CATALOG CONTENT

This caralog is designed primarily
to serve the needs of cngineers,
scientists and technicians who are
eoncerned or work with eleetri-
cal/electronic phenomena. It deals
with the broad area of measurement
(plus generation and recording), as
well as relaled computation.

HP has many additional capabili-
ties not delailed in (his catalog,
which are instead summarized on
the last few pages. In the event your
work is related 1o any of these other
HP capabilities, we will be pleased
to send you specific product infor-
mation on request.
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Ratio Meter ... ... . i 47, 48, 49
Real Time Fxecutive Sofiware . . .. .. ... ... 542
Receiver, VLF . . . . .. .. .. 289
Reciprocal Counters . .. .. ... . ... 252, 261, 270, 279
Recorders
Chart Recorder Supplies . 243
Oscillographic . .. ... .. . . o ... 215, 239
Portable Instrumentation Tape . . ... ... ..... 244
StripChart . . ... ... ... s 215, 235
XY e e R el 214-226
Refllection/Transmission Test Sets . . . ... 429, 435-437
Resistance Meter .. .. .. . o 63
RF Bridge ... ... . ... . .. . e 67
RF Voluneter . . .. . ... ., i 26, 31
Rotary Air Line, Coaxial . ... ... ........... 363
Rotary Joint, Coaxinl . ... ... .. .. ... 0. ... 363
Rotary Machinery Anatysis . ... . .. .0 L. 472
Rolary Vane Atlenuators, Waveguide . .. ........ 398
RX Meter ... .. e 67
]
S-Parameter Test Sets . . ... . ... .........- 435, 436
Sumple and Hold Digital Multimeter .. .. ... .. 44-49
Sampling Oscilloscopes . .. ... ... ... ..... 128-130
Sampling & TDR Accessories . ... ........ 132-134
Sampling Volumeter ... ... ... .. ..., .. ... 31
Scunner Plug-Im Module . . . ... .. . L. 219
Schottky Diodes . . . .. . .. e 558
Scientific & Industrial X-Ray Systems .. ... ... .. 558
Selective Level Meter/Gea .. 0oL oo L 508, 509
Selective Level Voltmeters .. . ..o ... ..., 496, 497
Sclective Vollmeter Wave Analyzer .. ... ... ..,. 507
Selective Voltmeter . . .. ... .. ... ... ..., 447, 498
Scll-Test Digital Multimeter . .. ... ... .... 47, 48, 49
Scrial Interface, Hardwired ... . ... ... ... .... 568
Shorts, Coaxinl and Waveguide . ............. 406
Signal Analyzers, Digital ... ... ... L. 469
Signui Analyzers, General Information ... . ... ... 440
Signal Anulyzers, Spectrum . ... ... ... 133, 452-468
Signal Coupler Preamplifier .. ... ........... , 240
Signal General ... .o 322, 323
Signul Generators and Accessories . ... ... ... 341-363
Signal Source .. ... L L L 322, 323, 332

Signature Analysis ., ... ... ... o 472
Sinewave Generators .., ... v v v e 322-329
Sinewave Oscillator . . .. ... . oL oL 326
Single Span Plug-In Module . .. ... .......... 229
Slotted Lines, Coaxial and Waveguide 403, 404, 405
Slotted Line Detector . .. ..o v i i ot 404
Slotted Line RF Probe . .. .. ... ... ......... 405
Slotted Line Sweep Adapters .. ... ... ... ..., 405
Software, Basic Control System . ... .......... 542
Solid State Displays . ... ... ... ...... . .... 559
Solid Stata Lamps . . .. . oo wbios o s o adopsis s 559
SHECLPOMEIEES. . ¢ o 6o v 6 o ohid s Bomnbe dmzirs o 7w g 562
Spectrum Analyzer ... .......... 135, 452-468, 470
Square Wave Gen . ... ............ 327, 329, 332
Standards: Frequericy and Time . ... ... ....... 280
Standing Wave Ratio (SWR) Meler . . ... ....... 412
Step ALEnuators . ... v oo it v 396
Step Recovery Diodes ... ... . oL e 558
Strip Chart Recordes . . .. . ... .. .oty 215, 233
Structural Dynamics . . .. .t i i i e 472
Sweep/Offset Plug-ln .. ................ 330, 331
Sweep Oscillators, General Information . .. . .. 364, 365
Sweep OsolllBBIS - . . oo bwt s oam gy o] - 4 366-379
Sweep Pllig=ll . . ococii ww o panin e oo s e el 330, 331
Sweeping Slotted Line . . ....... . ... 000 405
SVARCRER. ™ i i e s s g s m e A 558
Seritches, Coaxlal - . . . o 0 ik wcain o bqeme5g aoam e 410
SWIvelARPIEE . -« oowoae o mlE e e w e e AL o fi 414
Synchronizer, Phase Lock ... .. ... .......... 379
Synthesizer, Frequeney .. ............. 348 to 351
Synthesizers — General Information .. ... ... ... 319
Synthesizers, Spectrum . .. .. ... ... ... AT
Sl el L i e R e e a e 481
System Enclosures . ... .........c. ..., 486, 487
Systerrt. Fourier Analyzer ..., ... .. ......... 470
System. Modal Analysis . . . R T e a
System, Random Vibration Conlrol R o T BT v .
System, Rotating Machinery Analysis . ... ....... 472
System, Signature Analysis . ................ 472
T

TapE-Cassetld - , ., s o« balinda aca o difom i ol 536
TRDE PHASH . o oo o e ot sy e e B e e E 537
Tape Recorder, Digital Magnetic ..., ., .. .. 244, 541
Telecommunications Test Equipment . ... .. .. 488.513
Telephone Oscillators . . .. ... .. . i i 500
Temperature Pluog-In Module . ... ............ 229
Terminal Control System Soflware ... ......... 542
Terminal [nterface, Display . ................ 540
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Terminal Multiplexer, Asynchromous ... ... ..... 537
Termingtions, Coaxial and Waveguide ... .. ... .. 406
Test Leads . .. . .. .. e 474
Testmobiles . . ... .. 478
Test Oscillators . . 0 .. ..o o 335
Test Sels, Traasmission . .. ... ... ... ..., 496
Thermal Primer . . . . . .. ... 246
Thermistor Mounts, Coaxial and Waveguide 386, 187
Thermometer . ... . ... ..o 550, 551
Time Base External Module . ... . ... ... ... ... 221
Time Base Plug-In Module . ... .. ... ........ 218
Time Domain Refleclometers .. ... ... ... .. 131,132
Time Internal Counters . ... . .. 252, 258, 261, 264, 270
Time Mark Generator . .. . ... ... ... ... ... 154
Time Standard . .. . ... 282
TIMS 493
Tip Kit ... e 87
Tracking Generator . . .. .. 448, 449, 456, 460, 462, 464
Training/Video Tapes ... ......... ... ...... 569
Transceiver Test System ... ... ... . ... ..... 523
Transfer Function Analyzer ... ... ........... 470
Trunsmission Impairment Measuring Set . ... ... .. 493
Transmission Line Test Equipment, Coaxial ... ... 390
Transmission & Noise Meter Psophmeter . . .. . .. . 501
Transmission Test Set . . ..............., 502, 503
Transistors . . . . ..o e e e 5-8
Triangie Wave Generator . .. . . ... ... ......, 332
Trigger/Phase Lock Plug-In ... ........... 330, 331
Trigger Countdown . .., . ..... ., ....... 132, 133
True RMS Voltmeter . ... ..... 20, 38, 39, 44, 45, 46
Transistor Bias Supply . ... ...... ... ....... 436
Transistor Test Fixtures . ... ... ........, 435, 436
Tuners, Microwave . . .. v i v e e 409
Twenty Additional Blank Reference BD 87
Twenly Preprogrammed Rel. Bds. . ... ...... ... 87
Twao Channel Amplitude Measurcnients 420, 421, 422
TWT Amplifiers .. .. ... . o 20
Type N Short . ... ... o 406
TyPewriter . . . . oo e 537
u

Universal Bridge .. ... ... ... ... ........ 64. 65
Universal Carriage (Stotted Sectior) . . ... ....... 404
Universal Counters ... .. ... . .......... 264, 270
Universal Interface ... ... ... ... ... ..... 568
\

Variable Phase Function Generatos . .. ... ... ... 329
Vector Impedance Meter .. ... ... .. ... ... 73, 427

Vector Voltmeter . . .. .. ... .. .. ... ... . 439
Vibration Analyzer .. ... L Lo 470
Yibration Controller . . .. . ... ... .......... 472
Video Tapes . . ... ... . it i 570. 571
VLF Comparator .. ... .. ... .. .ccu.ii.v.. 289
Voltmeler, Vector . . .. ... ... ... e 419
W
Wave Analyzer ... ... ... L 4438, 449
Wave Analyzer .. ... .. .. ... . ... ... 446
Wave and Distortion Analyzers ... ... ... 450, 451
Waveform Analyzer, Fourier .. .. ............ 470
Waveguide
Crystal Delectors ... ... v i i 402
Detector Mount . . . . .. ... Lo 402
Directional Couplers . .. ... ... .. ... ...... 401
Frequency Meters . . ... . ... .. ... ... .... 408
Harmonic Mixer .. ... ... .. ... ... ...... 410
Holder .. .. ... . ... . .. . .. . .. ... 411
[nstrumenlation and Accessories . . ... ... .... 394
Low-Pass Fillers ... .................... 407
Movable Shorts . . . .. ... .. .. ... ... 406
Phase Shifters . .. ... ... .. ... ......... 409
Precision A(lenualorS . . ... ... ..o vu . 398
Shorting Switch . .. .. ... .. L oL 406
Slide Screw Tuners . . .. ... . ... i 409
Sliding Loads . . .. ..... ... . ... ...... 406
Shding Shomt . .. . .. ... .. L. 406
Slolted Section .. ... .. ... . ... ., 404
Stand .. e 411
Terminalions . .. . v vt e 406
Thermistor Mounts .. ... ... ... ....... 386, 387
Variable Altenuators . ... .. .. ... ... ..., 398
Waveguide-Waveguide Adapters . ... ... L. 411
4-Wire Digital Ohmmeter . .. ... ... .. ... 47, 48. 49
Word Generalor . . . .. . .. . i e e 313
Writable Controt Store .. . .. . .o L L. 540
X
X-Ray Systems, Cabinet ... ................ 556
X-Ray Syslems, Porlable .. ................. 557
X-Ray Systems, Scientilic & Industrial . ... .. .. .. 558
X-Y Displays . ..... ... ... . .. .. .. 170, 171
X-Y Plolters . . . . o e e e e 227
X-Y Recorders ... . . ittt e 214-226



HP-35 Scientific Pocket Calculator .............. 531
HP-45 Advanced Scientific Pocket Caleulator .. .. .. 531
HP-46 Scientific Desktop Calcutator . ............ 538
HP-65 Programmable Pocket Calculator .......... 532
HP-70 Business Pocket Calculator . ... ........... 533
HP-80 Financial Pocket Caleulator . ............. 533
HP-81 Financial Desktop Calculator . .....oovvvun s 538
100
105A/ B Quartz Frequency Standards . ............ 287
{17A VLF Comparator ......cvvuenrnornreanas 289
123 A Oscilloscope Camera . ......covvuenin 156, 157
140B Oscilloscope Mainframe ... .....cocvvsniis 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
180C/D High Writing Speed Oscilloscope

Malnfromsas . . cuogosiosarsseheatebs st 117, 454
181 A/AR/T/TR Vuriable Persistence/Storage

| E LT g Ry gt o 113, 454
182C/T Large Screen Oscilloscope Mainframe 116, 135
183A/B/D Wideband Oscilloscope Mainframe 136, 137
184A/B High Speed Oscilloscope Mainframes . 114, 115
195 A Oscilloscope Camera . ............... 156, 157
197A Oscilloscope Camera . ............... 156, 157
200
200AB Audio Oscillator ... .....cviviinuenosin 326
200CD Audio Oscilator .. .......c.ccivvmnnc.. 326
201C Audio Oscillator . ............ ..ot 326
202H FM/AM Signal Generator ............... 360
203 A Variable Phase Generator ................ 329
204C Sine, Square Wave Oscillators . ............ 327
204D Sine, Square Wave Oscillators . ............ 327
Z07TH Dplverter o uccorisingsmias=dliiiesssesan 360
209A Sine, Square Wave Oscillators . ............ 327
214A Pulsc Generator . ....vvvivarinnsnnnnanan 294
226A Time Mark Generator . .................. 154
230B Tuned RF Amplifier . .................... 20
236A Telephone Test Oscillator . ... ............. 500
ZEO8 RK IR o5 0 pn s 0% s 8w S ek i Bk 67
281 series Coaxial-Wavegunide Adapters .......... 411
292 series Waveguide-Wavegnide Adapters . ... .. .. 411
300
JI0A Wave Analyzer .. ... cvoininnrnninnivnsn 447
312/313A Wave Analyzer ................. 448, 449
312C Selective Levelmeter & Generator . ... .. 508, 509
331A Distortion Analyzer ..............ccc..... 450
332A Distortion Analyzer ............cco0uuunn 450
333A Distortion Analyzer ..................... 450
334A Distortion Analyzer ................. 450, 451
340B Noise Figure Meter ......ocvvvivnes 388, 389
342A Noise Figure Meter ...........00unn. 388, 389
343A VHF Noise Source ......oovvuerannn. 388, 389
345B IF Noise Source ...........cccvinunn. 388, 389
347A serics Noise Sources ................ 388, 389
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3494 Nojse SoUrce .....ovvvvvrrnrniwninns 388, 389
150D Attenuators & Decade Capacitator ......... 75
354A Coaxial Step Aftenuators . ........c..vuens 396
355 scries Coaxial Step AUCNUALOTS & v vwiv v vnnens 396
360 series Coaxial Low-pass, Filters . ............ 407
362 A series Waveguide Low-pass, Bandpass Filters . 407
375 series Waveguide Variable Attenuators . ... .. .. 398
382 series Waveguide Precision Variable Attenuators 398
391 A Coaxial Variable Attenvator .............. %6
394A Coaxial Variable Attenuator .............. 396
400

400E/EL AC VOItMEter . .o cvvvvnrivicvnnnnecns 28
400F/FL AC VOItMEIer . ....vvviinacninevnnn 28
400GL AC Voltmeter . .....c...tiiiriiniinns 28
403B AC Voltmeter ... ..vvivcrene s 27
410C General Purpose Multi-Functien Meter . . .. .. 26
B SWER MBIET 5 - i 5 v ias s ot sar g riyad 580 412
419A DC Null volt-ammeter «.o.vvvvveveeonnans 23
420A/B Coaxial Crystal Detector ...ovovvvvunnns 402
422 A series Waveguide Crystal Detectors ... ... ... 402
423 A Coaxial Crystal Detector ... .......covuess 402
424 A series Crystal Wavegnide Detectors ... ...... 402
427A Multi-Function Meter .................-. 25
428B DC Clip-on Milliammeter . ...........00one 24
432 series Power Meters .........oiviiinnn 38S, 186
435A Power Meler ....vuvvvvevrnnnecnrnns 382, 383
440A Detector Mounl «.oovvvvenrvr s cns 405
4428 Slotted Line RFProbe .........coivvcunnn 405
444A Stotted Line Detector ...t 404
446B Slotted Line Detector ............c.0uvvcnn 405
4478 Slotted Line Detector ..............counnn 404
448A/B Slotled Line Sweep Adapter . ... ......... 405
456A Current Probe for Voltmeters . ............ 476
461A General Purpose Amplifiers ............... 18
462A General Purpose Amplifiers . .............. 18
465A General Purpose Amplifiers ............... 18
367A Power Amplifier/ Power Supply ............ 18
4778 Coaxial Thermistor Mount ................ 387
478A Coaxial Thermistor Mount . ............... 386
X485B Waveguide Detector « ... ... coovvveanena- 402
486A sertes Waveguide Thermistor Mousts ... . ... 386
487B series Wavepuide Thermistor Mounts . ... ... 387
480A TWT Amplifier . ... ... vt 20
A91C TWT Amplifier ... iiiinenn 20
493A TWT Amplifier .......c.oiviiiiiicrnnns 2
495A TWT Amplifier . .......covviiviiinnaninns 20
500

