by using the 
memory and algebraic powers of the calcu- 
lator. 
8407A 

The 8407A network analyzer tracks the 
8601A generator/sweeper (or the 8690B/ 
8698B sweeper) from 100 kHz to 1 I O  MHz. 
The 8407A achieves great swept measure- 
ment versatility through a set of four differ- 
ent transducers. Measurement capabilities in- 
clude: 

1) Transmission (gain, loss, phase shift) 
and reflection (return loss, impedance) 
measured quickly and easily by sweeping 
over the frequency range of interest. Mea- 
surements can be made in 5OR and 759. 
2) Complex impedance IZI, 8, or R f j X  
over the wide impedance range 0 . lR  to  
> I O  kR. 
3) Voltage and current transfer functions 
(voltage or current gain, loss, phase shift). 
4) High impedance in-circuit probing. 
A rectangular and a polar display and var- 

ious C R T  overlays permit direct readings of 
parameters of interest as frequency is swept. 
Applications are detailed in Application 
Notes 121-1, 121-2. A videotape “8407 Net- 
work Analyzer System,” #800475, is also 
available. 
481 SA 

Accurate C W  component impedances are 
required to design circuits for maximum 
power transfer and desired frequency char- 
acteristics. The 4815A R F  Vector Imped- 
ance Meter greatly simplifies impedance mea- 
surement methods by providing direct read- 
out of complex impedance values IZI and 8 
on adjacent meters. Operating range of the 
4815A is IR to  100 k 9  and 0” to  360” over a 
frequency range 500 kHz to 108 MHz. Only 
CW measurements are possible. 

These operating characteristics are similar 
to the 8407A/I 1655A impedance measuring 
system. The 8407A/11655A offers superior 
accuracy and speed because probe parasitics 
may be calibrated out and swept measure- 
ments are possible. However, i f  C W  mea- 
surements suffice, the 4815A is a more eco- 
nomical solution. 
8405A 

The 8405A vector voltmeter is a dual-chan- 
ne1 R F  millivoltmeter and phasemeter. It 
reads the absolute voltages on either of two 



channels and simu 
phase relationship 
surements can be 
range 1 MHz to 1 

Besides its use a: 
of the 8405A inclu 

1) Transmission 
phase shift) and 
(impedance, retu 
2) Group delay i 
index. 
3) In-circuit pro 
4) S-parameters 
Application Not 

are available for I 
measurements. 
8410B 

The 8410B netw 
sures the transmisr 
teristics of linear 
gain, attenuation, pnase sniri, reiiectiuri cu- 
efficient, normalized impedance and S-pa- 
rameters in the frequency range of 110 MHz 
to 40 GHz. 

Harmonic frequency conversion of the R F  
to a constant I F  is accomplished by the 
841 1A Harmonic Frequency Converter from 
110 MHz to 12.4 GHz; the 8411A Options 
018 operates from 110 MHz to 18 GHz. In 
the frequency ranges 18 - 26.5 GHz  (K-band) 
and 26.5 - 40 GHz  (R-band), the K8747A 

ltaneously determines the 
between them. CW mea- 
made over the frequency 
GHz. 

i a voltmeter, applications 
de: 
measurements (gain, loss, 

reflection measurements 
irn loss) in 50Q systems. 
ind amplitude modulation 

bing. 
in 50Q systems. 
es 77-1, 77-3, 77-4, and 91 
nore detail on the above 

rork analyzer system mea- 
;ion and reflection charac- 
networks in the form of 

,:r& .".-A:-- -- 

and R8747A Reflection/Transmission Test 
units use crystal mixers and a local oscillator 
to  heterodyne the signals down into the range 
of the 8410B/8411A. In this manner, wave- 
guide components can be measured from 18 
to 40 GHz. 

The 8410B is a ratiometer using both ref- 
erence and test signal inputs; consequently, 
the sweeper output must be divided into 
channels. This is accomplished by a "Test 
Set" whose other major function can be to 
provide the switching required for making 
transmission and reflection measurements 
with minimum or no changes in the measure- 
ment setup. Hewlett-Packard offers a total of 
twelve different test sets covering .various 
frequency ranges and switching functions. 

Another major instrument required in the 
8410 measurement system is a unit for the de- 
tection and display of the IF amplitude and 

T.L--- -,..- :- A:"-l-..- IF,... +I.- Q n l n D  pnase. I riree piug-irl uispiiiya { I U I  iuc O.TIUU 

mainframe) are available for this purpose: a 
phase-gain indicator with meter readouts for 
CW measurements; a phase-gain display for 
displaying log amplitude and phase versus 
frequency; and a polar display for displaying 
amplitude and phase in polar coordinates. 

The 8410B is capable of swept measure- 
ments in octave bands through 18 GHz. Be- 
tween 18 G H z  and 40 GHz, 2 GHz  windows 
may be vir 
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Source 

333OAlB Optional Group Delay 
Gain or Loss 
Linear Frequency Sweep 

33308 Synthesizer Amplitude. Phase, Group Delay 
Limit Test 
Offset 
Card Reader Control 

Complex Network Analysis 
Decision Making Ability 

8407A Network 100 kHz - 110 MHZ muin beneratori 
Analyzer Page 428 Sweeper 

86908/86988 Sweeo 
Oscillator 

iransrer tunctions. impeoance in 3 ~ 1 1 .  1 x 1  sysrems 
Complex Impedance 0.1R to >10 kR 
High Impedance In-Circuit Probing 
.'-ninmet+rs in SflQ 7SQ rvrtcmr 

4815A Vector I 500 kHz - 108 MHz Internal (external I Impedance Meter (CW) possible) 
Page 427 

8405A Vector 1 MHZ - 1 GHZ 32008 Oscillator. VHF 
Voltmeter Page 439 (cw) Signal Generators, 

608E (VHF), 612A (UHF) 
8654 (UHF), and 8640AlB 

8620 or 8690 Series 84108 Network 
Analyzer Page 434 Sweep Oscillators 

110 MHz - 40 GHz 

100 kHZ - 18 GHZ 

Complex Impedance, 1 0  to > lo0  kR 

Voltmeter 
Transfer Functions, Impedance in 500  systems 
Group Delay, Amplitude Modulation Index 
S-parameters in 500 systems 

TransmissionIReflection Characteristics in 500 systems 
S-oarameters in 500 svstems 

8540 Series Automatic 
Network Analyzer Sweep Oscillators Full Error Correction 
Page 438 

8620 or 8690 Series Automatic Measurements of TransmissionIReflection Characteristics 

Virtually No Programming Required 
Versatile Output: 28 Parameter 
Alphanumeric or Graphic; Hardcopy; 
Cassette or CathodeTtayTu be 
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LJ NETWORK ANALYZERS 
I 

Three solutions to network analysis problems 
I Models 3040A, 3041A & 3042A 

304QA 

Description 
3040A Network analyzer 

HP's 3040A consists of a synthesizer stimulus and a detector to  
measure amplitude and phase. Available with this manual system are 
several automatic features including digital frequency and amplitude 
sweeping, offset capability for relative measurements, and group 
delay. These features are not found in more conventional network an- 
alyzers. The system provides frequencies from 50 Hz to  13 MHz, two 
channel amplitude measurements with 120 dB measurement range and 
0.01 dB resolution and phase measurements with 0.01" resolution. 

. . . . . . .. . . , _- . -- 

. , ;  

3041A Semi-automatic network analyzer 
A Marked Card Programmer extends the performance of this fully 

integrated system to provide semi-automatic measurements. In addi- 
tion to the capability of the manual system, HP's 3041A provides pro- 
grammable hi-go-lo limit testing, offset, and group delay. Extensive 
production testing can be performed by simple insertion of a marked 
card into the card reader. Optional display devices, such as os- 
cilloscopes and X-Y recorders, make visual and hard copy test data 

3041 A available. 



3042A 

3042A Automatic system 
A programmable calculator, coupled to the manual 3040A, pro- 

vides a level of control and performance never before available in this 
price range. The calculator can be programmed to make complex 
tests, make decisions based on measured data, and perform mathe- 
matical manipulation of data. 

The calculator display and printer permit step-by-step production 
adjustments and pass/fail QA testing. The calculator memory per- 
mits storage of complex test procedures and production data for such 
things as yield analysis. Programs of computer system complexity can 
be easily handled with calculator extended memory options. Compu- 
tational capability allows system error correction and engineering 
units data presentation. 

The system is provided in a cabinet, fully integrated and tested. It is 
available with 9820A, 9821A, and 9830A controllers and a variety of 
accessories including C R T  and digital plotter. 

3042A System controllers 
Considering price/performance and ease of use, Model 9820A Cal- 

culator is the optimum controller for Hewlett-Packard's 3042A Auto- 
matic Network Analyzer System. Its easy to learn algebraic language 
makes it simple to  write test programs, even without prior program- 
ming experience. HP's simple 9820A run procedure, along with con- 
versational alphanumeric display and printer, enable relatively un- 
skilled operators to perform complicated production tests with ease 
and repeatability. 

While achieving programming and operating simplicity, HP's 
Model 20 programming language has some of the best computer lan- 
guage features, including branching and subroutining capability. It 
also adds many of its own unique features such as immediate error de- 
tection and flexible statement and program line editing. A built-in 
magnetic card reader facilitates recording programs and data, and 
permits using prerecorded programs. 
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NETWORK ANALYZERS 

Models 3040A, 3041A & 3042A (cont.) 

9821 A 

9830A 

The real power of H P s  9820A as a controller is in performing on- 
line data analysis to calculate such parameters as Q and bandwidth, to  
average out noise, and to do  statistical analysis on measurement data. 

H P s  9821A combines all of the 9820A features with a built-in cas- 
sette and cassette ROM for recording programs and data. Both pro- 
grams and data can be recalled from cassette memorv and run in the 
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Specifications 
33308 
Frequency range: 0.1 Hz to 13,000,999.9 Hz. 
Frequency resolution: 0.1 Hz (8 digits + overrange). 
Amplitude: maximum 2.1 V rms into open circuit, maximum 1.05 V 
rms into SOQ. 
Amplitude range: +13.44 dBm to -86.55 dBm into 509. 
Amplitude resolution: 0.01 dB. 
Output impedance: 50Q (7SQ Option 001). 
Leveled frequency response (10 kHz reference):. 

10 Hz 13 MHz 
zkO.05 dB +13.44 dBm 

-16.55 dBm *O.l d B  -36.55 dBm 410.2 d B  -66.55 dBm f0.4 dB 
'Add 1 i0.5 dB lor leveling switch in off position. 

-86.55 dBm 

Amplitude attenuator accuracy: f0 .02  dB/iO dB (at 10 kHz) step 
of attenuation down from maximum output (25OC f5OC). 
Amplitude accuracy (absolute): fO.05 dB at 10 kHz and +13.44 
dBm (25°C ~t5"C).  (For absolute accuracy at  other frequencies and 
amplitudes, add 0.05 dB to the leveled frequency response spec. plus 
the attenuator accuracy spec.) 
Amplitude stability (24 hr, 25OC *l0C): f O . O 1  dBm. 
3570A Network analyzer 
Frequency range: 50 HZ to  13 MHz. 
Channel A and B outputs: electrically identical - equal in fre- 
quency and amplitude to the signal generator output. 
Output impedance: 50Q or 750  f 2 % .  
Maximum output: 1 V rms into 50Q or 75Q. 



Channel A and B inputs: electrically identical - both tuned to the 
signal generator's frequency. 

Measurement range:  

FREOUENCY ( H z )  

f0.4" I f0.6" 

Input impedance: 1 MQ f2% shunted by <30 pF. 
Input signal range: 1 V rms to 1 pV rms. 

Input selectivity: I O  Hz, 100 Hz and 3 kHz bandwidths. 
Amplitude measurements: dB measurement reference is 
determined by the position of the "Max/Ref Input Voltage" switch. 
Display resolution: 0.01 dB. 
Display range: 0 to - 100 dB (using A or B amplitude function). 
- 100 dB to + 100 dB (using B-A amplitude function). 

Absolute: N o  spec - may be calibrated to source using front panel 
adjustments. 
Relative (relative to 0 dB input for 1 V, 0 dBm, and 0.1 V 
range): A or B amplitude function (B-A specification determined 
by sum of Channel A and B accuracies). 

Amplitude accuracy (25OC f5"C): 

f l "  N o  Spec 

f1.3" f1.5" f 3 "  No Spec 

*Due to lower noise rejection of 3 kHz BW. 

Stability (8 hr., 25OC f loc ,  after 3 hr. warmup): 

100Hzand  I I I 
0 dB -20  dB -80 dB -100 dB 

10 Hz BW, 100 Hz BW, 
3 kHz BW, 1 V range f0.2 dB f0.5 dB f1.5 dB 

Temperature coefficient (20% to 3OOC): 
100 Hz and 3 kHz BW: f0.02 dB/OC. 
10 Hz BW: f0 .05  dB/"C. 

A or B amplitude function: 10 .5  dB p-p error. 
6-A amplitude function: S0.l dB p-p error. 

Phase measurements: Phase reference is Channel A. 
Display resolution: 0.01 ". 
Display range: - 179.5" to + 179.5" (display recycles) 
A/-A reference offset: 180" 2 ~ 0 . 1 ~ .  
Phase accuracy: 25°C f 5 " C .  
Phase linearity: f0.2'. 

Frequency response: 

3 kHz BW, 0.1 V 
and 0 dBm ranges f 0 . 2  dB Zk0.5 dB No spec' 

Options 
3040A Network analyzer 
100: Standard 5OQ 3570A 
101: Standard 750 3570A 
102: 50Q Delay/Limit Test and Offset (Must select 
Option 100) 
103: 750 Delay/Limit Test and Offset (Must select 
Option 101) 
104: Isolated Hewlett-Packard Interface Bus 
33206 Frequency synthesizer 
300: Standard 50Q 3320B 
301: Standard 750 33208 
302: XTAL Oven (IO-x/day) 
306: 100 Hz/lO Hz ranges 
307: Isolated Hewlett-Packard Interface Bus 
33306 Automatic synthesizer 
500: Standard 50Q 3330B 
501: Standard 750 3330B 
502: XTAL Oven (10-9/day) 
503: Delete Standard XTAL Oven 
504: Isolated Hewlett-Packard Interface Bus 
505: 5 V 50Q Output 
3041A Semi-automatic network analyzer 
100: Standard 500 System 
101: Standard 750 System 
102: Isolated Hewlett-Packard Interface Bus (required 
when connected to computer or calculator 
103: 7044A X-Y Recorder with switch panel for RTIP 
104: 1201 B Oscilloscope I O  X I O  div. scale, RTIP 
105: 230 V Powerline version (50 - 60 Hz) 
106: XTAL Oven (10-9/day) 
3042A Automatic network analyzer 
100: Standard 50Q System 
101: Standard 750 System 
102: 50Q Delay/Limit test/Offset (must select Option 
100) 
103: 75Q Delay/Limit test/Offset (must select Option 
101) 
104: 1201B Oscilloscope I O  X I O  div. scale, RTIP 
105: 230 V powerline version (50 - 60 Hz) 
106: XTAL Oven (10-9/day) 
The standard 3042A is supplied with a 1.7k (16-bit 
word) memory 9820A. Other controllers and memories 
are available with the following options. 
120 9820A 5.8k memory 
121: 9821A 1.7k memory and cassette 
122 982lA 5.8k memory and cassette 
123 9830A/9866A 1.7k memory and cassette 
124: 9830A/9866A 7.9k memory and cassette 

3 kHzBW 

10 Hz BW 

Price 
$5650 
$5650 

$425 

$425 
$600 

$2960 
$2960 

$310 
$216 
$695 

f 0 . 0 5  dB f0.08 dB No spec 

f0.08 dB f0.15 dB No spec 

$6365 
$6365 
$530 

less $200 
$400 
$270 

$14,850 
$14,850 

$1000 
$1800 
$2425 

$530 

$2 1.950 
$2 I .950 

N/C 

$425 

$425 
$2425 

$530 
N / C  

$2500 
$ IO00 
$3500 
$4520 
$8100 
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! I Gaidphase meter 

Model 3575A 

0 dBV and dB ratio from 1 Hz to 13 MHz 

Description 
HP's 3575A Gain/Phase Meter is used for making network mea- 

surements over a seven decade frequency and 100 dB amplitude range. 
A number of different instrument configurations are possible, allow- 
ing variations in the basic phase and amplitude measurements. The 
flexibility also implies applications in such measurements as imped- 
ance, delay and complex root location. 

The outputs are phase in degrees and amplitude in dB or dBV. 
Phase and amplitude information is available from a LED digital 
readout, analog outputs on the rear panel, or BCD outputs in Option 
002 or  003. Phase and amplitude readings can be plotted by hand on 
log paper yielding a Bode plot, or  analog outputs can drive an X-Y re- 
corder to give the same information. A storage scope can be used to  
display the frequency response; and BCD information can be used by 
a computer or  H P  calculator. 
Phase 

Two input signals are necessary for phase measurement: a refer- 
ence signal and a phase shifted signal. Both input channels have iden- 
tical high impedance input circuits, so low voltage signals can be used 
on either channel and loading is eliminated. A IO:] low capacitance 
scope probe or  a low impedance termination reduces phase errors 
caused by capacitive loading. The 1O:l probe also extends the voltage 
range to 200 V. 

Phase angles are measured by the time difference between succes- 
sive zero crossings of the two input signals. Because zero crossings are 
the only significant information used, the shape of the waveform is not 
significant. Square, triangle and distorted waveforms will give the 
same answer as a sine wave. 
Harmonics 

HP's 3575A has been designed so measurement errors cannot occur 
with even harmonics or  with in-phase odd harmonics. This is an im- 
portant instrument feature as input signals always have some har- 
monic content. Most oscillators have harmonics 40 dB below the fun- 
damental, and phase errors could result. HP's 3575A has been de- 
signed so errors from input signals are commensurate with the basic 
accuracy of the instrument. 

Noise 
HP's 3575A has unique logic circuitry (patent applied for) which 

makes it tolerant of noise. This feature keeps the digits from racking 
when using low level signals and prevents ambiguous readings at  the 
lower amplitude range of the instrument. 

The noise tolerant 3575A is able to  reject noise. A front panel switch 
selects the appropriate three-decade frequency range so plots and 
sweeps can be made without repeated adjustment and noise rejection 
is still achieved. HP's 3575A can be used over its wide amplitude and 
frequency ranges in the presence of noise and harmonics without ex- 
ternal signal conditioning. 
Amplitude 

Amplitude measurements fall into two categories and the ampli- 
tude of either channel or  the ratio can be measured. The channel mea- 
surements are in dB where 0 dB V = l V rms. Measurements of ratio 
are in dB where 0 dB means channel levels are the same. If the input 
signal level is too low for phase or  ratio functions to  operate, a mea- 
surement of channel amplitude will reveal this. I f  the level is too high, 
digits will be blanked and the overload annunciator will indicate 
which channel is in overload. 

A wide dynamic range log amplifier achieves a wide dynamic range 
without internal or  external ranging. It uses eight log segments to  
achieve an 80 dB range. The 20 dB attenuator associated with each 
channel allows 100 dB of signal difference. 

The amplifier in both channels continuously logs the input signal. 
Logged signals are then rectified to give a dc voltage proportional to  
the log of the input. With the two dc signals available, it is possible to  
measure either the level of Channel A or  B to obtain log ratio by sub- 
tracting dc voltage. Using this technique, amplitude ratio of wave- 
forms (at different frequencies or different waveforms) can be mea- 
sured. 

The technique of subtracting Channel A from B directly yields gain 
or  loss through a network. By measuring input and output to  find 
gain, the input stimulus isn't required to have a flat frequency re- 
sponse. The stimulus can also have a distorted waveshape without af- 
fecting results. The Bode plot is then independent from the stimulus 
and in-circuit measurements are possible. 



Specifications 
Phase accuracy* 
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FREQUENCY 

ierature: 25°C i 1 O " C  Frequency range switch on lowest applicable range; Analog Output ac- 
curacy (rear panel). 

Input signal range: 200 pV rms to  20 V rms. 

Harmonic rejection 
Even harmonics no error. 
Odd harmonics in phase no error. 
Odd harmonics out of phase 0.57" worst case error when total odd 
harmonic distortion is 40 dB below the fundamental. 
Noise tolerance: 2" error for a I O  kHz, 1 V sine wave on one chan- 
nel. One volt sine wave added to  Gaussian noise (limited to  a 1 MHz 
bandwidth and 30 dB S/N ratio) on the other channel. The 100 Hz to 
1 MHz frequency range was used. 
Display: 

Range: f180" with 12" of overrange. 
Resolution: 0.1". 

Panel meter accuracy: f 3  counts (0.3 degrees, 0.3 dB/dBV). The 
panel meter error must be added to  the phase and amplitude errors to  
obtain the display error. 
Inputs 
Impedance: 1 MQ 30 pF. 
Protection: f 5 0  V dc, 25 V rms. 
Response time to achieve 90% of final reading: 

Frequency Range 
1 Hz to 1 kHz 

10 Hz to 100 kHz 

20 s 
2 s  

n 3 r  

Diairai reaaour: J-/, aleits wiin sian ariu aririuri~iatu~~.  ruuI rcau- " - -  
;s per second, fixed. 

mplitude accuracy* 
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*Conditions: Temperature: 25°C i1O"C: accuracy applies to dB V and ratio measurements with the same fre- 
quency on both channels; for ratio measurements, the lowest level channel determines accuracy; analog output 
accuracy (rear panel). 

Amplitude functions: A dBV, B dBV or  B/A dB. 
Amplitude reference: (A dBV, B dBV) 1 V rms = 0 dBV. 
Display: 

dB: - 100 to + 100 dB. (Both input signals must be within the range 
of 0.2 V rms to  20 V rms). 
Resolution: 0.1 dBV, 0.1 dB. 

Options 
001 Dual panel meters 
HP's 3575A Opt. 001 is equipped with two digital readouts and two 
analog outputs for simultaneous amplitude and phase readings. This 
option has no additional measurement capability over the standard 
instrument. 
Dual analog outputs: rear panel BNC connectors provide dc  output 
voltages that correspond to  the respective panel meter readings. 
002/003 Programmable 
3575A Opt. 002 and Opt. 003 are equipped with dual panel meters and 
dual analog outputs (same as Opt. 001) plus BCD outputs and com- 
plete remote control capability. Option 002 has negative true output 
levels and Opt. 003 has positive true output levels. BCD information 
from the 3575A (Opt. 002) can be read by the 9810 or 9820 H P  Calcu- 
lators. 

General 
Power: 115 V/230 V *IO%, 48 Hz to 440 Hz, 40 VA. 
Weight: net 8.3 kg (18.4 Ib); shipping 11.3 kg (25.8 Ib). 
Dimensions: 425 mm wide x 88 mm high X 337 mm deep (16%'' X 

Accessories furnished: Rack mount kit, extender boards, line cable 
and 50-pin connector (Opt. 002 and 003 only). 
Model number and name Price 
3575A, Opt. 001, Dual Readout add $465 
3575A. Opt. 002, Programmable (negative true output 
levels) add $825 
3575A, Opt. 003, Programmable (positive true output 
levels) add $825 
3575A, Gain/Phase Meter $2710 

Range: A dBV, B dBV: -74 dBV to +26 dB (in two ranges). B/A 

3'?4," X 13"'). 



NETVWORK ANALYZERS 
1 Hz to 13 MHz 
Model 3043A 

I 

Description 
Hewlett-Packard's 3043A Network Analyzer System combines the 

features of a network analyzer and synthesizer with the control and 
analysis capability of a calculator. 

A circuit can be analyzed using calculator network analysis pro- 
grams; and the physical circuit can be compared to the theoretical 
using the network analyzer system. 

The calculator controls the instruments, eliminating tedious and 
error-prone manual settings. Data from the network analyzer can be 
processed and displayed by the calculator. 

This man-machine interface eliminates manual analysis, and pro- 
vides a high-performance answer to design and analysis needs. 

Stimulus sine v 
Output impedan 
Maximum outpu 

Measurement input 
Input impedance: 1 MR shunted by 30 pF. 
Input signal range: 20 V rms to 0.2 mV rms. 
Amplitude measurements 
Display resolution: 0.1 dB. 
Display range: +6  to -74 dBV in A or B amplitude function. +IO0 
to -100 dB in B/A amplitude function. 

Phase measurements 
Display resolution: 0.1 O .  

Display range: + 180". 

System reading rate 
1 HZ - 1 kHz 

1 kHz - 100 kHz 

1 MHz - 13 MHz 

1.90 sec/reading 
0.80 sec/reading 
0.65 sec/reading 
0.60 sec/reading 

100 kHz - 1 MHz 

3575A System analyzer 
Hewlett-Packard's Model 3575A Gain Phase meter performs all 

amplitude and phase measurements in the system. The broadband 
measurement scheme and wide dynamic range o f  the 3575A minimize 
frequency and amplitude range changing during measurements. 

3575A Specifications 
Power: I15 V/230 V f IO%, 48 Hz to 440 Hz, 40 VA. 
Weight: net, 8.3 kg (18.4 Ib); shipping, 11.3 kg (25.8 Ib). 

. " U1...-. - ," ," ". 
Frequency range final reading 

1 Hz to 1 kHz 
I O  Hz to 100 kHz 

100 Hz to 1 MHz 
1 kHz to 13 MHz 

20 sec 
2 sec 

0.2 sec 
20 ms 

3320B System stimulus 
Hewlett-Packard's 3320B Synthesizer provides accurate frequency 

and amplitude inputs to the device under test. This synthesizer offers a 
low-distortion sine wave output to reduce spurious responses of the 
circuit under test. Phase-continuous switching minimizes transients 
during frequency changes so repeatable measurements can be made. 

Operating temperature: 0°C to 55°C. 
Storage temperature: -40°C to +70°C. 
Power requirements: 115 V or 230 V *lo%, 48 Hz to 63 Hz, <110 
VA, (400 Hz operation on special basis). 
Weight: 33208, 15.4 kg (34 Ib); shipping, 22.2 kg (49 Ib). 

3320B S pecif icat ions 

9820A System controller 
Hewlett-Packard's model 9820A Calculator, with its simple pro- 

gram language, is the optimum controller for this type of system. The 
conversational capability of the system is enhanced by alphanumeric 
LED display and paper tape printer in the 9820A. 

Details of controlling instruments for swept frequency response are 
solved by the software provided. Basic parameters such as signal fre- 
quency and amplitude must be specified. Invalid data entry and pos- 
sible error modes are indicated. 

Memory size: 435 registers; 264 registers are available for user pro- 
gramming. 
Operating temperature: 0°C to 45°C. 
Power requirements: 100 V, 120 V, 220 V or  240 V nominal operat- 
ing range +5%, - 10% of nominal values; 50 Hz to 60 Hz; 150 VA. 
Weight: 14.4 kg (36 Ib); 23 kg (51 Ib). 
Dimensions: 490.9 mm wide (at keyboard) x 142.2 mm high X 533.4 
mm deep (171/4" X 5%. X 21"). 
Model number and name Price 
100: 500 system $15,250 
101: 75Q system $15,250 
102: High Stability Crystal Oven add $310 

add $2500 120: Opt. 002 9820A 1453 Register Memory 
3043A Network Analyzer - price determined by option purchased. 

9820A Specifications 
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NETWORK ANALYZERS 
RF vector impedance meter 

Model 4815A 

1 

0 Measures Z and 0 quickly and easily 0.5 - 108 MHz 

The R F  Vector Impedance Meter offers these significant advantages: Accuracy: f 4 %  of full scale f (f/30MHz +Z/25kR)% of reading, 
where f = frequency in MHz and Z is in ohms; reading includes probe 
residual impedance. 
Calibration: linear meter scale with increments 2% of full scale. 

Phase angle measurement 
Range: 0 to 360" in two ranges: 0 f90° ,  180" f90" .  
Accuracy: 
quency in MHz and 
Calibration: increments of 2". 

and Phase Zero. 
Recorder OUtpUb 
Frequency: 0 to I volt from 0 to I 
tation. 
Impedance magnitude: 0 to 1 volt from 1 kR source. 
Phase angle: 0 f 0 . 9  volt from 1 kR source. 
Dimensions: 426 mm wide, 185 mm high, 476 mm deep (16%" X 7%" 

Weight: 17.6 kg (net 39 Ib), shipping 24.8 kg (55 Ib). 
Power: 105 to  125 V o r  210 to 250 V, 50 to  400 Hz, 50 W. 
Accessories furnished: 
1. 00600A Probe Accessory Kit: contains BNC Type "N" adapter. 
Probe Socket, 00601A ComDonent Mountine Adaoter. 2 urobe center 
pins, Drobe groi 

Direct reading of impedance and phase 
Convenient probe for in-circuit measurements 
Self calibration check provides measurement confidence 
Analog outputs for data recording 
Low-level test signal minimizes circuit disturbance 
The H P  4815A R F  Vector Impedance Meter provides all of the con- 

venience of "probe and read" measurements. In use, the probe is con- 
nected directly into the circuit to  be evaluated, frequency is selected, 

straightforward adaptation to  various jigs and fixtures for special 
measurements. Where only component values are to be determined, a 
quick-mount adapter is provided to  allow rapid measurements. For 
critical component applications, the unit to  be evaluated may be 
mounted directly in its working circuit and its value determined in its 
actual environment, at  the frequency of interest. 

(3 + f/30 MHz + Z/5OkR) degrees where f = free 
is in ohms, 

and complex impedance is read. This type measurement a Adjustments: front panel screwdriver adjustments for Magnitude 

source, ProPortional to dial ro- 

Specifications X 18%"). 

Frequency 
Range: 500 kHz to 108 MHz in five bands: 500 kHz to 1.5 MHz, 1.5 
to 4.5 MHz, 4.5 to  14 MHz, 14 to 35 MHz, 35 to 108 MHz. 
Accuracy: f 2 %  of reading, f 1% of reading at  1.592 and 15.92 MHz. 
RF monitor output: 150 mV minimum into 50 ohms. 

Impedance magnitude measurement 
Range: 1 ohm to 100 k ohms; full-scale ranges: IO, 30, 100, 300, 1 K, 
3 K,  IO K, 30 K, 100 K ohms. 

2. Rack Mount 
Model number 
4815A R F  vectc 

- 
und assembly. 

Kit. 
and name Price 

3r impedance meter $3040 



NETWORK ANALYZERS 
RF network analyzer system, 100 kHz to 110 MHz 
Model 8407 system 

Complete swept characterization of linear networks 
Modular system flexibility 

0 50Q and 750 measurements 

Swept measurements for either designing or testing are made with 
ease by HP's versatile 8407 Network Analyzer System. Since phase as 
well as magnitude is measured by a Network Analyzer, the behavior 
of both active and passive linear networks can be completely charac- 
terized from 100 kHz to 1 I O  MHz by swept measurement. 

Measurements of gain, loss, phase shift (compute group delay), re- 
turn loss, and complex reflection coefficient are all possible in either 
50Q or 75Q systems. These measurements allow the linear behavior of 
the networks under test to be completely characterized by their com- 
plex S-Parameters Swept complex impedance IZI and 8 (for (ZI from 
0. I Q  to > I O  kQ) as well as voltage and current transfer functions are 
also measured quickly and easily by the 8407 system. Typical linear 
networks designed and tested with the 8407 are filters, amplifiers, at- 
tenuators, antennae, detectors, cables, and recording heads. 

Much of the 8407's versatility stems from its modular construction 
which allows the system to perform a variety of measurements or be 
economically tailored to one application. The basic instruments of the 
8407 system are: The HP 8407A Network Analyzer, one of two RE- 
QUIRED sources (HP 8601A Sweeper/Generator or HP  8690B/ 
8698B Sweep Oscillator), choice of two plug-in displays (HP 8412A 
Phase-Magnitude Display or HP  8414A Polar Display), an optional 
digital marker (HP 8600A), and one of four transducers (HP 11652A, 
1 1654A. I1655A, or 1121A) depending on the measurement. Because 

the 8407A is a tracking receiver, the HP  8601A and HP 869081 
8698B are the only sources providing the VTO output required to op- 
erate the network analyzer. Thus, an operating system must be con- 
figured with one of the required sources, the network analyzer, a dis- 
play and one or more of the transducers depending on the device 
under test and the network parameters desired. 

Specifications 
8407A 
General: 8407A is a two input tracking receiver, using both inputs 
(reference and test channels) to form their magnitude ratio and phase 
difference before routing to display. 
Frequency range: 0.1 - 110 MHz. 
Impedance: 50Q, Option 008: 750. VSWR <1.08. 
Dynamic range: 80 dB. 
Test input: DIRECT -10 to -90 dBm signal range. ATTENU- 
ATED, +20 to -50 dBm signal range. Damage level +26 dBm/50 
Vdc. 
Reference input: DIRECT level required, -10 to -60 dBm. AT- 
TENUATED level required +20 to -20 dBm. Damage level +26 
dBm/50 Vdc. 



8407A 

8412A 8414A 

_ .  

. /.. 

8601A 

8600A 

Amplitude accuracy: FREQUENCY RESPONSE f 0 . 2  dB for DI- 
RECT input (test input >-60 dBm), 0.1 - 1 I O  MHz; f0 .05  dB over 
any I O  MHz portion; may be calibrated out. Typically f0.05 dB for 
DIRECT inputs. (REFERENCE level of -10 dBm). DISPLAY 
REFERENCE, <0.05 dB/l  dB step, total error 1 0 . 1  dB; <O. l  d e /  I O  
dB step, total error 50.25 dB. ATTENUATED INPUTS, 40 dB f0.5 
dB. REFERENCE CHANNEL GAIN CONTROL, 20 dB and 40 dB 
steps f 0 . 5  dB/step. CROSSTALK, >0.03 dB when test/ref = -40 
dB to <4 dB when test/ref = -80 dB. 
Phase accuracy: FREQUENCY RESPONSE, 55 '  for DIRECT 
input (test input >-60 dBm), 0.1 to 1 I O  MHz; f 2 '  over any 20 MHz 
portion; may be calibrated out. Typically f 2 '  from 1 - I I O  MHz for 
DIRECT inputs (REFERENCE level of - I O  dBm). DISPLAY REF- 
ERENCE, <0.5'/10 dB step; total error <3O. ATTENUATED in- 
puts, f 2 '  from DIRECT inputs. REFERENCE CHANNEL GAIN 
CONTROL, +2"/step. CROSSTALK, <0.3' when test/ref = -40" 
to  < 1 I o  when test/ref = -80 dB. 
Power: 65 watts, 50-60 Hz, 115/230 + I O %  Vac. 
Weight: Net, 14.6 kg (32 Ib). Shipping, 17.8 kg (39 Ib). 

841 2A 
General: Plug-in PHASE-MAGNITUDE C R T  Display. Displays 
magnitude and/or phase vs. frequency. 
Amplitude accuracy: Display, 0.08 dB/dB from midscreen. Rear 
output: 0.03 dB/dB variation from 0 volt output. 
Phase accuracy: DISPLAY, 0.065"/degree from midscreen. 
PHASE OFFSET, 0.3"/20° step, 1 3 '  for 360" change, positive or 
negative direction. VS. DISPLAYED AMPLITUDE, < l 0 / 1 O  dB; 
total <6O over 80 dB range. 
Rear panel inputs: Sweeping, 1 1 5  Vdc. Blanking, -4 Vdc blanks 
CRT. Z axis (marker), -5 Vdc intensified and +5 Vdc blanks trace. 
Rear panel outputs: Amplitude, 50 mV/dB; phase, IO mV/degree. 
Power: 23 watts, supplied by 8407A. 
Weight: 7.8 kg (17 Ib). Shipping I O  kg (22 Ib). 
841 4A 
General: Normalized POLAR coordinate display with magnitude 
calibration in 0.2 of full scale gradations. Full scale is determined by 
DISPLAY REFERENCE on 8407A; phase calibration is in IO" in- 
crements over 360" range. Smith Chart overlays available. 
Accuracy: All errors in amplitude and phase due to  display are con- 
tained within a circle of 3mm about measurement point. 
Rear panel inputs: Blanking, -4 to -10 Vdc blanks CRT. Marker, 
intensified trace with -4 to -10 Vdc. 
Rear panel outputs: Horizontal and vertical both f 2 . 5  V for full 
scale deflection. 
Power: 35 watts, supplied by 8407A. 
Weight: Net, 5.9 kg (13 Ib). Shipping 8.0 kg (18 Ib). 
8601 A 
General: GENERATOR/SWEEPER operating in either CW or 
SWEPT modes. Sweep modes are full, variable stop frequency, and 
symmetrical (up to  I O  MHz). Features very low residual FM, spur- 
ious, harmonics, and drift. 8601A provides the VTO signal required to  
operate the 8407A. 
Frequency: . I  - 1 I O  MHz in two sweep ranges, . I  - 11 MHz and 1 - 
110 MHz. 
Impedance: 50Q. Option 008: 75Q. VSWR <1.2. 
Accuracy: 1% of frequency, 0.5% linearity, and 2% of sweep width. 
Calibrated output: f0 .25 dB flatness over full range, output accur- 
acy f 1 dBm from + I O  to - 1  I O  dBm. 
Auxiliary outputs: Sweep out, blanking (for 8412 and 8414), VTO 
(required by 8407A), and auxiliary output (0.1 - 1 I MHz both ranges) 
for 8600 counter/digital marker. 

Detailed specifications on page 366. 
8600A 
General: DIGITAL MARKER used with 8601A generator/ 
sweeper to provide five continuously variable markers on a display 
while reading out the frequency of any one marker. Six digit display. 
Markers/accuracy: 5 markers accurate at desired frequency f 
(0.05% sweep width + sweep stability). 
Counter frequency range: 0.1 - 15 MHz (automatically scales up by 
ten when 8601A on 0.1 - 1 I O  MHz range). 

Detailed specifications on page 366. 
11 652A 
General: REFLECTION-TRANSMISSION KIT containing power 
splitter, 8721A DIRECTIONAL BRIDGE, precision termination, 
calibrating short, three BNC adapters, and four matched, low-leak- 
age cables for both transmission and reflection measurements. All 5OQ 
BNC connectors, Option 008 75Q. 
Directional bridge: 8721A: 6dB insertion loss and 6dB coupled to  
auxiliary arm. Frequency response f 0 . 5  dB (0.1 - 110 MHz). 
Directivity >40 dB ( 1  to  1 I O  MHz). Load port return loss >30 dB 
(p<0.03). Max input power +20 dBm. SOQ, Option 008: 75Q. 
Power splitter: 6 dB through each arm. Max input power +20 dBm. 
50Q. 
50Q termination: Return loss >43 dB. 
Weight: 0.7 kg (1.5 Ib). Shipping, 1.2 kg (2.5 Ib). 
11 654 
General: Passive probe kit for measuring current and voltage trans- 
fer functions and accurate complex impedance below I 1  MHz con- 
tains a pair each of six resistive divider probes ( l : l ,  5:1, 1 0 1 ,  201,  
50:1, 1OO:l). current probes and a variety of adapters. 
Weight: Net, 0.9 kg (2 Ib). Shipping, 1.4 kg (3 Ib). 



11 652A 

11654A 

1 1655A 

11 658A 

11ZlA 

85426A 

854288 

11655A 
General: Swept or CW impedance probe mounting directly t o  
8407A. Mount contains internal calibrator, lOOQ f0.5% and 0" f 2 " ;  
parasitics capacitances are calibrated out; and simple charts are avail- 
able for calculating out residual resistances. Contains component 
adapter, probe to  BNC adapter, probe to type N adapter, and various 
ground assemblies. 
Frequency: 0.5 - 1 I O  MHz (usable to  0.1 MHz). 
Measurement range: Amplitude, 0.lQ to > I O  kQ; phase, 0" f90°. 
CW accuracy: Amplitude f5%; f5' for ( Z (  >3.16Q. 
Swept accuracy: Typically f5% in amplitude (3 - 1 I O  MHz), f 5 '  in 
phase ( 5  - I I O  MHz); accuracy decreases below 3 MHz. Note all ac- 
curacy specs valid only for proper input levels and calibration. 
Max external voltage to probe: 50 Vdc, 5 V rms. 
Weight: Net, 0.9 kg (2 Ib). Shipping, 2.7 kg (6 Ib). 
11658A 
General: 500 to 75Q matching resistor for matching the 5052 of the 
8407A to a 7552 environment. Two 11658A's are very useful for fre- 
quent 50Q to 750 changes. The 11658A's mount directly on the front 
panel of 8407A. FREQUENCY, 0.1 - 110 MHz. INSERTION LOSS, 
3.5 dB. RETURN LOSS, >40 dB. CONNECTORS, 50Q BNC male 
and 750 BNC female. 
Net weight: 28 g (1 02). 
1121A 
General: I : l  active probe for making measurements without dis- 
turbing circuitry and measuring voltage transfer functions in systems 
different from 50Q. IO: 1 and 100: 1 dividers and BNC adapter also fur- 
nished. 
Frequency response: f 0 . 5  dB and f 2 %  from 0.1 - 110 MHz with a 
bandwidth (3 dB) of 1 kHz to >500 MHz and gain 0 dB f l  dB. 
Input impedance: 100 kQ, shunt capacitance of 3 P F  at 100 MHz. 
With 10: I or 1OO:l divider, 1 MQ, shunt capacitance 1 P F  at  100 MHz. 
Output impedance: 509 nominal. 
Maximum input: 300 mV rms, f 8 0  V dc; with 1O:l divider, 3 V rms, 
f 3 5 0  V dc; with 1OO:l divider, 30 V rms, f 3 5 0  V dc. 
Power: Supplied by 8407A through PROBE PWR jacks. 
Weight: Net, 0.7 kg (1.5 Ib). Shipping, 1.2 kg (2.5 Ib). 
85425A 
General: Bias insertion network providing DC biasing to devices 
under test on R F  transmission lines. Operating frequency range is 0.1 
- 500 MHz with insertion loss <0.4 dB and return loss >28 dB. Max 
biasing current of 750 mA and max biasing voltage of 70 V. Connec- 
tors are BNC for D C  biasing and APC-7 for RF. 
Weight: Net, 0.5 kg (1 Ib). Shipping, 0.8 kg (1.7 Ib). 

General: 509 to  750 minimum loss pad. Pad operates from 0.1 - 110 
MHz with an insertion loss of 5.7 dB and VSWR <1.05. Connectors 
are 50Q BNC male and 75Q BNC female. 
Weight: Net, 0.1 kg (2 02).  Shipping, 0.2 kg (6 02). 
Model number and name: Price 

8 5 4 2 8 ~  

8407A Network Analyzer 
Option 008 
8412A Phase Magnitude Display 
8414A Polar Display 
860 I A Sweeper/Generator 
Option 008 
8600A Digital Marker 
I1652A Reflection/Transmission Kit 
Option 008 
11654A Passive Probe Kit 
I1655A Impedance Probe Kit 
11658A Matching Resistor 
I121A AC Probe Kit 
85426A Bias Insertion Network 
854288 Minimum Loss Pad 

$3195 
add $115 

$1855 
$1445 
$2470 

add $50 
$ I  I35 
$335 

add $60 
$500 

$ IO00 
$30 

$430 
$350 
$100 
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NETWORK ANALYZERS 
8410s Systems(cont.) 

8410s Common performance specifications 
Function: All systems measure transmission and reflection parame- 
ters on a swept-frequency or CW basis with readout of attenuation, 
gain, phase shift, reflection coefficient, return loss, impedance, de- 
pending on display unit. 

ATTENUATION OR GAIN MEASURED (dB) 

8412A Phase-magnitude display: Rectangular coordinate dual- 
channel CRT. 
Amplitude range: 80 dB. 
Phase range: f180".  
Resolution: 

Selectable amplitude: 10, 2.5, 1 ,  0.25 dB/division. 
Selectable phase: 90, 45, IO, 1 degree/division. 

6 

REFERENCE AN0 TEST CHANNELS 
I,/*# / 1 -WITH REFERENrANOTESTiHANNELS 80dB DIFFERENCE BETWEEN 1 1 

WITH EQUAL SIGNAL LEVELS 
IN REFERENCE AND TEST CHANNELS 

3 40 80 120 160 200 
PHASE READING (*DEGREES) 

8414A Polar display: Polar Coordinate CRT with magnitude cali- 
bration divisions at 20, 40, 60, 80 and 100% of full scale. Outer range 
settable by IF gain control and amplitude vernier. 
Connectors: RF Input, Type N female stainless steel; Measurement 
Ports, APC-7 precision 7-mm connectors. 
Transmission measurement (using 8412A): Accuracy curves show 
overall system uncertainty when measuring amplitude and phase. 
Sources of error included are IF gain control, display accuracy, phase 
offset, system noise and cross-talk. System frequency response is spe- 
cified separately and is not included in accuracy curves. 

Amplitude accuracy (60 dB dynamic range): 
IF gain control: 69 dB in 10 dB and 1 dB steps. 

dB/10 dB } f 0 . 2  dB maximum cumulative 
f0.05 dB/I dB 
Display: '0.08 dB/dB from midscreen. 

Phase accuracy: 
Phase offset: 0.3"/20" step; maximum 3" for 360" change. 
Display: 0.065"/degree from midscreen. 

8410s Options 100/110 specifications 
Function: The 8410s option 100/110 measurement systems give all 
four s-parameters for a two-port network with pushbutton ease over 
the frequency range of 110 MHz to 2 GHz. A choice in Log display 
units is made by selecting the Option 100 (8413A display) or Option 
110 (8412 display) system. 
Frequency range: 0.11 to 2.0 GHz. 
RF input: 20 dB range between -21 dBm and +7 dBm. 
Source reflection coefficient: 10.09, 0.11 - 2.0 GHz. 
Termination reflection coefficient: 50.11, 100 - 200 MHz; 10.09, 
200 - 2000 MHz. 
Directivity: >36 dB 0.11 - 1.0 GHz; >32 dB 1.0 - 2.0 GHz. 
Insertion loss, RF input to test port: 4 dB nominal. 
Frequency response: 

Transmission: Typically <f0.35 dB amplitude and < f 3 '  phase. 
Reflection: Typically <f0 .06  magnitude and f5' phase with a 
short on the test port. 

Transmission measurement accuracy: (See common perfor- 
mance specifications). 
Reflection measurement accuracy (using 8414A): Sources of 
error included in the accuracy equations are directivity, source match, 
and polar display accuracy. 
Magnitude accuracy: 
p u  = f(0.015 + 0 . 0 3 ~ ~  + 0 . 0 6 p ~ ~ ) O . l l  - 1.0GHz 
p u = f(0.025 + 0.03 PL + 0.06 p ~ ~ )  1.0 - 2.0 GHz 
p u = magnitude uncertainty 
p L = measured reflection coeeficient magnitude. 
Phase accuracy: 
+ u = s i n - ' p u / p L f o r @ u  <90° 
0 u = phase uncertainty 
See 84105 network analyzer systems table for price and instru- 
ment breakdown. 

8410s Options 200/210 specifications 
Function: The 8410s Option 200/210 measurement systems cover a 
frequency range of 2 to 12.4 GHz. With just one simple setup and cal- 
ibration both transmission and reflection measurements are easily 
made by pushing a button. A choice in Log display units is made by 
selecting the Option 200 (8413A display) or Option 210 (8412A dis- 
play) system. 
Frequency range: 2.0 to 12.4 GHz. 
RF input: 20 dB range between -14 dBm and + I 4  dBm. 
Source reflection coefficient: 10.09, 2 - 8 GHz; 10.13, 8 - 12.4 
GHz. 
Termination reflection coefficient: $0.09, 2 - 8 GHz; 10.13, 8 - 
12.4 GHz. 
Directivity: 2 3 0  dB, 2 - 12.4 GHz. 
Insertion loss, RF input to test port: 20 dB nominal. 



Frequency response: 
Transmission: Typically <f0 .5  dB amplitude and < f S O  phase. 
Reflection: Typically <fO.06 magnitude and < f 7 '  phase, with a 
short on the unknown port. 

Transmission measurement accuracy: (See common perfor- 
mance specifications). 
Reflection measurement accuracy (using 8414A): Sources of 
error included in the accuracy equations are directivity, source match, 
and polar display accuracy. 
Magnitude accuracy: 
p u = f(0.0316 + 0.03 P L  + 0.09 p ~ 2 )  2 - 8 GHz 
p u  = f(0.0316 + 0 . 0 3 ~ ~  + 0 . 1 3 p ~ ~ ) 8  - 12.4GHz 
p u = magnitude uncertainty 
p L = measured reflection coefficient magnitude 
Phase accuracy: 
@U = sin-'pu/pLfor@u < f 9 0 °  
@ u = phase uncertainty 
See 8410s network analyzer systems table for price and instru- 
ment breakdown. 
8410s Options 300/310 specifications 
Function: The 8410s Option 300/3 10 measurement systems encom- 
pass both the 8410s Option 110 and 210 system specifications and 
flexibility. The two R F  transducer units cover the frequency range of 
1 I O  MHz to 12.4 GHz and both offer calibrated line stretchers for ex- 
tending the reference plane. Coaxial rotary joints and airlines 
mounted on the front of the transducer units allow easy connections 
to the test device. A choice in log display units is made by selecting ei- 
ther the Option 300 (8413 display) or Option 310 (8412 display) sys- 
tem. 
See 8410s network analyzer systems table for price and instru- 
ment breakdown. 
84105 Options 400/401 specifications 
Function: The 8410s Option 400/401 S-parameter measurement sys- 
tem provides two port S-parameters for semiconductors in TO- 
18/TO-72 (Option 400) or TO-5/TO-12 (Option 401) packages. A 
short circuit Termination and a 50 ohm through section are included 
with each type fixture for reference plane calibration. 
Frequency range: 0.11 to 2.0 GHz. 
Transistor DC bias selection: Front panel slide switches establish 
proper dc biasing for both Bi-polar and FET transistors. The voltage 
and current controls operate independently and are continuously ad- 
justable over a current range of 0 to 500 ma and a voltage range of 0 to 
30 V. 
RF input: 20 dB range between -21 dBm and +7 dBm. 
Incident power at device under test: +3  dBm to -25 dBm. 
Source reflection coefficient: 

Option 400: Typically <0.062 
Option 401: Typically <0.067 

Termination reflection coefficient: 
Option 400 Typically < O . I I ,  100 to 200 MHz 

Option 401: Typically <0.14, 100 to 200 MHz 
<0.09, 0.2 to 2.0 GHz 

<0.10, 0.2 to 2.0 GHz 
Directivity: 

Option 400 Typically <31 dB, 0.11 to 1.0 GHz 

Option 401: Typically <28 dB, 0.1 1 to 1.0 GHz 

Transmission: Typically < f 0 . 3 5  dB, f 3 O  

<29 dB, 1.0 to 2.0 GHz 

<27 dB, 1.0 to 2.0 GHz 
Frequency response: 

z 
~ H Z  

Rc ..__.._... 
Transmission measurement accuracy: (See common perfor- 
mance specification). 
Reflection measurement accuracy (using 8414A): Sources of 
error included in the accuracy equations are directivitv and source 
match. 
Magnitude accuracy: 

Option 400 
p u = f(0.029 + 0.048 P L  + 0 . 0 6 p ~ ~ ) J  1 to 1 GH 
p u = f(0.035 + 0.051 PL + 0.062 P L ~ )  1.0 to 2.0 ( 
Option 401: 
p u = f(0.038 + 0.054 p~ + 0.067 P L ~ )  1.0 to 2.0 GnL 
pu = magnitude uncertainty 
p L = measured reflection coefficient magnitude 

Phase accuracy: 
$JU = sin-' @u(pu/pu)for @u < 90" 
@ u = phase uncertainty 
See 84105 network analyzer systems table for price and instru- 
ment breakdown. 

8410s Options 500/501 specifications 
Function: The 8410s Option 500/50l S-parameter measurement sys- 
tems provide the capability of biasing and measuring all four S-pa- 
rameters of strip-line transistors in the TO-5 1 (Option 500), HPAC- 
200 (Option 501) packages. A short circuit termination and a 50-ohm 
through section are included with each fixture for reference plane cal- 
ibration. 
Frequency range: 0.5 to 12.4 Gz. 
Transistor dc bias selection: Front panel slide switches establish 
proper dc biasing for both Bi-polar and FET transistors. The voltage 
and current controls operate independently and are continuously ad- 
justable over a current range of 0 to 500 ma and a range of 0 to 30 V 
dc. 
RF input: 20 dB range between -7 and +13 dBm. 
Incident power at device under test: -27 dBm to -7 dBm with 
INCIDENT ATTENUATION set to 0 dB. 
Incident attenuation range: 0 to 70 dB in IO dB steps. 
Source reflection coefficient: (Typically) <0.13, 0.5 to 8.0 GHz; 
<0.14, 8.0 to 12.4 GHz. 
Termination reflection coefficient: (Typically) <O. 13, 0.5 to 8.0 
GHz; f0 .14 ,  8.0 to 12.4 GHz. 
Directivity: >28 dB, 0.5 to 4.0 GHz; >23 dB, 4 to 12.4 GHz. 
Frequency response: (Typically) <1.0 dB, f 5  degrees, 0.05 to 4.0 
GHz; < 1.5 dB, f 5  degrees, 4.0 to 8.0 GHz; <2.5 dB, f 5  degrees, 8.0 
to 12.4 GHz. 
Transmission measurement accuracy: (See common perfor- 
mance specifications). 
Reflection measurement accuracy: Sources of error included in 
the accuracy equation are directivity and source match. 
Magnitude accuracy: 
p u = f (0 .04  + 0.08 P L  + 0.13 p ~ * )  0.5 to 4.0 GHz 
pu = f ( 0 . 0 7 + 0 . 0 9 p ~ +  0 .135p~*)4 .0to8 .0GHz 
p u = f (0 .074  + 0.098 P L  + 0.14 p ~ ~ )  8.0 to 12.4 GHz 
p u = magnitude uncertainty 
p L = measured reflection coefficient magnitude 
Phase accuracy: 
@ u = sin-' p u / p ~  for @u <90" 
@U = phase uncertainty 
See 8410s network analyzer systems table for price and instru- 
ment breakdown. 



NETWORK ANALYZERS 
Individual instruments 
8410 family 

8412A Phase-magnitude display 
Function: Plug-in CRT display unit for 84108. Displays relative am- 
plitude in dB and/or relative phase in degrees between reference and 
test channel inputs versus frequency. 
Amplitude: 

Range: 80 dB display range with selectable resolutions of 10,2.5, 1 

Accuracy: 0.08 dB/dB from midscreen. 

Range: f 180" display range with selectable resolutions of 90, 45, 
IO, and l"/division. 
Accuracy: 0.065"/degree from midscreen. 
Phase offset: O.3O/2O0 step cumulative <3O. 

8411A 8 4 1 0 8  and 0.25 dB/division. 

Phase: 

Power: 23 watts supplied by mainframe. 
Weight: Net, 7.8 kg (17 Ib). Shipping, 10 kg (22 Ib). 
Dimensions: 186 mm wide, 152 mm high, 395 m m  deep (7V32" X 6" X 
1 5Y16"). excluding front panel knobs. 

8413A Phase-gain indicator 
Function: Plug-in meter display unit for 8410B. Displays relative am- 
plitude in dB between reference and test channel inputs or relative 

8412A 841 3 A  

phase in degrees. Pushbutton selection of meter func6on and range. 
Amplitude: 

Range: f 3 0 ,  f10, and f 3  dB full scale. 
Accuracy: f 3 %  of end scale. 
Log Output: 50 millivolts per dB up to 60 dB total. 

Range: f180, f 6 0 ,  f l 8  
Phase: 

8418A 

Specifications 
New 8410B/S411A Network Analyzer 
Function: 841 1A converts RF signals to IF signals for processing in 
8410B mainframe. 8410B is the mainframe for display plug-in units. 
Mainframe includes tuning circuits (octave bands or multioctave 
bands when used with H P  8620/86290 sweep oscillator), IF amplifi- 
ers and precision IF attenuator. 
84106 frequency range: 0.1 1 to 18 GHz. 
8411A frequency range: 0.11 to 12.4 GHz. 

8411A input impedance: 50 ohms nominal. SWR <1.5, 0.1 1 to 8.0 
GHz; <2.0, 8.0 to 12.4 GHz; typically increases to a 1O:l SWR, 12.4 
to 18 GHz. 
Channel isolation: >65 dB, 0.1 to 6 GHz; >60 dB, 6 to 12.4 GHz; 
>50 dB, 12.4 to 18 GHz. 
Amplitude: 

Option 018 0.11 to 18 GHz. 

Reference channel: Any 20 dB range between - 16 and -44 dBm. 
lest channel: -10 to -78 dBm from 0.11 to 12.4 GHz; -10 to 
-68 dBm from 12.4 to 18 GHz. 
Maximum RF input to either channel: 50 mW. 
IF gain control: 69 dB range in 10 dB and 1 dB steps with a maxi- 
mum cumulative error of zk0.2 dB. 

Phase range: 0 to 360". 
Control: Vernier control >90°. 

Connectors (8411A): APC-7. 
Power: 115 or 230 V ac f IO%, 50-60 Hz, 70 watts (includes 841 IA). 
Weight: 

Phase: 

84106: Net, 14.9 kg (33 Ib). Shipping, 18.5 kg (41 Ib). 
8411A Net, 3.2 kg (7 Ib). Shipping, 4.5 kg (10 Ib). 

Dimensions: 
84108: 425 mm wide, 191 mm high, 467 mm deep (16%" X 7%" X 
1 8 %") . 
8411A 228 m m  wide, 67 mm high, 143 m m  deep (9" X 2%" X 
5%"), exclusive of connectors and cable. 

, f 6  degrees full scale. 
cale. 
Aearee 

Accuracy: f 2 %  of end s 
Output: 10 millivolts per Y-bl-v. 

Phase offset: f 180 degrees in 10-degree steps. 
Accuracy: f(0.2 '  + 0.3"/10° step), cumulative <2". 

Power: Additional 15 watts supplied by 8410B. 
Weight: Net, 4.9 kg (11 Ib). Shipping, 6.7 kg (15 Ib). 
Dimensions: 186 m m  wide, 152 m m  high, 395 mm deep (7%" X 6" x 

8414A Polar display 
Function: Plug-in CRT display unit for 8410B. Displays amplitude 
and phase data in polar coordinates on 5-in. cathode ray tube. 
Range: Normalized polar coordinate display; magnitude calibration 
20% of full scale per division. Scale factor is a function of IF setting on 
84 IOB. Phase calibrated in IO-degree increments over 360-degree 
range. 
Accuracy: Error circle on CRT f 3  mm. 
Power: Additional 35 watts supplied by 8410B. 
Weight: Net, 5.8 kg (13 Ib). Shipping, 8.1 kg (18 Ib). 
Dimensions: 186 mm wide, 152 m m  high, 395 mm deep (7%'' X 6" X 
1 5Ylh") excluding front panel knobs. 

841 SA Auxiliary power supply 
Function: The 8418A power supply unit provides power for opera- 
tion of the 8412A, 8413A or the 8414A display units. Used in con- 
junction with the 8410B Network Analyzer, it provides the capability 
of viewing amplitude and phase readout in both rectangular and polar 
coordinates simultaneously. 
Weight: Net, 11.2 kg (25 lb). Shipping, 19.7 kg (44 Ib). 
Dimensions: 483 m m  wide, 177 mm high, 450 mm deep (19" X 6)%2" 
X 17h"). 
Model number and name Price 
8410B mainframe $3400 
841 1A frequency converter $2680 
Option 018 add $415 
84 12A phase-magnitude display $1855 
8413A phase-gain display $1445 
8414A polar display $1445 
8418A auxiliary power supply $1050 

15%6") .  
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Dimensions: 425 mm wide, 140 mm high, 654 mm deep (16%’’ X 5%” 
X 25%“). 

11604A Universal Extension 
Function: Mounts on front of 8745A; connects to  device under test. 
Rotary air-lines and rotary joints connect to any two port geometry. 
Frequency range: dc to 2 GHz. 
Impedance: 50 ohms nominal. 
Reflection coefficient: 0.035. 
Acc. included: Semi-rigid coax. cable, HP Part # I  1604-20021. 
Weight: Net, 1.8 kg (4 Ib). Shipping, 2.2 kg (5 Ib). 
Dimensions: 32 mm wide, 127 mm high, 267 mm deep (Ilh’’ X 5” X 
10%”). 

11600B/11602B Transistor Fixtures 
Function: Mounts on front of 8745A S-parameter test set; holds de- 
vices for S-parameter measurements in a 50-ohm, coax circuit. Both 
fixtures provide bias for bipolar transistors and FETs. Other devices 
also fit the fixtures (tunnel diodes, etc.). 
Transistor base patterns: 

Calibration references: Short circuit termination and a 50-ohm 
through-section. 
Frequency ranges: dc to  2 GHz. 
Impedance: 50 ohms nominal. 
Reflection coefficient: <0.05, 100 MHz to  1.0 GHz; <0.09, 1.0 to 2 
GHz. 
Connectors: Hybrid APC-7; Option 001, type N female. 
Weight: Net, 1 . 1  kg (2% Ib). Shipping, 1.8 kg (4 Ib). 
Dimensions: 44 mm wide, 152 mm high, 229 mm deep (1%’’ X 6” X 
9“). 

8743A Reflection/transmission test unit 
Function: Wideband R F  power splitter and reflectometer with Cali- 
brated line stretcher. Pushbutton operated for either transmission or 
reflection measurements with network analyzer. 
Frequency range: 2 to 12.4 GHz, (option 018: 2 to 18 GHz). 
Impedance: 50 ohms nominal. 
Source reflection coefficient: 10.09, 2.0 to 8.0 GHz; 50.13, 8.0 to 
12.4 GHz; <0.2, 12.4 to 18 GHz. 
Termination reflection coefficient: 10.13 in reflection mode, 2.0 to 
12.4 GHz; 5 0 . 2  in transmission mode, 2.0 to 12.4 GHz; typically 
<0.2, 12.4 to 18 GHz. 
Directivity: 2 3 0  dB, 2.0 to 12.4 GHz; 2 1 8  dB, 12.4 to 18 GHz. 
Reference plane extension: 0 to 15 cm for reflection; 0 to  30 cm for 
transmission. 
Connectors: R F  input, type N female; all other connectors APC-7. 
Power: 1 I5  or 230 V ac f IO%, 50-400 Hz, 15 W. 
Weight: Net, 12.1 kg (29 Ib). Shipping, 15.3 kg (34 Ib). 
Dimensions: 425 mm wide, 140 mm high, 467 mm deep (16%” X 5%” 

11605A Flexible arm 
Function: Mounts on front of 8743A; connects to  device under test. 
Rotary air lines and rotary joints connect to  any two-port geometry. 
Frequency range: dc to 12.4 GHz. (Option 018, 2 to 18 GHz). 
Impedance: 5 0  ohms nominal. Reflection coefficient of ports: 
1 0 . 1  I ,  dc to 12.4. 

Option 018: 10.23,  2.0 to 12.4 GHz; 10.31,  12.4 to 18 GHz. 
Connectors: APC-7. 
Weight: Net, 1.8 kg (4 Ib). Shipping, 2.7 kg (6 Ib). 
Length: 257 mm (IO&”) closed; 648 mm (25%”) extended. 
Model name and number Price 
8745.4 test set $3750 

1 1604A universal arm $1275 
I16OOB/11602B transistor fixtures $750 
Option 001 less $30 
8743A reflection/transmission test set $3400 

add $750 Option 018 
11605A flexible arm $ IO00 
Option 018 add $525 

Model 116006: Accepts TO-I 8/TO-72 packages. 
Model 116026: Accepts TO-5/TO-I2 packages. 

X I8Y8“). 

Option 001 N / C  
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8410 family (cont.) 

87466 

11 608A 

87178  

874QA 8741A 8742A 

87468 S-parameter test unit 
Function: Wideband R F  power divider and reflectometer with cali- 
brated line stretcher and a selectable 0 - 70 dB incident signal attenu- 
ator. Provides internal bias tees for completely characterizing two port 
active devices. 
Frequency range: 0.5 to 12.4 GHz. 
Source and termination reflection coefficient: 10.13. 
Directivity: 2 3 0  dB, 0.5 to 4.0 GHz; 2 2 6  dB, 4.0 to 12.4 GHz. 
Incident attenuation: 0 - 70 dB in I O  dB steps f5%.  
Reference plane extension: Adds 0 - 15 cm (30 cm in transmission 
path). 
Remote programming: Ground closure to 36 Pin connector. 
Transistor biasing: via 36 Pin connector. 
Connectors: Input type N female, test ports APC-7 
Option 001: Provides I O  dB higher power level at the test port. 
Power: I 1  5 or 230 V f lo%, 48 to 440 Hi ,  I IO VA rnax. 
Weight: Net, 16.1 kg (35 Ib). Shipping, 19.1 kg (42 Ib). 
Dimensions: 425 mm wide, 140 mm high, 467 mm deep (16%” X 5%” 
X 18%”). 

11608A Transistor fixture 
Function: Provides the capability of completely characterizing strip- 
line transistors in either the TO-51 or HPAC-200 package styles. For 
special package styles, a through-line microstrip and bolt-in ground- 
ing structure machinable by customer is available. 

Frequency range: dc to 12.4 GHz. 
Reflection coefficient: <0.05, dc to 4 GHz; <0.07, 4.0 to 8.0 GHz; 
<0.11, 8 to 12.4 GHz. 
Package styles: 

Option 001: Customer machinable. 
Option 002: TO-51 (0.250” dia.). 
Option 003: HPAC-200 (0.205” dia.). 

Calibration references: Options 002 and 003 only, short circuit ter- 
mination and a 50-ohm through-section. 
Connectors: APC-7 Hybrid (Option 100 type N female). 
Weight: Net, 0.9 kg (2 Ib). Shipping, 1.4 kg (3 Ib). 
Dimensions: 143 mm wide, 25 mm high, 89 mm deep (5%’’ X 1” X 
3 %“). 
8717B Transistor bias supply 

The 8717B Transistor Bias Supply is an ideal power supply for man- 
ual or programmable transistor testing. It is particularly useful with 
the 11600B, 11602B, and 11608A Transistor Fixtures. The 8717B has 
two meters for independently monitoring current and voltage on any 
of the three leads of a transistor under test. Bias connections are con- 
veniently selected for all transistor configurations with a front panel 
switch. Special circuitry protects sensitive devices from excessive cur- 
rent transients which commonly occur in less sophisticated supplies. 
Voltage ranges: 1, 3, IO, 30, 100 V. 
Current ranges: 0.1, 0.3, 1, 3, IO, 30, 100, 300, 1000 mA. 
Accuracy: 4% of full scale for both current and voltage. 
Option 001: Programmable D/A converter. 
Weight: Net, 9.0 kg (20 Ib). Shipping, 11.0 kg (25 Ib). 
Dimensions: 425 mm wide, 86 mm high, 336 mm deep (36%” X 3%“ 

8740A Transmission test unit 
Function: R F  power splitter and calibrated line stretcher for trans- 
mission measurement with network analyzer. 
Frequency range: dc to 12.4 GHz. 
Output reflection coefficient: <0.07, dc to 7 GHz; <0.11, 7.0 to 
12.4 GHz. 
Connectors: R F  input, type N female; output, APC-7. 
Reference plane extension: Electrical, 0 to IO cm; mechanical 1 - 
I O  cm. 
Weight: Net, 7.1 kg (16 Ib). Shipping, 9.4 kg (21 Ib). 
Dimensions: 186 mm wide, 152 mm high, 410 mm deep (7%” X 6” X 

Recommended accessory: 11 587A accessory kit. 

8741A and 8742A Reflection test units 
Function: Wideband reflectometer, phase-balanced for swept or 
single frequency impedance tests with 8410B. Calibrated adjustable 
reference plane. 
Frequency range: 0.11 - 2.0 GHz (8741A); 2.0 - 12.4 G H z  (8742A). 
Directivity: 1 3 6  dB 0.1 1 - 1 GHz, 2 3 2  dB 1 - 2 GHz (8741A); 2 3 0  

Connectors: R F  input, type N female; all others APC-7. 
Reference plane extension: 0 - 15 cm. 
Accessories furnished: I 1565A, APC-7 short. 
Weight: Net, 6.7 kg (15 Ib). Shipping, 8.9 kg (20 Ib). 
Dimensions: 186 mm wide, 152 mm high, 410 mm deep (7%’’ X 6” X 
I 63/16“). 
Recommended accessory: 1 I587A Accessory Kit 
Model number and name Price 
8746B Test Unit $6100 

11608A Transistor Fixture 
Option 001 $450 
Option 002 $550 
Option 003 $550 
Option 100 less $30 

$20 10 
Option 001 add $670 
8740 Transmission Test Set $2400 
8741 Reflection Test Set $1755 
8742 Reflection Test Set $2500 

X 13%”). 

16%6“). 

dB 2 - 12.4 G H z  (8742A). 

Option 001 N/C 

87178 Transistor Bias Supply 



X8747A and P8747A 

KI 

1 1 5 8 7 ~  

T 

v u  
5747A and R8747A 

1 1650A 

11609A 

1 1599A 

1 1607A 

P, X 8747A Reflection/transmission tc 
Function: Waveguide setup for measuring 
sion parameters of waveguide devices with 
Frequency range: X8747A: 8.2 - 12.4 GHr 

K, R 8747A Reflection/transmission tc 
Function: Waveguide setup for measuring 
sion parameters of waveguide devices wit 
down-converts with built-in mixers to the 
841 1A. 
Frequency range: K8747A: 18 - 26.5 GHz 

1 t587A Accessory kit 
Function: Accessories normally used for tr 
tests with the 8740A, 8741A, and 8742A. 
Weight: Net, 1.34 kg (3 Ib). Shipping, 2.2 

zst units 
reflection and transmis- 
the network analyzer. 
!; P8747A: 12.4 - 18 GHz. 

est units 
; reflection and transmis- 
h the network analyzer; 
: frequency range of the 

; R8747A: 26.5 - 40 GHz. 

ansmission and reflection 

3 kg (5 Ib). 

11 650A Accessory kit 
Function: Accessories normally used for tr 
tests with the 8745A and 8743A. 
Weight: Net, 1.34 kg (3 Ib). Shipping, 2.2 

11609A Cable kit 
Function: Interconnecting cables normal 
measurements using the 8410B network an 
Weight: Net, 0.9 kg (2 Ib). Shipping, 1.36 

11589A and 11590A Bias networks 
Function: Auxiliary units for use with 1 . . . .̂ -. . . 

ansmission and reflection 

3 kg (5 Ib). 

ly required for network 
alyzer. 
kg (3 Ib). 

.he 11600B. 11602B and 
116UXA transistor fixtures. 1 hese bias networks provide dc bias to the 
center conductor of a coaxial line while blocking the dc bias from the 
input R F  circuit. 
Frequency range: 11589A - 0.1 to 3.0 GHz; 11590A - 1.0 to 12.4 
GHz. 
Connectors: BNC for dc biasing; type N female for R F  (Option 001: 

Weight: Net, 0.3 kg (9 02). Shipping, 0.5 kg (1 Ib). 
Dimensions: 76 mm wide, 29 mm high, 114 mm deep (3” X 11/81 X 
4%”). 
11599A Quick connect adapter 
Function: Quickly connects and disconnects the 8745A and the tran- 
sistor fixtures or 11604A universal extension. 
Weight: Net, 397 gm (14 oz). Shipping, 652 gm (2 Ib). 
Dimensions: 76 mm wide, 127 mm high, 108 mm deep (3” X 5” X 
4%”). 

11607A Small signal adapter 
Function: Used with the 8745A S-parameter test set. The incident 
signal levels to the test device are reduced to the -20 to -40 dBm 
range. 
Weight: Net, 4.1 kg (478 Ib). Shipping, 4.5 kg (10 Ib). 
Dimensions: 413 mm wide, 60 mm high, 244 mm deep (16%’’ X 2%’’ 
x 9789 

A PC- 7). 

Model number and name Prim 
X8747A Waveguide Test Set 
P8747A Waveguide Test Set 
K8747A Waveguide Test Set 
R8747A Waveguide Test Set 
11587A Accessory Kit 
11650A Accessory Kit 
11609A Cable Kit 
11589A Bias Network 
Option 001 
I1590A Bias Network 
Option 001 
11599A Quick Connect Adapter 
11607A Small Signal Adapter 

~ 

$20 lo  
$2350 
$7000 
$8200 
$1040 

$840 
$100 
$300 

add $30 
$350 

add $30 
$140 
$700 



METWORK ANALYZERS 
Automatic measurements to 18 GHz 
Model 8542B 

The standard for accuracy, speed. and ease of operation 

Description 
An 8542B Automatic Network Analyzer couples the network ana- 

lyzer’s ability to measure the linear characteristics of a device with a 
computer’s ability to completely set up a measurement, store data, 
and solve complex mathematics. As a result the system greatly im- 
proves the measurement accuracy and speed. It formats the data in the 
most useful manner by computing a variety of parameters and out- 
putting in alphanumeric and graphic form on hardcopy and cathode- 
ray tube, or alphanumeric on cassette. Systems are currently in use in 
numerous facilities covering the full range of production, design, cali- 
bration, and metrology applications. 

Speed and accuracy 
The 85428 Automatic Network Analyzer’s high accuracy is the re- 

sult of applying known standards with calibration techniques to char- 
acterize, store, and correct for systematic errors. Mismatch, directiv- 
ity, crosstalk, and frequency response errors are completely elimi- 
nated. 

The 8542B consists of three major subsystems: 
1. Synthesized Signal Source 
2. Measurement 
3. Processor/Operator Interface 
The Signal Source subsystem provides a programmable signal to ex- 

cite the device under test. 
The Measurement subsystem includes an automatic two-channel 

magnitude and phase detector (network analyzer), a programmable 
synthesizer to act as receiver local oscillator, and programmable test 
units to select signal paths to determine the unknown device param- 
eters. 

The Processor/Display includes a stored program computer and its 
input/output peripherals. 

Powerful applications software 
The 8542B is supplied with a complete set of ready-to-run Micro- 

wave Applications Programs (MAP). The General Purpose Measure- 
ment programs GPM-1 and GPM-2 provide for display of any seven 
of 28 different parameters, including VSWR, insertion loss, phase de- 
viation, and group delay. Program GPM-l  runs forward characteriz- 
ations of one or two measurement paths. Program GPM-2 gives for- 
ward and reverse characterization of one measurement path with full 
error correction. The multi-measurement program, VAT-1, provides 
forward characterization of up to eight measurement paths with cross 
comparison of any two paths. Program XTR-2 is used for measuring 
transistors, including device biasing. Program CUP- 1 provides highly 
accurate coupler directivity measurements. In addition to the M A P  
series programs, the 8542B is also supplied with a BASIC language in- 
terpreter containing high-level microwave measurement instructions. 
Interactive graphics (optional) allows rapid display of data in either 
graphical or tabular format. Graphs can be displayed in the most use- 
ful format: rectilinear, polar, or as a Smith chart. 

Options 
001: to 18 GHz 
002: Interactive graphics 
Model number and name 

from $162,000 8542B Network Analyzer (0.1 to 12.4 GHz)* 

‘The Model 8543A provides frequency coverage from 100 kHz to 110 MHz with extremely high accuracy and the 
same advantages of speed and flexibility as the Model 85428. 

Price 
add $1 1,000 
add $19,000 
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Channel 1 - 10 MHz 10 - 500 MHz 

A 

B 

1.5 mV - 1.0 V 

<20 pv - 1.0 v 
300 pV - 1.0 V 

<20 pv - 1.0 v 

I 

500 - 1000 MHz 

500 pV - 1.0 V 

<20 pV -1.0 v 

NETWORK ANALYZERS 
Vector voltmeter 

Model 8405A 

Accurate voltage and phase measurement 1 - 1000 MHz 

The 8405A Vector Voltmeter measures voltage vectors described by 
both magnitude and phase. This capability makes the 8405A a unique 
instrument for about any design and test application in the frequency 
range 1 to 1000 M Hz. 

In addition to absolute voltage measurements, capabilities include 
insertion loss and group delay of passband-filters and other transmis- 
sion devices, gain and phase margin of amplifiers, complex imped- 
ance of mixers, antennas, matching the electrical lengths of cables, s- 
parameters of transistors, amplitude modulation index, R F  distor- 
tion measurements and in-circuit probing. 

The 8405A achieves this measurement versatility through its two- 
channel capability enabling voltage magnitude measurements in either 
channel, thus allowing ratio measurements, and phase difference mea- 
surements between the two channels. Gain or loss in excess of 90 dB 
and phase measurements with 0.1 O resolution over a 360" phase range 
are possible. 

Accuracy is achieved through the 1 kHz bandwidth entailing re- 
sponse only to the fundamental frequency of the input signal. Also, 
phase-locked coherent sampling to translate I to 1000 MHz R F  
signals to 20 kHz IF  signals enables accurate detection of voltage mag- 
nitude and phase. Automatic phase-locked tuning makes it possible to 
select the one of 21 overlapping octave ranges which contains the 
input signal frequency by simply rotating a switch. 

Specifications 
Frequency range: 1 MHz to 1 GHz in 21 overlapping octave bands; 
tuning automatic within each band. 
Isolation between channels: 1 to 300 MHz, > 100 dB; 300 to 1,000 
MHz >SO dB. 
Maximum input: ac, 2 V peak; dc, f50V.  
Input impedance (nominal): 0.1 MQ shunted by 2.5 pF; 1 MQ 
shunted by 2 p F  when 11576A 1O:l Divider is used; 0.1 MQ shunted 
by 5 p F  when 10216A Isolator is used. AC coupled. 



'c i SIGNAL ANALYZERS 
Wave, distortion, spectrum and Fourier analyzers 

Almost every electronic circuit element has 
critical specifications in the frequency 
domain. The frequency response of filters, 
mixers, modulators, amplifiers, oscillators, 
and detectors must be quantified for satis- 
factory overall circuit performance. This sec- 
tion discusses the definition and use of three 
types of instruments for frequency response 
signal analysis: spectrum analyzers, wave 
analyzers, and distortion analyzers. 

Each of these instruments quantifies the 
magnitude of CW signals through a specific 
bandwidth, just the same as a tuned volt- 
meter. But each measurement technique is 
different. The spectrum analyzer is a swept 
receiver that provides a visual display of am- 
plitude versus frequency. It shows on a single 
display how energy is distributed as a func- 
tion of frequency, displaying the absolute 
value of Fourier components of a given wave- 
form. The Fourier analyzer uses sampling 
and transformation technique to form a 
Fourier spectrum display that has phase as 
well as amplitude information. The wave an- 
alyzer is the truly tuned voltmeter, showing 
on a meter the real time amplitude of the en- 
ergy in a specific frequency window and tun- 
able over a specific frequency range. The dis- 
tortion analyzer performs an almost recipro- 
cal function to  that of the wave analyzer. It 
collectively measures the energy outside a 
specific bandwidth, tuning out the funda- 
mental signal and displaying the energy of the 
harmonics and other distortion products on a 

meter. 
Figure I shows a graphical representation 

of the way the three analyzers view a simple 
CW signal and one harmonic. The time do- 
main scan of the CW signal is presented in 
1.a. A (t) is the complex voltage waveform as 
it would be viewed on an oscilloscope. The 

I 

Figure la. Waveform t 

I El 

dashed lines represent the vector compo- 
nents of the signal: AI  (t), the fundamental 
and A2 (t) the second harmonic. In 1.b. the 
spectrum analyzer displays the frequency 
spectrum showing both vector components 
and their amplitude relationship. Spectrum 
analysis is useful from 5 Hz to over 40 GHz. 

Figure IC. Wave analyzer 

f- 

Figure 1 b. Spectrum and Fourier analyzers Figure Id .  Distortion analyzer 
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Fourier analysis is a real time spectrum 
analysis of the Fourier components of the 
waveform in a similar manner, using high 
precision digital techniques. Hewlett-Pack- 
ard Fourier analysis techniques are used up to 
200 kHz where real time measurements need 
to  be made. For more information on Fourier 
analysis, see page 469. The wave analyzer in 
Figure I.c. measures the amplitude and fre- 
quency of the signal in the frequency window 
to which it is tuned. This window can be 
moved to  measure the amplitude of the sec- 
ond harmonic, thereby making a precise com- 
parison with the fundamental. This tech- 
nique is practical from 10 Hz to above 18 
MHz. 

The distortion analyzer as pictured in Fig- 
ure 1.d. rejects the fundamental to which it 
has been tuned and measures the energy ev- 
erywhere else within the instrument's fre- 
quency spectrum. Distortion, as a percent- 
age or  in dB down from the fundamental is 
displayed directly on a meter. Hewlett-Pack- 
ard distortion analyzers cover 5 Hz to 600 
kHz. 

The following section probes each instru- 
ment technique, showing the particular 
strength and flexibility of each. 

Spectrum analyzer 
T o  display useful information about a fre- 

quency scan, a spectrum analyzer must be 
sensitive, frequency stable, wideband free of 
spurious responses, and have calibrated ac- 
curacy in the C R T  display. The examples 
which follow best demonstrate the wide vari- 
ety of information which can be measured on 
the spectrum analyzer. 

Measurements with the spectrum 
analyzer 
CW signal: The most basic spectrum anal- 
ysis measurement is the single C W  signal. 

- 0 dBm 

-30dBm 

- .  

0 100 M H z  

Pictured is a -30 dBm signal at 60 MHz. 
The zero frequency indicator is at  the far left 
graticule. 
Spectral purity of a CW signal: One very 
important oscillator signal measurement is 
spectral purity. This 70 MHz carrier has 
power line related sidebands ( f 6 0  Hz) which 
are 65 dB down. 

Such sidebands may result from power 
supply ripple. The 50 Hz/division spectrum 
analyzer scan and the I O  Hz analyzer band- 
width provide the high degree of resolution 
required to see these sidebands. 

I 
f 
10 

5oq2 70MHz 

dBm 

with the spectrum analyzer than it is with the 
oscilloscope. 

With the oscilloscope time display, per- 
cent modulation, M, is measured as a ratio of 
the signal's dimensions: M = 100 (6 - 2)/(6 + 2) = 50%. In the spectrum analyzer dis- 
play, whose vertical calibration is I O  dB/di- 
vision, the carrier and sidebands differ by 12 
dB, the voltages in the sidebands are '/4 that 
of the carrier and again, M = 50%. At the 
same time the second and third harmonic dis- 
tortion of the sidebands can be measured at  
28 and 44 dB respectively. 

Frequency conversion The Frequency modulation:- Information trans- 
spectrum analyzer is well suited for fre- mitted by F M  can be thoroughly character- 

ized by the spectrum analyzer. quency conversion measurements such as the 

M I 
10MHz 'OMHz 

output of a balanced mixer as shown. With 
the 50 MHz local oscillator input at  0 dBm 
and a 5 MHz, -30 dBm mixer signal, two 
sidebands at 45 MHz and 55 MHz result. The 
sidebands are -36 dBm, giving the mixer a 6 
dB conversion loss. Other information easily 
extracted from this spectrum analyzer dis- 
play is the 60 dB local oscillator isolation and 
the 5 MHz signal has 41 dB isolation. Second 
order distortion products at  40 and 60 MHz 
are 40 dB below the desired mixer outputs. 
Amplitude modulation: Percent amplitude 
modulation is often more easily measured 

Oscil loscoDe 

2oyHz Low D e v i a t i o n  FM 

H H i g h  D e v i a t i o n  FM 
0.5 MHz 

Low deviation FM is applied to a 60 MHz 
carrier in the first photo. The deviation has 
been adjusted for the second carrier null (Mf 
= 5.52). The sidebands spacing is I O  kHz, the 
modulation frequency; therefore, Afpedk = 
5.52 X 10 kHz = 552 kHz. 

The second photo is an example of high de- 
viation FM. The transmission bandwidth is 
2.5 MHz. 
Pulsed CW power: By viewing the spectra 
of a repetitive R F  pulse on the spectrum an- 
alyzer, pulse width average and peak power, 
occupied bandwidth, and duty cycle can be 
determined. 

+ 10 dBm 

I 
7- 
10 dBm 

' _  .. 

+I 6.3 h H z  
S p e c t r u m  A n a l y z e r  0.5 M H z  



SIGNAL ANALYZERS 
Wave, distortion, spectrum and Fourier analyzers (cont.) 

From the spectral output shown the pulse’s 
complete characteristics are determined: 6.3 
G H z  R F  at  0 dBm, pulsed at  50 kHz rate. 
The pulse width is 1.3 psec. 
Noise: Spectrum analysis is effective in mea- 
suring impulse noise, random noise, carrier 
to  noise ratio, and amplifier noise figure. 
Frequency response: Using a tracking sig- 
nal source and a spectrum analyzer the fre- 
quency response of filters can be displayed 
with ease. 

’ 

- 10 dBV 

0 10 kHz 

In this case, an audio filter used in a com- 
munications system is being measured. Since 
the input reference level to the filter is -13 
dBV, the insertion loss at 2.4 kHz is 4 dB. Ex- 
tremely high Q devices can be measured with 
this system. 
Spectrum analyzer capabilities 

T o  be useful in making measurements in 
the frequency domain, the analyzer must be 
capable of making quantitative measure- 
ments. Specifically, an analyzer must: 
1) make absolute frequency measurements 
2) make absolute amplitude measurements 
3) operate over a large amplitude dynamic 

range 
4) have high resolution of frequency and am- 

plitude 
5 )  have high sensitivity 
6 )  provide means of observing, preserving, 

and recording its output in a convenient 
and rapid manner by using variable per- 
sistence, digital storage and adaptive 
sweep. 

Hewlett-Packard spectrum analyzers excel in 
these six measures of performance. 

Let us consider each of these performance 
standards in greater detail. 
Absolute frequency measurements: 
There are two ways to measure absolute fre- 
quency with a Hewlett-Packard spectrum an- 
alyzer. The absolute frequency can be read 
off the slide-rule type of frequency dial. Ac- 
curacy in this case is approximately 1% of full 
scale. When the spectrum analyzer is used in 
conjunction with a tracking generator (a 
source whose frequency is the same as the an- 
alyzer tuning frequency) accuracy much 
better than 1% can be achieved by counting 
the generator output. 

Absolute amplitude measurements: All 
Hewlett-Packard spectrum analyzers are ab- 
solutely calibrated for amplitude measure- 
ments. This means the spectrum analyzer in- 
dicates to the user what the log/reference 
level or linear sensitivity is regardless of con- 
trol settings. An uncalibrated warning light 
makes operation of the analyzer easy and 
foolproof. 
Dynamic range: The dynamic range of a 
spectrum analyzer is defined as the differ- 
ence between the input signal level and the 
average noise level or distortion products 
whichever is greater. Hence, dynamic range 
can be either distortion limited, noise limited 
or display limited. 
Frequency and amplitude resolution: Fre- 
quency resolution is the ability of the ana- 
lyzer to separate signals closely spaced in fre- 
quency. The frequency resolution of an ana- 
lyzer is a function of three factors: l )  mini- 
mum IF  bandwidth, 2) IF filter shape factor, 
3) spectrum analyzer stability. 

The minimum IF  bandwidth ranges down 
to I Hz on Hewlett-Packard spectrum ana- 
lyzers. 

One way to define IF  filter shape factor is 
the ratio of 60 dB bandwidth to 3 dB band- 
width. Filter shape factor specifies the selec- 
tivity of the IF  filter. Hewlett-Packard spec- 
trum analyzers have IF  filter shape factors as 
low as 1 1 : I .  

Analyzer frequency stability also limits res- 
olution. The residual F M  (short term stabil- 
ity) should be less than the narrowest IF 
bandwidth. If not, the signal would drift in 
and out of the I F  pass band. Hewlett- 
Packard analyzers have excellent stability. 
The residual FM ranges from < 1  Hz at low 
frequency, to  <IO0 Hz at  microwave fre- 
quencies, enabling the measurement of noise 
sidebands. The stabilization circuitry is com- 
pletely automatic and foolproof. No signal 
recentering, phase-lock loop, manual search, 
or checking is required. 

Amplitude resolution is a function of the 
vertical scale calibration. Hewlett-Packard 
analyzers offer both log calibration for ob- 
serving large amplitude variations (10, 2 and 
1 dB/div) and linear calibration for observ- 
ing small amplitude variations. 
Sensitivity: Sensitivity is a measure of an 
analyzer’s ability to detect small signals, and 
is often defined as the point where the signal 
level is equal to the noise level or (S +N)/N 
= 2. Since noise level decreases as the band- 
width is decreased, sensitivify is a function of 
bandwidth. The maximum attainable sensi- 
tivity ranges from -140 dBm to -125 dBm 
with Hewlett-Packard analyzers. 
Variable persistence, digital storage, and 
adaptive sweep: High resolution and sen- 
sitivity both require narrow bandwidths and 
consequently slow sweep rates. Because of 

these slow sweeps, variable persistence is vir- 
tually indispensable in providing a bright, 
steady, flicker-free trace. (In effect, variable 
persistence allows one to vary the length of 
time a trace remains on the CRT.) 

Hewlett-Packard low frequency analyzers 
have two features which make measurement 
and C R T  photography simple. Digital stor- 
age gives the C R T  display a dot matrix con- 
nected by line generators for an unbroken 
and uniform intensity scan. Adaptive sweep 
is the second feature. On the very slow sweep 
times required when using the 1 Hz band- 
width adaptive sweep allows the scan to  
sweep rapidly when no signals occur. At sig- 
nals above a preset level the sweep is slowed 
for an accurate measurement. The measure- 
ment time savings can be greater than 201. 
Tracking preselector 

The only way to  simultaneously avoid 
spurious, multiple, harmonic and image re- 
sponses, is to filter the R F  signal through a 
tracking preselector. This is an electronically 
tuned bandpass filter that automatically 
tracks the analyzer’s tuning. A preselector 
improves the spurious-free range of the ana- 
lyzer from less than 70 dB to 100 dB. 
Tracking generator 

A tracking generator expands the mea- 
surement capability of the spectrum analyzer 
by providing a signal source which tracks the 
tuning frequency of the analyzer. The 
source/receiver combination can be used to 
measure insertion loss, frequency response, 
return loss and precision frequency count. 

It helps make these additional measure- 
ments with increased distortion-free dy- 
namic range, sensitivity and selectivity. The 
tracking generator is also an excellent stable 
sweeping signal generator. The residual F M  
ranges from f 1 Hz for low frequency track- 
ing generators to A400 Hz for microwave 
tracking generators. 
Automatic spectrum analyzers 

The measurement capability of a spectrum 
analyzer can be greatly enhanced by allow- 
ing a small computer to control instrument 
functions and record frequency and ampli- 
tude information. Data can be gathered and 
processed into a variety of formats at  a very 
rapid rate. Through comprehensive self-cali- 
bration, automatic spectrum analysis offers 
amplitude accuracy of up to 50.2 dB with 
0.02 dB resolution. User cost savings are re- 
alized through faster, more comprehensive 
measurements, lower operator skill require- 
ments, and unattended operation capability. 

Further discussion of applications can be 
found on page 468, the description of the 
Hewlett-Packard 8580B Automatic Spec- 
trum Analyzers. 
Wave analyzer 

Wave analyzers are known by several dif- 



ferent names: frequency selective voltmeter, 
carrier frequency voltmeter, and tuned oscil- 
lator and selective level meter. These names 
describe the instrument’s function rather 
well. 

As mentioned in the introduction to  this 
section a wave analyzer can be thought of as 
a finite bandwidth window filter which can be 
tuned throughout a particular frequency 
range. 

ideal 
Tunable 

Filter 

f l  f2 f3 f4 f5 
Figure 2. Wave analyzer tunable filter 

Signals will be selectively measured as they 
are framed by the frequency window. Thus, 
for a particular signal, the wave analyzer can 
indicate its frequency (window position) and 
amplitude. Amplitude is read on an analog 
meter; frequency is read on either a mechani- 
cal or electronic readout. It has the advan- 
tage of accuracy, resolution, ease of opera- 
tion and low cost. 

The uses of wave analyzers can be catego- 
rized into three broad areas: 1) amplitude 
measurement of a single component of a 
complex frequency spectrum, 2) amplitude 
measurement in the presence of noise and in- 
terfering signals and, 3) measurement of sig- 
nal energy appearing in a specified, well de- 
fined bandwidth. 
Wave analyzer considerations 
Frequency characteristics: 
Range: should be selected with the future in 
mind as well as present requirements. 
Accuracy and resolution: should be con- 
sistent with available bandwidths. Narrow 
bandwidths require frequency dial accuracy 
to  place the narrow window in the proper po- 
sition for measurement. Accuracy of instru- 
ments with selectable bandwidths is deter- 
mined by the basic center frequency accu- 
racy of the IF bandwidth filters in addition to 
the local oscillator frequency accuracy. Ac- 
curacy is usually specified as a fixed fre- 
quency error at  any point on the dial, thus 
meaning poorer percentage accuracy at  the 
low frequency settings. 
Readout: usually a frequency dial but newer 
instruments use a frequency counter whose 
accuracy and ease of use outweigh the in- 
creased cost. 
Stability: frequency stability is important 
when using narrow bandwidths and for long 

term signal monitoring. Stability is best 
achieved with automatic frequency control 
(AFC). AFC locks the local oscillator to the 
incoming signal and eliminates any relative 
drift between the two. It  serves as a tuning aid 
to pull the signal to  within the passband elim- 
inating peaking the frequency control. The 
AFC always tunes within the passband im- 
proving accuracy on repetitive measure- 
ments. 
Sweep: some instruments are equipped with 
sweep to allow use as a spectrum analyzer. 
Readout is a C R T  or X-Y recorder. 
Amplitude characteristics: 
Range: the amplitude range is determined 
by the input attenuator and the internal noise 
of the instrument. Sensitivity is defined as the 
lowest measurable signal equal to the noise 
level for a unity signal-to-noise ratio (often 
called tangential sensitivity). Sensitivity will 
vary with bandwidth and input impedance. 
Dynamic range: defined as the dB ratio of 
the largest and smallest signals that can be si- 
multaneously accommodated without caus- 
ing an error in the measurement. 
Attenuators: the amplitude range switch is 
an attenuator in the input and I F  stages. In- 
termodulation distortion is lowest when the 
input amplifier has the minimum signal ap- 
plied and the IF gain is greatest. Conversely 
the internal noise, important when making 
sensitive measurements, is lowest with maxi- 
mum input signal and lowest IF gain. The 
two attenuator instruments allow this trans- 
fer of gain between input and IF to be ac- 
complished easily. 
Accuracy: amplitude accuracy is a function 
of frequency, input attenuator response, IF 
attenuator performance, calibration oscilla- 
tor stability and accuracy, and meter track- 
ing. Often specifications are broken up to 
separately describe each contributor. 
Readout: amplitude readout is usually a 
meter calibrated in dB and/or volts. Linear 
voltage meters are used to  allow the user to 
see down into the noise at the bottom of the 
scale. Digital readouts are not used because 
of their slow response and lack of directional 
and positional information. This is impor- 
tant since the readout is used as a tuning in- 
dicator to show presence of a signal in the 
passband and when it has reached a peak. Ex- 
panded scale meters allowing expansion of 
any I or 2 dB portion of the scale into a full 
scale presentation allow resolution of input 
level changes of a few hundredths of a dB. 
This is useful when the wave analyzer is used 
as a sensitive indicator in bridge or compari- 
son measurements. The expanded scale meter 
is included in some instruments and is an op- 
tional accessory on others. 
Input characteristics: 
Impedance: may be high impedance bridg- 
ing input or terminating impedance to match 

standard transmission lines. High frequency 
measurements require matched systems to 
avoid error-producing standing waves on in- 
terconnecting cables. The measure of imped- 
ance accuracy is usually return loss or reflec- 
tion coefficient (RL = 20 log p) .  In lower fre- 
quency instruments, percent accuracy is used. 
High input impedance instruments are us- 
ually poorer in frequency and noise perfor- 
mance and are usually low frequency instru- 
ments. High impedance at  high frequencies is 
accomplished by using a bridging probe to  
place the impedance at  the point of measure- 
ment. The probe may be active with unity 
gain or passive with 20-30 dB insertion loss. 
Input arrangement: input may be balanced 
to ground or unbalanced. Communications 
system usage typically requires balanced 
input. Standard 600 and l35/1509 balanced 
inputs are limited in frequency to less than 1 
MHz and 1249 balanced to less than I O  MHz 
in most instruments. The impedance may be 
balanced to ground with the center point 
grounded or may be completely isolated from 
ground. Unbalanced inputs do not have fre- 
quency range limitations. 
Typical application 
Frequency response testing: With its BFO 
output, the wave analyzer is particularly use- 
ful for measuring filter and amplifier fre- 
quency responses. An alternative approach is 
to drive the device with a flat oscillator and 
measure its output with an accurate broad- 
band voltmeter. However, this technique can 
lead to some very misleading results. If a 
notch filter is being measured, the rejection 
can only be as great as the largest distortion 
component of the driving signal. Reasoning 
shows that when the driving signal’s funda- 
mental is tuned to the notch center fre- 
quency, it will be filtered out, allowing all of 
its harmonics to be passed and measured. 

A similar problem exists when trying to  
measure the response of a high-pass filter. 
The fundamental is again rejected while the 
harmonic distortion components are being 
passed and measured. 

Figure 3. Only signal detected by wave 
analyzer. For example, the notch of a filter 
can be accurately measured to its full 
depth. 
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NETWORK ANALYZERS 
Wave, distortion, spectrum and Fourier analyzers (cont.) 

To be sure that the measurement will be ac- 
curate, Hewlett-Packard wave analyzers 
track and detect only the BFO fundamental 
components. The notch of the filter will then 
be accurately measured to its full depth. 
Distortion analyzers 

The goal of audio and communications 
equipment is to  reproduce input signals faith- 
fully at the output. System nonlinearity dis- 
torts the waveshape of the signals. Poor re- 
production brought about by distortion will 
appear to  the user of audio equipment as a 
change in the quality or  as noise; to the user 
of communications gear, it appears as chan- 
nel crosstalk. 

Distortion in amplifiers, created by non- 
linear circuits, consists of frequency compo- 
nents present in the output that are not con- 
tained in the input signal. An ac signal that 
appears to  be a pure sine wave as viewed on 
an oscilloscope may have some harmonic dis- 
tortion. The total of these frequency compo- 
nents present in the signal, in addition to the 
fundamental frequency, can be measured 
quickly and easily with Hewlett-Packard dis- 
tortion analyzers. 

One type of distortion analyzer contains a 
narrow band rejection filter which, when pro- 
perly tuned, removes the fundamental fre- 
quency so that the amplitude of the remain- 
ing components can be measured simulta- 
neously. Hewlett-Packard distortion ana- 
lyzers are used for fast quantitative measure- 
ments of total harmonic distortion and noise. 

I 
Frequency I Range 

5 HZ - 50 kHz 

20 HZ - 300 kHz  

1 kHz - 110 M H z  

100 kHz - 1250 M H z  

100 kHz - 1500 MHz 

10 MHz - 40 G H z  

Amplitude 
Calibration 

Range 

-150 to +30 dBm 

-130 to +10 dBm 

-130 to +10dBm 

-122 to +lOdBm 

-115 to +30 dBm 

-130 to +10 dBm 

Total harmonic distortion analysis 
This measurement technique compares the 

amplitude of the harmonics to  that of the 
fundamental. The defining equation is: 
( I )  total harmonic distortion = 

(harmonics)* 
fundamental 

A frequency-selective voltmeter is needed 
to  measure the fundamental, and either a se- 
lective voltmeter with a wide dynamic range 
or  a frequency rejection circuit with a true 
rms detector is needed to measure the har- 
monics. The frequency rejection circuit nulls 
the fundamental and passes its harmonics to  
the detector with no attenuation so that the 
ratio between the fundamental and har- 
monics can be determined. 

A less expensive way to measure the total 
harmonic distortion, however, is to use a re- 
jection filter and a broadband detector. Since 
the fundamental is not directly measured, the 
equation becomes: 
(2) T H D  = 

harmonics2 
(fundamental)* + (harmonics)2 

If the distortion is less than IO%, the de- 
nominator of equation 2 will be within %% of 
the denominator in equation 1, which is as 
accurate as any frequency selective volt- 
meter. 

There are two difficulties in making total 
harmonic distortion measurements. First, to 
get a measurement within the desired accu- 
racy, the harmonic content of the test signal 

Signal analyzers selection guide 
Spectrum analyzers 

Bandwidths 

Min 

1 Hz 
10 Hz 

10 Hz 

100 Hz 

1 kHz  

100 Hz 

Max 

300 Hz 
10 kHz 

300 kHz 

300 kHz 

3 M H z  

300 kHz  

Model Description 

3580A Spectrum Analyzer 

8556B Tuning Section 
Plug-In (See Note 1) 

8553B Tuning Section 
Plug-In (See Note 1) 

8554B Tuning Section 
Plug-In (See Note 1) 

8558B Spectrum Analyzer 
Plug-In (See Note 2) 

8555A Tuning Section 
Plug-In (See Note 1) 

must not be more than a third of the distor- 
tion expected to be caused by the system. Sec- 
ond, the chore of nulling the fundamental can 
be time-consuming. Oscillators that meet the 
distortion requirements and nulling equip- 
ment, which has recently become available, 
can overcome the difficulties. 
Automatic null 

Since the nulling of the fundamental is nor- 
mally the time-consuming portion of total 
harmonic distortion measurement, great sav- 
ings can be realized, especially in production 
line testing with an analyzer which automat- 
ically rejects the fundamental. The time saved 
is as much as 25 seconds of a 30-second mea- 
surement. With automatic nulling, the accu- 
racy of the null achieved is no longer a func- 
tion of operator training, manual dexterity, 
or  signal source frequency drift. 

The analyzer will maintain a null even 
though there is a slow drift in the input fre- 
quency. This ability to ‘‘pull’’ the null has 
opened the door to a number of applications 
where the total harmonic distortion mea- 
surements were not readily applied in the 
past. Among them are: 

1. Single-frequency production line test- 
ing of such components as integrated-circuit 
amplifiers or  transformers. 

2. Optimizing the performance of an os- 
cillator. 

3. Correcting distortion in signal genera- 
tors which produce sine waves by mixing or  
by nonlinear shaping. 

Companion Instruments 

8443A Tracking generator 
(100 kHz  - 110 MHz)/Counter 

8444A Tracking Generator 
(500 kHz - 1250 MHz) 

8444A Opt 058 (500 kHz- 
1300 MHz) 

8444A Tracking Generator 

8445B Automatic Preselector 
(10 M H z  - 1300 MHz) 

(10 MHz - 18 GHz) 

NOTE 1: For use in oscilloscope mainframes 1401 and 1411 (pages 456-457) with IF sectlon plug-ins 8552A or 

Note 2: for use in oscilloscope mainframes 180TR. IEIT/TR. 1821 (see pages 454.455). 
85528 (pages 456-457). 
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rec: 1 mA dc into 1500R ful l  
scale 

BFO: 0.5 V into 13552 meter at 
ful l  scale output impedance 
135R 

AFC, normal 
BFO, USB, LSB 
AM 

,b 1 

Distortion analyzers 

Wave analyzers 
- 

'age 

446, 
498 

- 
Frequency 

Range 
Selective 

Band passes 
Dynamic Range 

Absolute Relative 
Freq. 

Readouts 
Type of 
Inputs 

Modes of 
Operation 

AFC, normal, 

Model 
Number 

3581A/ 
3581C 

Type of Outputs 

rec: 5 V ful l  scale, with 

BFO, Local oscillator, 
pen l i f t  

tuning loudspeaker, and 
headphone jack 

3 Hz 
10 Hz 
30 Hz 

100 Hz 
300 Hz 

0.1 pV -300 V >85 dB 
full scale 

Banana Jacks 5-place 
digital 

5-place 
A ini t l l  

15 Hz to 50 kHz 

20 Hz to 620 kHz 10 Hz 
100 Hz 

1000 Hz 
3100 Hz 

3 pV -30 V 
ful l  scale 

>85 dB BNC unbalanced rec: X and Y axes log and 

BFO: to 1 V rms 
linear 

L.0.: (1.28 MHz-1.9 MHz) 
0.65 V rms 

359OA/ 
3594A 

or 

3591A/ 
3594A 

310A 

3 12A/ 
313' 

or 

312A/ 
313A/ 
Opt H01 

or 

312A/ 
313A 
Opt H05 

AFC, restored, 
BFO, USB, LSB, 
AM sweep 507 

507 

- 
447 

- 
448, 
449 

448, 
449 

- 

or 
input bridged/ 
terminated bal. 
or unbal. 
and modified 
input circuitry. 

1 kHz to 1.5 MHz 200 Hz 
1000 Hz 
3000 Hz 

1OpV -100 V >75 dB 
ful l  scale 

Dial Banana Jacks 

1 kHz to 18 MHz 
18 ranges 

200 Hz 
1000 Hz 
3100 Hz 

3 p v - 3 v  >72 dB 
ful l  scale or 
-97 to +23 dBm 
-107 to +13 dBm 
(6009 only) 

BNC & probe 
11530A bridged/ 
terminated 
balanced or 
unbalanced 

rec: 1 V dc full scale 1 kR 

aux: 1 MHz (1 V p-p) 
source 

30 MHz (40-70 mV) rms 

mV rms 
audio: >0.5 V into 10 k 9  
313A: Track or tuned 75R 

L.0.: (30-48 MHz) 60 to 90 

unbalanced, -99.9 to +10 

7-place 
decade 
counter 

AFC, AM, beat 
LSB, USB 

dBm or or 

1 kHz to 22 MHz 
18 ranges 

WE-477B input 
unbalanced 

01 

*313 Option 001. 50fl unbalanced output 



SIGNAL ANALYZERS 
15 Hz to 50 kHz wave analyzer 
Model 3581A 

P ., II 

Description 
Hewlett-Packard's 358 1 A Wave Analyzer separates and measures 

the amplitude and frequency of spectral components. This inexpen- 
sive instrument offers accurate amplitude and frequency resolution in 
a portable, easy to use measuring tool. Since not all signals originate 
from a stable frequency source, the 3581A incorporates an AFC cir- 
cuit which locks to a drifting signal for stable, accurate measure- 
ments. 

HP's 3581A has other important features that are necessary when 
making measurements of small voltages from transducers and 
harmonics signals. Its 30 nV sensitivity becomes important for these 
measurements. Battery operation or balanced input option can be 
used to  reduce the line related interference common in low level 
measurements so only the real spectrum is measured. 

Digital readout of tuned frequency is located above the analog 
meter. It has been grouped with the meter for ease of reading. Resolu- 
tion of the digital readout is 1 Hz for any frequency between 15 Hz 
and 50 kHz. Readout is updated five times per second so delay be- 
tween tuning and reading is minimized. 

Four meter scales are used to provide a wide range of displays. Two 
scales are used for linear voltage readings. Two log scales provide ei- 
ther a 90 dB or I O  dB display. In any case, the large meter with its mir- 
ror backing can present readings in dB V or dBm or volts. A meter 
was specifically chosen for amplitude display rather than digital read- 
out because it is easier to peak a meter reading and because it's much 
easier to  get a feel for noise or other amplitude variations by watching 
the meter. The same voltage used to drive the meter is also available 
on the rear panel for driving X-Y recorders. 

Specif ica tionsf 
Frequency characteristics 
Range: 15 Hz to 50 kHz. 
Display: 5 digit LED readout. 
Resolution: 1 Hz. 
Accuracy: f 3  Hz. 
Typical stability: f10 Hz/hr after 1 hour and f 5  Hz/"C. 
Automatic frequency control (AFC) hold-in range: f800 Hz. 

Amplitude characteristics 
Instrument range: 

Linear: 30 V to 100 nV full scale. 
Log: +30 dBm or dBV to -150 dBm or dBV. 

Amplitude accuracy: Log Linear 
Frequency response, 15 Hz - 50 kHz f 0 . 4  dB f4% 

Dynamic range: >80 dB. 
Noise sidebands: greater than 70 dB below C W  signal. I O  band- 
widths away from signal. 
Spurious responses: >80 dB below input reference level. 
Sweep Characteristics 
Scan width: 50 Hz to 50 kHz. These scans can be adjusted to cover a 
group of frequencies within the overall instrument range. 
Sweep error light: this LED indicates a sweep that is too fast to cap- 
ture full response. When the light is on, response will be lower than it 
should be. 
External trigger: a short to ground stops the normal sweep. Open- 
ing the short then enables a sweep. 

Input characteristics 
Impedance: 1 MR, 30 pF. 
Maximum input level: 100 V rms, f l O O  V dc. 
Output characteristics 
Tracking generator output (also known as BFO or tracking oscillator 
output). 
Restored output: 

Range: 0 to 2 V rms. 
Frequency response: : 

X-Y recorder analog outr 
Vertical: 0 to +5 V f 2 . ~ ~ .  
Horizontal: 0 to + 5  V f2.5%. 
Impedance: I kQ. 

Pen lift: contact closure to .ground during sweep. 
General 
Power requirementsi 100 V, 120 V, 220 V or 240 V +5% -10%. 48 
Hz to 440 Hz, I O  VA typical. 
Dimensions: 412.8 mm high X 203.2 mm wide X 285.8 mm deep 
(16%'' X 8" X 11%"). 
Weight: 11.5 kg (23 Ib). Option 001: 13.5 kg (30 Ib). 
Option 001, battery: 12 hours from full charge. Internal battery is 
protected from deep discharge by an automatic turnoff. Useful life of 
this battery is over 100 cycles. 
Model number and name Price 
Option 001: battery add $325 
3581A Wave Analyzer $2600 
'Note: for complete specifications, refer to page 498 (HP 3581C selective voltmeter) which is a dedicated tele 

communications version 01 the HP3581A wave analyzer. 



rn- 
SIGNAL ANALYZERS h h J  

I 

Wave analyzer 
I Model 310A 

200 HZ 1000 Hz 
bandwidth bandwidth 

frequency frequency 
Rejection* (Hz) (Hz) 

0 Measure harmonics, intermodulation 

3000 Hz 
bandwidth 

frequency 
(Hz) 

products 

I fn f1550 I 
I fn f7000 I 

-nelecnon increases srnnomy oeyona me - 13 an points. 

Voltage range: I O  p V  to 100 V full scale, ranges provided by input 
attenuator and meter range switch in steps of 1:3 or 10 dB. 
Voltage accuracy: f 6 %  of full scale. 
Internal calibrator stability: f 1% of full scale. 
Dynamic range: >75 dB. 
Noise and spurious response: at least 75 dB below a full-scale ref- 
erence set on the 0 dB position of Range switch. 
Input resistance: determined by input attenuator; I O  k 0  on most 

2 on other ranges; shunt ca- 
‘e ranges, <SO p F  on other 

: hold-in range is f 3  kHz 
xoximately 100 Hz/s; locks 
le reference set on the 0 dB 

ignal frequency maximum 
) across 1350, with approx- 
Jutput impedance approxi- 

irox. 30 dB of level control 
yl”’.U’U, V U L F U L  .,,.y.’Uu,.’w uyy’v‘.‘ &A?. 
Recorder output: 1 V dc into an open circuit from 10000 source im- 
pedance for single-ended recorders; output of 1 mA dc into I5000 or 
less available on special order. 
Receiver function (aural or recording provision): internal carrier 
reinsertion oscillator is provided for demodulation of either normal or 
inverted single sideband signals; AM signal also can be detected. 
tected. 
RFI: conducted and radiated leakage limits are below those specified 
in MIL-I-6181D. 
Power: I15 or 230 V f IO%, 50 to 400 Hz; 20.5 VA max. 
Dimensions: 426 mrn wide X 274 mm high X 467 mm deep (16%’’ X 
10%’’ X 18%”); hardware furnished for conversion to rack mount 483 
mm wide X 266 mm high X 416 mm deep behind panel (19” X 10’%2” 

Weight: net 20.3 kg (45 Ib); shipping 23.4 kg (52 Ib). 
Options 
001: internal frequency calibrator providing check points every 100 
kHz; interpolation accuracy (between check points): f 2  kHz up to 1.4 
MHz, f 3  kHz between 1.4 and 1.5 MHz. 
002: dB scale uppermost on meter face and extended to -25 dB. 
Model number and name Price 
310A, Opt. 001 Calibrator $ I  I8 
310A, Opt. 002 DC Scale $3 1 
1 IOOIA Cable Assembly $15 

310A Wave Analyzer $3 185 

X 16Y~”). 

10503A Cable Assembly $15 
101 11A Adapter $15 



SIGNAL ANALYZERS 
1 kHz to 18 MHz 
Models 312A & 313A 

Description 
Hewlett-Packard Model 312A/313A is a frequency selective volt- 

meter/tracking oscillator operating in the frequency range of all com- 
mercially available carrier and radio systems. The set is capable of 
making transmission and noise measurements with unparalleled speed 
and accuracy. A 312C is available with special features for telecom- 
munications applications. See Page 508-509. 

HP's 312A uses a frequency synthesizer for tuning that is automat- 
ically phase locked in 1 MHz steps. Tuning between lock points is in- 
dicated on a 7-place digital readout with 10 Hz plus time-base accu- 
racy. Coupled with this digital indication of unambiguous frequency 
is an automatic tuning aid known as automatic frequency control 
(AFC). The AFC will automatically fine tune frequency to the center 
of the set's passband, and automatically correct any relative fre- 
quency drift between the set and the signal being measured. Long 
term monitoring of pilots is possible without periodic readjustment. 
High frequency accuracy coupled with AFC gives clear, instanta- 
neous tuning and eliminates the need to search for signals or bump 
tones for identification. 

Input and IF  attenuators allow a maximum of dynamic range with- 

out concern for overloading the set. Attenuators can be easily set for 
minimuq distortion or noise performance. Attenuator settings are in- 
dicated clearly on a lighted annunciator which, when added to meter 
indication, gives a fast, error-free indication of input level. An acces- 
sory expanded scale meter allows 0.02 dB resolution of input level for 
accurate measurements. 

The set is equipped with both balanced and unbalanced inputs to fit 
any measuring situation without the need for external accessory trans- 
formers. A wide selection of input impedances, either bridging or ter- 
minated, is provided along with provisions for an accessory high im- 
pedance, balanced bridging probe to eliminate measurement errors. 
The set always indicates directly in dBm or volts any impedance, elim- 
inating time consuming calculations or conversion charts. 
' Three selectable bandwidths are provided for all measurement situ- 
ations. A narrow 200 Hz bandwidth is used for highly selective mea- 
surements, a 1000 Hz bandwidth for general measurements, and a 
3100 Hz bandwidth for noise measurements. 

Demodulation of upper or lower sideband channels with an audio 
output is provided for monitoring noise, traffic, or tones in any chan- 
nel. The accurate digital frequency readout requires only a quick ref- 



erence to the system frequency charts to determine frequency for per- 
fect demodulation. No tuning around for natural sounding demodu- 
lation is required. In this respect, Model 312A can be thought of as a 
single-channel, tuneable, multiplex, receive terminal. 

HP's Model 313A Tracking Oscillator provides an accurate, flat 
output at the frequency to which the 312A is tuned for frequency re- 
sponse measurements. Output frequency is quickly and easily set by 
the digital tuning indicator on the selective voltmeter. 

Output level is easily set by a 3-digit presentation with 0.1 dB reso- 
lution. Output level is also easily read and remains constant with 
changes in frequency requiring no time consuming resetting of level at 
each new frequency. 

A built-in meter provides an expanded scale display of the 312A's 
meter indication with 0.02 dB resolution of input level. 

312A 

312A Specifications 

3100 Hz 1 3100Hz f 1 0 %  I 4 6 8 0  Hz I 

Tuning characteristics 
Frequency range: 1 kHz to 18 MHz in 18 overlapping bands, 200 
kHz overlap between bands. 
Frequency accuracy: f 10 Hz + time base accuracy. Frequency in- 
dicated on in-line digital readout with f 10 Hz resolution. 
Selectivity: 

I 6os: I I B a n y h  I 3 d B  I Instrument BW 

I 312A I 200Hz I 200Hz f 1 0 %  I < 470 Hz 1 
I 312A I 1OOOHz I 1 kHz 4~10% I <2350Hz I 

3 dBm. 

' (509 reference). 

AM: diode-demodulated audio. 
Beat: beat frequency audio centered at fo. 
LSB: product-demodulated audio, carrier reinserted at fo + 1.8 
kHz. 
US6 product-demodulated audio, carrier reinserted at fo - 1.8 
kHz. 
Audio output level: >0.5 V rms into 10 k 9  with full-scale meter 
deflection. 
Recorder output level: 1 V fO. l  V with full-scale meter deflec- 
tion across open circuit. 

Power: 115 V or 230 V *IO%, 50 Hz to 400 Hz, 90 VA. 
Dimensions: 425 mm wide X 266 mm high X 467 mm deep (16%" X 

Weight: net 20.7 kg (46 Ib). 
10'732" X 18%"). 

ency range 
cking oscillator: same as 312A (18 MHz). 
nal source: 10 kHz to 22 MHz in one band, continuous tun 

ency accuracy -. . ~ ... . _ _  . , _ _  . ^.^. 

313A Specifications 
Frequ 
As tra 
As sig 
ing. 

Frequ 
As traclcing OsciiiaIor: 33 H Z  f4 H Z  above j i , m  tuning. 
As signal source: 

10 kHz to 2 MHz: f l %  of max dial setting. 
2 MHz to 8 MHz: f 3 %  of max dial setting. 
8 MHz to 22 MHz: f5% of max dial setting. 

Frequency stability 
As signal source: short-term (5 min) drift < 1 kHz in stable environ- 
ment after warmup. 
Frequency response: fO. l  dB, I O  kHz to 22 MHz. 
Amplitude stability: fO.l  dB for 90 days (0' to 55OC). 
Maximum output: 0 dBm or + I O  dBm f0.1 dB, selectable at front 
panel. 
Output attenuator: 3-section attenuator provides 0 dB to 99.9 dB at- 
tenuation in 0.l dB steps. 

Attenuator accuracy 
0.9 dB section (0.1 dB steps): f0 .02  dB. 
9 dB section (1 dB steps): f 0 . 1  dB. 
90 dB section (10 dB steps): fO. l  dB to 50 dB, f 0 . 2  dB to 90 dB. 
Output impedance: 759 unbalanced. 
Harmonic distortion: more than 34 dB below fundamental. 
Recorder output: f 0 . 3  V for full-scale deflection. Output imped- 
ance 1 k9,  BNC female connector. 
Power: 115 V or 230 V f IO%, 50 Hz to 1000 Hz, 30 VA max. 
Dimensions: 425 mm wide X 132.6 mm high X 467 mm deep (16%'' 

Weight: net 11.3 kg (25 Ib). 
Model number and name 

3 13A Tracking Oscillator 

X 5%2" X 18%"). 

3 12A Wave Analyzer 1 
.S 1790 



SIGNAL ANALYZERS 
Distortion analyzers 
Models 331A, 332A. 333A. 334A 

Model No. 

331A 

332A 

332A Opt. H05 

333A 

334A 

334A Opt. H05 

331A 

tomatic Fundamental Nulling and a High-Pass Filter. The switchable 
RF  Detector at the input of the instrument has a frequency range of 
550 kHz to 65 MHz. Input connector is located on the rear panel of 
the instrument. 
High impedance voltmeter 

The transistorized metering circuit of HP  331A through 334A em- 
ploys feedback to insure stability and a flat frequency response from 5 
Hz to 3 MHz. The voltmeter mode offers 13 ranges in 10 dB steps. 

to 3 MHz for 1 mV to 30 V ranges; 5 Hz to 500 kHz for 100 V to 300 V 
ranges; and 20 Hz to 500 kHz for the 300 pV range. Average 
responding meter is calibrated to rms value of a sine wave. 

Auto Hi 
Nulling Fiiiei riiiei YeleLIuI -- - 

-- - 

Y -- - 
X 

X X 

X X X 

-- Range is from 300 pV to 300 V rms full scale. The bandwidth is 5 Hz 
-- 

334A 

d features. 

X 

X 

X 

X 

3 
speeds up the normally time-con- . -1. . . * .. ... 

IUL'-'L.-.'.Y. 

offer extended frequency range . . .  



331A Specific 
Distortion measui 
to 600 kHz. Distor 
7 ranges. 
Distortion measi 
Harmonic measu 

*3% 
) Hz-1 MHz 

Range M f6% f12% 
10 HZ-3 MHz 

zations 
rement range: Any fundamental frequency, 5 Hz 
tion levels of O.l%-lOO% are measured full scale in 

Range 

100%-0.3% 

0.1% 

urement accuracy: 
rement accuracy (full scale): 

Fundamental h u t  Less Than 30 V 

f3% f6% f12% 
10 Hz-300 kHz 10 Hz-500 kHz 10 HZ-3 MHz 

30 Hz-300 kHz 20 Hz-500 kHz 10 Hz-1.2 MHz 

300 pV 

1 mV-30 V 

100 V-300 V 

) H ~ - 3 0 0 k H ~  I 20Hz-500 kHz I 10Hz-1.2MHz 1 
Fundamental Input Greater Than 30 V 

30 Hz-300 kHz 

10 Hz-1 MHz 

10 Hz-300 kHz 

20 Hz-500 kHz 

5 HZ-3 MHz 

5 Hz-500 kHz 

Noise measurements: voltmeter residual noise on the 300 pV range: 
<25 pV rms, when terminated in 600 (shielded) ohms, <30 pV rrns 
terminated with a shielded 100 kR resistor. 
Output: 0.1 f O . O 1  V rms open circuit and 0.05 f0.005 V rms into 2 
kR for full scale meter deflection. 
Output impedance: 2 kR. 
Power supply: 115 or 230 V &IO%, 50 to 400 Hz, approximately 4 
VA . 

33249 Specifications 
Same as Model 331A except as indicated belov 
AM detector: high impedance DC restoring pee 
conductor diode operates from 550 kHz to gI 
Broadband input, no tuning is required. 
Maximum input: 40 V p-p AC or 40 V peak 
Distortion introduced by detector: Carrier fri 
MHz: < S O  dB (0.3%) for 3-8 V rms carriers modi 
65 MHz: <40 dB (1%) for 3-8 V rms carriers I 
Note: Distortion introduced at carrier levels as low as 1 Volt is normally <40 d 
riers modulated 30%. 

V: 

Ik detector with semi- 
’eater than 65 MHz. 

transient. 
Zquency: 550 kHz-1.6 
dated 30%. 1.6 MHz- 
modulated 30%. 
B ( 1 % ) 5 5 0 k H z t o 6 5 M H z f o r c a r .  

333A Specif icat ions 
Same as Model 331A except as indicated below: 
Automatic nulling mode: set level: at  least 0.2 V rms. 
Frequency ranges: XI,  manual null tuned to less than 3% of set 
level; total frequency hold-in 50.5% about true manual null. XI0  
through X I 0  k, manual null tuned to less than 10% of set level; total 
frequency hold-in f l %  about true manual null. 
Automatic null accuracy: 5 Hz to 100 Hz: meter reading within 0 to 
+3 dB of manual null. 100 Hz to 600 kHz: meter reading within 0 to  
+1.5 dB of manual null. 
High-pass filter: 3 dB point at  400 Hz with 18 dB per octave roll off. 
60 Hz rejection >40 dB. Normally used only with fundamental fre- 
quencies greater than 1 kHz. 
Power supply: same as Model 331A. 

334A Specifications 
Same as Model 333A except includes AM Detector described under 
Model 332A. 

H05-332A and H05-334A Specifications 
Same as H P  332A and 334A except as indicated below: 
A low-pass filter is added in Model H05-332A and is substituted for a 
high-pass filter in Model H05-334A. 
Frequency range: 5 Hz to 30 kHz, switchable to 3 MHz. 
Low-pass filter: 4 pole, 3 dB down at  30 kHz. 
Meter range switch calibrated and referenced in dBm (0 dBm = 1 
mW into 600Q). 

General 
Dimensions: 426 mm wide X 126 mm high X 337 mm deep ( 1 6 v  x 
5” X 13’h”). 
Weight: net, 7.98 kg (17% Ib); shipping, 10.35 kg (23 Ib). 

Model number and name 
Option 001, indicating meter has VU characteristics 
conforming to  FCC requirements for AM/FM and TV 
broadcasting 
H05-332A (meets FCC requirements) 
H05-334A (meets FCC requirements) 
331A Distortion Analyzer 
332A Distortion Analyzer 
333A Distortion Analyzer 
334A Distortion Analyzer 

Price 

add $15 
add $I 15 
add $93 

$775 
$795 

$1025 
$1050 



SIIGMAL ANALYZERS 
5 Hz to 50 kHz spectrum analyzer 
Model 3580A 

Hewlett-Packard's 3580A Spectrum Analyzer has been optimized 
for frequencies between 5 Hz and 50 kHz. The largest single problem 
in this frequency range has been the display. Digital storage CRT ex- 
hibits display at high speed on a conventional CRT from a digital 
memory. 

Sweep time required is another problem with low frequency anal- 
ysis. Spectrum of interest is usually above a noise or threshold; it is 
possible to speed sweep. When signals are encountered again, sweep 
slows down to reproduce full response. Speed gain to a factor of ten 
becomes possible with this adaptive sweep feature. A bandwidth of 1 
Hz gives this instrument the best resolution of any spectrum analyzer, 
and also simplifies noise analysis. 

Digital storage 
Trace is derived from a digital memory although it looks like tradi- 

tional analog display. Trace can be stored indefinitely and by dividing 
the memory into two parts, two traces can be stored and compared. 
Spectral information can be studied and interpreted. 

. - .  , 

Adaptive sweep 
A tremendous savings in sweep time can be achieved by using adap- 

tive sweep. I n  the left trace over 80 dB of dynamic range is used to  
look at low level signals and noise. Two hundred seconds were re- 
quired to make the sweep. In the right trace, baseline is raised to  give 
50 dB of dynamic range. Noise and other responses are not analyzed 
so sweep now takes only 14 seconds. 

1 Hz bandwidth 
Using 1 Hz bandwidth, line related responses are clearly exposed. 

With I O  Hz bandwidth these responses are hidden. If you are using a 
spectrum analyzer to expose spurious responses not visible in time do- 
main, it is important to  have a narrow filter bandwidth for maximum 
resolution. 



telecommunications application 
Besides analysis of voice spectrum, H P s  3580A gives a clear pic- 

ture of frequency spectrum for digital transmission. This picture 
shows a 1200 baud full duplex modem using double sideband sup- 
pressed carrier FSK modulation. The “answer” band covers 850 Hz 
to  1450 Hz while the “transmit” band covers 1950 Hz to 2550 Hz. The 
higher frequency band at  high levels from 3150 Hz to  3750 Hz comes 
from 3rd order products of the answer band. 

’! 

Internal cal si nal 
A 10 kHz pu?se derived from a crystal can be used to compensate 

for internal errors. A I O  kHz cal pot is provided so I O  kHz fundamen- 
tal can be adjusted to fall on the top line of the display. With this fea- 
ture, operation and calibration can be verified for most of the instru- 
ment. 

pistics 
Hz. 

Specifications 
Frequenc charactel 
Range: ?Hz to 50 kl 
Frequency dial accuracy: f IOU HZ, LU’L to 3u-L; f j u u  n z ,  u-C 
to 55°C. 
Display accuracy 
than f 2 %  of theii 
Typical stability: 
Frequency dial r( 

(accuracy +15%) (25°C f5”C)  
Bandwidths: 

Shape factor: 

Out of range blank IF controls are set so porti 
nal lie below 0 Hz or above 50 kHz; the baselir 

r: frequency error between any two points is less 
. indicated separation. 

esolution: 20 Hz on frequency dial. 
1 Hz 

f10 Hz/hr after 1 hour; f 5  Hz/OC. 

I 
1 8  

r r p ~ l l l ~ u L l u l  IP 

trument range: 
Linear 20 V - 100 nV full scale 

+30 dBm or dB V; T nn 
y”6 -150 dBm or dB V 

ons of displayed s ig  
le is displayed. 

Amplitude accuracy: Log Linear 
Frequency response: 
20 HZ - 20 kHZ f . 3  dB f 3 %  
5 HZ - 50 kHz f . 5  dB f 5% 
Switching between bandwidths (25°C): 
3 HZ - 300 HZ f.5 dB f5% 
1 Hz - 300 Hz f l  dB *IO% 
Amplitude display: f . 2  dB f 2% 
Input attenuator: f . 3 d B  ’ f 3 %  
Amplitude reference level: 

(IF attenuator) 
Most sensitive range: f l  dB f 10% 
All other ranges: f l  dB f 3% 
Dynamic range: 80 dB. 
IF feedthru: Input level > I O  V, -60 dB; <10 V, -70 dB. 
Spurious responses: >80 dB below input reference level. 
Smoothing: 3 positions, rolloff is a function of bandwidth. 
Overload indicator: This LED indicator warns of possible input am- , 
plifier overloading. Without this indication it would be possible to  in- 
troduce spurious responses without knowing it. 

Sweep characteristics 
Scan width: 50 Hz to 50 kHz. 
Log sweep: 20 HZ to 43 kHz f20%. 1 
Sweep times: 0.1 sec to  2000 sec. 
Rep: In the repetitive mode, sweep will continhously sweep specified 
band. 
Reset: H P s  3580 is set to the start frequency of the sweep. 
Manual: In combination with the concentric knob, manual sweep 
fully duplicates the span of the electronic sweep. 
Adaptive sweep: When in adaptive sweep below the threshold level, 
scan speed is 20 to 25 times faster. Threshold is adjustable to  cover 0- 
60% of screen. Signals greater than about 6 dB above threshold are 
detected and swept slowly. 
Sweep error light: This LED indicates’a sweep that is too fast to 
capture full response. When the light is ,on,  response will be >5% 
lower than it should. 
Zero sdan: To look at  the time varying signal at  the center or start 
frequency within the bandwidth selected, the zero scan is used. 

3utput characteristics 
Tracking generator output: (also known as BFO or tracking oscil- 
lator output). P. 
Range: 0 to 2 V rms. 
Frequency resrionse: f3%, 5 Hz to 50 kHz. 
Impedance: 600R. 
Total harmonic and spurious content: 40 dB below 1 volt signal 
level. 
X-Y recorder analog outputs: 

Vertical: 0 to +5 V f2.5%. 
Horizontal: 0 to +5 V f2.5%. 
Impedance: 1 kQ. 
Pen lift: contact closure to ground during sweep. 

Dimensions: 412.8 mm wide X 203.2 mm high X 285.8 mm deep 
(16%’’ X 8” X 11%”). 
Weight: net, 12.25 kg (27 Ib); 3580A Opt. 001: net, 15.88 kg (35 Ib). 
Temperature ‘range: 0°C to 55°C. 
Power: 100 V, 120 V, 220 V, or 240 V +5% - 10%. 48 Hz to 440 Hz, 
35 VA max. 
Option 001 battery: 5 hours from full charge. 14 hours to  fully re- 
charge. The internal battery is protected from deep discharge by an 
automatic turn off. Useful life of batteries is over 100 cycles. 
Model number and name Price . 

$345 
$95 

3580A Spectrum Analyzer $4230 

, 

3580A Option 001: internal rechargeable battery 
3580A Option 002: floating input 



SIGNAL ANALYZERS 
Spectrum analyzer, 0.1 to 1500 MHz 
8558Bl182T 81 8444A 

Simple, 3 knob operation 
Digital frequency readout 
Display of signal levels directly in dBm 

I 
I-- 

8558Bl182T 

New 85588 Spectrum analyzer 
Economy plus performance 

The Model 8558B is a 0.1 to 1500 MHz spectrum analyzer which 
plugs into any model 180-series oscilloscope display. This low cost, 
easy-to-use analyzer provides high accuracy in both amplitude and 
frequency measurements. 

Simple, 3-knob operatiori 
For most measurements, only three knobs are required; two to set 

up the frequency scale and one for the amplitude scale. The center or 
start frequency of the display is shown on an LED readout, and the 
analyzer automatically selects the resolution bandwidth and the 
proper scan time to provide calibrated measurements with any de- 
sired frequency scan. 
Absolute amplitude calibration 

Signal levels can be read directly from the CRT in dBm (dBmV for 
Option 002) without the use of external standards or calculations. The 
signal level represented by the top CRT graticule line is always indi- 
cated by the reference level control, and scale factors of 10 dB/div, 1 
dB/div, and linear can be selected. 

Optional 75 ohm input 
Two options are available which allow measurements in 75 ohm 

systems: Option 001 has 75 ohms impedance and retains the dBm 
power calibration; Option 002 is also 75 ohms, but the amplitude is 
calibrated in dBmV for measurements on systems such as CATV. 

Resolution bandwidths from 1 kHz to 3 MHz 
Optional 75Q input with dBm or dBmV calibration 
Available 0.5 to 1300 MHz Tracking Generator 

% '  2-, 
. ' .  %.. .  . .... . ,  .... . . . . 1 

\ 

8444A 

Suggested displays 
The 8558B will function with any 180-series display. However, the 

following are suggested: For a low cost, large screen display, the 
Model 182T is ideal; the Model 181T offers variable persistence and 
storage; and the Model 180TR offers a rack mount configuration. In 
addition, it is advantageous to order the 180T, 180TR, 181T, 181TR 
or 182T displays which provide a long persistence P39 phosphor (ex- 
cept the 181T and 181TR variable persistence displays) and four non- 
buffered, rear panel outputs compatible with most X-Y recorders. 
8444A-058 Tracking generator (0.5 - 1300 MHz) 

Make swept frequency response measurements to f 1.5 dB from 0.5 
to 1300 MHz with greater than 90 dB of dynamic range. The output is 
absolutely calibrated at 0 dBm and continuously variable to -10 
dBm. The frequency of unknown signals as well as the frequency of 
any point on the frequency response curve can be measured to counter 
accuracy using the external counter output on the tracking generator. 

85586 Specifications 
Frequency specifications 
Frequency range: 100 kHz to 1500 MHz. 
Frequency display span (on a IO-division CRT horizontal axis): 14 
calibrated spans from 100 MHz/div to 5 kHz/div in a I ,  2, 5 se- 
quence. In "0" the analyzer is a fixed-tuned receiver. 

Accuracy: Frequency error between any two points on the display 
is less than f5% of the indicated frequency separation. 

Digital frequency readout: Indicates center frequency or start 
frequency of the frequency display scan. Two ranges: 0 to greater than 
195 MHz with 100 kHz resolution; 195 MHz to 1500 MHz with 1 
MHz resolution. ZERO control allows frequency readout to be ad- 
justed for accurate calibration anywhere in the frequency range; CAL 
control removes frequency hysteresis. 

Accuracy (after zeroing on the LO feedthrough and operation of 
the CAL button, 2O0-4O"C): 

VISION setting (5  1 MHz per division). 

DIVISION setting. 

Residual FM: Less than 1 kHz peak-to-peak for time S O . 1  sec. 
Noise sidebands: More than 65 dB below CW signal, 50 kHz or 
more away from signal with a I kHz resolution bandwidth and full 
video filter. 

Bandwidth ranges: 3 dB resolution bandwidths of 1 kHz to  3 
MHz in a I ,  3, I O  sequence. Resolution bandwidth may be coupled 
to frequency display span at a ratio of two display spans per resolu- 
tion bandwidth. 
Resolution bandwidth accuracy: Individual resolution band- 
width 3 dB points calibrated to f15%. 
Resolution bandwidth selectivity: 60 dB/3 dB resolution band- 
width ratio <15:1. 

0 - 195 MHz f 1 MHz +20% of FREQUENCY SPAN PER DI- 

195 - 1500 MHZ: f 5  MHz +20% of FREQUENCY SPAN PER 

Stability: 

Resolution: 



Video filter: Post-detection filter used to  average displayed noise. 
Bandwidth variable from approximately 3X Resolution Bandwidth to  
approximately 0.01X Resolution Bandwidth. In the MAX position 
provides a noise averaging filter with a bandwidth of approximately 
1.5 Hz. 

Amplitude specifications 
Absolute amplitude calibration range: 

Log calibration range: From -117 dBm to +30 dBm in 10 dB 
steps. Reference level vernier, 0 to - 12 dB continuously. 
Log display ranges: I O  dB/div on a 70 dB display, and 1 dB/div 
on an 8 dB display. 
Linear display: From 2.2 microvolts (-100 dBm) full scale to  7.1 
volts (+30 dBm) full-scale in 10 dB steps. Full-scale signals in lin- 
ear translate to approximately full-scale signals in log. 

Average noise level: <- 107 dBm with a I O  kHz resolution band- 
width (0 dB input attenuation). 
Spurious responses: For input signal level 5 Optimum Input 
Level setting, all image and out-of-band mixing responses, har- 
monic and intermodulation distortion products are more than 70 
dB below input signal level, 5 MHz to 1500 MHz; 60 dB below, 100 
kHz to 5 MHz. 
Spurious responses due to 3rd order intermodulation distor- 
tion: For two input signals 10 dB above Optimum Input Level set- 
ting 3rd Order Intermodulation distortion products are >70 dB 
below the input signals, 5 - 1500 MHz; 60 dB below, 100 kHz to 5 
MHz (signal separation 150 kHz). 
Residual responses (no signal present a t  input): < - IO0  dBm with 
0 dB input attenuation. 

Frequency response (flatness): f 1.0 dB. 
Switching between bandwidths (at 20"-30°C): 
3 MHz to 300 kHz: f0.5 dB. 
3 MHz to 1 kHz: f l . O  dB. 
Reference level accuracy (at fixed center frequency, fixed resolu- 
tion bandwidth): f 1.5 dB (includes input attenuator and I F  gain ac- 
curacy. May be improved using I F  or R F  substitution techniques). 
Amplitude log display: fO. 1 dB/dB but not more than f 1.5 dB 
over full 70 dB display range. 

Amplitude: -30 dBm f l . O  dB. 

Dynamic range: 

Amplitude accuracy: 

Calibrator: 
.. . ~~. ~ ~~~ .. . ~~ 

settings except -40 dBm (0 dB input attenuation). 
Input attenuator: 70 dB range. 
Accuracy f 0 . 4  dB per I O  dB step but not more than f l . O  dB over full 
70 dB range. 
Maximum input levels: 

AC or peak Peak or average power + I O  dBm (1.0 V ac peak) in- 
cident on mixer (0 dB input attenuation), +30 dBm (10 V ac peak or 
I W), incident on input attenuator. (MAX input markings on front 
panel indicate maximum input allowable for < 1 dB eain comures- 
sion or attenuator overload). 
DC: f 5 0  V dc. 

Output characteristics 
LO output: + I O  dBm nominal, 50 ohms: 2.05-3.55 GHz. 
Cal output: -30 dBm, 280 MHz with 2nd through 5th harmonics 
greater than -60 dBr 
Probe power: + 15 
Powers 1120A, 1121A, . ., ". . .__, . 
Note: The following oscilloscope display rear panel outputs refer to  
180T, 180TR, 181T, 181TR displays and older 180-series displays 
with Option 807 only. 
Vertical output: (AUX A on oscilloscope display rear panel.) 0 to 0.8 
V for 8-division deflection on C R T  display: 50Sl output impedance. 

.... yluw..ll y ,vvlo. 

Pen IifVblanking output: (AUX B on oscilloscope display rear 
panel.) 0 to 15 V (0 V, pen down). Approximately I O  kSl impedance 
when blanked. Compatible with H P  7004B, 7034B, 7005B, and 7035B 

21.4 MHz IF output: A 21.4 MHz output linearly related to the R F  
input to the analyzer. Bandwidth controlled by analyzer Resolution 
Bandwidth setting. Amplitude controlled by input attenuator, IF gain 
vernier, and first six IF step gain positions (- 10 through -60 dBm 
Ref Level with 0 dB input attenuation). Output is approximately -10 
dBm for full-scale signals on the CRT. (AUX C on oscilloscope dis- 
play rear panel, 50Q output impedance.) 
Horizontal output: (AUX D on oscilloscope display rear panel.) 
-5.0 to +5.0 V for 10 div CRT deflection, 5 kQ output impedance. 

Sweep characteristics 
Sweep time: 

Auto: Sweep time is automatically controlled by Frequency Span, 
Resolution Bandwidth, and Video Filter. 
Manual: Sweep determined by front panel control, continuously 
variable across C R T  in either direction. 
Calibrated sweep time: 16 internal sweep times from 0.1 ms/ div 
to I O  sec/div in a I ,  2, 5 sequence. For sweep times of 2 ms/div to I O  
sec/div, the analyzer is operable in its normal swept frequency 
mode. Faster sweeps are useful for analyzing modulation wave- 
forms when the analyzer is being operated as a fixed-tuned receiver 
with 0 Display Span. Sweep times may be reduced to an effective I O  
psec/div by using the 180-series XI0 horizontal magnifier. 
Accuracy: f 10%. 

Internal: Sweep internally triggered by envelope of R F  input sig- 
nal (signal amplitude of 1 .O division peak-to-peak required on C R T  
display). 
Line: Sweep triggered by power line frequency. 
Free run: Sweep triggered repetitively by internally generated 
ramp. 
Single: Sweep triggered by front panel sweep trigger switch (spring 
return position). 

X-Y RECORDERS. 

Sweep trigger: 

Display characteristics 
Oscilloscope display sections: 

180 Series compatibility: The 8558B is compatible with all 180A. 
180AR. ISOC, 180D, 180F, 181A, 181AR. 182A, 184A, and 184B 
mainframes. It is operable with the 183A, 1838 mainframes, but the 
display is limited to 6 divisions by the 6-division CRT. The 
following 180-series oscilloscope displays are recommended for use 
with the 8558B Spectrum Analyzer because they provide 4 non- 
buffered rear panel auxiliary outputs (for unattenuated vertical, 
horizontal, and penlift outputs) and P39 medium-persistence C R T  
phosphor (except with 181T, 181TR which provide variable persis- 
tence): 
180T P39 phosphor 

180TR P39 phosphor 

181T P31 phosphor with variable 

181TR P31 phosphor with variable 

persistence 

persistence 

I O L I  r 5 ~  pnospnor 
See H P  Service Notes I80A/AR/C/D-I, 181A/AR-7, and 182A-1 
for information needed to modify standard display to  provide aux- 
iliary outputs. 

Model number and name Price 
8558B Spectrum Analyzer $3900 

180TR Display $1300 
181T Display $22 I5 
8444A Opt. 058 Tracking Generator $3450 
Option 001: 75 ohm input (BNC), dBm calibration add $100 
-Option 002: 75 ohm input (BNC), dBmV calibration add $100 

182T Display $1200 



SIGNAL ANALYZERS 
Plug-in spectrum analyzer system, 20 Hz to 40 GHz 
Model 1411 system 

0 20 Hz to 40 GHz with just a tuning section change. 
0 Advantages of fully calibrated solid state system. 
0 Add measurement capability to your system as needed. 

0 Tracking generator expands measurement capability. 
0 Increase dynamic range with tracking preselector. 

8443A 

8444A 

8445B 

Hewlett-Packard's high performance plug-in spectrum analyzer 
family makes frequency domain measurements from 20 Hz to 40 
GHz. Because of the system's modularity, the user need purchase only 
analyzer components necessary to meet immediate production or lab- 
oratory measurement requirements. Then, as broader frequency ca- 
pability is required, additional tuning sections or companion instru- 
ments can be added. 

The models 8553B, 8554B, 8555A, and 8556A are tuning sections 
which plug into a 141T display mainframe along with an 8552B IF sec- 
tion to form a member of the Hewlett-Packard high performance 
spectrum analyzer family. Each tuning section covers a frequency 
range convenient for equipment design or  spectrum surveillance: 
8556A, 20 Hz to 300 kHz; 8553B, I kHz to 1 I O  MHz; 8554B, 500 kHz 
to 1250 MHz; and 8555A, I O  MHz to 40 GHz. The IF section plug-in 
which is used with each tuning section, serves to  condition the mea- 
surement signal for proper display on the CRT. Two IF sections are 
available, the 8552B high performance model and the 8552A model 
for economy. The spectrum analyzer specifications included in this 
catalog assume the use of the 8552B. 

The 8443A, 8443B, and 8444A are tracking generators compli- 
menting the basic spectrum analyzer function with an R F  source 
locked to the tuning frequency. The 8445A is an automatic pre- 
selector which enhances the dynamic range of the 100 MHz to 40 G H z  
8555A tuning section analyzer. 

8555A 8556A 

The 141T based spectrum analyzer features absolute calibration of 
frequency and amplitude, high resolution and sensitivity, wide dy- 
namic range and simple to  interpret display output. 

The following pages cover spectrum analyzer performance with 
each of the tuning sections and comparison tracking generator/pre- 
selector. 

Absolute amplitude calibration 
For ease and speed of measurement, full frequency band amplitude 

calibration allows direct interpretation of signal power or voltage 
from the C R T  display. A choice of logarithmic or linear scaling cali- 
brates the C R T  in dBm or pV respectively. The top horizontal grati- 
cule on the C R T  is established as a specific power or voltage level by 
front panel settings. Any signal registering on the C R T  can be quanti- 
fied by comparing its amplitude with this reference level. 

When a combination of frequency scan, bandwidth or video filter 
settings are chosen such that the display becomes uncalibrated, a 
warning light indicates the condition. 

High resolution frequency calibration 
The frequency measurement capability of the spectrum analyzer is 

responsive to user need, making spectrum measurements simply and 
accurately with three frequency scan modes. 

First is the FULL scan mode, which displays the entire tuning sec- 
tion frequency band on the I O  cm horizontal C R T  graticule. This 
mode is effective in viewing broadband effects of circuit adjustments 
and refinements as they are made. In FULL scan and marker on the 
C R T  corresponds in frequency to  the position of the pointer on the 
tuning section frequency scale, so signals can be readily identified. 

The second mode, PER DIVISION scan, centers the display about 
the frequency indicated by the tuning section pointer. In this mode, 
narrow, calibrated scan per division and automatic frequency STA- 
BILIZATION make high resolution measurements for analysis of sig- 
nal purity, sidebands and low deviation FM. 

In the third mode, ZERO scan, the analyzer becomes a receiver 
tuned to the frequency indicated on the scale. Amplitude modulation 
in an input signal at the tuned frequency is displayed on the C R T  in 
the time domain. The scan time control provides a calibrated time 
base. 

High resolution 
The ability to resolve close-in signal sidebands, such as line related 

modulation is important in frequency domain analysis. The Hewlett- 
Packard 141T plug-in spectrum analyzers each have narrow band- 
widths for such resolution. Up  to 110 MHz, the analyzers offer 10 Hz 
bandwidths and to 18 GHz, 100 Hz bandwidths. The frequency stabi- 
lization feature already mentioned ensures high resolution by main- 
taining a jitter free display. 

Wide dynamic range, sensitive 
Confidence in signal identification is given by the analyzer's ability 

to  measure wide amplitude differentials without distortion products 
and to measure very low level signals. The plug-in spectrum analyzers 



have typically 70 dB of distortion free dynamic range; that is, the ca- 
pability of measuring 0.03% signal distortion from the C R T  display. 
With the 8445A preselector the 8555A has a dynamic range of 100 dB. 
The C R T  displays full dynamic range on a linear, easy to read scale. 

Signals at  as low a level as - 142 dBm (20 nanovolts, 50 ohms) can 
be detected by the spectrum analyzer with I O  Hz bandwidth. At high 
frequencies and with 100 Hz bandwidth -125 dBm signals can be 
measured. 

A parallax free, storable display 
The 141T spectrum analyzer mainframe and display features a var- 

iable persistence C R T  which enables response storage for any mea- 
surement. With very narrow bandwidth measurements, extremely 
slow sweeps are necessary to maintain amplitude calibration (al- 
lowing band pass filters time to respond). A recording C R T  is neces- 
sary to save this response for viewing. Of course, any response can be 
stored for a display ready to be photographed. Another display main- 
frame, the 140T, is available with the standard persistence. 

Interpretation of response levels on the CRT are free from parallax 
since the graticule is etched on the inside of the display screen adja- 
cent to the phosphor. 

IF section adds convenience features 
The high resolution 85528 or the economic 8552A IF  section fea- 

tures video filtering, recorder outputs, manual scan and an Aternal 
calibration standard to make the spectrum analyzer easier to use. 
Video filtering is a low pass filter which averages out noise amplitude 
response for easier small signal readings. It also makes wide band 
noise and EM1 measurements easier. 

Recorder outputs, including pen lift, allow hard copy duplication of 
the C R T  display. Manual scan allows setting up of accessories, such as 
X-Y recorders, adjusting signals on screen during slow scans and mea- 
suring frequency with a counter. 

The internal calibration standard i 42 
signal for quick front panel calibra 

Tracking generators for each fre 
Either available internally, or as a C U I I I ~ I I I U I I  IIIW U I I I ~ I I L ,  are 

leveled signal sources designed to  track the swept tuning frequency of 
the spectrum analyzer. Amplifiers, filters or  any circuit which re- 
quires an input signal can be characterized to 1300 MHz, with typi- 
cally wider dynamic range and more precise frequency accuracy than 
with the spectrum analyzer alone. 

The 8556A low frequency tuning section has an internal tracking 
generator, standard with the instrument. The 8553B and 8554B/ 
8555A use separate generators ni 

General specifications 
141T spectrum analyzer sy 
Input impedance: 50L2 nominal. ......b..L.VII ..V1.....l..llL .V._IV ,. .85 
SWR), input attenuator 210 dB. 
Maximum input level: Peak o r  average power + 13 dBm (1.4 V ac 
peak), f 5 0  V dc. 
Attenuator: 0 to 50 dB in I O  dB steps 
Scan time: 16 internal scan rates from 0.1 ms/div to I O  sec/div in a 
I ,  2, 5 sequence, and manual scan (8552B only). 
Scan time accuracy: 

Scan Mode: 

, 

0.1 ms/div to 20 msldiv: *IO% 
50 ms/div to 10 s/div: *20% 

Int: Analyzer repetitively scanned by internally generated ramp; 
synchronization selected by scan trigger. 
Single: Single scan with front panel reset. 

imely 8443B and 8444A respectivelj 

Ext: Scan determined by 0 to + 8  volt external signal. 
Manual: Scan determined by front panel control. 

Scan trigger: For Internal scan mode, select between: 
Auto: Scan-free runs. 
Line: Scan synchronized with power line frequency. 
Ext: Scan synchronized with >2  volt (20 volt max.) signal. 
Video: Scan internally synchronized to envelope of R F  input. 

Vertical output: 0 to -0.8 V for full deflection. 
Scan output: to +5 V for I O  div C R T  deflection. 
Pen lift output: 0 to 14 V (0 V, pen down). 

Auxiliary outputs: 

Display characteristics 
141T, 140T 
Plug-ins: Accepts Models 8552A/B, 8553B. 8554B, 8555A and 
8556A and Model 1400-series Oscilloscope plug-ins. 
Cathode-ray tube type: 

Model 1411 Post-accelerator storage tube, 9000-volt accelerat- 
ing potential; aluminized P31 phosphor. 
Model 140T: Post-accelerator, 7300 volt potential medium-short 
persistence (P39) phosphor. 