532 series Waveguide Frequency Meters .......... 408
536A Coaxial Frequency Meter . ... .....c.ovnunn 408
S$37A Coaxial Frequency Meter ... ......conunnn 408
SBOA Digital-to-Analog Converter ,........0cvu- 236
581 A Digital-to-Analog Converter .............. 236
600

606B Signal Generator . ....... i annan 354

608BE Sigoal Generator . ........ it 355
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612A Sigoal Generator .. ..., 356
618C Signal Generator - - .- ..oy vt i 358
620B Signal Generator .. ...« .v i 358
626A Signal Geperator ......... ... . ... 359
628A Signal Geperator . .......ov i 359
651B Test Oscillator . .........oivieinnen. 335
652A TestOseiflator ... ... ..o 335
653A Test Oscillator . .. ... 335
654 Test OsCilator ..o v vree v e e 335
680 Strip Chart Recorder .. ....... ... ...ou.... 2358
700

740B DC Standard Voltmeter .............. 338, 339
745A AC Calibrator . ....... .. ... ..., 336, 337
746A AC Calibrator ........vcoivieuvean-n, 336, 337
752 series Waveguide Directional Couplers . ... .. .. 40)
774D Coaxial Dual Directional Coupler .......... 399
775D Coaxial Dual Directional Coupler .......... 399
776D Coaxial Dual Directional Coupler . ......... 3%9
777D Coaxial Dual Directional Coupler . ......... 399
778D Coaxial Dual Directional Coupler .......... 399
779D Coaxial Directional Coupler .............. 400
786D Coaxial Directional Detector . ............. 400
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 Coupler .............. 400
8a0

805C Coaxial Slotted Lime ..................... 403
809C Universal Carmiage . ..................... 404
810B scries Waveguide ..........ciurrnn ... 404
814B Sfotted LIDBS . ... -t iv e et cir i 405
815B series Waveguide Slotied Sections . ......... 405
816A Slotted Coaxial Sections . ... ........ ... .. 404
817A/B Coaxial Swept Slotted Line System . ... ... 403
870A Waveguide Slide Screw series Tuners ....... 409
885A series Waveguide Phase Shifters ........... 409
895SA DCPowerSupply . ...ooovii i 208
300

905A Coaxial Sliding Load .................... 406
907A Coaxial Stidiag Load .................... 406
908A Coaxial 50 Ohm Termipation ......... 134, 406
905A Opt 012 50 Ohm Termipation .. ........... 134
909A Coaxial Termipation .................... 406
910 series Waveguide Terminations . ............. 406
911A Coaxial Sliding Load .................... 406
914 series Waveguide Sliding loads . ............ 406
920 sertes Waveguide Moving Shorts . .. ......., .. 406
X923 A Wavepuide Sliding Short ................ 406
X930A Waveguide Shorting Switch . ............ 406
P932A Waveguide Harmonic Mixer ............. 406
934A Coaxial Harmonic Mixer , .. ...c.ooooouL .. 406

938A Frequency Doubler Set .................. 359
940A Frequency Doubler Set ... ... .. 359
970A Probe Digital Multimeter . .............. 36, 37
1000

1000A Testmobile ............. . oovvu,. 445, 446
100 A Testmobile ........o.ovviae .. 445, 446
1001B Testmobile ............. ... ....... 443, 446
1002A Testmobile ....... .. ...t 445, 446
1002B Testmobile ....................... 445, 446
I003A Testmobile . ............ .o .. 445, 446
1003B Testmobile ..........c. oot 445, 446
(004A Testmobile ....................... 445, 446
LOO4B Testmabite .............iniionn.. 445, 446
[006A Testmobile ....................... 9445 446
1008A System Work Table .............. . 445, 446
[O09A Systems Work Table ., .............. 445, 446
L0LOB High Speed Liquid Chromatograph . ....... 562
1051A/3052A Combining Cases ................ 481
1104A/3106B Opt 001 18 GHz Trigger

COUNAOWN . .o vt i et oo e 132, 133
([O4A/1108A 10 GHz Trigger Countdown ... 132,133
11OSA/1106B 20 ps Puise Generator ............ 134
1105A71108A 60 ps Pulse Generator ............ 134
L109B High Pass Filter (type N) ............... 134
1110A Current Prabe .................... 152, 153
1L11A AC Current Amplifier .............. 152, 153
1116A Testmabite, Oscilloscope . ............... 478
L117B Testmobile, Oscilloscope . ............... 478
L118A Testmobile, Oscilloscope ................ 478
1120A 500 MHz Aclive Probe ", .. .............. 151
1I2TA ACPrabe . oo 430. 467
1122A Probe Power Supply ............... 152,153
]1124A 100 MHz Active Probe . ................ 151
1125A 250 MHz Impedance Converter Probe . . ... 151
1200A/B Dual Channecl Oscilloscope,

100 pV/BIV « oot e (44147
1201 A/B Duil Channel Storage Oscilloscope.

100 pV/7div oo 144-147
1205A/B Dual Chanoel Oscilloscope,

SmV/div ... 144-147
1220A Dual Channel Oscilloscope, 15 MHz .. 142, 143
1221 A Single Channel Oscilloscope, 1S MHz .. 142, 143
1300A Large-Screen Analog System Dispiay ... ... 172
1310A 48.3 cm (19 in.) Display ............ 168, 169
1311A 356 cm (14 in.) Display ............ 168, 169
1317A 432 cm (17 in.) Display ............ 164, 165
1321A 533 em (21 in.) Display .......... .. 166, 167
1330A X-Y Display « ... vvviii it 170, 174
1331A/C X-Y Display, Storage ... .......... 170, 171
1332A High Resolution Display ............ 162, 163
1601L Logic State Analyzer ............. ... 78. 79
1620A Pattern Anpalyzer ............ ... .. ..., 82
1645A Dawa Error Anafyzer . ... ... ... ... 497
1700 series Portable Oscilloscopes .. ............., 10]
(700B Portable Oscilioscope, 35 MHz ....... 104,105
(7008 Option 300, 35 MHz ............... 108, 109



1702A Porlable Storage Oscilloscope ........ 106, 107
1703 Portable Storage Oscilloscope, Delayed

BWRED | .o fin - mmpms @ an kb m e 106, 107
1707B Option 300, SO MHz . .............. 108, 109
17078 Portable Delayed Sweep Oscilloscope.

20 Y e sl e A 104, 105
1710B Portable Oscilloscope, 200 MHz . ..... 102, 103
1720B Oscilloscope, 275 MHz .............. H3-100
1722A 275 MHz, Direct Readout of volts

W R E o5 e i S i B DT M S e 94.96
1801 A Dual Channel Vertical Amplifier,

SOMHzZ ... e e 120, 121
1803 A Differential DC Offset Amplifier .......... 124
1804 Four Channel Vertical Amplifier.

BRI skt g 3 6100 b T € A 122, 123
1805A Dual Channel Vertical Amplifier,

BOO BETEE = ¢ «iix i as s b s g dim b g o B 118
1806A 100 V Dual Channel Differential

90 ] R LN P ST S 120, 121
1807A Dual Channel Vertical Amplifier,

R VEEDZ . aa e w6 o m R E ) = s 120, 12}
I808A Dual Channel Vertical Amplificr,

TE-DAET, . o bitnom iom o B b g s ia e i B e 119
1809A Four Channel Vertical Amplifier,

o o B 15 R S A P £22, 123
1810A 1 GHz Dual Channel Sampler .......... .. 130
1811A 40or 18 GHzSampler . .....cooon.n.. 128. 129
1815A/B TDR/Sampler . .......00vunuuean 132, 133
1816A Sampling Head, 4 GHz . ............ 132, 133
IB17A Sampler, 124 GHz ................ 132, 133
1818A Time Domain Reflectometer. 170 ps tr ... .. 131
FB20C Time BASE o vv v vvveerrsammmn vomaee ceenn 125
1821 A Time Base/Delay Generator. ... .......... 125
1824 A Time Base and Sweep Expander ........., 126
I825A Time Base and Delay Generator . ..., .. .. 126
1830A Dual Channel Vertical Ampiifier,

RO | i el o B T ¢ e 140
1831 A Direct Access Vertical. 600 MHz ......... 140
1831 B Direct Access Vertical, SOOMHz .......... 140
1834A 200 MHz 4-Channel Amplifier ........... 138
I1835A 200 MHz Dual Chaaael Amplifier ...... ... 139
I840A Time Base . .. cvcnvucuincarnpommnnenern 141
1841 A Time Base/Delay Generator .v.ovvvv.... . 141
1900A Pulse Generator Mainframe . ............. 312
1901 A Pulse Generator Maimnframe ............ .. 312
1905A Rate Generator .. .. ovvivnincnnrnnanennn 311
1906A Rate GEReTalOr « /v vvvvvnnveneinaann.n il
1908A Delay Generator ... ..c.ouveienuaauiaeennn 310
1910A Delay Generator .. ............ccuou.-.. 310
1915A Variable Transition Time Output ......... 305
1916A Variable Transition Time Output . ........ 308§
1917A Variable Transition ‘lime Output ......... 30§
1920A Pulse QUIput .. .......ooiiin i, 305
1921A Positive Qutput Plug-in ................. 305
1925A Word Generator . ...o.ovinenonennno.. 308
1927A Fan-in Amplifier ....................... 311
1928A Fan-out Amgplifier .. ............. ....... 311
1930A PR Binary Sequence Generator ........... 308

2000

2070A Datn LOZROT .+ vvinvnvcmmcnmon s onlons s 56
2402A Integrating Digital Voltmeter . .......... 52, 53
260 TA Line PHDBET o - . iomsrime 45 0 sosgimi m o ot awimis 537
2748B High Speed Tape Reader ... ............. 536
2801 A Quartz Thermomeier . ..... ..o veeeenn. 550
2802A Digital Thermometer ............. 40, 43, 551
2811B Quartz Pressure Gauge - ... ... .coonn. 552, 553
ZEBER A T APE - iy ps et Frr s mnam ot s g s 537
3000

3040A Network Analyzer .........ovuu.nnn 420-423
3041 A Network Anmalyzer ................. 420423
3042A Network Analyzer ..... ..., 420-423
3043A Network Apalyzer ...... ... iiinnn. 426
3050B Auto Data Acquisition System . ......... 57-59
3200B VHF Oscillator . .. .....ccovivenvninoans 352
3300A Mainframe Plug-in Function Generator .... 330
3301 A Plug-in Function Generator .............. 330
FIRA PINREN 4o poc s mmmm s oogre 4B b i s 331
IRDAA PIGE MY . aiais's's i ss s iaims mie g ot 5 5 e 331
NARSAC PIUIRE  + ovoapm 5 g0 B 48 e S e 85 e Tolis 331
3310A Function Generalor . ................... 334
3J310B Function Generalor . ........ouiiuee.a.. 334
331 1A Function Generator .................... 332
3312A Funclion Generator . ......-...cviivenis 333
3320A Frequency Synthesizer Hi Accuracy ... 320, 321
3320B Frequency Synthesizer Hi Accuracy ... 320, 321
3320C Level Generator .........oooiiae. 508, 509
3330B Automatic Synthesizer .............. 322, 323
3352A Laboratory Data System ................ 562
3373B Electronic Digital Integralor ............. 562
33B0A Reporting Integrator ................... 562
3400A True RMS Voltmeter . ... ... ..-. 29
3403C True RMS Volimeter ................. 38, 39
3406A RF Voltmeter ... .....vvvunuinnocncnons 31
3450B Multi-Fuaction Meter . ... ........c0uu0n 50, 51
3462A Digital Voltmeter . ..., nnn 52
3469B Multimeter - ..o v e e 35
3470A Digital Multimeter ...........c..c0u.. 40-43
3480C Digital Volimeter . ................ 44, 45, 46
3480D Digital Moltimeter . ........ .. 000 44
3482A DC Range Unit for 3480A/B ............ 45
2484 A Multi-Function Unit for 3480A/B ........ 45
3489A Data Punch/Coupler . .................. 55
3490A Digital Multimeter . ............... 47, 48, 49
3550B Portable Test Set . .................. 502, 503
3551A Transmission Test Set . ...............00.. 492
1552A Portable Transmission Test Set ........... 492
3555B Transmission & Noise Mecasuring Set ... .... 501
1556A Psophometer (same as 3555B) ........... 501
3575A Gain/Phase Meter . ................ 424, 425
3580A Spectruny Analyzer . ... ............. 452, 453
3581A Signal Wave Analyzer ... .............. 446
3581C Seleclive Voltmeter . ... vivviivannnen. . 498
3590A Selective Voltmeter ... ..o nns 507
3591 A Selective Volimeter ... ... .. s07
3594A Sweeping Local Oscillator Plug-in . ........ 507
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3702B IF/BB Receiver ................... 504, 505
3710A IF/BB Transmitter . ............... 504, 505
3722A Noise Generator ........oouivevnnninnn.s 473
3730A Down Converter; RFtoIF .......... 504, 505
3740A IF Switch ......... oot 506
3750A Alenualdr . ... .. 506
3760A Data Generator ............... 318, 510, 511
3761 A Error Detector .. .................. 510, 511
3770A Amplitude/Delay Distortion Analyzer.. 494, 495
3800A Distance Meter ... ....couvviininnnnn... 564
3800B Distance Meter ..................... ... 564
3805A Distance Meter . ..........coveniinun. .. 564
3960A Portable Instrumemtation Tape Recorder . ... 244
4000

4050A Analog COmparator . ................... 72
4204A Digital Oscillator . ..................... 328
4260A Universal Bridge ....................... 64
4265B Universal Bridge - ...................... 65
4270A Capacitance Bridge . . ................... 66
4271 A Digitalt LCR Meter . .................. 68, 69
4282 A Digital High Capacitance Meter ... ... .. 70, 71
4328A Milliohmmeter ........................ 62
4329A Resistance Meter . ..................... 63
4332ALCR Meter ... oot e i 61
4342A Q Meter ... ... ... e 74
4350A/B High Capacitance Meter .............. 72
4436A Atlenuator . ......... ... 75
4437A Affenualor . ............ ... e 75
4440B Decade Capacilor . .........couuveennn., 75
4800A Vector Impedance Meter ................ 73
4815A Vector Impedance Meter .........., 427
4900A Cable Fault Locator . ................c... 513
4901 A Cable Fault Locator . .......c..vuun.. .. 513
4904 A Cable Fault Locator .................... 513
4905A Ultrasonic Translator Detector ........... 513
4910F Open Fault Locator . .................... 512
4912F Conductor Fault Locator ................ 512
4913A Test Desk Fault fLocator . ... ........0uvan 512
4940A Transmission Impairment Measuring Set .. .. 493
5000