Cathode-ray tube graticule: 
Model 141T: 8 X I O  division (approximately 7.1 X 8.9 cm) paral- 
lax-free internal graticule. 

Persistence, model 141T only: 
Normal: Natural persistence of P31 phosphor (0.1 second). 
Variable: 
Normal writing rate mode: Continuously variable from less than 
0.2 second to more than one minute. 
Maximum writing rate mode: From 0.2 second to 15 seconds. 
Erase: Manual; erasure takes approximately 350 ms. 

Storage times model 141T only: Normal writing rate; more than 2 
hours at reduced brightness (typically 4 hours). 
Fast writing speed, model 141T only: More than 15 minutes. 
Functions used with oscilloscope plug-ins only: Intensity modu- 
lation, calibrator; beam finder. 
EMI: Conducted and radiated interference is within requirements of 
MIL-I-16910C and MIL-I-6181D and methods CE03, and RE02 of 
MIL-STD-461 (except 35 to 40 kHz) when 8554B and 8552A or 8552B 
are combined in a 140T or 141T Display Section. 
Temperature range: Operating, 0" to +55"C; storage, -40" to  
75°C. 
Power requirements: 100, 120, 220, or  240 V +5%, -IO%, 50 to 60 
Hz, normally less than 225 watts (includes plug-ins used). 
Weight: 

Model 8552A or 85528 IF section: Net, 9 Ib (4.1 kg). Shipping, 
14 Ib (6.4 kg). 
Model 140T display section: Net, 37 Ib (16.8 kg). Shipping, 45 Ib 
(20 kg). 
Model 141T display section: Net, 40 Ib (18 kg). Shipping, 51 Ib 
(23 kg). 
Tuning section: See following pages. 

Dimensions: Model 140T or 141T with plug-ins: 425 mm deep, 221 
mm high, 416 mm deep (16%'' X 8Y4" X 16%"). 
Special order: Chassis slides and adapter kit. 
Model number and name Price 
140T Normal Persistance C $ I  I65 
141T Variable Persistance I $2035 
8552A Economy I F  Section $2575 
8552B High Resolution IF Section $3275 



SIGNAL ANALYZERS 
141T spectrum analyzer system: 20 Hz to 300 kHz 
Model 8556A 

Accurate signal level measurements ( f 0.95 dB) 
Accurate frequency measurements ( f 3 Hz) 

8556A 

General purpose 
The 8556A Spectrum Analyzer covers the frequency range from 20 

Hz to 300 kHz. It was designed to accommodate the variety of char- 
acteristic impedances and amplitude units used in making audio mea- 
surements. Balanced or unbalanced inputs are available, and open cir- 
cuit voltages (dBv or linear) or dBm in several characteristic imped- 
ances may be measured. The analyzer is capable of high resolution; 
frequencies can be measured very accurately. A built-in tracking gen- 
el 
F 

ai 

-ator further increases the instrument's utility. 
requency range 
The 8556A has two frequency scales, 0-300 kHz for full coverage 

nd 0-30 kHz for better resolution at low frequencies. The analyzer .-., I.- "...-..+ o. . - -~&-:- - l l . ,  -l.-..* - + ..-- LI- ---*..- I'---..---.. -...-- + m a y  UG J W G ~ L  aytuuicuLbaity ~ U U U L  ~1 L U L I ~ U I G  GGULGL ~ ~ ~ q u o r c c y ,  SWGIJL 

from 0 Hz to a tunable end point, i 

ceiver. 20 kHz crystal markers (accur; 
I re- 
1 on 

' the CRT to make very accurate rel: ts. 

Dr operated as a fixed tuned 
ate to 0.01%) can be generate( 
itive frequency measurement 

Absolute amplitude calibration 
The 8556 is calibrated for dBm in 6 w r i ,  amn in ~ U U ,  a m ,  ana volts. 

The very accurate reference level control ( f 0 . 2  dB) and vernier ( f0 .25 
dB) allow the IF  substitution technique to be used to improve ampli- 
tude measurement accuracy. 

resence of large ones. 

. A .  .* . .. . . esolution - sensitivity - * .  . s . . . . .  

Low distortion 
Careful design has decreased analyzer distortion to the point where 

a full 70 dB dynamic range is achieved. This allows small signals, such 
as harmonic or intermodulation distortion, to be measured in the 
P' 
R 

Kesoiution oanawiatns oetween I U  K H Z  ana IU H Z  are avaiiaoie on 
the 8556A. Using the narrow bandwidth, 50 or 60 Hz line related side- 
bands can be measured. The analyzer's extremely low noise figure to- 
gether with its narrow bandwidths makes the 8556A very sensitive. 
Signals as low as - 152 dBv (25 nv) can be measured in a I O  Hz band- 
width. The 8556A may be used to measure EMI, such as interference 
conducted along an AC power line. 
Isolated input 

The isolated input eliminates the possibility of spurious signal pick- 
up which could be caused by line related ground currents flowing in 
the ground connections between the analyzer and signal source. The 
input impedance (1 MQ) is high enough so that a scope probe may be 
used with a minimum of loading. An optional balanced input is avail- 
able which is transformer coupled for isolation and high common 
mode rejection. The input impedance is 15 kQ, and the analyzer is cal- 
ibrated for either dBm-135R or dBm-150Q as well as dBm-500Q and 
dBm-900R. Balance (symmetry) is 80 dB at 50 Hz. and 50 dB at 300 
kHz. 
Tracking generator 

A tracking generator is built into the 8556A. If an external counter 
is connected to the tracking generator, frequencies can be measured to 
an accuracy of f 3  Hz. Swept insertion loss or return loss measure- 
ments can be made on a device such as an amplifier or filter. A 140 dB 
measurement range is possible using the narrowest resolution band- 

@ High sensitivity ( - 152 dBv) 
Built-in tracking generator 

width. gnal for 
compensating an oscilloscope probe used with the X556A. 

Other applications 
The combination of a tracking generator and spectrum analyzer in 

this frequency range is valuable in applications such as receiver test- 
ing and fault location. 

Specifications 
Frequency specifications 
Frequency range: 20 Hz to 300 kHz - 8552B I F  Section. Tuning 
dial ranges of 0 - 30 kHz and 0 - 300 kHz. 
Scan width (On a IO-division CRT horizontal axis). 

Per division: I O  calibrated scan widths from 20 Hz/div to 20 
kHz/div i n  a 1, 2, 5 sequence. 
0 - 10 t: 10 calibrated preset scans, from 200 Hz to 200 kHz in a 1, 
2, 5 sequence. Analyzer scans from zero frequency to ten times the 
scan width per division setting. 
Zero: Analyzer is a fixed tuned receiver. 

Center frequency accuracy: 0 - 30 kHz Range: f500 Hz; 0 - 300 
kHz Range: f 3  kHz. 
Marker accuracy: R F  markers every 20 kHz accurate to within 
f0.01%. Markers controlled by front panel on/off switch. 
Scan width accuracy: with 8552B IF  Section: Frequency error 
between any two points on the display is less than f 3 %  of the indi- 

Frequency accuracy: 

cated frequency separation. 

Residual FM 85526 Sidebands >60 dB down 50 Hi 
CW signal, scan time 21 sec/div, 10 Hz bandwidtt 
Noise sidebands: More than 90 dB below CW sign; 
from signal, with a 100 Hz IF bandwidth. 
Freauencv drift! I PC$ than 300 H7/10 min 1855311 

Stability: 
5 or more from 

SI, 3 kHz away 
1. 

, -. .._. __l_ _ _ _  - _ _  I - -  ----.- ,---A). - - --m--.-- 

Resolution: 
Bandwidth ranges: IF bandwidths of 10 Hz (8552B) to 10 kHz are 
provided in a 1, 3, 10 sequence. 
Bandwidth accuracy: Individual IF bandwidth 3 dB points cali- 
brated to f20% (10 kHz bandwidth f5%). 
Bandwidth selectivity: 60 dB/3 dB I F  bandwidth ratios, with 
85528 IF section: < I  I :  1 for IF bandwidths from 10 Hz to 3 kHz; 
<20:1 for 10 kHz bandwidth. For 10 Hz bandwidth, 60 dB points 
are separated by less th 

Amplitude specificatioi 
Absolute amplitude calil 

Log calibration mode! 
dbV 

dBm - 50Q 
dBm - 600Q Udtlm = 1 mW - bWL1 

OdBm = 1 mW - 50Q 
Input impedance is 1 MR. dBm ranges are referenced with input 
properly terminated externally. 



Log calibration range: prom - 130 aam/aav to  + I O  o a m j a n v .  
Log display range: I O  dB/div on a 70 dB display, or 2 dB/div on a 
16 dB display (with 8552B only). 
Linear sensitivity: From 0.1 pV/div to  1 V/div in a 1, 2, 10 se- 
quence. Linear sensitivity vernier X 1 to X0.25 continuously. 

INPUT LEVEL control: -10 to -60 dBm/dBV in 10 dB steps. Ac- 
curacy f0.2 dB. Marking indicates maximum input levels for 70 dB 
spurious-free dynamic range. 
Average noise level (specified with a 600Q or less source impedance 
and INPUT LEVEL at -60 dBm/dBV): 
Mode 1 kHz IF Bandwidth 10 Hz IF Bandwidth 
dBm - 5052 <-I22 dBm (180 nV) <-I42 dBm (18 nV) 
dBm -600Q<-130dBm(2SOnV) <-1SOdBm(2SnV) 
dBV <-I32 dBV (250nV) <-I52 dBV (25 nV) 
Linear <400 nV <40 nV 
Video filter: Averages displayed noise, bandwidth of 10 kHz, 100 
Hz, and (8552B only) 10 Hz. Bandwidth accuracy 120%. 
Spurious responses: Input signal level 5 INPUT LEVEL set- 
ting: out of band mixing responses, harmonic and intermodulation 
distortion products are all more than 70 dB below the input signal 
level 5 kHz to 300 kHz; 60 dB, 20 Hz to 5 kHz. Third order inter- 
modulation products are more than 70 dB below the input signal 
level, 5 kHz to 300 kHz with signal separation >300 Hz. 
Residual responses: (No signal present at  input.) With the 
INPUT LEVEL at -60 dBm/dBV and the input terminated with 
600Q or less, all line related residual responses from 0 to 500 Hz are 
below -120 dBm/dBV. All other residual responses are below 
- 130 dBm/dBV. 

Amplitude accuracy: Log Linear 
Frequency response f 0 . 2  dB f2.3% 
Amplitude display f0.25 dB/dB f2.8% of full 

Dynamic range: 

but not more 
than f 1.5 dB 
over 70 dB 
display range 

8 div disRlay 

Log reference level control: Provides 90 dB I F  gain control in 10 
dB steps to cover log and linear ranges. Accurate to  f 0 . 2  dB 
(f2.3%). 
Log reference level vernier: Provides continuous 12 dB range. 
Accurate to  fO. l  dB ( f l . 2%)  in 0, -6, -12 dB positions; other- 
wise f 0 . 2 5  dB (3~2.8%). 
Amplitude measurement accuracy: f0 .95 dB with proper tech- 
nique. 

General 
Scan time: 16 internal scan rates from 0.1 ms/div to 10 sec/div in a 
I ,  2, 5 sequence. 
Scan mode: 

Int: Analyzer repetitively scanned internally. 
Ext: Scan determined by 0 to  +8 volt externa 
Single: Single scan actuated by front panel bi 
Manual: Scan determined by front panel control. 

Input level: Provides 50 dB control of input preamplification and at- 

tenuation to prevent input overload. INPUT LEVEL markings of 
-60 dBm/dBV to -10 dBm/dBV indicate maximum input level for a 
minimum of 70 dB spurious-free dynamic range. Accuracy f 0 . 2  dB 
(2.3%); 
Input impedance: I MQ shunted by ~ 3 2  pF. 
Maximum input level: 10 V rms, f 2 0 0  V dc. Ground terminals of 
BNC input connectors are isolated from the analyzer chassis ground 
to minimize ground loop pickup at  low frequencies. 

Maximum voltage, isolated ground to chassis ground: f 100 V 
dc. 
Isolated ground to chassis ground impedance: 100 kQ shunted 
by approximately 0.3 pF. 
Gain compression: For input signal level 20 dB above INPUT 
LEVEL setting, gain compression is less than I dB. 

Tracking generator speclkations 
Frequency range: Tracks the analyzer tuning, 20 Hz to 300 kHz. 
Amplitude range: Continuously variable from 100 mV rms to greater 
than 3 V rms into an open circuit. 
Amplitude accuracy: With TRACKING G E N  LEVEL in CAL po- 
sition and 20 kHz markers off, output level at 100 kHz is 100 mV f 0 . 3  
dB into an open circuit. 

Frequency response: f0 .25  dB 50 Hz to 300 kHz. 
Output impedance: 600Q 
Residual FM: < 1  Hz peak-to-peak. 
Power requirements: 100, 120, 200, or 240 V +5%, -IO%, 50 to  60 
Hz, normally less than 225 watts. 
Weight: Model 8556A L F  section: Net, 8 Ib (3.7 kg). Shipping, 12 Ib 
(5.3 kg). 
Dimensions: 226 mm wide, 102 mm high, 344 mm deep (8YC X 4” X 
13%“). 
Specifications with 8550A options 001,002-balanced input 
Amplitylde: 

Log cqlibration modes-balanced (bridged) input: 
dBm - l35Q (Opiion 001) OdBm = 1 mW - 1350 
dBm - 1502 (Option 002) OdBm = 1 mW - 150Q 
dBm 2 6002 OdBm = 1 mW - 6009 
dBm - 900Q OdBm= 1mW-900Q 
Input impedance is typically 15 kQ. dBm ranges are referenced with 
input properly terminated externally. 

Maximum input levels: Normal Mode, f 2 0  V rms or  f 1 5 0  V dc 
for normal mode (symmetrical) signals between input signal con- 
nectors: Common Mode, 200 V rms at 60 Hz or 1 5 0 0  V dc for com- 
mon mode (asymmetrical) voltages between input signal connec- 
tors and G U A R D  or instrument chassis: Guard, A100 V dc from 
G U A R D  to instrument chassis. (GUARD to chassis impedance is 
approximately 100 kQ shunted by 0.3 pF.) 
Balance (Symmetry): 0 - 30 kHz Range, greater than 80 dB, 50 
Hz to I kffz; 1 - 300 kHz range, greater than 60 dB, I kHz to  20 
kHz. 

Model number and name Price 
8556A R F  section $1975 
Option 001 Balanced input add $220 
Option 002 Balanced input add $220 

Input 



SIGNAL ANALYZERS 
141T spectrum analyzer system: 1 kHz to 110 MHz 
Models 85538 & 8443A 

Wide frequency range 
10 Hz resolution bandwidth 
High sensitivity ( - 140 dBm) 

85538 

8443A 

General purpose 
The 8553B Spectrum Analyzer makes absolute amplitude and fre- 

quency measurements over the 1 kHz to 1 I O  MHz range. This fre- 
quency span includes audio, video, pavigation aids, telemetry, multi- 
plex communication #systems basebands, commercial AM, FM, TV, 
and land mobile communication. The analyzer features high resolu- 
tion and stability, low distortion, high sensitivity, and a wide dynamic 
range. A tracking generator is available which improves the fre- 
quency measurement accuracy of the analyzer and can be used to 
make swept measurements. 
Wide frequency range 

audio through the FM broadcast band. Scan widths from 200 Hz to  
100 MHz allow a user to view all or selected parts of the frequency 
spectrum while the zero scan mode turns the analyzer into a fixed 
tuned receiver and displays amplitude variations in the time domain. 
The analyzer has two dial scales, 0 - 100 MHz for full coverage and 0 - 
I 1  MHz for better resolution at low frequencies. 

I The broad frequency range of 1 kHz to 110 MHz extends from 

Resolution - stability 
n 300 kHz tc 
urements on a . . .,.-- 

The 8553B has resolution bandwidths that range fro1 
I O  Hz. Wide bandwidths are necessary for making measi 
wideband spectrum such as FM. The extremely high resolution IU HZ 
bandwidth and 11:  1 60 dB to 3 dB bandwidth ratio allow 50 or  60 Hz 
sidebands to be measured. Such high resolution is made possible by 
automatic stabilization through phase lock, which reduces residual 
F M  to less than 1 Hz peak to peak. Good stability is required to mea- 
sure oscillator residual F M  and drift. 
Absolute amplitude calibration 

The 8553B Spectrum Analyzer is absolutely calibrated in both dBm 
and volts from - 142 dBm (.02 pV) to + 10 dBm (.7 V). This absolute 
calibration is derived from a built-in calibrator (-30 dBm at 30 MHz) 
and extremely flat analyzer frequency response ( f0 .5  dB). A display 
uncal. light warns if the display becomes uncalibrated. The probe 
power output supplies power to  a high impedance probe which can be 
used to  make bridging measurements on circuits terminated at  both 
ends. 
High sensitivity 

A low analyzer noise figure and narrow bandwidths give the 8553B 
very high sensitivity. Signal levels as low as -140 dBm can be mea- 
sured in a 10 Hz bandwidth, and a preamplifier is available to  further 
increase sensitivity by 16 dB. Video filtering in 10 kHz, 100 Hz, and 10 
Hz bandwidths will average the displayed noise. High analyzer sensi- 
tivity is required if distortion in an amplifier or  oscillator is to be mea- 

Accurate amplitude measurements ( f 1.25 dB) 
10 Hz frequency accuracy with tracking generator 
130 dB swept measurement range 

sured as a function of output level. In EM1 studies, field strength can 
be measured with a calibrated antenna. 
70 dB dynamic range 

The 85538 has a 70 dB dynamic range when the signal level is prop- 
erly conditioned at  the input mixer. A wide dynamic range is neces- 
sary to measure small signals in the presence of large ones, such as 
harmonic or  intermodulation distortion or  to monitor signals of 
widely varying amplitudes, such as in EMC, RFI, and surveillance 
work. 
8443 tracking generator 

A tracking generator, 8443A, is available which covers the 100 kHz 
to  I I O  MHz frequency range of the 8553B. It has a built-in counter, 
and precision R F  attenuators which are useful making substitution 
measurements. 
Frequency accuracy 

In conjunction with an 8443 tracking generator, the 8553B Spec- 
trum Analyzer, can measure frequencies to an accuracy of f I O  Hz. 
When the 8443A is operated in the “track analyzer” mode, the 
counter will read the frequency at a tunable marker which is geher- 
ated on the analyzer CRT. The “restore signal” mode is a more con- 
venient way to measure signal frequencies in wide scans because the 
counter reads the signal frequency automatically without fine tuning. 
The 8443A tracking generator may also be used externally as a 120 
MHz direct reading counter. 
Swept measurements 

The 8443 tracking generators can be used with the 8553B to make 
swept insertion loss and return loss measurements over the 100 kHz to 
I I O  MHz frequency range. Because the signal source tracks the ana- 
lyzer’s tuning, up to 130 dB dynamic measurement range is possible 
(at I O  Hz bandwidth). Excellent system flatness (& 1.0 dB) insures the 
accurate determination of swept response characteristics. 

Specifications 
Frequency specifications 
Frequency range: 1 kHz - 1 I O  MHz (0 - 11  MHz and 0 - 110 MHz 
tuning ranges). 
Scan width (on 10-division CRT horizontal axis): 

Per division: 18 calibrated scan widths from 20 Hz/div to  10 
MHz/div in a I ,  2, 5 sequence. 
Preset: 0 - 100 MHz, automatically selects 300 kHz bandwidth IF 
Filter. 
Zero: Analyzer is fixed tuned receiver with selectable bandwidth. 



Frequency accuracy: 
Center frequency accuracy: The dial indicates the display center 
frequency within f I MHz on the 0 - I I O  MHz tuning range; f 2 0 0  
kHz on the 0 - 1 1  MHz tuning range with FINE T U N E  centered, 
and temperature range of 20” to 30°C. 
Scan width accuracy: Scan widths I O  MHz/div to 2 MHz/div 
and 20 kHz/div to  20 Hz/div: Frequency error between two points 
on the display is less than f 3 %  of the indicated frequency separa- 
tion between the two points (8552B). Scan widths 1 MHz/div to  50 
kHz/div: Frequency error between two points on the display is less 
than f 10% of the indicated frequency separation (8552B only). 

Bandwidth 85528 IF section: IF bandwidths of I O  Hz to  300 kHz 
are provided in a 1, 3 sequence. 
Bandwidth accuracy: Individual I F  bandwidths’ 3 dB points cal- 
ibrated f 2 0 %  ( I O  kHz bandwidth f%). 
Bandwidth selectivity: 60 dB/3 dB I F  bandwidth ratios 8552B IF 
section: I O  Hz to 3 kHz bandwidths, < l l : l ;  I O  kHz to  300 kHz 
bandwidths. <20: 1. 

Resolution: 

Stability: 
Residual FM stabilized: 8552B I F  Section: Sidebands >60 dB 
down 50 Hz or more from CW signal, scan time 2 1 sec/div, 10 Hz 
bandwidth (typically less than 1 Hz peak-to-peak). 
Residual FM unstabilized: < 1 kHz peak-to-peak. 
Noise sidebands: More than 70 dB below CW signal, 50 kHz or  
more away from signal, with 1 kHz I F  bandwidth. 
Long term drift (after 1-hour warm-up), stabilized: 50 Hz/min, 
500 Hz/lO min; unstabilized: 5 kHz/min, 20 kHz/lO min. 

Amplitude specifications 
Absolute amplitude calibration range: 

Log: From - 130 to  + I O  dBm, I O  dB/div on a 70 dB display or 2 
dB/div on a 16 dB display (8552B only). 
Linear: From 0. I pV/div to 100 mV/div in a I ,  2 sequence on an 8- 
division display. 

Average noise level: < - I  I O  dBm with I O  kHz IF bandwidth. 
Video filter: Averages displayed noise; 10 kHz, 100 Hz, and 10 Hz 
bandwidths. (10 Hz on 8552B I F  Section only.) 
Spurious responses: Are below a -40 dBm signal at the input 
mixer as follows: All image and out-of-band mixing responses, har- 
monic and intermodulation distortion less than 70 dB down, 2 MHz 
to 1 I O  MHz; less than 60 dB down, 1 kHz to  2 MHz. Third order in- 
termodulation products less than 70 dB down, 1 kHz to 110 MHz 
(Signal separation >300 Hz for 8552B IF Section). 
Residual responses (no signal present at Input): With input at- 
tenuation a t  0 dB: <- 110 dBm (200 kHz to 1 I O  MHz); <-95 dBm 

Dynamic range: 

(20 kHz to  200 kHz). 
Amplitude accuracy: 

Frequency response 
(Flatness: attenuator 
settings > I O  dB): 
1 kHz to I10 MHz 
Amplitude Display 

Calibrator amplitude: 
Calibrator frequency: 

Log Linear 

f0.5 dB f5.8% 
f0 .25  dB/dB f2.8% of 
but not more than f 1.5 
dB over the full deflection 
70 dB display range 
-30 dBm, f 0 . 3  dB. 
30 MHz, f 3  kHz (8552B) 

full 8 div 

Log reference level control: Provides 70 dB range (60 dB below 
200 kHz), in I O  dB steps. Accurate to  f 0 . 2  dB (f2.3%, Linear Sen- 
sitivity). 
Log reference level vernier: Provides continuous 12 dB range. 
Accurate to f O . l  dB (f1.2%) in 0, -6, and -12 dB positions; 
otherwise 40.25 dB (f2.8%). 
Amplitude measurement accuracy: f 1.25 dB with proper tech- 
nique. 

General 
Input impedance: 500 nominal, BNC connector. Reflection coef- 
ficient <0.13 (1.3 SWR), input attenuator 210 dB. A special 750 
8553B/8552B is available. 
Maximum input level: Peak or average power + I 3  dBm (1.4 V ac 
peak), f 5 0  V dc. I dB compression point, - 10 dBm. 
Scan time: 16 internal scan rates from 0.1 ms/div to  I O  sec/div in a 
1, 2, 5 sequence, or manual scan (8552B only). 
Scan mode: 

Int: Analyzer repetitively scanned internally. 
Single: Single scan with reset actuated by front panel pushbutton. 
Ext: Scan determined by 0 to +&volt external signal. 
Manual: Scan determined by front panel control. 

Attenuator: 0 to 50 dB, in 10 dB increments, coupled to Log Refer- 
ence Level indicator; automatically maintains absolute calibration. 
Attenuator accuracy f 0 . 2  dB. 
Power requirements: 100, 120, 220, or 240 V +5%, - IO%,  50 to  60 
Hz, normally less than 225 watts. 
Weight: Model 8553B R F  Section: Net, 12 Ib (5.5 kg). Shipping, 17 
Ib (7.8 kg). 
Dimensions: 226 mm wide, 102 mm high, 344 mm deep (8%” X 4” X 
13%”). 
Tracking generator (8443A) 
Frequency range: 100 kHz to 110 MHz. 
Amplitude range: <-I20 dBm to + I O  dBm in I O  and 1 dB steps 
with a continuous 1.2 dB vernier. 
Amplitude accuracy: 

Output impedance: 500, BNC connector, ac coupled, reflection co- 
efficient 50.09 (1.2 SWR) with output <O dBm. 
Counter: 

Display: 7 digits with I digit over-range. Reads to f I O  Hz incre- 
ments. 
Resolution (gate time): I kHz ( 1  ms), 100 Hz (10 ms), I O  Hz (100 
ms). 
Accuracy: f l  count f time base accuracy. 
Time base aging rate: < 3  X lO-q/day (0.3 Hz/day) after warm- 
UP. 
External counter inputs: I O  kHz to 120 MHz, 500, -10 dBm 
min. 

Power: 100, 120, 220, or 240 V +5%, -IO%, 48 to 440 Hz. 8443A, 75 
watts. 
Net weight: 8443A, 24 Ib, 5 oz ( 1  1.04 kg). Shipping weight 31 Ib, 14 
oz (14.47 kg). 
Dimensions: 425 mm wide, 88.2 mm high, 332 mm deep (16%‘’ X 

Price Model number and name 
$2650 85538 R F  section 
$3925 8443A Tracking generator 

Frequency response (flatness): f0.5 dB. 
Absolute: 0 dBm at 30 MHz: f 0 . 3  dB. 

3‘32’’ X 13h”). 
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SIGNAL ANALYZERS 
141TSpectrum analyzer system, 100 kHz to 1250 MHz 
Models 85548 & 8444A 

High resolution to 100 Hz 
Flat frequency response f l d B  
High sensitivity to -122 dBm (180 nV) 

8444A 

85548 Spectrum analyzer 
The 8554B Spectrum Analyzer R F  Section covers the frequency 

range from 100 kHz to 1250 MHz. This broad frequency coverage al- 
lows analysis from baseband through U H F  navigation bands. Abso- 
lute amplitude calibration is maintained over the entire range. Some 
typical applications include power and frequency measurements on 
modulation, distortion and spurious outputs, frequency response 
measurements of filters, amplifiers, modulators and mixers. The ana- 
lyzer can also be used to make noise measurements and EM1 and 
EMC measurements using a calibrated antenna or current probe. 
Absolute amplitude calibration 

Absolute amplitude measurements can be made from +10 to -122 
dBm with h2.5 dB accuracy. This accuracy can be increased to  f 1 . 5  
dB using IF substitution. The display is calibrated in log (dBm) to ob- 
tain a wide display range and linear (voltage) for measurements re- 
quiring maximum resolution. The top graticule line on the C R T  is a 
calibrated reference level which can be changed by the front panel 
controls from +10 to -72 dBm for greater I F  substitution measure- 
ments. Amplitude calibration is dependent upon the proper relation- 
ship between sweep width, sweep time, resolution bandwidth and 
video filtering. An  uncal warning light is present to  indicate an uncal- 
ibrated situation. 
Flat frequency response 

In broadband use, the wide bandwidths allow fast sweeping of the 
entire spectrum. The analyzer is extremely flat (* 1 dB) over its entire 
range, allowing direct comparisons of signal amplitudes displayed on 
the CRT. A 0 to 50 dB input attenuator is provided to prevent over- 
driving the input mixer. 
Resolution 

The low residual F M  (<IO0 Hz peak-to-peak) of the 8554B makes 
possible resolution bandwidths as narrow as 100 Hz. This enables re- 
solving closely spaced signals such as I kHz and 400 Hz sidebands. 
Bandwidths range from 100 Hz to  300 kHz in a I ,  3, 10 sequence mak- 
ing it easy to  select an optimum bandwidth to scan width ratio. The 
resolution bandwidths consist of synchronously tuned “gaussian” 
shaped filters to enable faster sweeping for any given bandwidth. In 

Variable persistence display 
0 Companion Tracking Generator 

External counter capability 

addition, these filters have narrow shape factors making it possible to 
measure closely spaced signals differing greatly in amplitude. 
Sensitivity 

The high sensitivity (-122 dBm in 100 Hz bandwidth) and wide 
spurious-free measurement iange (>65 dB) of the 8554B means accu- 
rate measurements can be made on low level signals and signals vary- 
ing widely in amplitude. For example, modulation as low as 0.2% can 
be measured. Low level harmonic and intermodulation distortion, 
spectrum surveillance and EM1 are just a few of the measurements 
possible. A video filter is provided in the IF section to  average dis- 
played noise and simplify the measurement of low level signals. 
Automatic tuning stabilization 

The 8554B Spectrum Analyzer is automatically stabilized in nar- 
row scans. This gives the stability (< 100 Hz peak-to-peak residual 
FM) needed for high resolution analysis. Stabilization is accom- 
plished by phase locking the LO’S (local oscillators) to  a crystal refer- 
ence in scan widths I O  MHz and below. No signal recentering or 
checking for stabilization is required because the signal remains on 
screen when phase locked. 

8444A Tracking generator 
The 8444A Tracking Generator is a signal source, which, when con- 

nected to the 8554B Spectrum Analyzer, has an output whose fre- 
quency is the same as the swept frequency of the analyzer. The track- 
ing generator is used as a signal source to measure the frequency re- 
sponse of a device. It can also be used for precision frequency mea- 
surements. An external counter output is provided on the 8444A and 
the frequency of unknown signals as well as the frequency of any point 
on a frequency response curve can be measured. The use of the 
5300A/5303A Counter is suggested for frequency measurements to 
500 MHz and the 5245L/5254C Counter for measurements to 1240 
MHz. 

The tracking generator-spectrum analyzer system can be used to 
supply test signals for other devices as a sweeper. The sweep widths 
and sweep rates are controlled from the spectrum analyzer and the 
output level from the tracking generator. 



85546 Specifications 
Frequency specifications 
Frequency range: 100 kHz to 1250 MHz. 
Scan width (on 10-division CRT horizontal axis): 

Per division: 15 calibrated scan widths from 100 MHz/div to 2 
kHz/div in a I ,  2, 5 sequence. 
Preset: 0 - 1250 MHz, automatically selects 300 kHz bandwidth 
IF filter. 
Zero: Analyzer is fixed-tuned receiver. 

Center frequency accuracy: The dial indicates the display center 
frequency with I O  MHz. 
Scan width accuracy: Frequency error between two points on the 
display is less than 10% of the indicated separation. 

Resolution: 
Bandwidth: I F  bandwidths of 0.1 to 300 kHz provided in a I ,  3 se- 
quence. 
Bandwidth accuracy: Individual IF bandwidths 3 dB points Cali- 
brated to f 2 0 %  ( I O  kHz bandwidth f5%). 
Bandwidth selectivity: 60 dB/3 dB IF  bandwidth ratio <20:1 for 
IF bandwidths from I O  kHz to 200 kHz. 60 dB/3 dB bandwidth 
ratio <11:1  for IF bandwidths 100 Hz to 3 kHz (85528 only). 

Stabilized: < 100 Hz peak-to-peak 
Unstabilized: < I O  kHz peak-to-peak 
Noise sidebands: More than 70 dB below CW signal, 50 kHz or 
more away from signal, with I kHz I F  bandwidth. 

Frequency accuracy: 

Stability (residual FM): 

Amplitude specifications 
Absolute amplitude calibration range: 

Log: From - 122 to + I O  dBm. I O  dB/div on a 70 dB display, or  2 
dB/div on a 16 dB display (85528 only). 
Linear: From 0. I pV/div to 100 mV/div in a I ,  2 sequence on an 8- 
diyision display. 

Average noise level: <-I02 dBm with 10 kHz IF bandwidth. 
Spurious responses: All image and out-of-band mixing re- 
sponses, harmonic and intermodulation distortion products are 
more than 65 dB below a -40 dBm signal at  the input mixer. 
Residual responses (no signal present at input): With input at- 
tenuation at 0 dB: < - I O 0  dBm. 

Dynamic range: 

Amplitude accuracy: 

Frequency response 

100 kHz to 1250 MHz 
Switching between 
bandwidths (at 20°C) 
Amplitude display 

(flatness) 

Log Linear 

f l  dB f 1 2 %  

f0 .5  dB 4~5.8% 
f0 .25  dB/dB but not 
more than f 1.5 dB 
over the full 70 dB 
display range. 

2.8% of 
full 8 div 
deflection 

Calibrator output: 
Amplitude: -30 dBm, f 0 . 3  dB. 
Frequency: 30 MHz, f 3  kHz (8552B only). 

RF inout specifications 
Input impedance: 50Q nominal. Reflection coefficient <0.30 (1.85 
SWR), input attenuator 2 I O  dB. 
Maximum input level: Peak or  average power + I 3  dBm (1.4 V ac 
peak), f 5 0  V dc. 
Genera I 
Scan time: 16 internal scan rates from 0. I ms/div to  10 sec/div in a 
I ,  2, 5 sequence, and manual scan (85528 only). 

Scan time accuracy: 
0.1 ms/div to 20 ms/div: f10% 
50 ms/div to 10 s/div: f 2 0 %  

Weight: 
Model 8554B RF section: Net, 4.7 kg (10 Ib, 4 02). Shipping 7.8 
kg (17 Ib). 

844449 
Saecifications for swept frequency response measurements 
Dynamic range: >90 dB from spectrum analyzer 1 dB gain com- 
pression point to average noise level (approximately -10 dBm to 
- 100 dBm). Spurious responses not displayed. 
Gain compression: for -10 dBm signal level at  the input mixer, gain 
compression < I  dB. 
Absolute amplitude calibration range: 

Tracking generator (drive level to test device): 0 to - 10 dBm con- 
tinuously variable. 0 dBm absolutely calibrated to f0.5 dB at 30 
MHz. 

Frequency range: 500 kHz to 1250 MHz. 
Frequency resolution: 1 kHz. 
Stability: 

Residual FM (peak-to-peak): 
Tuning: 

Stabilized Unstabilized Section 
8554B 100 Hz I O  kHz 

Amplitude accuracy: 
System frequency response: f1.50 dB. 
Tracking generator calibration: 0 dBm at 30 MHz to f0 .5  dB. 

Specifications for precision frequency measurements 
Frequency accuracy: For unknown signals f 10 kHz. (Tracking 
drift typically 5 kHz/ I O  min after 2-hour warm-up). For points on fre- 
quency response curve, counter accuracy f Residual F M  (200 Hz). 
Counter mode of operation: 

Manual scan: Scan determined either by front panel control of 
85528 IF  Section or by external scan signal provided by the 8444A. 
Zero scan: Analyzer is fixed-tuned receiver. Counter reads center 
frequency to accuracy of tracking drift. 
Counter output level: Typically 0.1 V rms. 

Specifications for sweep/CW generator 
Frequency: Controlled by spectrum analyzer. Range 500 kHz to 
1250 MHz with 8554B. Scan widths are as enumerated on this page. 
Frequency accuracy: f I O  MHz using spectrum analyzer tuning 
dial. Can be substantially improved using external counter outout. 
Flatness: f0 .5  dB. 
Spectral purity: 

Residual FM (peak-to-peak): 100 Hz. 
Harmonic distortion: 25 dB below output level (Typical). 
Nonharmonic (spurious) signals: >35 dB below output level. 

Long term stability: Drift typically less than 30 kHz/hour when sta- 
bilized after 2-hour warm-up. 
Sweep width: 20 kHz to 1000 MHz. 
Sweep rates: Selected by Scan Time per Division on spectrum ana- 
lyzer. 

General 
Temperature range: Operation, 0 to 55"C, storage -40°C to 75°C. 
EMI: Conducted and radiated energy is within the requirements of 

Power: 115 V and 230 V, 48 to  440 Hz, 12 watts max. 
Weight: Net, 7.1 kg (15 Ib, I O  oz). Shipping, 9.5 kg (21 Ib). 
Model number and name Price 
85548 R F  Section $3700 
8444A Tracking Generator $3 150 

M IL-1-6 I8 1 D. 



./ SIIGMAL ANALYZERS 
141T Spectrum analyzer system, 10 MHz to 40 GHz 
Models 8555A, 8444A & 8445B 

Absolute amplitude calibration 
High sensitivity to -125 dBm (2.5 nV) 
Resolve signals to 100 Hz 

L""". . 

8444A 

--- 9' --- ___ - ~- II 

84458  

8555A Spectrum analyzer 
The 8 5 5 5 A  spectrum analyzer covers 10 MHz to 18 G H z  with fun- 

damental and harmonic mixing. External waveguide mixers can pro- 
vide 12.4 GHz to 40 G H z  coverage. This broad frequency range cou- 
pled with its high sensitivity and resolution bandwidth allow a variety 
of power measurements, frequency measurements, modulation and 
noise analysis on almost every type of design module: the frequency 
response of amplifiers, mixers, and modulators, response and align- 
ment of filters isolators, couplers and limiters. With wide scan widths 
and calibrated amplitude the 8 5 5 5 A  is ideal for spectrum surveillance 
and RFI/EMC field strength analysis with a calibrated antenna. 

Absolute amplitude calibration 
The 8 5 5 5 A  offers absolute amplitude calibration from + 10 dBm to 

- 1 2 5  dBm over the 10 MHz to 18 GHz frequency range. This capa- 
bility makes possible not only absolute signal power measurements, 
but also the measurement of the power differential between two sig- 
nals separated by as much as 18 GHz. The parallax free C R T  grati- 
cule can read as a log scale (dBm) or  a linear scale (volts) with a fre- 
quency response accuracy of f 1 . 5  dB to 6 GHz and f 2 . 0  dB to 18 
GHz. The top line of the display is established as the reference level by 
front panel controls. A light warns of an uncalibrated condition. 

High sensitivity 
The high sensitivity from - 1 2 5  dBm (fundamental mixing) to - 100 

dBm (4th harmonic) in a 100 Hz bandwidth makes it possible to mea- 
sure large values of attenuation, out of band filter and amplifier re- 
sponse, weak transmitted signals in surveillance work or microvolt 
signals in EMC applications. A  post detection filter with I O  kHz, 100 
Hz and I O  Hz (8552B only) position averages any noise and yields an 

Scan up to 8 GHz full screen 
100 dB distortion free dynamic range with preselector 
Companion tracking generator to 1.3 GHz 

extremely clean observed trace. 
High resolution 

Due to low residual F M  (< 100 Hz peak-to-peak) the 8 5 5 5 A  offers 
outstanding 100 Hz resolution which allows the users to resolve 
closely spaced signals and low level sidebands resulting from a 1 kHz 
modulating signal. The resolution capability makes it possible to ana- 
lyze spurious low frequency modulation of microwave signals. The 
high stability of the analyzer results in more accurate measurements of 
residual FM, long-term drift, phase noise and spectral purity. Fur- 
thermore, the Gaussian shape of the I F  filters allow fastest sweep for a 
given resolution bandwidth. 
Automatic tuning stabilization 

When scanning over a relatively narrow frequency range, the fre- 
quency stability of the analyzer's internal local oscillators become im- 
portant for high resolution and frequency measurements. For this 
reason the 8 5 5 5 A  is equipped with a tuning stabilizer circuit which au- 
tomatically phase locks the analyzer to a crystal oscillator. Display jit- 
ter and signal recentering are virtually eliminated. 

84458 Tracking preselector, 10 MHz to 18 GHz 
The 8445B tracking preselector is a YIG tuned to  filter coupled to  

the 8 5 5 5 A  spectrum analyzer in order to  be tuned exactly to  the ana- 
lyzer's reception frequency. The preselector eliminates harmonic mix- 
ing image and multiple responses from 1.8 to 18 GHz.  The result is a 
wide measurement range and an end to  signal identification. Clean, 
full band sweeps possible in scans of 2 , 4 , 6  or 8 G H z  depending upon 
the band selected. 

Below 1.8 GHz  the image and multiple responses are eliminated by 
a low pass filter in the preselector. 



Frequency Mixing Average Noise 
Range Mode level  
fGHz) (n) (dBm max.) 

- ~~ 
.. . 

measurement of either the display frequency at  the display marker in 
full scan mode or  the center frequency in per division scan. 

8444A Tracking generator, 10 MHr to 1300 MHz 
The 8444A tracking generator provides a level, calibrated R F  sig- 

nal which is exactly the tuned frequency of the spectrum analyzer. 
This enables swept frequency tests such as frequency response and re- 
turn loss measurements up to 1300 MHz. With an external counter the 
frequencies of unknown signals on points along a frequency response 
curve can be made. 

Frequency* 
Response 
(dB max.) 

8555A Specifications 
Frequency specifications 
Frequency range: 0.01 - 40 GHz. 
Tuning range: 

With internal mixer: 0.01 - 18.0 GHz. 
With external mixer: 12.4 - 40 GHz. 

Harmonic mixing mode: 
Signal identification: Not normally required with preselector. 
Signal identifier provided for positive identification of all re- 
sponses. Rejection of images and multiple responses with prese- 
lector is >70 dB. 

Scan width 
Full scan: The width of the scan depends on mixing mode. Scan 
width = n X 2000 MHz, where n is the mixing mode; e.g. for n = 2, 
scan width is 4 GHz. Maximum scan width full screen is 8 GHz  with 
coaxial mixer. Preselector necessary to make wide scans usable. 
Per division: 16 calibrated scan widths from 2 kHz/div to 200 
MHz/div in a 2, 5, I O  sequence. 
Zero scan: Analyzer becomes fixed tuned receiver. 

Frequency accuracy: 
Dial accuracy: n X (f15 MHz) where n is the mixing mode. 
Scan accuracy: Frequency error between two points on the 
display is less than f 10% of the indicated separation. 
Stability: Residual F M  stabilized < 100 Hz (peak-to-peak) (fun- 
damental mixing). 
Noise sidebands: For fundamental mixing. More than 70 dB 
below CW signal 50 kHz or more away from signal, with 1 kHz I F  
bandwidth and 100 Hz video filter. 

Long term drift: (At fixed center frequency after 2-hour warm-up.) 
(Typical.) 
Stabilized f3 .0  kHz/lO min. 
Unstabilized: f 2 5  kHz/lO min. 
Stabilization range: First LO can be automatically stabilized to 
internal crystal reference for scan widths of 100 kHz/div or  less. 

Bandwidth range: Selectable 3 dB bandwidths from 100 Hz to 300 
kHz in a I ,  3, I O  sequence. 
Bandwidth shape: Gaussian. 
Bandwidth selectivity: (8552B) 11:l to  2 0 1  (60 dB/3 dB). 
Bandwidth accuracy: Individual I F  bandwidth 3 dB points cali- 
brated to f20%. ( I O  kHz bandwidth f5%.) 

Amplitude specifications 
Measurement range: 

Log reference level: From -130 dBm to + I O  dBm. 
Linear sensitivity: From 0.1 pV/div to 100 mV/div. 

Average noise level: Specified for I kHz bandwidth. 

Frequency drift: 

Resolution: 

Sensitivity and frequency response with internal coaxial mixer: 

10.31 - 22.55 6- 
14.41 - 26.65 6+ 
18.55 - 38.95 10- 
22.65 - 43.05 10+ 

2- 
1+ 
1+ 
3- 
2+ 
4- 

- 90 
- 85 
- 85 
- 75 

1- -115 f l . O  1 -117 I f l . O  
2.07 - 6.15 
2.60 - 4.65 
4.11 - 6.15 
4.13 - 10.25 
6.17 - 10.25 
6.19 - 14.35 

Frequency Power Incident 
Range on Input Mixer 

-108 
-117 
-115 
-103 

~ -105 
- 95 . _ _  

2nd Harmonic 
Distortion 

f 1 . 3  
f 1 . 0  
f 1 . 0  
f 1 . 5  
f 1 . 5  
*2.0 

^ ^  

- 
-40 dBm - 63dB 

0 dBm -100 dB 

Frequency Signal 
Range Separation 

0.01 - 18.0GHz > 1 MHz 
<20 MHz 

>70 MHz 

1.85 - 18.0 GHz >70 MHz 

- 
~~ 

Residual responses: Referred to input on fundamental mixing: 
<-90 dBm. 
Display range: 

Log: 70 dB, 10 dB/div and (with 8552B) 2 dB/div log expand on a 
16 dB display. 
Linear: From 0.1 pV to 100 mV/div in a I ,  2 sequence on an 8-di- 
vision display. 

Spurious responses due to second harmonic distortion with pre- 

Third Order 
Power Incident Intermodulation 
on Input Mixer nictndinn 

-30 dBm 

- 
- 0.01 - 1.85 GHz -30 dBm 

0 dBm 

- 70dB 

- 70dB 

-100 dB 

Video filter: Post detection filter usea LO average displayed noise. 
With 8552A nominal bandwidths: I O  kHz and 100 Hz. With 85528 
nominal bandwidths: I O  kHz, I 0 0  Hz, and 10 Hz. 
Gain compression: For internal mixer gain compression < I  dB for 
-10 dBm peak or  average signal level to  input mixer. 11517A exter- 
nal mixer (12.4 - 40 GHz) gain compression < 1 dB for - 15 dBm peak 
or  average signal level to input mixer. 
Amplitude accuracy: 

IF gain variation with different bandwidth settings: (At 20°C.) 



, 

Log: f0.5 dB. Typical preselector minimum insertion loss at 25OC. 
Linear: f5.8%. P R E S E L E C T O R  I N S E R T I O N  L O S S  

Amplitude display: 0 
Log: f0 .25 dB/dB, but not more than f1.5 dB over the full 70 dB 2 

6 
8 

display range. dB 
Linear: f2 .8% of full 8-division deflection. 
Log reference level: Accurate to f 0 . 2  dB (f2.3% linear sensitiv- 
ity). 
Log reference level vernier: Accurate to  f O .  1 dB (1.2%) in 0, -6, 
and - 12 dB positions; otherwise, f0 .25  dB (f2.896). 

Input attenuator range: 0 - 50 dB in I O  dB steps. 
Frequency response: Typically f 0 . 6  dB from 10 MHz to 18 
GHz. 

Calibrator output: Amplitude -30 dBm, f 0 . 3  dB. Frequency 30 
MHz f 3  kHz (8552B). 
Absolute calibration accuracy: Overall accuracy is a function of 
measurement technique. With the appropriate technique, absolute ac- 
curacy of f 1.6 dB (fundamental mixing) and f 2 . 6  dB (4th harmonic 
mixing) is achievable. 

Input characteristics 
Input impedance: 50 ohms nominal (0.01 - 18 GHz). 
Reflection coefficient: <0.130 (1.30 SWR) for input R F  attenuator 
settings 210 dB. 
Maximum input level: Peak or  average power + I 3  dBm (1.0 V ac 
rms) incident on mixer (+30 dBm with Option 002). +33 dBm inci- 
dent on input attenuator. 
RF input connector: Type N female. 
LO emission: -10 dBm without preselector, -80 dBm with prese- 
lector over recommended operating ranges ( I O  dB input attenuator 
setting). 

Specifications with option 002; internal limiter installed: 
All specifications are the same as for the standard unit except the fol- 
lowing: 
Maximum input level: 

O G H z  2 4 6 8 10 '? -" '.= '-3 

Continuous: 1 W(+30 dBm). 
Pulse: 75 watts peak, pulse width SI psec, 0.001 duty cycle. 

Reflection coefficient: <0.33 (2.0 SWR). 
Frequency response (flatness): < f0.5 dB degradation in re- 
sponse, 0. I - 12.4 GHz. 

General 
Scan time. ." . . .L1..lll .  aullL. L l v l l l  ylv L v  acc,ulv a 

I ,  2, 5 sequence. 
Power requirements: 100, 120, 220,240 V + 5% - IO%, 50 - 60 Hz, 
normally less than 225 watts (varies with plug-in units used). 
Dimensions: 226 mm wide, 102 mm high, 344 m m  deep (87/" X 4.0" 
X 13.5"). 
Weight: Net, 16.8 kg (14 Ib, 15 oz). Shipping 8.7 kg (19 Ib). 

84458 Tracking preselectc 
Frequency specifications 
Frequency range: DC - 1.8 GHz lo\ 
ing filter. 
Tracking filter 3 dB bandwidth: TJrLraLEJ LV - -, I v l l I L .  

Tracking filter skirt roll-off: Characteristics of a three-pole filter. 
(Nominal: 18 dB/octave.) 
insertion 107 , , , 

Low-Pass 
Filter 

*Low-Pass Filter deli 

Insertion Loss Insertion Loss 
Frequency (Except Opt. 004) (Opt. 004) 

<2.5 dB 
@ 2.05 GHz >50 dB 

1.8 - 12 GHz 
12 - 18 GHz <10 dB 

DC - 1.8 GHz 

ded with Option 004 

L P  F I L T E R { - Y Y G  F I L -  

Out-of-band rejection: For YIG filter S- 
band >70 dB. 
Digital frequency readout (Option 003 
Function: 

Full scan mode: Displays frequency at inverted marker. 
Per division scan: Displays center frequency. 
Manual or remote operation of preselector: Displays tuned fre- 
quency of filter. 

Resolution: 1 MHz. 
Accuracy: 0.01 - 1.0 GHz: f 6  MHz. 

Input specifications 
Input connector: Precision Type N female. 
Input VSWR: Typically <2.0 (1.8 - 18 GHz). 
Limiting level: (Maximum input level for < I  dB signal compres- 
sion) >+5 dBm. 
Damage level: ; 
General 
Remote function. lllLG1 r r G y ~ ~ ~ ~ ~ y  bail UG DGL UY G A L G I I I ~ I L Y  bup- 
plied voltage. 
Power requirements: 100, 120, 220 or  240 V + 5% - 10%. 48 to 440 
Hz, less than 1 I O  watts. 
Dimensions: 425 mm wide, 88.2 mm high, 467 mm deep (16%" X 

Weight: Net, 8.8 kg (19 Ib 8 oz). Shipping, 11.9 kg (26 Ib). 

1.0 
4.0 - 18 GHz: f0.2% 

- 4.0 GHz: f 8  MHz. 

3IY32" X 182/8"). 

8444A Tracking generator 
Frequency range: I O  MHz to 1300 MH7. 
Frequency resolution: 1 kH2 
Residual FM (peak-to-peak): 
Amplitude range: 

Spectrum analyzer displa). _ _  _ _ _  _-... ._ , L v  _-.... .3  
dB/div on a 70 dB display or 2 dB/div on a 16 dB display (85528 
only). 
Tracking generator (drive level to test device): 0 to -10 dBm 
continuously variable. 

System frequency response: f 1.50 dB. 
Tracking generator calibration: 0 dBm at 30 MHz to f0.5 dB. 

Amplitude accuracy: 

Dynamic range: >90 dB. 
Counter output: Typically 0.1 V rms. 
General 
Power: 115 V and 230 V, 48 to 440 Hz, 12 watts max. 
Dimensions: 425 mm wide, 85.2 mm high, 467 mm deep (16%" X 
3lY32" X 183/R"). 

. . . . . . . . . - 

~ 200 Hz (stabilized). 

r! frnm - l?n rtRm tn +In dRm I I  

Weight: Net, 7.1 kg (15  Ib, 10 oz). Shipping, 9.5 kg (21 Ib). 
Model number and name Price 
8555A tuning sectior 
Option 001 APC-7 ( ;40 
Option 002 Internal ! I O  

Option 001 APC-7 ( 55 
Option 002 Add manual controls 
Option 003 Add digital frequenc; 

Option 005 Video ti 05 
84458 tracking pres 170 

$80 
170 
125 
;50 
50 

Option 004 Delete low-pass filter 
Option 005 Delete interconnect r 
8444A tracking generator ( I O  MI 

:onnectors 
limiter 

'Pe 
elector, dc - 18 G H z  
:onnectors 



SIGNAL ANALYZERS 
Spectrum analyzer accessories 

8447 Series, 11694A, 1121A 

8447 Series -7 

8447 Series amplifiers (0.1 - 1300 MHz) 
The 8447 Series amplifiers feature low noise and wide bandwidth. 

This makes them ideal for improving spectrum analyzer sensitivity 
and noise figure while providing input isolation. Accurate measure- 
ments over a wide frequency range are assured due to the broad fre- 
quency coverage, flat frequency response and low distortion of these 
amplifiers. (See page 19). 
11694A 75Q Matching transformer (3 - 500 MHz) 

Allows measurement in 75-ohm systems while retaining amplitude 
calibration. VSWR is less than 1.2, and insertion loss is less than 0.75 
dB. Note: Also see Options 001 and 002 for 750 versions of 85588.  
1121A Active probe (0.1 - 500 MHz) 

Provides high impedance (>IO0 kQ shunted by <3 pF) input to 
spectrum analyzer for measurements on sensitive circuits. Probe 
power is provided by the spectrum analyzer and flat response with 
unity gain assures accurate, convenient measurements. (See page 430). 
11517A External mixer 

To extend the frequency range of the analyzer to 40 GHz. Taper 
sections for 12.4-18 G H z  (11518A), 18-26.5 GHz  (11519A) or 26.5 
-40 G H z  ( I  1520A) bands are required. 
11693A Limiter (0.1 to 12.4 GHz) 

The Model 11693A Limiter provides input .protection for a variety 
of instruments in general applications (usable from 0.01 to 18 GHz). 
For example, the input circuits of spectrum analyzers, samplers, or 
amplifiers may be protected for inputs up to 75 watts peak or 1 watt 
average power. Also, signal generators can be protected from appli- 
cation of reverse power. 
8721A birectional bridge 

(See page 429 under “ I  1652A: Directional bridge”). 
8406A Frequency comb generator 

Produces frequency markers at  1, IO, and 100 MHz increments ac- 
curate to f0.01%. External oscillator can be used to generate preci- 
sion interpolation sidebands. Comb is usable to  5 GHz. 
197A Oscilloscope camera 

Maximum flexibility is assured by the design of the 197A. An inter- 
nal UV light source allows photos to be readily made from unlighted 
CRT’s. The 10367A Adapter is required to use the camera with 182- 
series displays. (See page 156). 
8430 Series passive filters 

To improve the performance of the analyzer by eliminating un- 
wanted responses. (See page 407). 
Model number and name Price 
Il694A 750 Matching Transformer $60 
11517A External Mixer (Mixer only) $220 
1 15 18A/ 1 15 19A/ 1 1520A Waveguide Taper Sections $135 
11693A Limiter $200 
8406A Frequency Comb Generator $695 

For making return loss measurements from 100 kHz to 110 MHz. 



SIGNAL ANALYZERS 
Automatic spectrum monitoring, component testing 
Model 8580B 

0 Economically test RF/microwave components and 
subsystems 

Typical 8580 System - 10 kHz to 18 GHz 

Description 
The 85808 Automatic Spectrum Analyzer is a flexible measure- 

ment system for applications in spectrum monitoring and network 
characterization from 10 kHz to  18 GHz. 

The key measuring instrument is a calibrated receiver with pro- 
grammable tuning and bandwidth. This receiver can be tuned from 10 
kHz to 18 GHz  by BASIC measurement programs using simple, one- 
line statements. Receiver bandwidth is selectable from 10 Hz to 300 
kHz. Other programmable system functions include input port selec- 
tion, input attenuation, IF bandwidth, IF gain, and video filtering. 

Optional signal sources expand the capability of the 8580 systems. 
Precision R F  sources with programmable frequency and amplitude 
supply signals required to  excite test devices for testing R F  systems or 
for network analysis measurements. 
Applications 

The 8580B Automatic Spectrum Analyzer is a valuable tool for 
gathering spectral data on signals present in complex electronic equip- 
ment or  in a geographic region. RFI  testing, for example, is enhanced 
by the automatic system’s ability to  correct for antenna gain varia- 
tions and compare measured data against specification limits. Perfor- 
mance of complex communication networks can be continually mon- 
itored to report network performance on a periodic basis. Similarly, 
radiation in a particular locale can be surveyed to gather statistics on 
spectrum usage or  unauthorized transmissions. These applications 
emphasize an important feature of the Automatic Spectrum Ana- 
lyzer: totally unattended operation. The 8580 may be programmed to 

Performance Features 
Rapid, accurate, and detailed signal characteristics 
Powerful data handling capability 
Easy to program and operate 
Optional signal generation and display 

measure, analyze, and record data for long periods without human in- 
tervention. This makes continuous, comprehensive monitoring a prac- 
tical tool for spectrum management. 

Network characterization is also greatly advanced through use of 
an Automatic Spectrum Analyzer. An 8580 can measure the magni- 
tude of reflection and transmission coefficients of linear networks, as 
well as the distortion parameters (harmonic, intermodulation, cross- 
modulation) of non-linear devices such as amplifiers. Frequency 
translators such as mixers, modulators, and frequency multipliers are 
also readily characterized. Additionally, oscillators can be evaluated 
for frequency accuracy, output level, distortion, and spurious output 
signals. 

For both surveillance and network characterization applications, 
the 8580Bs absolute calibration (frequency and power), broad fre- 
quency coverage, high frequency accuracy, wide dynamic range, 
speed, and ease of programming, combined with the flexible hard- 
ware option list, offer a measurement system that can be tailored to 
your application. Contact your local Hewlett-Packard office for com- 
plete technical information. 

Options 
151: Signal Source, 0.01-1 I O  MHz add $12,500 
1 5 2  Signal Source, 1-1300 MHz add $16,000 
257: Interactive Graphics add $19,000 

85808 Automatic Spectrum Analyzer $1 19,000 
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Introduction to digital Fourier analysis 

What is Fc 
Fourier A 

ita1 signal analysis recnniques rnar auow an- 
alysis of signals that cannot be adequately 
measured by “traditional” instrumentation. 
Among these are: Random signals or signals 
obscured by noise, joint properties or rela- 
tionships of two or  more signals, statistical 
properties of signals, or  very low frequency 
signals. 

The basis of Fourier Analysis lies in the 
fact that signals may be represented either as 
time waveforms (time domain) or as a num- 
ber of individual frequency components (fre- 
quency domain). The Fourier transform al- 
lows signals to be represented in either do- 
main, thus providing the inherent advan- 
tages of each domain’s representation for a 
given signal or  signals. 

The fundamental steps involved in this 
analysis are: Digitizing the time waveform 
(sampling a t  interval At) and storing the val- 
ues in memory, computing the desired func- 
tion and again storing the results in memory. 
The contents of memory are now available 
for display, plotting or further calculations. 
The entire operation is under the control of a 
central processor. 

Advantages 
The digital nature of Fourier analysis in- 

sures high accuracy, stability and essentially 
no low frequency limit. Since the transform 
provides all frequency lines from DC to some 

Durier analysis? maximum frequenc 
nalysis is one of a variety of dig- time savings is ob 

. . . I .  , * , a 1  &--L-:....,.- hr _... A 

:y at the same time, a great 
tained over analog swept - .  

LWIHIYUGS. i g i t a l  techniques allow ex- 
tremely high resolution about any center fre- 
quency. For example, a one kilohertz signal 
centered in a 100 hertz band could be investi- 
gated with 0.05 hertz resolution and 90 dB 
dynamic range. 

The Fourier Analyzer also accepts multi- 
ple inputs. With simultaneous sampling, the 
relationship between two or more signals 
may be calculated, such as the input and out- 
put of a mechanical, electrical, or acoustic 
system. This flexibility, as well as the ability 
to compute many different statistical func- 
tions and output the data in a variety of for- 
mats, makes this analyzer an extremely cost 
effective general purpose instrument. 

Equally important, the Fourier Analyzer is 
easy to use. It can be operated without spe- 
cial programming and contains a built-in cal- 
ibrated CRT display for easy interpretation 
of results. 

These advantages have opened up several 
new applications for Fourier analysis, many 
of them in fields which are not traditional 
users of digital instrumentation. 

Applications 
The versatility and performance of the 

5451B Fourier Analyzer make it an ideal tool 
for a variety of applications. Mechanical en- 
gineers, electrical engineers, geophysicists 
and biomedical researchers are applying its 

advanced digital analysis capability to a 
broad spectrum of problems. Power spec- 
trum analysis, ensemble averaging, cross 
spectrum measurements, transfer function 
measurements, and correlation are funda- 
mental measurement techniques. Although 
the use or source of the data may differ, these 
analyses form the basis for understanding 
and solving complex dynamic problems. 

Applications for Fourier analysis cover a 
broad range of areas. Rotating machinery an- 
alysis, structural dynamics, vibration con- 
trol, electromechanical systems analysis and 
acoustic studies are just a few of the areas 
where these advanced techniques are being 
applied. Here are just a few examples: 
Canada: For teaching and research at a 
major university. 
France: Vibration studies of helicopters to 
help reduce noise. 
California: For vibration analysis and test- 
ing of spacecraft. 
Iowa: Acoustic and vibration analysis of lin- 
ear servo systems. 
Michigan: Vehicle crash studies. Used to 
help design automatic components such as 
steering wheels. 
New York Vibration analysis of cutting 
tools to determine chatter and wear charac- 
teristics. 
Pennsylvania: Vibration analysis of steam 
turbine blades and other components. 
Washington: Analysis of vibration data 
from aircraft flutter models. 



SllGMAL ANALYZERS 
Digital Fourier analysis, DC to 100 kHz 
Model 54516 

Multichannel Operation 
Keyboard Controlled 

.I 

.I 

54518  SYSTEM (shown without teleprinter 
cabinet) 

Description 
The 545 1 B Fourier Analyzer provides digital frequency domain an- 

alysis of complex time signals in the low frequency range of DC to 100 
kHz. The system is completely integrated and consists of a general 
purpose mini-computer for digital processing, a keyboard for opera- 
tor control of the system, a dual channel analog-to-digital converter, a 
display control unit and CRT, a teleprinter, and an operating soft- 
ware package. It is a fully calibrated multipurpose system for data ac- 
quisition, data storage, and data analysis. The primary analysis func- 
tions it performs are: Forward or Inverse Fourier Transform, Auto or 
Cross Power Spectrum, Transfer and Coherence Function, Auto and 

80 dB Dynamic Range 
Dedicated Applications Packages 

I 
witn large aynamic range is wnat maKes me rourier Analyzer a pow- 
erful tool for: Stimulus-Response measurements, system identifica- 
tion, Vibration Control, Modal Analysis, Signature Analysis, Under- 
water Sound, Acoustics, Communications, and more. 

Specificat ions 

Accura 
conditic 
lowed. 
with ful 
Data w8 
served f 

Analog-to-digital converter 
Input ranges: f0.125 V to f 8  V peak in steps of 2. 
Input coupling: dc or ac. 
Input impedance: 1 MO in parallel with <75 pF. 
Input channels: 2 channels wired for 4 standard, 4 channels op- 
tional with plug-in cards. 
Resolution: I O  bits including sign. 12 bits optional. 
Sample rate control: 

Maximum frequency mode: Maximum frequency selectable from 
0.1 Hz to 100 kHz in steps of I ,  2.5, 5. 
Frequency resolution mode: Frequency resolution selectable 
from 0.2 mHz to 1000 Hz in steps of 1, 2, 5. 

External clock: An external time base may be used to allow external 
control of the sampling rate. 
Display unit 
Data may be displayed in single sweeps or refreshed continuously. 
Type of display: Points, bars, or continuous (interpolation). 
Vertical scale calibration: Data in memory is automatically scaled 
to give a maximum on-screen calibrated display. The scale factor is 
given in volts/division, volts2/division, or in dB offset. 

Linear display range: f 4  divisions with scale factor ranging from 
1 X 10-st2 to 5 X 10-5'2 in steps of 1, 2, 5, and 10. 

ige: 80 dB with a scale factor ranging from 0 to 
. selectable in 4 dB steps. 
calibration: 
ength: IO, 10.24, or 12.8 divisions. 

Log horizontal: 0.5 decade/division. 
Markers: Intensity markers every 8th or every 32nd point. 

cy and range: The Fourier Transform is implemented using 
mal scaling for maximum accuracy with no data overflows al- 
411 calculations use floating point arithmetic on a block basis 
II 16 and 32-bit arithmetic. 
ord size: 16-bit real and 16-bit imaginary with 32 bits pre- 
or double precision functions. Division, addition, or subtrac- 

tion operations performed in 16 or 32 bits depending on data. 
Transform time: Typically 100 ms for a Fourier Transform of 1024 
time domain points. 
Dynamic range: 80 dB for a minimum detectable spectral compo- 
nent in the presence of one full scale spectral component after eight 
ensemble averages for a block size of 1024. 

Overall system - 

Log display rai 
f998 dB. Offsel 

Linear sweep 11 
Horizontal scale 

. . . . .  

Power requirements, size, weight 
Power source: 115/230 volts f IO%, 50/60 Hz, 1400 watts typical 
for base system (excluding teleprinter). 
Environmental conditions: 0°C to 55°C (131 O F ) .  

Size: Dimensions are for the base system (excluding teleprinter). 
Height: 711 mm (28 in.), width: 425 mm (16% in.), depth: 616 mm 
(24% in.). 
Weight: Net weight for the base system (excluding teleprinter), 96 kg 
(210 Ib). 
54516 Base system $45,500 

Relative Humidity: To 95% at 40°C (104'F). 



DC 5 kHz 1 1 OOHz 

Band Selectable Fourier Analysis 

Options 
A number of options are available to expand and enhance the ca- 

pabilities of the 5451B system. These options may be purchased with 
the system or added on later. Where applicable, special software driv- 
ers are provided to enable control of standard computer peripheral 
options from the 5451B control keyboard for full system integration. 
Mass storage 

Data and program storage capacity may be enlarged with the addi- 
tion of digital magnetic storage devices to the 5451B system. These in- 
clude the 7900A Magnetic Disc unit and the 7970B and 7970E Mag- 
netic Tape units. The mass storage peripherals are integrated into the 
Fourier system through Fourier Mass Store Software, Option 710. 
This software configures the available storage in six files. Each file is 
independently read, written, and positioned even though all may be 
located on the same physical device. All files are simply and quickly 
accessed under convenient keyboard control and access to any of the 
six files is identical whether using magnetic tape, magnetic disc, or 
both. The only distinction is the speed and storage capability of the 
device itself. 
Fourier/BASIC 

5451B Option 720 provides a link between HP Instrument BASIC 
and the 5451B Fourier Analyzer System. The link is provided through 
special routines incorporated into the standard Instrument BASIC 
repertoire which allow the BASIC operator to access files on the 
545 IB Mass Store Disc peripheral (available separately). The BASIC 
operator can: Access Fourier Data from the disc and operate on it 
point-by-point, read and write BASIC core images from the disc for 
storing and recalling BASIC programs, call another BASIC program 
or a Fourier keyboard program as a subroutine to the running BASIC 
program. The disc provides fast data access and system/program in- 
terchange while maintaining the independence of both the BASIC and 
Fourier operating systems. The advantages and conveniences of both 
systems are at the user's fingertips. 
Analog output 

5451B Option 250 combines the capabilities of many signal genera- 
tors into one ideal generator. Virtually any desired waveform can be 
synthesized digitally in the Fourier Analyzer and then converted to an 
analog signal to provide total stimulus/response measurement of any 
device or system. Features are: Keyboard or off-line generation of 
waveforms, leakage-free measurements, transient or continuous out- 
put, spectrum shaping, and calibrated amplitude. 
BSFA 

5451B Option 270 Band Selectable Fourier Analysis allows the dig- 
ital analyzer user to perform digital spectrum analysis over a fre- 
quency band whose center frequency and bandwidth are indepen- 
dently selectable by the operator. This frees the user from the DC to 
Fmax (baseband) restrictions of conventional digital analysis. With 
BSFA the frequency resolution of a measurement can be increased by 
a factor of 400:l without a corresponding increase in the amount of 
computer data space required because only a portion of the spectrum 
rather than the complete baseband is analyzed and stored. By using 
unique digital filtering, rather than analog filters or simple raised co- 
sine digital filters, frequencies outside the band of interest are attenu- 
ated by more than 90 dB. Because of this the full dynamic range of the 
analyzer (80 dB) can be applied to the band of interest without inter- 
ference from outside frequencies. 

Features include: all digital operation, on-line or off-line analysis, 
keyboard operation, dual channel analysis for cross measurements, 
and center frequency range of DC to 19 kHz. 

1/12 Octave Analysis of Triangle and Sine Waves 

113 Octave analysis 
With standard Fourier analysis, the frequency resolution of a mea- 

surement (Af) is constant. With 5451B Option 740, the relative fre- 
quency resolution (Af/f) is constant (the resolution is proportional to 
the center frequency). Option 740 allows selection of six different 
ranges within the overall frequency limits of 80 mHz to 20 kHz. I t  si- 
multaneously calculates five different frequency ratios within the se- 
lected range: % 2  octave, '/6 octave, % octave, % octave, and full oc- 
tave. Any ratio may be selected and displayed at any time, even while 
the measurement is being made. A, B, C, and D weightings, power 
spectral density weighting, or no weighting along with microphone 
correction factors can be included in the analysis. Option 740 finds 
application in the mechanical vibration, acoustics, and environmen- 
tal noise pollution areas where noise level requirements are specified 
in octave formats. 

Specifications 
Option 270 
Center frequency range: 

On-line: DC to 9 kHz with external clock 
Off-line: DC to 19 kHz with external clock and mag disc periph- 
eral 

On-line: 400: 1 (dependent on data storage space available) 
Off-line: >400: 1 (dependent on data storage space available) 

Maximum resolution enhancement: 

Dynamic range: 90 dB from peak out-of-band spectral component 
to the peak level of the passband noise after four ensemble averages of 
a power spectrum at blocksize of 1024. 
Out-of-band rejection: Greater than 90 dB. 
Passband flatness: fO.O1 dB without anti-aliasing filters. 

Option 710 
Number of records per file: The amount of records that can be 
stored depends on how the mass store files are formatted and on the 
device used. For example, a typical allocation for the 7900A disc 
would be as follows: 

Data block file: 223 records (4096 blocksize max./record). 
ADC thruput file: 201 records (4096 blocksize max./record). 
Keyboard program stack file: 90 records (352 steps per record). 
ASCII text file: 352 records (70 characters per record). 
Index file: 18 records (10 pointers per record). 
System coreload file: 8 records (32 k words per record). 

ADC thruput file: The following are maximum ADC Sampling 
Rates (single channel) for 100% Real Time Data Acquisition: 

7900A: 39 kHz at blocksize 4096. 
7970E: 30 kHz at blocksize 4096. 
7970B: 16 kHz a t  blocksize 4096. 

Option 7 4 0  
Center frequency range: 80 mHz to 20 kYz. 
Filters available: I O  octave, 21 %-octave, 32 %-octave, 65 %-octave, 
or 132 52-octave filters. Each group may be used to analyze the entire 
center frequency range in six selectable ranges. 
Update rate: Once every second for %-octave range of 26 filters. 
Fewer filters can be used resulting in increased update rate. 
Display: System CRT with alphanumeric capability. Full graphics 
output capability included. 
For prices and detailed information on these and other 5451B op- 
tions, contact your nearest HP  Sales Office. 
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./ SIGNAL ANALYZERS 

Fourier systems for mechanical applications 
Model 54516 Options 300, 400, 450 

One versatile system for mechanical measurement A simple, dedicated control panel for each application 
problems package 

SIGNATURE ANALYSIS. MODAL ANALYSIS 

Digital vibration control - option 300 
Closed-loop control of broadband random vibration tests to 5000 

Hz is provided by this applications package for the Fourier Analyzer. 
The option consists of special hardware and software to quickly and 
easily set up, control, and store results for random vibration tests. The 
system is intended to interface with customer-supplied vibration ex- 
citers and transducers. Operator interaction is through question and 
answer dialog on the system terminal for parameter entry and the en- 
tire test sequence is controlled from a dedicated control panel. No 
computer programming is required. Extensive use of disc data stor- 
age is used to provide rapid program changes and quick access to 50 
stored random test specifications. On-line storage of test data is also 
provided. 

Important system features include: averaging up to 4 feedback 
channels, auxiliary PSD measurement channel during the test, exten- 
sive safety checks to reduce the possibility of over or under testing. 
Data Recall mode for data analysis and documentation, built-in ca- 
pability for expansion to Shock and Sine testing, and complete 
Fourier analysis available when the control functions are not being 
used. 

Modal analysis - option 400 
Modal analysis is a technique for determining the dynamic charac- 

teristics of an elastic body by identifying its modes of vibration. The 
H P  Modal Analysis Package is a specially designed system built 
around the H P  5451B Fourier Analyzer which gives it the capability 
for acquisition and analysis of modal data. The package operates on 
experimental transfer function data and determines modal properties 
such as natural frequency, damping factor and damping coefficient. 
In addition, a mode shape matrix is generated along with an ani- 
mated isometric display of the part under test. No other “off-line” 
computers are needed to reduce the modal data, thus allowing on-line, 
in-the-laboratory measurements and results. The system can accom- 
modate 500 transfer function measurements, identify up to 35 modes 

VI B R AT1 ON CONT RO L 

from a single measurement and display more than 250 points in the 
animated isometric display. The system is not restricted by input type 
since it operates on transfer function data; as a result, it can accom- 
modate transient, random, and periodic excitation. The entire modal 
analysis procedure is controlled from the 5477A System Control, 
making the system software invisible to the dynamicist or engineer 
making modal measurements. 

Signature analysis - option 450 
Noise, vibration, and failure problems in rotating machinery are 

quickly analyzed using this new applications package. The system is 
used for design analysis, production quality control, preventive main- 
tenance, and noise and vibration studies. The system combines all of 
the key rotating machinery measurements into one powerful, dedi- 
cated system that is user oriented. All measurements are controlled by 
simple pushbutton operation. No programming is required. Rather 
than causing the user to connect a set of instruments and design the 
measurement logic, the system has this all built in. All the user needs 
to do is tell the system the measurement variables such as transducer 
sensitivities, frequency range, speed range, and plot formats, via a 
simple question and answer format. Six measurements are pushbut- 
ton selectable: RPM and TIME Spectral Maps, Power Spectrum An- 
alysis, Composite Power Spectrum, Order Ratio, and Order Track- 
ing. By having Spectral Maps available, a user can gain insight as to 
the overall dynamic characteristics of the device, in many cases elimi- 
nating the trial and error procedure dictated by other methods. After 
any basic measurements are made, the full computational ability of 
the Fourier Analyzer stands ready for further use in reducing test 
data. 
Pricing: Mechanical application packages require cer- 
tain minimum Fourier Analyzer configurations. Ap- 
proximate starting price for a Fourier system with a 
dedicated package is indicated. Additional application 
packages and peripherals are available to enhance the 
system’s capability. $82,500 
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Calibrated noise for system stimulation 

Model 3722A 

3722A 
The Model 3722A Noise Generator uses digital techniques to syn- 

thesize binary and Gaussian noise patterns. These 'pseudo-random' 
patterns, which are of known content and duration, are repeated over 
and over without interruption. Since one pattern is identical with the 
next, each pattern has the same effect on the system under test: For 
this reason, pseudo-random noise signals cause no statistical variance 
in test results. The Model 3722A also generates truly random binary 
and Gaussian noise. 