5000A Logic Analyzer ...................... 80, 81
5011T Logic Troubleshooting Kit . .............. 86
5015T Logic Troubleshooting Kit . .............. 87
S035A Basic Logic Lab .. c...c..oviiiinn ., 88
5035T Logic Lab ...... .. ... i, 89
50508 Digital Recorder ................. ...... 248
50S5A Digital Recorder ... . ...t 247
K02-5060A Standby Power Supply .............. 291
5061 A Cesium Beam Frequency Standard ........ 282
E21-5061L A Flying Clock (Cesium) .............. 282
5062C Cesium Beam Frequency Reference .. ... ... 282
5065A Rubidium Frequency Standard ........... 282
E2§-5065A Portable Rubidium Time Standard ... .. 282
S085A Standby Power Supply .................. 291
5087A Distribulion Amplifier .................. 290
51S0A Thermal Printer ..., ... ................ 246

5210A Frequency Meter ............ovinn... 279
5245L/M Electronic Counters . ................. 260
5246L EBlectronic Counter ..................... 260
5248L/M Electronic Counters . «..vvvvvvvnnan. .. 260
5252A Prescaler Plug-im ... ..., 259
5253B Frequency Converter Plug-in ............. 258
5254C Frequency Converter Plug-in ... .......... 258
5255A Frequency Converter Plug-in . ............ 258
5256A Frequency Converter Plug-in . ............ 258
5257A Transfer Oscillator Plug-in ............... 258
5258A Prescaler Plug-in . ...l 259
5261 A Video Amplifer Plog-in ................. 239
5262A Time Interval Plug-in . .................. 259
5264A Preset Plug-im . ............ ...l 259
5265A Digital Voltmeter Plug-in ................ 258
5267A Time Interval Plug-in ................... 258
5300A Counter Mainframe ... ................. 272
5300B Counter Mainframe .................... 272
S301A 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
S308A Timer CounterModule . ................. 276
5310A Battery Pack Module ................... 278
53118B Digital-to-Analog Converter .............. 277
5312A ASCH Converter ...................... 277
5323A AutomaticCounter .. ................... 279
5326A Universal Counter ., .. c.ivvvrennannn,, 264
5326B Universal Counter/Digital Voltmeter ... ... 264
5326C Multi-Function Counter ................. 264
5327A Universal Counter ..................... 264
5327B Universal Counter/Digital Voltmeter ...... 264
5327C Multi-Fuaction Counter ................. 264
S330A Preset Counter ...........vvcnennnnn. 279
5330B Preset COUMEr . .ovvv vt arn s 279
5340A Microwave Frequency Counter . .......... 262
5341 A Microwave Fregquency Counter ........... 262
5345A Electropic Counter ................. 252-254
5353A Channel C: Plug-in for 5345A . ........... 255
5354A 4 GHz Frequency Converter ............. 255
5360A Computing Counter . .....c.vvviveinenss 261
5375A Computing Counter Keyboard ............ 26}
5379A Time Ioterval Plug-in . ...... ... ... ... 261
5381 A Frequency Counter . ..............0vn... 269
5$382A Frequeney Counter . ........c..c.veuvn.. 269
5451B Fourier Analyzer ... ... ... ... ... 470
5453 A Transmission Parameter Analyzer ......... 496
5468A Transponder . ...« .ot iir e, 496
S501A Laser Trapsducer ..............coon... 548
5526A Laser Interferometer. ... ........... 546, 547
S700A Laboratory Gas Chromatographs ......... 562
5750B Research Gas Chromatograph ............ 562
3830A Reporting Gas Chromatograph ........... 562
3950A ESCA Spectrometer . ................... 562
5980A Mass Specirometey .. .........ueenann 562



§000

6101A DCPowerSupply - ... vvvvee i 197
6102A DC Power Supply .. ..o v 197
6104A DC PowerSupply . ......... o ivin. 197
6105A DC Power Supply . .. .o viein i 197
6106A DCPower Supply ........coovviiian..- 197
6110A-6116A DC PowerSupply ................ 197
6128C-6131B Digitally Controlled Voltage Sotirces . 211
6140A Digital Current Source . ................, 211
6145A Digital Current Source . .........0..vo.n.. 211
6L77TC DC Power Supply . ... ... oi i 202
6181B DC Power Supply . ............oivennn. 202
6186C DC Power Supply ...t 202
6200B-6209B Power Supply ....... ..l 179
6211A-6218A DC PowerSupply . ............... 176
6220B DC Power Supply ......... oot 182
6224B DC Power Supply . .. ... 182
6226B DC Power Supply . ... coiviiiiis 182
6227B DC Power Supply .. ... ... oLl 196
6228B DC Power Supply . ...t 196
6236A DC Power Supply . .........ovr i, 178
6253A DCPower Supply . ... ooooiin i, 182
6255A DC Power Supply ... ... oo 182
6256B DC Power Supply ... . ... ... o o 186
6259B DC Power Supply . ...... ..o iniiiiian 186
6260B DC Power Supply . ......cvviviieinnnn 186
6261B DC Power Supply . ... ...o.ovivi it 186
6263B DC Power Supply .......... .. ... ...\ 186
6264B DC Power Supply . ... o erveninn . 186
6265B DC Power Supply .. ... .o oot 186
6266B DC Power Supply ...... ... vt 186
6267B DC Power Supply ... ... i iny 186
6268B DC Power Supply ... ... ..ol 186
6269B DC Power Supply .. .. ... i 186
6271B DC Power Supply ............oviveenn.. 186
6274B DC Power Supply . ......... ... v 186
6281A DCPowerSupply ......coovviiii . 182
6282A DC PowerSupply ....... ...t 182
6284A DCPower Supply . ........ ..ot 182
6285A DC Power Supply + ..o ie i 182
6286A DC Power Supply . ... ...l 182
6289A DCPowerSupply . ........ oo 182
6200A DC Power Supply . ...ty 182
6291A DCPower Supply .. ..o vvv i 182
6294A DC Power Supply ...................... 182
6296A DC Power Supply . .......coiiiinein,, 182
6299A DC Power Supply . .....oivive ... 182
6384A DCPower Supply - ... a. 178
6427B DC Power Supply . .......ccviveinnn... 190
6428B DC Power Supply « -« v ocv it iieiiieenn 190
6433B DC Power Supply .......occviiien ... 190
6434B DC Power Supply ...... ... vnveei.... 190
64388 DC Power Supply . ......... .. 0.ovun... 190
6439B DC Power Supply . .........o.cieein.... 190
6443B DC Power Supply . ... ........c0vvennn. 150
6448B DC Power Supply . ............couuenn.. 190
6453A DC PowerSupply ...................... 190
6456B DC Power Supply . ..................... 190

6459A DC Power Supply . ............ it
G464C DC Power Supply . .....vve i
6466C DC Power Supply . ... ...y
6469C DC Power Supply .. ... .o ov L.
6472C DC Power Supply - ... oo
647S5C DC Power Supply . ...
6477C DC Power Supply «...... ...t
6479C DC Power Supply .......... ... ........
6483C DC Power Supply . ... et
6515A DC Power Supply . ... ..oty
6518A DC Power Supply . ....ovviinneiiinan..
6521A DCPower Supply ........coovii.n.
6522A DCPower Supply . ... v iivii i
6525A DC Power Supply . ... ..ol
6823 A DC Power Supply/Amplifier .............
6824A DC Power Supply/Amplifier .............
6825A DC Power Supply/ Amplifier ............,
6826A DC Power Supply/Amplifier .............
6827A DC Power Supply/Amplifier .............
6830A DC Power Supply/Amplifier .............
6831A DC Power Supply/Amplifier .............
6822A DC Power Supply/ Amplifier . ............
69208 AC/DC Meter Calibragion . ..............
6940B Multi-Programmer .....................
694)B Multi-Programmer Bxtender ..............

7000

7004B X-Y Recorder .....covvvvennnnaeninn.
TOIOA X-Y Recorder ........o.iveninennnns
7015A X-Y Recorder ..........cniinennnnan..
7034A X-Y Recorder . ......... ...
TO3SB X-Y Recorder ... .vovviiiinaiecn s
TO40A X-Y Recofder ... ... ooiiiiiian ey
TO4LA X-Y Recorder . .......ciiviiiiinnnnnnn
7044A X-Y Recorder . ..............coiiiiis
7045A X-Y Recorder .. ... ... ... o,
J046A X-Y Recorder . .....vvviiienninananna.n
T047A X-Y Recorder . ............c.oniiunn..
7100B Strip Chart Recorder, 2 Pen . .............
7101B Strip Chanl Recorder, 1 Pen ,.............
7123A Strip Chart Recorder ...................
7127A Strip Chart Recorder, 1 Pen . ., ...........
7128A Surip Chart Recorder,2Pen . ... .........
7130A Sirip Chart Recorder.2Pen . .............
7131 A Surip Chart Recorder, ) Pen . .. ...........
7132A Strip Chant Recorder,2Pen ..............
7133A Strip Chart Recorder, 1 Pen ..............
7143 A Strip Chart Recorder ...................
7155A Portable Strip Chart Recorder . ...........
7202A Graphic Plotter . ......... .. ... .. ... ..
7203A GraphicPlotter . ... ....... ..ot
7210A Digital Plotter . .. ... ..o v iini e
7260A Optical Mark Reader . .................,
7261 A Optical Mark Reader ...................
7402A 2-Channe) Oscillographic Recorder ........
7404A 4-Channel Oscillographic Recorder . .......
7414 A 4-Channel Oscillographic Recorder . ... ....
7418A 6 10 8 Channel Oscillographic Recorder . . ..

217
222
222
217
224
223
223
224
224
226
224
228
228
230
228
228
232
232
233
233
230
234
227
227
545
544
544

237
239
239
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' MODEL NUMBER INDEX

7562A Log Voltmeter/Converter ............... 30
7563A Log Voltmeter/Amplifier . ............... 30
7591 A Point Plotting System . ..._.............. 220
7610A High Efliciency Gas Chromatograph ... .... 562
7670A Automatic Sampler , ... ... . .. ... 562
8000

S002A Pulse Generator ... ... vuueuvuanean, 296
8004A Pulse Geperator « ..o vvvvnvnenvnnena.. 206
8005B Pulse Gemerator ............c...vuuu... 297
S006A Pulse Generator .......viviinnivie.... 315
8007B Puise Generator ... ... vt vnnnne,. 301
8008A Pulse Generalor ..........ovvvvuennnn... 302
8010A Pulse Generator . ... ....cuveennenenann. 298
8011 A Pulse Gemerator . ..........ccoviivann.. 295
8012B Pulse Generator . ..............vvin.n.- 299
8013B Pulse Generator ... ....covivueeenna... 299
8015A Pulse Generator ... .ovvvvve i, 300
8016A Pulse Generalor ...........cuiiuinn.-.. 316
8082A Pulse Generator . .......c.ovieiiiae... 303
8403A Modulator ... ... e 361
8404A Leveling Amplificr ..................... 379
840SA Vector Voltmeter ... ... oy v, 439
8406A Comb Gecgerator . ... .. e 467
8407A Network Analyzer Mamframe ............ 428
8410A Network Analyzer Mainframe ............ 434
84108 series Network Analyzers ............ 431433
8411A Harmonic Frequency Cooverter ..., ...... 434
§412A Phase-Magnitude Display ........... 429, 434
8413A Phase Gain Indicator ................... 434
8414A Polar Display ............,........ 420, 434
8418A Auxitiary Power Supply ................. 434
843DA Bandpass Fifters . ....................., 407
8431A Bandpass Filters .. ..................... 407
8432A Bandpass Filters . . ..................... 407
8433A Bandpass Filters .. ..., ... ..o 0., 407
8434A Bandpass Filters . ...................... 407
B435A Bandpass Filters . ...................... 407
8436A Bandpass Filters ... ................ ... 407
8443 A Tracking Generator .. .............. 456, 460
8444A. Tracking Generalor ..,......... 456, 462, 464
8445B Automatic Preselector .............. 456, 464
8447 series Amplifiers .. ... ... .. ... ... 19
8470A Coaxial Crystal Deteclor ................ 402
8471 A Coaxial Ceystal Detector . ............... 402
8472A Coaxial Crystal Detector .. ... ... ..., 402
8477A Power Meter Calibrator .. ............... 2387
8478B Coaxial Thermistor Mount .............. 385
8481A POwWer Sensor ... ...viviiein e 382
8482A Power Sensor ... ... L i 382
8483 A Power 8ensor . ... it 382
8491 series Coaxial Fixed Attenuators ........... 395
8492A Coaxial Fixed Attenuator ............... 395
8493 series Coaxial Pixed Autenuators ,,......... 395
8495 series Coaxial Step Attenuators . ..........., 397
8496 serjes Coaxjal Step Attenuators ............. 397
8542B 18 GHz Network Apalyzer ............. .. 438
8543A 18 GHz Network Analyzer . .............. 438

8552A Specirum Analyzer—IF Section . ......... 456
85528 Spectrum Apalyzers ............ ........ 456
8553B Spectrum Analyzer, Tuning Section ... 456, 460
8554B Spectrum Analyzer. Tuning Seclion ... 4356, 462
8555A Spectrum Anmalyzer. Tuning Section ... 456, 464
8556A Spcctrum Analyzer, Tuning Section . 456, 458
85588 Spectrum Analyzer cvee.o.. 135 454
8580B Automatic Spectrum Analyzcr ............ 468
8600A Digital Marker ................ . 367
8601 A Generator/Sweeper .........c.iihiie.n 367
8614A Signal Generator .......... ... 357
8616A Signal Generator ... ... . ... ... 357
8620A Sweceper Mainframe . ... ............ 368, 369
86208 Sweeper Mainframe . ............... 368. 369
8621B Multiband Sweeper Drawer .. ............ 372
8640A AM/FM Signal Generator .......... 343, 346
8640B AM/FM Signal Geperator . .. 343, 146
8640A/B Option 002, AM/FM Sigual Gcnerator .. 346
8640B Opticn 004, Aviopics Signal Generator .... 347
8654A Signal Geperator « .. ..o v vvi i 353
8660A Synthesized Signal Generator .. ........... 348
8660B Synthesized Signal Generator .. ........... 348
8690B Sweep Oscillator . ......... ... .. ... 376
8691B-8695B RF Units (PIN leveled BWO)

for 8690B . . ... ... e 3717, 378
8691A-8697A RF Upits (Grid Leveled BWO)

for 8690B .. ... .. . i 3717, 378
8698B-8699B Solid State RF Units for 8690B.. 377, 378
8700A RF Drawer for 8690B . ................. 377
8705A Signal Multiplexer for 8690B ............ 379
8706A Contro} Unit for 8690B .. ............... 379
8707A RF Unit Holder for 86908 .............. 379
8709A Phase-lock Synchropizer ................ 379
8717B Transistor Bias Supply .................. 436
8721 A Coaxial Directionatl Bridge . ......... 429, 467
$731-8735 series PIN Modulators ............... 361
R740A Transmission Test Unit . ............. ... 436
8731 A Reflection Test Un#t .. ... oovie i ,.. 436
8742A Reflection Test Unit ..ot 436
8743 A Reflection/ Transmission Test Unit ........ 435
8745A S-Parameter TestSet .. ... vivvveeannn-. 435
§746B S-Parameler TestSet .. ... c...ovivinen.- 436
K.R 8747A Waveguide

Refleetion/ Transmission Test Units ........... 437
X,P 8747A Waveguide

Reflection/ Transmission Test Units .. ..... 437
8755L/M. Frequency Response Test Set .......... 413
8761A/B Coaxjal Switch ........... ... ..o 410
8801 A Low Gaio Preamplifier ............... ... 239
8802A Medium Gain Preamplifier ............... 239
8803 A High Gain Preamplifier ................. 239
8805 A Carrier Preamplifier .. .................. 239
8805B Carricr Preamplifier ... ... ... 239
8806B Phase Sensitive Demodulator ............, 240
8807A AC/DC CONVEMEr -« vvvvneeeaeeanns 240
8808 A Logarithmic Preamplifier . ............... 240
88B09A Signal Coupler . ....... ..o 240
8820A DC Bank Amplifier ............c0oo..0s 240



8821A DC Bank Amplifier .............00iv... 240
8900B Peak Power Calibrator .. ............0... 387
8925A DME/ATC TestSel .. .cv v ivinnnnnnson 360
9000
9500D Automatic Test System ............. 520-522
9510D Automatic Test System ............. 520-522
9540D Transceiver Test System ..........cnvuyn 523
9551D Instrument Calibration System ........... 523
9602A Automatic Measurement

& Control SYSIem ... vv v imnnnenannns 516-519
9603 A Automatic Measurement

& Comtrol SySstem ... coipvaiswrs ool 516-519
9604 A Automatic Measurement

& Conltrol System . ,...ovovva0 o P . 516-519
961 | A Industrial Measurement

& Control System . .........civiiiniienn 516-519
9810A Progrummable Calculator ............... 534
9820A Programmable Calculator ............... 534
9821 A Programmable Calculator ............... 534
9830A Programmable Calculator ............... 535
O861A TYPEWEIEr . ... iin st eibnsennnis 537
FEOEA, XY PIOIET .. 4 cvome oo s 6 onh v sroni T i o 537
9863A Tape Reader .............c.ocuvennn,.. 536
9864A Digitizer ........ciiiiie i 536
OR65A Tape CassCltle . ..o vvuvnenueninnrneinns 536
9866A Thermal Primter .. ... .. vt v ennnn. 537
9868A IO Expander .........civiiinennennn.. 536
9869A Hopper Card Reader .. .....ouvvenen. .. 536
GBTOA Card Readlbr . ... v o cur i iiaansasieasamns 536
OR80B Muss Memory ... ...ovvuniiininnnsna., 535
10000
1000!A 10:1 Divider Probe ................... 150
10001B 10:1 Divider Probe .........coonvve... 150
I10002A 50:1 Divider Probe ................... 150
10002B 50:1 Divider Probe ................... 150
10003A 10:1 Divider Probe .. .........couvun.. 150
10004D 10:1 Divider Probe ................... 150
10005D 10:1 Divider Probe ................... 150
10006D 10:1 Divider Probe ..........0cunvun... 150
10007B J:1 Probe . ...\vune i 150, 476
10008B 1:] Probe ..........coviiiiinninnnnn. 150
10010C BNC Adapter Tip - .. . .oovve .. 154
10011B BNC Adapter Tip - . .« oo v enineens . 154
10013A 10:1 Divider Probe ................... 150
10014A 10:1 Divider Probe . ...........cc..... 150
10016A 10:1 Divider Probe . ......ovovinnnnn., 150
10020A Resistance Divider . ............c.0ou... 150
1R035A Proba TIp KoL . . { v i5 cvnm i s s A0 HA 154
10036A Probe Tip Kit . .. oun o vnv o wmns il S 154
10037A Probe Tip Kit .. ..o, 154
10100B 100 ochm Feedthrough Termination . ...... 154
10100C S0 ohm Fecdthrough Termination .. ...... 154
10104A Viewing Hood (1700) series .. .......... 155
10106A Camera Bezel Adapter ............ 158, 159
10110A BNC to Banana Post . ................. 475
10111 A Shielded Banana Plug to BNC Female .... 475

10113A Triple Banans Plug to Dual BNC Female.. 475
101 15A Blue Contrast Filter (1700 series) ........ 155
101 16A Light Shield (1220A/1221A) ........... 155
10166A Pancl Cover (180C, 181A, 183A, 184A).. 155
10167A Flexible Caver (180C, 181A, 183A, 184A). 155

1016%9A Panel Cover (1200 series cabinet) ..., .... 15§
10170A Flexible Cover (183 cabinet) ............ 155
10172A Flexible Cover (182) ........ ... 155
10176A Viewing Hood ............coovvivnnn, 155
10178A Mesh Contrast/RFI Filter . .......c.o..0.. 155
10190A Light Shield (182) . ....ovvivnennernnn. 155
10250A TTL Trigger Probe ............... 152, 153
10251A MOS Trigger Probe . .............. £152, 153
10252A ECL Trigger Probe . .............. 152, 153
10352B Graflok Back ... vciiiiiiint 158, 159
{O353A Pack Film Back .........ccvuun... 158, 159
10355A Camera Bezel Adapter ............ 158, 159
10356A Camera Bezel Adapter ............ 158, 159
103588 Camera Carrying Case ............ 158, 159
10360A Camera Bezel Adapter ............ 158, 159
10361 A Camera Bezel Adapter ............ 158, 159
10362A Camera Bezel Adapter ............ 158, 159
[0363A Camera Bezel Adapter ............ 158, 159
10365A Roll Film Back .................. 158, 159
103668 Camera Bezel Adapter ............. 158, 159
10367A Camera Bezel Adapter ............. 158, 159
J0369A Camera Bezel Adapter . ............ 158, 159
10370A Camera Bezel Adapter ............. 158, 159
10371 A Camera Bezel Adapter .. ........... 158, 159
10372A Camera Bezel Adapter ......c...... 158, 159
10373A Camera Bezel Adapter ............. 158, 159
10374A Camera CarryingCase .. ........... 158, 159
104078 Plug-in Extender (180 system) .......... 154
1047SA 3 in. Drawer for 1117B .. ..... . cn... 478
10476 A 8 in. Drawer for 1117B ........... ... 478
TS OALORBIE S 0 a1 o v owe et b BRI R i 0 e s 474
POSMIL-CEABIE « &iis boas i gri¥abieran ai e =« hyise 474
TR EoaBle . ol igh s i e umm gk s B il b iy 474
10S11A Spectrum Generator .. ... vveeee e 362
10514A Double Balanced Mixer ................ 362
EODIOA AcCosSaIV - cak . o/ banalirm i s wi fa 440
1DSZF0001T Top KoL, ocu v s b4 50 sw raivrs siglis s 55 o 87
1052S8T, 10525H, 10525E Logic Probe .. ......... 83
10526 Logic PUlSer - . ..i...:ceebiuidh st s 84
JOS2BA Lofie GUP « .« .ossmiine e fiamn s s isim s e p 84
10529A Logic Comparator . .....c...c.uivvene... 85
1053)A Accessory Filter Kit .. ......ooooivn.. . 279
10533A Printer Interface . . ..o .cvvvivin v, 272
10534 A Double Balanced Mixer . ........c...... 362
10536A Adapter for 5201A .. ... ............. 261
10541 A Troubleshooting Kit .. ...........0.o00. 87
KQ1-10541A Preprogrammed Reference Boards . . .. 87
10542 A Remote Programming Interface ......... 265
10544 A Component Oscillator ................. 288
L0848 A Service Kibimutin s b duat-im e Wa i o ste v T3 272
10590A Plug-in Adapter . ..................... 255
10558A/B Microwave COURIET . ... .c..vivurnn. 263

10638A Degausser (Cesiuim Std.) .. ......... ..t 282




MODEL NUMBER INDEX

11000
f1000A Cable . ....... ..o 474
LIOOTA Cable . ... ... .. i, 474
11002A Test Lead ..................c..vv.... 474
11003A Test Lead ........................... 474
11021A Probe Accessories ..................... 476
LI035A Cable .. ... ... i e 474
11036A AC Probe for 4I10C ................... 476
11039A Capacitive Voltage Divider .. ........... 476
11040A Probe ACCESSOTY .. ..o vvivn e e ns 476
11041 A Probe ACCESSOTY - . oo v ivr vieiae . 476
11042A Probe Accessory « . ... ...covueenenen,.. 476
11044A Probe ACCESSOTY .. vvivv v innnneannn. 476
11045A DC Voltage Divider for 410C ........... 476
11047A Probe Accessory . ........ovivvune.... 476
11086A Cable .. ............. ... vl vvn... 474
L1096A High Frequency Probe ................ 476
11143A BNC o Clip Leads . . .................. 474
11163A System Desk ......................... 48]
11285A Calculator Peripberals .. ............... 537
11297B Calculator Perjpheral . ................. 537
11298B Caleulator Peripheral .................. 537
[t456A Test Cord .......... ... cuiieiinn.... 43
11457A Rack Kit ............. ... ........... 43
IL4SBA SITap .. ..ot e 43
11473A-11476A Current Probe Balancing

Trapsformer ............ccviieinnnnnrers.ann 477
II1SO0A Cable . ............. .. . i n, 474
11501ACable .. ............ ... o i ... 474
(1507A Output Termination ................... 362
11508A Terminated Output Cable .............. 362
T1509A Fuseholder .................... .. ... 362
11S1JA Type N Short .. ... ... vn.. 406
11512A Type N Short .. ..v o iie i iess 406
TISE7A Mixer .. oo st i e 467
11525A APC7-N Adapter ................. 411, 475
11531A Test Plug-in for 8690B .. ............... 379
11533A APC7-SMA Adapter .............. 41t, 475
11534A APC7-SMA Adapter .. ............ 411, 475
11536A Probe Tee for 8405A ................. 439
11540A Waveguide Stand ..................... 411
11542A-11548A Waveguide Clamps .. .......... 411
11549A Power Splitter for 8405A ............... 439
[1565A APC-7Short . ...........cciviuiinn.n 406
11570A Accessory Kit for 8405A ..., ........... 439
11581 A Attenuator Set . ...................... 395
LISB2A Aftenuator Sel ..vvvvin e inn e inn 395
I {583A Antepuator Set ,...................... 395
11587A Accessory Kit for 8410 serjles .. ......... 437
11588A Rotary Joint ...........coviveeven... 411
11589A/11590A Bias Networks . ............... 437
11599A Quick-Connect Adapter for 8745A . ... ... 437
11600B Transistor Fixture . .................... 435
11602B Transistor FiXture .. ............o...... 435
11604 A Universal Extension for 8745A . ......... 435
11605A Plexible Arm for 8743A .. .............. 435
[1606A Rotary Air Line .. ...... ..o vuvnennn. 411

1 1607A Small Signal Adapter for 8745A ......... 437

11650A Accessory Kit for84108 . ...............
[1652A Reflection/ Transmission Kit for 8407A
£ o T

11655A Impedance Probe for 8407A ............
11658 A Matching Resistor for 8407A ...........
11661 A Extension Module foc S660A/B .........
11664A Detector for 8755 . ..........c.vuon..
{1665B Modulator for 8755 ...................
11667A DC-18 GHz Power Splicter . ............
11668A 50 MHz High Pass Pilter . ..............
11678A Low Pass Filter Kit ...................
11683A Range Calibrator .....................
11687A Adapter. 5010750 ............c... ...,
11690A Frequency Doubler ...................
11691 D Coaxial Directional Coupler .. .....,....
11692D Coaxial Dual Directional Coupler ........
JI693A Limiter .. .vv v i et e e
11694A Matching Transformer, 750 ............
15697A/B/C Band-pass Filters ... ..............
11698A Accessory Kit ........................

13600
13515A Frequency Doubler Probe ..............

14000

145338 Multiprogrammer Accessories ...........
14534A Multiprogrammer Accessories ...........
14540A Multiprogrammer Accessories ...........
14541 A Multiprogrammer Accessories . ..........
14546 A Multiprogrammer Accessories ...........
14550A Mulliprogrammer Accessories ...........

16000
16008A Resistivity Cell .......................

17000

17005A Incremental Chart Advance ............
17012B Point Plotter .............. . ..cviuun
17012C Pomnt Plotter .. ... ..., i
17108A Time Base .. ..o\ ev vt et iiiiean -
17170A DC Couplesr oo vuivinnrvrvii e esnan
L7t7tA DC Amplifier ... ... ... ... .0,
17V72A Time Base ... i i ainnn.
V7V73A Null Detector .. .. ..o
17M74B DC Offset ... .. ... e
17V75A Filter .. ... ... . s
17176A Scanner ....... e e e
17177A AC/DC Converter DC Preamplifier . ... ..
17178A DC Attenuator .............ieiennns
17400A High Gain Preamplifier .. ..............
17401 A Medium Gain Preamplifier .............
17402A Low Gaijn Preamplifier .. ...............
17403A AC Carrier Preamplifier ...............
17500A Multiple Span ... ... oo v e
L7S01A Multiple Span ........................
17502A Temperature Module .. ... ..............