The basis of the Model 3722A is a binary waveform generator. The 
binary output has a (sin X / X ) ~  shaped spectrum and the Gaussian out- 
put, which is derived from the binary signal by precision low-pass fil- 
tering, has an almost rectangular spectrum. Both binary and Gauss- 
ian outputs are controllable in bandwidth, but the output power re- 
mains constant regardless of selected bandwidth. The frequency of the 
first null in the binary spectrum is selectable from 0.003 Hz to 1 MHz, 
and the bandwidth (at - 3  dB point) of the Gaussian noise is selecta- 
ble from 0.00015 Hz to  50 kHz. 

Option H01 
Model 3722A Option H01 is a standard Model 3722A Noise Gen- 

erator modified to  provide a second binary output which can be de- 
layed by a selectable number of clock periods with respect to  the main 
binary output. The delayed binary output is available only when the 
instrument is in the pseudo-random mode. The delay introduced be- 
tween the two binary outputs is selected by three decade switches on 
the front panel. These switches are set according to  a conversion table 
supplied with the instrument. 

Specifications 
Binary output (fixed amplitude) 
Amplitude: f10 V. 
Output impedance: <Ion. 
Load impedance: 1 kQ minimun 
Rise time: < I O 0  ns. 
Power density: approximately eql 
at  low frequency end of spectrum. 
Power spectrum: (sin x / x ) ~  form: first null occurs at  clock fre- 
quency, and - 3  dB point occurs at  0.45 X -'-A- 

n. 

ual to  (clock period X 200) V2/Hz 

Gaussian output (fixed amplitude) 
Amplitude: 3.16 V rms. 
Output impedance: < I O .  
Load impedance: 600Q minimum. 
Zero drift: < 5  mV change in zero level in any 10°C range from 0" to 
+55OC. 
Power density: approximately equal to  (clock period X 200) V2/Hz 
at low frequency end of spectrum. 
Power spectrum: rectangular, low-pass: nominal upper frequency fo 
( -3  dB point) equal to  %oth of clock frequency. Spectrum is flat 
within f 0 . 3  dB up to  Y2 fo, and more than 25 dB down a t  2 fo. 
Crest factor: up to  3.75, dependent on sequence length. 

Variable output (binary or gaussian) 
Amplitude (open circuit): 

Binary: 4 ranges: f 1 V, f 3  V, f 3 . 1 6  V, and f10 V, with ten steps 
in each range, from XO.l to  X1.0. 
Gaussian: 3 ranges: 1 V rms, 3 V rms, and 3.16 V rms, with ten 
steps in each range, from XO.l to  X1.0. 

Output impedance: 6 0 0 9  f 1%. 

Main controls 
Sequency length switch first 17 positions select different pseudo- 
random sequence lengths: final position selects random mode of op- 
eration (INFINITE sequence length). N = 2 "  - 1, where n is the 
range 4 through 20. 
Clock period switch selects 18 frequencies from internal clock. 

Internal clock 
Crystal frequency: 3 MHz nominal. 
Frequency stability: < f 2 5  ppm over ambient temperature range 0" 
to +55OC. 
Output: +12.5 V rectangular wave, period as selected by CLOCK 
PERIOD switch. 

External clock 
Input frequency: Usable BINARY output (pseudo-random only) 
with external clock frequencies up to I MHz. 
Input level: Negative-going signal from +5 V to + 3  V initiates clock 
pulse. 
Maximum input: f 2 0  V. 

Remote control 
Control inputs: Remote control inputs fot RUN, HOLD, RESET, 
and GATE RESET functions are connected to  36-way receptacle on 
rear panel. 
Sequence length indication: 18 pins plus one common pin on the 
36-way receptacle are used for remote signaling of selected sequence 
length (contact closure between common pin and any one of the 18 
pins). 

Delayed binary output 
Typical performance figures for the delayed output are: 
Amplitude: Switches between +1.5 V and + 1 2  V. 
Maximum sink current at 1.5 V level: 10 mA. 
Impedance: 50Q ( + I 3  V) and 6 0 0 9  (+12  V). 
Rise Time: <50 ns. 
Fall Time: < 2 0  ns.* 
*Measured with + probe shunted by I O  pF. 

General 
Dimensions: 425 mm wide X 132.6 mm high X 416 mm deep (16%'' 

Weight: net 10.5 kg (23 Ib); shipping, 13.5 kg (30 Ib). 
Model number and name Price 
3722A Noise Generator $3625 
Option HOI Delayed Output $320 

X 5%"' X 16%") 
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Instrument accessories 
Cables, adapters, connectors 

d Y  
I 
1 -  L 1 
10502A L=9" 
I1086A L=24" 
10503A L=48" 
10519A L= 72" 

IrTiI . 44" I 

u 3/4" 

Cable assemblies 
10501A Cable assembly 
44" of 50R coaxial cable terminated on one end only with UG-88C/U 
BNC male connector. 

10502A Cable assembly 
9" of 500 coaxial cable terminated on both ends with UG-88CIU 
BNC male connectors. 
10503A Cable assembly 
48" of 50R coaxial cable terminated on both ends with UG-88C/U 
BNC male connectors. 

10519A Cable assembly 
72" of 50R coaxial cable terminated on both ends with UG-88CIU 
BNC male connectors. 

1100OA Cable assembly 
Dual banana plugs terminate a section of 500 cable, 44" overall; plugs 
for binding posts spaced %". 
1100lA Cable assembly 
Identical with 1 IOOOA except dual banana plug on one end and UG- 
88C/U BNC male on the other. 

11002A Test leads 
Dual banana plug to alligator clips, 60" long. 

11003A Test leads 
Dual banana plug to probe and alligator clip, 60" long. 
11 035A Cable assembly 
12" of 50R coaxial cable terminated on one end with a dual banana 
plug and on the other end with a UG-88C/U BNC male connector. 

11086A Cable assembly 
24" of 500 coaxial cable terminated on both ends with UG-88CIU 
BNC male connectors. 

11 143A Cable assembly 
44" of balanced shielded cable, BNC to clip le 

11500A Cable assembly 
72" of 50Q coaxial cable terminated on both ends with Uti-LIUIU 
Type N male connectors. 

11501A Cable assembly 
72" of 50Q coaxial cable terminated with UG-21D/U Type N male 
and UG-23D/U Type N female connectors. 
Model number and 
10501A Cable Assem 
10502A Cable Assem 
10503A Cable Assem 

$15 
IlOOOA Ci $15 
IlOOlA C: $15 
1 1002A Tc $10 
11003A TI $10 
11035A C: $15 
11086A Cable Assembly $15 
I 1  143A Cable Assembly $35 
11500A Cable Assembly $20 

10519A CTLl- A ..-,.-Ll-. 

1 l5OlA Cable Assembly $25 

r 
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0950-0090 1250-0239 1250-0849 

1250-1 207 1250-1 209 1250-1 21 1 

1250-0077 
1250-01 76 

L! 
12 

1250-0846 1250-1 158 1250-1 159 

- 
1 1525A 1250-1 01 2 1250-1 263 

10113A 1250-0076 1250-0080 

1250-0216 

1 1 1 1  1 / 1 1  & 
1250-0781 lOllOA 

e 874 
n -. -- . - . . 

Adapters GR typ 
Part No. Descriptio1 
0950-0090 G R  Type 8 14 to >u onm 1 ermination 
1250-0239 G R  Type 874 to G R  Type 874, 90” elbow 
1250-0240 G R  Type 874 to Type N female 
1250-0847 G R  Type 874 to Type N male 
1250-0849 G R  Type 874 to BNC male 
1250-0850 G R  Type 874 to BNC female 
1250-1206 G R  Type 874 to Type C male 
1250-1207 G R  Type 874 to Type H N  female 
1250-1208 G R  Type 874 to Type C female 
1250-1209 G R  Type 874 to TNC female 
1250-1210 G R  Type 874 to TNC male 
1250-1211 G R  Type 874 to Type HN male 

Adapters type N 
Part No. Description 
1250-0077 Type N female to BNC male 
1250-0082 Type N male to BNC female 
1250-0176 Type N male to Type N female right angle 
1250-0240 Type N female to G R  Type 874 
11525A Type N male to APC-7 
11524A Type N female to APC-7 
1250-0778 Type N male to Type N male 
1250-0846 Type N female tee 
1250-0847 Type N male to G R  Type 874 

Adapters SMA 
Part No. Description 
11533A SMA male to APC-7 
1 l534A 
1250-1 158 
1250-1 159 

SMA female to APC-7 
SMA female to SMA female 
SMA male to SMA male 

Adapters APC-7 
Part No. Description 
1 l525A 
11524A 
11533A APC-7 to SMA male 
ll534A APC-7 to SMA female 

APC-7 to Type N male 
APC-7 to Type N female 

Adapter banana plug 
Part No. Description 
1250-1263 
1250-1264 
1251-2277 
1251-2816 Dual banana plug 
Model 101 11 A Shielded banana plug to BNC female 
Model 10113A Triple banana plug to dual BNC 
female 

Single banana plug to BNC male 
Dual banana plug to BNC male 
Dual banana plug to BNC female 

Adapters BNC 
Part No. Description 
1250-0076 Right angle BNC (UG-306/D) 
1250-0080 
1250-0216 
1250-0781 
1250-1263 
1250-1264 
1251-2277 
Model 101 10A BNC male to dual banana jack 
Model 101 1 I A BNC female to shielded banana plug 
Model 10113A Dual BNC female to triple banana 
Plug 

BNC female to BNC female (UG-914/U) 
BNC male to BNC male 
BNC Tee 1 male, 2 female 
BNC male to single banana plug 
BNC male to dual banana plug 
BNC female to dual banana plug 

Price 
$68.00 
$48.00 
$2 1 S O  
$18.50 
$18.50 
$17.00 
$27.00 
$29.00 
$30.00 
$30.00 
$38.00 
$33.00 

$7.40 
$12.50 

$7.50 
$21 S O  
$75.00 
$75.00 
$23.00 

$6.20 
$18.50 

$120.00 
$120.00 

$8.70 
$9.10 

$75.00 
$75.00 

$120.00 
$120.00 

$8.70 
$15.10 

$6.90 
$1.70 

$15.00 

$15.00 

$4.60 
$4.60 
$4.60 
$5.80 
$8.70 

$15.10 
$6.90 

$10.00 
$15.00 

$15.00 
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Instrument accessories 
Probes, voltage dividers 

100078 w 

1 1040A 

1 1039A 

10007B, 10008B Divider probe 
The 10007B and 10008B are straight-thru BNC probes with the fol- 

lowing changeable tips: hook tip, pin tip, spanner tip, and 6" ground 
lead with alligator tip included. 

Peak Shunt 
Voltage Capacitance Length 

10008B 600 V 60 p F  6 ft. 
1 0007 B 600 V 30 p F  3.5 ft. 

11021A Divider probe 

Ammeter to 1000 volts. 

11028A Current divider 

rent Probe. 

11036A AC probe 
Peak responding for use with 410C. 

11039A Capacitive volta e divider 
For 400 and 410 series voatmeters. Safely measures power voltages 

to  25 kV. Accuracy f 3 % .  Division ratio 1OOO:l. Input capacity 15 p F  
f 1. Maximum voltage ratings (sea level) 60 Hz, 25 kV; 100 kHz, 22 
kV; 1 MHz, 20 kV; I O  MHz, 15 kV; 20 MHz, 7 kV. Usable dielectric 
heating, power and ultrasonic voltages. (Accessory 11018A should be 
used to connect the 410 series voltmeters.) 

10001 divider probe increases range of H P  425A D C  Microvolt- 

1OO:l divider for extended range measurements for 456A AC Cur- 

11040A Capacitive voltage divider 
For 410 series voltmeters. Increases range so transmitter voltages 

can be measured quickly and easily. Accuracy f 1%. Division ratio 
1001. Input capacity approximately 2 pF. Maximum voltage 2000 V 
at  50 MHz, decreasing to 100 V at 400 MHz. Frequency range I O  kHz 
to 400 MHz. 

11041A Capacitive voltage divider 
For 400 series voltmeters. Permits safe measurements of ac volt- 

ages up to 1500 V rms. Accuracy f3%.  Division ratio 1OO:l. Input im- 
pedance 50 Mfl resistance shunted with 2.75 p F  capacity. 

11044A DC voltage divider 
For 410B voltmeter. Gives maximum safety and conveniences for 

measuring high voltages as in television receivers, etc. Accuracy f5%. 
Division ratio 1OO:l. Input impedance 12 Gfl. Maximum voltage 30 
kV. Maximum current drain 2.5 PA. 

11045A DC voltage divider 

11047A Output voltage divider 

For 410C voltmeter. Same as 11044A except input impedance, I O  
GO. 

Input 600Q. Output 600Q & I % .  6fl & I % .  Voltage rating 1/2 watt. 
Model number and name Prim 

0007B Divider Probe 
0008B Divider Probe 
1021A Divider Probe 
1028A Current Divider 
1036A AC Probe 
1039A Capacitive Voltage Divider 
1040A Capacitive Voltage Divider 
1041A Capacitive Voltage Divider 
1044A D C  Voltage Divider 
1045A DC Voltage Divider 
1047A Output Voltage Divider 

- ..-- 
$25 
$25 
$70 
$75 
$95 

$270 
$80 
$95 
$65 
$67 
$26 
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Instrument accessories 

Models 456A & 11473A - 11476A 

Impedance* 

Mating 
connectors 

456A Descripl 
Conventional V O ~ L I I I C L C I ~  U I  USLIIIUSLU~CS can measure current 

quickly and dependably - without direct connection to the circuit 
under test or  any appreciable loading to test circuit. HP's 456A AC 
Current Probe clamps around the current-carrying wire, and provides 
a voltage output read on a voltmeter or  scope. Model 456A's 1 mA to 
I mV conversion permits direct reading up to 1 A rms. 

456A Specifications 
Sensitivity: 1 mV/mA f l %  at 1 kHz. 
Frequency response: f 2 % ,  100 Hz to 3 MHz; f 5 % ,  60 Hz to 4 
MHz; -3 dB at <25 Hz and >20 MHz. 
Pulse response: rise time is <20 ns, sag <16%/ms. 
Maximum input: 1 A rms, 1.5 A peak; 100 mA above 5 MHz. 
Effect of dc current: no appreciable effect on sensitivity and distor- 
tion from dc current up to 0.5 A. 
Input impedance: (impedance added in series with measured wire by 
probe) <50 mQ in series with 0.05 p H  (this is approximately the in- 
ductance of 1% in. of hookup wire). 
Probe aperture: 4 mm (%;) diameter. 
Probe shunt capacity: approx. 4 p F  added from wire to ground. 
Distortion at 1 kHz: for 0.5 A input at  least 50 dB down; for I O  mA 
input at  least 70 dB down. 
Equivalent input noise: <50 PA rms (100 pA when ac powered). 
Output impedance: 2203 at 1 kHz; approximately + 1 V dc compo- 
nent; should work into load of not less than 100,OOOQ shunted by ap- 
proximately 25 pF. 
Power: Battery life (two), approximately 400 hours; ac power sup- 
ply; Option 001, 115 or  230 V &lo%, 50 to  1000 Hz approx. 1 W. 

1 1473A-11476A Description 
New balancing transformers provide a balanced output from a 

single-ended input, or  a single-ended output from a balanced input. 
Impedances available are 75 ohms unbalanced to 1249, 135Q, 150Q, 
and 600Q balanced. Frequency response is f 0 . 5  dB. 

Unbal 7 5 0  75Q 75Q 75Q 

Bal 600Q 6009 1350  150Q 

Unbal BNC BNC BNC BNC 

Bal WECO Si em ens WECO Si em ens WECO 
310 9 REL 241 9 REL 408A 

STP-6AC STP-6AC 

Frequency range: 

I 75Q I 

20 Hz-50 kHz 20 Hz-50 kHz 2 kHz-2 MHz 2 ~ H z - 2  MHz 5 kHZ-5 MHz 

&"." "- 

<0.75 dB 
at 1 kHz 

I Frequency response: I +n5r lR  f 0 . 5  dB f 0 . 5  dB f 0 . 5  dB f 0 . 5  dB 

<0.75 dB <0.25 dB <0.25 dB <0.25 dB 
at 1 kHz at 50 kHz at 50 kHz 

I Insertion IOSS: 

>40 dB 

+27 dBm 
I Longitudinal balance: I 

- 
- 
* 

+13 dBm 

>40 dB I >40dB 

+13 dBm Max input power: 
*50nunbalanced to balanced transformer available on si  

Model number and name 
Option 001 AC Power Supply 
456A AC Current Probe 
11473A Balancing Transformer 

>40 dB 

+27 dBm 

Price 11473B Balancing Transformer 
add $21 I1474A Balancing Transformer 

$375 11475A Balancing Transformer 
$200 11476A Balancing Transformer 

at 50 kHz 

>35 dB 

+27 dBm 

$200 
$200 
$200 
$200 
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Testmobiles: save bench space, easily moved 
Models 11178,1118A & 1116A 

- a  

1117B 

1118A 

1116A 

k$*d 

10476A 

10475A 

11 17B Description 
Model 1 1  17B for cabinet and rack instruments provides tilt tray an- 

gles from -15" to +30° in 7%" increments. In addition, other instru- 
ments can be mounted in the standard relay racks of the lower com- 
partment. Rack mounting depth is 58.4 cm (23 in.) and power distri- 
bution is supplied. 

Optional accessory drawers 716 cm (3 in.) and 20.3 cm (8 in.) deep 
are available. The drawers may be installed in many vertical positions 
of the relay racks. 

11 17B Specifications 
Oscilloscope compatibility: cabinet or 48.3 cm (19 in.) rack models. 
Tilt angle: -15" to +30" in 7%" steps. 
Dimensions: 511.2 mm (20 in.) wide, 1000.3 mm (39% in.) high 
660.4 m m  (26 in.) deep overall. 
Wheel size: 101.6 mm (4 in.). 
Weight: net, 41.3 kg (91 Ib); shipping, 49.4 kg (109 Ib). 
Instrument mounting hardware supplied: 8 screws (10-24 X % 
( H P  Part No. 2680-0029), 8 Tinnernan nuts (HP Part No. 0590-0128). 

Optional accessories 
10475A 7.6 cm (3 in.) drawer: 

10476A 20.3 cm (8 in.) drawer: 
Weight: net, 4.1 kg (9 Ib); shipping, 5.9 kg (13 Ib). 

Weight: net, 5.4 kg ( I 1  Ib); shipping, 8.2 kg (18 Ib). 

11 18A Description 
Model 1 1  18A Testmobile is designed for 180 or  1200 series cabinet 

models, and (with a 1010SA adapter) 1700 series oscilloscopes. In- 
struments can be tilted, rotated and vertically adjusted. This tripod 
testmobile also folds for easy transportation. 

Oscilloscope compatibility: 180 and 1200 series cabinet models di- 
rect, 1700 series with 10105A Adapter Plate. (Use Model IOOIB or  
1002B Testmobile for 183A Oscilloscopes.) 
Tilt angle: f45'.  
Horizontal rotation: 360". 
Dimensions: 901.7 mm (35% in.) maximum at base, fully extended; 
838.2 mm (33 in.) to 1117.6 mm (43 in.) adjustable height. 
Wheel size: 76.2 mm (3 in.) with locks on two wheels. 
Weight: net, 5.9 kg (13 Ib); shipping, 7.7 kg (17 Ib). 

Optional accessory 
10105A adapter plate: adapts 1700 series oscilloscopes to 1 1  18A 
Testmobiles. 

Weight: net, 0.5 kg ( 1  Ib); shipping, 0.9 kg (2 Ib). 

11 18A Specifications 

11 16A Description 
Model 1 I16A is a light weight testmobile constructed of chrome- 

plated tubular steel and is well suited for holding general purpose in- 
strumentation. 

11 16A Specifications 
Oscilloscope compatibility: 140 series, 180 series rack models, 1200 
series rack models, and other ratk width instruments. 
Tilt angle: horizontal to 30" in 7%' steps. 
Dimensions: 647.7 mm (25% in.) wide, 1035.1 mm (40% in.) high, 
736.6 m m  (29 in.) deep. 
Wheel size: 101.6 mm (4 in.). 
Weight: net, 15.5 kg (32 Ib); shipping, 22.2 kg (49 Ib). 
Model number and name Price 
1 1  178 Testmobile (less drawers) $295 
lO47SA 7.6 cm (3 in.) drawer $45 
10476A 20.3 cm (8 in.) drawer $60 
1 1  18A Testmobile $150 
10105A adapter plate $15 
1 1  16A Testmobile $125 
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Testmobiles: save bench space, easily moved 
Model 1000 series 

Hewlett-L boIIIIvvLIb.o UbaL6L.bU L v  ...vv...Lb ,our equip- 
ment, for greater efficiency, flexibility, and space saving. There is a 
model suitable for nearly every H P  instrument and, with suitable 
adapters, testmobiles can accommodate a large number of non-HP in- 
struments. Contact the nearest sales office for special applications. 

H P  Testmobiles are constructed of strong, lightweight aluminum 
die castings and extrusions, with an accent of rich vinyl trim. They are 
table top height and have an adjustable instrument mount which can 
be easily tilted with one hand to  the desired viewing angle. The instru- 
ment mount is also self-centering, returning to a level position when 
the handle is released. High quality casters, with mar-resistant rubber 
tires, permit silent, smooth movement of the testmobile. 

Two styles are produced-standard and deluxe. Standard units 
have a single, sturdy shelf below the instrument mount for holding ad- 
ditional equipment. Deluxe units are fitted with a large central stor- 
age cabinet which includes a molded top shelf, sturdy 102 mm (four 
inch) drawer, and two internal shelves. The shelves are lined with a 
non-slip resilient surface and have a raised security lip at the front so 
they are suitable for storing instrument plug-ins. The front casters on 
deluxe units are fitted with brakes. 
1 OOOA 
Designed to  accommodate the 7402 Oscillographic Recorder. This 
unit departs from our normal standard-deluxe format slightly. It has 
no storage shelf below the instrument mount, and front casters are fit- 
ted with brakes. 
1001 A 
Standard Testmobile designed for the 1220 and 1700 series oscillo- 
scopes. 
lOOlB 
Standard Testmobile designed for the 180 series oscilloscopes. 
1003A 
Standard Testmobile accommodating any full width H P  instrument 
which utilizes the existing H P  modular instrument enclosure. 
10038 
Standard Testmobile accommodating any full width H P  instrument 
which utilizes the new (Modular System 11) H P  modular instrument 
enclosure. 
1000A, 1001A, lOOlB, 1 
Specifications 

' Dimensions: see outline drawink. 
Tilt angle: infinitc 
tal). 
Wheel size: 102 I 

* Trim color: Olive 
Weight: Net 11.3: 

003A, 10038 

: within 70" range (55" above, 15" below horizon- 

rnm (4 inch) diameter. 

5 kg (25 Ib); shipping: 17.25 kg (38 Ib). 
gray. 
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1004A 

1002A 
Deluxe Testmobile designed to accommodate the 1220 and 1700 se- 
ries oscilloscopes. 

10028 
Deluxe Testmobile designed to accommodate the 180 series oscillo- 
scopes. 
1004A 
Deluxe Testmobile (with storage cabinet) accommodating any full 
width HP  instrument which utilizes the existing HP modular instru- 
ment enclosure. 

10048 
Deluxe Testmobile (with storage cabinet) accommodating any full 
width HP instrument whioh utilizes the new (Modular System 11) H P  
modular instrument enclosures. 

1002A, 1002B, 1004A, 10048 Specifications 
Dimensions: see outline drawing. 
Tilt angle: infinite within 70" range (55" above, 15" below horizon- 
tal). 
Wheel size: 102 mm (4 inch) diameter. 
Trim color: Olive gray. 
Weight: Net 17.25 kg (38 Ib); shipping, 23.15 kg (51 Ib). 
Model number and name Price 
IOOOA Standard Testmobile $195 
IOOIA Standard Testmobile $180 
lOOlB Standard Testmobile $180 
1002A Deluxe Testmobile $240 
1002B Deluxe Testmobile $240 
1003A Standard Testmobile $190 
10038 Standard Testmobile $190 
1004A Deluxe Testmobile $250 
1004B Deluxe Testmobile $250 



I 

EMEMT ACCESSORES 
Equipment desks and tables 

Models 29411B, 294126, 11163A, 1000 Series 

9 systems aesK can serve a variety or uses Irom a com- 
table calculator systems desk, to a general office storage 
le. A unique hinged rear panel conceals all accessory 
L outlet power supply. This AC outlet includes a filtered 
iution system to reduce current fluctuations. 
9 provides 629 X 1 I43 mm (24.75 X 45") of top working 
ditional space on a convenient rollout reference shelf. 
faces are a high pressure vinyl laminate, stain resistant 
:. An enclosed vented area of 457 X 343 X 470 mm (18 X 
provides space for installation of peripheral equipment. 

jookcase is 584 X 356 X 305 mm (23 X 14 X 12") deep. 
ited system of aluminum die castings and extrusions with 

mar-resistant casters ensures durability. The I I163A 
is rich olive gray with sculptured brushed aluminum ac- 

4 is supplied with 5 power cords: one standard cord (90" 
t number 8120-1378) to connect the unit to an AC power 
power cords to connect elements of HP systems to the 
lution unit (male CEE to female CEE, 30" long, HP part 
1-1575). 

ipecifications 
~ width 629 mm (24.75"); height 699 mm (27.5"); length 
ace 1143 mm (45"); overall length 1175 mm (46.25"). 
< kg (92 Ib); maximum gross weight 227 kg (500 Ib); max- 
of rollout shelf 11.4 kg (25 Ib). 

ower rating of power line filter: 960 VA. 
power outlets on power panel: 4. 
. surface: gunstock walnut; body: olive grey. 

109A System worktables 
;eries worktables are multi-purpose units: to function as 
,les to other desk and rack systems or for general office 
:s is available in three lengths: 1219 mm (48"), 1524 mm 
!9 mm (72"). and a common width of 762 mm (30"). The 
is durable suede light grey formica, and side trim and 

el is vinyl clad in moss grey. The sturdy supporting struc- 
, lightweight, aluminum extrusions with a brushed, hard 
face for a bright accent. 

X 1829 X 711 mm (30 X 72 X 28"), weight: 38.6 kg (85 

X 1219 X 711 mm (30 X 48 X 28"), weight: 29.5 kg (65 

X 1500 X 71 1 mm (30 X 60 X 28"), weight: 34 kg (75 Ib). 
: surface: suede light grey; panels: moss grey. 
heavy-duty 76 mm (3") mar-resistant rubber casters, for 

: adjustable glides. 
3er and name Price 
systems desk $600 
systems desk $900 

iide panels $10 
on 110 power distribution $350 
on 111 power distribution $350 
on 110 power distribution $525 

$525 
$435 

Option 003: Screw on side panels (available on both models). 1006A System worktable $300 
Optional power distribution, for both models: 1008A System worktable $250 

Option 111: 230 V, 10 amps per bay Option 001 casters (4) $15 

ies specifications 

-- . .--. ."I I. ---I I. I.. .La'.. \d" r .  , I  I. e., ,, L,," " Y J " .  

Color: 
--,..on 11 1 power distribution 

top: suede light grey; side: moss grey. 11 163A Systems Desk 

Option 110: 120/208/240 V, 10 amps per bay 1009A System worktable $275 

, 
. A  



CABINETS AND MEAS'UREMENT ACCESSORIES 

Part No. 

Combining cases, rack adapters, panel covers, carrying cases 
1051A, 1052A, 11046A, 11075A, 5060 Series 

Module Case Dimensions 
Width X Height mm I in 

i 

1051A, 1052A 

5080-8762, 5060-8764 

1051 A, 1052A Combining cases 
Models 1051A and 1052A combining cases conveniently rack or  

bench mount combinations of small modular Hewlett-Packard in- 
struments. In addition, these cases can be stacked on each other or  on 
any full module instrument. Both cases accept Y3 or  % instrument 
modules, 130 mrn or  198 mrn wide (51/8 or  72Y32 inches). The basic dif- 
ference is that the 1052A is 130 rnm (51/8") deeper, and will accept 
modules up to  416 mrn deep (16YC). The extra length provides more 
space in the rear for wiring. The IOSlA accepts instruments up to  286 
mm deep (1 1 %"). Each case is furnished with a rack mounting kit and 
two dividers. 

1051 A, 1052A Specifications 
Dimensions: 

1051A: 178 X 483 X 337 mm (7 X 19 X l3lg) .  
1052A: 178 X 483 X 467 mm (7 X 19 X 18Y8"). 

1051A: Net, 4.5 kg ( I O  Ib). Shipping, 6.7 kg (15 Ib). 
1052A: Net, 5.4 kg (12 Ib). Shipping, 8.1 kg (18 Ib). 

Weight: 

Rack adapter frames 5060-8762, 5060-8764, 
5060-8765 

These frames can be used to hold combinations of Y3 and Y2 width 
module H P  instruments. Each frame is furnished with mounting hard- 
ware and divider panels. Three different models are available for dif- 
ferent instrument heights. Adapter frames are for permanent or semi- 
permanent rack mounting. Where quick removal and reinstallation of 
instruments is desirable, the 1051A and 1052A combining cases 
should be used. 
5060-8762 Accepts instrument heights of 38, 77, o r  155 mm ( I % ,  
3%. o r  6%120). 
5060-8764: Accepts only instrument heights of 38 or  77 mm ( 1  Y2 or  
3%''). 
5060-8765: Accepts only instrument heights of 38 mm (1%"). 

Filler panels, 5060-8757 to 5060-8761 
Filler panels can be used to close off any leftover space after instru- 

ments are mounted in combining cases or  adapter frames. Panels are 
made in a variety of widths and heights. Available widths are %, %, 
and Y2 modules; heights are %, Y2 and the full 155 mm (6Y32"). 

Specifications, filler panels 

5060-8758 Y3 x Y2 130 X 77 5% x 3% 
5060-8759 Y3 x full 130 X 155 5% X 6%2 
5060-8760 Y2 x full 198 X 155 

Accessory drawer 5060-8756 
The accessory drawer can be used in place of a filler panel to finish 

off unused space in the combining cases. The drawer is Y3 width and '/2 

height. 
Dimensions: 130 X 77 X 279 mm (5Y3 x 3y32 x 11"). 
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Cooling kits, 5060-0789 and 5060-0796 
These cooling kits are designed to be easily installed in the 1052A 

combining case. They can be installed in the 1051A, at  the factory 
upon special request, but installation in the shorter case limits the 
depth of instruments the case can accept, and makes it impossible to  
use the accessory drawer. 
5060-0789 
5060-0796: 

115 V, 50 to 60 HZ 
230 V, 50 to 60 HZ 

Control panel covers, 5060-8766 to 5060-8771 
A series of control panel covers equipped with carrying handles are 

available for full rack width instruments. These covers protect instru- 
ment front panels and make rack mounted instruments tamper-proof. 

One of these covers, the 5060-8768, fits either the 1051A or  1052A. 
Other covers are available to fit the six modular enclosures with front 
panel heights ranging from 89 to 311 mm (3% t 3  12%”). 
5060-8766: 88 mm (3lY12”) EIA panel height. 
5060-8767: 133 mm ( 5 h ” )  EIA panel height. 
5060-8768: 177 mm (6”/32”) EIA panel height. 
5060-8769: 221 mm (82Y32.) EIA panel height. 
5060-8770: 266 mm (lO’Y32’’) EIA panel height. 
5060-8771: 310 mm (12Y12”) EIA panel height. 

11046A Carrying case 
This rugged, splashproof carrying case accepts VI width module in- 

struments (maximum depth 203 mm or 8”). The case includes a 
shoulder carrying strap. Weight 5.4 kg (12 Ib). 

11056A Handle kit 

11057A Handle kit 

11075A, 11076A Module instrument case 

A handle for carrying H P  instrument modules of YI width. 

A handle for carrying H P  instrument modules of V2 width. 

A rugged, high impact plastic instrument case for H P  I% module in- 
struments. Instruments can be operated, stored or  carried in this 
splashproof case. Storage compartment for power cord in rear of case 
is accessible through a removable hatch. Front lid contains adequate 
storage space for cables, test leads, etc. The dual purpose tilt stand 
also serves as a carrying handle. 11075A is 203 mm deep (8”); I1076A 
is 279 mm (1  1”) deep. 
Model number and name Price 
1051A combining case $150.00 
1052A combining case $170.00 
5060-8762 rack adapter frame $33.00 
5060-8764 rack adapter frame $33.00 
5060-8765 rack adapter frame $33.00 
5060-8757 filler panel $5.15 
5060-8758 filler panel $6.25 
5060-8759 filler panel $6.25 

5060-8761 filler panel $6.25 
5060-8756 accessory drawer $37.00 
5060-0789 cooling kit $37.00 
5060-0796 cooling kit $45.00 
5060-8766 control panel cover $28.00 
5060-8767 control panel cover $3 I .00 
5060-8768 control panel cover $34.00 
5060-8769 control panel cover $29.50 
5060-8770 control panel cover $3 1 .oo 
5060-8771 control panel cover $33.50 

$ 160.00 I1046A carrying case 
I1056A handle kit $5.00 
11057A handle kit $5.00 
11075A module instrument case wn nn 

5060-8760 filler panel $8.10 

1 1075A I1076A module instrument case 



CABINETS & MEASWREMENT ACCESSORIES 
Field cases: rugged protection for instruments 
921 1 -series 

--@? 

- 
Typical Transit C a s e  

,449 

Operating C a s e  showing T-Bars installed 

Operating Case  with instrument and Drawer 

H P  field cases are rugged protective outer shells for use when in- 
struments must be frequently transported and used away from labo- 
ratory conditions. They are molded of strong fiberglass and have con- 
veniently placed carrying handles that fold flat when not in use. All 
are sealed tightly with O-ring gaskets and clamping latches and are 
rainproof under the test conditions of MIL-STD-108. Field cases 
meeting the requirements of MIL-C-4150 are available on special 
order. Custom cases and foam pads may be ordered to accommodate 
nearly any size instrument or combination of instruments. Two basic 
case styles are available, transit cases and operating cases. 

Transit cases 
Transit cases are provided with foam cushions that are formed to fit 

the standard HP  modular cabinets. Such an arrangement provides ex- 
cellent cushioning for protection against damage from handling, 
dropping, crushing, and other abuse. The selection of case sizes avail- 
able accommodates nearly any HP modular instrument and combi- 
nation of accessories. 

Operating cases 
Operating cases are equipped internally with shock-mounted 

frames' that accept any standard 19-inch rack-mounting instruments 
or combination of rack-mounting instruments up to the maximum 
height of the frames. This arrangement offers the convenience of op- 
eration without removing the instrument from its carrying case. At 
the same time, environmental protection is afforded. 

When several instruments are combined in a single operating case 
for convenience in setting up and operating, patch-cable interconnec- 
tions may be left in place within the case. When the case has been 
transported to its site, the covers are removed and the instruments in- 
side are ready to put into use with a minimum of delay. 

Drawers are available in three different heights so that small acces- 
sories, tools, etc., can be kept inside the case with the instruments. The 
drawers have hinged lids and fitted foam cushions can be made up to 
accommodate nearly any shape article. The drawers are supplied with 
slides for convenient installations. 
Casters 

A caster kit is available to fit both operating and transit cases. With 
casters, the operating case becomes a mobile rack. Once the kit is in- 
stalled, the casters themselves may be attached or removed in sec- 
onds. With casters removed, the attaching hardware adds nothing to 
the overall dimensions of the case. 

Measurement systems 
On special order, complete transportable field instrument groups 

can be assembled to suit individual requirements. Consult your H P  
field engineer for a delivery quotation; a list of sales offices is located 
inside the back cover. 
'Patented 



Typical cushion - full size (16% in wic 

$120 
$140 
$120 
$140 
$210 
$ 75 
$ 85 
$ 85 
$ 85 
$155 
$210 
$120 
$140 
$140 
$120 
$140 
$140 
$230 
$140 

Transit cases 

$110 
$130 
$110 
$130 
$200 
$ 70 
$ 80 
$ 75 
$ 80 
$145 
$200 
$110 
$130 
$130 
$110 
$130 
$130 
$220 
$130 

572 A 1074 A l J 7 e  

3% X 16% X 18% 
5% X 16% X 13% 
5% X 16% X 18% 
5% X 16% X 21% 
6% X 5% X 8 
6% X 5% X 11 
6% X 7'732 X 8 
6% X 7'7'32 X 11 
6IY32 X 7*%2 X 16 
7 X 16% X 21% 
7% X 16% X 13% 
7% X 16% X 18% 
7% X 16% X 18% 
8% X 16% X 13% 
8% X 16% X 18% 
10% X 16% X 18% 
12% X 16% X 24% 
12% X 16% X 18% - 

HP 

Part No.' 

Operat 
Unit price 

1-9 I 10-49 I 50-999 

- 

88 X 425 X 466 
133 X 425 X 336 
133 X 425 X 466 
133 X 425 X 542 
165 X 130 X 203 
165 X 130 X 279 
165 X 197 X 203 
165 X 197 X 279 
165 X 197 X 406 
179 X 425 X 542 
184 X 425 X 336 
184 X 415 X 466 
184 X 425 X 466 
222 X 425 X 336 
222 X 425 X 466 
266 X 425 X 466 
311 X 425 X 619 
317 X 425 X 466 

9211-1302 
9211-1303 
9211-1163' 
9211-1241 
9211-1242 
9211-1243 

ing cases 
leight (nominal) I 

$ 460 $435 $410 
$460 $430 $ 490 

$ 515 $485 $455 
$615 $580 $ 650 

$ 660 $625 $590 
$635 $595 $ 675 

I mm I in 

- rnrn in 
508 20 (standard) 9 2 1  1 - 1173 $ 9.20 - 
431.8 17 9211-1283 $ 8.90 
Power strip: 4 outlets for operating several in- 

3% 3% 8 8 9  1 9 4  
5% 4% 1334 1254 
7 6% 1778 1667 

Typical cushion 

HP Part No 

in. mm in. mm 

1 6 % ~  4115 18% 4604 9211-1164 
1 6 % ~  4175 18% 4604 9211-1165 ::!:: 
16%. 4115 18% 4604 9211-1166 $8500 

Case size (u.u.) - n X w X d 

Inches mm 

241 X 465 X 551 
241 X 557 X 611 
279 X 465 X 551 
279 X 557 X 611 
279 X 617 X 678 
279 X 232 X 365 
279 X 276 X 429 
279 X 276 X 429 
279 X 276 X 429 
302 X 337 X 549 
318 X 607 X 665 
324 X 465 X 551 
362 X 556 X 603 
324 X 557 X 611 
368 X 465 X 551 
368 X 557 X 611 
400 X 557 X 611 
262 X 502 X 638 
400 X 557 3( 611 

ise size (0.0.) h X w X 

I 

;hippi 

Ib 

15 
18 
16 
19 
24 
8 
11 
11 
11 
15 
17 
21 
20 
19 
18 
21 
22 
32 
22 

- 
- 

d I Shipping Weight 

mm Ib kg 

5% 133.4 121Yi6 X 25% X 28% 322 X 657 X 718 40 18 
8% 222.3 17% X 26% X 28% 435 X 667 X 718 50 23 
12% 311.2 2O1YI6 x 25% x 28% 528 X 657 X 724 56 25 , 

14 355.6 22% X 25% X 28% 572 X 657 X 724 62 28 
15% 400.1 24% X 25% X 28% 616 X 657 X 724 66 30 
17% 444.5 26 X 25% X 28% 660 X 657 X 724 70 32 
19% 489 27% X 25% X 28% 705 X 657 X 724 74 34 
21 533 29'%6 x 25% x 23% 760 X 657 X 603 62 28 

760 X 657 X 676 66 30 
21 533.4 2gi5/16 x 25% x 28% 760 X 657 X 724 70 32 
33% 844.6 39% X 30% X 23% 1000.3 X 768.4 X 603.3 66 30 

21 533 2g15/16 x 25% x 2656 

1. Each Operating Case is supplied with one T-bar set for supporting rides of instruments. 
2. Has interlocking feet for stacking. 
3. For rack mounts no deeper than 431.8 mm (17 in.); uses 431.8 mm (17 in.) T-Bar Sets 
4. For rack mounts no deeper than 533.4 mm (21 in,): uses 431.8 mm (17 in.) T 4 a r  Sets 

DI iccessories 
{-Bar sets: 

Size HP Part No. Price 

- 
68 
82 
73 ' 

86 
110 
36 
50 
50 
50 
68 
77 
95 
91 
86 
82 
95 

100 
150 
100 

3211-1288 $130 
9211-1292 $150 
9211-1289 $130 
9211-0839 $150 
9211-1296 $220 
9211-1317 $ 80 
9211-1318 $ 90 
9211-1316 $ 90 
9211-1315 $ 90 
9211-1734 $165 
9211-1735 $220 
9211-1290 $130 
9211-1293 $150 
9211-1293 $150 
9211-1291 $130 
9211-1294 $150 
9211-1295 $150 
9211-1297 $240 
9211-1313 $150 

1-12804 

ipped with hinged lids. 
Wide 1 D n P  I 1 I 



A CABINETS AND MEASUREMENT ACCESSORIES 
Rugged and durable cabinets 
Series 29400 

Model 

Cabinet specifications 
No. of Overall Panel Overall1 Net 
Bays Width2 Height2 Height3 Weight2 

294068 3 1600 1422 1632 181.9 
(63) (56) (64.25) (401) 

29407B 3 1600 1778 1988 209.1 
(63) (70) (78.25) (461) 

294088 4 2133 1422 1632 250 
(84) (56) (64.25) (551) 

294( 

2941 

- 
- 

1 

Option 
Number a wide 

30 

- 0  

Primary Internal 
Power Input Power 

115 V ac 10 

115/208 V ac 30 

230 V ac 10 230 V ac 

1 1 5 V a c l O  115 V ac 

115/208 V ac 30 

115 V ac 
230 V ac 20 10 Amps 

10 Amps 

230 V ac 20 20 Amps 

- 
Nimensn 
leights 
verall I 

Remarks 

USA 60 Hz 
NEMA 5-15R 

Europe 50 H2 

USA 60 Hz 

(not available on 
889 mm cabinet) 

CEE-22R 

NEMA 5-1% 

(78.25) (623) 
1067 1099 
(42) (35) (43.25) (213) 

I loo 
101 

030 

03 1 

1 

115 V ac 10 

Europe Europe Fan only 

USA 1 each, extra 

USA Fan only 
supplied 

supplied 

power strip 
NEMA 5-15R 

Europe 1 each, extra 
power strip 
CEE-22R 

1 
)ns in  millimeters and (inches). 
in kilograms and (pounds). 
ieight does not include eyebolts 

002 Anti-! 
resisting n 
003 Bolt-( 
net fnr <PI 

Jptia..- ._ . 

tip base: provides extendable legs which can provide a tip 
loment of up to 1600 Nm (1200 pounds-force-feet). 
Dn side panels: provides easy access to  inner sides of cabi- 

..__ ._. "-rvicing or  loading of equipment. 

29400 Series rack cabinets 
The Hewlett-Packard 29400 series of rack cabinets offer 

choice of exceptionally rugged yet lightweight enclosures. Cho 
clude one, two, three, and four bay cabinets with 889, 1422, and 1778 
millimeter (35, 56, and 7 0  inch) vertical panel openings (889 mm panel 
opening available on one and two bay cabinets only). The enclosures 
accept instruments with a standard front panel width of 483 mm (19 
inches) depth of up to  686 mm (27 inches). Except for the 889 mm (35 
inch) model, cabinets are equipped with eyebolts and casters for ease 
of handling. An optional anti-tip base can be included with the cabi- 
net and is recommended for enclosures to  be equipped with comput- 
ers, tape units, or  any other heavy instrument that swings or slides 
outward for servicing. Fixed instrument support rails are supplied 
standard as follows: 4 pair per 889 mm bay; 5 pair per 1422 mm bay; 6 
pair per 1778 mm bay. 

Cabinets are also available fully wired in accordance with IEC and 
CSA specifications and have been awarded recognition by Under- 
writers Laboratories. Included with all electrical options is one fan per 
bay to maintain internal temperature rise to less than 15OC over am- 
bient temperature when power consumption per bay does not exceed 
2000 watts (500 watts for 889 mm cabinets). One power outlet strip per 
bay is provided with all electrical options. 

A number of accessories are also available and can be included with 
the cabinet or installed at  a later date. These accessories include trans- 
parent or  solid panel front doors, equipment slides, storage drawers, 
writing surfaces, instrument support rails, blank front panels, service 
shelf, and heavy-duty lifting fixtures. 

Cabinets and accessories are finished to coordinate with the stan- 
dard H P  color scheme; Moss Grey side panels and top covers, Mint 
Grey rear doors and blank front panels, and Smoke Grey transparent 
front door panels. 

Customers unable to find a cabinet in standard configuration that 
meets their needs, either physical or  electrical, may have cabinets built 
to  order on a special basis. 

Electrical bptionr 

, 110 

, 111 

120 

Electrical power options 1 IO, 1 11, and 120 are each provided with 
one power strip per bay as follows: 889 mm (35 inch) cabinet, 6 out- 
lets; 1422 mm (56 inch) cabinet, 9 outlets; 1778 mm (70 inch), 11 out- 
lets. 
Installation of Option 030 or  031 (extra power strip) does not increase 
total load capacity of cabinet. 



Cabinet accessories 
Height 

rnm (in) 

a 

Accessory No. Height Accessory No. 
rnm (in) 

Front doors, 
Standard size front doors provide 62 mm (2Y16))) of usable space 

from front of rack mounted instruments to inside of door to allow for 
knobs and other protrusions. This adds 51 mm (2”) to the overall cab- 
inet depth. Standard sized doors are designed for mounting on cabi- 
nets with total enclosed panel height equal to specified door height. 
Thus the 889 and 1422 mm (56 and 70”) doors are full length mount- 
ing. Partial length front doors can be made to order. (Allow 44 mm 
[ I % ” ]  loss of rack space for hinge bracket if partial doors are mounted 
at top or bottom; allow 89 mm [3%”]-2 brackets-if door does not 
reach top or bottom of cabinet). Order by Accessory No. and specify 
right- or left-side hinge. 

89 (3.5) 

133 (5.25) 

12681B 222 (8.75) 126848 

12682B 267 (10.5) 12685B 

$700 $750 $1200 $1375 

Front door options 
(Specify Accessory No. plus Option No.) 
0 0 3  Extra deep door for 1422 or  1778 mm cabinet. Allows 138 mm 
(59/,6”) of usable space inside door. Adds 127 mm (5”) to  overall cabi- 
net depth. 
004 Extra deep door for 1422 or  1778 mm cabinet with provision for 
entrance of additional ventilating air at  the bottom. For use with 
racked instruments having cooling fans requiring air supply from the 
front. 

Equipment slides 
Accessory slides are designed for mounting instruments, and are rated 
at 68 kg (150 pounds) per pair. 
Accessory No. 12692B instrument slide 
002: brackets for mounting 89 mm (3%’’) high H P  instrument with 
side frames. 
003: brackets for mounting H P  instruments greater than 89 mm 
( 3  %”) high. 
H P  highly recommends the use of the safety Anti-Tip legs on cabinets 
when mounting instruments on slides. 

$ 75 

$ 10 

$395 

$395 

$395 

$ 75 

$ 75 $ 90 $ 90 

$ 10 $ 10 $ 10 

$ 540 $ 550 $415 

$ 540 $ 550 $415 

$ 540 $ 550 $415 

$ 75 $ 75 $ 75 

$ 75 

$ 10 

$395 

$395 

$395 

$ 75 

$ 75 $ 90 $ 90 

$ 10 $ 10 $ 10 

$ 540 $ 550 $415 

$ 540 $ 550 $415 

$ 540 $ 550 $415 

$ 75 $ 75 $ 75 

Instrument su ort rails 
One pair with Kdware: Accessory No. 32679B 

$ 75 $ 75 $ 75 $ 75 $ 7 5  

Price 

Options 

I $ 7 5  I $ 7 5  I $ 7 5  

003 I $ 10 Door Height Net Weight 

1422 (56”) , 8.2 (18%) 

1778 (70”) 10 (22%) 

120 

Accessory No. 

12677C 

12687C 

b 
294028 I 294038 I 294048 I 204058 

I I I 

1422 (56”) 7.2 (16) 

1778 (70“) 8.8 (19%) 

12678C 

12688C 

1422 (56”) 8.2 (18%) 

1778 (70”) 10 (22%) 

12686C 

12689C 

$ 75 

J 75 

030 

03 1 

Basic 

$ 75 $ 75 $ 75 $ 70 

$ 75 $ 75 $ 75 $ 70 

Height Depth 
rnm (in) rnrn ( in )  

89 (3.5) 406 (16) 

133 (5.25) 406 (16) 

ments not mounted on slides. 90.8 kg (200 Ib) capacity. 

Lifting fixture 
Accessory No. 40010A used for lifting or tilting up loaded systems 
weighing up to 1814 kg (4000 Ib). 
Accessory Number Price 
32677C Front door, smoke grey $325 
12687C Front door, smoke grey $325 
12678C Front door, H P  moss grey $325 
12688C Front door, H P  moss grey $325 
12686C Front door, wood grain $325 
12689C Front door, wood grain $325 
Option 003 Front door add $20 
Option 004 Front door adds20 
32692B Instrument slide $65 
Option 002 Brackets $25 
Option 003 Brackets $30 
12672B Storage drawers 89 mm (3.5”) $ I  I O  
12673B Storage drawers 133 mm (5.25”) $1 10 
12674B Writing shelf $190 
12675B Writing shelf $1 I5 
12676B Writing shelf $175 
12679B Instrument support rails $10 
126838 Blank panels $10 
12684B Blank panels $10 
12685B Blank panels $10 
40008A Service shelf $75 
IOOIOA Lifting fixture $30 

Accessory No. 

12672B 

12673B 

Shell Type Usable Area mm (in) Panel Height mm (in) 

1 bay 406 X 419 89 
slide out (16 X 16.5) (3.5) 

Accessory No. 

12674B 

1 bay 
Fixed 

2 bay 
Fixed 

381 X 1041 44 12675B 
(15 X 20) (1.75) 

381 X 508 44 12676B 
(15 X 41) (1.75) 
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TELECOMMUNICATIONS TEST EQUIPMENT 
General information 

Measurement standards 
Hewlett-Packard designs and manufac- 

tures many different types of test and mea- 
suring equipment specifically for use in tele- 
communications. Because two distinct mea- 
surement standards are in widespread use 
throughout the world, appropriate H P  prod- 
ucts on the following pages are identified for 
compatibility with the CCITT (International 
Telegraph and Telephone Consultative Com- 

mittee of the International Telecommunica- 
tions Union) or North American (Bell) stan- 
dards. 

Voice/data channel testing 
The standard voice channel is a funda- 

mental building block of all telecommunica- 
tions systems. This channel has an approxi- 
mate bandwidth from 300 Hz to 3000 Hz. 
Many kinds of transmission facilities are used 

Typical voice channel impairments introduced by transmissirn MW*= 

I Facility Impairments introd I 
Cable pairs: loaded 
and  non-loaded 

Hybrids 

Loss, attenuation distortion, phase distortion, noise (cross-talk) 

Echo, phase distortion, attenuation distortion 

I Central office switches Impulse noise - - 
Frequency division multiplex 
(FDM) transmission systems 

Riieiiu,iiiuii uibiuriiun, pnase uistortion, pnase liner, noise, non- 
linear distortion, frequency offset, single frequency interference, 
phase hits, gain hits, dropouts 

Time division multiplex 
(TDM) transmission systems 

Attenuation distortion, phase distortion, noise, non-linear distortion, 
gain hits, phase hits, dropouts, crosstalk 

Microwave radio and  Attenuation 
satellite transmission phase jitter 

distortion, phase distortion, nc 
, phase hits, gain hits, dropouts, 

Iise, non-linear distortion, 
echo 

to  move the information signal (e.g. speech, 
data, telemetry, etc.) from point to  point 
-and each kind of facility introduces voice 
channel impairments as indicated by the ad- 
joining table. 

Voice communication is affected primar- 
ily by loss, noise and echo. However, when 
the voice channel is used for transmission of 
digital data or analog facsimile, a number of 
additional impairments can affect the infor- 
mation signal, particularly at  rates above 
1200 bits per second (bps). Fidelity of the in- 
formation signal is related to the type and 
magnitude of transmission impairments. 
Measurement of these impairments is there- 
fore important both when installing and 
when maintaining high quality telecommu- 
nication transmission facilities. 

The table at  the end of this general infor- 
mation section lists voice channel transmis- 
sion impairments, measurement techniques 
for each, and Hewlett-Packard equipment 
suited for measuring the impairments. Note 
that three of the instruments make measure- 
ments according to  the standards of the 
CCITT, while all others measure to  North 
American standards. 
Noise measurement 

The technique generally used in the U.S. 
and Canada for measuring background noise 
is to quiet-terminate the transmit end and 
then measure background noise power by 
using a C-message weighting filter and a 
quasi-rms-detecting level meter. The corre- 



sponding CCITT technique requires that a 
psophometric weighting filter be used. 

Noise-With-Tone is a new technique that is 
used for signal-to-noise measurements. 
Rather than using a quiet termination, a 
nominal 1 kHz tone is transmitted. This sig- 
nal is rejected by a notch filter in the receiv- 
ing instrument, and the remaining energy is 
measured as previously described. Since this 
1 kHz signal activates devices such as com- 
pandors and echo suppressors, the resultant 
noise measurement is more representative of 
noise that is present when an information sig- 
nal is being transmitted. The H P  3551A 
Transmission Test Set, H P  4940A Transmis- 
sion Impairment Measuring Set and H P  
5453A/5468A Transmission Parameter An- 
alyzer all use this new Noise-With-Tone mea- 
surement technique. 

Envelope delay 
The CCITT has standardized on a test 

technique, which alternately transmits a ref- 
erence frequency and a measurement fre- 
quency. Each frequency is amplitude modu- 
lated with 41.66 Hz, and a burst of identify- 
ing modulation at  the end of each reference 
period enables the remote instrument to syn- 
chronize to  the carrier changeover (see adja- 
cent illustration). This technique permits 
measurements to be made on a straight away 
basis-and the H P  3770A Amplitude/Delay 
Analyzer measures envelope delay distortion 
according to  the requirements of CCITT 
Recommendation 0.81 (formerly COM IV- 
98). 

North America (Bell System) has stan- 
dardized on an envelope delay measuring 
technique which requires an 83.33 Hz Mod- 
ulation signal to  be demodulated from the 
test frequency at  the receive end, and remod- 
ulated on a fixed frequency for transmission 
over a separate channel to  the transmitting 
end, where the phase comparison can be 
made. This is commonly referred to as the re- 
turn reference technique. The H P  4940A 
Transmission Impairment Measuring Set 
uses this technique. The H P  5453A/5468A 
Transmission Parameter Analyzer obtains 
measurements that agree with this tech- 
nique. 

A 

4.16 Hz carrier chanaeover sianal 

B 

Phase jitter 
Some transmission facilities introduce in- 

cidental phase modulation (phase jitter) to  
the information signal. The peak-to-peak 
phase deviation is measured on a nominal 1 
kHz test frequency, and the Bell System has 
specified a measurement bandwidth of 20 Hz 
to 300 Hz. The H P  4940A and the H P  
5453A/5468A both make this measurement. 
Nonlinear distortion 

Nonlinear distortion in a transmission fa- 
cility is caused by nonlinear loss of gain with 
respect to input signal level. The measure- 
ment has been commonly made by transmit- 
ting a single test frequency, and measuring 
the power of the second and then the third 
harmonics. 

In 1972, the Bell System standardized on a 
technique using two pairs of frequencies (four 
total) as shown in the adjacent figure (and as 
recommended by Bell System Technical Ref- 
erence - PUB 41008). Second order distor- 
tion is determined by measuring the power of 
B+A and B-A intermodulation products. 
Third order distortion is determined by mea- 
suring the 2B-A intermodulation product. 
The H P  4940A uses this technique, and the 
H P  5453A/5468A obtains measurements that 
agree with this technique. 
Phase hits, gain hits, dropouts and 
impulse noise 

The adjacent figure showing impulse noise, 
phase hits, gain hits, and dropouts illustrates 
the effect these impairments can have on a 
single test frequency. These transient phe- 
nomena must be kept to  a minimum to en- 
sure reliable data transmission. The H P  
4940A counts all of these transient phenom- 
ena simultaneously and distinguishes each 
from the rest. 

Voice band data communications 
To use a voice channel for digital data 

communications, modulator-demodulators 
(modems) are used to convert the unipolar 
digital information signal to a modulated car- 
rier signal suitable for transmission within 
the voice band. All previously mentioned 
transmission impairments can affect this sig- 
nal. To measure end-to-end effects of the 
data transmission link, digital tests are em- 

r I I J 

Reference carrier Measurement carrier 

I 41.66 Hz modulation Identifying bust of Carrier change-over point I 
166.6 Hz 

TRANSMITTER 

4 tones I r t  

RECEIVER 

I dB 6-A 26-A B+A 

520 HI 19WHz 2240Hz 

Nonlinear distortion measurement  tech- 
nique 

ployed. These are: Bit Error Rate (BER); 
Block Error Rate (BKER); Data Error Skew. 
In addition, it is very useful to  count the total 
carrier losses (loss of information signal), 
count the total number of clock slips, and 
measure the total peak distortion. 

Through transmission of a known data 
pattern, these measurements can be made si- 
multaneously. The H P  1645A Data Error 
Analyzer is capable of performing all of these 
tests over a wide range of data speeds. 

TEST FREQUENCY TRANSMITTED 

TEST FREQUENCY RECEIVED: 
- Time 

With impulse mise spikes 

With phase hiti 

With win hits 

With dropouts 

Standard CCITT envelope delay test  signal Transient impairments 



TELECOMMUhllCAKlONS TEST EQUIPMENT 
General information 

Transmission testing: 
Frequency Division Multiplex 
(FDM) 

The most commonly used method for 
transmitting large numbers of voice channels 
for long distances is to stack individual voice 
channels in the frequency spectrum. When an 
impairment exists in the FDM multiplex, it 
will cause the fidelity of the information sig- 
nal to degrade in one or more voice channels. 
Since these systems can carry up to ap- 
proximately 10,800 channels on a single 
transmission facility, it is very important that 
transmission parameters be precisely main- 
tained. 

Traditionally, FDM transmission mea- 
surements have been concerned with mainte- 
nance of the multiplex. Routines such as car- 
rier leak, out-of-band noise, gain and loss, 
group-and-cross-modulation checks, align- 
ment of line pilots, etc. are established pro- 
cedures that have been performed for years. 

Traditional selective level meters perform 
these tasks adequately. However, as more so- 
phisticated traffic is passed through the sys- 
tem and as systems get larger, the emphasis 
has shifted to the need for faster and more ac- 
curate measurements. Under these newer cir- 
cumstances, a selective level meter should ap- 
proach the usefulness of an invisible porta- 
ble bank that can down-convert any voice 
channel from the hierarchy in order to make 
noise measurements directly. Phase jitter, im- 
pulse noise measurements, amplitude hits 
and dropouts are made by using the level 
meter’s demodulated output to control ex- 
ternal instruments that actually make the 
measurement. For FDM transmission mea- 
surements, see the HP 312C/332OC instru- 
ment system. 

Transmission testing: Time 
Division Multiplex (TDM) 

All signals, when passed through a disper- 
sive transmission medium, experience distor- 
tion which degrades their fidelity. The prin- 
cipal advantage of transmitting information 
in digital form is that the majority of this dis- 
tortion can be eliminated by reconstructing 
the signal a t  frequent intervals along the 
transmission link. However, this process of 
regeneration can give rise to digital errors 
when the signal-to-noise ratio is such that in- 
correct decisions occur in the regenerator. 
Timing jitter can also cause errors in regener- 
ators or other parts of the digital transmis- 

sion system. The principal measure of  qual- 
ity of any digital link is therefore Bit Error 
Rate (BER)-where the number of received 
bits in error is divided by the total number of 
transmitted bits. BER is normally measured 
by stimulating the system under test with a 
pseudo-random binary sequence (PRBS) and 
then comparing the system output, bit by bit, 
with an independent reference sequence. All 
errors, whether burst, systematic or random, 
can in this way be detected. 

The HP  3760A/3761A Bit Error Rate 
Measuring System has been designed to eval- 
uate the quality of digital transmission sys- 
tems operating in the range of 1 kilobit/sec- 
ond to I50 megabits/second. 

Microwave radio testing 
In most countries, the main communica- 

tions system consists of a network of FM mi- 
crowave radio links. These links can typi- 
cally carry up to 1800 telephony channels, 
using a 70 MHz I F  carrier and an R F  band in 
the range 1.7 to 13.25 CHz. 

The common objective for all types of in- 
formation signals carried by these links, 
whether it be speech, television or data, is to 
convey the information with maximum fidel- 
ity. Failure to keep distortion of these links 
within acceptable limits not only results in an 
unusable signal, but also incurs a severe fi- 
nancial penalty due to lost revenue. Fortu- 
nately, the major causes of distortion can be 
identified and in many cases, with the availa- 
bility of suitable test equipment, can be min- 
imized to acceptable levels. 

The main contributors to distortion in FM 
links are the baseband and carrier sections, of 
which modulators, demodulators, IF  ampli- 
fiers and filters are examples. In addition, 
technological development has led to more 
signal processing at RF, necessitating distor- 
tion measurements in the R F  bands. 

Link parameters such as carrier amplitude 
and group delay variations need to be mea- 
sured in order to characterize and/or diag- 
nose faults. As the number of channels car- 
ried by a link increases, measurements of dif- 
ferential gain and phase become important 
since they show the intermodulation effects of 
link parameters. Differential gain and differ- 
ential phase measurements have the advan- 
tage of characterizing the link more com- 
pletely, and yield diagnostic information 
about the link. Further, these two measure- 
ments can be mathematically related to the 
classical baseband measurement of noise 
power ratio. This allows microwave link man- 

ufacturers to clefine link parameters with 
much more certainty. 

The HP  3710A/3702B/3730A Microwave 
Link Analyzer was developed specifically for 
the purpose of measuring various forms of 
distortion on terrestrial and satellite micro- 
wave radio links. The measurement capabili- 
ties of HP‘s link analyzer were established in 
close cooperation with the telecommunica- 
tions industry. 

Outside plant test equipment 
The most effective method of transmitting 

voice band information signals from a distri- 
bution point to the communication terminal 
at the subscriber’s location is by means of a 
cable pair. 
Cable fault location 

Telephone cables can contain many hun- 
dreds of conductor pairs, and most pairs are 
usually in service. It is therefore extremely 
important that  damage to these cables 
(faults) be quickly located and repaired. In 
addition, with so much cable being buried 
underground, there is an increasing need to 
subsequently trace its path and determine its 
depth. The HP 4900A. 4901A and 4904A 
tone-type Fault Locators have varied capa- 
bilities for these applications. 

Occasionally, water will enter a cable 
through a break in the outer jacket and cause 
conductor-to-conductor faults. These are 
conveniently sectionalized with the H P  
4913A and localized with the HP4912F Fault 
Locators. Another type of cable fault is the 
open conductor caused by cable damage or a 
poor splice-and these can best be located 
with the HP  4910F Open Fault Locator. 
Pressurized cable leak detection 

A cable is often pressurized with dry nitro- 
gen or compressed air to prevent water from 
entering. Loss of cable pressure indicates a 
leak which, if not repaired, can eventually 
allow water to enter the cable sheath and 
cause conductor faults. The HP  4905A Ul- 
trasonic Translator Detector and its accesso- 
ries are designed to locate such pressurized 
cable leaks in aerial and ducted underground 
cable. 

Related HP information and 
capabilities 

Several telecommunications-related arti- 
cles have appeared in recent issues of the 
Hewleir-Packard Journal. These include: “A 
New Microwave Link Analyzer with High- 
Frequency Test Tones,” “MLA Measures 



R F  Perform 
“Communic 
id-State Swe 
sue); “A Hi1 
an Error D 
terns” (November I Y / ~ ) ;  - - I  elecommunica- 
tion Cable Fault Location from the Test 
Desk” (December 1973); “A Data Error An- 
alyzer for Tracking Down Problems in Data 
Communications” (February 1974); and 
“Measuring Analog Parameters of Voice- 
band Data Channels” (August 1974). These 
articles typically provide in-depth technical 
information, and we will be pleased to pro- 
vide you with a copy of any of the above 

Loss 

Attenuation distortion 

Noise (signal-to-noise) 

Phase distortion 

in speciaiizea conceprs ana measuremenrs. 
Typical subjects include “Voice Frequency 
Measurements,” “Carrier Frequency Mea- 
surements,” “Data Communications,’’ “In- 
troduction to PCM,” “Bit Error Measure- 
ment with the H P  3760A/3761A,” “Micro- 
wave Link Analyzer Operation,” and “Basics 
of Cable Fault Locating.” For complete in- 
formation about currently available H P  
video tapes, please ask for your copy of HP 

Level N C 

Level and frequency N C 

Message circuit/psophometric noise N C 

Noise-to-ground N C 

Noise-with-tor 

Envelope dela: 

HP equipment capabilities for measuring voice/data channel impairments 

Impulse noise 

Echo 

Single frequency interference 

Frequency offset 

Phase jitter 

Way to Learn 
7). 
)ut saying that 
and measuring 
work in tele- 

communicauons. I nese include signal ana- 
lyzers (spectrum, distortion, waveform and 
Fourier), signal sources (pulsers, audio oscil- 
lators, function generators, signal gener- 
ators, sweep oscillators, and frequency syn- 
thesizers), power meters, oscilloscopes, elec- 
tronic counters, voltmeters, etc. In addition, 
Hewlett-Packard C R T  displays, computers 
and peripherals are  found in many OEM ap- 
plications. 

Impulse noise 

Echo return loss 

Listening test 

Frequency 

Phase jitter 

Impairment 

Phase hits 

Gain hits 

Measurement technique 

Phase hits 

Gain hi t s  

Dropouts 

N 

N 

Dropouts 

Harmonic distortion, or 

lntermod distortion 
Nonlinear distortion 



TELECOMMUNICATIONS TEST EQUIPMENT 
Portable test set 
Model 35508 

Description 
Hewlett-Packard’s Model 3550B Portable Test Set is designed spe- 

cifically to measure transmission line and system characteristics such 
as continuity and attenuation distortion. It is particularly useful for 
lineup and maintenance of multi-channel communication systems. 
Model 3550B contains a wide range oscillator, a voltmeter, and a 
patch panel to match both oscillator and voltmeter to 135, 600, and 
900 ohm lines. These instruments are mounted in a combining case 
that is equipped with a splash-proof cover. In addition, the oscillator, 
voltmeter, and patch panel may be used separately whether they are in 
or removed from the combining case. 

Both the oscillator and voltmeter are transistorized and operate 
from their internal rechargeable batteries or from the ac line. Batter- 
ies provide 40 hours of operation between charges and are recharged 
automatically during operation from the ac line. 

Specifications 
Oscillator HP 204C opt. H25 
(Refer to Page 327) 

Voltmeter, HP 4038 option 001 
(Refer to Page 27) 

Patch panel, HP 353A 
(Specifications apply with oscillator and voltmeter). 
Input: (receiver). 
Frequency range: 50 Hz to 560 kHz. 
Frequency response: f 0 . 5  dB, 50 Hz to 560 kHz. 
Impedance: 1358, 6008, and 9000 and bridging (10 k 0  center 
tapped). 
Balance: better than 70 dB at 60 Hz for 6000 and 9008; better than 
60 dB at 1 kHz for 6008 and 9008; better than 40 dB over entire fre- 
quency range for 1358, 6008, and 9008. 
Insertion loss: less than 0.75 dB at 1 kHz. 
Maximum level: +22 dBm ( I O  V rms at 600 ohms). 
Output: (send). 
Frequency range: 50 Hz to 560 kHz. 
Frequency response: f 0 . 5  dB, 50 Hz to 560 kHz. 
Impedance: 1359, 6009, and 9000 center tapped. 
Balance: better than 70 dB at 60 Hz for 6008 and 9008; better than 
60 dB at 1 kHz for 6008 and 9008; better than 40 dB over entire fre- 
quency range for 1358, 6009, and 9000. 
Insertion loss: less than 0.75 dB at 1 kHz. 
Distortion: less than I%, 50 Hz to 560 kHz. 
Maximum level: +22 dBm (10 V rms into 600 ohms). 
Attenuation: 110 dB in I O  and 1 dB steps. 
Accuracy, 10 dB section: error is less than f 0 . 2 5  dB at any step. 
Accuracy, 100 dB section: error is less than f 0 . 5  dB at any step. 
Connectors:. two 3-terminal binding posts for external circuit con- 

- 

nection and two BNC female connectors for oscillator and voltmeter 
connection. 
Patch panel, option H02-353A 
(Same as Model 353A except as indicated below). 
Attenuator: 23 dB f 0 . 5  dB (I-step slide switch). I 
Hold circuit (send terminals): 

*Frequency response: 300 Hz to 3 kHz f 0 . 5  dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Connectors: Special telephone jacks to accept Western Electric 
No.  309 and 310 plugs. Sleeve jack is connected to sleeve of jacks 
309 and 310. Two 3-terminal binding posts for externa1,circuit con- 
nection. 

Two terminal (Tel Set) connector for Hand Set, two BNC female con- 
nectors for oscillator and voltmeter connection. 
Patch panel, option H03-353A 
(Same as Model 353A except as indicated below). 
Hold circuit (rec terminals): 

*Frequency response: 300 Hz to 3 kHz f 0.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
MBximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Attenuation: 23 dB f 0 . 5  dB (I-step slide switch). 

*Frequency response: 300 Hz to 3 kHz f 0.5 dB, 1 kHz refer- 
ence. 
DC resistance: 240 ohms nominal. 
Maximum DC current: 100 mA. 
Maximum DC voltage: 150 volts. 
Connectors: Special telephone jacks to accept Western Electric 
No. 309, 310 and 241 at send and rec terminals. Sleeve jack is con- 
nected to sleeve of jacks 309 and 310. 

Two terminal (Tel Set) connector available for Hand Set. Two BNC 
female connectors for oscillator and voltmeter connection. 

General 
Dimensions: 213 mm wide X 489 mm high X 336 mm deep (8%” X 
19’/4” X 13%”) with cover installed. 
Weight: Net, 13.5 kg (30% Ib); shipping, 18 kg (40 Ib). 
Model number and name Price , 

35508 Portable Test Set (with 353A Patch Panel) $1335 
H02-3550B (with H02-353A substituted for standard 
353A) add $150 
H03-3550B (with H03-353A substituted for standard 
353) add $150 

Hold circuit (send terminals): 

‘This is the lrequency response with the holding coil across the line. Refer l o  Model 353A Specifications for 
response in “non-holding” condition. 



Transmission Impairment Measuring Set (TIMS) 
Model 4940A 

Compatible with North American Standard 
Complete analog testing of the voiceldata channel 
in communication systems 

Description 
The Hewlett-Packard 4940A Transmission Impairment Measuring 

Set (TIMS) is a special purpose test set for data communications 
problems caused by transmission line impairments. Up  to now, there 
have been two alternatives in qualifying voice channels for data trans- 
mission: a bit error rate tester which tested digital variables, but did 
not isolate problems in the data line from malfunctions in the modem, 
or a collection of analog test sets for testing the voice channel quality. 
Unfortunately, there are so many variables of the voice channel to  be 
tested (the Bell System's Technical References list nearly 20) that five 
or more test sets were required. The difficulty in transporting, setting 
up and testing with all of these test sets was enormous. 

The Hewlett-Packard TIMS offers a new solution to  the analog 
testing problems. It is portable (under 40 Ib), easy to  operate, and 
costs substantially less than the assorted test sets necessary to  per- 
form the same measurements. 

Applications 
There are a variety of applications where the Hewlett-Packard 

4940A Transmission Impairment Measuring Set (TIMS) can be used. 
Operating telephone companies and other common carriers can uti- 
lize T lMS for installing and maintaining voice grade lines for data ser- 
vice. Firms that are heavily dependent on large intracompany data 
systems can utilize TIMS for quickly isolating and restoring failures in 
their networks. In applications where a high reliability data network is 
essential, TIMS can be used to routine the line quality of these sys- 
tems in order to identify problems before the system actually fails. 
Modem and communications terminal manufacturers can utilize 
TIMS in their field service organization to  help isolate the causes of 
reportedly defective modems. These same manufacturers can further 
utilize TIMS in their R&D labs to  help correlate performance of their 
new designs to transmission parameters of a voice channel. These ap- 
plications represent varied examples of the type of situations for 
which TIMS is well suited. 

Measurements 
The Hewlett-Packard 4940A Transmission Impairment Measuring 

Set (TIMS) tests all telephone voice channel parameters required by 
tariff and transmission objectives. Most measurement modes are com- 
patible with test sets already in the field. 
Attenuation distortion 

With TIMS, attenuation distortion runs can be set up and logged in 
a fraction of the time previously needed because the frequency can be 
stepped up or down from 204 Hz to 3904 Hz in 100 Hz increments and 
attenuation distortion is automatically calculated and displayed di- 
rectly in dB. 
Envelope delay 

The same automatic frequency step controls can be used to  make 
envelope delay runs. Level, frequency, and delay are shown simulta- 
neously. The delay is shown clearly in microseconds. N o  calculation is 
required. 
Noise 

Background message circuit noise can be tested in two ways: the tra- 
ditional message circuit noise measurement with a quiet termination 
at  the end of the circuit, or a noise-with-tone measurement with typi- 
cal signal power on the circuit. In addition, noise-to-ground measure- 
ment can show common mode noise problems. 
Impulse noise and transient phenomena 

By counting phase hits, gain hits, drop outs, and 3 levels of impulse 
noise at the same time, more accurate analysis can be made of error 
causes and channel quality. 
Phase jitter 

a special holding tone to calculate phase jitter. 
Nonlinear distortion (optional feature) 

TIMS utilizes a special intermodulation distortion technique which 
was developed to give consistent readings on typical telephone net- 
works. Consequently, TIMS is only compatible with sets utilizing this 
improved technique. 
P/AR - peaklaverage ratio (optional feature) 

P/AR is a single number rating - indicative of the degradation a 
data signal might undergo over the channel. P/AR is designed to  im- 
proved specifications and as such is generally not compatible with 
other P/AR sets. 
Input circuitry and set-up controls 

TIMS connects to most circuits without requiring additional test 
sets or interface hardware. TIMS is able to test on 2 or 4 wire, wet or 
dry circuits. TIMS also allows dialing, holding, and talking on the line 
under test. 

TIMS measures the instantaneous peak to  peak phase deviations of 

Specifications 

General 
Power: 105 volts to  129 volts AC, 60 Hz. 
Dimensions: 18.50" wide, 18.25" high, 12.75" deep (47.0 X 46.4 X 
32.4 cm). 
Weight: Net, 39 Ib (18 kg); shipping 54 Ib (25 kg). 
Options Price 
001: Adds P/AR Measurement $350 

$750 0 0 2  Adds Nonlinear Distortion Measurement 
0 0 3  Adds P/AR and Nonlinear Distortion Measure- 

For detailed specifications ask your local H P  sales office for a 
4940A TIMS data brochure. 

ments $1 100 
019: 19" Rack Mounting Model N/C 
023 23" Rack Mounting Model N / C  
4940A Transmission Impairment Measuring Set $8400 
Measures level and frequency; message circuit noise; 
noise-with-tone; 3 level impulse noise; hits and drop- 
outs; phase jitter; envelope delay; noise-to-ground. 
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Amplitudeldelay distortion analyzer 
Model 3770A 

Measures Delay and Attenuation Distortion 
0 Frequency Range 200 Hz to 20 kHz 

0 

0 

Compatible with CCITT Recommendation 0-81 
Sender and Receiver combined in a single portable unit 

Description 
The H P  3770A makes point-by-point and swept measurements of 

Delay Distortion, Attenuation Distortion and Received Level over the 
frequency range 200 Hz to 20 kHz. It is designed to meet the need for 
Delay and Attenuation Distortion measurements on Audio Channels 
used for data and other non-voice traffic. Other applications include 
the measurement and calibration of filters, line equalisers and similar 
transmission equipment. 