17503A Single Span . . ... ... e
17504A Single Span .. .. .. ... i e

352

526
526
526
526
526
526

63



17505A High Sensitivity ........... oo 228
17506A Single Span . ..., 229
18000
IBOI9A Carrying Case .. .o v vvvevnvnneenne.. 43,272
18641 A Digital Voltmeter ..................... 43
18642A Digital Voltmieter .. ....... .o innnen. 43
18643A Digital Voltmeter . .......cvveeneene.. 43
18644 A Digital Voltmeter .. ... iiiennnns 43
20000
29400 series Rack Cabinets . ....... ... ... ... 452
29411B Rack Cabinets .. vvve e vcnenrinnnenss 452
294128 Rack Cabimets .. ... oo vnnn 452
30000
33300 series Step AUenuUAlors . . ......c.oovvunans 396
13321 A/B Coaxial Step Allenualors . ............ 397
33322A7B Coaxial Step Aftenualors . ............ 397
34701A DC Volmeter ................. ; 40, 41
34T02A Multimeter ..........cicn e 40, 41
34703A DC/DCI/Obm Meter . .ovnnvnnineann 40, 42
34720A Battery Module .. ..o oo v i s 40
147218 BCD Modhtle . o vii o cnvs vnensin nuiwivians o 40
I4T40A Dsplay . ..o vimenorsin e mannsmmmaiinns 40
ITI0A DEPIAY . ... vvnvaiii e van et a s 40
40000
43501A X-Ray System .. .....coviivimnerrsrrras 557
43802 X-Ray System .. .. ..., iriinnnnn 557
43804 X-Ray System . ....... ...t 556
43805 X-Ray Systent .. ... ...ccvnivnnannoninas 556
43807 X-Ray SYStem ... vornerrrnsrairarranas 556
43808 X-Ray System . ..........ioiivii i 556
43846 X-Ray Systemt . . ... . ..iiiiiiiiie 557
50000
59301 A ASCH—Puarallel Converter . ............ 257
59303 A Digital-to-Analog Converter .., .......... 257
59304A Nameric Display .. ....... ... ... ....... 257
S9306A Relay Actuator . ..........ocvvunnrnnn. 257
SOJ0TA VHF Switeh .. ..........00eiiinnnnns 257
SO308A Timing Generalor . .......vvuyerenenna, 257
S9309A ASCII Digital Clock . ........ccovivnns. 257
60000
60063B-60246B DC Pawer Supply ... ........... 207
62005A-62048G Power Supply . ......covnunn. .. 203
62212A-62215C Modular; Dual Output series

T e N R 204
62605M-62628) DC Power Supply ......... 206, 207
693218 Multiprogrammer Card ................ 526
69325A-69328A Mulitprogrammer Card ......... 526
69330A Multiprogrammer Card ................ 526
69331 A Multiprogrammer Card ................ 526
69332A Multiprogrammer Card ............... 526
69335A Multiprogrammer Card ................ 526
69351 A Multiprogrammer Card ................ 526
69370A Multiprogrammer Card . ............... 526
69380A Multiprogrammer Card ................ 526
69421 A Multipregrammer Card ................ 526

69430A Multiproprammer Card
69431 A Multiprogrammer Card
69433A Multiprogrammer Card
69434 A Multiprogrammer Card
69435A Multiprogrammer Card
69480A Multiprogrammer Card
69500A Multiprogrammer Card
69501 A-69513A Multiprogrammer Cards
69600A Multiprogrammer Card
69601 A Multiprogriummer Card

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

80000
85426A Bias Insertion Network .. ...............
854288 Minimum Loss Pad . ...................
86200 series Sweeper Plug-ins for 8620A
86290A Broadband Sweeper Plug-in for 8620A . . ..
86300 scries Sweeper Modules for 8620A
86601 A RT Section for 8660A B
R6602A RF Section for 8660A B
86631B Auxiliary Section for 8660A,B
86632A Auxiliary Section for 8660A B
86633A Modulation Section for 8660A,B

90000
91000A Analog-to-Digital Interface Card
for HP 2100 Computer
97001 A Hand Held Probe
97002A Hand Held Probe
97003 Hand Held Probe

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

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

56A-16C Cable for S055A
0950-0090 GR-874 1o SO0 Termination
1250-0076 90° BNC Male-Female
1250-0077 Type N Female to BNC Male .........
1250-0080 BNC Femaile 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 1o Male
1250-0781 BNC ‘'T*2 Male. 1 Female . ... ........
1250-0846 Type N tee, Female
1250-0847 GR-874 10 Type NMule .............

1250-1158 SMA Male to Male
1250-1159 SMA Female to Female

1250-1206 GR-874 10 Type C Male
1250-1207 GR-874 10 Type HN Female
1250-1208 GR-874 to Type C Female .. ...... %
1250-1209 GR-874 to TNC Female
1250-1210 GR-874 to TNC Male
1250-1211 GR-874 1o Type HN Male
1250-1263 Single Banana plug to BNC Male
1250-1264 Dual Banana plug to BNC
1251-2277 Dual Bunana plug to BNC Female . . . . ..
1251-2816 Duyal Banana plug
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AMPLIFIERS

General purpose amplifiers
Model 461A, 462A, 485A, 467A
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461A, 462A Description

These general purpose amplifiers can be used os preamplificrs 10
raise the level of a signad or as a buffer.

Sotid-state HP amplificrs, Models 46)A and 462A provide stable
20 and 40 dB gain over a wide frequency range with fast rise time,

461A Specifications

Frequency response: +1 dB, | kHe 1o 130 MHz when operaling
into a 300} resistive doad (500 kHz reference).

Galn at 500 kH2: 40 dB 0.5 dB or 20 dB x 1.0 dB, sclicted by front-
pancl switeh {inverling).

Input Impedance: nominal 5011.

Maximum Input: | V rms or 2 V p-p pulse,

Maximum de¢ Input: 2 V.

Maximum outpul: 0.5 V rms into 500 resisiive load.

Equivalent wide-band Input noise level: <40 uV in 40 dB position
when loaded with 50R.

Disfortlon: <5% at maximum oulput and ruled load.

Overicad recovery: <1 us for 10 limes overtoad.

Dimensiong: |30 mm wide X 76 mm high X 279 mm deep (3%" X 3"
X 11%).
Weight: Nect 1.8 kg (4 Ib); shipping 2.7 kg (6 Ib).

482A Specifications

Pulss responsge: lcading cdge and truiling edge: rise lime. <4 ns:
overshoot. <5%.

Pulse ovarioad recovery: <l us for 10 times overload.

Pulse duralion for 10% droop: 30 us.

Pulse delay: nominully 12 10 14 ns.

Equivslant Input nolse level: <40V in 40 dB position (50Q load).
Input impedance; nominal 50il.

Maximum input; | ¥ rms or 2 V p-p pulsc.

Maximum dc input: 2 V.

Galn: 20 or 40 dB selected by front panel swiltch (inverting).
Output: [ V p-p into 300 resistive load.

Dimensions: 130 mm wide X 76 mm high X 279 mm decp {$%° X 3"
x 1M,

Woeight: Net (.8 kg (4 1b): shipping 2.7 kg (6 Ib).

465A Description

HP's 465A amplificr provides 20 dB or 40 dB gain (X 10 or X100)
with flat frequency response rom 5 Hz to | MHz with flosting inpuls.

465A Specifications

Voltage galn: 20 dB {X10) or 40 dB (X (00), open circui.

Galn gecuracy: 0.1 dB (£1¢) .11 | kHz

Frequeéncy response: +0.1 dB. 100 Hz 10 50 kHz: <2 dB down at §
Hz and I MH2.

Outpul: > 10 V ms open circuit; >5 V rms into 500Q (0.5 W),
Distortion: <!%, 10 Hz 10 100 kHz <27, 5 Hz 10 10 Hz and 100
kHz 10 | MHz.

Input impedance: 10 M shumnted by <20 pF.

Output Impedance: 5002,

Noige: <235 4V rms referred o input (with | M1) source resistance).
Oimenslons: {30 mm wide X 76 mm high X 279 mm decp (5'4" X 3*
X 117,

Welght: Ne( 1.8 kg (4 Ib): shipping 3.2 kg (7 1b).

467A Description

HP's 467A Power Amplifier /Supply is a 10 wat1 peak power ampli-
fier and =20 V (1o +20 V) dc power supply. The wide band width of-
fers law de drift from de to | MH2z and 0.3%, guin. With continuously
variable gain and floating inputs. HP's 467A can also be used as a
power supply.
487A Specifications
Power ampilfier
Voltage gein (non-Inverting): fixed steps: X1, X2. X5. XIO.
Vuriable: 0-10, resolution is better thin 0.1% of lull output.
Accuracy: £0.3% from dc to 10 kile £ 1.0% from 10 XHz (o (00
kHz £10% from 100 kHz (0 1 MHz with load of >400.

Outpuf: +£20 V p at 0.5 A p.
Distortlon: <0.01% at I"kHz: <% at 100 kHg; <3% at | MHz.
Input Impedance: 50 k2 shunted by 100 pF.

DC power supply

Voltage range: > 20V, £ 0V, £4 V, £2 V, | V wilh adjustuble
vernicr. Resolution' better than 0.1%+ of ful) vutput.

Current: +0.5 A p.

Load regulatlon: (froat pancl) <10 mV, no toad to full loud.
Line regulation: <10 mV for a £10% change in line voltage,

General

Output Impedance: (lront pancl); 5 mQ in series with | zH.
Current limitz: <800 mA.

Dimenslons: 130 mm wide X 159 mm high X 279 mm deep (54" x
6% x 117

Weight: Net, 4.5 kg (10 1b): shipping 6.8 kg (15 Ib).

Model neme and number Price
HP 461A Amplifier $420
HP 4624 Amplifier 420
HP 465A Amplifier S308
HP 467A Power Amplifies/Supply $720
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AMPLIFIERS

Wide band amplifiers
Models 8447A/B/C/D/E/F

uses: 1o improve the senstlivity of counters, spectrum analyzers, RF
volimelers, EM! meters. power meters and other devices without dis-
tortion or degradation of amplitude uccuracy: to increase the maxi-
mum power avallable from a signal gencralos or sweepetr.

Broadband frequency coverage

The 8447 series offers an amplifier for nearly every application in
the 100 kHy to 1.3 GHz freguency range. The wide bandwidihs aro
compatible with other wideband instruments and sccommodate wide-
band spectra.

Options

A variely ol options are available: a 75¢! impedance model (Op-
lion 002) Tor applications such as television/FM broadeasting and
CATV; 1wo dual channel versions (Option 001-BNC connectors and
Option 011 ~ Type N connectors) which operate with dual channel
systems such as oscilloscopes vr 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, S pounds, |
ounce (2.30 kg).

Dimensions: 130 mm widec, 85.8 mm high. 216 mm deep, (5'%4* X 3%*
X 8.

Power requirements: (10 or 230 V ac & (0%, 48-440 Hz, 15 watls.

[ : ; Model number and name Price
8447A Preamp £595
' T_};F HP fldzl? serics of general purpose amplificrs combines high re- gﬁ;g E;?;PAmp 22‘;2
iability and convenience. 847D Preamp $695
High pertformance 8447E Powcer Amp $750
The perfosrmance of these amplifiers qualifies them for 8 number of 8447F Preamp-Power Amp $1,235
Specifications
3447f
34424 84478 8447C £447D 8547¢€ Preamp
Preamp Preamp Power Amp Preamp Powet Amg Power Amp
Frequency Range 0.} — 400 MHz 0.4 — 1.30Hz 30 — 300 MHz 100 kHz — 1.3 GH2 100 kHz — 1.3 GHr | 100 kHr — 1.3 GH2
Typical 3dB 50 kHz = 700 MH:z 0.35 — 1.35 GHz 10 — 400 MKz 50 kHz — 1.4 GHr 50 kHr — 1.4 GH2 50 kHz — 1.4 GKz
Randwidth
Gain {Mear) 2048 x0.5d8 >20dB 30d8 £1 dB 264dB £1.54d8 2248 £1.50B
al JO MH2 22 o8 typicat {20° ~ 30°C) (20° — 30°C)
Gain Flalness +0.5d8 21548 +1 4B +1.5d8 +1.5dB
Across Full
frequency Rangs T
Noise figure <5dB <5dB 0.4 — 1.0 GHz <114¢8 <854B <11 d8 typical =4
<6dB 1.0 — 1.36H =
<L
Outpul Power > +7 dBm >—3dBm >+17 dBm > +7 dBm >+15dBm ;
for 1 4B Gawn typical Z
Compression 7
Harmonic —35dB for 0 d8m =30 dB for —15 ~35dhfor +10 —30dBfor 0 —30 dB for +10 ;
Distortion oulpul d8m oulput dBm oulpol dBm output dBm oulput a
(typical) =
o
Tymical Outpul —25dBm —45dBm ~15¢8m —30 dBm —20 dBm =
for <—60d8 s
Harmomc S
Distorlion =
VSWR <17 <20 input <20 <20 input <22 z
<2.2 outgul <2.2 gutput 1 = 1300 MKz a
1 = 1300 MHz g
(mpedance S0 500 500 500 500 l
Reverse Isolation >30d8 >404dB >35 08 >40 d8 >40dB
taximum DC +10V 10V £10V 10V +10V
Vollage lnpul
Oplions 001 001, 010, 011 002 001. 010, 013 010 010
Avarlable

o



HAM PLIFIERS

Microwave and RF power amplifiers
Models 2308, 489A, 481C, 493A & 495A

Tuned RF power amplifier

The HP 230B js a wuned RF power amplificr covering 10 to S00
MHz in six continoous ranges | provides up Lo 30 dB of gain and has
2 maximum ruted power outpul of 4.5 wals. With a lypical noise fig-
ure of 6 10 9 dB, it is ulso suitable Tar low-level upplications as de-
scribed in Applicalion Note 76.

230B Specifications

Frequency ranga: 10 (o S00 MHzin six bands: 1010 18.5 MHz, 18.5
to 35 MHz, 35 to 65 MHz, 6510 125 MHz 125 to 250 MHz, 250 to
SO0 MHz.
RF gealn: 310dB (1010 125 MHz), 27 dB (12510 250 MHz), 24 dB (250
to SO0 MHz), with 10 volts oulpul into 50 ohms,
RF bandwidth: >700 kHz {10 10 150 MHz), > .4 MHz (150 t6 500
MH2). with 10 volis oulput into 50 ohms.
RF output:
Level: up 10 15 volis across cxternal 50-0hm load (4.5 wults).
Level monltor: fall scale ranges of 3, 10, and 30 volis, aceuraic lo
10% from 10 10 500 NHz,
AM range: rcproduces 0 to 100% modulation of driving source.
Conneators: \ypc N [emule.
Dimenslons: 425 mm wide, |83 mm high. 459 mm decp (16%" X
" X 181 ).
Weight: Net 15.8 kg (35 Ib); Shipping 23 4 kg (52 Ib).

Microwave TWT amplifiers

Amplilication of frequencies Irom | (0 12.4 GHz is accomplished in
four ranges by the Hewlell-Packard medium-power, microwyve am-
plificrs. Each delivers over | wat for an input of | mW or less — a
gain ol al tcust 30 dB. These TWT amplifiers feature amplitude mod-
ulation capabilitics, front panel meter readowt of cathode current, and
fall-safe protective circuits. Comhined with the 8620 or 8690 sweep os-
cillator they make an excellent high power swepl source.

Advantages

DC coupled modulation circuitry allows power leveling and re-
mole programming.

Periodic-permanent-magnel (ocusing means fewer alignmcenl prob-
lems.

Applications
Antenna efficiency und patiern measuremesi(s.
Fxtends altenuation measuring syslems capabilily by al least 30 dB.
RF! susceptability tests.

489A-495A Specificationa

Output power: | watl for an input of <1 mW.
Galn: 30 dB at rated output.
Input/output: impedance, S02: connectors, type N [emaie.
Nolse figure: <30 dB.
Amplitude modulation:
Semitivity: modululion input of >=20 V peak reduces RF out-
put by 220 dB from dc 1o 50 kHz.
Frequancy response: dc¢ to 500 kHz (3 dB).
Pulse rasponse: < us rise und fall times.
Dimenefons: 426 mm wide. 140 mm high, 467 mm decp (16%” X 5%
X 18%").
Weight: nct 14.9 kg (33 Ib); shipping (8.0 kg (40 Ib).

489A [ LHA 493A 495
Frequency
range (GHz2) 12 2-4 48 1124
Gain varistion with
lreq.
3l rated oulput <6148 <648 <648 <6 d8
small signal
across any
10% of band <548 <548 <5dB <548
for 300 MKz
across tull
bang <12dB | <1248 | <1248 <1048
Model numbar and name Price
230B. RF (uncd poswer amplificr §1290
489A, 110 2 GHz TWT amplifer $2703
491C, 2 10 4 GHz TWT amplificr $27035
493A, 4 1o 8 GHz TWT amplifier $3090
495A. 710 12.4 GHz TWT amplifier £3090

lnlormation on 12.4 (0 18 GHz TWT on request



Meter movemnents

Voltage, current and resislance measure-
ments can be gasy, fast, and accurate with
electronic instruments using meler move-
ments.