The instrument is easy to  use with no synchronisation, zeroing or  
ranging required. End-to-end channel measurements can be made 
using two instruments and no reference channel is required in either 
direction. 

The measuring frequency can be adjusted manually with a tuning 
control, incremented in 100 Hz steps, or  swept over any part of the 
band using the continuous or single sweep modes. 

Using outputs provided on the rear panel, swept responses can be 
plotted directly using an X-Y recorder. A suitable recorder can be sup- 
plied as an option. 

A built-in telephone facility allows voice communication in a two or  
four wire mode over the line or lines under test. The test is interrupted 
while this facility is in use. An integral loudspeaker allows the opera- 
tor to monitor either the input or  output lines. 
Measurement principle 

The operation of the 3770A is compatible with CCITT Recommen- 
dation 0 . 8 1 .  With this method, the Sender generates a carrier signal 
which switches between the Reference and Measuring Frequencies at  
a rate of 4.16 Hz. The composite signal is amplitude modulated by a 
41.6 Hz sinewave and transmitted through the channel to be ana- 

lyzed. The relative group delay of the channel a t  the two frequencies is 
measured by comparing the delay of the envelope recovered during 
the measuring period with that recovered during the reference period. 
The relative attenuation measurement is made by comparing the am- 
plitude of the two envelopes. 
Level measurement 

The 3770A Receiver can measure the absolute level of either the 
Measuring or Reference Carrier within the range -50 to + I O  dBm. As 
the Sender Output is calibrated in dBm, this measurement allows the 
absolute loss of the transmission path to  be calculated. 

In addition to normal operation, absolute level measurements can 
be made using a pure tone. 
d lfiU7 I I I 

Reference Carrier I I 

141.6Hr Modulation 166Hz Midulatlon I 
TRANSMITTER OIP SIGNAL 

Specifications 
Sender 
Reference carrier: 0.4 to 19.9 kHz in 100 Hz steps. 
Measuring carrier: 0.20 to  20.00 kHz in 10 Hz steps. 
Modulation envelope frequency: 41.66 Hz (Mod. Index 0.4 f0.05). 
Identification-burst frequency: 166 Hz* (Mod. Index 0.2 f0.05). 



Attenuation distortion 

+10 to -20 dBm 
-20 to -30 dBm 
-30 to -40 dBm 
-40 to -50 dBm 

width below the level of measurement or referencb carrier: 
<16 ps rms (with the average control set to  16). 
Error due to discrete tone 150 Hz from measurement or 
reference frequency and 26 dB below the carrier level: <5 ps 
rms (with the average control set to  16). 
And at 200 Hz spacing: <2 ps rms (with the average control set to 
16). 
Increase in allowable error, due to low receiver level: 

Additional error when either carrier 
i s  between -40 and -45 dBm. 

f 0 . 2  dB f 0 . 2  dB f 0 . 3  dB f0.3 dB 
f 0 . 2  dB f0.4 dB f 0 . 3  dB f 0 . 5  dB 
f0.3 dB f 0 . 7  dB f 0 . 4  dB f 0 . 8  dB 
f0.5 dB f 1 . 2  dB f0.5 dB f 1 . 6  dB 

I 5 to 40°C I 3 ws f l %  of reading I 
I 0 to 50°C I 3 ps f 2 %  of reading I 

Additional error when either carrier 
is between -45 and -50 dBm. 

0 to 50°C 6 ps f 2 %  of reading 

with average control set to 4 

Receiver 
Maximum Error of 
Attenuation in the 

Receive Level Range within which 
both Measurement and Reference 

carrier levels are contained 

+ 5 to -5dBm + 5 to -20dBm 
+10 to -30 dBm 
+10 to -40 dBm 
+10 to -50 dBm 

0.15dB f 1% 
0.15dB f 1% 

0.2dB f 1% 
0.2 dB f1.5% 
0.6 dB f 2 . 5 %  

0.15 dB f l %  
0.15 dB f1 .5% 
0.2 dB f 2 %  
0.3 dB f 2 . 5 %  
0.7 dB f 3 %  

Sender 
Max. 
Error 

0.1 dB 
0.1 dB 
0.1 dB 
0.1 dB 
0.1 dB 

Level measurement (without changeover and unmodulated) 
Receive range: + I O  dBm to -50 dBm. 
Accuracy: 

I I 

5 to 4OoC I 0 to 5OoC 
Sender I Receiver I Sender I Receiver 

Absolute level measurements can also be made with modulation and 
changeover. 

Options 
Output level (option 001): 
Send level range extended to -49 to  + I O  dBm. 
Loop holding (option 002): 
Loop holding provided for sender output and receiver input. 

Maximum DC loop holding current: 100 mA. 
Voltage drop at maximum current: Approximately 12 V. 
Dynamic output impedance: Approximately 50 kO. 

l one  blanking: 
Range: Up to two bands in the range 0.2 to 9.9 kHz. 
Range limits: Any multiple of 100 Hz. 

Option Number Frequency Range Blanked (Hz) 
004/ I O  1 500 to 700 
0041 102 600 to  900 
004/ 103 1900 to 2200 
0041 104 2000 to  2400 
0041 105 2100 to 2500 
004/ 106 2200 to  2600 
004/ 107 2300 to 2700 
0041 IO8 2400 to 2800 
004/ I09 2600 to 3000 

Other tone blanking regions are available on request. The option 
number 004/100 should be used instead of one of the above numbers 
and the required frequency range specified. Option 005/lOX/lOX spe- 
cifies two option ranges. 
Operating instructions - other languages 
Operating instructions in English are supplied. In Lid operating in- 
structions are also available in: 
German - Option 031; 
Italian - Option 033; 
Option 040 Suitable X-Y Recorder in carrying case. 
General 
Dimensions: 270 mm wide, 200 mm high, 560 mm deep (1 1.3" X 7.8" 
x 22"). 
Weight: 12 kg. (26.5 Ib). 
Operating temperature range: 0 to 50°C unless otherwise speci- 
fied. 
Storage temperature range: -40 to +75"C. 
Supply voltages: 90 to 126 V ac; 195 to 253 V ac; (48 to 66 Hz). 
Power consumption: 50 W. 

French - Option 032 
Spanish - Option 034 

This instrument conforms to the CClTT recommendation. is compatible with all other instruments designed to this 
standard and is licensed under Wandel u Goltermann patents. The instrument uses a novel. improved principle of 
measuring Group Delay. 
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TELECOMMUNICATIONS TEST EQUIPMENT 
Transmission parameter analyzer 
Models 5453A & 5468A 

Characterize a data channel in 2 minutes 
Hard copy or magnetic storage of results 

Introduction 
The HP 5453A Transmission Parameter Analyzer, together with 

the H P  5468A Transponder, provides operators and users of private 
4-wire communication networks with the capability to rapidly eval- 
uate critical network parameters and, hence, establish the opera- 
tional status of a communication channel. Complex tests are per- 
formed easily and repeatably by nontechnical personnel. Results may 
be instantly compared to either a past history of the channel or to any 
desired specification which the channel must meet. 

The rapid availability of all the pertinent data, all the time, speeds 
the alignment of newly installed channels, and the fault location and 
troubleshooting of inoperative channels. In addition, routine mea- 
surements on critical services are technically and economically feasi- 
ble allowing preventive maintenance procedures to  reduce the fre- 
quency of outages. 

Test results can be preserved as hard-copy or stored in the 5453A 
disc memory for later recall and analysis. Data to be saved is auto- 
matically labeled with a serial number and date as well as with addi- 
tional arbitrary identifying fields. Examples of additional fields are 
circuit identification number, customer name, or  geographic loca- 
tion. The data file may then be searched by any desired category. For 
example, the identification and locations of all circuits belonging to a 
specific customer can be obtained in seconds. 

Operation 
Figure I illustrates a simple setup with the 5453A located in a cen- 

tral test center and a 5468A Transponder at  a user location. In prac- 
tice, the 5468A is placed at any desired test board or data set location 
along the channel. Once connected, and with the appropriate trans- 
mit and receive levels set into the front panel thumb-wheel switches, 
operation is fully automatic and no further action is required. 

_I L”ANNCL 
I ANALYZER 1_1 I - - - 
Figure 1. Typical point-to-point measurement. The 5468A is 
controlled by the 5453A over the channel to be tested. 

Hardware independent measurements 
Economical, lightweight remote unit 

Command tones, generated by the 5453A, are used to  control the 
transponder. For measurements on the receive line, the 5468A can be 
commanded t o  generate appropriate test signals o r  to  provide a quiet 
termination. Characteristics of the transmit line are obtained by caus- 
ing the transponder to apply appropriate conditiohing to  signals re- 
ceived from the 5453A before looping them back. In this manner, true 
measurements of transmit line noise and distortion are obtained. 
Measurements performed are indicated in the Voice/Data Channel 
Measurement Capability Table on page 491. The results, for both di- 
rections of transmission, are available in approximately two minutes. 

Tests conducted over different channel segments may be combined 
by the 5453A to obtain the point-to-point characteristics. With suffi- 
cient 5468A Transponders available, troubled sections are quickly iso- 
lated and corrective action initiated with a minimum of coordination. 
During installation of a new service, end-to-end measurements are 
made as often as necessary and alignment procedures followed until 
the channel meets specifications. 

The low cost, light weight, and ease of use of the 5468A Transpon- 
der mean that the purchaser of data communication service can af- 
ford to install the units in his data centers and that his non-technical 
personnel can use them. Problems are quickly determined to  lie with 
either the channel or the terminal equipment. 
Remote access 

Remote access to a centrally located 5453A is available on an op- 
tional basis for offices where the workload does not justify installa- 
tion of a dedicated system. The measurement ports of the 5453A are 
extended to distant locations using high quality dedicated test lines. 
Up  to 16 such locations can be accommodated by a single 5453A. 
During the calibration procedure, the loss and phase characteristics of 
each dedicated test line are measured and stored by the 5453A. These 
characteristics are then removed from any subsequent measurement 
automatically. 

Remote offices are equipped with C R T  Terminals, modems, and 
other interface equipment to enable them to communicate with and 
control the 5453A over a DDD connection. By employing a rotary 
connection of the central location, contending users can be placed in a 
queue and served in turn without the necessity of re-dialing. Opera- 
tion is automatic and it is not necessary to  man the central location. 
Once a distant user has identified himself, the dedicated test line to  his 
location is automatically connected to  the 5453A and the requested 
measurement made. 

Measurement results appear on the remote C R T  terminal auto- 
matically. Hard copy output is also available if the distant locations 
are equipped with teletypes. All the capab es described above for 
storing and manipulating data are available to the remote operator. 
Additional applications 

The 5453A Transmission Parameter Analyzer is an essentially hard- 
ware independent measurement system. Based on the principles of 
digital signal analysis, it does not require hardware oscillators, volt- 
meters, power meters, counters, spectrum analyzers, or other such 
specialized equipment to  accomplish a given measurement task. In ad- 
dition, the 5453A has a number of capabilities not normally found in 
traditional instrumentation. Some examples are the ability to  convert 
between the time and frequency domain as appropriate, the ability t o  
work with random signals and signals buried in noise, the ability to  
compute statistical properties of a signal and to measure the joint 
properties of two signals and, finally, the ability to  work with tran- 
sient signals. 

These characteristics suit the 5453A to a wide range of research, 
manufacturing and even educational applications in the telecommu- 
nication industry. Many types of communication equipment such as 
modems, facsimile transceivers, equalizers and telephone sets can be 
rapidly and completely characterized. The 5453A can even add vari- 
ous transmission impairments to  actual communication signals, al- 
lowing performance to be studied under controlled conditions. 

For complete technical, price, and leasing information or for appli- 
cation assistance with either the 5453A Transmission Parameter An- 
alyzer or the 5468A Transponder, contact your local Hewlett-Pack- 
ard office. 



TELECOMMUNICATIONS TEST EQUIPMENT 
Six simultaneous, automatic data measurements 

Model 1645A 

Direct reading, autoranged indications are displayed on an 
LED readout. Handshake signals conforming to CCITT conven- 
tion are included for operation through any modem system. 

1645A Description 
Hewlett-Packard's Model 1645A Data Error Analyzer quickly iso- 

lates data communications link problems through six simultaneous 
measurements. During tests, the 1645A can be left totally unattended 
because it automatically maintains synchronization even in the pres- 
ence of dropouts. And for added convenience, the 1645A can be 
equipped with a printer for hard-copy, permanent recordings of long 
tests. 

Bit-error and block-error rate tests are autoranged and displayed di- 
rectly on an LED readout, there is no need to perform any calcula- 
tion. Additionally, the 1645A measures jitter or total peak distortion 
(the sum effect of jitter and bias), counts the number of times carrier 
loss or dropouts occur, measures data-error skew and counts the 
number of clock slips resulting from phase hits on the link or modem 
sync problems. 

With all these measurements made during the same test interval, 
you'll know precisely what is causing your problems in modems, data 
channels, complete communications systems. 

Indicators and controls 
Indicators 
Out of lock; bit error; carrier loss; clock slip; block error; data set 
ready (DSR); clear to send (CTS); loss of data; test on. 
Selector switches - 
Clock; pattern; data/data; exponent range; single/cycle (printer); 
DTR/RTS/backward channel; start/stop; off/loop; off/xmit errors; 
off/filter; event, bit error, carrier loss, clock slip, block error, skew, jit- 
ter/total peak. 

Internal: selectable 75, 150, 200, 300, 600, 1200, 1800, 2400, 3600, 
7200, 9600. 
External: 5 MHz max. 
Data outputs/inputs 
Front panel 

Input: data input requires TTL levels; max input 5.5 V. 
Outputs: receiver sync, 16 bits before error, and event a t  TTL 
levels; data output is >2 V into 50 ohms; jitter/total peak is 1 V p-p 
for each 10% of p-p distortion from waveform causing distortion. 

Inputs: backward channel data, external transmitter and receiver 
clocks require TTL levels; max input 5.5 V. 
Outputs: bits lost and transmitter sync are TTL levels; internal 
transmitter clock is >2  V into 50 ohms. 
Multipin connectors: 25 pin RS 232C (CCITT V24) female con- 
nector, interfaces with standard communications systems. 36 pin 
(female) printer output at TTL levels in BCD 8421 code. 

Rear panel 

General 
Power: 115 or 230 V ac, 48 to 440 Hz, 150 VA max. 
Operating environment: temperature, 0 to +55"C (+32"F to + 130°F); humidity, to 95% relative humidity at 40°C (104°F); alti- 
tude, to 4.6 km (15 OOO ft); vibration, vibrated in three planes for 15 
min. each with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz. 
Dimensions: 133 mm high (5% in.), 416 mm wide (16% in.), 286 mm 
deep ( I  1 %  in.). 
Weight: net, 10 kg (22 Ib); shipping, 12.7 kg (28 Ib). 
Accessories supplied one 2.3 m (7.5 ft) 3-wire power cord, one 3.1 
m (10 ft) interconnecting cable in RS 232C configuration, 25 pin male 
connectors on each end, one Operating and Service Manual. 
Special Interfaces 
Contact your local HP Field Engineer 
Accessories 
Front panel cover: provides front p 
and has a convenient carrying handle. 
8767 -- - 
Printer interconnecting cable: Model 10233A cable 
connects the 1 f35A to printer, 36 pin male connector on 
one end and a 50 pin male connector on the other $50 

for details. 

lane1 protection 
Price 

HP P/N 5060- 
23 I 

1645A Data Error Analyzer $2300 
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KELECQMMUMlCATlONS TEST ECWPMENT 
15 Hz to 50 kHz selective voltmeter 
Model 3581C 

Description 
Hewlett-Packard's 3581C Selective Voltmeter is a dedicated tele- 

communications version of HP's 3581A Wave Analyzer. Balanced in- 
puts and a speaker monitor have been incorporated for telecommuni- 
cation measurements. 

Specifications 
Frequency range: 15 Hz to  50 kHz. 
Display: 5 digit LED readout. Resolution: 1 Hz. Accuracy: f 3  Hz. 
Typical stability: f10 Hz/hr. after 1 hour. f 5  Hz/"C. 
Automatic frequency control (AFC), hold-in range: f800 Hz. 
Pull-in range: >5  X bandwidth for 3 Hz to 100 Hz bandwidth; >800 
Hz for 300 Hz bandwidth for full-scale signal. 
Lock frequency: center of passband f l  Hz. 
Amplitude 
Instrument range: 

Linear: 30 V to  100 nV full scale. 
Log: +30 dBm or  dBV to -150 dBm or  dBV. 

Amplitude accuracy:* Log Linear 
15 Hz - 50 kHz, frequency response f 0 . 4 d B  f 4 %  
Switching between bandwidths f 0 . 5 d B  f 5 %  
Amplitude display f 2 d B  f 2 %  
Input attenuator f 0 . 3 d B  f 3 %  
Amplitude reference level 
(IF Attenuator) 

Most sensitive range f l  dB + I O %  

*Note these speciflcatlons cover the full temperature frequency and amplitude range. and represent worst case 
All other ranges f l  dB f 3 %  

Accuracy IS slgnlflcantly better for measurements not at the extremes 

Dynamic range: >80 dB. 
Noise level: 

120 F 
I- 7- BW 3WHz 

1 
I I FREOUENCY 

15 200 

Noise sidebands: greater than 70 dB below CW signal. I O  band- 
widths away from signal. 
IF feedthrough: input level > I O  V: -60 dB; input level: < I O  V: -70 
dB. 
Spurious responses: >80 dB below input reference level. 
Line related spurious: >80 dB below input reference level or  -140 
dBV (0.1 pV) or -90 dBm on 3581C in balanced terminated mode. 
Zero beat response: >30 dB below full scale at 25°C f5 'C.  > 15 dB 
for 0°C to 55°C. 
Smoothing: 3 position, rolloff is a function of BW. 
Overload indicator: this LED warns of possible input amplifier 
overloading. 



Uncal indicator: the variable input attenuator may be set to  posi- 
tions between steps. This is useful for scaling signals. When this fea- 
ture is being used, the Uncal indicator clearly shows the instrument is 
not on a standard setting. 
Meter scales: taut band with mirror backing 

0 dB to -90 dB Log 
0 dB to -10 dB 
O t o  1 Linear 
0 to  3.2 

Calibrator: the 10 kHz fundamental of the calibrator may be used 
along with the I O  kHz cal adjustment to set the meter to full scale. 
This calibrates fhe circuitry that follows the input attenuator to an 
accuracy of 3 ~ 1 . 5 %  at full scale, 10 kHz and same bandwidth. 
Sweep 
Scan width: 50 Hz to 50 kHz. These scans can be adjusted to cover a 
group of frequencies within the overall instrument range. 
Sweep times: 0.1 sec to  2000 sec. 
REP: in the repetitive mode, sweep will continuously sweep the spe- 
cified band. 
Single scan: after triggering a single sweep, HP’s 3581C will remain 
at  upper end of sweep. A sweep may also be triggered externally 
through a BNC connector on the rear panel labeled “external trig- 
ger.” Grounding inhibits internal trigger. 
Reset: HP’s 3581C is set to the start frequency of sweep. 
Manual: in combination with concentric knob, manual sweep fully 
duplicates span of electronic sweep. 
Off: sweep circuits and associated controls are turned off. 
Sweep error light: this LED indicates a sweep that is too fast to cap- 
ture full response. When the light is on, response will be lower than it 
should. 
Zero scan: to  look at  the time varying signal at  center or  start fre- 
quency within bandwidth selected. 
External trigger: a short to ground stops normal sweep. Opening the 
short then enables a sweep. 
Inout 

Meter 
Scale 

Buttons 

Volts 
9oon 
dBm/L IN  

I 
Terminated 

Input  impedance 900 
0. Reads volts on volt 
scales of meter. 1 V 
rms input  gives 1 V 
r m s  on meter. 

B r i d l i n l  

Input  impedance 10 
kR. Reads volts on 
volt scales of meter. 
1 V rms input  gives 1 
V rms on meter. 

dB 
SOOR 
dBm/L IN  

Volts 
6OOR/dBm I 

Input  impedance 
9OOR. Reads dBm 
9OOR on dB scales 
of meter. 0.949 V rms 
input  gives 0 dB 
reading on meter. 

Input  impedance 10 
kR. 9OOR termina- 
t ion necessary to be 
calibrated wi th  a 
source that  has 9OOR 
output  impedance. 
0.949 V rms input  
gives 0 dB reading on 
meter. 

Not a valid combination. 

dB 
600 l ) IdBm 

Input  impedance 600 
R. Reads dBm 6003 
on dB scales of 
meter. 0.775 V rms 
inpu t  gives 0 dB 
reading on meter. 

I 

Input  impedance 10 
kR. Termination 
necessary to  be cali- 
brated wi th  a source 
that  has 600R output  
impedance. 0.775 V 
rms input  gives 0 dB 
reading on meter. 

Unbalanced 
~ 

Input impedance 1 
MR. Reads volts on 
volt scales of meter. 
1 V rms input  gives 1 
V rms on meter. 

Input  impedance 1 
Me. 9OOR termina- 
t i on  necessary to be 
calibrated wi th  a 
source that  has 9OOR 
output  impedance. 
0.949 V rms input  
gives 0 dB reading on 
meter. 

Input  impedance 1 
MR. Termination 
necessary to  be cali- 
brated wi th  a source 
that  has 600Q output  
impedance. 0.775 V 
rms input  gives 0 dB 
reading on meter. 

Impedance: 1 M 3 ,  30 pf. 
Maximum input level: 100 V rms, f lOO V dc. 
External L.O.: an external oscillator may be used to  set frequency of 
filter. 

Frequency range: 1 MHz to 1.5 MHz to tune internal filter from 
0 Hz to  50 kHz. 
Level: 100 mV to 1 V. 
To make floating measurements or  break ground loops use the bat- 
tery option. 

Input connector: WECO 3 10 with balancing transformer. 
Input unbalanced: impedance 1 M3/40 pF. Maximum input level 
100 V rms or  f l O O  V dc. 
Balancelbridged: Impedance: I O  k3.  

Maximum input level: +30 dBm or  f l O O  V dc. 
Frequency response: 40 Hz - 20 kHz f0.5 dBm for signals <20 
dBm. 
Dynamic range: 80 dB for signals < O  dBm and > 100 Hz. CMR: 
>70 dB at 60 Hz. 

Balanced terminated: Same as balance/bridged except CMR: >64 
dB at 60 Hz. 

output 
Tracking generator output (also known as BFO or tracking oscillator 
output). 

Restored output 
Range: 0 to 2 V rms. 
Frequency response: f 3 %  15 Hz to 50 kHz. 
Frequency accuracy: f 1 Hz relative to center of filter. 
Impedance: 600R. 
Total harmonic and spurious content: (for tracking generator out- 
put) >40 dB below 1 V rms signal level. 
LO Output: 100 mV signal from 1 MHz to 1.5 MHz as input is tuned 
from 0 to 50 kHz. 
Output connector: WECO 310, for connection to  tracking genera- 
tor output or restored output. In addition to monitoring restored out- 
put with headphones, an internal speaker also provides an audio indi- 
cation of signal content. 
Restored and tracking generator: 

Output impedance: 6003 balanced. 
Frequency response: f0.5 dB 100 Hz to 20 kHz. 

X-Y recorder analog outputs: 
Vertical: 0 to +5 V f2.5%. 
Horizontal: 0 to + 5  V f 2 . 5 % .  
Impedance: 1 k3.  
Pen lift: contact closure to ground during sweep. 

General 
Operating temperature range: 0 to 55°C. 
Humidity: 95% relative, maximum at 40°C. 
Power requirements: 100 V, 120 V, 220 V or  240 V +5%-10% I O  
VA typical, 48 Hz to 440 Hz. 
Dimensions: 412.8 mm high X 203.2 mm wide X 285.8 mm deep - 
(16%’’ X 8” X 1 1  Y4’’). 

Weight: 11.5 kg (23 Ib); Option 001, 13.5 kg (30 Ib). 
Accessory available: 7035B Option 20, X-Y recorder. 
Option 001 battery: used to make floating measurements or  to  break 
ground loops; 12 hours from full charge; 12 hours to fully charge. The 
internal battery is protected from deep discharge by an automatic 
turn-off. 
Model number and name Price 
7035B Option 20 X-Y Recorder add $285 
Option 001 Battery add $265 
3581C Selective Voltmeter $2700 
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236A (Bell) 

, TELECOMMUNIICATllOMS 
Telephone test oscillators 
Model 236A 

23611 Option H I 0  (CCITT) 

TEST EQUIPMENT 

Frequency dial accuracy 
Frequency response 

6003  output 
9003  output 
1353  OUtDUt 

General 
Hewlett-Packard’s Models 236A and 236A Option HIO/H20 Tele- 

phone Test Oscillators are particularly useful for lineup and mainte- 
nance of telephone voice and carrier systems when used with their 
companion instruments 3555B and 3556A Transmission Noise Me- 
ters. CCITT requirements are met with the H P  236A Option H I 0  and 
H P  3556A when used together. 
Model number and name Price: 
H P  236A Option H10, CCITT (ac line and dry battery) add $ I  13 
H P  236A Option H20, CCITT (ac line and rechargeable 
batteries) add $250 
H P  236A Telephone Oscillator (Bell) $695 

*3% of setting 

~k0 .3  dB from 50 Hz to 20 kHz 
f 0 . 3  dB from 50 Hz to 20 kHz 
H l . 3  dB from 5 kHz to 560 kHz 

Specifications 

150 and 7 5 3  outputs 

Noise 
Distortion 
Output circuit 

Output impedance 

Output balance 
(output symmetry) 
Output jacks 

Output level/accuracy 
I j 4 . 3  dB from 5 kHz to 560 kHz 

-31 to +10 dBm in 0.1 dBm s t e d f 0 . 2  dBm from -31 to +10 dBm (1 kHz ref., Opt. H10,800 Hz ref.). 
ioise is greater. 3kHz bandwidth 

Balanced (symmetrical) and floating. Can be operated up to &500 V dc above (earth) ground. 
600 and 9003  f 5 %  
1353  * lo% 7 5 3  asymmetrical 
600 and 9003  outputs: 70 dB at 100 Hz, 55 dB at 3 kHz 
135 and 1503  outputs: 50 dB at 5 kHz, 30 dB at 560 kHz 
Accepts Western Electric 241,309, and 310 plugs. 

600 and 1503  symmetrical 

Accepts 3-prong Siemens 9 REL, STP 
6 AC or 4 mm diameter banana DIU~S.  

OC holding coil 

At least 65 dB below total output or -90 dBm - whichever r 
At least 40 dB below fundamental odtput. 

600 and 9003  outputs only. 7003  f 1 0 %  dc resistance: 60 mA maximum IOOD current at 100 Hz. 

HP 35558 Transmission and Noise Measuring Set 

I Binding oosts acceot banana oluis. wade lues. Dhone tiDs or bare wires. I 

HP 3556A Psophometer 

Dial jacks Accepts Western Electric 309 and 310 plugs. 
Clip posts accept Western Electric l O l l B  I I Accepts 3-prong Siemens 9 REL, STP 6 AC or 

4 mm diameter olues. Clio oosts acceot line- 

Power requirements 

Weight 
Complementary equipment 
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I 35558 (Bell Stai 
VOICE FREOUENCY LEVEL MEASUREMENTS: 20 Hz to 20 kHz 
db/volt Range -91 dBm to +31 dBm 

<0.3 dB at 1 kHz. Balance: >80 
kHz, >60 dB to 20 kHz. Return 10s 

I 700R dc resistance, 60 mA max. 1001 
NOISE MEASUREMENTS: 
dB/volt range 
Weighting filters 

lnout 

-1 dBrn to +121 dBrn 
3 & 15 kHz flat, C-message, and pro@ 
(Bell system technical reference pub 
Same as for voice freauencv measurc , .  

CARRIER FREQUENCY LEVEL MEASUREMENTS: 
dB/volt ranee I -61 dBm to +11 dBm 
Level accuracy 6 0 0 0  balanced (symmetrical): 1 kH 

f 0 . 5  dB; 1 MHz to 3 MHz, f 0 . 5  dB 
* to 600 kHz, f 0 . 5  dB; 10 kHz to 3( 

Input 
Return loss 
Bal/symmetry 
GENERAL: 
Meter Linear dB scale 
External batterv 

Terminated or bridged 1 3 5 R t  or 60( 
600Q: 26 dB min., 3 kHz to 150 kHz 
>70 dB to 10 kHz, >60 dB to 100 I 

24 V or 48 V office batterv. <15 mA 

MUNICATIONS TEST EQUIPMENT 
Transmission & noise meter 

Models 35558 & 3556A 

Description 
H P s  35558 Transmission and Noise Measuring Set is designed es- 

pecially for telephone plant maintenance. It measures attenuation, dis- 
tortion, cross-talk coupling, and noise. Weighting networks comply 
with Bell System Technical Reference Publication number 41009, and 
include C-message, 3 kHz and ,15 kHz flat and program. 

H P s  3556A performs the same tasks as the 3555B. It also has built- 
in weighting networks that comply with 1960 CCITT requirements, 
which include telephone (psophometric) 3 kHz flat, and 15 kHz flat, 
programme weighting filters. 

Operating instructions printed in the protective cover are available 
in different languages at  no extra charge. 

Complementary equipment for the 3555B is HP 236A Telephone 
Test Oscillator (236A Opt. H I 0  for the 3556A). When used together, 
they make a complete transmission test set for accurate, convenient 
voice and carrier measurements. 

Specifications 
ndards) 3556A (CCITT Standards) 

-78 dBm to +32 dBm/O.l mV to 30 V F.S. 
100 Hz to 5 kHz: f0.2 dB: 20 Hz to 20 kHz: 50.5 dB 

I 

I 
I 15 kHz. level >60 dBrn -, ~ ~ - ~~ -~ .. 

IR balanced. Bridging loss: Terminated: 600R symmetrical. Non-terminated: 10  kQ 
dB at 60 Hz, >70 dB at 6' symmetrical. Non-terminated error: 4 . 4  dB at 800 Hz. 
is: 30 dB min (50 Hz to 20 Symmetry: >80 dB at 50 Hz, >70 dB at 6 kHz, >50 dB to 20 

kHz. Return loss: 30 dB min (50 Hz to 20 kHz) 
I line current at 300 Hz. With holding circuit in, above specs apply from 300 Hz to 4 kHz 

-78 dBm to +32 dBm/O.l mV to 30 V F.S. 
3 & 15 kHz flat, telephone and programme (P53, CCITT) yam 

m n t s  

I -48 dBm to + I 2  dBm/3 mV to 3 V F.S. 
z to 150 kHz, f 0 . 5  dB; 10 kHz to 100 kHz, f0.2 dB. 135Q balanced (or 150Q balanced)?: 1 kHz 
10 kHz, f0.2 dB, 75Q unbalanced (asymmetrical). 100 Hz to 600 kHz, f 0 . 2  dB; 30 Hz to 1 MHz. 
f10% of meter reading 

IR balanced (symmetrical) and 75Q unbalanced (asymmntri-I\ 
, 1 3 5 R t .  26 dB min. 1 kHz to 600 kHz; 75R: 30 dB min. 
tHz, >40 dB to 600 kHz 

I Linear dBm scale 

I Internal battery I Single NEDA 202, 45 V "B" bat 
chargeable batteries and similar to 3 

AC 
Dimensions 
Weight 
Jacks 

115 or 230 V (specify for 35558) (s\ 
197 mm wide X 299 mm high X 20 
Net, 6.8 kg (15 Ib). Shipping, 7.5 kg 
Will accept Western Electric 241, 3 
plugs; l O l l B  hand-set or 52 typo he 

'*For levels >1 dBm accuracy Spec applies only for freq. above 100 HI. 

tery Option H03 uses re- 
556A 

4 rechargeable batteries (25 V total) or power line from 90 V to 
250 V ac, 48 Hz to 440 Hz. <10 VA. ODtion 001 uses same 
batterv as 35558 

Nitch for 3556A) 48 Hz to 440 Hz, <10 VA 
7 mm deeo (7%" X 11%" X 8%") 
(17 Ib). 
09, 310, 358, 289 and 347 Will accept Si1 
adset plugs or 3-pron 

emens 9 REL KLI-GA, 4 mm diameter banana 
ig Siemens 9 REL STP-6AC connector 

Model number and name 
H P 236A Telephone Test Oscillator (complementary 
equipment for 35558) see oppo 

Price 

site page 

H P  236A, Opt. HI0 Telept 
plementary equipment for 3 
3555B Transmission and Nt 
3556A Psophometer 

lone Test Oscillator (com- 
8556A) see opposite page 
i s e  Measuring Set $860 

$1060 



KELECOMMUMIICATIOMS TEST EQUIPMENT 
Transmission test sets 
Models 3551A & 3552A 

u e - 1  lplIUI1 

Hewlett-Packard's 3551A (North American Measurement Stan- 
dard) and 3552A (CCITT) Transmission Test Sets are rugged, porta- 
ble and ideally suited for measurements on voice, program and data 
circuits up to 50 Kb/s. 

These four-function test sets are capable of measuring tone level, 
noise level, and frequency, while simultaneously sending tone. Both 
level and frequency are fully autoranging. 

A sampling rate of 10 per second in tone level and frequency allows 
a "direct feel" between an adjustment and the ensuing reading. Digi- 
tal LED readout displays either level or frequency of input or output 
regardless of terminal function selected. 

Appropriate resolution, time constant and sample rate are auto- 
matically provided to simplify operation for the user. 

These test sets can measure both two-wire and four-wire balanced 
circuits. Impedances of 135, 600, and 900 ohms can be selected on the 
3551A; impedances of 150, 600, and 900 ohms are available on the 
3552A. In addition, the receiver may be either terminated or  bridged. 

The test sets may be powered by either ac line or  internal recharge- 
able batteries and are suited for both inside and outside plant mainte- 
nance. 

A full wave average detector is used for tone level measurements. 
Automatic ranging eliminates the need to  set attenuators and thus re- 
duces the possibility of errors due to  faulty calculations. Direct digital 

readout gives a 0.1 dB resolution over the eniire 85 dB dynamic range. 
For frequency measurements, a four-digit autoranging frequency 

counter is provided. The readout is calibrated in kHz and features I 
Hz resolution from 40 Hz to 10 kHz and I O  Hz resolution from IO 
kHz to 60 kHz. The decimal point is automatically positioned to  avoid 
the possibility of errors due to  overflow of the four digits. 

Noise measurements are made with an RMS detector and dis- 
played in dBrn on the 3551A and dBm on the 3552A, with 1.0 dB res- 
olution. Display rate is slowed to  2 per second to  provide analog feel 
of slowly changing noise levels. Both test sets have the capability of 
measuring noise-with-tone, message circuit noise, and noise-to- 
ground. Four switch selectable weighting networks are provided; C- 
message, Program, 3 kHz, and 15 kHz Flat in the 3551A; and Tele- 
phone (CCITT Psophometric), Programme, 3 kHz and 15 kHz Flat in 
the 3552A. In the noise-with-tone position, a notch is inserted before 
the selected weighting network. 

Send oscillator covers a frequency range of 40 Hz to 60 kHz in three 
bands; 40 Hz to 600 Hz, 200 Hz to 6 kHz, and 2 kHz to 60 kHz. The 
output level is continuously variable from + I O  dBm to -60 dBm. 

In addition, a fixed position is provided to be used as the holding 
tone when making a noise-with-tone measurement. 

A convenient set of clip posts for connecting a lineman's handset is 
provided. This allows a line connection to be dialed up and then held 
in an off-hook (busy) condition while making either receive o r  send 
measurements on a two-wire wet line. 



3551A and 3552A S p  
Receiver 
Level measurements 
Frequency range: 40 Hz to t 
Dynamic range: +15 dBrn ta 
Resolution: 0.1 dB. 
Sample rate: IO/second. 
Detector type: average respol 
Accuracy: at 25°C flO"C, te 
beyond this range. 
Frequency measurements 
Frequency range: 40 Hz to  C 
Dynamic range: + I 5  dBm to 
Resolution: 1 Hz (40 Hz to I (  
Sample rate: IO/second. 
Accuracy: f l  count. 
Transmitter 3551A & 35524 
Frequency range: 40 Hz to t 
Ranges: 40 Hz to 600 Hz. 200 
fixed. (Other frequencies avail: 
Resolution: 1 Hz (40 Hz to 11 
Sample rate: lO/second. 
Harmonic distortion: >-50 c 
(all harmonics 100 Hz to 4 kHz 
fixed). 
Accuracy: f l  count. 
Level range: + 10 dBm to -61 
-60 dBm (+lo0 Hz fixed). 
Resolution: 0.1 dB. 
Sample rate: IO/second. 
Accuracy: at 25°C f lO°C,  te 
beyond this range. 

Ff 

z 
I 

-70 
20b Hr 

135R & 1500 I M P E D A N C E  

3551A Noise measure 
Dynamic range 
Message circuit noise: 0 d B  
Noise-with-tone: +10 dBrn tl 
Noise-to-ground: +40 dBrn 
Resolution: I dB. 
Sample rate: 2/second. 
Detector type: Quasi RMS. 
Accuracy 
Message circuit noise: f 1 d 
dBrn to +20 dBrn). 
Noise-with-tone: f 1 dB (+20 
to  +20 dBrn). 

%if ica tions 

50 kHz. 
I -70 dBm. 

nding. 
:mperature coefficient: f0.005 dB/"C 

io kHz. 

D kHz). I O  Hz (10 kHz to  60 kHz). 
-70 dBm. 

9 
50 kHz. 
Hz to  6 kHz. 2 kHz to 60 kHz. 800 Hz 
ible 3552A). 1004 Hz fixed, 3551A. 
0 kHz). 10 Hz (10 kHz to 60 kHz). 

IB (THD 100 Hz to  4 kHz). >-55 dB 
). >-60 dB (THD 800 Hz or 1004 Hz 

0 dBm (40 Hz to  60 kHz). +6 dBm to 

mperature coefficient: f0.005 dB/"C 

3 E O U E N C Y  

m.1 dB m.3 dl 

N O T S P E C I F I E D  B E L O W  500Hzor -65dBm 

lments 

rn to +85 dBm. 
D +85 dBrn. (600Q2, 900Q.) 
to +125 dBm. 

B (+20 dBrn to  +85 dBm). f 2  dB (0 

dBrn to +85 dBrn). f 2  dB ( + I O  dBrn 

Noise-to-ground 3 
dBrn to  +60 dBrn). 
Weighting filters: ( 

2oi: 

3552A Noise n 
135R & 1 5 '  

Dynamic ranae 
Message circuit no 
Noise-with-tone: - 
Noise-to-ground: - 
Resolution: 1 dB. 
Sample rate: 2/sec 
Detector type: RM 
Accuracy 
Message circuit noi 
dBm to -70 dBm). 
Noise-with-tone: f 
to -70 dBm). 
Noise-to-ground: 3 
to -30 dBm). 
Weighting filters: 'I 
kHz flat, programmi 

Monitor: built-in spc 
Balanced impedanc 
Balanced impedanc 
Bridging loss: <O.; 
Return loss: >30 d 
Longitudinal balanc 
Hold circuit: 24 mil 
resistive fuse protect) 
InpWoutput protec 
Maximum longitudi 
Battery supply: 4-1 
chargeable batteries a 
when discharged belc 
12 hours. 
Power requirement! 
440 Hz; 14 VA. 
Temperature range 
storage. 
Relative humidity: 
Dimensions: 343 mr 
6%" X 10") with cov 
Weight: 

Net: 6.6 kg (13 Ib 
Shipping: 7.3 kg 

Model number and 
3551A Transmission 
3552A Transmission 

General 



LECOMMUMICATIONS TEST EQUIPMENT 
owave link analyzer at 66, IF (70 MHz) and RF 
Is 371 OA/37028/3730A 

8 6 2 0 A  

3 7 3 0 A  

3 7 0 2 8  
3 7 0 5 A  

37 1 OA 
3 7 1 6 A  

Description 
The Microwave Link Analyzer, Down Converter and R F  Sweeper, 

as a package, enables the full BB, I F  & R F  capability of terrestrial 
and celestial radio links to be realized. The Microwave Link Ana- 
lyzer (3710A IF/BB Transmitter + 3716A or  3715A plug-in and 
37028 IF/BB Receiver + 3705A or  37038 plug-in) is a combined 
Baseband (BB) and Intermediate Frequency (IF) analyzer, allowing 
the various forms of distortion occuring in a link to be identified, 
measured and localized to BB and IF devices. The Down Converter 
(3730A + 3736A, 3737A, 3738A, 3739A or  37301A plug-in) and R F  
Sweeper (8620A/86*** Opt H70) which is used as an U p  Converter, 
ensure that this capability is extended into the R F  range. The Down 
Converter may be used independently of the Hewlett-Packard Micro- 
wave Link Analyzer. 

Benefits 
An easy to  operate, four instrument package. 
Comprehensive BB frequency coverage, 83.333 kHz to  8.2 MHz. 
Comprehensive IF coverage, 45 to  95 MHz. 
Comprehensive R F  coverage. 
Minimum cabling interconnections and alterations for changes in 
measurement. 

MLA: seven selected baseband test tones up to  8.2 MHz. 
Internal demodulation up to  5.6 MHz. 
Inbuilt C R T  with dual trace display. 
Receiver can be remote from transmitter for between-station mea- 
surements. Slave facility for local display of remote measurements. 
I F  frequency stability of f l O O  kHz/S hr period. 
I F  frequency markers of 70 MHz, 2 MHz "comb" and sliding sym- 
metrical pair. 

RF capability: permits separate characterization of transmitter and 
receiver by BB, IF, o r  R F  to  R F  tests. No plotting and differentiating 
- easy equalization. Permits active and passive component tests - 
avoids the problems of other systems. 

RF 

IF 
& 
BB 

T E R R E S T R I A L  
OR C E L E S T I A L  

R A D I O  L I N K  
E Q U I P M E N T  

I 

I 
I 

37 1 6 A l  
3 7 1 5 A  

IF 

BB 

I 
r " - '  
I 

L F I  3 7 0 3 8  

I 
L O C A L ,  E N D - T O - E N D ,  OR L O O P B A C K  

M E A S U R E M E N T S  

- - . . . -. . _. ~ ~.. 

Specifications 
M LA 
IF frequency range: 45 to 95 MHz centered on 70 MHz. 
IF flatness (residual): f0.05 dB from 45 to 95 MHz. 
BE linearity and differential gain (residual): 0.1% (BB-BB), 0.4% 
(IF-IF) from 45 to 95 MHz. 
Group delay (residual): 0.1 ns (BB-BB), 1 ns (IF-IF) from 45 to  95 
MHz. 
Differential phase (residual): 0.1" (BB-BB), 0.8" (IF-IF) from 45 to  
95 MHz. 
IF power range: +21 dBm to -10 dBm. 
BE power range: -10 dBm to -49 dBm. 
Modulator sensitivity: -49 dBm to 0 dBm. 
Demodulator sensitivity: -10 dBm to -49 dBm. 
Impedances: 75Q.  
Power: 100/120/220/240 V ( + 5  -IO%), 48 to 66 Hz, approx. 150 VA 
for transmitter, approx. 190 VA for receiver. 
Dimensions: 

3710A 425 m m  wide, 172 mm high, 457 mm deep (16%" X 6%" X 
18'9. 
37026 425 mm wide, 216 mm high, 457 mm deep (16yd'' X 8%" X 
18"). 

Down converter 
RF inpuk 

RF frequency range: 1.7 to 11.7 GHz. 
Minimum input level: -20 dBm (-44 dBm with Opt. 010). 4 d B  
higher level for correct operation of MLA. 
Impedance: 503. 

Meter accuracy. f0 .5  MHz at 70 MHz, ( f 2  MHz I .>.) .  

Return loss: 28 dB min. 
Impedance: 753. 
Power: 1 15 o r  230 V (&IO%), 48 to  66 Hz. 

Dimensions: 425 mm wide, 141 mm high, 467 mm deep (16%" X 5%" 
x I8Yh''). 

IF output: 



Option selection chart 

3710A 3716A 3715A 

Instruments to suit customer re 
compiled from the following gr 
Specify only ONE option from 370: 

mquirements may be 
oups. 
each group. 

- 008 

CONNECTC I 

- 

)RS 

e 
e 
e 

BNC 

Siemens large 

Siemens small 

Commercial equivalent of WEC 

with 751124 ohm bal. 

Type N (for RF) 

BB FREQUEI 

83 333,250,500kHz 

83,333,250, 5OOkHz and 2.4, 

92.593.277 778.555.556kHz 

92.593,277.778. 555.556kHz. 

92.593,277.7?8. 555.556k Hz. 

92.593,277.778, 555.556kHz. 

83.333,250, 5OOkHz and 2.4. 

83.333.250,SOOkHz and 2.4. 

83.333.250,BOOkHz and 2.4, 

83.333.250, 5OOkHz and 2.4, 

83.333,250, 5OOkHz and 2.4. 

e 
e 
e 

:O 4778 

e 
e 
e 

UClES 

e 
e 
e 

4.43. 5.6,8.2MHz 

with phase lock control 

2.4.3.58,5.6,8.2MHz 

2.4, 3.58.4.43.8.2MH 

2.4.4.43.5.6.8.2MHz 

3.58. 5.6.8.2MHz 

3.5, 5.6.8.2MHz 

4.5, 5.6.8.2MHz 

3.58.4.43.8.2MHz 

3.58.4.43.5.6MHz 

I SWEEP FRI EQUENCIES 

70Hz internal 

50Hz internal 

lOOHz internal 

18Hz internal with bandwidths i of 90 and 180Hz 

0' k 100' and 180' t 100' fr, 

jE SWEEP 

om 45 to 1 OOHz 

RF FREQUE NCIES 

1.7 to 4.2GHz 

3.3 to  6.5GHz 

6.3 to 8.5GHz 

10.7 to 11.7GPlz 

System selection chart 
1 I 

Measurement 

BE to  BE 

BE to  I F  

BE to  RF 

IF to BB 

IF to  IF 

IF  to RF 

RF to BB 

RF to IF 

R F  to RF 

e 
e 
e 
e D e 

003 003 003 

004 004 004 

- - - - 

01 2 

013 

014 

01 6 

01 8 

- I 019 

DOWN CO 

I UP 
M LA 

e 

e 
e 
e 

e 
e 
e 
e 

CONVERTE 



F-=m 
TELECOMMUNICATIONS TEST EQUIPMENT' 
IF switch; general purpose 75 ohm attenuator 
Model 3740A & 3750A 

3740A 

WLETT PACKARO 

3 I 
250mW 7% 

dc - lOOMHz 

f 

3750A 

374OA Description 
The 3740A IF Switch is a general purpose single-pole, double-throw 

IF switch. Optionally, a DPDT switch and various types of connector 
may be specified. It has excellent delay characteristics, making it ideal 
for DADE (differential absolute delay equalization) measurements 
when used with the Microwave Link Analyzer. The internal switching 
rate is 150 Hz. An external dc to  10 kHz signal may also be used to  
control the switch. The standard 3740A has a single IF switch unit and 
753  BNC connectors fitted. 

Specifications 
Bandwidth: 45 to 95 MHz. 
Isolation: >65 dB (between any two ports). 
Flatness: f0 .05  dB. 
Amplitude difference: 0.03 dB (between channels). 
Input level: +10 dBm (niax). 
Through loss: < I  dB. 
Group delay distortion: 0.5 ns (500 kHz test tone, 200 kHz rms de- 
viation). 
Differential absolute delay: <0.25 ns (between channels). 
Impedance: 75% 
Return loss: >28 dB (all switching ports). 
Power requirements: 100/120/220/240 V ac, 48 to 66 Hz, < 10 VA. 
Dimensions: 127 mm wide, 50 mm high, 178 mm deep (5" X 2" X 7"). 

Options 
001: DPDT switch. 
002: Siemens 2.5 mm connectors. 
0 0 3  Siemens 1.6 mm connectors. 
004: WECO 477B (equivalent) connectors. 

3750A Description 
The 3750A Attenuator is a general purpose 7 5 3  impedance attenu- 

a tor  operating in the frequency range dc to  100 MHz. Attenuation of 
0 to  99 dB is provided in 1 dB steps by the operation of pushbutton 
switches. The 3750A is symmetrical so that either port can be used as 
the input or output. The Attenuator is fitted with 753  BNC connec- 
tors. 

Specifications 
Attenuation: 0 to  99 dB in 1 dB steps. 
Frequency range: 0 to  100 MHz. 
Impedance: 753. 
Accuracy: unit steps f O . l  dB 

decade steps f 0 . 2  dB 
cumulative f 0 . 5  dB to  79 dB 

f l .O dB to  89 dB 
f 2 . 0  dB to  99 dB 

Maximum input power: +24 dBm (250 mW). 
Return loss: 28 dB at  either port when properly terminated. 
VSWR: 1.08:l. 
Insertion loss: 0.1 dB at  I O  MHz. 

0.4 dB at  50 MHz. 
0.6 dB at 100 MHz. 

Dimensions: 203 mm wide, 70 mm high, 102 mm deep (8" X 2%" X 
4"). 
Model number and name 
3740A IF Switch 
3750A Attenuator 

Price 
$410 
$185 



m- 
TELECOMMUNICATIONS TEST EQUIPMENT \-, 

Selective voltmeter, 20 Hz to 620 kHz 
Models 3590A & 3591A 

X-axis 
(3593A/3594A only) 

X-axis linear output: 

(1 k Q  source resistance) 

X-axis log output: 

(1 kQ source resistance) 

Plug-in frequency ranges 
62 kHz 620 kHz 

0 to -12.4 V 0 to -12.4 V 

(200 mV/kHz f5%) 

5 Vldecade f5% 

(50 Hz - 62 kHz) 

(20 mV/kHz f5%) 

5 Vldecade f5% 
(500 Hz - 620 kHz) 

(Frequency accuracy &lo%) 

Automatic frequency control 
Capture threshold: 75 dB below 0 dB reference. 
Dynamic hold-in range: >3 bandwidths. Tracking rate propor- 
tional to bandwidth. 

Bandwidths 

10 Hz and 100 Hz 
1 kHz and 3.1 kHz 

Input noise level 
(600s2 input impedance) 

<-125 dBm or 0.44 p V  
<-115 dBm or 1.38 pV 

Rejection 10 Hz 

3 dB 10 Hz 
60 dB 35 Hz 

Bandwidths 
100 Hz 1 kHz 3.1 kHz 

100 Hz 1 kHz 3.1 kHz 
320 Hz 3.1 kHz 9.6 kHz 



TELECOMMUNICATIONS TEST EQUIPMENT 
Selective level meterlgenerator 
Models 312C 81 3320C 

Description 

Hewlett-Packard Model 3 12C Selective Level Meter and compan- 
ion Model 3320C Level Generator provide an accurate, easy-to-use 
transmission measuring set in the 1 kHz to  18 MHz frequency range 
ideally suited for maintenance and operations requirements. It pro- 
vides proper input and output connectors and impedances to  inter- 
face directly into most F D M  carrier multiplex equipment. 

H P s  312C has a noise equivalent bandwidth that provides a direct 
reading of C-message noise. The instrument has sufficient fidelity to 
act as  an invisible channel bank to down-convert any 4 kHz voice 
channel and make typical measurements such as phase jitter and im- 
pulse noise. It also features 10 Hz frequency resolution, 0.02 dB level 
resolution on the meter expand scale, and an input overload lamp to 
guarantee valid measurements. 

H P s  3320C companion generator is a frequency synthesizer that 
provides signals with an amplitude resolution of 0.01 dB over a fre- 

312C Specifications 
Frequency 
Range: 1 kHz to  18 MHz; 18 bands; 200 kHz overlap; coarse and fine 
tuning. 
Accuracy: f 10 Hz + time base stability (with reference to ext. std.). 
Stability: f 2 0  ppm/OC; 25°C + 5'; line variations of 10%; f0.1 
PPm. 
Resolution: 10 Hz. 
Level: 
Range: -120 dBm to  +23 dBm full scale. 
Attenuator accuracy: fO. 1 dB. 
Stability: f O . l  dB 90 days. 
Resolution: 0.02 dB on  expand meter. 
Flatness: f 0 . 2  dB, I O  kHz to  I O  MHz; f0 .5  dB, 10 MHz to  18 MHz; 
75 ohms  matched load; max. level i o  dBm. 



Overload: Lig 
Meter: 
Range: -20 ( 

Tracking: f O  
Expand scale 
Range: - 1  dl 
Tracking: f O  
Resolution: 3 
indication fror 
Recorder out1 
Range: 120 d 
Distortion: > 
to 0 dBm. 
Accuracy: 0.1 
Noise level: 
Return loss: 
75 ohms; unbi 
124 ohms; bal; 
135 ohms; bal: 
Residual resp 
set at 0 dB. 
CMR: >40 dB 

>30 dB 
Internal calibi 
amplitude stat 
Measurement 

k Selectivity 

;ht indicates incorrect range select 

iBm to + 3  dBm (back lighted sca 
.05 dB. 

B to + I  dB. 
8.05 dB. 
:0.02 dB; will expand any 2 dB ran 
n -7 dB to + 3  dB. 
put: (Normal meter) 1.00 V F.S., 
B. 
65 below zero reference; reference s 

5 dB to 0.05 dB depending on me1 
- 117 dBm at 2300 Hz selectivity. 

danced; 10 kHz to 18 MHz; 26 dl 
anced; 10 kHz to 10 MHz; 26 dB. 
anced; 10 kHz to 5 MHz; 26 dB. 
lonse: >72 dB below zero ref. Re 

10 kHz to 5 MHz. 
5 MHz to 17 MHz. 

rator output: 1 MHz, -40 dBm int 
iility for 90 days. 

Bandwidth 

*50 HZ 50 Hz flO% 110 HZ T 
*2300/1740 Hz 2300 HZ *lo% 4800 HZ : 

"3100 Hz 3100 HZ f10% 6200 HZ z 

'Order Option 001 fa 
**Notch filters are pi( 

Input impeda 
anced selectab 
Audio Outpui 
LSB: demodu 
USB: demodu 
Output level i 
Sufficient to d 
circuit. Discon 
Jacks: 75 ohr 
plugs; 135 ohr 
Dimensions: 

Weight: Net, 
Power: 115 c 
Accessory AC 
3320C Level ( 

10'3'32" X 18% 

ir 150 Hz bandwidth. 
ivided to eliminate adjacent Channel Carrier 

ince: 75 ohms unbalanced; 124 : 
le. 
t: AM demodulated audio. 
lated audio, carrier reinserted at fi 
lated audio, carrier reinserted at f, 
k 14 dBm/600 ohms with full scale 
rive a 52 type operator's head set. 5 
nected when plug inserted into fron 
n jacks accept 358A plugs; 124 ohn 
n jacks accept 305A plugs. 
483 m m  wide X 266 mm high X 4 
'1) .  

20.7 kg (46 Ib). Shipping, 26.6 kg 
ir 230 V *IO%, 50 to 400 Hz, 90 
1 power connector provided on r 
lienerator. 

ion. 

les). 

ge of receiver meter 

1 kQ. 

et with range dB set 

thod. 

3. 

f set with range dB 

o 75 ohms, f O . l  dB 

Effective 
Noise BW 

and 135 ohms bal- 

D +1.8 kHz. 
1 -1.8 kHz. 
meter deflection. 

Speaker normally in 
t panel output jack. 
n jacks accept 408A 

67 mm deep (19" X 

; (59 Ib). 
VA . 
ear for companion 

3320C Specifications 
Frequency range: 

75 ohm output impedance 
124 ohm output impedanc 
135 ohm output impedanc 

Frequency resolution: 
Vernier out: 10 kHz. Vern 

Internal frequency standard: 
tal. 
Phase locking (external fre 
phase locked with an external s 
V rms and which is any subhari 
10 MHz (e.g., 1 MHz, 2 MHz, 
male connector. 
Amplitude range: + 1 1.99 dB 
0.1 dB, I dB or 10 dB. 
Amplitude resolution: 0.01 ( 

Output impedance: 75 ohms 
balanced. 
Auxiliary outputs: 

Tracking output: 20 MHz 
output with 20 MHz offset. 
into 50 ohms. 
Low level output: Same fre 
tween 50 mV rms and 158 m' 
BNC. 
1 MHz output: Reference c 
mV rms into 50 ohms. 

Power requirements: 1 1  5 V 
< I  10 W (400 Hz operation o 
Operating temperature: 20" 
Frequency accuracy: 

Vernier out: f0.001% of s 
Vernier in: A600 Hz, 10 kH 
17 MHz. 

Long term: f10 ppm of si 
Optional high stability cry 
001). 
Signal to phase noise (intc 
cluding f l  Hz, centered or 

Option 001: 5 MHz referenc 
bilized oven. 
Long term stability: f l  par 
Frequency accuracy: f 1 p~ 
For field installation order ac 
Model number and name 
312C option 001 150 Hz ban( 
3320C option 001 crystal ovei 
312C Selection Level Meter 
3320C Level Generator 

Frequency stability: 

!: 10 kHz to 17 MHz. 
:e: 50 kHz to 5 MHz. 
:e: 10 kHz to 1 MHz. 

ier in: 20 Hz. 
: 20 MHz ambient temperature crys- 

squency reference input): May be 
ignal which is within 200 mV rms and 2 
nonic of 20 MHz from I MHz through 
2.5 MHz, 5 MHz, 10 MHz). BNC fe- 

#m to -79.99 dBm in steps of 0.01 dB, 

iB. 
unbalanced; 124 ohms and 135 ohms 

to 37 MHz offset signal. Tracks main 
Rear panel female BNC > 100 mV rms 

quency as main output but remains be- 
V rms into 50 ohms. Rear panel female 

mtput. Rear panel female BNC, >220 

f 10% or 230 V f IO%, 48 Hz to 66 Hz, 
n special basis). 
C to 30°C (68'F to 86°F). 

etting. 
[z to 12.5 MHz. A750 Hz, 12.5 MHz to 

etting per year. 
stal reference oven available (Option 

?grated): >40 dB in 30 kHz band, ex- 
I carrier. 
e crystal oscillator in temperature sta- 

t in 108/day. f l  part in 107/month. 
trt in 107 of setting/month. 
cessory kit 11237A. 

Price 
jwidth N /C 
n 5 MHz add $310 

$5810 
$3500 



Error detection up to 150 Mb/s 
Models 3760A & 3761A 

The 3760A/3761A Error Rate measurement system has been d 
signed for general use in the evaluation of digital systems operating 
the frequency range 1 Kb/s  - 150 Mb/s. It has particular applic 
tions in the design and development of PCM systems. 

The measurement system comprises the 3760A Data Generata 
which provides a variable length PRBS to the item or system und 
test, and the 3761A Error Detector which has been specifically d 
signed for operation with the pseudo random sequences produced t 
the Data Generator. Error Detection is accomplished by comparir 
the output from the item under test, bit-by-bit, with an independer 
closed loop, reference sequence in the 3761A Error Detector. Th 
technique ensures detection of every error, random or systematic, ar 
avoids the problems associated with open loop reference sequen 
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generailon. m r u n  may oe cuunteu anu uireuiy uispiayeu i n  me 
3761A either as  Bit Error Rate (BER) or Total Error Count 
(COUNT). 

The 3760A Data Generator is a versatile PRBS and W O R D  gener- 
ator and can supply many of the test sequences required for the de- 
velopment and evaluation of digital transmission equipment. Its fea- 
tures are described fully in the Data Generator Model 3760A Data 
Sheet and only those which complement the 3761A Error Detector are 
described here. 

The Data  Generator an be manually or automatically triggered 
from an external clock i l t h e  frequency range 1 kHz - 150 MHz. The 
clock input will accept continuous or burst information. Alterna- 
tively, the generator may be driven from an internal clock source 
which can be variable or crystal controlled in the frequency range 1.5 
- 150 MHz. A clock output is always provided in normal or comple- 

mented form, which is variable in amplitude and D C  offset. 
The PRBS is variable in length from 2' - 1 to  2 ' O  - 1 bits, with an 

additional long sequence of 215 - 1 bits. A sync pulse occurs once per 
PRBS and may be varied in position relative to the sequence. For 
back-to-back testing of the Data Generator and Error Detector, an 
error can be inserted once per 2000 sequences. The data output is 
available in normal or complemented form and may be varied in am- 
plitude and D C  offset. Either R Z  or N R Z  formats may be selected 
and the data output can be delayed by up to 100 ns with respect to  the 
clock. 

The 3761A Error Detector requires both clock and data inputs. The 
inputs accept continuous or burst signals in the frequency range 1 kHz 
to  150 MHz. For the CLOCK INPUT manual and automatic trig- 
gering on both +ve and -ve slopes of the input waveform are pro- 
vided. Indication of clock presence with correct triggering is given by 
a front panel lamp. The data input conditions for frequency range, 
waveshape, impedance and sensitivity are similar to those for the 
clock. Triggering on data is automatic for continuous inputs with 
compensation for D C  offsets. For burst inputs a switch inside the 
3761A can be used to  set a groundthreshold trigger level. The input 
can be inverted with a DATA/DATA switch to allow for an inver- 
sion in the item or system under test. A front panel variable phase 
control is used to  ensure that coincidence between clock and data 
edges is avoided. A lamp indicates when a correct phase relationship 
between the clock and data has been attained. 

Synchronization of the 3761A Error Detector t o  the incoming data 
can be accomplished automatically, manually or externally. In the au- 
tomatic mode, correct synchronism is ensured by continually moni- 



toring the average error rate over a period long enough to remove the 
effect of error bursts. In the manual synchronization mode, the Error 
Detector searches for synchronism on command from a front panel 
switch, and in the external mode, by command from an external TTL 
signal. A “gating” flag indicates the instrument is in synchronism and 
making a measurement. Whenever the instrument is out  of synchro- 
nism a “sync loss” flag is displayed, 

The BER measurement is computed from more than 100 errors and 
the results displayed directly in the form A.B X 10” giving a range 
0.1 X 10-9 to  9.9 X IO-’. The C O U N T  measurement totalises errors 
over a gating period, which may be controlled internally or exter- 
nally, and the result is displayed as  a four digit number with leading 
zeros blanked. The internal gating period can be selected within the 
range 105 to  10li clock periods and can be single shot or repetitive in 
operation. When a count of 9999 is exceeded an “overflow” flag is lit. 
When using manual, external or internal single shot gating the dis- 
play continues to  register the least significant digits of the count. A 
T T L  compatible external gate input is provided, and manual gating is 
controlled with a front panel start/stop switch. 

In both BER and C O U N T  modes, the display is continually up- 
dated at  a rate which may be set by the operator. 

A BCD printer output of the current display is available from a rear 
panel socket. This output is in 8421 format and includes the sync loss 
and overflow flag indications. An output of one transition per error is 
also available at the rear panel for further analysis. 

Specifications 
Measurements 
Bit error rate, BER: 

Range: 0.1 X to  9.9 X l O - I ,  automatically scaled. 
Gating: Automatic. 
Accuracy: Computation based on at  least 100 errors. 

Range: 0 to  9999. 
Gating: Internal, single shot or repetitive, manual or external. 
Internal: lo5 to 10” clock periods. 
Manual: Front panel switch. 
External: TTL logic levels. 

PRBS: Maximal length 2” - 1 where n = 3 to  I O  and 15. 

Total error count, COUNT: 

Patterns: 

Data generator 
Clock input: 

Rate: 1 kHz to 150 MHz. 
Impedance: 50Q f5% dc coupled (75R optional). 
Trigger: Manual with level range -3 V to  +3 V, +ve or -ve slope. 
Auto with input mark: space ratio range 1O:l to 1:lO. 
Sensitivity: Better than 500 mV pk-pk. 
Amplitude: 5 V p-p maximum. Limits +5  V. 
Pulse width: 3 ns minimum at 50% pulse amplitude. 
Indicator: Lamp showing clock present and triggering correctly. 

Clock output: 
Outputs: CLOCK or CLOCK selectable. 
Impedance: Source impedance 50R f5% (75R optional). 
Amplitude: Continuously variable in 5 ranges from 0.1 to 3.2 V 
symmetrical about offset level. 
DC offset: Zero, <2% of pulse amplitude. Variable, continuous 0 
to * 3  v .  
Transition times: <1.4 ns into 500. <1.6 ns into 75Q. 
Overshoot: < 10% of pulse amplitude. 

Outputs: DATA or DATA selectable. 
Format: N R Z  or R Z  (up to 130 Mb/s). 
Delay: Data (and Sync) delayed with respect to Clock continu- 
ously in I O  ranges from 0 to  100 ns. 

Data output: - 

Other specifications 
Sync output: 

Rate: Once per PRI 
Position: Front pan 
Amplitude: + 1  V ir 

Error detector 
Clock input: Specifica 
cept that both +ve and 
mode. 
Data input: 

Inputs: DATA or T 
Rate: 1 Kb/s to  15( 
Impedance: 50Q f 
Trigger level: Auto 
Sensitivity: Better t 
Amplitude: 5 V p-p 
DC offset: f 3  V m 
Pulse width 5 ns n 

Control: Clock pha 
Indication: Lamp o 
Range: 0 to 180” fo 

0 to  12 ns fi 
This range must also 

Modes: Auto, Man) 
Auto: Automatically 
errors in IOO,OO( 
Manual: Resync 
External: Resyr 

BER: Two digits PIU: 
COUNT: Four digit 
Flags: Sync loss, ob 

Format: 8421 BCD. 
BER &COUNT: U 
command pulse. 
Flags: Sync loss, 0 
count, output inhibit 
Command: 

Error output: 
Format: 01 
Amplitude: 

Phasing 

Synchronization: 

Display: 

Printer output: 

Options 
3760A Data generator 
able and crystal cnntrn 
tails are given 
3761A Error I 
Option 001: 
Option 002 

General 
3760A Data generato 

Power: 100 to 125 
Dimensions: 425 m 

Weight: 13.6 kg (3C 
3761A Error detector 

Power: 100 to 125 
Dimensions: 425 m 
3%’’ X 18%”). 
Weight: 10.4 kg (22 

Model number and n 
3760A Data Generatoi 
3761A Error Detector 

5%“ X 18%”) 

) bit! 
:hroi 
ichrc 

. -  I . . .  

TTL pi  

i e  transii 
+ I  V ii 

-. - . . . . - 
in the 3 

detector 
75Q CLC 
Printer ii 

as for clock output 

3s. 
el selectable. 
i to  50Q. 

tions as for Data Generator Clock Input ex- 
-ve stope triggering is available in automatic 

)ATA selectable. 
) Mb/s. 
5% dc coupled (750 optional). 
matic. 
han 500 mV pk-pk. 

aximum. 
iinimum at  50% pulse amplitude. 

se variable relative to  data. 
ff when clock and data edges coincide. 
lr 1.5 to 50 Mb/s. 
or 50 to 150 Mb/s. 
be selected for 1 Kb/s to  1.5 Mb/s operation. 

maximum. Limits f 5  V. 

ual, External. 
searches for synchronism if more than 20,000 

>. 
nization commanded from front panel. 
inization commanded by TTL input. 

5 exponent A.B X IO-” 

rerflow and gating. 
S .  

pdated display for the duration of the print 

printed in column 1. Overflow in repetitive 
.ed. 
ilse a t  display change. 

.ion per error. 
i t o  50Q. 

’: Options available include continuously vari- 
lled clocks, and delayed data output. Full de- 
760A Data Generator Data Sheet. 

)CK and DATA input inpedances. 
iterface cable. 

r: 
V or 200 to  250 V, 40 to  400 Hz, 90 W. 
m wide, 140 mm high, 467 mm deep (16%” X 

I Ib). 

V or 200 to 250 V, 40 to  400 Hz, 70 W. 
rn wide, 95 mm high, 467 mm deep (16%’’ X 

1 Ib). 
ame Price 

$5740 
$4770 



TELIECOMMUNICATIONS TEST EQUIPMENT 
Telephone cable fault locators 
4900 Series 

4910F 

18080A Test Cord for use with Western Electric 12-type and 14-type 
-,. . . . . .  .. . . . .  . - ,..-I ~ , 1 1 I 1 

Cable fault locating 
UI prime interest in telephone cable maintenance is the location ot 

physical damage to the cables. Telephone cable fault location has be- 
come an especially acute problem in recent years as more cable is 
placed underground. Although better protected from the environ- 
ment, the cable is subject to new dangers and the telephone craftsman 
is faced with locating damage hidden by several feet of earth. In addi- 
tion, higher traffic density on cables and demands for higher quality 
transmission have placed more emphasis on cable reliability and qual- 
ity. 

A logical plan of attack is essential to successful fault locating. After 
a trouble report is received at  a test center the fault must be thor- 
oughly analyzed and classified by type. Next, a sectionalization mea- 
surement is made at the test desk to get the craftsman to the closest ac- 
cess point in the field. Finally, the craftsman in the field localizes the 
fault from the closest access point and subsequently pinpoints its exact 
location with an appropriate field instrument. 

The HP cable fault locators fall into four basic categories: Test 
Desk Fault Locators, Direct Reading Fault Locators for field use, 
Tone Type Fault Locators, and Ultrasonic Leak Detectors. 
Test desk fault locators 

Fault sectionalization is performed from the test center with the 
4913A Test Desk Fault Locator and the COl and C02 4910F Open 
Fault Locators. They locate the closest cable access point to the fault 
so that the craftsman can be dispatched to pinpoint the fault and re- 
pair the damage. 
New 4913A test desk fault locator 

The 4913A is a semi-automatic Wheatstone bridge used to locate 
shorts, crosses and grounds of up to 10 million Ohms in paired con- 
ductor telephone cables. The operator simply requests a strap placed 
in the field, performs a series of checks and nulls and then reads the 
fault distance on a digital display. A self-check artificial line is built in 
to facilitate checking its operation. The set has a distance range of 37 
miles and will operate on cables with load coils, gauge changes and 
bridge taps. The 4913A is designed to interface with a test desk by 
means of 310-type plugs which are compatible with Western Electric 
and Automatic Electric test desks. Three test cord options are avail- 
able: 

(Cora type) rest uesKs. 

type) test desks. 

fied 14-type console (cordless type) test desks. 

Option CO1 and C02 4910F open fault locator 
Locates open faults from the test desk. All calculations are per- 

formed by the test set. Option CO1 is for cord type test desks and 
Option C02 is for console type test desks. 

18081A Test Cord for use with Automatic Electric Type I (cord 

18082A Test Cord for use with Western Electric 16-type and modi- 

Direct reading fault locators for field use 
Field instruments that provide a direct distance-to-fault reading in 

feet (or meters) have the benefit of relieving the craftsman of the drud- 
gery of performing manual calculations. Locating faults becomes 
faster, requires less training and is less error prone than with manual 
bridge techniques. 

4912F Conductor fault locator 
The 4912F is a direct reading, semi-automatic calculating bridge op- 

erating on the Varley principle. This instrument is designed to locate 
extremely high resistance shorts, crosses and grounds, such as might 
occur from minute amounts of moisture in plastic insulated cable 
(PIC). The 4912F is connected to an access point on the cable and the 
far end of the cable is strapped to form a bridge configuration. The 
distance-to-fault result is obtained by a simple sequence of adjust- 
ments of the instrument controls. The 4912F is battery powered, light 
and compact. It is housed in a rugged fiberglass case and is designed to 
withstand the demands of field use. 

4910F Open fault locator 
Similar in construction and operation to the 4912F, the Model 

4910F is designed to provide direct distance readings to open faults in 
paired telephone cable. The 4910F operates on a capacitance charge 
sampling principle which relates the charge placed on a length of wire 
to its capacitance and hence to its length. This entire sequence is per- 
formed automatically by the 4910F, providing an answer in just a few 
thousandths of a second. The 4910F is calibrated to the capacitance of 
the cable under test by the D FACTOR control. 
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lone type fault locators 
The tone type locator, such as the Model 4904A. places a pulsed 

tone on the faulted circuit which is traced by an inductive pickup coil 
and a sensitive tuned receiver. At the point of the fault, the signal 
drops in level, thereby pinpointing the exact physical location of the 
fault. The tone locator also has the advantage of being able to pre- 
cisely trace the path of the cable and, by triangulation, determine its 
depth at any point. This information is necessary for use in accurately 
locating the fault. It is also necessary for accurately marking the cable 
location to protect it from construction and excavation work being 
performed in the vicinity of the cable. The tone locator system is de- 
signed such that only the transmitted signal is detected, so that inter- 
fering signals (such as power line harmonics) do not interfere with the 
measurement. Output power of the transmitter is kept low to prevent 
interference with other working circuits in the cable and to prevent 
“carry-by” of the signal beyond the fault. 
4904A Cable fault locator 

The 4904A is a pulsed tone system for locating shorts, crosses and 
grounds in direct buried, underground (ducted) and aerial utilities 
cable. It also accurately locates path and depth of buried cables and 
pipes. The sensitive narrow bandwidth receiver rejects ac hum and 
permits locating high resistance faults. It produces a pulsed 990 Hz 
tone for buried cable fault locating and a pulsed 150 Hz tone for aer- 
ial cable. The tone transmitter unit also has a built-in ohmmeter for 
analyzing faults. The accessory earth contact frame is especially use- 
ful for locating high resistance pinhole faults in the cable sheathing. It 
comes complete with transmitter, receiver, search wand, earth con- 
tact frame, cables and ground rod. 
4901A Cable fault locator 

The 4901A is an economically priced cable fault locator function- 
ally similar to the 4904A. It produces only the pulsed 990 Hz and is 
limited to locating path, depth and low resistance faults. It has a built- 
in ohmmeter. 
4900A Cable fault locator 

meter feature. 
The 4900A is identical to the Model 4901A except without the ohm- 

Ultrasonic leak detection 
As pressurized gas escapes through an aperture it creates consider- 
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AUTOMATIC TEST, MEASUREMENT, AND CONTROL 
General information 
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surernent  a n d  control systems.  (Enlarged view inset shows the  new and  simplified 
s e n s o r  wire connec t  panel.) 

General information 
Hewlett-Packard has for many years been 

an industry leader in the development, man- 
ufacture, and supply of computer automated 
systems, both for stimulus-response auto- 
matic testing and for sensor-based industrial 
measurement and control. These systems offer 
significant advantages over manual data 
measurement methods. They are faster, more 
accurate, have excellent test-to-test repeata- 
bility, and are far more dependable. 

Their reliability has been proven in over a 
thousand installations with conditions rang- 
ing from controlled-environment laborato- 
ries to harsh industrial environments. Com- 
bining the power of the minicomputer with 
many years of systems experience has re- 
sulted in a broad selection of automatic test, 
measurement, and control systems - all fea- 
turing Hewlett-Packard's reputation for 
quality and excellence. 