The meler movement rcadaut continues 10
be popular since it is economical and suit-
able for many joby. 1t ulso tends itself well to
specit, nonlincar scales such as dIF scales,

DECIBELS

ANALOG VOLTMETERSmp

dB scale and, therefore, a nonlincar voltype
scule, Several different types of meter Fuces
are diostrated in Figace |.

Analog melters (IFigure 2) usuilly have non-
Hnearities andjor vllsels present i the at-
lenoators and amplifices. The meter move-
ment itsel can have nonlincarities — even
with individually calibrated meter  scafes.
Nonlinearilies cuuse percent of reading

f 1 mW 600 0

RM.S.VOLTS %,

DECIBELS

e

.,.,l fanal

R.M.S. VOLTS

5 8

2

\\. RM.S.VOLTS :
Figure 1. Four different typas of meter scales available. (a) Linear 0-3 V and 0~-10 V
scales plus a dB scale. (b) Linear dB scale plus non-linesr (logarithmic) voltage scales. (c)
dB scale placed on larger arc for greater resolution. (8) Linear —20 to 0 dB scale usefui for

acoustical and communlcations appfications.

Voltmeter considerations

Accuriacy — Before we can discuss meter
accuracy, we must have a familiarity with the
various meter scales available. Many insiru-
ments have meter scales marked in both volts
and decibel (dB) units. 1« should be noted
that dB and voltage are complements of each
ather. That is, i a voltage scale is made tin-
car, 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

¢rrors, and offsets cause percent of full scate
errors. Pereent of reading errors are constant
no matler where the meter pointer is. Per-
cent of full-scale error increases as the poin-
ter goes funther down scale.

Looking at instrument specilication sheets,
accuracy specilications gre usually expressed
in one of three ways: |. 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 specilication. The second (percent of
reading) is more commonly applied 1o melers

General information

Non-linearitigs Non-
Offsets Linearity

Y A v

Attenuator |—| Amplifier |—| Analog
Maeter

Flgure 2. Non-linearitles cause % of read-
ing errors. Olfset cause % of {ull scale
ercors.

having a logarithmic scale. The last method
has been used more recently (0 oblain i
tighter accuracy specification on a Jinear-
scale instrument.

Hewlet1-Packard uses the two-part accu-
racy specification (o lake advantage of the
upper-scale accuracy and yet maintain a rea-
sonable specification for the lower portion of
the scale.

For a (horough evaluation ofaccuracy, the
foltowing should be considered: Doex it apply
at al} input-voltage levels up to maximum
overrange poin(? (Linearity specifications
may be added to qualify this point.) Does 1t
apply (o all frequencies throughaul its speci-
fied bandwidth? Does it apply on all ranges?
Does it apply over a uscful temperature range
for the application? §f not. is temperature co-
efficiemt specified?

Selecling an analog voltmeter

Basic specs for Hewleti-Packard analog
meters are in Table 1. Guidelines are re-
stated below.

[. 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 mca-
suremenls involving sine waves with only
modest amounts of distortion (<10%), the
average-responding volimeler can perform
over @ bandwidth extending 1o several meg-
ahertz. Refer 10 HP Application Note 60.
3. For high-frequency measurements (>10
MHz). the peak-responding voltmeter with
the diode-probe input is the most economical
chaice. Peak-responding circuils are ac-
ceptable if inaccuracies caused by distortion
in the input waveform can be tolerated. 4. For
measurements where it is important to
determine the effective power of wavelorms
that depart lrom a true sinusoidal form, Lhe
troe rms-responding volimeter is the appro-
priale choice. In general, true-rms meters re-
veal only the rms value of an ac signal. Be-
cause lhey are uc coupled, most voltmeters
have a frequency cut-off around 20 Hz. This
restriction keeps the true-rms volumeter from
accounling for any low frequencier or de
components in a signal.

The 3403C RMS Digital Voltmeter mea-
sures d¢ plus ac Trom 2 Hz to 100 MHz. Sec
puages 38-39.

For very wide bandwidths (up 10 | GHz)
and high-sensitivity measurements of sinu-
soidal or nonsinusoidal waveforms, the HP
3406A is the proper choice. Although the
3406A 1s average-responding, it has a sample
hold output which makes analysis ol wave-
forms possible.




Table 1. HP analog instrurnants

Frequency Range See
DG VOLTMETERS Vollage Range Accuracy at FS* Input Impedance Model | Page
DC NMLL YOLTMETER +3uV¥ — 1 kVend de 100 k — 100 MQ de- 419A 23
scale 2% 41wV pending on sange (in~
0.1 uV tesoalution (18 finite when nulled)
ranges)
0C VOLT-AMMETER DC: £1 mV, %300V +3%dc 10 MY all ranges 4304B | See
(12 ranges) Data
+1nA £300 wA ()2 Sheet
ranges)

DC DIFFERENTIAL YOLTMETER 1 Vio L &V (4 ranges) de >1011 at agll 34208 | See
+(0.002% reading Data
+0.0002% range) Sheal

DC DIFFERENTIAL YOLTMETER ImV— 1%V (7ranges) | de >1010 7408 | 338
4(0.005% reading
+0.0004% cange) )

€ceguency Range Response See
AC VOLTMETERS Vollage Range Typleal Accuracy taput Impedance Mode! | Page

RECHARGEABLE BATTERY AC VOLTMETER ITmV~—300V(12 5Hr — 2 MKz Average 4038 27

ranges) 2% — 5% 2 Mf}/ <30 — <60 of

FAST-RESPONSE AC YOLTMETER 100 kHz low-pass filter ac 100V —300V—90 | 20H2 -4 MHz ~ 1% | Average 100¢ 2%

amphiier dB — +52 4B - x4% 10 M1/10 — 25 pfF 00 FL

HIGH ACCURACY dB VOLTMETER 20 dB log scale (0dB =1 V) —100 4B — +60 dB 20 Hz = A MHz — 202 | Average 4006L | 28

(8 ranges) d8 — 0.4dB 10 M/ <15 — <30 pf

RIGH ACCURACY AC VOLTMETER has d¢ outpul ( 20.5%) los Imy—=300Y—700dB | 10Hz — LOMHz 21% | Average 400 28

driving recorder - +52d8 +5% 10 M/ <12 = <25 pf | 400EL

RMS VOLTMETER provides rms readings of complex signals. Has dc 1mV—300V(L2 JOH: — 10 MHz £1% 10 MQ/15 — 40 of 34004 | 29

oulpui for driving DYM's or recorders ranges) - £5%

SAMPLING RF VOLTMETER provides lrue rms measws ements when I mV — 3V (8 ranges) 10 %Hzlo >1.2 GH2 Stalistical Average’ 3406A | 31

used wilh 3400A. Many accessaries +3% — *£13% Input Z depends on

probe 1ip ased
RF MILLIVOLTMETER 10mY - 10V 500 kHz — 1 GHz Average 4118 | See
(7 ranges) +3% — 148 lopul Z depends Dals
00 probe tip used Sheet
YECTOR VOLTMETER phase and amplitude measurement(s 100 uV =10V 1 MHz — ) GHr £0.5 Average 8405A | 433
(9 ranges) 48 — =1} de 0.1 MQ/2.5 pf

MILLIOHMMETER; (wo probes used whan making 4 lerminal measure- | 0.001 to 10092 FS (1) ) kHz (fixed) 2% May, outpul Vollage: 43284 | 62

menls ranges) F§ 20 mV

HIGH RESISTANCE METER and picosmmeler 05MQ o2 X 10} Voltage: £10% Max. oulgul Voliage 13294 | 63

£$ (7 ranges) 0.05 pA Currenl: £5% 1 kY
— 20 pA
Yoltage Range Carrenl Range Resistance Range See
MULTIFUNCTION METERS {Accuracy) (Accaracy) {Accuracy) Model | Page
BATTERY-OPERATED MULTIFUNCTION METER has 10 M de inpul DC: 2100 mV to 104} ~ 10 MQ mid- 427A 25
impedance and 10 M{2/20 pf ac input impedance 1000V (£2%)9 scale 25%: trom 0.3
ranges AC: 10 mY — to 3 an the meter
300V 10 Hz — | M¥iz scalz (7 ranges)
(4:2%) 10 ranges
VERSATILE VOLTMETER has 100 MQ dc input impedance and DC: £15mY to BC: £15pAlo 102 — 10 Mt2 (center | 410C 26
10 MQ/1.5 of ac impedance +1500V (£2%) 11 +150 mA (£3%) 11 scale) D (o midscale.
ranges AC: 0.5V — ranges 5% or £2% of
300V 20 Hz — > 700 midseale (whichever
MH2 (£3% a1 400 is grealer) 7 ranges
Hr) 7 ranges
See
CURRENT METERS Current Range Accuracy Frequancy Range Wodel | Page
DC MILLIAMMETER with clip-on probe eliminates girecl conneclion I mA—10AFS £3% dc — 400 Hz 4288 24
(9 ranges)
AC CLIP-ON CURRENT PROBE makes measurements wilhout break- I mA — LAms (to +2% to 3 ¢B 25 Hr — 20 MHx 4564 | 476
Ing citeuil 25 A with dividen

*for exsct accuracy refer lo page designated.
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4194 DC NHULL VOLTMETER R W

Description

Eighteen voltage ranges with 0.1 gV resolution on the lowest range
sct this HP solid-state de null voltmeter apart from previous de null
meters. Accuracy of this rechargeable battery-operated instrument is
+2% of end scale £0.1 gV on all ranges. Noise is less than 0.3 pV p-p,
and dnft js less thap 0.5 uV /day,

An internal nulling voitage 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 de null velt-
meter operates from ac hne or from internal rechargeable butteries.
During operation (rom :c line, batieries are (rickle-charged. A fust-
charge pushbutton is provided lo increase the charging rate, recharg-
ing batteries in approximately 16 bours. Battery voltage may be easily
checked with the battery-test pushbutton. The zero pushbutton al-
lows compensation for any internil offsels before measurement.
When this pushbutton is depressed, the positive leg of the voltmeter is
disconnected from the positive input terminal.

When the voltmeter pushbution is depressed, HP 419A functions as
a zero-center scale 3 gV oto 1000 V de¢ voltmeter.

When the AM pushbutton is depressed, HP 419A functions as a
zero-center scale 30 pA to 30 nA ammeter.

Specifications

DC null voltmeter
Ranges: 13 uV 1o 21000 V dc in )8 zero-center ranges.
Accuraey: +(2% of range £0.1 uV).

ANALOG VOLTMETERS *p

DC null volt-ammeter
Model 419A

Zero control range: >+15 gV.

Zero drift: <0.5 uV/day after 30 min warm-up.

Zero temperature coefficient: <0.05 ¢V/C.

Response time: 3 s to within 95% of final reading on 3 uV range: | 8
to within 95% of final reading on 10 xV 1o 1000 V ranges.

Noise: <0.3 4V p-p, input shorted. Noise amplitude approximates
Gaussian distribution. RMS value (standird deviation) is <0,075 gV,
p-p noise value is <0.3 uV 95% of the {ime,

Input characteristics

At null: infinite resistance on 3 ¢V through 300 mV ranges in set null
mode. Negative input terminal can be floated 10 300 V de from
power line ground.

Off null:
Voltage range Input resistance
Iuy =3mv 100 k0
10mV — 30 mV 1 MR
100 mV — 300 mV 1oMQ
1v - 1000V 100 M¢1

Negalive inpul terminal can be floated up to £500 V dc from power-
line ground.

AC normal mode relection: ac voliages 50 Hz and above and 80 dB
greater than end scale affedt reading <2%. Peak ac vollage nol 10 ex-
ceed maximum overload vollage.

OC ammeter

Ranges: +30 pA (0 £30 nA in 7 2ero-cenler ranges.
Accuracy: (3% ol runge + [ pA).

Zero control range: >+ 150 pA.

Zero drift: <5 pA/day alter 30 min warm-up.

Zero temperature coefficlent: <0.5 pA/°C.

Nolse: <1 pA p-p, input shorted.

Input resistance: 100 kQ on all ranges.

Ampiifier

Gain: 110 dB on 3 #V range, decrcases 10 dB per runge.

Output: 0 1o £t V at | mA masimum for end-scale reading, Ouiput
level adjustable for convenience when used with recorders.

Output resistance: depends on setting of output level control, <350
when outpul control is sel 1w maximun.

Nolse: 0.0{ Hzto 5 Hz: same as voltmeter (refesred 1o input). >35 Hz:
<10 mV rms (referred to outpur).

General
Overload protection: the following vollages cun he applied without
damage 1o instrument.

1V to 1000 V rangs: 1200 V dec.

10 mV 16 300 mV range: 500 V de.

3 uV to 300 mV range: 50 V dc.
Operating lemperature: instrument will operate within specifica-
tions from 0°C to 30°C.
Operating humidity: <70% R.H.
Storage temperature: —20°C 10 +30°C.
Power: 115V or 230V £10%, 48 Hx 10 440 Hz, 2 VA max. or 4 in-
ternal rechargeable butteries (Turnished). 30-hr operation per re-
charge. Operation from ac line permissible during recharge.
Dimensions: 197 mm wide, 156 mm high (withoul removable Teel),
200 mmm deep (7%" X 64" X 8.
Welght: net. 3.7 kg (8.1 Ib); shipping. 5.4 kg (12 1b).

419A DC Null volt-Ammeter §735



HANALOG VOLTMETERS

1 mA to 10 A clip-on dc milliammeter
Model 428B

¢ No circuit interruption
& No circuil loading

Description

Direct current from 1 milliampere to 10 amperes full scale can be
measured withoul interrupting your measured circuit or producing
loading errors. With the HP Model 428B Clip-on Milliammeter, cul-
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 4285B measures current by utilizing a clip-on transducer that
converls the magnetic field around the conductor to an ac voltage pro-
portional te de current. This voltage 15 detected and displayed as di-
rect current on the 428B's meter, Since there is no direct contact with
the circuil being measured, complete de isolation is assured.

The meter responds to de current only and is therefore not suscep-
tible 10 common mode currents. However, low frequency currents up
lo 400 Hz can be measured by connecting an oscilloscope or volt-
meler (0 the convenient fronl panel outpul; or this output can be used
10 drive a strip chart recorder (or permanent long term records.

For even grealer 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 Nowing in opposite directions will give a dif-
ference indication. In this way, balancing currents i easily accom-
plished by making any difference equal to zero.

To decrease sensitivity on circuits carrying more than 10 amps, il is
only necessary 1o shunt a section of the circuil with 1wo or more wires
of the same resistance. A current divider is thereby constructed and
the probe can be used 10 measure the current in one leg. Total current
v the circuil 1s measured by multiplying the 428B reading by the num-
ber of legs in the divider.

Specifications

DC current range: ) mA o 10 A full scale, nine runges.
Accuracy: 17 of full scale £0.15 mA, from 0°C 10 55°C (when in-
strument is cabibrated 1o probe).

Probe Inductance: <0.5 xH.

Probe inducted voltage: <I5 mV p (worst case at 20 kHz and har-
moniesh

Outputl: variable linear output Jevel with switch position for cali-
brated 1 V into open circuil (corresponds to full scale deflection). 1.5
V nmax. into open cireuit in uncalibrated position. 0.73 £.01 V inio |
k{} in calibrated position.

Noise: | mA range, <)5 mV rms across | kQ2: 3 mA range, <5 mV
rms gcross 1 k(2 10 mA through 10 A ranges, <2 mV rms across 1 k{2
Frequency range: dc 10 400 Hz (3 dB poinl),

AC rejection: signals above 5 Hz with p value <full scale affect
meler accuracy <2% (except at 40 kHz carrier frequency and its har-
monics). On the 10 A range, ac p value is hmited 10 4 A.

Power: 115 or 230 V £10%, 50 1o 60 Hz, approx. 75 VA max.
Operating temperature range: —20°C to +35°C.

8torage temperature: —40°C to +65°C.

Probe Insulatlon: 00 V maximum.

Probe tip size: upproximalely '4” by % aperiure diameter %",
Dimenslons: (91 mm wide, 292 mm high, 368 mm deep (714" X 114"
X 14147); rack mount: 483 mm wide, 177 mm high, 330 mm deep (19"
X 6V4" X 137).

Walght: net 8.6 kg (19 Ib); shipping, 10.9 kg (24 Ib) (cabinet). ne1 10.8
kg (24 |b): shipping, 14.4 kg (32 1b) (rack mouiil)

Model number and name Price
428B Analog Milliammeler {cabsnel) §825
428BR Analog Milliammeler (rack mounl) $758
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Description

Hewlett-Packard's Model 427A is a portable. versatile, low cost
muiti-function meter which is valuable in any laboratory, produclion
line. service department, or in the field. It is capable of measuring de
voltages from 100 mV to | kV full scale: ae voltage from 10 mV to 300
V full scale af frequencies up to | MHz (>500 MHz with the 11096A
High Freguency Probe): and resistance from 10 (o (0 MQ center
scile.

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

Specifications

DC voitmeter

Ranges: 100 mV to 1000 V in 9 ranges in 10 dB steps.
Accuracy: +2% of range.

Input resistance: 10 M.

AC normal mode rejection (ACNMR): ACNMR is the ratio of the

ANALOG VOLTMETERS

Low-cost muiti-function meter
Modal 527A

normal mode signal (o the resuliant errar in readout. 50 Hz and
above: >80 dB.
Overload protection: 1200 V dc.

AC voltmetler

Ranges: 10 mV 1o 300 V in 10 ranges in 10 dB steps.
Frequency range: [0 Hx to | MHz

Response: responds 10 uverage value, calibrated in rms.
Accuracy:

Fraquency Rangs
0.01Vio 30V 100V to 300 v
10 Hz to 100 kH2 2% ol ramge
100 kiz to | MHz 2% of range

Input impedance: 10 mV to | V range, 10 M) shunted by <40 pF: 3
V 10 300 V range, 10 M shuated by <20 pF.

Overload protection: 300 V rms momentarily, | V range and below;
425 V rms max above 1 V range.

Ohmmeter

Ranges: 102 10 10 MQ cenler scale in 7 decade ranges. Accuracy
(from 0.3 to 3 on scale): *5% of reading.

Souree current (ohms terminal positive):

Open clrcuit Short circult
Range Voltage Current
X 10 01V 10 mA
X100 GV 1 mA
X1k 1y 1 mA
X10k 1y 100 xA
X 100 k 1v 10 A
XIM LV 1 A
X10M 1y 0.1 A

General

Input: may be Noated up to 2500 V dc above chassis ground. Ohims
mpul open in any function except ohms. Volis input open when in-
strument is offl.

Operating temperature: 0°C to S0°C.

Power: >300 hr operation per battery,

HP 427A: 22.5 V dry cell battery, Eveready No. 763 or RCA V8102,
HP 427A Option 001 battery operation or ac line operation, select-
able on rear panel. 115V or230 V £20%, 48 Hz 1o 440 Hz. 2 VA max,
Dimenslonsa: (standard 4 module): 130 mm wide, {39 mm high
(without removable feet), 203 mm deep (34" X 64" X §").
Weight: net, 2.4 kg (5.3 Ib); shipping 3.6 kg (8 Ib),

Accessories avallable

HP 11096A High Frequency AC Probe extends range to > 500 MHz,
With the 11096A, you can measure 0.25 1o 30 V rms signals out to 500
MH3y with better than & 1dB accuracy. Usable relative measuremenis
can be made up to | GHz (3 dB point at 700 MHZz). The 1 1096A is a
peak-responding detector calibrated to produce a dc outpul propor-
tional to the rms value of a sine wave input. Input impedance is 4 M1}
shunted by 2 pF.

Model number and name Price
427A Moulti-function Meter {includes baterics) 8375
427A Option 001 AC power supply & battery Add §26
11075A High Impact Case. A rugged case for carrying,

storing and operating Lhe 427A $80
1¥096A High Frequency AC probe 582
11001 A 45" 1est lead, dual banana plug 10 male BNC £135
110G2A 60" tesl [cad, dual banana plug 1o alligator clips S0
11003A 60" test lead, dual bananu plug to pencil probe

and alligalor clip §10
[1039A 1000: | capacitive voltage divider, 25 kV max $270

10111 A BNC female to dual banana adapter 515
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General purpose mulli-function voltmeter
Model 410C
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Description

HP’s Moadel 410C is a versatile general purpose instrument for use
anywhere clectrical measurements are made. This instriucnl mea-
sures dc voltapes from 15 mV 1o 1500 V, direct current from 1.5 A to
150 mA full scale, and resistance from 0.202 to 500 MQ. With a stap-
durd plug-in probe, ac voltages a1l 20 Hz 1o 700 MHz from 50 mV to
300 V and comparative indicalions (0 3 GHz arc atlainable.

Specifications

DC voltmeater

Voltage ranges: 15 mV 10 £1500 V full scale in 15, 50 sequence (11
ranges).

Accuracy: £2% of full scale on any range.

Input resistance: 100 M{Q + 1% on 300 mV range and above, 10 M0
+3% on 150 mV range and below.

AC vollmeter

Voitage ranges: 0.5 V 1o 300 V full scale in 0.3, 1.5, 5 sequence (7
ranges).

Frequency range: 20 Hz to 700 MHz.

Accuracy: 3% of full scale at 400 Hz lor sinusoidal voltuges from
0.5 V 10 300 V rmy. The uc probe responds 10 the positive peak-above-
average vitlue of the applicd signal. The meler iy calibrated in rims,
Frequency response: * 2% from 100 Hz to 50 MHz (400 H/ rell): 0
16 —4% {rom 50 MHz (o 100 MHz, %£10% from 20 Hz to0 100 Hz and
+).5 dB from 100 MHz 10 700 MH3.

Input impedance: npul capacitance 1.5 pF, inpul resistanee > 10
M} a( low frequencics. Al high frequencies, impedunce drops ofl due
to diclectnc loss.,

Satety: the probe body s grounded 1o chassis al all times Tor safely.
Al i« measurements are referenced (o chassis ground.

DC ammeter

Current renges: +1.5 uA (0 £150 mA full scale in 1.5, 5 sequence
(11 runges).

Accuracy: +1% ol tull scale on any range.

Input reslstance: decreusing lrom 9 k) on 1.5 pA range 10 approxi-
malcly 0.3 Q on the 150 mA range.

Specisl current renges: +£1.5, +5and =135 nA may be measured on
the 15. 50 and 150 mV ranges using the dc volimeler probe, with +5%

accuracy and 10 M) input resistance.

Ohmmater

Resistance range: resisiance from 10 @ 1o 10 M@ center scale (7
ranges).

Accuracy: Zero to midseale: +3% of reading or +£2% of midscale,
whichever is greater; 7% from midscale o scale value of 2; =8%
from scale value of 2 to 3; 29% from scale value of 3 10 5; £10% (rom
scale value of 5 10 10.

Amplifier

Voitage galn: 100 maximum.

AC rejection: 3 dB at 0.5 He; approximitely 66 dB at 50 Hz and
higher frequencies for signals <1600 V p or 30 times full scale,
whichever is smaller.

Isolatlon: impedance beiween common and chassis is > 10 MQ in
parallel with 0.1 yF. Common may be floated up (o 400 V dc abowve
chassis for dc and resistiance measurenents.

Output proportional 1o meter indication; 1.5 V dc at full scale, max-
imom current, | mA.

Output impedance: <30 al dc.

Nolse: <0.5% of ful) scale on any range (p-p).

DC drift <0.5% of Tull scule/yr ut constunt temperalure. <0.02% ol
full scale/=C.

Ovaerload recovery: rcecovers from 10001 overload in <3 s.

Genersl

Maximum Input: (sec overload recovery). DC: 100 V on 15, 50 and
180 mV ranges, S00 V on 0.5 10 (5 V ranges, 1800 V on higher ranges.
AC: 100 times ul) scale or 450 V p whichever is less.

Powsr: 115V or 230 V £10%. 48 Hz 10 440 Hz, 13 VA (20 VA wijth
11036A AC Probe).

Dimenslonx 130.2 mm wide, 165 mm high (without removable feet).
320.7 mm deep (3'4" X 6% X 11*) behind pancl.

Welght: nel 4 kg (8 1b); shipping 3.44 kg (12 lb).

Accessorles fumished: detachable power cord, NEMA plug.
11036A AC Probe.

Accessories nvailable: sec Pages 474477,

Model number and name Price
410C Option 002 (less AC probe) §675
FEP 410C with HP 11036A Detachable AC Probe $725
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5 Hz to 2 MHz AC solid-state voltmeters
Model 403B

Description

The Hewlett-Packard 403B AC Voltmeter is a versadle, general pur-
pose instrument for lfaboratory and production work yel is ideal for
use in the ficld since it is solid-stitte, battery-operated, and portable.

Jt measures [rom 100 microvolts to 300 volts, covering 5 Hz to 2
MHz. It operates Irom internal batteries and thus may be completely
isolated from the power line and external grounds, permitting aceir-
atc measurcments at power line freguency and its harmenics without
concern for beat effects. Isolation from external ground also permits
use where ground loops are troublesome. Turnover effect and wave-
form errors are mihimized hecause the meter responds 1o the average

el < value of the input signul.
R
i i The 403B operates frony an ac line as well as from the inlernal bat-
PR comini by onnli tery pack, and batteries rechurge during ac operation. Battery churge
— may be casily checked with a fromt-panel swilch to assure reliable

measurements. Normally, aboul 60 hours of ac operiation recharges
the balteries: but an internal adjustment is provided which nearly
doubles the charging rate. The Model 4038 can be used while its bat-
teries charge. A sturdy laul-band meter climinates friction and pro-
vides greater precision and repeatability.

For improved resolution in dB measurements, the 403B Oplion 00]
is available. This version spreads out the dB scale by making it the top
scule ol the meter.

FUNCTION

v Specifications
HP Model 4038 | 4038 Dpllan 001
Range 0.001 to 300 Y rms full scale, 12 ranges, ina 1, 3, 10 sequence. —80 dB to -+50 dB in 12 ranges with 10 dB steps.
feter Responds to average value of input wavetorm, calibraled in the rms value o) a sine wave.
frequency
Range § Hzto 2 MHz 5 Hzio 2 MHz
Accuracy within £2% of full scale from 10 Bz 10 | MHz; within 2:5% wilhin-£0.2 dB of fuil scafe from 10 Kz to | MHZ; within
of full scale from 510 10 Hzand | lo 2 MHz, excepl £10% +0.4 dB of full scale from Sto 10 Hz and 1 lo 2 MHz,
| to 2 MHz on the 300 ¥ range (0 to 50° C).* excepl £0.8 dB 1 to 2 MKz on the 300 V range (0 10 50" C).*
tnpul 2 M2; shunted by <60 pF; 0.00] lo 0.03 V ranges: <30 pf, same as 4038
)mpedance 0.1 to 300 V¥ ranges.
Maximum Fuse protecled (signat ground can be £500 V de from chassis). same as 40318
Input
Power 4 rechargeable batteries, 40 he. operation per recharge, same as 4038
up 1o 500 recharging cycles; sell-contained recharging
circuit functions during operation {rom ac line.
Dimensions 130 mm wide. 159 mm high {withoul remavabla feet). 203 mm same as 4038
deep (54" x 6%" x 8.
Weighl net 2.9 kg (6% IbY: shipping 3.6 kg (8 Ib). same 3s 4038
Price §425 $451

*Uze 1GO0IA |01 Divister and 1D) 118 hdapter 15 1etan % 5% (0.4 dB] stcuracy while measuring op %o 425 ¥ rms a1 ) 10 2 MHL
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AC voltmeter, 10 Hz to 10 MHz
Models 400E, EL, F, FL, & GL

BRSO

BEE b

Specifications

400E/EL*

A00F/FL®

4006L

1 mVto300VYFS. 12 ranges

100 V10 300 V 1.5, 14 ranges

~80dB lo +860dB F.S. § ranges

10 Hz 10 10 MH«

20 Hi—4 MHz

20 Hz—=4 MRz

1npui impedance.

10 {2 on all ranges
<25 pF Io <12 pf depending
QR (3Nges

10 M1 on all ranges
<25 pf lo <10 pF depending
oD r1anges

10 K< on all ranges
<30 pF tn <5 pF depending
0 ranges

+(% reading + % range)

3 mV=300V ranges
10 Hz—A0 Hx: £(2.5+2.5)
40 Hi—2 MHz. (1 +0)
2 MH2~4 MHY. £(L.5+1.5)
4 MH21 =10 MHz: £(2.5+2.9)

1 mV range
10 Hz—40 Hr £(2.5+2.5)
40 H1—500 kHz: £(1+0)
500 kHz—=4 MH». £(2.5+2.5)

+(% reading + € range)
300 u¥—300 Vianges

20 Hz—40 Hz £(2+2)
30 Hz—100 R, £(14+1)
100 He— 1 MHz. £ (% +%)
) MHZ=2 MR2: £:(1+1}
2 MHI—4 MHz: £(2+42)

100 22V range

30 Hz—60 Hz: £(2+2)

60 H2—100 %Hz. (1 +1}
100 kB2 =500 kHr. £(8-7)

+60 dB range
20 Hz—40 ¥kHz, £0.4 dB
40 Hi—100 kHz: £0.2 48

—60 d8 thru +40 dB ranges
20 Rz—A0Hz £0.4dB
40 Hz—500 «Hr £0.2 dB
500 kHz—2 MHz: £0.4 ¢8
2MH—4 MHz, +0.2 -08dB

~80 dB range
30 Hi—€0 Rr: 0.4 ¢B
60 Kz~100 kHz: 4:0.2 4B
100 kHz=500 kH: +0.2 —0.8 dB

Recovery: <2 s for 80 0B gverload
Overload. *500 Y rms ac. 300 V dc #1200 ¥ rms max. inpol:
1000 V dc max. input

Calibration: Scale —10 1o +2 @B, 10 dB between ranges, 100 divisions on Linear dB scala, 100 divisians

0to 1 scale The dB scals ieads — 10 lo -+2 dB: from —20 lo 0 dB. Log vollage
l 10 dB belween ranges. scaleQdB =1V,

Weight; Nel. 2.7 kg (6 Ib). Shipping, 4.1 kg (9 Ib)

Dimensions. 130 mm wide, 159 mm high (wihoul removable feat), 279 mm deap (5% X 6% X 117)

Power. AC: 115 0r230Y £10%, 48 1o 440 Hz, 6 VA max.