Automatic test systems 
The Hewlett-Packard 9500 Series Auto- 

matic Test Systems cover stimulus-response 
testing over the frequency range of D C  to 
LF (to I O  MHz), RF (to 1.3 GHz), and 
microwave (to 18 GHz). These systems 
perform analog testing, and  optionally 
hybrid analog/digital testing. 

The 9510D covers stimulus-response test- 
ing over the frequency ranges of D C  to LF 
(to 10 MHz) and RF (to 500 MHz). Other 
Hewlett-Packard automatic test systems in- 
clude the 8542B Network Analyzer and the 
8580B Spectrum Analyzer. The network an- 
alyzer automatically measures transmis- 
sion/reflection characteristics of a device to 
18 GHz. The spectrum analyzer automatic- 
ally measures absolute frequency and char- 
acterizes mixers, doublers, and other fre- 
quency conversion devices to 18 GHz.* 

Hewlett-Packard also offers several spe- 
cial-purpose test systems, all related to  the 

successful modular building-block approach 
of the 9500 Series. These dedicated systems 
include the: (a) HP9540D Transceiver Test 
System. The system is particularly useful for 
production and final assembly testing, and 
for maintenance labs and service shops. It 
provides a fast, accurate, and highly repeat- 
able means of testing communications re- 
ceivers, transmitters, power supplies, as  well 
a s  comple te  two-way rad io  sets. (b)  
HP9551D Instrument Calibration System. 
The system meets exacting requirements in a 
calibration laboratory for testing high- 
population, highworkload instruments. It 
calibrates a wide variety of passive meters, 
multimeters, electronic meters (voltage, 
c u r r e n t ,  V S W R ,  p o w e r ) ,  d i f fe ren t ia l  
voltmeters, digital voltmeters, frequency 
counters ,  a n d  oscilloscopes. M o d u l a r  
expansion capabilities include calibration of 
signal sources and generators, oscillators, 
pulse generators, and function generators. 



Automatic measurement and control 
systems 

Hewlett-Packard systems for automatic 
measurement  a n d  cont ro l  (HP9602A, 
9603A, 9604A, and 961 IA) are sensor-based 
systems that acquire, process, and control 
physical measurements. Typical parameters 
measured include temperature, pressure, and 
strain. In addition, these systems can: (a) au- 
tomatically correct for sensor non-linearity, 
(b) calculate results (efficiencies, flow rates, 
heating trends, statistical distributions, etc.), 
(c) check results against limits, and, (d) log 
or display results. The systems are widely 
used in closed-loop process control applica- 
tions. Capabilities offered include: (a) high- 
speed (9603A, 9604A, and 9611A) or me- 
dium-speed high-resolution (9602A) analog 
inputs, (b) millivolt-level (9602A) and high 
level (9603A, 9604A, and 961 IA) analog in- 
puts, (c) analog output (9602A, 9603A, 
9604A, and 9611A), (d) digital input and 
output (9602A, 9603A, 9604A, and 9611A), 
and (e) event sense (9602A, 9603A, 9604A2, 
and 961 IA). 

The 961 IA System is specifically dedi- 
cated to measurement and control in an in- 
dustrial environment. Besides the capabili- 
ties mentioned above, this system features 
screw-type input/output terminals with each 
pair clearly numbered. Sections are set aside 
and labeled “relay register”, “event sense”, 
“isolated input”, etc., providing an accurate 
and easy method for connecting sensors and 
control elements. 

Solving measurement problems 
Hewlett-Packard automated systems are 

solving measurement problems i n  virtually 
every area of industrial research, develop- 
ment, manufacturing, and production. Ap- 
plications range from relatively small needs, 
such as a single measurement task requiring 
high accuracy and repeatability, to  highly 
complex multiple-task systems measuring 
thousands of variables with speed and accu- 
racy. 

Nearly 300 Hewlett-Packard automatic 
test systems have been installed. Typical of 
the test problems being solved by these sys- 
tems is aircraft maintenance testing. Com- 
plete maintenance support for an advanced 
supersonic aircraft (family) is provided by a 
complex of several Hewlett-Packard auto- 
matic test systems. The systems handle all 
testing at  three levels of support: flightline, 
intermediate repair, and depot repair. In  
practice, 70-90% reduction in test times (over 
manual testing) is consistently realized. This 
is particularly significant in flightline sup- 
port where maximum aircraft availability is 
important. 
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Operating systems for measurement 
and control 

Hewlett-Packard automatic measurement 
and control systems are available with a 
choice of operating systems to match your 
needs. These include: Basic Control System 
(BCS) and three real-time executives (RTE): 
RTE, RTE-B and RTE-C. 

The BCS is a single task, event-scheduled 
system that is programmable in H P  Assem- 
bly language, FORTRAN, and H P  ALGOL. 
As a cpu-memory-based, interrupt-driven 
system, BCS allows measurements, process- 
ing, and logging of results to take place con- 
currently. 

The RTE is a clock-and-interrupt-driven 
system providing multiprogramming, fore- 
ground-background operation with priority 
scheduling, interrupt handling, and program 
load-and-go capabilities. U n d e r  R T E  
control, several real-time foreground pro- 
grams, e.g., multiple test stations, can run 
concurrently with general-purpose back- 
ground programs. While data are being taken 
on demand, processed, and output in the 
foreground, the time not used for real-time 
processing is available for background pro- 
cessing, such as  the development of test pro- 
grams or performing analysis of measured 
data. 

The RTE-C is also a cpu-memory-based 
(no disc storage) system for real-time mea- 
surement, control, and reporting. The sys- 
tem is programmable in H P  FORTRAN, or 
H P  Assembly language. The system provides 
time and interrupt-driven, scheduled concur- 
rent operation of multiple programs with on- 
line control by the operator. 

The RTE-B is a cpu-memory-based (no 
disc storage) system for real-time measure- 
ment, control, and reporting. The system fea- 
tures programming in Hewlett-Packard’s 
Real-Time BASIC, an augmented version of 
the BASIC language. 

Distributed system applications utilize 
Hewlett-Packard’s distributed systems capa- 
bilities. A typical distributed system consists 
of a Hewlett-Packard multiprogramming 
system (9603A) as the central control over a 
number of measurement and control systems 
(9603R or 961 IR) or automatic test systems 
(9500 Series and 9510D). An RTE system can 
also function as a remote job  entry terminal 
for IBM 360/370 systems for extension of dis- 
tributed system communication to the high- 
est level. 

The following few pages more fully de- 
scribe Hewlett-Packard’s automatic test, 
measurement, and control systems. 

*Network respectively. Analyzers and Spectrum Analyzers. pages 438 and 468 
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Measurement and control systems 
9600 Series and distributed svstems 

You can choose the system that best suits your application needs from 
the following: 
(a) For measurement applications requiring high accuracy and high- 
resolution, multifunction (dc, ac, resistance, frequency) capabilities, 
choose the 9602A system. 
(b) For scientific measurement and control applications requiring fast 
sampling (to 45 kHz) of analog inputs, choose the 9603A or 9604A 
system. 
(c) For industrial measurement and control applications where con- 
ditioned analog and digital 1 / 0  are required, choose the 961 1A sys- 
tem. 
(d) Further, you can choose from four software operating systems: 
"' The RTE-B (Option A01 for 9602A/9603A/9611A) is a low- 

jriced, cpu-memory-based measurement and control system 
:ombining the ease and speed of conversational BASIC lan- 
page programming with real-time multi-tasking operation of 
IP to 16 different time and event-scheduled tasks. 

,-, The RTE-C (Option A02 for 9602A/9603A/9611A) is a low- 
priced, cpu-memory-based multiprogramming system for real- 
time applications not requiring the extensive storage capacity of 
disc memory. It offers program-compatible upgrading to disc- 
based RTE. 

1 The RTE (Option A03 for 9602A, 9603A, 961 1A) system adds 
2.47 million words of mass storage on a moving-head, inter- 
changeable cartridge disc memory to the capabilities of the 
RTE-C system. It offers the advantage of program develop- 
ment concurrently with real-time measurement and control op- 

: Control System for 9604A) system is a cpu- 
ingle-task, event-scheduled system that is pro- 
Hewlett-Packard Assembly language, FOR- 
wlett-Packard ALGOL. As an interrupt-driven 
)ws measurement, processing and logging of re- 

erations. 
(4) The BCS (Basic 

memory-based s 
grammable in 
TRAN, and He, 
system, BCS allc 
sults to take pls 

PRESSURES ETC 

Hewlett-Packard 9600 Systems for automatic measurement and 
control acquire, process, and control physical measurements in re- 
search, development, manufacturing, and production applications. By 
using these systems to speed up the acquisition, processing, and out- 
put of data you can increase the productivity and profitability of your 
operation. More and more research lab managers, manufacturing 
managers, and production managers are realizing these facts. They 
have seen that the cost effectiveness of their operations are increas- 
ingly dependent upon the speed and accuracy with which essential 
data are acquired, processed, and provided in readily interpretable 
form. Hewlett-Packard 9600 Systems are uniquely qualified by our 
more than 18 years experience in building automatic measuring sys- 
tems and more than 30 years of contribution to the fields of measure- 
ment and instrumentation. 
Wide selection of capabilities 

The major functions of Hewlett-Packard measurement and control 
systems are shown in the block diagram. Hewlett-Packard 9600 Sys- 
tems are available in a range of configurations with capabilities to 
meet virtually every sensor-based measurement and control need. 
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Automatic measurement and control system major functions 

Computation and system control 
Central element in the measurement and control systems is a Hew- 

lett-Packard microprogrammable processor (minicomputer), de- 
signed specifically for convenient and flexible system control. These 
processors are Hewlett-Packard's latest achievements in a highly suc- 
cessful line of minicomputers. They are built to work, and keep on 
working-on the factory floor, aboard ship, and in aircraft, as well as 
in air conditioned computer rooms. 



Sample rate Input 
(dc chan/sec) Range Accuracy Channels 

14 0.1 to 0.01% rdg f 200 3-wire 
1000 V 0.005% fs expandable 
(500 V to 1000 
max.) 

100 V 0.005% fs expandable 
40 0.1 to 0.012% rdg f 10 3-wire 

to 1000 

High-speed measurements (9603A/9604A/9611A) 
Recovery of dynamic information from accelerometers and similai 

transducers, or sampling many channels of data with reasonable fre 
quency, requires the use of a high-speed analog-to-digital subsystem 
to digitize the adalog data. For this purpose, Hewlett-Packard offer: 
wide capabilities through plug-in analog-to-digital converters, digi 
tal-to-analog converters, and multiplexers, as shown in the tablc 
below. 

Measurement 
Options 

AC, resis- 
tance, fre- 
quency 

AC 
frequency 

Throughput Number I Function 1 Rate I Range (fs) 1 of Channels* 

High-Level 45,000 f10.24 V Up to 1056 single- f0.09% f44 LSB I I I I  Multiplexer chan/sec ended or 528 diff. 

Low-Level 8,000 +10 mV to f 0 . 3 3 %  to 
Multiplexer chan/sec f800 mV Up to 528 differ- f0.14% 

Multiplexer chan/sec f400 mV f0.14% 

entia1 (16 per 
multiplexer) 

D-A 15,000 up to 44 (two 
Converter points/sec f10.24 V chan/converter) 40.025% 

'Number of channels of each inputloutput function depends upon others in use; maximum numbers show1 
assume only that function is used. 
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external contact closures : 
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eral-purpose plug-in intei 
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scribed below.) Digital i i  
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tus inputs to the system f 
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Multiprogrammer sysl 
The measurement and 

pabilities can be greatly 
Multiprogrammer Subsy 
channels which may be u! 
input/output capacity 01 
tended to as many as  240 
programmer Extenders. 
accepts the following pli 
Input Card which accept 
struments, pushbuttons, 
the form of logic levels c 
also available for monito 
cannot be connected to 
Card that provides 12 bi 
its output for digitally c( 
state relays. Instruments 
controlled from several ( 

that provides 12 indepen 
Event Sense Card that mc 
interrupts the system whe 
spect to 12 reference bits 
terrupt when the 12 bits 
greater than, or less than 

id-hold amplifier (included with the A-D 
res minimum sample-to-sample timing vari- 
urement commands. Subsystem timing vari- 
thin 30 to  100 nanoseconds. Further assur- 
variation is obtained by using an optional 
provide measurement commands with very 

he A-D converter achieves an absolute sys- 
ianoseconds when the pacer is used in con- 
-and-hold amplifier. 

ement and control systems must respond to 
ind other digital inputs. In addition, the sys- 
contact closures or  other digital outputs for 

' s .  Digital input/output is provided by gen- 
-face cards. (Other digital input/output ca- 
by the Multiprogrammer Subsystem, de- 
nput/output capabilities include: (a) 32-bit 
ig multiple contact closures, control, or sta- 
i o m  switches on controlled devices or simi- 
egisters which provide digital input/output 
of control and status information via a sin- 

ible in 16-bit and 8-bit versions at transistor 
P N P  logic. (c) Microcircuit Interface which 
tput a t  DTL- or TTL-compatible IC logic 
round-true or positive-true logic. (d) Relay 

for applications in which external equip- 
'om the system. Sixteen individual floating 
exible use of output bit states in addition to  
{stem ground. Applications include energiz- 
control of power supply output, amplifier 

se by switching control-loop resistances, in- 
es, and energizing of remote indicators. (e) 
:ontrol situations where high precision is re- 
nnecting multiple bit states from the system 
vternal circuits. Both positive-true and posi- 
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tem expansion 
control system (9603A/9604A/961 IA)  ca- 
expanded by means of a Hewlett-Packard 
'stem. The Multiprogrammer provides 15 
ied for 12-bit digital input/output. The basic 
F the Multiprogrammer can be further ex- 
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The versatile Multiprogrammer Subsystem 
ig-in digital input/output cards: (a) Digital 
s 12 bits of data from digital measuring in- 
switches, relays, and other digital devices in 
)r contact closures. Isolated Digital Input is 
ring circuits driven from power supplies that 
system (earth) ground. (b) Digital Output 

ts with TTL/DTL-Compatible logic level as 
introlled instruments, indicators, and solid- 
requiring more than 12 bits of data can be 
jigital output cards. (c) Relay Output Card 
dent SPST normally-open contact pairs. (d) 
initors up to 12 external contact closures and 
:n one or more contacts change state with re- 
stored on the card. The card can be set to  in- 
being monitored are equal to, not equal to, 
a 12-bit reference pattern stored on the card. 
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9600 Series and distributed systems (cont.) 

This flexibility allows the Multiprogrammer to  act as an alarm sen- 
sor, freeing the system to perform other tasks during non-alarm con- 
ditions. (e) Stepping Motor Control Card produces from one to 2047 
square wave pulses at either of two output terminals. When applied to  
a stepping motor translator, these pulses are converted t o  drive pulses 
for an associated stepping motor. (f) Timer and Frequency Reference 
Card that provides a one-shot on/off output signal that is program- 
mable from one microsecond to 40 days in duration. When con- 
nected to a safety switch or  audible alarm, the unit can serve as  a 
watchdog timer. The square wave outputs can be used to  control the 
timing of external measurement and data acquisition devices. (8) 
Pulse Counter Card that totalizes digital logic level pulses or  contact 
closures. The counter may be preset to  any count from 0 to  4095; 
count up/count down inputs are available. Remote 1 / 0  capability is 
available up to three kilometers (10,000 feet). 

Hewlett-Packard offers an array of peripheral equipment for oper- 
ator communication with the system and also for data recording, stor- 
age, and display. 

A Keyboard-Printer Terminal provides quiet communications be- 
tween the operator and the system at  a data rate of 30 characters per 
second. A terminal with keyboard and display is also available for 
quiet communication with the system. It is particularly desirable in 
systems where hard copy is provided by a Line Printer. This terminal 
operates a t  a data rate of 200 characters per second, and displays 25 
lines with up to 80 characters per line. 

A modified ASR-33 Teleprinter is available for operator-system 
communication. It provides tape read/punch capabilities and a hard- 
copy printed record, in addition to  the operator keyboard. However, 
the Teleprinter’s IO-character-per-second data rate may be too slow 
for certain operations. For this reason, the 9600 Series systems are 
equipped with a 500-character-per-second Tape Reader to  speed com- 
pilation and input of programs. 

An Optical Mark Reader can give a measurement and control sys- 
tem added versatility for program and data entry by using either 
mark-sense or  punched cards. A combination mark-sense/punched- 
card reader can read 300 cards per minute. Also available is a punched 
card only reader that reads up to  600 cards per minute. 

Storage of system software on Magnetic Tape enables programs to  
be compiled, edited, and input to the system far more quickly and 
conveniently than with punched tape. Magnetic Tape Units are avail- 
able in 7- and 9-channel versions, with tape speeds ranging from 10 t o  
45 inches per second at densities up to  1600 characters per inch, yield- 
ing data read/writc rates up to 72 1. 

A Moving Head Disc Drive Unit 53) sys- 
tems. In this unit, an interchangeal ;ed disc 
together store 2.5 million words wil :ss than 
35 milliseconds and 122.800 words VCI SC;LUIIU L I ~ I S I C I  ILLLG.  Up to 

e 

,000 characters per seconc 
is used in RTE (Option A( 
ble disc cartridge and a f ir  
th average access time of It . - ~ -  ^ _ ^ ^ _ A  .----c-- -,.*- 

three additional disc drives, operated’from the same controller, can b’ 
used to increase storage capacity to ten million words. 

Data recording, storage, and display 
Peripherals for direct printout include the Keyboard-Terminal an d 

the Teleprinter mentioned previously, plus two Line Printers. For  
maximum printout rate, a high-speed Line Printer is recommended. 
Line Printers are available to  print up to  132 columns per line at  a rate 
of 600 lines per minute. 

For  applications where the Keyboard-Terminal and Teleprinter are  
too slow for data logging, a Tape Punch is available. The punch logs 
data a t  75 characters per second. 

Data logging and mass storage on magnetic tape is provided by a 
wide selection of Magnetic Tape Units, previously described. 

Fastest read/write communication with mass storage is obtained 
with a Disc Memory Unit, previously described. 

Interpretation of data gathered and processed is often simplified by 
graphic presentation. One means of providing such presentation is an 
X-Y Display Unit. Hewlett-Packard offers an 8 X I O  centimeter (3.2 
X 4 inch) X-Y Display with high intensity storage that  minimizes dis- 
play refresh time. The display features 1 part in 256 resolution along 
the X and Y axes. Annotations can be added easily with the character 
and graph generator software supplied with the system. Permanent X- 
Y recordings on  a 25 X 38 centimeter ( I O  X 15 inch) writing area can 
be obtained with a Graphic Plotter that offers resolution of 1 par t  in 
10,000 on X and Y axes with 0.18 millimeter (0.007 inch) resettabil- 
ity. 

Operating systems for measurement and control 
The key to successful implementation of any measurement and con- 

trol system often is found within the capabilities of the operating sys- 
tem supplied with the hardware. The four operating systems, briefly 
described earlier, represent the most comprehensive software avail- 
able for automatic measurement and control systems. Included are  
FORTRAN and ALGOL compilers, BASIC interpreter, Hewlett- 
Packard Assemblers, and source program editing and debugging rou- 
tines. A comprehensive program library is included with each system. 
A FORTRAN IV compiler is available with R T E  (Option A03) Real- 
Time Executive Systems. FORTRAN, ALGOL, BASIC, and Assem- 
bly language callable driver routines, compatible with the selected sys- 
tem, are furnished with most of the system measurement and periph- 
eral modules and interfaces. 

Hewlett-Packard real-time executive systems offer the capability of 
automatic assembly, compilation, loading, and execution of pro- 
grams in the “background.” These activities take place concurrently 
with the real-time (“foreground”) operations of the system. With 
these systems, programs can be added or deleted on-line without in- 
terrupting current operations. 

Industrial measurement and control 
Specifically dedicated t o  industrial measurement and control needs 

is the 961 IA system. This system derives basic measurement and con- 
trol capabilities from the 9603 system, i.e., all of the analog and digi- 
tal input/output capabilities, mentioned earlier, are directly applica- 
ble to the 9611A. 

Industrial applications often require a wide mix of analog and digi- 



tal input/output capabilities. For this reason, the versatile Mpltipro- 
grammer subsystem is included as standard with the 961 1A. Also in- 
cluded is a screw-type termination panel that provides an easy-to-con- 
nect interface for analog sensors and transducers, contacts, limit 
switches, and other system elements. All plug-in card expansions to 
the Multiprogrammer are supplied complete with a terminal panel 
strip, clearly labeled by function, ready for mounting on the terminal 
rack. 

Industry-oriented, utility software 
The implementatlon of automated measurement and control sys- 

tems often involves special data and signal processing functions. T o  
minimize user's time, effort, and cost investment in providing these 
additional functions, a library of seven different routines for sensor- 
based measurement and control applications is available, as  listed 
below. Routines in the library are callable from FORTRAN, 
ALGOL, and Hewlett-Packard Assembly language. All of the rou- 
tines except Code Conversion and integer routines of the Statistical 
Analysis Package are also programmable in Hewlett-Packard Real- 
Time BASIC. The measurement and control utility library consists 01 
the following: (a) Thermocouple Linearization Package that converts 
thermocouple voltage to  "C or OF. Corrections are made for thermo. 
couple non-linearity for Type J, K, and T thermocouples from 
- 150°C to 900°C (-238" to  1650'F). Accuracy is f0.28"C (f0.5'F) 
(b) Humidity from dew point temperature or wet and dry bulb tern. 
peratures. Also, vapor pressure is calculated from dew point temper. 
ature, relative humidity, or wet and dry bulb temperatures. Accurac) 
is within I%. (c) Statistics Package that calculates mean, standard de. 
viation, and histogram from fixed or running data. (d) Code Conver. 
sion Package that converts ASCII to EBCDIC or BCD, and vicc 
versa. (e) Curve Fitting Package that performs least squares err01 
curve fit of user's data to choice of six different standard functions. (f 
Interpolation Package that performs linear and second-order inter 
polation of uniformly-spaced or randomly-spaced data. (g) Integra 
tion Package that performs numerical integration of first- and sec 
ond-order fixed data or running data. 

Remote measurement stations 
The 9603R Remote Scient~fic Measurement Station and the 96111 

Remote Industrial Measurement Station are  designed for remote mea 
surement applications. These stations provide analog/digital i n  
put/output under control of 9603A Scientific or 961 1A Industriz 
Computer-based Measurement and Control Systems. The remote sta 
tions can be separated from the computer-based system by as much a 
three kilometers (10 000 feet). 

Distributed systems 
For applications where data must be acquired from widely-sepa 

rated sites and coordinated at  a central location, Hewlett-Packard of 
fers complete distributed systems capability. The distributed systen 
consists of a disc-based real-time multiprogramming central system 
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)70 computer in the EDP complex receives processed 
n multiple supervisory-level central systems. User's 
EDP computer can merge the real-time distributed 

tion to provide comprehensive, up-to-the-minute re- 
ms to  top managers. At the same time, the EDP com- 
es can serve the lower-echelon computers on a re- 
)asis. 
vel disc-based, Hewlett-Packard R T E  central sys- 
nmunications with satellite systems and the top man- 
3 P  complex. They also provide centralized program 
ogram and data storage, and additional data pro- 
atellite systems. The satellite systems can communi- 
via direct wire up to three kilometers (l0,OOO feet). 

ances, or for greater routing flexibility, communica- 
synchronous or asynchronous modem and the tele- 

Lrd satellite systems are  typically used for computer- 
iring, lab experiment control, and similar opera- 
cations. Satellite systems can exchange programs and 
rocessing workloads and use of peripherals with cen- 
y enhancing their effectiveness. 



AUTOMATIC TEST, MEASUREMENT, AND COWROL 
Automatic test systems 
Models 9510D & 9500D 

HP9510D Automatic Test System with typical device being 
readied for testing 

Hewlett-Packard 9510D and 9500D Automatic Test Systems offer a 
highly cost-effective solution to  the testing requirements of modern 
electronic equipment. The automated systems utilize stimulus-re- 
sponse techniques and encompass a wide range of testing capability, 
from individual circuit modules and sub-assemblies to highly com- 
plex avionic systems. These systems can significantly increase the vol- 
ume of products tested per unit time as compared to  manual meth- 
ods, thus eliminating production bottlenecks at  test stations. The 
speed of the automated system makes it possible to  conduct many 
more measurements on your unit under test (UUT), allowing you to  
more thoroughly characterize your products and specify them with 
greater assurance of reliable operation. Each test represents very ac- 
curate performance specifications for the UUT. System printed data 
sent along with the U U T  gives the end-user a high confidence that the 
product will perform as  specified. Moreover, the automated systems 
perform with consistent repeatability and accuracy from test to  test, 
without human errors from interpreting analog meter readings or 
transposition of digits when logging results. The automated system 
can catch virtually all faults a t  module or subassembly level before 
they become costly troubleshooting puzzles during final checkout. 
Comprehensive testing capabilities 

The 9510D Automatic Test System is a fully-specified, stimulus-re- 
sponse system that covers the frequency range from dc to  10 MHz, 
and optionally, up to 500 MHz. 

The automated system stimulates and measures dc and ac voltages, 
resistance, and frequency functions. In addition, distortion, F M  devi- 
ation, and phase are measured by means of innovative techniques 
using software algorithms. This eliminates the need for correspond- 
ing measuring instruments while providing equivalent performance at 
far less cost. Optional R F  (to 500 MHz) test capability provides for 
automatic stimulus and measurement of carrier frequency, R F  power, 

COMPUTER 
CONTROL PANEL 
TELEPRINTER 
PUNCHEDTAPE READER 

CONTROL/INPUTS DUrPUTS 

UNIT  UNDER TEST 

Hewlett-Packard Automatic Test System overall concept 

A M  modulation depth, F M  deviation, plus A M  and F M  modulation 
distortion. Other optional capabilities include pulse stimulus and 
waveform analysis. While the majority of applications involve testing 
of analog devices, the 9510D can also perform digital testing with an 
optional Digital Test Module. The digital module performs static 
functional testing. The block diagram shows a general layout typical 
of Hewlett-Packard automatic test systems. 

Fully-specifid performance 
The 9510D offers a significant contribution to  the field of auto- 

matic testing because it is a total system, thoroughly engineered with 
system-level performance specified at the point where the O U T  inter- 
faces with the system. Furthermore, system calibration is initially 
traceable to the National Bureau of Standards (NBS) at  time of ship- 
ment. The fully-specified performance means you can match your re- 
quirements and pre-plan your testing facility with complete assurance 
that all essential parameters are known beforehand. 



Verifying system performance 
The 9510D Automatic Test System has built-in capabilities to  v 

ify system performance on a day-to-day basis throughout the s 
tern's lifetime. O n  a daily basis, the System Functional Test (SF 
provides a check of overall system operation. Periodically, the C: 
bration Verification Test (CVT) can be performed by the user to v 
ify that the system performs in accordance with the electrical spec 
cations. Both the SFT and CVT are performed by Hewlett-Packa 
at  the factory, prior to shipment. Test records are shipped with e; 
system. 

The SFT consists of a series of software programs used in conju 
tion with a self-test adapter (supplied) that inserts into the front of 
system. The SFT checks functional operation of system modules. 1 
entire test is completely automated, making it easy to  perform a 
weekly, or even daily, system confidence check. 

The CVT is a series of software programs linked together and u 
in conjunction with the self-test adapter. The 9510D measuring 
struments (digital voltmeter, counter and optional power meter), 
riodically calibrated by the user in his standards laboratory, are 
signated as  transfer standards and connected to the self-test adap 
through their front panel terminals. In operation, the CVT perfor 
detailed tests on the stimulus functions against these transfer st 
dards in accordance with published electrical specifications. Ac 
racy performance is verified at  the U U T  interface panel on  the fri 
of the system. The CVT provides instructions to the operator for 
terconnecting and setting up the computer-assisted portion of the s 
tern verification tests. 

Flexible test interface 
The 9510D Automatic Test System is supplied (optional in 95C 

Systems) with a U U T  adapter module that provides a generalq 
pose cabling interface between the system stimulus, measurement, 
switching modules and the UUT. The interface connectors 
grouped into two major sections. The first section is mounted in 
system rack and consists of (A) a 1768-pin interface panel for dc 
low-frequency signals, (B) a 52-pin coaxial connector for high- 
quency signals, and (C) a high-current connector. These connecl 
are cabled to  all stimulus, measurement, and switching function 
the system. The second section consists of a removable 1768-pin I 

9510D Specifications 
Stimulus 
DC power: 25 V, 2 A; 40 V, 10 A*, up to a total of 9 D C  source 
Precision DC: 100 V, 500 mA 
Precision AC: to  13 MHz 
Multifunction AC: to 1 MHz* (sine, square, triangular) 
Pulse: to f10 V; from 25 Hz to 25 MHz* 
C W  to 500 MHz* from -70 dBm to  +9.5 dBm 
AM: Rate to 100 kHz at  up to 90% depth* 
FM: Rate to 100 kHz; to  99 kHz deviation 

Switching 
Crossbar Scanner for 100 measurement channels 
Low-Frequency Relay Switching for stimulus functions 
Coaxial Switching for high-frequency stimulus and measurem 
functions 

Measurement 
DC volts: f 3 0 0  volts 
Resistance: to 15 MR 
AC rms volts: f 3 0 0  V, to  1 MHz 
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Pushbutton operating 
The system Controller 

grams using pushbutton 
rected operator response 
The system is also safegi 
switch that locks out  u 
grams. Therefore, testin! 
without danger to the sq 

Test-oriented softwarl 
The 9510D Automatic 

test language and a soft 
Test Oriented Disc Syste 
nation offers the time an 
programming plus data c 
applications programmin 
tion procedures. 

An important contribi 
matic test system is p r o  
rectly to fault analysis pr 
in repairing faulty units, 
ther analysis to determin 
subsequent corrective a 
product yields which, in 

H P  ATS BASIC test 
BASIC familiar to  time-s 
itself and the generally s 
apply to the test langua] 
use abbreviations for in 
and technicians, to corn 
making it possible to co 
and switching instrumer 
vide range, function, frc 
tion, and receive measurc 

*ATS BASIC Brochure, 5952.1330, and 
Sales Offices. 

Freq/time: to  50 MHz 
Distortion: 15% max., 2 
Phase: 1" to 360" at  I (  
Waveform analysis: frc 
CW: to 500 MHz** 
RF power: -30 dBm t( 
AM: to 3 kHz at up to 
FM: to  15 kHz deviatio 

Digital Testing** 
Driver: f 1 2  V 
Comparator: f 1 2  V 
I/O: 24 pins; up to 120 

Controller and periph 
Computer/controller: : 
Disc memory: 2.5 M M 
Tape punch: 75 char/st 
Inputloutput periphera 
play** 
"Ootional 

:ame) which plugs directly into the interface 
e system. User test connectors and cables are 
:r frame. 

allows the operator to  load and execute pro- 
s on an Operator Panel. Other system-di- 
s may also be entered in the same manner. 
uarded from tampering by means of a key- 
inauthorized writing or modifying of pro- 
: can be performed by unskilled operators 
'stem or your units to  be tested. 

Test System incorporates H P  ATS BASIC* 
ware control executive - Hewlett-Packard's 
m (TODS).* This powerful software combi- 
d money-saving benefits inherent in BASIC 
nanagement, multi-language processing, and 
ig aids that simplify the overall test prepara- 

ition to the return on investment in the auto- 
vided by the ability to tie test programs di- 
ograms. The results can be printed out to aid 
and can also be stored in the system for fur- 

ie failure trends. Analysis of failure data and 
ction invariably leads to  improvements in 
turn, means improved profits. 
language is an augmented version of the 

,hare terminal users. The simplicity of BASIC 
tccepted ease of learning how to  use it, fully 
4e version as well. Test language statements 
strurnents, as  commonly used by engineers 
iplement the English statements of BASIC, 
mmunicate with the stimulus, measurement, 
itation of the system. These statements pro- 
:quency, voltage, or other control informa- 
:ment results or status information for use by 

convenience 

e 

TODS Brochure. 5952-1381, are available from Hewlett.Packard Field 

(500 MHz optional) 
I kHz 
1 Hz to  5 kHz 
i m  20 mV; from 1 ns r.t.** 

I f10 dBm** 
95% modulation depth** 
n, at rates up to 3 kHz** 

pins 

terals 
24 K memory; to 32 K memory** 
rords 
ec* * 
IS: Keyboard 30 char/sec Keyboard/Dis- 
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AUTOMATIC TEST, MEASUREMENT, AND CONTROL 
9510D and 9500D (cont.) 

the test program. Mathematical statements, following a comparably 
simple format, can be used to access a library of mathematical func- 
tions, contained in the system, for computation of data received from 
the instruments. 

The TODS executive, utilizing the system’s large capacity disc stor- 
age, offers a number of other useful functions designed to increase the 
efficiency and productivity of the automatic test system. For ex- 
ample: 

A program can request loading and execution of another program 
without operator intervention. 

0 Comprehensive data management functions can handle test cata- 
loging, program storing and retrieving, program/disc cartridge du- 
plication, and general data file maintenance. 

Peripherals for controller expansion 
Hewlett-Packard offers several very useful peripherals for auto- 

matic test systems. Some of the most commonly used peripherals are: 
(A) Keyboard-Printer Terminal for quiet communication at 30 char- 
acters per second. (B) Digital Clock module that provides time by 
day, hour, minutes, and seconds; for 9500D only. (C) Keyboard-Dis- 
play Terminal often used in systems where hard copy is provided by a 
line printer. (D) Heavy-Duty Teleprinter rather than a standard tele- 
printer in systems that require usage in excess of five hours per day or 
thirty hours per week; for 9500D only. (E) A choice of two Line Print- 
ers with maximum output of 600 lines per minute; for 9500D only. (F) 
Tape Punch that provides data logging on punched tape at a rate of 75 
characters per second. (G) Magnetic Tape Mass Storage; for 9500D 
only. 

General-purpose automatic test system 
Complementing the automatic testing capabilities of the 95 IOD, is 

the 9500D Automatic Test System. Based on modular building-block 
techniques, the 9500D systems provide a wide latitude in testing ca- 
pabilities, with easy expansion to handle future testing needs. 

Hewlett-Packard’s 9500 Systems are, at the same time, fully stan- 
dardized and fully flexible in configuration and operation. Since both 
systems perform stimulus-response testing, the hardware shown in the 
block diagram also applies to the 9500D System. The broad testing 
capabilities of the 9500D System lie in the fact that it is supplied with 
a standard disc-based controller while all stimulus, measurement, 
switching, and interface hardware are available as options. Each con- 
troller consists of a computer and certain peripherals. Other blocks 
represent essential elements, but within each element is a number of 
options. For example, Stimulus Subsystems consist of a variety of op- 
tional instruments. Thus, only those instruments providing the needed 
stimuli would be ordered with your system. 

Stimulus subsystems 
Stimulus Subsystems provide the signals applied to the UUT. The 

subsystems are supplied complete with all hardware and software 
drivers. Optional stimulus subsystems available include: (A) Signal 
Sources providing outputs from 0.001 Hz to 1.3 GHz. (B) Waveform 
Synthesizer providing sine, square, and triangular waveforms up to 1 
MHz. (C) Pulse Generator with plug-ins for rate, delay, variable pulse 
width, rise and fall time, amplitude, and offset. (D) Digital Voltage 
Sources providing voltage stimuli at f 5 0  volts and 5 amps, and f 100 

volts and 0.5 amp. Higher power available includes 10 volts at 20 
amps, 40 volts at 10 amps, and 60 volts at 15 amps. 

Measurement subsystems 
Measurement Subsystems measure signals from the UUT and also 

check applied stimulus signals. The subsystems are supplied complete 
with all hardware and software drivers. Optional measurement sub- 
systems available include: (A) High-speed Digital Voltmeter that 
measures dc voltage, true rms ac voltage, and resistance. (B) Distor- 
tion Analyzer measuring from 50 Hz to 100 kHz. (C) Timer/Counter 
that measures frequency up to 550 MHz and time interval down to 
100 nsec. (D) Vector Voltmeter for measuring from 1 MHz to 1 GHz. 
(E) R F  Power Meter that measures from 1 MHz to 3 GHz or I O  MHz 
to 18 GHz. 

Switching subsystems 
Electrical switches provide the paths to connect stimulus and mea- 

surement instruments to the UUT, and to each other for self-check- 
ing. The type of switch needed depends on the type of signal to be car- 
ried (dc, rf, pulse, current level, etc.), the number of connections to be 
made, and operating speed. The subsystems include all hardware and 
a software driver. Optional Switching Subsystems available include: 
(A) Guarded Crossbar Scanner for switching analog inputs to the dig- 
ital voltmeter. Up to 200 three-wire channels can be switched. (B) 
Modular Switching Subsystem that can handle an extremely large 
number of switches. Plug-in switch cards offer a choice of relay trees 
for distribution switching, general purpose relays, reed relays, and 
transistor switches with storage for each. The maximum switch ca- 
pacity is 16,384, and the actual number of switches depends upon the 
selection of switching card options. (C) Coaxial switching to switch 
high-frequency signals. 

Expanding system capabilities 
The modular construction of the 9500D Automatic Test System 

makes it possible to choose and individualize your system from the 
wide selection of stimulus, measurement, and switching modules pre- 
viously described. Hewlett-Packard also has available a wide selec- 
tion of system-oriented instrumentation that can provide added test- 
ing capabilities. These include: 

Waveform Analysis Spectrum Analysis 0 Phase/Gain Mea- 
surement * R F  Digital Voltage Measurements * High-Resolution 
Digital Voltage Measurements Preset Counter Functions Com- 
puting Counter High-Accuracy Counting Functions Digital-to- 
Synchro Resolver Capabilities Synchro-to-Digital Resolver Capa- 
bilities 400 Hz High-Power Supplies (single and multiphase) 
Switching for High-Frequency Inputs (to 18 GHz) Serial Word 
Generation High-Power R F  Generation High-Current Switch- 
ing * Interface for High-Frequency UUTs * Interface for High- 
Current UUTs 

Special-engineered systems 
Hewlett-Packard can custom-engineer added capabilities into the 

9500D Systems using a selection of the system-oriented instruments 
above. These expansion capabilities can be used to meet a broad range 
of specialized customer test problems. Hewlett-Packard’s expertise in 
system design is available to help you plan your automatic test sys- 
tem by contacting the nearest Hewlett-Packard Field Sales Office. 
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Dedicated test systems 

Models 9540D & 9551D 

Two-way radio transmitter alignment utilizing a 9540D Trans- 
ceiver Test System. 

Based on the highly-successful 9500 Series systems, Hewlett-Pack- 
ard has developed specialized systems with capabilities dedicated to 
specific automatic testing needs. They are: 9540D Transceiver Test 
System and 9551 D Instrument Calibration System. 

These computer-controlled systems incorporate the same pro- 
gramming language, HP  ATS BASIC, and the same operating sys- 
tem, Hewlett-Packard’s Test Oriented Disc System (TODS), as the 
9500 Systems. The ease-of-learning aspect of HP ATS BASIC makes 
it the ideal programming language for these systems because pro- 
gramming can be done by test engineers or test technicians. Each sys- 
tem also incorporates its own unique operator panel that eliminates 
the need for a test operator to handle any computer switches. Partic- 
ularly significant, from the cost-effectiveness standpoint, is that these 
systems do not require a full-time programmer in attendance; rather, 
they are truly designed for operation by test technicians, or produc- 
tion workers. 
Testing transceivers 

The 9540D Transceiver Test System provides a fast, accurate, and 
consistently repeatable means of testing communications receivers, 
transmitters, power supplies, as well as complete two-way radio sets. 
These systems perform all the testing requirements for AM and FM 
two-way radios operating from 10 MHz to 1300 MHz at one watt to 
100 watts power output (special attenuators allow testing below one 
watt and above 100 watts). 

The systems are particularly effective for production and final as- 
sembly testing applications, and for the testing needs of maintenance 
labs and service shops. 

In operation, the 9540D displays all operator instructions, such as 
“enter serial no.,” “adjust squelch to max,” etc. Also, tests can be re- 
peated at new frequencies and amplitudes, desired results can be cal- 
culated from measured values, the system can check itself for mal- 
functions, show whether the unit under test (UUT) has passed or 
failed, and repeat these functions accurately every time. Hewlett- 
Packard supplies several sample test programs (measuring receiver 
sensitivity, audio distortion, etc.) with each system, as a guide to as- 

Transmitter tests 
Carrier Power Output FM Deviation 
Carrier Frequency and Stability Audio Distortion 
AM Hum and Noise Audio Frequency Response 
FM Hum and Noise Audio Sensitivity 
AM Modulation 

Receiver tests 
SINAD Sensitivity Audio Frequency Response 
Quieting Sensitivity FM Modulation Acceptance 
Audio Sensitivity Bandwidth 
Squelch Operation 
Audio Power Output 
Audio Distortion IF Rejection 

Modulators and Subassemblies Audio Amplifiers 
Local Oscillators Filters 
Frequency Synthesizers Selective Signaling Circuits 
IF Amdifiers Power Suoolies 

Hum and Noise Levels 
Image Channel Rejection 

[ Modules & subassemblies 

sist in writing programs for your specific needs. Testing capabilities of 
the 9540D System are shown in the table above. 

Calibrating instruments 
The 9551 D Instrument Calibration System brings to the calibra- 

tion laboratory a cost-effective solution to calibrating the myriad 
complex instruments in use today. At the same time, these automated 
systems effectively reduce the costs of training skilled technicians, 
while increasing efficiency by helping to solve present and future 
workloads and other lab management problems. 

The system incorporates a wide variety of calibration-quality in- 
struments, easily recognized by those involved in cal lab work as re- 
quired for calibration purposes. The system calibrates a wide variety 
of passive meters, multimeters, electronic meters (voltage, current, 
VSWR, power, etc.) differential voltmeters, digital voltmeters, fre- 
quency counters, and oscilloscopes along with their plug-ins and am- 
plifiers. In addition, the system can optionally calibrate signal sources 
and generators, oscillators, pulse generators, and function genera- 
tors. 

The 9551D System has built-in capabilities to maintain peak per- 
formance and accuracy on a day-to-day basis throughout the sys- 
tem’s lifetime. On a daily basis, the System Functional Test (SFT) 
provides a quick check of system operation. Periodically, the Cali- 
bration Verification Test (CVT) can be performed by the user to ver- 
ify that the system performs in accordance with the electrical specifi- 
cations. The SFT and CVT are equivalent to the SFT and CVT asso- 
ciated with the 9510D System, as described on the pages immediately 
preceding this page. 

The 9551D System is suited for installation in new cal labs or in 
existing labs to upgrade the procedures to automatic calibration. To 
give you a head start, in putting your system to work, or to facilitate a 
changeover, Hewlett-Packard has available 24 different ready-to-use 
sample instrument calibration programs. These programs are sup- 
plied, along with other instructional material, to each student who at- 
tends the Hewlett-Packard Instrument Calibration System Training 
course. Students are instructed in the use of the programs which in- 
clude performance tests, alignment procedures, and printout of test 
data for the sample instrume 
procedures are available foi 
struments with selections of 
ers, and signal sources. 
Expert assistance availa 
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neering assistance to solve your communications testing, calibration, 
or digital testing needs. Brochures covering the systems briefly d e  
scribed here are available from Hewlett-Packard field sales offices. 
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Multiprogrammer: bidirectional system interface 
Models 69408 &? 69418 
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block system for automatic test and control. As shown above, the 
Multiprogrammer building-block components include two types of 
mainframes and a family of programmable plug-in cards. 

For small systems, only one 6940B Mainframe and from 1 to 15 
plug-in cards are needed. The cards are randomly addressable by the 
computer allowing them to be mixed in any order within the main- 
frame; cards can be added or removed from the system without up- 
setting the operating software. The computer program “writes” data 
on output cards or “reads” data from input cards. An output or 
“write” operation is carried out by simply addressing the desired card 
and depositing 12 bits of data in the card‘s storage registers. Conver- 
sion circuits then develop the output function (contact closures, D/A 
conversion, stepping motor drive, etc.) unique to that type of output 
card. 

To “read” data, the computer sends out the desired input card’s ad- 
dress and reads in digital data from the external device. 

System expansion up to 240 1/0 functions is easily accomplished by 
adding 6941 B Extender mainframes and plug-in cards. 

The Multiprogrammer mainframes and plug-ins function together 
as an integrated unit possessing many built-in systems features. 
Among these features are: 

Digital data storage on plug-in output cards to reduce computer 
overhead. 

0 The ability to program all plug-in cards to a safe state (in case of 
computer failure or system alarm). 
The ability to program specific output cards individually or in se- 
lected groups. 
The generation of a computer interrupt when digital lines being 
sensed change state. 
The program selection of data transfer rates between the computer 
and the Multiprogrammer to proceed either at the maximum pos- 
sible rate or at a rate governed by a particular device being 
controlled by a plug-in card. 
A front-panel switch register on the 6940B mainframe which per- 
mits manual control of the system and thus enhances serviceabil- 
ity. 
For detailed information on the 6940B/6941B, ask your local Hew- 

lett-Packard field sales engineer for a copy of the new 40-page Multi- 
programmer brochure. 



69408 front panel 

Typical output card 

Multiprogrammer features 
FQdne Mu broasammer 

The 6940B serves as the 1/0 interface between the controlling com- 
puter and all other system elements including extender mainframes, 
plug-in cards, and devices controlled or sensed by the plug-in cards. I t  
has a basic fifteen channel 1 / 0  capacity. Any combination of plug-in 
input or output cards can be programmed through these slots. 

The 69409 has many hardware features of significant importance in 
the design and implementation of real-time systems. These features 
are described below. 
Local switch register: An important aid in system checkout and 
troubleshooting, these touch-type switches permit manual program- 
ming of all Multiprogrammer output, input and control functions. 
Fault isolation to a functional area of the system (computer, multi- 
programmer, or external devices), as well as mainframe and plug-in 
card troubleshooting can all be accomplished from the 69409 front 
panel. 
System cabling: All cabling between the multiprogrammer plug-in 
cards and external devices are routed through a cable channel in the 
lower section of the mainframe. Molded edge connectors supplied 
with most programmable 1/0 cards afford added convenience in 
wiring to external devices. 
DC power supplies: Power for all plug-in cards, including four iso- 
lated f 1 5  volt supplies for up to 15 analog 1 / 0  cards, are built in to 
the mainframes. The main 5 V power supply has crowbar and current 
limiting circuits to protect the plug-in cards from overvoltage and 
overcurrent conditions. 
AC power module: AC power is connected to the mainframes 
through a power module on the rear panel of each unit. The module 
permits selection of either 115 V or 230 V, 48-440 Hz as the power 
source. A safety interlock makes it impossible to change the AC volt- 
age selection without first removing the power cable. 

6941 B Extender 
Each Extender mainframe accommodates up to fifteen program- 

mable plug-in cards. Up to fifteen extenders can be chain-cabled to- 
gether to obtain up to 240 1 /0  channels. Except for the switch regis- 
ter, the 6941 9 has the same features described for the 69409. 

Typical applications 
Over 30 models of programmable input and output cards are cur- 

rently available. Brief descriptions of a few applications utilizing the 
I/O cards are given below. Specifications for all programmable 1/0 
cards are given on page 526. 

694QBfE 

Typical input card 

Programmable DC voltage and current: Resistance output cards 
(models 69501A-695 13A) control the voltage and current outputs of 
HP  power supplies with ratings up to 100 volts or 100 amps. A two- 
wire connection to the power supply establishes a fully isolated, pro- 
grammable dc source for bias of electronic subassemblies under test 
or control of dc motors, solenoids, or other electromechanical pro- 
cess equipment. 
Digital-to-analog conversion: Both voltage and current DAC's are 
available. The voltage DAC (693219) provides -10 to + I O  V @ 0-5 
mA; the current DAC (69370A) can be programmed from 0-20 mA 
@ 0- 10.5 V. The DAC outputs are completely isolated from the com- 
puter's ground for strip chart, X-Y, and analog tape recordings as 
well as control of instruments and process control devices with 0-5 
volt or 4-20 mA inputs. 
Digital output and switching: Digital output cards provide 12-bit 
logic outputs for digitally controlled instruments, indicators, and 
solid-state AC relays. Model 69331A provides TTL levels; model 
69332A has open collector outputs. 

Mercury-wetted relays on the 69330A and 69433A Relay Output 
Cards route stimulus and control signals up to 100 volts, 1 amp. 
Stepping motor control: One computer word to a 69335A Stepping 
Motor Control Card produces from 1 to 2047 square-wave pulses at  
either of two outputs to control motor translators. Pulses from the 
69335A are also used for pulse train update of supervisory control sta- 
tions. 
Programmable amplifiers: Bipolar, dc coupled, 50-watt amplifiers 
boost the outputs of many types of signal sources. Amplifier gain may 
be programmed to one of 4095 discrete values with a 69328A Ampli- 
fier Control Card. The amplifiers and control cards are also used as 
bipolar power supplies whenever energy must be alternately delivered 
to and absorbed from loads such as current-sinking logic, relays, bat- 
teries, capacitors, and inductors. Models 69325A and 69326A control 
cards are used to program the voltage and current outputs in the bi- 
polar power supply mode. 
Voltage, current and resistance measurements: Voltage Moni- 
tor Card (Model 69421A) is a 12-bit A/D converter that measures dc 
voltages even in the presence of 100 volts of common mode noise. 
Placing an external 500 ohm resistor across the inputs to the voltage 
monitor card converts it to a current measuring card for 4-20 mA cur- 
rent loops used in process control. 

The combination of a 69421A Voltage Monitor Card and a 69370A 
D/A Current Converter Card measures resistances from 50 ohms to 
50 kilohms. 



AUTOMATlC TEST, MEASUREMENT, AND CONTROL 
Models 6940B & 69418 (cont.) 

Digital input: Digital input cards accept 12 bits e f  data from digital 
measuring instruments, pushbuttons, switches, relays, and other digi- 
tal devices in the form of logic levels or  contact closures. 

The 69431A Digital Input Card is suitable for most applications not 
requiring isolation between the external data source and the com- 
puter. The 69430A lsolated Digital Input Card is used to monitor cir- 
cuits driven from power supplies that cannot be connected t o  com- 
puter (earth) ground. 
Scanning and input multiplexing: Simple single-ended switches or 
multi-wire scanner matrices are formed by interconnecting mercury- 
wetted relays on a 69330A Relay Output or a 69433A Relay Out- 
put/Readback Card. The relay output card scanners act as input mul- 
tiplexers for 69421A Voltage Monitor, 69435A Pulse Counter, and 
6943 1A Digital Input Cards. 
Event sensing: Test and control systems often must respond quickly 
to  external digital signals that indicate an alarm condition, operator 
intervention, or some other request for immediate attention. The 
69434A Event Sense Card interrupts the computer only when any of 
the 12 external alarm signals change from their previous condition. 
Timer and frequency reference: The Timer Card (Model 69600A) 
provides a one-shot on/off output signal that is programmable from I 
microsecond to 40 days in duration. When connected to a safety 
switch or audible alarm, the 69600A can serve as  a watchdog timer. 
The square-wave outputs of the 6960lA Frequency Reference Card 
can control the timing of external measurement and data acquisition 
devices. 
Pulse counting-preset and upldown: Digital logic level pulses or 
contact closures may be totalized with a 69435A Pulse Counter Card. 
The counter may be preset to any count from 0 to  4095; count 
up/count down inputs are available. Cascading two pulse counter 
cards extends the total count capability to 16 X lo6, and any number 
of counters may be cascaded to  extend the count further. The counter 
may be examined without disturbing the counting process (read-on- 
the-fly capability). 
Frequency measurement: Pulse Counter Card (Model 69435A) can 
accumulate counts over a precise time interval when a 69600A Pro- 
grammable Timer Card is connected to the enable line of the counter. 
The computer divides the count by the time interval to  measure fre- 
quencies from 200 kHz to  0.001 Hz. 
Time interval measurement: The time that elapses between exter- 
nal logic level changes or contact openings and closings can be mea- 
sured in the range of I O  microseconds to l hour by connecting a 
69601A Frequency Reference Card to the count input of a 69435A 
Pulse Counter Card. The contact closure or logic level to be mea- 
sured is connected to the enable line of the counter. The computer di- 
vides the accumulated count in the 69435A by the frequency of the 
69601A Frequency Reference Card to determine the time interval. 

Specifications 
6Qa09/6941 B Common specification S 

,f 15 plug-in input or ou 
t panel provides access 1 

. .  . . *  

Input/output card positions: Maximum ( t- 
put cards per mainframe. Side-hinged fron :0 
card slots. 
Mainframe data connectors: Two 50-conracr, rear-mounrea, re- 
male ribbon connectors. 
Data transfer rate: 25 k word/sec. 
Maximum data resolution: 12 bits per plug-in card. 
Accessories furnished: Data Input Plug, Rack Mounting Kit, PC 
Board Extender Card. 
Cooling: Natural convection. 
Temperature: 0 to  +55OC operating, -40 to  + 7 5 T  storage. 
Dimensions: 42.54 cm W X 17.22 cm H X 53.98 cm D (16.75" X 

6.78" X 21 
Power: 11 

69408 d 
Front panel GWIIIIWIJ. r u w c i  u i u / u r r  bwltcrl ar~u inuicator lamp, 
REMOTE/LOCAL switch for selecting computer or manual con- 
trol, 19 proximity switches for manual data entry and control. 
Interfacing: A 6940B mainframe equipped with the standard inter- 
face card is designed to interface with binary sources employing TTL 
or DTL microcircuit logic. An interface kit (14550A) containing the 
necessary hardware and software to interface the 6940B with any 
Hewlett-Packard computer is available. 
Weight: 15.9 kg (35.0 Ib) net; 19.5 kg (43.0 Ib) shipping. 

6941 B Specifications 

Programmable plug-in cards 

Front panel controls: Power O N / O F F  switch and indicator lamp. 
Weight: 15.2 kg (33.5 Ib) net; 18.3 kg (40.3 Ib) shipping. 

Output cards 
69500A-69504A Resistance output cards: Provide a single 12-bit 
resistance programming channel; the programming coefficients of 
these models are compatible with Hewlett-Packard programmable 
power supplies equipped with option 040. Model 69500A is supplied 
with resistors allowing the user to  install his own series adding ele- 
ments. 
69510A-69513A Resistance output cards: Provide two 6-bit resis- 
tance programming channels: these models are designed for pro- 
gramming the current limit of Hewlett-Packard programmable power 
supplies equipped with option 040. 
69321 B Voltage D/A converter card: Provides a high speed, bipo- 
lar output voltage that is the analog of the digital input data to the 
card. Output range is from - 10.240 to + 10.235 V, at 0-5 mA. Con- 
version speed is 30 psec maximum to  within 5 mV of final value. 
(69351.4 voltage regulator also required). 
69370A Current D/A converter card: Provides a high speed con- 
stant current output that is the analog of the digital input data to the 
card. Output range is 0 to  +20.475 mA, at 0-10.5 V dc. Conversion 
speed is 30 psec maximum to 5 pA of final value. (69351A voltage reg- 
ulator also required). 
69330A Relay output card: Provides 12 separate form A (SPST, 
normally open) mercury-wetted contact outputs that reflect the sta- 
tus of 12 programmed data bits. Includes gate/flag circuits for ex- 
change of control signals with user's device. 
69433A Relay output/readback card: Provides 12 separate form A 
(SPST, normally open) mercury-wetted contact outputs. Also sup- 
plies 12 input data lines that can be read by the computer and which 
indicate the relay coil voltage status. 
69331A Digital output card: Provides programmed microcircuit 
logic level outputs on 12 separate output lines. Card includes 
gate/flag circuits for exchange of control signals with user's device. 
69332A Open collector output card Provides I2 open-collector 
driver outputs. IC buffers on the card act as  switches for voltages up 
to 30 volts dc and currents up to 40 mA. 
69335A Stepping motor control card: Used to drive stepper motor 
and pulse-update type controls. Can be programmed to  generate from 
1 to  2047 pulse outputs to  either of two terminals. 
69600A Programmable timer card: Can be programmed to gener- 
ate crystal controlled, one-shot timing pulses. Time increment is vari- 
able from I psec to 40 days. 
69380A Breadboard output card: This card allows user to  design 
and build a custom analog or digital output card. Card includes basic 
address, storage, and control signal buffer circuits. 



Input cards 
69421A Voltage monitor card: This card monitors bipolar dc volt- 
ages in the range of + 10.235 V to -10.240 V, and returns a 12-bit 2’s 
complement digital word to the computer to  indicate the magnitude 
and sign of the measured voltage. U p  to  150 conversions per second 
can be performed as commanded by the program or an external gate 
input. 
69431A Digital input card This card monitors 12 bits of TTL, 
DTL, or contact closure data from user’s device. Card includes 
gate/flag circuits for exchange of control signals with user’s device. 
Return bits to computer reflect the status of 12 input bits. 
69430A Isolated digital input card: This card monitors 12 bits of 
input data from user’s device. All input lines are isolated from one an- 
other and from the multiprogrammer power supply. Eight options of 
the card are available to accommodate either ground-true or posi- 
tive-true logic sense inputs and a wide range of input levels. 
69434A Event sense card: This card compares the magnitude of an 
external 12-bit input word with a stored reference word and generates 
a computer interrupt for any of four conditions, depending on the 
placement of a jumper on the card. The four possible conditions are: 
In = Ref, In # Ref, In > Ref, In < Ref. The reference word is loaded 
from the computer. Both the input and reference words can be read 
back to  the computer. 
69435A Pulse counter card: This card counts pulses, up or down, 
in the range of 0 to 4095. A carry or borrow pulse is generated as the 
count goes above 4095 or below 0. These pulses allow multiple 
counter cards to be cascaded for greater counting capability or they 
can serve as alarm signals. The card can also be used as a pre-set 
counter. 
69601A Frequency reference card: This card provides six square- 
wave outputs a t  fixed frequencies from 1 Hz to  100 kHz, derived from 
a 1 MHz crystal. The outputs may be turned off with an external TTL 
logic gate or a contact closure. 
69480A Breadboard input card: This card allows user to design 
and build a customer input card. Card includes basic address and 
readback circuits. 

Instruction manuals 
A separate Operating and Service Manual is supplied with each 

Multiprogrammer mainframe and each type of programmable plug-in 
card. The manuals contain operating instructions, circuit theory, 
troubleshooting instructions, complete circuit diagrams, and replace- 
able parts lists. 

In addition to the mainframe and plug-in card manuals, software 
driver manuals are also available a t  nominal cost. 
Accessories available Price 
14550A Interface kit for HP computers $1800 

This kit provides all the equipment necessary to install, verify, and 
operate a Multiprogrammer with H P  2100 series computers. This kit 
includes: 
1. A specially modified 125669 Ground True Microcircuit Interface 
Card, tested with logic sense jumpers in proper positions for the Mul- 
tiprogrammer. This is a 16-bit duplex register card that plugs into the 
H P  computer. Hardware manuals, a test connector and a software 
verification routine for the Microcircuit card are provided in the kit. 
2. The 14540A Multiprogrammer-to-125669 12-foot cable with ser- 
vice manual. 
3. A 69431A Digital Input Card with option 095,69331A Digital Out- 
put Card, 14550-60001 Slot Verification Cable, and 14910A Com- 
plete Diagnostic tape. This equipment is used to completely test the 

digital paths between the computer and the Microcircuit card, 14540A 
cable, Multiprogrammer Mainframe, 1454 IA Chaining Cables, 
694 1B Multiprogrammer Extenders and each Multiprogrammer plug- 
in 1/0 slot. The diagnostic also tests the front panel lamps and 
proximity switches by interfacing with the operator. 
4. Binary object tapes and software operating manuals for BCS, 
DOS/DOS-M, and RTE Multiprogrammer Drivers. Also included is 
a tape and manual for the BCS Multiprogrammer Library that al- 
lows the Multiprogrammer BCS Driver to be used with FORTRAN 
or ALGOL languages. 
5. Instructions that allow you to completely test the Interface Kit and 
Mainframes. On-site installation by H P  is not included with the kit. 
The kit is designed to help you become familiar with the Multipro- 
grammer as you install it and verify its operation. 
14546A Interface cable for DEC PDP 8/1 $155 

This cable connects the Multiprogrammer with interface hardware 
that functions as a 16-bit duplex register under control of the 12-bit 
DEC PDP-I/I computer. Instructions for assembling this interface 
from DEC logic modules (not included with the cable) are provided in 
H P  Interface Manual 5952-3935. 
14540A Main input cable $170 

This 12-foot cable connects the Multiprogrammer to  the specially 
Modified Ground True 32566B Microcircuit Card. This cable is in- 
cluded in the 14550A Interface Kit. 
14541A Chaining cable $170 

This cable connects 6940B to 6941B Mainframes and 69419 to  
other 69419 Mainframes. Length of cable is 18-inches. 
145338 Pocket programmer $120 

The Pocket Programmer is used to check digital input/output con- 
nector J1 of the 69409 Multiprogrammer Mainframe. Changes in the 
manual switch positions on the Pocket Programmer are visible on the 
front panel of the 6940B, and the outputs of the 6940B proximity 
switches are available a t  test points on the Pocket Programmer. 
14534A Pocket programmer cable $60 

The Pocket Programmer plugs directly into the rear of the Multi- 
programmer. The 3-foot 14534A extender cable is a convenience that 
allows you to  operate the Pocket Programmer in front of the 6940B. 
Model number and name Price 
6940B Multiprogrammer $1600 
6941 B Extender $ I000 
69321B Voltage D/A Converter Card $450 
69325A-69328A Amplifier Control Cards $400 
69330A Relay Contact Closure Output Card $400 

69332A Open Collector Driver Card $130 
69335A Stepping Motor Control Card $400 
69351A Voltage Regulator Card $130 
69370A Current D/A Converter Card $450 
69380A Breadboard Output Card $100 
69421A Voltage Monitor Card $600 
69430A Isolated Digital Input Card $250 
69431A Digital Input Card $210 
69433A Relay Output/Readback Card $450 
69434A Event Sense Card $400 
69435A Pulse Counter Card $400 
69480A Breadboard Input Card $100 
69500A Resistance Plug-in Card $350 
69501 A-695 13A Resistance Programming Cards $400 
69600A Timer Card $500 
69601A Frequency Reference Card $450 

69331A TTL Output Card $210 
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AUTOMATIC TEST, MEASUREMENT, AND CONTROL 
Ana log-to-d ig i tal su bsystern 
Model 91000A 

HP 91000A plugs directly into Hewlett-Packard 
measurement and control systems. 

The H P  9 IOOOA is a complete high-level measurement subsystem 
on a single card that plugs into Hewlett-Packard measurement and 
control systems. It includes all necessary interface and control logic, a 
sample and hold amplifier, an ADC, and an input multiplexer with 
capacity for 16 single-ended or 8 differential inputs. The card accepts 
external TTL-level pacing signals. 

Software drivers and interface routines allow user programs writ- 
ten in FORTRAN, ALGOL, BASIC, or Hewlett-Packard Assembly 
languages to interface with this analog-to-digital subsystem. Opera- 
tion is under control of one of the following Hewlett-Packard real- 
time executive systems: BCS, RTE-B, RTE, or RTE-C. Also included 
is a unique verification program in which the operator commands any 
mode of operation via the system keyboard input unit or paper tape 
reader. An easy-to-follow printout or display of the results is pro- 
vided. This program can substitute for applications programming 
during the early stages of system set-up. It will thus save time and ef- 
fort, at the same time confirming correct operation of the A-D card. 

Multiple A-D interface cards can be used together in a Hewlett- 
Packard measurement and control system. The A-D card is software- 
compatible with the HP 2313B Analog-Digital Interface Subsystem, 
which can thus be substituted with little or no change of programs as 
measurement needs grow beyond requirements that the A-D card can 
satisfy economically. 

Specifications 
Number of inputs: 16 single-ended or 8 differential. 
Resolution: 12 bits, including sign; LSB = 5 mV. 
Full scale input: + 10.235 V to - 10.24 V. 
Throughput rate to buffer: to 20 kHz, maximum, via DMA. 
Sample and hold: Delay: 150 ns, Aperture: <250 ns. 
External pace pulse input: +4.5 V f0.5 V, 1.5 f0 .5  ps pulse (Oo 
f0.5 V baseline, IOOQ source). 
Overall accuracy: At 25" f5OC: f0.1% fs f% LSB. 
Temp. coeff.: f0.004% fs/"C over 0 to 55OC range. 
Input impedance: Power On: >5 MQ; Power Off: 1 kS2 &lo%. 
Source resistance: To 1 kS2, balanced or unbalanced. 
Crosstalk rejection: 280  dB, dc to 100 Hz, using differential input. 
Common mode rejection: 280 dB, dc to 100 Hz, using differential 
input. 
HP91000A A-D Interface subsystem includes A-D interface card, 
mating connector for analog input, operation and service manual, 
verification routine, and optional software driver and interface rou- 
tine. 

Options 
005: Single-ended input cable, 4.8 meters (16 feet) long 
0 0 6  Differential input cable, 4.8 meters (16 feet) long 
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Imputers & peripherals 

A wide variety of HP data processing 
equipment has evolved since the company in- 
troduced its first scientific minicomputer in 
1967. Today HP designs and manufactures a 
broad range of computational products that 
include a medium-sized computer system 
with multiprogramming and multilingual ca- 
pabilities, minicomputers, minicomputer sys- 
tems, programmable electronic desktop cal- 
culators, and pocket-sized electronic scien- 
tific and business-oriented calculators. Be- 
sides an extensive selection of software, the 
company also offers a wide variety of HP- 
supported peripheral devices to perform data 
input and output functions. 

HP Computers 
The company’s entrance into the compu- 

tational field began with a minicomputer de- 
signed specifically to interface with HP‘s test 
and measurement instruments so customers 
could easily combine data gathering with data 
processing. HP minicomputers have since en- 
tered other areas of application including sci- 
ence, industry, education and business. 

As key elements in the company’s time- 
shared and data management systems, for ex- 
ample, the minicomputers handle such tasks 
as order processing, inventory control, sales 
analysis, production scheduling and finan- 
cial reporting. In schools and colleges HP 
computing systems are used at all levels of ed- 
ucation for problem solving, computer-as- 
sisted instruction, complex model simula- 
tions, computer science education and cur- 
riculum development. Systems also are avail- 

able to perform administrative and student 
record keeping tasks. 

HP’s powerful 3000 computer system 
brings the full range of computer capabilities 
to a number of users concurrently. The disc- 
based system offers true multiprogramming 
and multilingual capabilities and can handle 
time-sharing, real-time and batch oper con- 
currently. The HP 3000 makes four high-level 
languages available to the user-FORTRAN, 
BASIC, COBOL, and HP‘s Systems Pro- 
gramming language (SPL). 

Not only is the HP 3000 unusual among 
timeshare systems in its ability to handle mul- 
tilanguage batch programs in the back- 
ground, but the system also uses identical file 
systems both for timeshare and batch so that 
all files can be made available to any user in 
any operating mode. 

With a front-end microprogrammable con- 
troller, the HP 3000 has entered into new ap- 
plication areas such as real-time data acqui- 
sition from instruments and on-line process 
control devices. The controller also enables 
the computer to communicate with and trans- 
fer entire files to other larger computing sys- 
tems. This adds new importance to the al- 
ready versatile HP 3000 computer in the area 
of distributed computing systems. 

Newest member in the growing family of 
Hewlett-Packard computers is the HP 21MX 
minicomputer, among the first to use 4k 
RAM semiconductor memory instead of tra- 
ditional core memory. The new minicom- 
puter series is smaller, faster, more reliable, 
uses less power and is potentially far less ex- 

pensive than minicomputers using core mem- 
ory. 

The 4k RAM is an integrated circuit which 
contains 4,096 bits of random access mem- 
ory on a single chip of silicon. 

To take maximum advantage of user bene- 
fits associated with semiconductor memory 
HP has developed a new series of micropro- 
grammable processors. These contain built-in 
instructions which determine the operating 
characteristics of the minicomputer. The 
semiconductor memory modules and proces- 
sors can be assembled in any combination to 
meet the computational needs of the user. 

Power source of the minicomputer re- 
mains unaffected by line voltage fluctuations 
of f20% or power interruptions of up to 2% 
line cycles. The HP 21MX has passed rugged 
environmental tests including vibration tests 
up to 2Gs at 55 Hz. 

To the scientific user, Hewlett-Packard 
now offers a new family of seven scientific 
computing systems. Each is tailored to spe- 
cific end-user requirements in such areas as 
computation and problem solving, data man- 
agement and data acquisition from instru- 
mentation. Based on the HP  2100 user-mi- 
croprogrammable minicomputer, the sys- 
tems are compatible with existing HP-sup- 
ported peripherals, interface cards and li- 
brary programs. 

One of the systems, the S/250,  incorpo- 
rates IMAGE/2000 data base management 
software that allows the user to manage con- 
stantly growing and dynamically changing 
data bases. 



Combining the power of a computer with 
convenience and ease of operation, today’s 
programmable calculator is fast becoming the 
most popular computing device by encroach- 
ing areas traditionally reserved for comput- 
ers alone. 

In essence, the programmable calculator is 
a desk-top computer with keyboard input, 
memory, processor and display all in a neat, 
self-contained package. It has the ability to 
‘memorize’ complex mathematical problems 
involving hundreds, even thousands, of oper- 
ations and then execute them without human 
intervention. 

What’s more, the programmable calcula- 
tor has extensive data handling capability 
through a wide range of peripheral equip- 
ment. Nearly every type of input/output de- 
vice found on large computers is also avail- 
able for the desk-top programmable calcula- 
tor including tape drives, plotters, card read- 
ers and line printers, to  name a few. 

The problem-solving calculators have been 
designed with emphasis on  interaction be- 
tween the operator and the machine. So the 
operator concentrates on solutions instead of 
programming. 

Many of these calculators have their own 
step-oriented language, whereby numbers are 
first positioned and then operated upon. ‘Al- 
gebraic’ and ‘conversational’ language calcu- 
lators came onto the market recently en- 
abling problems to be entered just as they are 
written on paper. Calculators with alphanu- 
meric capability permit the user to enter vari- 
ables in the form of letters as  well as  num- 
bers. Nested parentheses can also be used in 
writing equations. 

t n e  most sopnisuarcu 01 m e  newierr- 
Packard desk-top calculators, however, the 
H P  9830A, uses a formal computer lan- 
guage-BASIC. Since its language is com- 
patible, this calculator can ‘talk’ to a com- 
puter. Many of the programs written specif- 
ically for computers in BASIC can therefore 
be run on the calculator. 
Non-programmable desk-top 
calculators 

To provide users a wider choice of com- 
puting instruments, Hewlett-Packard added 
two non-programmable, printing calculators 
to  its line. The HP-46 is designed for use in 
science, engineering, surveying, navigation, 
statistics and mathematics. The HP-81 is a 
business calculator preprogrammed with fi- 
nancial equations used in calculations relat- 
ing to  time and money. Both these machines 
offer solid-state memories similar to those 
used in computers. 
Pocket-sized computing power 

Since introduction of the HP-35, the 
world’s first electronic scientific pocket-sized 
calculator, Hewlett-Packard has developed a 
whole family of these pocket calculators to 
aid users in scientific and business calcula- 
tions. 

The more powerful HP-45, the first mini- 
calculator to offer nine addressable memory 
registers, has more than 40 sophisticated 
functions that enable the user to  solve com- 
plex, multi-step problems with greater ease 
and in less time that was previously possible 
with pocket machines. 

Programmable like a large-scale com- 
puter, the HP-65 is designed for use in sci- 
ence, many types of engineering, medicine, 
surveying, statistics, mathematics and busi- 

ness. I ne I i-ounce calculator enaoies users IO 
write, edit, record and reenter program steps 
used to solve frequently encountered mathe- 
matical problems. 

Users can record programs on  tiny mag- 
netic cards for use as often as  needed. When 
inserted into t h e  HP-65, the magnetic card in- 
structs the machine to perform the calcula- 
tions when the user presses the appropriate 
key. U p  to 100 program steps can be re- 
corded on a single card. 

In addition to writing their own programs, 
users can expand the capability of the ma- 
chine with a series of prerecorded programs 
from HP. 

With the HP-80 and HP-70 pocket-sized fi- 
nancial calculators, Hewlett-Packard has 
brought portable, computational power to  
the world of business. Virtually all financial 
calculations involving the relationship be- 
tween time and money can be done quickly 
and easily. 

As with the scientific models, the two fi- 
nancial calculators have ‘operational stacks’ 
that hold intermediate answers until needed. 
The machines also eliminate the need to con- 
sult cumbersome financial tables, since the 
necessary equations are already stored in the 
calculators’ memory. 

Hewlett-Packard has the computational 
tool for many levels of sophistication, 
whether for scientists, engineers, educators or 
bankers. We build what is clearly the most ex- 
tensive line of computing alternatives for sci- 
ence, engineering and business. So it’s easy 
for H P  experts to help you find the right 
equipment to solve your problems. Call the 
Hewlett-Packard sales office nearest you for 
an honest appraisal. 



ltion 
illed the “original electronic slide-rule,’’ the HP-35 scien- 
t calculator offers features and functions not available on 

similar models. Most important of these is the unique 
ickard four-register operational memory stack which au- 
q stores and retrieves intermediate answers during lengthy 
IS and which virtually eliminates the need for scratch notes 
ntry of data. Stack control key permits roll-down of any 
le display for review or  further processing. The HP-35 also 
separate, addressable storage register for selective storage 

11 of constants or other data. Like all Hewlett-Packard 
culators, the HP-35 has a 200-decade range ( to IOy9) 
isplay all numbers within this range with an accuracy of up 
ificant digits while automatically positioning the decimal 

I specifications (HP-35) 
rammed functions 
E: add, subtract, multiply, divide, square root. 
etric (decimal degrees): sine, arc sine, cosine, arc cosine, 
rc tangent. 
ietic: common logarithm (base IO), natural logarithm 
iatural antilogarithm (base e). 
, l /x ,  R ,  data storage and positioning functions. 
P-35 and HP-45): AC: 115 or  230 V, f IO%, 50 to 60 Hz, 5 
tery: 500 mW derived from nickel-cadmium rechargeable 
ck. 
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Scientific pocket calculators 
HP-35 81 HP-45 

Dimensions (HP-35 and HP-45): 
Length: 14.7 cm (5 .8”)  
Width: 8.1 cm (3.2”) 
Height: 1.8 to 3.3 cm (0.7 to 1.4”) 
The HP-45 scientific calculator is an advanced version of the 

popular HP-35 that offers many additional capabilities. In addition to 
the powerful operational stack, the HP-45 has nine addressable stor- 
age registers which can be used for register arithmetic as  well as  selec- 
tive storage and retrieval of data. A IOth, “Last X” register automat- 
ically stores the last input argument permitting easy error correction 
or  multiple operations on the same number. 

The HP-45 performs all trig functions in any of three operating 
modes: decimal degrees, radians or grads. Answers in any of these 
modes can be converted to  degrees/minutes/seconds and back again. 
A special key sets the display for either fixed-decimal or  scientific no- 
tation, rounded to  a specified number of decimal places. 

General specifications (HP-45) 
Pre-programmed functions 
Arithmetic: add, subtract, multiply, divide, square root, square. 
Trigonometric (decimal degrees, radians or grads): sine, arc sine, 
cosine, arc cosine, tangent, arc tangent, rectangular/polar coordinate 
conversions, vector arithmetic, conversions between operating mode 
and degrees/minutes/seconds. 
Logarithmic: natural logarithm, natural antilogarithm, common 
logarithm, common antilogarithm. 
Statistical: mean, standard deviation, sum-of-the-squares, factorial. 
Other: yx, I/x, R ,  %, A%, metric/U.S. unit conversion constants, reg- 
arithmetic, data storage and positioning functions. 



COMPUTATAOM 
Programmable pocket calculator 
HP-65 

c 
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magnetic car0 reaaer! writer, a I uu-step program memory, 3 I pre-pro- 
grammed functions and operations and nine addressable memory reg- 
isters. These capabilities allow the HP-65 to be used three ways: 

1. As a user-programmed calculator, the HP-65 lets you program up 
to five functions callable from the keyboard or by other programmed 
functions; conditional skips based on logic comparisons; and 
branches. You can also edit any program and save it on a magnetic 
card for future use. 

2. With pre-recordedprogram cards from Hewlett-Packard, the HP- 
65 can be used by anyone to solve complex problems in such fields as 
electrical engineering, statistics, mathematics, medicine, finance, ma- 
rine navigation, surveying and aviation. Simply select the right pre-re- 
corded program card, and start the program. A current catalog of 
HP-65 Application Pacs, each of which contains up to 40 pre-re- 
corded program cards, can be obtained via the attached reply card. 

3. Even as a keyboard operated calculator, the HP-65 can perform all 
trig functions in three angle modes, handle logarithms, and permit 
register arithmetic. Other pre-programmed functions include: factor- 
ial, polar/rectangular coordinate conversions, square-root, square, 
reciprocal, decimal/octal integer conversions, and the ability to add 
or subtract degrees/minutes/seconds. 

General specific :ations 
Pre-programmed functions: 
Trigonometric: Sin x, Arc sin x, Cos x, Arc Cos x, Tan x, Arc Tan x. 
Logarithmic: Log x, Lnx, ex, 10‘: 
Also: yx, 6 l/x, A, x2, n!, Conversion between Decimal Angle, De- 
grees/minutes/seconds, Radians or Grads, Rectangular/Polar Coor- 
dinate Conversion, Decimal/Octal Conversion, Degrees (Hours)/ 
minutes/seconds arithmetic, Integer/Fraction Truncation. 

Other functions: 
Register Arithmetic, Addition, Subtraction, Multiplication or Divi- 
sion in Serial, Mixed Serial, Chain or Mixed Chain Calculations. 

Features and specifications 
Display: Up to 10 significant digits plus 2-digit exponent and ap- 
propriate signs. 
Dynamic range: 1 0 - g 9  to IOg9. 
Primary functions activated by single keystroke; alternate func- 
tions utilize prefix keys. 
Five User Definable Keys. 
Four-register operational stack. 
Program memory for storage of up to 100 steps. 
Single step running and/or inspection of a program. 
Unique insert/delete editing features. 
Nine addressable memory registers. 
“Last X” register for error correction and number reuse. 
Two flags for skip or no-skip programming or branching to another 
part of program. 
x = y, x 5 y, x = y, x 1 y, relational tests. 
Magnetic card reader/writer. 
Built-in counter. 
Automatic decimal point positioning. 
Selective round-off; range: 0-9 decimal places. 
Two display modes: fixed point and scientific. 
Indicators for improper operations and low battery condition. 
Operates on rechargeable batteries or AC. 
Solid state electronics. 
Light-emitting diode (LED) display. 
Tactile feedback keyboard. 
Compact, contoured case. 

Power: AC: 115 or 230 V, f lo%, 50 to 60 Hz, 5 watts. Battery: 500 
mW derived from nickel-cadmium rechargeable battery pack. 
Dimensions: Length: 14.7 cm (5.8”). Width: 8.1 cm (3.2”). Height: 
1.8 to 3.4 cm (0.7 to 1.4”). 



The Hewlett-Packard HP-70 is the calculat 
sonal and general-business time-and-money pi 

Its patented RPN logic system and 5-mem 
drudgery out of routine accounting problems 
mulations, markups, discounts and percents. 
plays subtotals as they are calculated and even 
ning totals at the same time. 

But, the HP-70 gives you more-the power i 
pute interest rates, loan payments, rates-of-reti 
ues of your investments. Even though you ma) 
lations every day, they could save you enoug 
tion-like negotiating a business loan or evalua 
portunity-to pay for the calculator. 

That’s why the HP-70 provides so much ma 
tulators that are limited to the four basic arit 
HP-70 is as easy to use as an ordinary machinc 
calculating power to last your financial lifetin 

And, like all HP pocket calculators, the HP- 
quality and reliability standards that have ma 
leading manufacturer of precision electronic pr 
world. 

The HP-80 financial pocket calculator is a n 
sion of the HP-70. It provides 36 separate fin 



Calculators, programmable 
9800 Series, 2607A & 28958 

9821 A 

Easy programming 
The calculator is programmed either by use of the keyboard or  by 

magnetic cards. The program mode allows entry of program instruc- 
tions, via the keyboard, into program memory. Programming con- 
sists of pressing keys in the proper sequence. 

You can store programs or large amounts of data on  handy mag- 
netic cards for instant entry into your 9810. 
9820A, Its natural, conversational language makes 
programming easy 

Thanks to the 9820's natural, algebraic language and its conversa- 
tional, alphanumeric display and alphanumeric printer, you key in 
most intricate mathematical problems in the same form you'd write 
them on  paper. This allows you to  easily solve complex interactive 
problems; such as, modeling electronic circuits, including schematics, 
parts specifications, and cost figures. 
Peripheral and memory expandability 

The 9820 is expandable through plug-in ROM's, added internal 
memory, and external peripherals, providing capabilities to match any 
type of application. The basic calculator has 173 registers. A 429- or 
1453-register memory can be supplied in lieu of this, either with the 
original shipment or installed later by Hewlett-Packard field service 
personnel. 

As an example of the 9820's power, the basic memory is sufficient to  
solve 17 simultaneous linear equations with 17 unknowns. With the 
429- or  1453-register memory, the number of equations that can be 
solved are 34 and 71, respectively. 
Built-in magnetic card reader 

The magnetic card reader built into the basic 9820 allows you to 
make and reuse permanent recordings of programs and data. Re- 
corded programs are easily protected against accidental re-recording 
by removing a perforated tab at  the end of the card. 
New 9821A, more straight talk and more memory 

The H P  9821 Programmable Calculator brings together in one 
package the versatility of a desk-top calculator, the ease of the nat- 
ural algebraic language, and the convenience of the tape cassette for 
program and data storage. With the 9821, you can design a system to 
meet your o w n  specific oeeds in  the busincis, technical: industrial, o r  
scientific fields. This system allows you to write, edit, and use pro- 
grams to solve your  problems with unprecedented time savings and 

3800 Series programmable calculators 
Hewlett-Packard's line of programmable desk-top calculators pro- 
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tific requirements. You pick the computing power and memory you 
need and then tailor the system to  your application by choosing the 
appropriate peripherals. 

Interfaces are also available which allow 9800 Series calculators to 
accept data from a large number of digital voltmeters, counters, and 
other instruments. 
9810A, The programmable calculator for repetitive problems 

Whatever your discipline, from physicist to  financier, engineer to  
biochemist, there is a Hewlett-Packard 98 I O  Programmable Calcula- 
tor that is right for you. The modular structure of the 9810 allows you 
to  help design the calculator that best suits your needs! From key- 
board to memory, peripherals to program packages, you can config- 
ure the 9810 to  satisfy any situation-including a tight budget. 

ease. 
Peripheral and memory expandability 

The basic calculator has 167 registers. Options for obtaining an ini- 
tial configuration of 423, 935, or  1447 total registers are also avail- 
able. Additional memory may be added later by H P  field service per- 
sonnel in increments of 512 registers (to a maximum of 1447 regis- 
ters). As an example of the 9821's power, the basic memory is suffi- 
cient to solve 16 simultaneous linear equations with 16 unknowns (70 
with the fully-expanded memory). 
Built-in tape cassette unit 

Both programs and data can be recorded onto and loaded from 
convenient tape cassettes, either manually or under program control. 
Each cassette has a capacity equivalent to approximately 8000 regis- 
ters. Cassettes may be protected against accidental re-recording 
and/or  secured against unauthorized use and duplication. 
Model number and name Price 
9810A Programmable Calculator $1975 
9820A Programmable Calculator $3975 
9821A Programmable Calculator $4975 
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9830A 

9830A, A complete data processing system programmed ir 
BASIC 

The Hewlett-Packard 9830 is a general purpose, programmable cal. 
culator designed for a wide range of applications. 

The language of the 9830 is BASIC. This easy-to-use language cow 
ples simplicity with power and appeals to  the new calculator owner a! 
well as  the experienced programmer. The 9830 automatically inherits 
a comprehensive range of proven software packages, including fi. 
nance, mathematics, statistics, and education. 

A minimum 9830 provides 3520 8-bit bytes (1760 words) of usel 
read/write memory. This can be expanded to 15,808 bytes (79W 
words). In addition, the user can select from a wide range of read 
only-memory (ROM) plug-in blocks for increased computational ca. 
pability or  peripheral control, or both! The 9830 allows up to 16K 
bytes of add-on ROM for a total of eight plug-in blocks. 

A broad range of peripherals is available with the 9830 calculator tc 
allow the user maximum flexibility in putting together that specific 
system required to  solve his problem. 

The result is a cost-effective calculator that can meet your data han. 
dling problems today and continue meeting them as  your needs ex. 
pand. 
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in BASIC 
.ogrammed in BASIC, a formal, interactive language 
’RAN. Depending on your needs, you may choose to 
programming. I f  you’ve already been working with 

1,  with minor modifications, use your existing pro- 
SIC is a standard computer language, you will find 
programs already written and available at nominal 

rmory subsystem 
L Mass Memory Subsystem provides the H P  9830 cal- 
: large data storage capability required for applica- 
iayroll, account maintenance, inventory control, pa- 
edit verification, and large banks of data for struc- 
tistical analysis, and many other scientific, industrial 
fields. 

media of this peripheral is a permanently installed 
and an interchangeable cartridge (HP 12869A), each 
y of 2.4 million bytes; this is the equivalent of more 
.al items of data of 12 digits each. 
1in advantages of this system is data safety and secu- 
i can be recorded on the removable cartridge, trans- 
ilculator for manipulation, stored temporarily on the 
atter for further use by the calculator’s program and 
r to  modifying the master data on the removable car- 
.h this system, duplication of data files is easily ac- 
Lr-to-date payroll data, inventory updating, account 
3ayables updating are just a few examples where this 
:rs great safety of the data base and affords the op- 
ify the results prior to  modification of master files. 
occur, it is easily corrected by repeating the opera- 

itial data still resides on the removable memory car- 

providing a large amount of data storage, the 9880B 
ubsystem is fast. A 10 X 10 array can be transferred 
in about one second, and a typical 250-line program 
an be transferred in less than two seconds. 
and name Price 
mable calculator $6415 
mory subsystem $12,995 
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Calculator peripherals 
9800 Series, 2607A 81 28958 (cont.) 

9870A 

--wr 
9865A 

986 4A 

Calculator peripherals are the input/output devices that let you 
tailor your programmable calculator to your specific computing re- 
quirement. All HP 9800 Series peripherals interface with all 9800 Se- 
ries calculators on a plug-in basis. This makes it easy, not only to ini- 
tially configure computing systems, but also to reconfigure them at 
some later date. 

Input devices 
New card readers 

The high-speed 9869A Hopper Card Reader handles 80-column 
punched cards as well as mark-sense cards. For smaller applications, 
the low-cost, hand-fed 9870A Card Reader optically reads mark-sense 
cards. 

Interfacing 
With plug-in interface cards, Series 9800 calculators take on the 

ability to accept data from a large number of digital voltmeters, 
counters, and other instruments. The 9868A 1 /0  Expander allows you 
to plug up to 13 peripherals or test instruments into your calculator. 

Pa er tape readers 
8a ta  from analytical instruments, machine tools, and computer ter- 

minals goes directly into your calculator. The 9863A reads a wide va- 
riety of formats at 20 characters/second. The 2748B Tape Reader op- 
tically reads tapes at  300 characters/second. 

cassette 
he high-speed 9865A Tape Cassette lets you easily store, update, 

and retrieve data and programs. A fast, bidirectional search feature 
lets you find any file on the tape without rewinding. The 9865A has a 
minimum capacity of 6,000 registers. 

Di itizer 
?he 9864A Digitizer reads a curve or any irregular shape as a series 

of discrete points. Your HP calculator then prints out the dimensions 
of the line and the area of the contained shape. 
Model number and name Price 
9869A Hopper Card Reader $2860 
9870A Card Reader (hand fed) $550 
9868A 1/0  Expander $1005 
9863A Paper Tape Reader $1625 
2748B Paper Tape Reader $1800 
9865A Tape Cassette $1795 
9864A Digitizer $4895 
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9866A 

9861A 

9862A 

Output devices 
Thermal printer 

For high quality, hard-copy output, the 9866A Thermal Printer is 
hard to beat. Its 250 lines/minute speed is equivalent to 3,600 
words/minute. It produces page-width, fully-formatted, alphanu- 
meric text, tables, or simple plots. 
Typewriter 

The 9861A Typewriter has full alphanumeric capability, including 
uppercase/lowercase letters, punctuation marks, and symbols. Your 
HP calculator, operating through a peripheral control block, auto- 
matically controls such things as tab setting and clearing, ribbon 
color, and vertical or horizontal spacing. 

New line printer 
The 2607A Line Printer is a reiiaoie, IOW-cos[, 3 A aor-rnarrix 

printer. Its unique print mechanism makes it quiet enough for any 
business environment and provides up to 6 consistent, clean copies. It 
prints at 200 lines/minute regardless of the line length and has full 
132-column line width. It requires the HP 11287A Line Printer Inter- 
face Card. 
Tape punch 

The 2895B Tape Punch allows you to add a tape punch capability 
to your system. Compact and reliable, the 2895B punches tape at 75 
characters/second. 
X-Y Plotter 

The 9862A X-Y Plotter with a peripheral control function block au- 
tomatically scales your data, generates words as well as numbers, and 
sets up both axes, complete with labels and tick marks - all in your 
designated units. 
New data communications 

The HP 11285A Data Communications Interface allows a 9830 cal- 
culator to communicate with other 9830 calculators and computers 
via telephone lines and modems which meet EIA Specification RS- 
232-C. It can also interface to automatic dialers which meet EIA spec- 
ification RS-366. The 11285A includes the 11284A Interface Cable 
and the 11296B Interface Control ROM. 

Two new BASIC statements defined by the 11296B/F ROM en- 
able the 9830 to write (TWRITE) messages in strings to or read 
(TREAD) messages from a remote terminal or computer via tele- 
phone Ijnes. Other new BASIC statements allow configuring the 9830 
as a terminal to conform to a variety of telecommunication environ- 
ments. Asynchronous or synchronous data rates from 110 to 9600 
bits/second are available, as well as programmable parity, automatic 
dialing and answering, programmable EOT and SYNC characters, 
and half- or full-duplex mode. 

Two other ROM’s may be added to further enhance the capabili- 
ties of the 9830 as a terminal. These are the 11297B Data Communi- 
cation 2 ROM (binary synchronous) and the 11298B Data Commu- 
nications 3 ROM (interactive). 

The 11297B adds the IBM defined “Binary Synchronous Proto- 
col” to the programmable read/write statements of the 11296B/F 
ROM. It also provides communication error detection and ASCII to 
EBCDIC conversion so that the 9830 can be programmed to look like 
a binary synchronous, remote-batch terminal to an IBM computer 
system for remote job entry. 

The 13298B enables the 9830 to function like a teleprinter for low- 
speed, interactive communications; such as, time-sharing. The calcu- 
lator can also transmit or receive BASIC language programs or “free 
text” which can include programs written in other languages; such as, 
FORTRAN. 
Model number and name Price 
2607A Line Printer $7300 
2895B Tape Punch $2575 
9861A Typewriter $2420 
9862A X-Y Plotter $2755 
9866A Thermal Printer $2995 
11285A Data Communications Interface and ROM $1500 
11287A Line Printer Interface Card $200 
11297B Binary Synchronous ROM $500 
11298B Interactive ROM $500 



COMPUTATION 
Calculators, preprogrammed 
HP-46 & HP-81 

HP-46, The desk-top slide rule with printer output 
This desk-top counterpart to the HP-45 starts with the features 

users liked best in the HP-45: 48 high-level functions and operation, 
plus addition, subtraction, multiplication and division. Mean and 
standard deviation. Conversion of vectors to  either polar or rectan- 
gular coordinates. And up to 10-digit accuracy. 

Data storage registers 
The HP-46 has nine data storage registers in addition to the opera- 

tional stack. You can easily store data in any or all registers. It is sim- 
ple to do storage arithmetic for such calculations as  conversions and 
payroll. And for special problems, like statistics, additional answers 
are automatically recorded in certain registers. 

Printer 
With the HP-46, you also get a printout of every step of every oper 
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lets you list the contents of the operational stack and registers, gives 
you error indications, and prints symbols, numbers, and letters in red 
(negative numbers) and black on standard paper tape. 

,ED display 
The HP-46 has an optional LED display. With this option, you car 

ise the display and the printer simultaneously or use the display only. 

:apabilities 

I 

I / X  A% 

f i  

YX Sine 
X* Arc sir 

Cosine 
Arc co LN X 

L O G X  Tangei 
ex Arc tal 
1 O X  Factor 
% Mean 

Standard deviation, regrsier ariinmeric, vector aritnmetlc, declmai de- 
gree mode. radian mode, and grad mode. 

HP-81, The extra edge in money management 
Now you can evaluate complex time/money relationships as  easily 

as doing sums on an adding machine. No matter what your specialty, 
the computing power of the HP-81 gives you an extra edge in making 
business decisions. The HP-81 contains 63 fundamental business and 
financial functions, plus 10 preprogrammed functions, for instant so- 
lutions to thousands of business problems. 
Capabilities 
Primary: +, -, X, i; multiply and divide by any constant; %, A%, 
LogloX, Y x ,  .fX7; two 200-year calendars, 360/365. 
Investment analysis: Discounted cash flow; discounted rate of re- 
turn (for up to 9 uneven cash flows); compounded growth rate. 
Depreciation: Straight line calculations; sum-of-the-digits calcula- 
tions and schedule; declining balance schedule; diminishing balance 
schedule. 
Loans: Accrued interest; present value; future value; interest per pe-. 
riod; rule-of-78's prepayment; amortized loan schedule; APR odd- 
days' interest; APR given add-on interest; monthly payment for di- 
rect reduction loan. 
Annuities: Future value of sinking fund; rate of interest for sinking 
fund; payment amount for sinking fund. 
Bonds and notes: Bond price and yield; callable bond price and 
yield; note price and yield; coupon equivalent yield; discounted note. 
Statistics: Linear regression trend line; expanded linear regression 
with uneven periods; coefficient of determination; mean and standard 
deviation. 
Retail: Markup and price; cash discounts; proration; commissions. 
LED display 

The HP-81 has an optional LED display. With this option, you can 
use the display and the printer simultaneously or use the display only. 

Buffered keyboard 
With this option, you can enter data a t  top speed with no danger of 

overflowing the machine. Because all the keys are buffered, you can 
key in a new problem while the HP-8 I is still solving the previous one. 

Model number and name Price 
HP-46 with printer $715 
HP-46 with printer and 1 -- * '  ' $815 
HP-81 with printer only $925 
HP-81 with printer and I 1025 
HP-81 with printer and 1 1150 
HP-81 with printer, buffered keyboard, LkD display $1250 

LEU aispiay 

LED display $ 
iuffered keyboard $ . . . . - - - . . . 



HP 3000 computer systems 
Models 100 81 200 

ANSI 
Module Rating 

Nucleus High 
Table Handling High 
Sequential Access High 
Random Access High 
SORT High 
Report Writer Null 
Segmentation High 

1 Library High 

The H P  3000 is a powerful disc-based computer system with multi- 
programming and multilingual capabilities. Users access system re- 
sources concurrently, through interactive terminals and batch de- 
vices. 
Two state-of-the-art operating systems 
Multiprogramming executive operating system (MPE/3000) 
With MPE, the H P  3000 System provides full system and four-lan- 
guage capability (BASIC, FORTRAN, COBOL, and SPL - a com- 
prehensive systems programming language) to all users at interactive 
terminals and batch devices. Programs may be executed from either 
batch or interactive terminals without modification. A powerful in- 
teractive text editor enables complete program file manipulation. 
Multiprogramming executive for BASIC timesharing 
(MPET/3000) 
With MPET, the H P  3000 System provides powerful BASIC time- 
sharing for 16 or more interactive terminal users, and concurrently 
supports a multilingual (FORTRAN, COBOL, BASIC and SPL) 
batch background. The identical file system is used for timesharing 
and batch. 
System 6rganization 

I 
CENTRAL DATA BUS 

Federal 
Rating 

High 
High 
High 
High 
High 
NIA 
High 
High 

TERMINAL 
CONTROLLER 

SELECTOR’ 

0 CHANNEL BUS0 
0 PORTS 0 BUS inI$ swd iioi0 

CHANNEL0 0 16 

MULTIPLEXER 

Central processor/memory 
Architecture: Hardware-implemented stack; Separation of code and 
data; Nonmodifiable, re-entrant code; Variable-length code segmen- 
tation; Virtual memory for code; Dynamically relocatable programs. 
Implementation: Microprogrammed CPU with 175 nanosecond mi- 
croinstruction time; Built-in memory protection, parity checking, 
power-fail/auto restart. 
Instructions: 170 powerful instructions, 16 bits in length; 16 and 32- 
bit integer, 32-bit and 48-bit floating point hardware arithmetic. 
Memory: Addressable to 64K words (131,072 bytes); 17 bits (in- 
cludes parity bit); Core with 980 ns cycle time. 
I/O System: Privileged control of I/O; Concurrent 1 / 0  Operations; 
Three ways to implement I/O; Direct memory access by all channels; 
Device-independent 1 / 0  program execution; Independent parame- 
ters for flexible I/O. 

Languages, software 
BASIC/3000 Supports four numeric data types concurrently: real, 
integer, real extended precision, and complex. 

Character string manipulation is provided. All digits, upper and 
lower case alphabetic characters, and all other printing and nonprint- 
ing ASCII characters can be stored in string variables. 

Data  files include BASIC FORMATTED files, ASCII and 
BINARY files. Data file security among different levels of users is fur- 
nished. Program segmentation capability is provided by CHAIN and 
INVOKE capabilities. An interactive debugging capability simplifies 
program check-out. 
FORTRAN/3000: Based on ANSI STANDARD FORTRAN (X3.9- 
1966). has many extensions which expand the capabilities and in- 

\ 

crease the power of the language. A new data type, “CHARACTER,” 
allows FORTRAN/3000 users to directly manipulate strings up to 
255 characters in length. FORTRAN/3000 also provides bit extract 
and deposit capability. Fixed format and free format representation 
for source-language-input are accepted. 

Uniform access to disc files and to standard input/output devices is 
accomplished through the MPE/3000 file system. 
COBOL/3000 A full implementation* of the ANSI standard, and 
c 

~ 

*Every module except report writer 

SPL/3000: A high-level as  well as  a machine-dependent language. As 
a high level language, it is similar (but not equivalent) to ALGOL, 
and offers to  the programmer the capability to produce the more 
usual coding sequences. The programmer can also easily exert con- 
trol over machine-dependent functions of the computer system. 
EDIT/3000 The interactive Text Editor which permits MPE Oper- 
ating System users to create and manipulate program or text files. 
IMAGE/3000 Provides the capabilities to describe data base struc- 
tures through the use of a schema language, create data bases, and ac- 
cess and maintain data. Utilities are included for the dumping and re- 
storing of data bases from magnetic tape. 
QUERY/3000: Provides the ability to  locate, report and update data 
values within an IMAGE/3000 data base. 
SORT/3000: Provides the capability to sort and/or merge multiple 
files of sequential records into a sequential file. 
STAR/3000: Provides simplified access to statistical functions of the 
H P  Scientific Library through statistical analysis routines. 
Ordering information and prices 
HP 3000 Model 100 Includes 96K bytes of memory, 16-port termi- 
nal controller, system console, 600 cpm card reader, 200 Ipm printer, 
9-track 800 cpi magnetic tape unit, and 9.8M byte on-line storage. 
With MPET Operating System: $129,500 
With MPE Operating System: $ 1  34,500 

Expansion equipment includes additional core memory, extended 
instruction set, terminals, additional on-line storage and on-line pe- 
ripherals. 
HP 3000 Model 2 0 0  Includes l28K1 bytes of memory, 16-port termi- 
nal controller, system console, 600 cpm card reader, 200 Ipm printer, 
9-track 800 cpi magnetic tape unit, 47M byte on-line storage, and 2M 
byte swap disc. 
With MPE or MPET Operating System: S 176,000 
Expansion equipment includes additional terminals and on-line pe- 
ripherals. 
Additional on-line peripherals available: Include a 600 Ipm 
printer, 250 cpm card punch, 1200 cpm card redder, plotter interface, 
75 cps paper tape punch, 500 cps punched-paper-tape reader, and a 
programmable controller (for interfacing to other on-line peripherals 
and to provide on-line data acquisition capabilities). Additional mul- 
tiple-disc drives are available for increased storage. 



COMPUTAT11ON 
HP 21MX Series computer systems 
For end user and OEM applications 

The H P  21 MX Series offers a wide choice of semiconductor mem- 
ory systems, user microprogrammable processors, and customized in- 
struction sets. Independent selections from H P  21-M processors, H P  
21-X memory systems, and common firmware enhancements make it 
possible to customize a computer mainframe to match a specific ap- 
plication. 

Designed to  take full advantage of 4K MOS R A M  semiconductor 
technology, 21 M X  series processors feature 128 standard instruc- 
tions (including floating point and data communications), 178 user 
accessible micro-orders, power fail interrupt, memory parity check, 
multilevel vectored priority interrupt structure, and u p  to  four sepa- 
rate internal bootstrap loaders switch-selectable from the front panel. 

Designed to cope with a wide range of power fluctuations and 
brownout conditions, an H P  21MX computer continues to operate 
normally while line voltage varies from nominal (1 10 V or 220 V) by 
as  much as  f20%,  or  while line frequency varies between 47 and 66 
Hz, or even if power fails completely for 2% full power cycles. 

A complete line of peripheral devices is also available including 
discs, magnetic tape units, card readers, line printers, plotters, paper 
tape devices, and terminals. Local H P  Field Engineers can provide a 
detailed computer products catalog. OEM prices and discount sched- 
ules for quantity purchases are available. 
Processors 
HP 21-M/10 $4 I50 

Only 5% inches high, this powerful processor supports up to  32Kof 
semiconductor memory in the mainframe and at  the same time pro- 
vides four powered 1 / 0  channels and full user microprogramming ca- 
pability. The number of 1 /0  channels may be increased to 36 by the 
addition of 1 / 0  extenders. 
HP 21-Ml20 $5300 

Supports up to 65Kin an 8% inch mainframe, 9 powered 1 /0  chan- 
nels, optional memory protect system and full user microprogram- 
ming capability. 1 / 0  channels may be increased to  41 by the addition 
of 1 / 0  extenders. 
Processor enhancements 
Fast FORTRAN processor (12977A) $ I500 

Firmware mictocode for more than a dozen instructions. Four  
word double precision operations, two and three-dimensional array 
addressing and other commonly used routines provide 2 to  30-fold in- 
crease in scientific program execution. 

Memory systems 
HP 21-X/1 

Available in 8Kand 16Kmodules, this high density, semiconductor 
memory system provides maximum memory expansion within the 
mainframe. Utilizes a high density 16-pin memory component. 
Controller $650 
8K module $2500 
16K module $4600 

Available in 4Kand 8K modules, this medium density, semiconduc- 
tor memory system offers additional price advantage when maximum 
memory expansion is not required. Utilizes a 22-pin memory compo- 
nent. 
Controller $500' 
4K module $1300 
8K module $2 I50 
Microprogramming option 
Writable control store (12978A) $1250 

Dynamically alterable, 256 24-bit word storage for micropro- 
grams. Enables access to additional high speed registers and 
read/write capability from memory. 

HP 21-X/2 

Data communications interfaces 
H P  data communication interface cards permit H P  21MX Series 

and H P  2100 Series computer users to transmit data using a wide vari- 
ety of privately-owned and common-carrier communication facili- 
ties. All communication interfaces conform to  EIA specification RS- 
232, provide programmable character size, programmable parity 
checking and a variety of programmable or  jumper selectable data  
rates. All interfaces can be operated under program or  D M A  control. 

$550 
Provides two-way communications with Bell 103 or  202 Data Sets 

or equivalent. Operates from 26 to 31 I O  baud in simplex, half duplex 
o r  echoplex mode. Programmable character size is from I to 8 bits 
plus an optional parity bit. 
Synchronous data set interface (12618A) $700 

Provides two-way communications with devices such as a Bell 
201A/B Data Set or  equivalent. Operates up to 9600 baud in half o r  
full duplex mode with fully independent transmit and receive chan- 
nels. Programmable functions include parity checking, synchroniza-. 
tion, special character recognition and character size. 
Automatic dialer interface (12589A) $400 

Permits automatic dialing of a computer generated phone number 
when used in conjunction with a Bell 801 Automatic Dialing Unit o r  
equivalent. Can be used with either H P  asynchronous or  synchro- 
nous data set interfaces. 

Asynchronous data set interface (12587B) 

Asynchronous multiplexer (129208) $2200 
Provides interfacing for up to 16 communications devices a t  pro- 

grammable rates from 57 to  2400 baud, with automatic speed detec- 
tion.at seven standard rates including the IBM 2741. Operates in full 
duplex, half duplex or  echoplex modes with automatic answering and 
automatic break detection. Programmable functions include parity 
generation and checking, split speed operation and character length 
from 5 to 12 bits. 

Provides two-way communication between an H P  computer and 
teleprinters, keyboard-display terminals, and Bell I03 Data Sets or  
equivalent. 
Display terminal interface (12880A) $350 

Provides local two-way communication with a keyboard/display 
terminal. Data rates from 1 I O  to  9600 baud are automatically deter- 
mined by the terminal external clock signal. 
Hardwired serial interface (12889A) $750 

Provides high-speed, asynchronous, long distance, point-to-point 
data transfer between two H P  computers. Capable of transmitting up 
to  1000 feet a t  2.5 million baud or  up to  2400 feet a t  1.25 million baud. 



uenerai purpose intenaces 
HP general purpose interfaces are contained on individual plug- 

in/I/O cards. In addition to the appropriate data registers, each in- 
terface has independent flag and control logic, allowing two-way com- 
munication between an HP 21MX Series or an HP 2100 Series com- 
puter, and one or more external devices. All interfaces operate under 
either program or direct memory access control. A wide choice of in- 
terfaces allows external connection via floating contact closures, 
DTL/TTL, transistor or differential logic. 
16-Bit relay register (12551 B) $515 

Provides 16 floating contact closures and optional read-back cir- 
cuitry for data verification. 
16-Bit duplex register (12554A) $450 

Provides 16 input and 16 output transistor logic lines. 
&Bit duplex register (12597A) $415 

Provides 8 input and 8 output transistor logic lines. 
Microcircuit interface (125666) $500 

Provides 16 input and 16 output DTL/TTL compatible lines. 
Universal interface (12930A) $905 

Provides 16 input and 16 output lines with differential transmitters 
and receivers for operation up to 500 feet. Can be operated in either a 
single or dual-channel mode. 
Data source interface (126046) $875 

Provides 32 input lines for sensing external voltages relative to an 
externally provided reference level. 
Digital to analog converter (125558) $600 

Provides two analog output channels ranging from 0 to + 10 volts 
with 8-bits-per-channel resolution. Also provides two logic level out- 
puts for external device control. 

Magnetic tape subsystems 
Magnetic tape subsystem (12972A) $10,900 

Phase Encoded format 79708, 9-track tape drive subsystem. Pro- 
vides 1600 cpi capability at speeds of 25, 37.5 or 45 ips. 

Disc subsystems 
HP disc subsystems are built around highly reliable field-proven 

moving head drives. All units are completely interfaced and boast ex- 
ceptionally fast access times. 
Cartridge disc subsystem (1296044) $15,000 

Compact 4.9 million byte 7900A dual platter disc subsystem. Con- 
troller handles up to 4 drives for a maximum capacity of 19.6 million 
bytes. This field-proven disc subsystem provides exceptionally fast (30 
msec.) average access time with guaranteed interchangeability. 

Disc file subsystem (12965A) $29,900 
Provides 23.4 million bytes of storage using a standard 1 I-high re- 

movable pack. Controller handles up to 2 drives for a maximum ca- 
pacity of 46 million bytes. Average access time is 32 milliseconds. 

7970 Series digital tape recorder 
OEM, on-line, and off line applications 

These units provide 800, 556, or 200 cpi NRZI and 1600 cpi phase- 
encoded electronics with the same superior operational and reliabil- 
ity characteristics usually associated with higher priced and more 
complex digital recorders. The 7970 was especially designed as a mod- 
ular unit to enhance serviceability and reliability. All major transport 
assemblies are easily accessible for service and/or replacement, when 
required. The complete data electronics assembly is made up of plug- 
in type cards, neatly packaged in card cages within the 24-inch trans- 
port. 

Model 7970B option configuration table (N 
9Track 7Track 7/! 

21-37.5 ips 

37.6-45ips 127 136 

Model 7970E option configuration table 

RAW = Read After Write 
Master = initial PE unit 
RIO = Read Only 

Slave = additional PE unit 
R/R = ReadIRead 

Tape speed range: 21 to 45 ips. 
Reel diameter: up to 10%” (26.7 cm). 
Tape: computer grade. 

Width 0.5”. 
Thickness: 1.5 mils. 

Tape tension: 8.5 ounces, nominal. 
Tape format: IBM/ANSI compatible. 
Rewind speed: 160 ips. 
Start/stop travel: Read-After-Write: 0.187” f0.020”. 
Power requirements: 115 or 230 (*IO%) V ac, 48 to 60 Hz single 
phase. 400 VA, maximum (on high line). 
Size: 610 X 483 X 400 mm (24” H, 19” W, 15%’’ D). Depth from 
mounting surface: 305 mm (12”). 
Weight: 63.5 kg, maximum (140 Ib). 
Operating environment (hardware): 

Ambient temperature: 0’ to + 5 5 T  (+32” to 131’F). 
Relative humidity: 20% to 80% noncondensing. 
Altitude: 3048 meters (10 000 feet). 

7970B-Std $6360 
7970E-Std $8885 
*For complete specifications and a list of accessories. request technical Data Sheet (707OBlC or 7 9 7 0 0  OEM 

prices and discount schedules are available 



COMPUTATION 
HP 2000 series computer systems 
Models S/110, S/210, S/250, S/310, 2000/E, 2000/F, M/230, M/260 

The H P  2000 Series computer systems are combinations of hardware 
and software configured to  solve specific types of user problems. The 
2000 series include scientific, management, and educational data sys- 
tems. 

Scientific data systems 
s/110 
Basic building block of all 2000 series systems. Employs the 2100s mi- 
croprogrammable computer, with core-memory-only operation for 
computation, data acquisition, or as a satellite in a distributed com- 
puter network. 
s/210 
2100s computer with disc operating system for low cost computation 
in FORTRAN, ALGOL or Assembly language, in terminal or auto- 
matic batch mode. 
S I 2 5 0  
2100s computer with Fast FORTRAN firmware for computation, 
and a disc-based data management software package to relieve the 
user from programming complex file processing routines. C R T  con- 
sole and line printer are  also included for easy programming. 
S/310 
A 2100s Real Time Executive disc-based system, for multiprogram- 
ming computation (background/foreground), and real-time response 
to user data acquisition and control instrumentation. 
2000/€ 
Low cost “starter set” timesharing system; supports 16 problem-solv- 
ing terminals in BASIC language under TSB/E. 
2000/F 
Dual Processor (2100s) timesharing system for rapid response prob- 
lem-solving in the Timeshared BASIC language, for up to 32 concur- 
rent users. 

Management data systems 
M/230 
Multiterrninal Transaction Processing; communication oriented, 
computer system for on-line data entry and processing applications. 

U p  to 32 terminals are available with the standard Terminal Control 
Software. The system provides multiple user access, concurrent task 
independence, “real time” terminal response, high transaction 
throughput. 
M/260 
On-line, Dedicated Data Base Management; computer system for 
business applications, when the need is for accessing many records 
and files of interrelated data. Such applications normally demand 
large volumes of data, and have a need for concise reports, cross ref- 
erencing of data, retrieving data on key parameters. The system with 
IMAGE software will handle up to 32 terminals with a data base from 
5 to 94 million bytes. 

Component products 
Central processor (2100s): up to  32K words of core memory, dual 
channel direct memory access, hardwired extended arithmetic in- 
structions, floating point hardware, power fail and automatic restart, 
memory parity check with interrupt, crystal controlled time base gen- 
erator. 
Disc memory (12960A): 4.9 megabyte capacity, removable car- 
tridge, average access 30 milliseconds, transfer rate 3 12K bytes/sec. 
Magnetic tape (12972A): 9 track, 1600 cpi, 45 ips, IBM/ANSI com- 
patible, phase-encoded. 
Paper tape reader (12925A): 50 cps, photoelectric, 8 level code. 
System consoles: 

(2752A): I O  cps, ASR-33 teleprinter, friction feed. 
(2754A): 10 cps, ASR-35 teleprinter, tractor feed. 
(2762A): 30 cps, form feed, tractor feed. 
(2615A): 960 cps, C R T  display. 

Fast FORTRAN processor (12907A): 13 microcoded (firmware) 
FORTRAN subroutines; up to 20 times faster than software prede- 
cessors. 
Line printer (12987A): 200 Ipm, 132 column, 8 track form feed. 
Terminal multiplexer (1 2920A): 16 asynchronous channels, EIA 
RS232, 57 to  2400 baud. 



Disc operating system software (24307B DOS-Ill): disc based op- 
erating software; features batch processing, data communication and 
overlay management, privileged interrupt; supports up to 94M bytes 
on-line, system generation from dual platter disc, on-line disc dupli- 
cation. 
Timeshared basic software (TSB-E): 16 simultaneous users in 
BASIC language, automatic accounting, chaining, strings, security, 
random and sequential files, public and private libraries. 
Timeshared basic software (TSB-F): same as TSB-E except 32 si- 
multaneous users, disc storage to 188M bytes, magnetic tape/re- 
loads, 16 open files, public, group and private libraries. 
Real time executive software (RTE): disc-based multiprogram- 
ming (background/foreground) operating system, priority schedul- 
ing, FORTRAN IV, development concurrent with execution, over- 
lays, easy-to-use directives editor and compilers, optional file man- 
ager. 

Disc Oper. 
System 

COMPONEP 

24307B X X 

COMPONENTS MANAGEMENT 

Timeshared E 
BASIC F 

Basic control a 
tern with FORT 
oriented. 
IMAGEl2000 s( 
system that acce 
inates data redu 
rity and privacy 
ture and access : 
94M bytes. 
Terminal contr 
program that pi 
overlapping of I 
vices, simultanec 
mal program 01 

20856A 

20854A 

4TS SUMMARY 

Real-Time 
Executive 

Basic Control 
System 

Data-Base 
Management 

Terminal 
Control 

PRODUCT 
HARDWARE NUMBER MI230 MI260 SI110 

Central 
Processor 2100s 16K 24K 8K 

2300E 

20855A X 

243768 X 

24342A X 

SYSTEM 
PRICE $48,950 $53,950 $15,75( 

Disc 
Memory 12960A 

Magnetic 

Paper Tape 
Reader 12925A 500 cps 500 cps 500 cps 

12972A 1600 bpi 1600 bpi 

System 2752A 
Console 

2615A 

Power 2860B 2 bays 2 bays 

Fast FORTRAN 
Processor 12907A 

Terminal 
Multiplexer 12920A 16 ch. 

SOFTWARE 

Sf210 

+F 

iystem software (BCS): core based operating sys- 
RAN, ALGOL, single terminal BASIC. Paper tape- 

Dftware (243768): data base management software 
sses data by key value (such as customer name), elim- 
ndancy, automatically links data, provides data secu- 
; provides subsystems to define, load, query, restruc- 
i data base. The data base is expandable from 5M to 

,ol system software (24342A): multitask control 
rovides task priority scheduling for up to 16 levels, 
/ O  transfers, minimal disc seeks, locking of 1/0 de- 
JUS multiple user access to the same data base, mini- 
wlay  time. 

SCIENTIFIC 

! - 11250 S/310 2000/E 2000/F 

32K 
24K 16K 16K 8K 

5 M b  5 M b  5 M b  5 M b  

1600 bpi - - 800 bpi 

500 cps 500 cps 500 cps 500 cps 

I I 3 0 c p s  I 30cps 

960 cps 

2 bays 2 bays 

X 

200 Ipm 

16 ch. 16 ch. 

X 

$30,950 



1 CQMPYTATIIQN 
Optical mark readers for direct data input 
Models 7260A & 7261A 

0 Flexible card format 0 High-speed operation 

f I r 
P 

I 

-, 
7260A 

- 
7261 A 

The Hewlett-Packard Models 7260A and 7261A Optical Mark 
Readers are desk-top data transmission instruments. The Readers op- 
tically (photo-reflectively) read standard 8.26 cm (3% in.) wide paper 
information processing cards. Card lengths from 18.73 cm to 28.26 cm 
(7% in. to I I in.), having 40 or 80-column marked or key-punched in- 
formation using on-data or after-data clocking are accepted. With 
Option 003, the Readers can also read cards without clock marks. 
They can handle 300 processing cards at a time (up to 450 with Op- 
tion 001) at feed rates of up to 300 cards per minute. 

Code capacity: recognizes I28 characters Hollerith code. Other 
codes available on request. 
Translation: translates to bit serial 7-level ASCII with even parity 
(odd parity available by changing internal jumper). 
Operational modes: demand and continuous feed. 
Parity: generates and transmits even parity (odd parity available by 
changing internal jumper). 
Data rates: 100, 150, 300, 600, 1050, 1200, 2400 baud, switch select- 
able. 
Form dimensions: standard tab card size 8.26 X 18.73 cm (3% X 7% 
inches) or 8.26 X 28.26 cm (3% X up to I I V g  inches). 
Hopper capacity: 300 cards input, 450 cards output, 450-card input 
available. See Option 001. 
Interface: RS-232C. 
Interface connectors: 2 Cinch/Cannon DBM-25s - rear panel. 
Dimensions: 61 X 36.8 X 26.7 cm (24' X 14V1 X 10% inches). 
Weight: Net, 24.6 kg (54 Ib). Shipping, 33.2 kg (73 Ib). 
Environmental: (exclusive of forms) 

7260A Specifications 

Storage temperature: -40°C to +75"C 
Exposure power on: -20°C to +65"C 
Meets specifications: 0°C to + 5 5 T  
Humidity: 5%-95% at 25°C to 40°C 

7261A Specifications 
Card code and output codes: the information from each card is 
converted by the Reader to a parallel 12-channel format. 
Form dimensions: standard tab card size, 8.26 x 18.73 cm (3% x 
7% inches) or 8.26 X 28.26 cm (3% X up to 1 1 %  inches). 
Hopper capacity: 300 cards input, 450 cards output, 450-card input 
available. See Option 001. 
Interface connector: 36 Pin Cinch Micro-Ribbon - rear panel. 
Dimensions: 61 X 36.8 X 26.7 cm (24 X 14% X 10% inches). 
Weight: Net, 24.5 kg (54 Ib); shipping, 33.2 kg (73 Ib). 
Environmental: (exclusive of forms) 

Storage temperature: -40°C to +75"C 
Exposure power on: -20°C to +65"C 
Meets specifications: 0°C to +55"C 
Humidity: 5%-95% at 25°C to 4OoC 
Vibration: 10-55 Hz, .01 in. peak-to-peak excursions 
Cards: From 20%-75% RH at 73°F 

AC power: (see Option 005 for 220/240 V ac operation) 100/120 

Cards: From 20% to 75% RH at 73'F 
AC power: (See Option 005 for 220/240 Vac operation) 100/120 
Vac, +5% - IO%, selectable by rear panel switch 47.5 Hz - 66 Hz. 

Average running VA: 300 VA 
Main fuse: 4 A SB 
Transformer fuse: 2 A SB 

U.L. approval: The reader has U.L. and CSA approval and meets 
IEC specifications. 
Options Price 
001: 450-Card Hopper $25 
0 0 2  Select Hopper $220 
003: Encoder $220 
004: Bell $55 
0 0 5  N/C 
0 0 6  50 Hz N/C 
016: Mute and Line $160 
017: Nulls $55 
018: Mnemonic Control $55 
019: Imam=. 

Average running VA: 300- VA 
Main fuse: 4 A SB 
Transformer fuse: 2 A SB 

U.L. approval: The Reader has U.L. and CSA approval and meets 
IEC specifications. 
Options Price 
001: 450-Card Hopper $25 
0 0 2  Select Hopper $220 

$220 -~~ 0 0 3  Encoder 
004: Bell $55 
005: 220/240 V ac +5% - 10% (main fuse 2 A SB, 
Transformer 1 A SB) N/C 
006: 50 Hz N/C 
Model number and name 
7260A Optical Mark Reader $3190 
7261A Optical Mark Reader $2760 

$3775 
OEM and quantity discounts available. 
Service contracts nvailahlp tn mppt vniir cnprifir nperlc 

12986A with interface to HP 2100 series computers 



COMPUTATION 
Graphic plotter for computer applications 

Model 7210A 

' ~ phics 0 Complete status monitorir 

The Hewlett-Packard Model 7210A Digital Plotter is an output pe- 
ripheral designed for use with computers and computer systems. The 
exceptional speed, resolution, and accuracy are available at the low 
cost normally associated with analog plotters, yet the 7210A does not 
require the higher system overhead of incremental plotters. 

It can be added easily to either your computer or terminal. Accept- 
ing either Binary or BCD codes under full program control, the pen 
can make up to 20 moves per second at any angle. The internal micro- 
processor allows typical operation with less than 250 16-bit words of 
computer memory. 

Any sheet type graph paper, up to 27.9 X 43.2 cm (1  1 X 17 inches), 
with or without preprinted grids, may be used. The Autogrip paper 
holddown system solidly grips the paper. Four colors of ink are avail- 
able in clean, disposable pens that can be changed quickly and easily. 

7210A Specifications 
Plotting surface: 25.4 X 38.1 cm (10 X I5 in.). 
Plotting area: Front panel scaleable from 25.4 X 38.1 cm (0 X 0 to 10 
X 15 in.). 
Plotting maneuvers: Pen or position. Pen and position maneuvers 
are independent commands. 
Vector generation: Automatic. A command to perform a position 
maneuver will cause the Plotter to traverse a straight line path to any 
specified point on the platen. 
Vector length: Limited only by the plotting surface. 
Vector speed: up to 30.5 cm/sec (12 in./second). The speed is de- 
pendent upon the slope of the line. Plotter will process up to 20 vec- 
tors/second. 

'9 

received in BCD (8421) or Binary. 
inates and relative coordinates. 
(0.01%). 
.. In n r  :__I_\ :- 1 0  * ^- I ,  c :.--L-"\ 

, ,L I v- 1 "L-. 

8 120- 1348 

Numerical code: Position data is 
Plotting modes: Absolute coord 
Numerical resolution: 1/10,000 
Plot accuracy: Better than 0.10 cm \u.w inEnl i n  JO. I CIII  ( I  J I I I L I I G ~ J .  

Resettability: 0.18 mm (0.007 inch) max. 
Writing method: Ink, disposable pens. 
Paper size: Any size up to 27.9 X 43.2 cm (11 X 17 in.). 
Power: 100 V, 115 V, 200 V, or 230 V f 10% (choice of 4 positions at 
rear panel), 48 to 66 Hz, 100 watts maximum. 
Weight: Net 18.1 kg (40 Ib); Shipping 23.6 kg (52 Ib). 
Accessories supplied HP Part Number 
I .  Accessory Kit 07210-80010 

1 Pkg Disposable Pens, Red (3) 5081-1 190 
5081-1191 

1 Pkg Disposable Pens, Black (3) 5081-1193. 
5080-3605 

1 Slidewire Lubricant 5080-3635 
21 IO-0080 

1 Pkg Disposable Pens, Blue (3) 

1 Slidewire Cleaner 

1 Fuse (for 230 V operation) 
2. Operating Manual 07210-90000 
3. Interface Manual 072 10-90002 
4. Mating Connector 

1 50 Pin Connector 125 1-277 1 
1 Hood 1251-2769 

1251-2770 
5. Dust Cover 4040-0477 
6. Graph Paper, 20 sheets (English) 9270- 1004 

2 Jackscrews 

7. Graph Paper, 20 sheets (Metric) 
8. Power Cord 2.3 m (7.5 ft) 
Supplies available 
Disposable Pens (package of 3) 

077n. t n74 

r n o ,  , In *  
Red 
Blue 
Green 
Black 

Graph Paper (box of 100 sheets) 
riot Area nr rart NumDer 

Linear 25 cm X 38 cm . 9270-1024 

Linear 18 cm X 25 cm 9270-1023 

Semi-Log 10 in. X 2 cycle 9280-0159 
Semi-Log 10 in. X 3 cycle 9280-0160 

Linear loin. X 15 in. 9270- 1004 

Linear 7 in. X loin. 9270- 1006 

Semi-Log 2 cycle X 15 in. 9280-0169 
Semi-Log 3 cycle X 15 in. 9280-0 168 
Log-Log 2 cycle X 3 cycle 9280-0167 
Log-Log 3 cycle X 2 cycle 9280-0165 
Log-Log 3 cycle X 4 cycle 9280-0171 
Blank (with loin. X 15 in. 9280-0180 

scaling points) 
Accessories available 
l726OA Plotter Stand (includes IT 
17261A Mounting Plate I 

Carrying/Transit Case (P/N 921 I 

12935A Plotter Subsystem (7210. 

7210A $3400 
OEM Discounts Available 

series computers) Q-rLJJ 

HP Part Number 
5081-I190 
JVO 1- l I Y  1 

508 I -  1 I92 
5081-1!93 

Price 
iounting plate) $85 

$20 
1-1377) $220 
A Interfaced to 2100 

C A ? - l <  



PHYSICAL AND OPTICAL MEASUREMENTS 
General information 

5526A Laser Measurement  Sys tem checking s ta ightness  of travel of a machine tool. 

5526A Laser calibration system 
The Hewlett-Packard 5526A Laser Cali- 

bration System utilizes a precisely-known 
wavelength of light to provide a portable, 
easily used dimensional measurement tool for 
such parameters as length, angle, straight- 
ness, squareness and flatness. 

The 5526A Laser Calibration System is 
used in a wide variety of applications where 
very accurate physical measurements are re- 
quired, such as  characterizing the position- 
ing accuracy and geometry of machine tools 
and measuring machines. 

A wide variety of output devices are avail- 
able to record the measurement data includ- 
ing digital printers and X-Y recorders. The 
Option 200 Laser/Calculator System allows 
the measurement data to be transferred di- 
rectly from the Laser Calibration System to 
the 9820A Programmable Calculator and im- 
mediately processed by pre-written metrol- 
ogy programs. The reduced data is then pre- 
sented in either printed format or plotted to 
provide report quality graphs of the mea- 
surements. 
5501A Laser transducer 

The 5501A Laser Transducer utilizes the 
same technology as  the 5526A Laser Cali- 
bration System to provide a low-cost, built-in 
linear and angular measurement transducer. 

The system is designed as a high accuracy 
and resolution positioning transducer for 
such applications as machine tools, measur- 
ing machines and integrated circuit manu- 

facturing equipment. The modular configu- 
ration of the Laser Transducer allows using a 
single laser source to  monitor up to 6 axes of 
motion simultaneously. This feature, plus nu- 
merous other design innovations, signifi- 
cantly lowers the cost of laser interferometer 
feedback. A range of output devices offers 
the choice of feedback con' 
play, or both. Although tl. 
ducer is designed for orig 
manufacturers (O.E.M.), sin 
techniques make it attractivl 
end-users as  well. 

and - IOOOC to +2OO0C making it ideal for a 
wide variety of applications. Battery or BCD 
output accessories easily snap into place. In 
addition, the display unit may be used with 
other HP snap-in modules to make a voltme- 
ter, a multimeter, a pre-amp ammeter, as well 
as other combinations offered by Hewlett- 

trol, digital dis- Packard. 
le Laser Trans- 
jnal equipment Radiant flux meter 
nple installation 
e for retrofit by 

This complete, multi-purpose optical radi- 
ometer system is ideally suited for use in a 
wide variety of exacting applications involv- 
;nn tho o,-nn,-qin mnorllrompnt -f -.,rl;ont 

Digital thermometers 
HP's 2801A. a research-type quartz ther- 

mometer, provides extremely precise, reli- 
ab le  measurements  with resolut ion t o  
0.001"C over the range -80" to +250"C. A 
Model 2833B Oceanographic Temperature 
Sensor Assembly for the 2801A Quartz Ther- 
mometer is especially designed for use in rug- 
ged environments such as  oceans, rivers, har- 
bors and industrial fluids a t  pressures up to  
10,000 psi. It meets all requirements for 
oceanographic investigations, for tempera- 
ture profile and thermal pollution studies in 
rivers and harbors, for well-logging, factory 
effluent studies and other difficult industrial 
environments. 

The 2802A Platinum Resistance Ther- 
mometer, a medium-priced thermometer 
with features usually found in more costly 
units, has two ranges; -200°C to +600"C 

" ,E ,  L..C L L C b U I ' A L "  I l l C ' L . , Y 1 C 1 L , C 1 1 L  "L I'LU.U.l l  

power density in the ultraviolet, visible and 
infrared regions of the electromagnetic spec- 
trum. 

A fully calibrated system, it reads directly 
in absolute radiometric units of watts per cm2 
at  any wavelength and at any power level 
within the range of the detector. 

Quartz pressure gauge 
Precision pressure measuring capability 

and rugged construction make the H P  281 IB 
Quartz Pressure Gauge (Probe and Signal 
Processor) ideal for applications requiring 
surface readout such as oil well logging, 
oceanographic research, and studies of sub- 
terranean hydrodynamics. An electronic fre- 
quency counter must be used to produce a 
digital display; any of various recorders, 
printers, computers or other data handling 
devices can be connected to  the counter out- 
put. 



L &  OPTICAL MEASUREMENTS 
Laser transducer 1 

Systems description 
The 5501A Laser Transduc 

measuring system which brin 
etry to builders and users of a 
comparable with conventional 
to 6 axes of motion may be n 
plus numerous other design i r  
of laser interferometer feedbal 
choice of feedback control, I 

Laser Transducer is designed 
(OEM.), simple installation tt 
by end-users as well. 

Resolution: 6 micrl 
using Plane Mirror I 
Accuracy: f 0 . 5  pal 
Range: Up to 200 feet (ou m 
of axes for multi-axis configu 
Number of axes: U p  to six I 
environmental conditions. 
Maximum allowable signal 
Maximum lateral return bel 
Maximum allowable velocitl 
in/min (9.14 meterslmin) usil 

Specifications 

for “build-in” applications 
Model 5501A 

:er is the basis of a linear displacement 
gs the many advantages of interferom- 
ccurate positioning equipment at a cost 
I devices. Using a single laser source, up 
nonitored simultaneously. This feature, 
inovations, significantly lowers the cost 
ck. A range of output devices offers the 
digital display, or both. Although the 
for original equipment manufacturers 

xhniques make it attractive for retrofit 

S 
nli tt er 

Optical accessorie 
10700A 33% Beam S, ....- 
10701A 50% Beam Splitter 
10702A Linear Interferometei 
10703A Retroreflector 
10704A Retroreflector 
10705A Single Beam Interferc 
10706A Plane Mirror Interfer 
10707A Beam Bender 

Electrical a 
10740A Cou 
10741A Last 
10742A Lasc. -.-..YII1l. _” 
10743A Extender Board 
10780A Recc 
10781A PUIS 
10782A Serv 

tccessories 
pler 
:r Transducer Ints 
’r Tranwiiirer Pn 

:iver 
e Converter 
,ice Kit 

Other options 
Real time resolution exrensi 

able along with modular pow 
Packard 9800 series Calculato 

5501A Laser Head 

0.16 pm) or 3 microinches (0.08 pm) 
neter. 
illion. 
eters) depending upon conditions (sum 
rations). 
fiepending on system configuration and 

loss: 95% (-13 dB). 
am offset: f 0 .2  ( f 5  mm). 
/: 720 in/min (18.3 meters/min) or 360 
ng Plane Mirror Interferometer. 

Price 
5300 
$300 

$ 1  I60 
$550 
$700 

m e t e r  $1425 
ometer $2150 

$140 

erface 
unter 

N / A  
$430 
$495 
$125 
$290 
$380 
$750 

ion by factors of six and ten are avail- 
‘er supplies and interfaces to Hewlett- 
irs. 

$4750 



PHYSICAL AND OPTICAL MEASUREMENTS 
Laser system for dimensional measurements 
Model 5526A 

Model 5526A Laser/Display 
System Base 

Configuration 
The 5526A Laser Measurement aysrem IS a major aavance in eco- 

nomical dimensional metrology. A choice of options allows the mea- 
surement of length, angle, flatness, straightness, squareness, parallel- 
ism and the capability of two measurements simultaneously. In addi- 
tion, output options are available to reduce the data to printed or plot- 
ted format. The 5526A, which forms the base of the system, includes 
the 5500C Laser Head and the 5505A Laser Display. Measuring and 
output options are added to this base system to allow modular build- 
up of measurement capability. 
General capabilities 

The system is a highly accurate displacement measuring tool with a 
resolution of one millionth of an inch (0.01 pm) for linear measure- 
ments and 0.1 arc-second for angular measurements. Fully automatic 
tuning, instant warm-up and remote interferometric measurement 
techniques assure drift-free accuracy from the moment of switch-on. 
A laser tube lifetime in excess of 10,000 hours can be confidently ex- 
pected and the unique optical heterodyning principle makes for prac- 
tical, convenient measurements in adverse environments. 

nt options 
ear interferometer 
)nsists of the 10565B Remote Interferometer and a 
le-+,- '2:e-a +ha De--+- l - + a r C , - n - - t a -  :- -A- 

Measuremei 
Option 010 linl 

10550B RetroreltGcLul. olllLk Lllc  I,cIIIwLc IIILk . I Ic luII IcLcI  LwIII-  

pletely passive, it makes for an almost perfect linear measuring in- 
strument. Complete thermal stability is assured since the laser head 
can be some distance away on a tripod. The small size of the Remote 
Interferometer allows easy fxturing and minimal distortion. 

The Option 010 Linear Interferometer is ideal for any high accu- 
racy and resolution linear measurement requirement such as machine 
tool calibration and metrology laboratory use. 
Option 020 linear + angular flatness interferometer 

While including all the capabilities of the Option 010 Linear Inter- 
ferometer, this option also provides angular measurement ability. The 
addition of passive optical modules allows fast, accurate measure- 
ments of pitch, yaw, or flatness. The option also includes two turning 
mirrors designed especially for rapid calibration of surface plates. 
Option 030 straightness interferometer 

This option converts the 5526A into an interferometric straight- 
edge. Lateral deviations from a perfectly straight line are displayed to 
a resolution of one millionth of an inch (0.01 pm) over an axial range 
of I O  feet (3 m). Unlike alignment lasers, the Hewlett-Packard system 
does not depend on the pointing stability of the laser beam for its ref- 
erence, but instead uses two rigidly mounted plane mirrors and a spe- 
cial prism interferometer. A long range version (Option 31) is also 

This option cc 

Choice of options for 
Length, Angle, Flatness, 
Straightness Non-contact and 2 Axes 

I 
I 
I 
I 
I 

I 10565B 10550B ; 
I Measurement Interferometer I 

Option 10 Linear I 
I 
I 

L,,,-----,--,,,,--,,-~ 

available with a resolution of ten millionths of an inch (0.1 pm) over 
an axial range of 100 feet (30 m). 

Ideal for determining geometric characteristics of machine tools, 
the Straightness Option can also measure such parameters as parallel- 
ism and with an optional pentaprism, squareness. 
Option 200 laser measurementlcalculator system 

The combination of the 5526A Laser Measurement System with the 
Model 9820 Calculator provides a complete problem solving system 
for a wide variety of measurements. In addition to the Calculator, the 
Option 200 consists of all measurement options for linear, angular, 
flatness, straightness, squareness and parallelism determination. 

Data is transferred directly from the Laser Display to the Calcula- 
tor during the measurement of machine tools or surface plates, elimi- 
nating tedious manual data recording and possible operator errors. A 
package of metrology applications programs developed especially for 
the Option 200 enables fast data reduction and plotting of measure- 
ments such as surface plate calibration, lead error analysis and geom- 
etry characteristics of machine tools and measuring machines, includ- 
ing straightness, parallelism and squareness. One important program 
included implements the NMTBA (National Machine Tool Builders 
Association) recommendations for accuracy and repeatability of nu- 
merically controlled machine tools. 

No knowledge of calculator programming is required to operate the 
system. The Metrology Program Package has been prepared for the 
QC technician and can be run simply by following the step-by-step in- 
structions displayed by the Calculator in an interactive manner. 
5510A Automatic compensator 

The 55 10A Automatic Compensator provides accurate, continuous 
correction for variations in the refractive index of air and for temper- 
ature of the material being measured. Air temperature, pressure, hu- 
midity and material temperature are measured by rugged sensors de- 
signed especially for use in machine shops. Sensor readings can be ob- 
served at the Laser Display without disturbing the measurement. 
Additional options 

Other options to the 5526A Laser Measurement System are avail- 
able including a Single Beam Interferometer which in conjunction 
with the non-Contact Converter measures displacement of reflective 
surfaces. The Plane Mirror Converter when added to the Remote In- 
terferometer of Option 010 allows measurements from a plane mirror 
surface with relative insensitivity to mirror tilt. A Second Axis Add-on 
is available to allow the Laser System to make two simultaneous in- 
dependent measurements. 

Additional options include real time error plotting and a real time 
resolution extender for applications where 0.1 millionths of an inch 
(0.001 pm) is needed or where high resolution at a high update is re- 
quired. A printer is also available. 
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Option 200 NMTBA Accuracy Plot: Mean positioning error with 
f3 u confidence bands. 

200 straightness and squareness plot 

Brief specification 

5526A Laser/display 
Laser: Helium-Neon type. Fully automatic tuning. Instant warmup. 
Accuracy (for all linear displacement measurements): f0.5 parts per 
million f l  count (Metric f0.5 parts per million f 2  counts). 
Resolution: Normal and Smooth Modes: 
Normal 0.000,Ol in. Metric: 0.1 pm. Angular: 1 arc-sec. X I 0  0.000,~01 
in. Metric: 0.01 pm. Angular: 0.1 arc-sec. 
Maximum allowable signal loss: 95% (-13 dB). 
Maximum measuring velocity: 720 in/min (182 rn/min). 
Maximum lateral return beam offset: f0 .2  inch (f5 mm). 
Atmospheric and material compensation: manual input from 
tables. 55 10A Automatic Compensator optional. 

Option 10 linear interferometer 
Accuracy: as  for 5526A Laser Display. 
Maximum measuring range: up to 200 feet (60 m) depending on 
conditions. 
Maximum lateral offset: The Remote Interferometer or the cube- 
corner retroreflector may be offset by up to f O . l  in. (f2.5 mm) since 
a cube-corner displacement is doubled for the reflected beam. 

Option 20 linear + angular/flatness interferometer 
Linear specifications are as for Option 10. 
Accuracy: fO. I arc-second (f 1 count in last digit) up to f 100 arc- 
seconds. f 1 arc-seconds (f 1 count in last digit) up to f 1000 arc-sec- 
onds. f 4  arc-seconds per degree (f 1 count in last digit) up to f 10 de- 
grees using correction table. 

Option 30 short 
Accuracy: 

Inch: f 5  micrc 
Metric: f 0 . 4  IT 

Calibration: f 3 R  
justment of an an; 
Resolution: As fc 
Lateral range: f 
Axial range: 10 f 
Option 31 long 
Accuracy: As foi 
Calibration: f I O  
justment of ai 
Resolution: 

Normal: 0. 
x10: 0.0001 

5510A Autor..,., 
5526A15510A Sy 
1. For air temper: 

count (metric I 
2. For air temper2 

count (metric I 
Model number ai 
5526A Laser/Disl: 
Option 010 Lineal 
Option 020 Lineal 
Option 030 Straig 
Option 200 Laser 
5510A Automatic 

1 an, 

000 I 
01 i r  
mdi  

range straightness interferometer 

)inches/foot f l  count in last digit. 
iicrometer/meter f 2  counts in last digit. 
t of reading. Can be calibrated out with the gain ad- 
d o g  recorder, if used. 
i r  5526A Laser/Display. 
0.1 inch ( f 2 . 5  mm). 
'eet (3 m). 
range straightness interferometer 
. Option 030. 
70 of reading. Can be calibrated with the gain ad- 
alog recorder, if used. 

inch ( I  pm). 
ich (0.1 pm). 
ic compensator 
stem accuracy (worst case): 
iture within range 6 8 4 5 ° F  (20-30°C) 1.3 ppm f l  
.3 ppm f 2  counts). 
iture within range 55-105°F (13-40°C) 1.5 ppm f l  
.3 ppm f 2  counts). 
nd name Price 
day $10,750 
. Interferometer $3895 
. + Angular/Flatness Interferometer $5985 
htness Interferometer $3895 
Measurement/Calculator System $32,215 
Compensator $3995 



PHYSICAL & OPTICAL MEASUREMENTS 
0.0001 O C  or O F  resolution, direct measurement 
Models 2801A, 2831A, 2833B, 2850A/B/C 

The method of temperature sensing employed in the 2801A Quartz 
Thermometer is based on the sensitivity of the resonant frequency of a 
quartz crystal to temperature change. 

Temperature range of the 2801A Quartz Thermometer is -80 to 
+250°C (-1 12 to +482"F). The quartz thermometer is considerably 
more linear than a platinum resistance thermometer: f0.05% of span 
from -40 to +250°C compared with a typical figure of f0.55% for 
the same range for platinum thermometers. Linearity of the quartz 
thermometer is superior to that of thermocouples and thermistors, 
which have an exponential characteristic. The excellent sensing char- 
acteristics of the quartz thermometer are supplemented by the advan- 
tages of direct digital readout (no bridge balancing, or  reference to  re- 
sistance or voltage-temperature tables or curves), immunity to noise 
and cable resistance effects, no reference junction, and good inter- 
changeability between sensing probes. 

The 2801A is equipped with two sensing probes for measuring tem- 
perature a t  either probe or the difference between the two. A 6-digit 
visual readout and recording output with a choice of pushbutton-con- 
trolled sample times provides resolution of 0.01,0.001 or 0.0001 "C or 
"F. With Option 010 (100-second sample period) resolutions of 0.001, 
0.0001 or 0.00001 "C or "F can be obtained. Signal polarity indication 
is provided. The 2801A includes the capability for operation as a 300- 
kHz electronic counter. 

Remote operation of probes 
Each temperature sensing probe has a quartz crystal which is reso- 

nant a t  a frequency dependent upon temperature, and is driven by a 
2830A Sensor Oscillator. The oscillators are transistorized devices en- 
closed in small die-cast aluminum housings. They are  normally in- 
stalled in the 2801A flushmounted in a front panel recess. A 12-foot 
cable connects each probe to its associated sensor probe; this cable 
forms part of the tuned circuit and cannot be altered in length. How- 
ever, the sensor oscillators may be unplugged from the instrument and 
connected to it by standard 75-ohm coaxial cable up to 500 feet in 
length, with no loss in measurement accuracy. For greater distances, 
one or two 2831A Amplifiers may be used for a maximum of 4500 
feet. 
Oceanographic temperature sensor 

The Model 2833B Oceanographic Temperature Sensor Assembly 
for the 2801A Quartz Thermometer is especially designed for use in 
rugged environments such as oceans, rivers, harbors and industrial 
fluids at pressures up to  10,000 psi. It combines the functions of a 
quartz crystal sensor and oscillator which are housed in a stainless 
steel pressure case approximately 53/8 inches long, with a maximum di- 
ameter of 7/8 inch. A single coaxial cable transmits the temperature sig- 
nal to, and the dc operating power from the 2801A. 

The 2833B connects directly to the 2801A through the cable pro- 
vided and gives a direct digital readout in "C or OF. Operating range 
of the 2833B is -40 to +120nC (-40 to +248'F) when used with the 
2801A Quartz Thermometer. It may be used with as much as 5000 feet 
of cable with no loss of accuracy or sensitivity. 

2801A Specifications 
Temperature range: -80 to +250"C (- 112 to  +482"F with Option 
001.) 
Calibration accuracy: Thermqmeter-probe combination calibrated 
at  factory to within 0.02"C (0.04"F) absolute, traceable to NBS. 
Linearity: -40 t o  +25OoC: Better than 0.15"C (0.27'F) referred to 
best fit straight line through 0°C. -80 to -40°C: Better than 0.7"C 
(1.26"F) referred to same line as above. 0 to  +lOO"C: Better than 
0.05"C (0.09"F) referred to best fit straight line through 0°C. 
Stability: 

Short term: Better than f0.0001". 
Long term: Zero drift less than f 0 . 0 I 0 C  (0.018'F) a t  constant 
probe temperature for 30 days. 
Ambient temperature effect: Less than 0.002"C per "C change. 

Display: 6-digit in-line readout in "C, or "F. Decimal point, "C (OF), 
and polarity indication included. Readout and units indication in kc 
in counter mode of operation. Storage feature holds display between 
readings. 
Digital recorder output: BCD, 4-2-2-1, positive-true, for each digit, 
decimal point (exponent), polarity, and operating mode. 8-4-2-1 posi- 
tive true optionally available. 
External programming: Selected by contact closures or transistor 
circuit closures to ground. Measurement initiation, probe selection 
(TI ,  T2, or TI-T2), and resolution (0.01, 0.001, or O.OOOlo) program- 
mable. 
Counter operation: Frequency Range: 2 Hz to 300 kHz. Resolu- 
tion: 10, 1, and 0.1 Hz. Sensitivity: 0.5 to I O  V rms. Input impedance: I 
M, 50 p F  shunt. Gate  Time: 0.1, 1 and I O  sec. 
Power required: 115/230 V f IO%, 50 to 60 Hz, 85 W. 
Instrument environment: Ambient temperatures from 0 to +55"C 
(+32 to +130°F), a t  relative humidity to  95% at  40°C. 

Dimensions: 88 X 411 
Weight: net 10.1 kg ( 2 3  Z ihi rh:-&nn 1 <  0 Ln ( 7 <  ih\ 

2831A Amplifier 
Operating frequency: 
Gain: 40 d b  approxim, 
Power required: + I 2  10 t L u  ac, a t  aDour 8 mA (normally suppiiea 
by H P  2801A). 
Connectors: Coaxial output connector mates with H P  2801A Quartz 
Thermometer. 

L.J ,u,, ""'pp"16 I J . ,  -5 ( J J  nu,. 

1 x 425 mm (31Y32'' X 16%'' X 16%"). 

specifications 
28 to 29 MHz approximately. 

ately. 
3 .  3 . - A .  . 4 n . I  

iic sensor specitications 
to +12OoC (-40 to +248"F). 
ge): 63.2% of final value in 3 sec; 99.0% 
flow at  2 fps). 

Price 
XLI I n  

.I -. 28338 Oceanograpt . 
Temperature range: -40 
Response time (step chan 
in 16 sec; 99.9% in 24 sec ( 
28338 Options 

002: 50' Armored Waterproof Cable with load-bear- 
ing termination $265 
Above cable in lengths longer than 50' Per ft $1.50 
Model number and nam 
2801A Quartz Thermomet 
cillators and 2850 series s 
2831A Amplifier for prob 
2833B Oceanographic Sen 

001: 50' Waterproof Cable l Y / L  

le 
er. Includes 2 each 2830A os- 
ensors $3700 
e operation from 500-4500 ft $125 
isor $990 



PHYSICAL 

A platinum resistance thermometer, the HP 2802A offers perfor- 
mance and features found only in higher priced instruments. Some of 
these features include: 
. . . Unique dual range 
. . . Linear analog output 
. . . Temperature, calibration, or overrange displayed 
. . . Simple one-point calibration 
. . . Battery operation and BCD output available 

Description 
Two modular units make up the HP  280 . . ,. . .  . .  . 

meter, a multimeter, a pre-amp ammeter, 
ons offered by Hewlett-Packard in this cat 
:rs. 
..--:e+., -C..--L-- L- ..-- -3 ... :rL r L -  -0  

12A Thermometer: a ther- 
momodule (lower unit) which contains temperature measuring cir- 
cuits, probe connections, and operating controls; an HP 34740A dis- 
play unit with 4% digit light-emitting diodes, which snaps into place 
on the thermomodule. Battery or BCD module accessories easily snap 
into place between the thermomodule and display unit. In addition, 
the display unit may be used with other HP snap-in modules to make a 
volt as well as other combi- 
nati, alog under Digital Volt- 
meti 

A v a i i r r y  UI I.'IUUCS La11 uc UIGU W I L I I  LIIG ~o02A.  A l l  HP probes of- 
rd, in-house electrical 
timum accuracy. The 
: platinum sensor, so 
issipated. A four-wire 

recnnique usea to measure sensor resistance eliminates errors due to 
connector or lead resistances. 

Rugged cast aluminum cases with shock resistant slides and chem- 
ically resistant paint provide ample protection for the HP 2802A in 
just about any operating environment. 

fered are interchangeable and meet high standai 
specifications which allow them to provide mal 
HP  2802A drives very low current through the 
self-heating is negligible. Less than 0.1 mW is di . . .  

Specifications 
These specifications are "total system specifications" meaning they 

apply to both the instrument and the probe working together (not just 
the best electronic specifications for the instrument by itself). H P  

& OPTICAL MEASUREMENTS 
Platinum resistance thermometer 

Model 280249 F 
9 -  

2802A Thermometer specifications relate directly to system perfor- 
mance under actual working conditions. 
Ranges: -200 to +600"C and -100 to +200"C 
Resolution: 0.1"C on -200 to +6OO0C range 

0.01"C on -100 to +200°C range 
Accuracy: f(0.5"C 2~0.25% of reading) on both ranges 
Display: 4% digits LED on HP 34740A Module 
Stability: f0.2"C for 7 days (23°C f 5 " C  ambient) 
Linear Analog Output: 
I mV/'C on -200 to +600°C range (-0.2 V to +0.6 V F.S.) 
I O  mV/OC on -100 to +200"C range (-1.0 V to +2.0 V F.S.) 
Voltage accuracy equal to that of digital display. 
Output impedance 1 kQ on both ranges. 
Environmental standard: HP 2802A Thermometer operates within 
these specifications in environments of 0 to 50°C and up to 95% rela- 
tive humidity over most of this temperature range. After calibration in 
some arbitrary ambient temperature, instrument calibration remains 
valid with ambient temperature changes up to 10°C. 
Power requirements: Operates on any of four, single phase ac line 
voltages 100, 120, 220, or 240 volts rms (+5%, -10%). 48 to 440 Hz. 
Power dissipation is 8.7 volt-amperes. 
Dimensions: Thermomodule with display unit is 159 mm wide, 98 
mm high, 248 mm deep (6% X 37/8 X 9% in.); net weight is 2.27 kg (5 
Ib), shipping weight about 3.39 kg (7% Ib). 
Thermometer options 
2802A HP digital thermometer-Includes 4% digit 
34740A Display. Requires HP 18640 series probe and 
option 050 or 060. See list which follows. 
050: 50 Hz, ac, single phase 
060 60 Hz, ac, single phase 
001: HP digital thermomodule-Thermometer unit 
only, without display unit or probe. NOTE: Since ther- 
momodule will not operate without display, this option 
is for those planning to use thermomodule with their 
own HP 34740A or HP 34750A Display Modules. 
Probes 
(NOTE: Time constant for probes measured in water 
flowing at 3 m per sec.) 
18641A-I3 cm stainless steel sheath, 6.4 mm diame- 
ter, with armored cable 1.83 m long. For -200 to 
+5OO0C, to +600"C short term (prevent cable move- 
ment above 250°C). Time constant 5 sec. 
18642A-same as 18641A probeexcept with 1.83 m Tef- 
lon-insulated cable. Cable must be kept below 25OOC. 
18643A-13 cm stainless steel sheath, 0.64 cm diame- 
ter, with last 5.1 cm of sheath tip reduced to 0.32 cm di- 
ameter. For -200 to +500"C, to +600"C short term. 
Teflon cable 1.83 m long, must be kept below 250°C. 
Time constant 1.8 sec. 
18644A PROBE KIT-includes platinum sensor cart- 
ridge, 1.3 X 0.25 cm diameter, having two nickel leads, 
1 X 0.03 cm diameter, cable connector, wiring diagram 
for four-wire hookup. Time constant 0.5 sec. 

Price 

$750 
N IC  
N/C 

less $325 

$165 

$150 

$180 

$105 
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PHYSICAL & OPTICAL MEASUREMENTS 
0.01 psi resolution, 0-12 kpsi 
Model 2811B 

B 

Descriptior 
The 28 I 1 B currarara UI d m~>rrrg pruoc: ariu a bignai processor inrer- 

connected by a standard electric line or cable. Probe and processor 
can be separated by as  much as 6100 m (20,000 ft) of electric line with- 
out  signal impairment. An electronic frequency counter must be used 
to produce a digital display; any of various recorders, printers, com- 
puters or other data handling devices can be connected to the counter 
output as  shown in the drawing, “Pressure Gauge System Configura- 
tions.” 

A unique transducer, consisting of a natural quartz, crystal resona- 
tor whose frequency changes directly with applied pressure, is located 
in the sensor portion of the probe. It detects pressure changes as small 
as 0.0007 kg/cm2 in ambient pressures up to 844 kg/cmz (0.01 psi in 
pressures up to  12,000 psia). It has higher resolution and more consis- 
tent accuracy over a wider dynamic range than instruments that are 
presently used in this application. Its high resolution is essentially con- 
stant, independent of operating pressure and temperature. The inher- 
ent stability of the quartz resonator practically eliminates hysteresis 
and zero drift, thus eliminating the need for frequent recalibration. In  
most cases, annual recalibration will be sufficient. 

A single-conductor coaxial cable (electric line) connects the probe 
to the signal processor, furnishing all operating power to the probe 
and transmitting the measurement signal to  the processor. The cable is 
not supplied, but standard one-conductor, armored electric line can be 
used in lengths up to 6100 m (20,000 ft). 

Ruggedness and simplicity of the 2813B Quartz Pressure Probe 
greatly facilitate field use. Housed in a 3.65 cm OD case made 
of 17-4PH stainless steel, the probe can withstand pressures in excess 

HP 28118 analog and digital recording Option 030 mounted in 
Option 031 field cases. 
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Data Systems suggested 
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add-on options to the 28118. 

of 1400 kg/cm2 (20,000 psia). It can be op 
uid wells. Mechanical vibration has no c 
ance. 

The 2816A Pressure Signal Processor 
tuning during operation. An on/off switck 
the only controls on the panel. Normal o 
lamps, one indicating proper current supp 
indicating proper signal return from the p 
simply connecting the signal processor c 
digital frequency counter. 
Operating principle 

Inside the 2813B, the probe unit of the 
pressure sensing oscillator and a reference 
the sensor oscillator, which varies with 1 
the frequency of the reference oscillator; t 
dent difference frequency is transmitted u1 
cessor. 

The 2816A signal processor, the other 
cated on the surface, is an amplifier, filter 
tions the probe difference frequency to en; 
pose digital frequency counter. The p 
changes about 1500 Hz/kg/cm2 (approx. 
resolution of 0.0007 kg/cm2 (0.01 psi). TI 
plies dc power to the probe in the wellb 

Specifications for basic 281 1 
processor system 
Operating pressure range: 0-844 kg/c 
Calibrated pressure range: 14-774 kg, 
Within this range the pressure is expresse 
of the processor output frequency by the f 

lerated in flowing gas or liq- 
iirect effect on its perform- 

requires no adjustments or 
I and press-to-test switch are 
peration is indicated by two 
ly to the probe and the other 
robe. Display is achieved by 
butput to a general purpose 

: 28 1 1 B, are a quartz crystal 
oscillator. The frequency of 

xessure, is subtracted from 
he resulting pressure depen- 
p the cable to the signal pro- 

. part of the 281 IB and lo- 
and multiplier which condi- 
ible it to drive a general pur- 
rocessed output frequency 
105 Hz/psi) which allows a 

ie  signal processor also sup- 
ore via the electric line. 

B probe and 

m2 (0-12,000 psia). 
/cmZ (200-1 1,000 psia). 
,d as a third degree function 
ollowing equation: P = G + 

I 
HP 2 

Direc 
L 

I 
I 

I 

HP 2 

Hf + IP + JP; where G, H 
perature from 25" to 150'1 
Operating temperature rr 

Probe: 0" to 150°C (32 
Signal processor: 0" t 

Sensitivity: 1500 Hz/kg/c 
nal processor. 
Resolution: <0.0007 kg/ci 
period. 
Precision: f O . O 1 O  kg/cm 
Accuracy (at thermal eq 
known: 

within 1°C (1.8OF): fO. 
or f0.025%R). 
within 10°C (18OF): f0 
fO.l%R).  
within 20°C (36OF): f( 
or f0.25%R). 

Linearity (without calibi 
straight line through frequ 
(1 1,000 psia). 
Stability: Annual recalibr 
Signal processor output: 
between 490 KHz and 1.8 h 
1.2 V across 600-ohm load 
Power requirements: 1 I5 

Probe connector: Mates 
ductor cable-head assembli 
with banana plug end (Par 
Cable requirements: Sin$ 
(multiple conductor may al 

48-66 Hz. 

S 

f Data Directly From Counter Display 

bled Digital Record In the Field 

HP 281 1 B Analog and Digital 
Recording Option 030 

manent Field Data Recording for 
ubsequent Analysia Elsewhere 

570A Coupler L 
HP 7970 

Tape Recorder 

z - t  =,y fi] ;!%%; 

.t Data Tranemlesion by Telephone 
ine to Data Acquisition Center 

I I /I II 
570A couder 

, I and J are provided as functions of tex- 
C (77" to 302°F). 
ange: 
! O  to 302°F). 
o 55°C (32" to 13I0F). 
m2 (105 Hz/psi, nominal) at output of sig- 

m2 (0.01 psi) when sampling for a 1-second 

2 (0.15 psi) over entire range. 
juilibrium) if operating temperature is 

018 kg/crn2 or 3Z0.025% of reading (f0.25 

1.07 kg/cm2 or f0.1% of reading ( f l  psi or 

1.35 kg/cm2 or f0.25% of reading ( f 5  psi 

ration): 1% maximum deviation from 
ency at zero pressure and at 774 kg/crn2 

ation recommended. 
Nominal square wave with repetition rate 

AHz; minimum peak-to-peak amplitude of 
I. 
i/230 V ac (+IO%, -25%) at 16 VA max., 

with 1x6" OD Gearhart-Owen single con- 
ies (Series 31-1000 and 31-1006) equipped 

;le conductor coaxial with armored sheath 
so be used). Total round trip dc resistance 

't NO. 31-1000-20). 



Connector Sub 
(Takes Gearhart-Owen cable 
head assemblv No. 31-100fil 

“Buried 
for Elec 

+ 
Electronics Cartridge 
(Inserts Into Electronics Case) 

-? 0-Ring 

11 Connector Pins > 

Buffer T i  

Buffer Tube Case 
Buli Nose 

weights 

<500 ohms; insulation breakdown voltage >50 V. No more than 40 
db attenuation at 25 kHz for total line length. 
Dimensions and I 
Probe: 

Size: 3.7 cm (1% 
Weight: 3.2 kg (7 

Signal processor: 
Size: 15.4 cm high X 19.7 cm wide X 27.9 cm deep (6s6 X 7% X 
1 I“) 
Weight: 3.2 kg (7 Ib) 

Size: 65.7 cm high X 57.2 cm wide X 72.4 cm deep (25% X 22% X 
28%”) 
Weight: 57 kg (125 Ib) 

Digital recording option 030/031 (includlng case and In addition 
to option 01Q1011): 

Size: 65.7 cm high X 52.8 cm wide X 72.4 cm deep (25% X 20’%6 X 

Analog recording option 0101011 (including case): 

, 

28 %“) 
Weight: 46 kg (105 Ib) 

Model number and name Price 
Probe-gauge instrumentation 
281 1 B Ouartz Pressure Gauge: Includes 28 13B 
Probe, 28 16A Pressure Signal Processor, carrying case 
for probe, operator’s manual, and calibration tables. 
For visual pressure indication, signal processor must be 
connected to electronic counter. Processor has nominal 
square wave output which will drive HP  5330A Preset 
Counter (see Options 010 and 01 1) or most general pur- 
pose counters which have a time base stability of f l X 
10-6 per second or better and will accept a square wave 
input of 1 volt or more with a frequency range of 490 
kHz to 1.8 MHz. $9980 
28138 Quartz Pressure Probe: Probe only with 
carrying case and calibration tables $9 125 

Electronics Case 

Sensor Probe Assembly Detail 

2816A Pressure Signal Processor: Processor only 
with operator’s manual $1085 
5: 
di 
si1 

D 
01 
lir 
ch 
58 
CI 
01 1: rieia Lase: cxtremeiy ruggea construction, into 
which Option010 units can be factory or field mounted 
012 Digital Clock: Displays hours, minutes, seconds. 

$115 

330A-H41 Preset Counter: Provides 6-digit display 
rectly in pressure units from HP 2816A pressure 
gnal processor $1670 

ata logging options 
10 Analog Recording Option: Provides continuous 
iearized digital display and analog data on a strip 
kart recorder. Includes HP 5330A Preset Counter, HP 
IOA Digital-to-Analog Converter, and HP 680A Strip 
hart Recorder $4500 . .  I -  C. . . - ... 

Also provides time marks on analog record 
013 Field Case: Sjmilar to Option 01 1 into which digi- 
tal clock Option 012 and units included in Option 010 

$ I330 

can be factory or field mounted $850 
---. . . I -. .. I .. a .  .. .. .. 

- I  

analog recording, 
le data with time 
iter will handle re- 
a channels. 
ption 010, 2) HP 
5B Scanner units, 
- . _ - I _ _ -  

UJU: nnaiog ana uigirai Kecoraing uotion: rroviaes 
linearized digital display, continuous 
digital printing of pressure and tin 
marks on analog record. Digital prin 
cording of up to four additional dat 
Includes: 1) All units offered in 0 
5055A Digital Printer and K10-505 
HP K22-53218 Digital Clock with huurs/rninures/sec- 
onds displi 
031: Seto 
which Opti 
032 Digi 
digital cloc 
days/ hour 
stalled at t 

IY 584 I O  
f Two Field Cases: Similar to Option 01 1 into 
on 030 units can be factory or field mounted $1390 
tal Clock “Days” Option: Adds “days” to 
k described in Options 012 or 030 to provide 
s/minutes/seconds display. Factory in- 
ime of purchase $105 



Radiography, the art and science of mak- 
ing pictures with X-rays, has an important 
place in modern technology. It is one of the 
major nondestructive test methods available 
to industry, provides an indispensable tool in 
scientific investigations and is a valuable aid 
to law enforcement agencies. Hewlett-Pack- 
ard makes a major contribution to these ac- 
tivities with X-ray equipment that offers a 
“better way” through advanced technology 
and design. This equipment makes radio- 
graphs easier and safer to take, providesspor- 
tability for field use or offers stop-motion ca- 
pability for the study of dynamic events. 

Industrial inspection 
Industrial quality control and inspection 

procedures, especially in the field of elec- 
tronics, benefit from nondestructive testing 
by radiography. The advantages of a testing 
method which does not harm the test objects 
are obvious. Radiography, therefore, offers 
benefits in design engineering, incoming in- 
spection, production quality control, prod- 
uct reliability and failure analysis. X-rays are 
used to detect misregistration or plate-thru 
problems in multi-layer P.C. boards; poros- 
ity, poor substrate bonding and wiring or 
lead location in transistors and integrated cir- 
cuits; voids and other encapsulation prob- 
lems in potted components; and solder balls 
or other defects in sealed relays. 

Die casting is another industry that bene- 
fits from the nondestructive aspects and abil- 
ity to “see inside” provided by radiography. 
Porosity, gas voids, tramp metal inclusion 
and other common defects can be easily de- 
tected and the cause determined. Expensive 
machining time can be avoided for castings 
found to be defective through X-ray inspec- 
tion. The integrity of welds, alignment of 
connectors, inspection for proper assembly 

X-RAY SYSTEMS 
Scientific and industrial X-ray systems 

and mechanical defects are further examples 
of tests which radiography performs for in- 
dustry. The benefits of X-ray testing are re- 
duced production costs, better quality assur- 
ance and product safety. The results are in- 
creased profits. 

Scientific applications 
Oceanography, geology, marine biology, 

paleontology, pathology, botany, forestry 
and agricultural research are a few examples 

of scientific disciplines that use X-rays. Ap- 
plications range from the study of the inte- 
rior anatomy of fossils to determining the 
viability of seeds. 

Law enforcement applications 
Radiography aids many law enforcement 

groups, including crime labs and explosive 
ordnance demolition squads. Crime labs use 
X-rays to visualize certain types of latent fin- 
gerprints, for powder and lead splatter pat- 
terns in ballistics and for questioned-docu- 
ment examination. Medical examiners use X- 
rays for cause-of-death investigations and 
identification of remains. X-rays aid explo- 
sive ordnance demolition groups in examin- 
ing parcels or mail to identify dangerous de- 
vices and to verify bomb circuitry. 

These are among the many applications 
served by HP FaxitronB Cabinet X-Ray Sys- 
tems. HP‘s shielded-cabinet and light-weight 
portable units offer a unique combination of 
high quality radiographic capability, simpli- 
city of operation and convenience of use 
which is expanding the capabilities of scien- 
tific and industrial concerns throughout the 
world. 

Pulsed radiation sources 
Hewlett-Packard has pioneered in the de- 

sign and manufacture of cold-cathode, flash 
X-ray tubes and systems. Cold-cathode 
tubes, based on the field emission principle, 
are combined with a pulse generator and ap- 
propriate control units. The systems produce 
nanosecond bursts of X-rays, electrons or 

super radiant light (SRL). Output voltage 
and energy are provided by Marx-surge type 
energy storage modules charged in parallel 
and discharged in series through a pressur- 
ized spark gap switch mechanism. 

A number of channels can often be oper- 
ated from common controls enabling a series 
of stop motion radiographs at desired inter- 
vals. 

Other capabilities include slow and fast 
cine-systems providing a series of motion pic- 
ture-like radiographs at rates from 1 to 1000 
frames/sec. These systems are custom de- 
signed from standard units. 

HP pulse radiation systems yield a repro- 
ducible 5- 10,000 ampere electron beam in 
air at energies of 400-2300 keV and pulse 
widths of 3-40 nanoseconds. Current densi- 
ties of 12,500 amperes per cm2 and dose rates 
up to lot5 Rads/second can be obtained. The 
systems are not used for radiation therapy or 
radiation of large areas because of rather 
high cost per Rad of radiation dose but their 
reproducibility, high dose rate output, ease of 
operation and instrumentation and small 
area requirements make them ideal for radi- 
ation chemistry or pulsed radiolysis studies as 
well as radiation effects studies, radiation bi- 
ology and laser pumping. 

Portable X-ray systems 
Portable systems of light weight and small 

size are made possible by the field emission 
type tube. Hewlett-Packard markets several 
portable systems (Models 43846, 43802 and 
43501A) which enjoy use in industrial and 
law enforcement applications. 

For specific information and consultation 
regarding HP X-ray systems, see pages 556 
and 557 of this catalog or contact Hewlett- 
Packard, 500 Linke Street, McMinnville, 
Oregon 97128, telephone: (503) 472-5101. 
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X-RAY SYSTEMS 
FaxitronB high resolution cabinet X-ray systems 
Models 43804, 43805, 43807 & 43808 

The Hewlett-Packard FaxitronB is a self-contained, radiation 
shielded cabinet X-ray system designed to give high resolution radio- 
graphs of small to medium-size objects of all types. Simple operating 
techniques and radiation safety features make the Faxitron@ unusu- 
ally convenient for X-ray inspection or quality control, reliability and 
failure analysis or other operations requiring nondestructive testing 
techniques. 

Faxitron@ systems consist of a self-rectified X-ray generator with 
appropriate control circuitry mounted in a radiation shielded cabinet 
which has the shape and appearance of a small oven. Cabinet doors 
are equipped with dual interlocks intended to prevent X-ray genera- 
tion when the doors are open. A number of cabinet configurations are 
available to accommodate various object sizes. The cabinet is de- 
signed to reduce X-ray leakage to 0.5 mR/hr or less near the external 
surface in accordance with NBS Handbook 93 recommendations. 
Thus they can be used in occupied areas with no additional X-ray 
shielding. 

The self-rectifying, thermionic X-ray tube (of HP  manufacture) is 
regulated at 3 mA. Output voltage is continuously variable from I O  
kVp to 110 kVp. A 130 kVp option provides additional penetration 
for thick samples. The 0.63 mm beryllium window allows full spec- 
trum, soft X-ray output. A 0.25 mm beryllium window, standard on 
the Model 43805, allows even greater soft X-ray output at voltages 
under 30 kVp. 

The Faxitron@ Model 43804 is equipped with simple and conve- 
nient manual controls for selection of exposure time and output kilo- 
voltage. 

The FaxitronB Model 43805 features automatic exposure control, 
in addition to the standard manual controls. The automatic exposure 
control helps the operator select the optimum kilovoltage and deter- 
mines the correct exposure time. An ionization chamber under the 
film shelf monitors the radiation penetrating the object and reaching 
the film, and terminates the X-ray when the proper exposure has been 

reached. With the automatic control, good pictures are consistently 
obtained by inexperienced operators. 

The Model 43807 is equipped with manual controls and variable 1 
to 3 mA tube current for educational use. In other respects it is simi- 
lar to the Model 43804. 

The Model 43808 incorporates automatic exposure control along 
with the other features of the 43807. 

Faxitron@ models are also available in a free-standing table con- 
figuration with a 114 X 114 cm (45" X 45") radiation-shielded drawer 
for radiography of large flat objects. Drawer depths from 15 cm (6") to 
60 cm (24") are available. 

Specifications 
Faxitron@ lead-shielded cabinet X-ray systems; dual door inter- 

locks; 64.8 cm (25.5") maximum focal distance; 0.50 mm X-ray source 
size; 10-110 kVp output; 115 V, 60 Hz. 
43804 

dow X-ray tube. 
43805 

beryllium window X-ray tube; beam locator. 
43807 

1-3 mA variable current; manual controls; 0.63 mm beryllium win- 
dow X-ray tube; instrumentation access port; external 60-minute 
timer. 
43808 

1-3 mA variable current; combination automatic and manual con- 
trols; 0.63 mm beryllium X-ray tube; instrumentation access port; ex- 
ternal 60-minute timer. 
Options 
Opt. 001 dual cabinet: increases focal distance to 122 cm (48") to 
meet MIL Std. Specs, for decreasing distortion or for full coverage of 
a 14" X 17" film. Both doors are dual interlocked. 
Opt. 004 130 kVp output: for increased penetration when radio- 
graphing thick or dense objects. Recommended for thicknesses greater 
than 6 mrn (.25") of steel. 
Opt. 007 filter-diaphragm teaching kit: for Models 43807 and 
43808, aids in performing X-ray experiments. Consists of shelf/filter 
rack, 2 lead diaphragms (2 cm and 8 cm), 4 radiation filters (Y4, %, 1 
and 2 mm aluminum). 
Opt. 011 extension collar: increases focal distance to improve reso- 
lution and increase field size. Use with Opt. 015. 
Opts. 013 and 015 fluoroscopy: allows direct viewing of fluoro- 
scopic images thru lead-glass window. 
Opt. 030 radiation filter: 0.50 mm copper filter reduces scatter and 
improves definition on radiographs above 80 kV. 
Opt. 031 processor: for developing 4" X 5" Polaroid@ Land Film 
Packets. (Model 545 Land Film Holder). 
Other options and accessories: control circuit voltage regulator, 
conduit access kit, AC accessory receptacle, remote control pendant, 
high current option and 230 V, 50 Hz options are also available. 

FaxitronO Options Price 
001: Dual Cabinet $365 
004: 130 kV $700 

011: Extension Collar, 15 cm (6") $150 
013 5" X 5", 1.5X Fluoroscopy $300 
015 8" X lo", 1.OX Fluoroscopy $325 

031: Polaroid@ Processc $75 
FaxitronO Models: 
43804 $2860 
43805 $3485 
43807 $2950 
43808 $3870 

3 mA continuous current; manual controls; 0.63 mm beryllium win- 

3 mA continuous current; automatic and manual controls; 0.25 mm 

007: Filter-Diaphragm Teaching Kit $220 

030 Radiation Filter, 0 $20 
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43802 

units for use in field applications or in confined areas. All of these sys 
tems feature remote tubehead capability allowing use of a small X-ra: 
tube at the end of a flexible coaxial cable. 

They are used in law enforcement applications for identification o 
suspicious packages, inspection of internal construction of bombs ani 
explosive devices, and for forensic pathology applications. Industria 
applications include inspection of tubing, connectors and other de 
vices in airframes or other areas of difficult access. Other applica 
tions include radiation effects studies using the short pulse, extreme1 
high dose rate characteristics of the system. 

These systems produce a train of intense, high energy X-ray pulse 
of short duration (typically 60 nanoseconds) and utilize the conve 
nient, cold-cathode, field emission tube. 

An exposure selector permits a choice of 1 through 99 pulses in 
train, depending on exposure techniques desired. 

The small tube permits a light, compact tubehead which is easily PO 
sitioned in confined areas and is well shielded against stray leakage ra 
diation. The tube is easily changed and can be used either in the pulse 
case or mounted in a remote tubehead at the end of a coaxial cable. 

Circuitry is designed so that the X-ray beam quality and output re 
main constant despite input line voltage variations. These systems ar 
particularly suited for field use or remote area use where power ma 
be supplied by portable generators or battery packs. 

Specifications 
43846 Portable X-ray system 
A 55-pound self-contained unit including high voltage pulser; elec 
tronic controls; X-ray tube (in pulser); IO‘ AC cord and trigger pen 
dant with 10’ coil-cord; 115 V, 60 Hz operation; pulser provides 61 
nanosecond pulse. 
Operating voltage (output): 100 and 150 kVp. 
X-ray output per pulse @ 24”: .6 mR/pulse @ 100 kV. 2. 
mR/pulse @I 150 kV. 
Pulse repetition rate: 20/sec. @ 100 kV., 14/sec. @ 150 kV. 
Focal spot size: 2.5 mm. 
Inherent filtration (X-ray Beam): Exceeds 2.0 mm AI. 
Input power requirements: 115 V, 50-60 Hz, 1200 watts surge, 1 
watts standby. 
System size: 19.1 X 24.8 X 50.8 cm (7%” X 9Y/’ X 20”). 
System weight: 25 kg ( 5 5  pounds). 
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43501 A 

43802 Mobile X-ray 
This system consists of 
ray generator and tube. 
head assembly with 15 
tion @IO: battery pacl 
light-weight tripod. 

NEW: 43501A Portq 
A light-weight self-conl 
X 18”) containing buill 
age pulser, internal ti 
Built-in battery and ch: 
operating voltage (01 

X-ray output per pul! 
Pulse repetition rate: 
Focal spot size: 2.5 
Inherent filtration (X- 
Tube life (warranty): 
Output capacity per t 
Recharge time: 6 ho 
Optional operational 
tery charging circuit.) 
Total system weight: 
System size: Two cas 
Set up time: Approx 

Options 
001: Tubehead 
008: Tripod, lil 
009: Mobile ca 
010: Battery r 
(Model 43846 o 
0 1 2  X-ray tubi. ,uyus 

013: Radiographic cat 
Polaroid@ film (specif: 
Plus screen). 
014: Processor for dev 
Film Packets (Model 1 
Portable X-ray systei 
43846 - Portable X-1 
43802 - Mobile Carl 
43501A - Battery X- 

X-RAY SYSTEMS 
Portable X-ray systems 
Models 43846, 43802 & 43501A 

system 
. the Model 43846 55-pound self-contained X- 
, combined with Option #001: right-angle tube- 
’ coaxial cable; Option #009: mobile cart; Op- 
I( with inverter and charger and Option #008: 

able X-ray system 
tained unit consisting of two cases (5%” X 8%” 
.-in battery converter power supply, high volt- 
]behead, controls and trigger pendant cord. 
irger. 150 kVp output on battery power alone. 
utput): 150 kVp. 
se: 1.5 mR 0 24”. 

mm. 
.ray Beam): Exceeds 2.0 mm AI. 

Battery charge: 3,000 pulses @ 20°C (68°F). 
urs, maximum. 
mode: 115/230 V ac (through integral bat- 

16 pulses/second when fully charged. 

25,000 pulses or 6 months. 

26.5 kg (58% pounds). 
es 13.3 X 21.0 X 45.7 cm (5V X 81/41 X 18 ”). 
imately 3 minutes. 

Price 
$300 
$125 
$830 

I ,  . .. , ..* . r ,  I .  assemoiy, rignr angle, wirn I J .  came 
Zht-weight, for mounting tubehead 
rt, rigid (Model 43846 only) 
)ack, including inverter and charger 
nlY) 
m Irnnr,=\ 

$995 
-I $150 
ssette, Model 43132, for 4” X 5” 
y TI-2, Detail, Industrial or Hi- 

eloping 4” X 5” Polaroid@ Land 
545 Land Film Holder). $75 
na 

. X-Ray System $6000 

$160 

Ray Generator $3750 

Ray System $5600 
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SOLID STATE COMPONENTS AND CIRCUITS ~ 

Transistor, diode & optoelectronic products 

Low cost components, now available from Hewlett-Packard, offer 
exceptional performance in consumer, industrial, and other OEM 
equipment. With sophisticated semiconductor processing equipment, 
and the industry’s most extensive hybrid thin-film microcircuit man- 
ufacturing facilities, Hewlett-Packard applies newly developed tech- 
nologies to component manufacturing, offering high performance di- 
I S odes, transistors, solid state numeric and alphanumeric readouts plui 
LEDs and other optoelectronic devices - in quantity at economic 
il ly attractive prices. 

Transistors 

For RF  and microwave oscillators, Hewlett-Packard has devices 
available that are useful to 8 GHz. The range of microwave transis- 
tors includes devices optimized for gain, low noise, and linear power 
output such that devices are available for the majority of microwave 
solid state designs. 

Hewlett-Packard transistors fill all requirements for multistage 
VHF-UHF and microwave amplifiers: low-noise input stage, high- 
gain intermediate stages, and power output stage. Complete data 
sheet characterization and excellent processing uniformity make it 
possible to design your circuit by calculation instead of by trial-and- 
error. 

Packard transistors are supplied in chip form, or in severa’ 
ckages in either common-base or common-emitter config. . .  . . .. . .  . . .  

Hewlett-l I 
stripline pat 
urations. The chips have unique moly-gold contact pads that don’t de- 
teriorate under high bonding tc 
film hybrid microcircuits. 

mperatures, improving yields of thin. 

. - .  . . .  Look to Hewlett-Packard for further advancements in microwave 
transistor performance and pricing. 

Diodes 

Step recovery diodes: I.ILIIIUCU dS comb genera- 
tors and harmonic frequency multipliers. When used as a comb gen- 
erator, the abrupt termination of the diode’s reverse recovery current 
generates voltage pulses up to tens of volts with pulse widths as nar- 
row as 100 ps giving useful power at frequencies in excess of 20 GHz. 
By optimizing the circuit around any specific harmonic, high effi- 
ciency frequency multiplication can be accomplished. 
lmpatt diodes: A fundamental source of rf power at frequencies 
above 4 GHz is offered. CW devices can supply 2.5 W at 11 GHz with 
10% efficiency, while pulse-optimized devices at the same frequency 
offer 14 W at 800 ns pulse width and 25% duty cycle. 
Schottky barrier diodes: These metal semiconductor diodes com- 
bine extremely high retrification efficiency with pic0 second switch- 
ing speeds, low series resistance, and low noise characteristics. This 
combination makes the Schottky an excellent mixer/detector diode. 

At HF, VHF and UHF frequencies, HP  delivers glass packaged 
Schottky performance in million piece quantities at  economical 
prices. These same diodes have many digital circuit applications 
where switching speed is important such as clipping and clamping. 

At microwave frequencies, their low noise and repeatable R F  im- 
pedance lead to outstanding performance either as mixers or detec- 
tors. Package configurations include beam leaded devices as well as 
conventional ceramic and axial lead packages. 
PIN diodes: These make super smart resistors for microwave design 
engineers. By controlling the DC bias, the R F  resistance of a PIN 
diode can be varied from 1 ohm to about 10 kR. This unique property 
of the PIN diode makes it extremely useful as a switch, attenuator, 
modulator, phase shifter, limiter or AGC element at all frequencies 
from 1 MHz to microwave. 

I ne comoinarlon or cnlp ana beam lead diodes with hybrid thin- 
film circuit technology has led to an extensive product line of compo- 
nents for the conversion and control of RF  signals. 

a 
I 2  

tc 

SPST Switches covering the frequency range from 0.1 to 18 GHz 
re offered either in modules or with connectors. Absorptive Modu- 
itors with up to 70 dB of isolation at  18 GHz are available. 

Other components include Limiters, Comb Generators, Mixer/De- 
:ctors, and Double Balanced Mixers. 

High reliability testing 

Many Hewlett-Packard components are SPACE QUALIFIED. 
The reliability of these devices is established by one of the finest high 
reliability testing facilities in the microwave component industry. 
Hewlett-Packard’s High Reliability Test group maintains military ap- 
proved JAN and JANTX parts in stock and can recommend Stan- 
dard Screening programs, patterned after MIL-S-19500, for any HP  
component. Those who wish to design their own screening specifica- 
tions can consult with and obtain quotations from Hewlett-Packard’s 
staff of Reliability Engineers. 



aoiia srare aispiays anu oproeiectronics 
Hewlett-Packard offers a complete line of GaAsP and GaP dis- 

crete light emitting diodes (LEDs), numeric, and alphanumeric dis- 
plays. These components provide solid state reliability to visible data 
transmission. As status indicators and solid state displays, these com- 
pact light emitting diodes are electrically compatible with monolithic 
integrated circuits, with useful life greater than 100,000 hours. HP of- 
fers visible emitters in red, yellow and green. 

Low cost numeric displays, packaged single or clustered, with or 
without on-board electronics, are available in character heights from 
56 to 1%”. In addition, alphanumeric and hexadecimal displays are 
available in single or multi-digit packaging for a variety of applica- 
tions. Small character, low power displays have been designed for 
portable instrumentation and calculator applications. 

These light emitting diode (LED) displays are offered in plastic en- 
capsulated or hermetic packages. Designed for low cost and ease of 
application, these displays are ideal for conventional indicator re- 
quirements as well as allowing many new applications in the display 
of information. 

Discrete LED indicator lamps are designed for easy panel mount- 
ing with clips or direct PC board application. Both plastic and her- 
metic packages offer high brightness over a wide viewing angle with 
low power requirements. Hewlett-Packard offers a wide selection of 
leads, lens, brightness, and package combinations. 

Hewlett-Packard offers high gain and high speed optically coupled 
isolators designed for analog and digital applications. These devices 

operate up to 20 M bits with an isolation greater than 2500 volts. High 
speed and high gain is achieved using an advanced photo integrated- 
circuit construction. All devices are available in standard DIP pack- 
ages. 

Hewlett-Packard PIN photodiodes are excellent light detectors with 
an exceptionally fast response of 1 ns, wide spectral response from 
near infrared to ultra-violet, and wide range linearity (constant effi- 
ciency over 6 decades of amplitude). With dark current as low as 250 
pA at I O  V, these detectors are especially well-suited for operation at 
low light levels. 

Write for more inforr 
Hewlett-Packard component capabilities are described in catalogs 

and data sheets available for the asking. 

nation 
. ... . . .. . . 

Diode and Transistor Designer’s Catalog: This contains key pa- 
rameters for our line of microwave transistors, Schottky, PIN, Step 
Recovery and IMPATT diodes, including chips and devices for hy- 
brid integrated circuits. 

Solid State Display and Optoelectronics Designer’s Catalog: 
This contains key parameters for our broad line of LED readouts, 
LED lamps, new Optically Coupled Isolators and Detectors. 

These catalogs, application notes and other literature, including 
prices, are as near as your phone. Call any Hewlett-Packard Sales Of- 
fice. 



ADDITIONAL HP CAPABILITIES 
Medical applications 

Modern obstetrical care in many hospitals now includes monitoring fetal heart rate and 
labor activity. State-of-the-art HP Abdominal ECG Processor, shown with HP Fetal 
Monitor, now offers an accurate external method of obtaining fetal heart rate. 

Today physicians and researchers are using 
more than 300 different HP medical prod- 
ucts to acquire, display, record, store, and in 
some cases analyze, biomedical signals. This 
major instrumentation resource had its be- 
ginnings in blood pressure and metabolism 
equipment developed in the early 1920's by 
Sanborn Company, and has been steadily 
augmented during the last five decades. San- 
born became part of HP in 1961 and the com- 
bined experience and resources have now re- 
sulted in products and services for perinatal 
medicine, pulmonary function testing, anes- 
thesiology, neurology, nuclear medicine, 
emergency care, radiology, pathology and in- 
tensive care monitoring. HP also serves med- 
icine with a variety of application planning, 
maintenance and staff training services. In re- 
cent years, more than 800 hospital people re- 

yr .,r maintaining monitoring and 
ECG instruments have gained valuable 
knowledge through training seminars con- 
ducted by HP. 

Where HP instruments serve medicine 
Cardiography applications: These involve 
HP instruments and systems for single- and 
three-channel ECG recording; ECG stress 
testing; computer-aided interpretation of 
ECGs; ECG recording with simultaneous 
registration of heart sound and pulse trac- 
ings; vectorcardiography; and ECG com- 
puter terminals for telephone transmission or 
tape recording of ECG data.  Instru- 
ment/system highlights: briefcase-size port- 
able ECG weighs less than 20 Ib (9.1 kg) com- 
plete, operates on AC or batteries; 3-channel 
automated ECGs produce 12-lead records 
automatically in I O  sec.; ECG stress testing 

system includes ECG, 3-channel memory 
scope, heart rate meter and defibrillator in 
mobile cart. 
Cardiovascular and research applica- 
tions: These use multi-channel heated stylus 
or optical recording systems, complete in all 
elements from transducers to data displays. 
System capability and flexibility comes from 
more than a dozen different interchangeable 
plug-in signal conditioners and a choice of 
scopes, meter and numerical displays, plus 
magnetic tape recorders for analog data stor- 
age and playback. With signal conditioners 
for DC signals, physiological pressures, flow, 
temperature, ECG, EEG, muscle potentials, 
heart rate, heart sounds, pressure and pulse 
waveforms, etc., these systems are widely 
used for clinical and research studies in car- 
diac catheterization laboratories, operating 
rooms and pulmonary labs, as well as medi- 
cal and pharmaceutical research labs. The 
widely accepted Computerized Cath Lab Sys- 
tems aid the physician by assimilating and 
rapidly calculating data on blood pressures 
and cardiac volumes, as well as preparing 
complete reports with much less time and ef- 
fort. Other cardiovascular instruments in- 
clude the HP Electromyograph for muscle 
and nerve diagnosis, and a Diagnostic Ultra- 
sound unit for visualizing internal body 
structures. 
Patient monitoring: An established part of 
modern intensive care of the coronary, gen- 
eral medical and post-operative patient in 
critical condition, patient monitoring is a 
major area of HP medical instrument contri- 
bution. Currently more than 40 modular in- 
struments, systems, transducers, carts and a 
central station console are available, for 
monitoring the ECG, heart rate, pulse, car- 
diac arrhythmias, blood pressures, tempera- 
ture, respiration rate, etc. For the patient on 
a ventilator, an HP respiratory monitor con- 
tinuously measures expired airflow and digi- 
tally displays tidal volume or minute volume 
and respiration rate. Alarms warn if a valid 
breath is not detected within 22 seconds, and 
a bacterial filter helps reduce the possibility 
of cross-contamination. Central station in- 
struments include non-fade scopes, numeri- 
cal and meter displays, recorders and auto- 
matic alarms. For monitoring ambulatory 
patients, the HP ECG telemetry system trans- 
mits the ECG from a battery-powered unit 
worn by the patient, to receivers and dis- 
plays at the central station. To provide accu- 
rate record keeping and instant retrieval of 
monitored data in many forms to aid diag- 
nosis, the HP patient data management sys- 
tem links the monitoring system to an HP 
computer. Operation is simplified by direct 
keyboard communication with the system, 
and response by video-displayed messages, 
charts, graphs, etc. In addition, HP also of- 
fers a choice of mobile resuscitation systems 
which provide the specific combination of de- 
fibrillator, pacemaker, monitors and orga- 
nized storage for medications needed by var- 
ious medical, nursing and surgical services. 
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Automated pulmonary function testing allows more tests per hour, simplifies technique 
and improves quality of data. HP Analyzer shown calculates several measurements in 2 to 
3 seconds,  prints X-Y plot of washout curve, digitally displays other data on front panel. 

ments employing electronics and digital tech- 
nology. A Pulmonary Function Analyzer au- 
tomatically presets and calibrates itself, cal- 
culates vital capacity, FEV,, FEV3 and 
MEFR in 2-3 seconds, prints an X-Y plot of 
single-breath NZ washout with closing vol- 
ume, and digitally displays FRC and ADS 
for a multiple-breath washout test. For pul- 
monary screening, a Lung Function Anal- 
yzer automatically prints peak flow, vital ca- 
pacity, FEV, and FEV, four seconds after a 
single forced expiration. A Digital Pneumo- 
tach for flow and volume measurements, a 
Nitrogen Analyzer and fast X-Y Recorder 
combine to offer similar convenience and 
precision for pulmonary tests. For measur- 
ing arterial oxygen saturation non-inva- 
sively, with convenience, continuity and 
speed, the HP Oximeter offers unusual ad- 
vantages. Optical transmission of-the ear is 
measured using a patented multi-wavelength 
technique, and arterial 02 saturation is nu- 
merically displayed within 30 seconds. Accu- 
racy is unaffected by patient’s ear thickness 
or skin pigmentation. 
Radiology: In Radiology applications, HP 
now offers a group of high-performance X- 
ray machines with automatic exposure con- 

trol. They include a 350 kV, field emission 
tube, chest X-ray system which improves soft 
tissue visibility throughout the entire chest, 
with considerably less radiation exposure to 
the patient; a complete system for X-raying 
the neonate in the nursery, with minimum 
distress to the infant and the most consistent 
radiograph; and Faxitrona cabinet X-ray 
systems for specimen radiography and for 
laboratory training of radiological techni- 
cians. 
Hospital and independent clinical labo- 
ratories: For hospitals and clinical labora- 
tories as well as medical research institu- 
tions, HP offers a full line of chemical anal- 
ysis instruments. The wide variety available 
includes three different types of gas chro- 
matographs, a high-pressure liquid chro- 
matograph, and a gas chromatograph/mass 
spectrometer/data system. In addition, au- 
tomatic liquid samplers for gas chromato- 
graphs and laboratory data handling sys- 
tems for GC and LC are also available from 
HP chemical analysis product line Divisions. 
Detailed information: For more detailed in- 
formation on any HP medical instrument or 
system, please call or write Hewlett-Packard, 
indicating specific product(s) of interest. 
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electronic measuring instruments and data 
handling equipment for the engineer, Hew- 
lett-Packard is also rapidly developing a sim- 
ilar position in analytical instrumentation for 
the scientist. HP's analytical products now 
include a full line of gas chromatographs, a 
liquid chromatograph, automatic sampling 
systems for GC, data handling devices and 

aysrcrm 101 L I K  ariaiyrlcai iaoorarory as well 
as  mass and ESCA spectrometers and tem- 
perature measuring instruments. 

Gas chromatographs 
Although less than 20 years old, gas chro- 

matography (GC) has taken over from clas- 
sical methods of analysis the bulk of analyti- 
cal work performed in laboratories around 

m e  world. 1 here IS an excellent reason for the 
revolutionary popularity of the gas chromat- 
ograph in analytical chemistry: no  other 
method gets more accurate results, at greater 
speed, and for less cost. 

For the scientist whose interest is the chem- 
ical analysis of unknown samples, Hewlett- 
Packard offers four basic types of gas chro- 
matographs. 



, 

Series 5830A reporting gas chromato- 
graphs: These are a complete analytical sys- 
tem. They have a built-in digital processor 
that operates the system throughout the ana- 
lytical run, following precisely the instruc- 
tions that you give it before the analysis, on 
an easy to use keyboard. The processor con- 
tinuously monitors detector output; reduces 
it to peak areas and times according to a so- 
phisticated integration algorithm; identifies 
the sample components and computes their 
concentrations; generates the chromato- 
gram; and presents a complete analytical re- 
port, including a list of analysis conditions as 
well as the chromatogram and the compo- 
nent concentrations, on its own built-in 
printer/plotter. 

5700A family of laboratory gas chro- 
matographs: This family is comprised of Se- 
ries 57 10A dual column instruments and Se- 
ries 5720A single column instruments. 5710A 
instruments are available with an isothermal 
oven temperature controller or a digital pro- 
grammer, and can accommodate flame ion- 
ization, thermal conductivity, electron cap- 
ture or flame photometric detector systems. 
Series 5720A instruments provide the same 
high performance and excellent precision as 
Series 5710A and are available with either 
flame ionization or thermal conductivity de- 
tectors. The modular design of these instru- 
ments makes possible the most economical 
GC at the highest performance level for lab- 
oratories that specialize in specific analyses 
such as drugs, pesticides, natural gas and air 
pollution. 

Series 57508 research GC’s: These 
multiple-detector instruments offer a high 
level of performance for a great variety of 
analyses. They are designed expressly for the 
research laboratory that requires an ex- 
tremely versatile instrument. 

Series 7610A high efficiency GC’s: 
Their large oven accommodates glass U-tube 
columns for the analysis of materials that are 
difficult to chromatograph. These instru- 
ments incorporate other design features that 
make them especially effective with biologi- 
cal samples and thermally sensitive or polar 
materials. 

Liquid chromatograph 
Model 10108 high-speed liquid chro- 

matograph: This instrument was specific- 
ally designed for modern high pressure oper- 
ation. I t  allows a wide latitude in choice of 
detectors and is applicable to all modes of liq- 
uid chromatography. Automatic gradient 
and flow programming are available as op- 
tions to the basic unit and the entire instru- 
ment is expandable to meet your growing an- 
alytical requirements. Detectors available for 
the Model IOlOB are: differential refracto- 
meter, ultraviolet absorption, fluorescence, 
electrolytic conductivity and variable wave- 
length UV-visible. 

Sampling systems 
Model 767OAl7671A automatic ram- 

plers: These automate the measurement and 

injection c 
graph. Des 
izontal (76 
ports, thes 
tended ove 
ducing opi 
even the z 
chase. 
Data han 

Since ga 
qualitative 
large numl 
short time, 
tomatic mi 
ical if not 
factures a 
for autom 

The Mo 
The first i 
functions t 
swer from 
graph. In 
cords chrc 
tion times 
ysis results 
does more 
functions 
ially imprl 
that it per1 
operations 
own built- 
analytical 
complete t 
nation of 
or compu 
tems. 

The Mo 
tem: This 
when deli! 
pre-progra 
be expand1 
to as many 
the modul 
analysis so 
ready stor 
ceived to 
rects basel 
and perf01 
peaks that 

It lets yc 
methods ir 
one to any 
culation p 
tion, inter1 
are availat 

The Mo 
tegrator: 
tion time i 
matogram. 
built-in pr 
use with til 
a digital c( 

Strip ct 
Packard re 
input circ 
7127A, 71; 
instrument 
recording 
brated cha 

if samples into a gas ch 
igned to be installed on eit 
70A) or vertical (7671A) i 
e sampling devices operatc 
rnight and even over week 
erating costs so significan 
mallest labs can justify t 

idling 
is chromatography produc 

and quantitative inform: 
bers of complex samples i 
its data output is so large 

ethods for handling it are c 
essential. Hewlett-Packarc 
variety of instruments and 
atic data handling. 
del 338049 reporting ints 
nstrument which provide, 
hat you need to get a corn] 

I your gas or liquid ch 
a single unified instrumel 
matograms, measures pea 
and areas, and calculates t 
i and prints the report. Th 

than merely combine the 
in a single cabinet. It alsc 
oves the quality of each 
’orms, because it conducts 

under the constant contr 
in digital processor. As a rc 
report that it gives you 
han you can get from an) 
separate recorders and int 
ting integrators or compi 

del 33528 laboratory de 
turn-key system is read) 

iered, completely configu 
mmed for your laborator) 
:d, as often as your needs 
as 15 modules without ob 

lar hardware. Its powerf 
ftware looks backward at 
ed and forward to data 
integrate total peak area. 
ine drift, detects low, sloi 
’ms tangent skim calculat 
appear on the tail of a si 
JU store as many as 248 ai 
I computer memory and ai 
channel. All of the traditic 
rocedures - area %, no1 
ial standard, external stan 
ile in software. 
del 33738 electronic dis 
automatically measures th 
md area of each peak on 

It presents the data eith 
inter, on punched paper 1 
me-share computers, or dii 
mputer  in real time. 
iart recorders: Several I 
corders are available with 
uitry for use in GC: I 
!8A, 7143A/B, 680. A l l  so 
s, they offer a choice of on 
pens and five- or ten-in 
rts. 

romato- 
her hor- 
njection 
:d unat- 
ends re- 
itly that 
.he pur- 

:es both 
ition on 
n a very 
that au- 
:conom- 
fi manu- 
systems 

Igrator: 
; all the 
plete an- 
romato- 
it, it re- 
k reten- 
he anal- 
e 3380A 
:se three 
) mater- 
function 
all of its 
01 of its 
:sult, the 
is more 

r combi- 
egrators 
iter sys- 

ita eys- 
I to use 
red and 
1. It can 
require, 
Nsoleting 
‘ul data 
data al- 
just re- 
It cor- 

w peaks 
ions for 
olvent. 
ialytical 

mal cal- 
rmaliza- 
dard - 
litat in- 
le reten- 
a chro- 
er on a 
tape for 
rectly to 

3ewlett- 
I special 
vlodules 
lid state 
e or two 
ch cali- 

)Ply any 

Mass spectrometer 
It is generally agreed among scientists that 

the most powerful tool for the qualitative and 
quantitative identification of unknown ma- 
terials is the combination of a gas chromato- 
graph and mass spectrometer. In the Hew- 
lett-Packard system, these two instruments 
are fully integrated with a computer, further 
increasing their analytical power and opera- 
tor convenience. All three components - gas 
chromatograph, mass spectrometer and com- 
puter - are manufactured and serviced 
world-wide by Hewlett-Packard. 

HP mass spectrometers can be operated ei- 
ther manually or automatically. In the auto- 
matic mode, the Dual Disc Data System con- 
trols the operation of the spectrometer and 
accumulates the analytical data while it per- 
forms the necessary calculations. It does a 
mass scan in less than one second, fast 
enough to analyze every peak separated by 
the gas chromatograph, and stores all the an- 
alytical data for continuous GC/MS analy- 
ses as long as I O  hours. Data handling is en- 
hanced by the ability to search a 12,807 spec- 
tral library and by powerful graphic display 
(CRT) software. 

ESCA spectrometer 
Electron spectrocopy for chemical analy- 

sis (ESCA) is a relatively new technique for 
measuring the binding energies of core and 
valence electrons in atoms and molecules. It 
has great potential in both structural and an- 
alytical chemistry, with applications in the 
study of surface chemistry, oxidation states, 
molecular structure and chemical analysis 
gen era1 I y . 

HP’s 5950A ESCA Spectrometer ad- 
vances the state-of-the-art in some extremely 
significant ways. It incorporates an X-ray 
monochromator and dispersion-compen- 
sated electron optics, each an entirely unique 
technological breakthrough. When com- 
bined with the 5950A’s position-sensitive de- 
tector, these design features serve to elimi- 
nate the line-width of the exciting radiation 
without introducing any slits in the spectro- 
meter. The result is an instrument that can be 
operated under optimum conditions of both 
sensitivity and resolution at all times. 

The main performance characteristics of 
the 5950A include freedom from back- 
ground and freedom from satellites as well as 
greatly improved resolution and sensitivity. 

Thermometers 
HP’s 2801A, a research-type quartz ther- 

mometer, provides extremely precise, reli- 
able measurements with resolution to  
O.O0loC over the range -80’ to +250°C. The 
2802A Platinum Resistance Thermometer, a 
medium-priced thermometer with features 
usually found in more costly units, has two 
ranges; -2OOOC to +60O0C and -1OOOC to 
+200°C making it ideal for a wide variety of 
applications. Details about both thermom- 
eters are found under “Physical and Optical 
Measurements” io this catalog. 
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General information 

I- IP3800A Distance Meter 

hr-od riugiaiiiiiiauic ruLnct ualculator 
with surveying routines a n d  magnetic 

HP9810A Calculator, HP9866A Printer a n d  
surveying program library. 

Hewlett-Packard, long recognized as  the HP3805A is one mile (1600 metres) with the 
leading supplier of electronic measuring in- measured distance displayed in feet or me- 
struments for the engineer, has developed a tres a t  the flip of a switch. The HP3805A fea- 
similar position in electronic distance mea- tures a built-in computer to  assure distance 
surement and computation instrumentation accuracy by taking a minimum of 3,000 read- 
for the surveyor. These instruments are ings for each measurement displayed. This in- 
briefly described on this page. strument also has an internal self-check ca- 

pability of verifying its electronic perfor- HP3800 Series distance meters mance in the field or  office, and automatic at- 
cost, medium range, electro-optical distance 

pod that snaps into the bottom of the instru- 

The Series 3800 Distance Meters are low 

measuring instruments employing an infra- 
mospheric correction. The optional battery 

red light source. The HP3800A measures in 
feet, the HP3800B in metres, The HP3800’s 

tres), high accuracy and ease of operation 

of graphic symbol notation on the operating 

ment provides cable free battery Operation 
for a lightweight portable 

ters are XIited for such a’ 

trol, geoPhYsica1 and mine surveys. A short 

system. 
combine a range of 10,ooO feet (3000 me- 

into one lightweight, rugged instrument. Use 

panel as a constant reminder of the 
measurement sequence. A visual display of 
the total measured distance in feet or metres, 
corrected for atmospheric conditions, is ac- 
complished in less than two minutes. Unique 
circuitry eliminates effects on measured dis- 

Hewlett-Packard’s versatile distance me- 

boundary, subdivision, construction, con- 

demonstration is all that is necessary for op- 
erator training on these instrllmpntc 

Surveying calculators 
The civil Engineering Division also mar- 

kets Hewlett-Packard.s full line of pocket, 
desk-top and programmable calculators fi l l-  tance caused by momentary beam interrup- 

The ‘Ompact HP3801 Power Unit with 

charger gives long Operating t ime and provi- 

ing the surveyor’s requirements for distance 
measurement and computation instruments- 

cialists have developed surveying routines for 
the pocket calculators and libraries of sur- 

atmospheric correction dial and built-in tion, Applications and programming spe- 

for Operating from an source. 
HP3805A Distance meter 

The HP3805A Distance Meter is a new low 
cost, short range, automatic readout, infra- 
red light source instrument. The range of the 

veying programs for the programmable mod- 
els. For full specifications and details on  
Hewlett-Packard calculators and peripher- 
als, see pages 531-538. 

HP3805A Distan 

. . -. . . -. . 
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may need to know before ordering can be 
quickly obtained via telephone. Just call your 
nearest HP office. 

I f  you are an international customer re- 
quiring formal paperwork such as pro forma 
invoices or FAX, CIF, or C&F quotations, 
please contact the Hewlett-Packard office or 
representative serving your area. Exporta- 
tion or importation assistance is also avail- 
able. 

Terms of sale 
Inside the USA: Terms are net 30 days from 
invoice date. Unless credit with Hewlett- 
Packard has already been established, ship- 
ments will be made COD or on receipt of cash 
in advance. 

Leasing and extended financial terms are 
available. However, the associated costs are 
not included in any product prices furnished 
with this catalog. Your nearby HP office will 
be pleased to discuss your requirements, and 
work with you in setting up an appropriate 
program. 
Outside the USA Terms for orders from 
customers outside the United States of Amer- 
ica which are placed with the Hewlett-Pack- 
ard Company, Hewlett-Packard S.A. or Hew- 
lett-Packard Inter-Americas, are irrevocable 
letters of credit or cash in advance - unless 
other terms have been previously arranged. 
Terms for orders placed with authorized 
Hewlett-Packard representatives or distribu- 
tors are mutually determined between the 
customer and the representative or distribu- 
tor organization. 

U.S. government sales 
Most products in this catalog are covered 

on GSA federal supply schedule multi-award 
contracts. 

Product changes 
Although product information and illus- 

trations in this catalog were current at the 
time it was approved for printing, Hewlett- 
Packard, in a continuing effort to offer excel- 
lent products at a fair value, reserves the right 
to change specifications, designs, and models 
without notice. 

r on over-the-counter or direct mail sales. 



AFTER-SALE SERVICES 
Warranty, certification, repair service, parts 

With Hewlett-Packard, you ge t  excellent products  backed by a 
responsive cus tomer  service program 

.. ,. *. . _... . . " . .  . "  w nen you purcnase a newiem-ractcara 
product, you also receive the assurance that it 
will continue to  perform to  its published spec- 
ifications today, tomorrow, next week - and 

lor a reasonable number ot months and years 
in the future. 

We firmly believe that our  obligation to 
you as  a customer goes much beyond just the 

delivery of your new HP product. This phi- 
losophy is implemented by Hewlett-Packard 
in two basic ways: ( I )  by designing and build- 
ing excellent products with good serviceabil- 



ity, and (2) by backing up those products with 
a customer service program which can re- 
spond to your needs with speed and com- 
pleteness. 

The HP  customer service program is one of 
the most important facets of our worldwide 
operations, providing a local service capabil- 
ity in virtually every one of our field offices 
(listed inside the back cover of this catalog.) 
Indeed, this customer service program is one 
of the major factors in Hewlett-Packard’s 
reputation for integrity and responsibility to- 
wards its customers. 

Warranty 
As an expression of confidence in our prod- 

ucts to continue meeting the high standards 
of reliability and performance that cus- 
tomers have come to expect, Hewlett-Pack- 
ard products carry the following warranty: 

AN Hewlett-Packard products are war- 
ranted against defects in materials and work- 
manship. The period of coverage is specified in 
a warranty statement provided with each prod- 
uct. Hewlett- Packard will repair or replace 
products which prove to be defective during the 
warranty period. In some cases, reference is 
made to a requirement for preventive mainte- 
nance. No other warranty is expressed or im- 
plied. Hewlett-Packard is not liable for  conse- 
quential damages. 

Certification 
Some customers are especially interested i n  

the test and quality assurance programs thal 
HP  applies to its products. These Hewlett. 
Packard programs are documented in a Cer. 
tificate of Conformance which is availabk 
upon request at the time of purchase. This 
certification states: 

Products, materials. parts, and services fur, 
nished on this order have been provided in a c  
cordance with all applicable Hewlett- Packan 
specifications. Actual inspection and test dart 
pertaining to this order is on file and availabli 
for  examination. 

Hewlert- Packards calibration measure 
ments are traceable to the National Bureau o 

Is to the extent allowed by the Bu- 
rlibration facilities. 
rewlett-Packard Quality Program sat- 
? requirements of MIL-Q-9858, MIL- 

clude in your order the instr 
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and MIL-C-45662. 
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Replacement parts play a 
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economically by entering into a Hewlett- 
Packard Customer Service Agreement. When 
you have a customer service agreement, HP 
assumes your maintenance responsibilities for 
a basic annual fee. This relieves you of hav- 
ing to hire your own trained maintenance spe- 
cialist, of having to maintain replacement 
parts inventories, and of having to set up the 
administrative procedures needed for proper 
maintenance scheduling. Please contact your 

The Operating and Service Manual sup- 
plied with each Hewlett-Packard test and 
measuring product contains maintenance, 
calibration, diagnostic and repair proce- 
dures, with troubleshooting charts and cir- 
cuit diagrams. All replaceable parts are listed. 
Extra manuals are available at reasonable 
cost from your nearby Hewlett-Packard field 
office. Most operating and service manuals 
with changes and service notes are now avail- 
able on COSATI standard, positive micro- 
fiche. 

New or special calibration procedures, in- 
strument modifications, and special repair 
procedures are described in detail in Hew- 
lett-Packard Service Notes. This series of 
publications serves as a convenient means of 
updating operating and service manuals. 

Bench Briefs, a periodic newsletter, has ser- 
vicing tips, new modifications and other sug- 
gestions to help repair and maintenance per- 
sonnel get maximum performance from Hew- 
lett-Packard instruments. It describes new 
service notes and other company publica- 
tions as they become available. To become a 
regular subscriber, ask your local HP field of- 
fice to place your name on the mailing list. 



MEWLETT-PACKARD 
Versatile interconnect system for 

INTERFACE BUS 
instruments & controllers 

HP Interface Bus: commitment to flexible, low-cost intercommunication. 

almost everywhere, which has naturally led to 
an increased demand for programmable in- 
struments and instrumentation systems of 
many kinds. It has also intensified the need 
for low-cost, versatile, high-performance 
inter-device communication links which may 
be commonly and uniformly used on a broad 
scale among system components. 

Just such an interface system has now been 
developed at Hewlett-Packard, providing 
many of the attributes sought by instrument 
designers and systems users alike. And as you 
will note from the facing page, the Hewlett- 
Packard Interface Bus is much more than the- 
oretical concept - in a very practical sense, it 
includes a growing list of Bus-compatible 
equipment (instruments, accessories, con- 
trollers, and complete systems) which are 
available to serve you right now. 

What are the benefits? 
Use of the HP Interface Bus (HP-IB) en- 

ables system designers and users to intercon- 
nect a wide variety of product capabilities, 
with minimum added engineering - and to 
conveniently configure simple bench-top sys- 
tems, as well as larger and more complex in- 
strumentation systems. 

Among the specific benefits: ( I )  The HP-IB 
accommodates both high and low speed de- 
vices in the same system with equal ease, and 
thus permits selection of the best system com- 
ponents without undue constraints imposed 
by the interface. (2) Data codes, data rates, 
and data paths may be altered throughout the 
course of a test sequence to optimize system 

performance. (3) Use of the ASCII code (pre- 
ferred but not mandatory) simplifies system 
programming as well as generation and in- 
terpretation of data. And (4), the interface 
system provides direct data transfers be- 
tween devices and allows multiple system 
component listeners, which reduces message 
traffic across the interface and speeds overall 
system performance. 

The HP Interface Bus system, having these 
features and benefits, reduces both the initial 
system costs attributable to the interface, and 
those costs related to training and mainte- 
nance. 

In addition, the HP-IB has been adopted as 
a major instrumentation interface standard 
within Hewlett-Packard. You may be as- 
sured we intend to add to the growing list of 
instruments, controllers, accessories, and pre- 
assembled systems utilizing the HP-IB con- 
cept - as well as providing assistance in the 
form of diagnostic equipment and training. 

General description - how the 
HP Interface Bus works 

The Hewlett-Packard Interface BUS* fo- 
cuses on the most frequent communication 
needs within instrumentation systems: 15 or 
less interconnected devices, distances shorter 
than 20 meters (unless extended by HP‘s 
59403A HP-IB Common Carrier Interface), 
data rates up to 1 megabyte per second, and 

‘The essential interface techniques as used in the Hewlett-Packard Inter- 
face Bus conform to a draft document now under consideration by the 
IEC as an international Recommendation 

relatively short messages carried among sys- 
tem components. Holding to these common 
parameters increases the feasibility of having 
a widely-used interface technique. 

A key objective of the interface system is to 
permit interconnection of a broad spectrum 
of Hewlett-Packard products possessing stim- 
ulus, measurement, display, storage, and pro- 
cessor-related capabilities - all used in in- 
strumentation systems. In addition, the in- 
terface system must be equally capable and 
effective in interconnecting a simple device 
such as a IO-digit remote display, or a com- 
plex device such as a computer used to con- 
trol a large instrumentation system. 

The Hewlett-Packard Interface Bus defines 
three major interface elements: mechanical 
(e.g., connectors), elecfrical (e.g., driver and 
receiver circuits), and functional (e.g., signal 
line and message transfer protocol) specifica- 
tions. Only the device and system indepen- 
dent characteristics of these parameters are 
specified by the common interface definition 
to make the interface system widely applica- 
ble. 

As mentioned earlier, the interface system 
accommodates up to fifteen devices (e.g., sig- 
nal source, counter, voltmeter, printer, con- 
troller, etc.) interconnected over one contig- 
uous bus - via a passive cable network 
containing the signal lines. Standard HP-IB 
cables are available in lengths of approxi- 
mately 1, 2, and 4 meters (Models 10631A, B 
& C respectively) for ease in system assembly. 

All information on 16 signal lines 
The interface system contains a set of six- 

teen signal lines used to carry all information 
(addresses, universal commands, measure- 
ment data, program data, and status data) 
among the interconnected devices. 

Eight “DIO” signal lines (Data Input Out- 
put, lines 1 through 8) carry coded messages 
in bit-parallel, byte-serial form to and from 
devices, with each byte being transferred from 
one talker to one or more listeners. Data flow 
is bidirectional i n  that the same signal lines 
are used to both input program data and to 
output measurement data from an individual 
device. Data is exchanged asynchronously be- 
tween devices, enabling compatibility among 
a wide variety of products. 

The other eight signal lines carry special 
control and status messages. Three of these 
dedicated lines: “DAV” (Data Valid), 
“NRFD”  (Not Ready for Data),  and 
“NDAC” (Not Data Accepted) are used to 
effect the transfer of each byte of coded data 
on the eight “DIO” (Data Input Output) sig- 
nal lines. The five remaining dedicated signal 
lines: “IFC” (Interface Clear), “ATN” (At- 
tention), “SRQ” (Service Request), “REN” 
(Remote Enable), and “EOI” (End or Iden- 
tify) are used to manage an orderly flow of in- 
formation across the interface. 
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Defining operati . 
responsi bi I i t ies 

The H P  Interface Bus extends the concept 
of a common and widely useful interface sys- 
tem much further into instrument design than 
previous instrument interface concepts at 
Hewlett-Packard. While the HP-IB offers sig- 
nificant advantages, it must be recognized 
that it is not a universal panacea. Instant sys- 
tems are neither the goal nor the net result. 

Interface-related operational capabilities 
(e.g., device dependent codes) are beyond the 
scope of the basic HP-IB definition. Helpful 
information to assist a customer in configur- 
ing and assembling an instrumentation sys- 
tem is contained in publications such as the 
“ H P  Interface Bus User’s Guide” (included 
with certain HP-IB equipment, and available 
for purchase separately) - but overall oper- 
a t iona l  responsibi l i ty  for  customer-as-  
sembled HP-IB systems rests with the cus- 
tomer. 

While the above operational capabilities 
are, of necessity, excluded from individual in- 
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Signal source and stimulus instri 
compatible for HP-IB use include: 
3320A/B and 3330A/B Frequency I 
sizers covering 0.01 Hz to 13 MHz (sei 
320 and 322); Model 8660A/B Syntl 
Signal Generators covering 10 kHz 
G H z  (page 348); and Model 8016A 
Generator having a 9 X 32 bit memor: 
variable 0.5 Hz to  50 M H z  bit rate (pa€ 

Measuring instruments include: 
3490A Digital Multimeter (see pa$ 
Model 5345A Electronic Counter (pag 
Models  5340A a n d  5341A Micr  
Counters (page 262); and the Model 
series Electronic Counter system (pal 
when used with a 5312A module. 

Measurement results can be captur 
recorded by using the Model 5150A 
numeric Thermal Printer (page 246). 
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Clock; Model 59400A TTY Interface; Model 
59403A Common Carrier Interface; and 
Model 59401A Bus System Analyzer. 

Control via calculator or computer 
Simple H P  Interface Bus configurations 

(e.g., a two-instrument counter and printer 
setup for semi-automatic data logging) do not 
require the use of a controller such as  a 
calculator or computer. However, the HP-IB 
also lends itself to more complex configura- 
tions where the power of H P  calculators or 
computers may be important. 

We will be pleased to discuss computer 
control with you if you are interested. In most 
cases, however, operator-oriented Hewlett- 
Packard programmable calculators are the 
ideal HP-IB controllers for customer-assem- 
bled systems, whenever some degree of data 
manipulation is required. 

The Model 59405A HP-IB Calculator In- 
terface package provides everything neces- 
sary for interconnecting an H P  Model 9820A, 
9821A, or 9830A calculator (see page 535) 
with up to  14 other HP-IB compatible de- 
vices. The 59405A uses only one 1 /0  slot on 
the calculator, and it provides the necessary 
hardware and software for calculator opera- 
tion of HP-IB instruments and accessories. 
Aids for problem diagnosis are also in- 
cluded. 

When equipped with the Model 59405A 
package, H P  calculators have five HP-IB op- 
erating modes: (1) listen; (2) talk; (3) control- 
ler; (4) system controller, the usual configura- 
tion and highest level of Bus control, being 
capable of initializing the Bus at  any time; 
and (5) service request monitor. 

HP-IB Calculator Interface details 
Complete specifications and details are 

covered in the data sheet for the Model 
59405A HP-IB Calculator Interface package, 
which has three configurations (depending 
upon which H P  calculator is to  be used): 
59405A Option 020 for Model 9820A opera- 
tion; programs on  magnetic cards. 
59405A Option 021 for Model 9821A opera- 
tion; programs on cassettes. 
59405A Option 030 for Model 9830A opera- 
tion; programs on cassettes. 

Each HP-IB Calculator Interface package 
includes the appropriate plug-in calculator 
ROM for 1/0 control, the 1 / 0  card, and an 
HP-IB interconnect cable approximately 4 
meters long. Also included are a User’s Guide 
which describes how to communicate with 
HP-IB instruments via the calculator, an op- 
erating manual, and verification and diag- 
nostic programs (on cassettes or magnetic 
cards). 
Model 59405A $1300 



TRAI Nl NG/VIDEO TAPES 
Technical training 

ing. These are live training sessions and video tapes. Live training ses- 
sions fall into three subcategories: applications, service and tutorial. 
Application seminars aimed at  increasing your utilization of general 
purpose test instrumentation are often available a t  no  charge. On the 
other hand, seminars on the operation of dedicated systems are  more 
specific in nature and are generally charged for. Service seminars are 
available on a supply-and-demand basis and, as such, there is usually 
a nominal charge. Tutorial seminars, such as  our  Microwave Circuit 
Design Seminar (see example below), are frequently equivalent to 
graduate level instruction, and there is a corresponding charge for 
these programs. 

I 
MICRO WAVE CIRCUIT 

DESIGN SEMINAR 
Provides the designer of high-frequency circuits with: . . .  

1. A thorough understanding of modern microwave de- 
sign concepts and 

2. Competence in applying these concepts in his designs. 
This will enable the designer to realize the performance 

potential that modern microwave technology offers. 
He will learn linear design methods based on scattering 

parameters, and will learn to use time-shared computer 
programs to aid in the design and measurement of re- 
sults. 

HP video tapes 
A better way to learn 

Part of the “extra value” which comes with each Hewlett-Packard 
product is our continuing commitment to provide Hewlett-Packard 
customers with useful training information in the areas of applica- 
tions and service. In the past, this information has often been in the 
form of classroom seminars, either a t  your nearby Hewlett-Packard 
sales office or  at one of our  training facilities in California. 

Now our  capability is expanding by offering you both service and 
applications training via video tape. Video tape training is exception- 
ally convenient and readily available, ready for your own use at  any 
time or  any place, including within your own facilities. 
Effective: Hewlett-Packard has found that video tape is a highly ef- 

fective training medium. Video tapes can convey more informa- 
tion in less time, and with higher retention, than even the best live 
instruction. Hewlett-Packard programs are  professionally pro- 
duced and are based on measurable instructional objectives. They 
consider what the student already knows, emphasize what he 
needs to know, and omit what he does not need to  know. Many 
video tapes utilize split-screen techniques, allowing students to  
watch a procedure on one part of the screen while observing its e 3  
feci on another part. Most Hewlett-Packard video tapes are  100% 
visualized, as  opposed to conventional, partially visualized video 
tape ‘‘lectures.’’ 
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TRAI MI MG/Vl DE0 TAPES 
Video tapes (cont.) 

A MINI INDEX 
The following list of video tapes relates pri- 
marily to  programs about electronic instru- 
ments and systems described in this catalog 
and does not include the many available pro- 
grams on medical, calculators, data prod- 
ucts, analytical, lasers and other applica- 
tions. For a complete rundown about all of 
Hewlett-Packard’s video tapes-including 
detailed program descriptions, formats, dis- 
count schedule, ordering instructions, lan- 
guage availability and prices-send for your 
free copy of HP VIDEO TAPES: A Better 
Way IO Learn ( H P  5952-0027) to: 

Hewlett-Packard 
Video Products 
1819 Page Mill Road 
Palo Alto, Ca. 94304 

ANALYZERS 
8050A Spectrum Analyzer Maintenance 

(90030-#616) 20 Minutes. 

7 

8554A Spectrum Analyzer (90060-#35 1) 
40 Minutes. 

8064A Spectrum Analyzer Service (90060 
-#632) 35 Minutes. 

8064A Spectrum Analyzer Recalibration 
(90060-1663) 35 Minutes. 

8552A/8553L Spectrum Analyzer Main- 
tenance (90060-#321) 59 Minutes. 

8552A/8553L Spectrum Analyzer Main- 
tenance (90060-#339) 32 Minutes. 

141T/85528/8553B Spectrum Analyzer 
Operation (90030-#607) 26 Minutes. 

141T/85528/8554L Spectrum Analyzer 
Operation (90030-#646) 20 Minutes. 

141T/8552B/8555A Spectrum Analyzer 
Operation (90030-#647) 28 Minutes. 

141T/8552B/8555A Spectrum Analyzer 
Operation (90030-#697) 18 Minutes. 

141T/8552B/8556A Spectrum Analyzer 
Operation (90030-#63 1) 20 Minutes. 

Measuring AM Signals Using a Spectrum 
Analyzer (90030-#720) 16 Minutes. 

5451 Fourier Series: Fourier Analysis 
(90030-#717) 17 Minutes. 

5451 Fourier Series: Convolution, Cor- 
relation and Power Spectrum (90030 
-#718) 21 Minutes. 

5451 Fourier Series: Windowing (90030 
-#719) 15 Minutes. 

8407A Network Analyzer System (90030 
4 4 7 5 )  29 Minutes. 

8410A Network Analyzer System (90030 
-#473) 25 Minutes. 

8410A/8411A Network Analyzer Service 
(90030-#490) 23 Minutes. 

359013591 Wave Analyzer Maintenance 
(90030-#672) 28 Minutes. 

Microwave Link Analyzer Operation 
(90030-#728) 19 Minutes. 

Network Analysis (90060-#338) 43 Min- 
utes. 

OSCILLOSCOPES 
Oscilloscope Basics (90060-#360) 36 Min- 

utes. 
Sampling Scopes (90060-#435) 37 Min- 

utes. 
Understanding HP Storage Scopes: 

Theory (90030-#449) 29 Minutes. 
Understanding HP Storage Scopes: Ser- 

vice (90060-#359) 37 Minutes. 
CRT Service and Troubleshooting (90030 

-#704) 18 Minutes. 
180A Oscilloscope Front Panel and Op- 

eration (90060-#370) 47 Minutes. 
180A Oscilloscope Delayed Sweep Ap- 

plications (90030-#401) 23 Minutes. 
183A Oscilloscope Mainframe Adjust- 

ments (90030-#503) 25 Minutes. 
HP 1200A Oscilloscope Measurement 

Applications (90060-#731) 3 1 Minutes. 
1700 Oscilloscope Series (Service 1): 

Controls and Operation (90030-#673) 
14 Minutes. 

1700 Oscilloscope Series (Service 2): 
Power Supply and Trigger Circuits 
(90030-#674) 20 Minutes. 

1700 Oscilloscope Series (Service 3): 
1710A Mechanical (90030-#797) 14 
Minutes. 

1700 Oscilloscope Series (Service 4): 

1710A Electrical (90030-#798) 14 Min- 
utes. 

Basic Oscilloscope Measurements (90030 
-#820) 23 Minutes. 

COUNTERS 
5360A Computing Counter Applications 

(90060-#343) 58 Minutes. 
5360A Computing Counter Maintenance 

(90030-#513) 27 Minutes. 
5375A Computing Counter Keyboard 

(90060-#459) 39 Minutes. 

SIGNAL GENERATORS & 
SYNTHESIZERS 

746A Maintenance (90030-#408) 28 Min- 

866049 Series Signal Generator Service 

8660A/B Synthesized Signal Generator 

Troubleshooting the 86608 DCU (90030 

The Indirect Generation (90030-#759) 22 

The 8640 Story: Chapter 1, Can You Turn 

RECORDERS 
7123/7143 Strip Chart Recorder Service 

5050A/B Digital Recorder Maintenance 

7040 Family X-Y Recorders, Service 

METERS 
3490 Multimeter Self-lest Troubleshoot- 

432A Power Meter Maintenance (90060 

COMMUNICATIONS 
TEST EQUIPMENT 

Introduction to Pulse Code Modulation 
(90060-#874) 38 Minutes. 
Demonstration of 3760A/3761A Bit Error 

Rate Measuring System (90030-#875) 
20 Minutes. 

utes. 

(90030-8566) 23 Minutes. 

(90030-#698) 21 Minutes. 

-#726) 20 Minutes. 

Minutes. 

Me On? (90060-#819) 31 Minutes. 

(90030-#478) 28 Minutes. 

(90060-#300) 43 Minutes. 

(90210-) 30 Minutes. 

ing (90030-#705) 22 Minutes. 

-#298) 60 Minutes. 

SOUND MEASUREMENT & 
MONITORING 

Akustik Theory of Sound Measurement, 

Akustik Theory of Sound Measurement, 

5061A Cesium Beam: Theory of Opera- 

5061A Cesium Beam Tube Replacement 

CORRELATOR 
3721A Correlator Applications (90030 

I.C. TESTER 
Big Benefits From the Little I.C. Trouble- 

shooters (90030r_#715) 14 Minutes. 

CABLE FAULT LOCATING 
Basics of Cable Fault Locating (90030 

Part 1 (90060-#233) 58 Minutes. 

Part 2 (90060-#234) 50 Minutes. 

tion (90030-#716) 27 Minutes. 

(90030-#664) 30 Minutes. 

-#373) 23 Minutes. 

-#751) 14 Minutes. 
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