DC: External batieries: + and — voltages belween 35 Vand 955V

Poce 400E, $385; 400EL, 3410 400F, $355: 400FL, $370 400GL. $330

“NOTE: 400EL same as 400E. and 400FL same as 400F, excest Tor calibraton. Lirear dB scate —10 dB Lo 4 2 48,
10 4 batween ranges. Log voltage seales 03 te | and 5.8 to 3, 120 fivsons from —10 10 +2 48 400FL
accuracy is % of reading in dB only

"Ac overload yoltage increases wilh increasing lrequency




10 MHz bandwidth

High cres! factor for accurate pulse measurements
Stable, linear dc output

1 mV full-scale sensitivity

10 M2 input impedance

Taut-band Individually calibrated meter
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Description

The Hewlen-Packard Model 3400A is a Lrue rool-nyern-squire
(rms) volimeter, providing a meter indication proportional 10 the dec
heating power of the input wavelform.

Six-decade frequency coverage makes the 3400A extremely flexible
for atl audio and most rf meusurements and permils the measurement
of brosdband noise and fast-rise pulse.

Pulses or other non-sinusaids with crest factors (ralio of peak to
rms) up to 10:1 can be measured (ull scale. Crest factor is inversely
praportional to meter deflection, permitting up 1o 100:1 crest fucior at
10% of lull scale.

ANALOG VOLTMETERS

10 Hz to 10 MHz true RMS voltmeter
Model 3400A

Permanent plots of measured data and higher resolution measure-
ments can be obtained by connecting an X-Y plotter, strip chan re-
corder or digital voltmeter 10 the conveniem rear-panel dc outpul. The
de output provides a linear 0 to | voll drive praportional {6 meter de-
{lection.

RMS current

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

Specifications

Voltage range: | mV to 300 V full scile, 12 ranges.

DB range: —72 to +52 dBm (0 dBm = 1 mW into 600%).
Frequency range: 10 Hz 1o 10 MHz.

Response: responds to rms value (heating value) of the input signa!
for all waveforms.

Metar aceuracy: % of full scale (20°C to 30°C)*

10Hz 50H2 1MHz 2MHz IMHz 10MHz
| #5% | 13 | 228 | s | 458 |
Ac-to-dec converter accuracy: % of full scale (20°C to 30°C)*
10Hz S0H: MKz 2MHz IMH2 10MHz
[ #5 | =02 | 222 [ 232 [ 255 |

Crest factor: (rutio of peak to rms amplitude of Input signal): 1010 |
at full scale (exeept where limited by maximum input) inversely pro-
portionzl 10 meter deflection, (e.g., 20 to | at half-scale, 100 10 1 a1
tenth scale).

Maximum continuous input voltage: 500 V ac peak at | kHz on alt
ranges; 600 V dc on all ranges.

Input impedance: from 0.001 V 10 0.3 V range: 10 MQ shunted by
<50 pF. From 1.0 V to 300 V range: 10 MQ shanted by <20 pF ac-
coupled inpul.

Responsge time: for a step function, <35 s to final value.

AC overload: 30 dB above lull scale ar 800 V p, whichever is less, on
cach range.

Oulput: negative 1 V deinto open circuit at full-scale deflection. pro-
portional to meter dellection from 10-1005: of full scale. 1 mA maxi-
mum; nominal seurce impedance is 1000£2. Oulput noise <1 mY rms.
Power: 115 or 230 V £ 10%, 4R to 440 iz, 12 VA max.
Dimsnsions: 130 mm wide, 159 mm high (without removable feet),
279 mm deep (S%4" X 8Y%" X 11"); ¥ moadule.

Welght: nei: 3.3 kg (7% Ib): shipping: 4.5 kg (10 Ib).
Accessorles furnished: 10110A Adapter, BNC to dual banana jack.

Accessories avallable: Price
11001A Cable, 45 in. Jong, male BNC to dual banana

plug 815
10503A Cable, 4 1. long. male BNC connectors 515
11002A Test Lead, dusl banana plug 1o alligator clips $10
11003A Tesl Leads. dual banana plug lo probe and alli-

gator clip 510
11076A Carrving Case $75
456A AC Current Probe, | mV/] mA $375

Model number and name

J400A optlion 001 spreads out the dB scale by making it

the top scale of the meter add $26
Rear terminals in parallel with Tront panel terminals

and linear log scale uppermost on the meler face ace

available on specia) order.

3400A RMS voltmeter 705
*TC. £0.1% from 0°¢ 16 20°C and 30°C to 55°C




ANALOG VOLTMETERS

Logarithmic voltmeters, ac or dc log scaling
Models 7582A and 7563A

ERACONVERTER

7663A

Description

Hewlett-Packard Model 7562A is 4 wide range (80 db). single chan-
nel Jogarithmic volimeter/converier designed to produce dec oulput
voltages in a logarithmic rclationship (o dc input voltages or the true
RMS value of an ac inputl vollage. [I conlains a (rue RMS detector
which is nol dependent on pure sinusoidal signals 10 achieve measure-
ment accuracy. A self-contained mcler calibrated in volts and dB re-
sults in an accurate volimelter. A constant amplitude oscilloscope oul-
put makes the converter compatible with 1 variety of oscilloscope
readoul and phese meter applicalions.

The Model 7563A Logaridhme Voltmeter/Amplifier is a low cosl,
single channel, dc logarithmic amplifier with a very high dynamic
range (110 dB) designed 16 produce a logurithmic-related de oulput
voltage for a very wide runpe of de inpul voltages. A single input
range of 316 xV 10 100 V is coupled with an input polarity switch for
ease and versatility of operation. A high input impedance (100 k@)
and a low outpul impedance (less than 5Q) sllows the 7563A to be
used in systems or on the bench, A (roat pancl meler cahbrated in dB
and mV provides instanianeous visua) indicalion of operating levels,
Applications include log scaling of recorder axcs, pulse height
analyzers, scope displays. and almost any circumstances where log
compression of de¢ vollage ranges is required. Dual or single rack
mounting capability is afforded by a [lield installable rack mounting
adapter, utilizing a minimum of rack space.

7562 Spaecifications
Performance specifications

AC and dc modes

Input:
Dynamic range: 80 dB.
Yoltage range: | mV Lo )0 V or [0 mY 1o 100 V sclectable by (ront
panel swilch. Aceepls either ac or positive signals.
Output:
Voltage: 0 1o 800 mV dc corresponding to 10 mV/dB.
Output Impedance: 100 ohms.

DC mode

Accuracy: +0.25 dB at 25°C.

Input Impedance: 100 k2, shunted by less than 100 pF; single ended.
Temperature coefficlent +0.02 dB/°C maximum.

Zaro siablilty: +0.25 dB.

AC mods
input impedance: | M0, shunted by dese than 160 pF: single ended.
Accuracy and frequency response: (at 25°C).

Range

05K 2 5 20 50 200 H:z 50 kH: 100 kH2
Setting { L [ L1
0.5 Hz |:1:l dB| +0.5d8 +) d8
5 Hz |¢| dBl +0.5 dB £1dB
50 H2 |¢1da| +0.5d8 +]48

Temperatura coafficient: +0.04 dB/°C maximum.
Slewing speed:

Range sclting Minimum slewing speed

05 Hz 1dB/s
SHz 10dB/s
50 Hz 60dB/s

Oscllioscope oulput: approx. 0.5 V rms regardless of input.
Crest faclor: 5:1 unless limited by max. input voliage.

General specifications

Maximum peak Input voltage: 125V on ) mV Lo 10 V range; £250

V oon 10 mVY to 100 V range.

Operating temperature: 10°C to 40°C.

Warm-up time: 20 minutes nominal.

Connectors: front ard rear inpul and outpul BNC conncc(ors.

Power requirements: 115/230 V ac, 50 1o 400 Hz, 40 VA,

Dimensions: 88 mm high, (97 mm wide, 292 mm deep (3%," X T%”

X [1147).

Welght: Nei, 3.6 kg (8 Ib): Shippwng, 5.4 kg (12 Ib).

7563 Specifications

Performance specifications

input

Dynamic renge: 110 dB.

Voltage range: 316 uV (0 {00 V. Accepts either posilive or negative

signals, selectable by [ront pancl switch.

Oulput

Voltage: 010 1.1 V dc corresponding (o {0 mV/dB. Rear terminals:

udjustabie | 1o 10 mV/dB.

Output impedance: less (han 59 front panel, 3002 rear.

Meter accuracy: reading accurate to 1.5 dB. referred (o outpul.

Input Impedance: 100 kf}, shunted by less (han 100 pF; single ended.

Accuracy: (al 25°C).

316 u¥ 1V 10V bV 100 ¥
+0.5d8 +0.25 d8 +1.04B +].5d8

Temperature coefficlent: +0.02 dB/°C maximum and +3 zV,°C
refesred to input,
Zero etablilty: =0.25 dB i constant temperature.

Rlas Time:
Maximum Rise Tima

Signal Level 1 mV.10 V Range
36 uV—1mv 2000 s
{my—10my 400 us
10 mY — 100 mV 80 u5
J0emv —1v dps
1V—100V 2 us

Geonerel specifications

Oparating temperature: 10°C 10 40°C,

Warm-up time: 20 minutes nominal.

Connectors: front and rear input and output BNC connectors.
Power roquirements: [15/230 V ac, 50 to 400 Hz, 40 VA,
Dimenslons: 88 mm high, 197 mm wide, 292 mm deep (37" X T4

X H'AM).

Welght: Ne, 3.6 kg (8 1b): Shipping, 5.4 kg (12 Ib).

Model number and name Price
7562A Logarithmic Vollmeter/Converter %1278
7563A Logarithmic Volimeter/Amplifier 5955



ANALOG VOLTMETERS

10 kHz to 1.2 GHz RF voltmeter
Model 3408A

1m\ mn
il 0

.
'-\ PRI "

| ?
;
- 14 >
5
LS B *
= an

Description
High frequency voltages can be measured easily with HP's 3406A
Sampling Volimeter. Employing incoherent sampling techniques, the
HP 3406A has extremely wide bandwidih (10 kHz to 1.2 GHz) with
high input impedance. Signals as small ag S0 4V can be resolved on the
sampling voltmeter's linear scale. Full scale sensitivity from 1 mV to 3
V' is selected in eight 10 dB steps and may be read directly from —62
dBm (0 +23 dBm [or power measurements. Accessory probe tips
make the HP 3406A suituble for voltage measurements in many ap-
plications such as receivers, amplitiers and coaxial transmission lines.
Measurement indications can be retained on the 3406A meter by de-

pressing & pushbutton located on the pen-type probe. This feature is
useful when measurememts are made in awkwird positions where the
operator cannot observe the meter indication and probe placements il
the same time. Other features include a de recorder output and sample
hold output for conuncction 1o oscilloscopes. and peak or true rms
voltmeters if other than absolule average measurements are required.
Specifications
Voltage range: | mV to 3 V {ull scale in 8 ranges; decibels from ~350
1o +20 dBm (0 dBm = 1 mW into 300): average-responding insteu-
ment calibrated 1o rms value of sine wave.
Frequency range: 10 kHz 1o 1.2 GHz useful sensitivity from 1 kHz
lo beyond 2 GHaz.
Full-scale accuracy (%) with appropriate accessory (after probe is
praperly calibrated)

10 20 25 100 100 700 1 1.2

kHz H2 kHz kHz MH2 MHz GHz GHx

| #13 | 28 [ 45 [ 23 | a5 | 28 [ 213 |
input impedance: inpul capacily und resistance will depend upon

aceessory Lip used, 100,000@ shunted by <2.1 pF at 100 kHz with bare
probe; <10 pF with 11072A isolator tip supplied.

Sample hold output
Provides uc signal whosc vnclasmped portion has slatistics that are

narrowly distributed about the statistics of the inpul, inverted in sign
(operaling into >200 kQ load with <1000 pF). Output is 0.316 V ut
f.s. on any range.

Nolise: <I75 uV rms referred to input.

Accuracy (after probe ls properly celibrated): 0.01 V range and
above: same as full scale aceuracy of instrument, 0.001 V 10 0.003 V
range: value of inpul signal cian be compuled by taking into account
the residual noise of the instrument. Jitler: meter indicates within
+2% p ol reading 95% of time (as measuced with HP 3400A True
RMS Voltmeter).

RMS creat factor: 0.001 V10 0.3V,20dB; | V, I13dB; 3V, 34dB.

Meter

Meter acales: lincar valuipe, 0 to | and 0 to 3; decibel, =12 10 +3.
Individually calibrated taut-band meter.

Response time: indicates within specilied accuracy in <3 s. Jitter:
+1% peak (of reading).

General
DC recorder output: adjustable from 0 (o 1.2 mA into 1000 ohms at
full scale, proportional to meter deflection,

Overload recovery {ime: mcter indicates within specificd accoracy
in <5 5 (30 V p-p max.).

Maximum input: £ 100 V de, 30 V p-p.

RFI: conducted and radiated leakage limits are below those specilied
in MIL-6181D and MIL-1-16910C except for pulses emitted from
probe. Specirul intensity of these pulses are nominally S0 nV A/ Hz
specirum extends beyond 2 GHz

Temperature range: instrument, 0°C 1o +55°C; probe, +10°C 10
+40°C,

Power: |15 or 230 V x10%, 48 Hz to 440 Hz 25 VA max,
Dimenslons: (97 mm wide, 159 mm high (without removable feet),
279 mm deep (74" X 6%" X 117); Vi module.
Welght: net 5.4 kg (12 (b); shipping 6.8 kg (15 Ib).
Accessorles: refer to data sheet.

Model number and name

2406A RF voltmeter

Price
£1,010

W

hp




HDIGITAL VOLTMETERS

General information

Digital voltmeters

Digital valimelters (DVM's) offer many ad-
vamtages over other types of voltmeters.
Among Lhe advantages of DVM's are greater
speed, inereased accuracy and resoldtion, ro
duction of operator errors and Lhe ability 1o
provide automalic measuremenls in syslems
applications.

Digitil volimelers display measurement re-
sults as discretc numerals rather than as a
pointer deflection on a continuous scale,
which is commonly used in analog devices.
Human error and tedium ar¢ reduced by di-
rect numerical readoul, and operator (rain-
ing is minimized by sulomatic polarity and
tange-changing features ol sume DVM's.

Digital volumeters are available 10 meu-
sure ac and dc vollages, current, resistanec
and ratio. Appropriate lransducers can be
used 10 measure other paramelers such as
strain or temperature. An increasingly popu-
lar use of DVM's is in aulomalic measure-
ment systems. Such 4 system can be as sim-
ple as connecting the DVM digiial oulpul to
a digital printer or as powerful as a calcula-
1or or compuler controlled DVM system (hat
provides automaltic data reduction and unat-
lcnded aperation.

Bullding blocks

Digital voltmeters convert an analog sig-
nal Lo an equivalent digital valye. To do this,
the inpud signal {uc; dc vollage or current, or
resistor value) must pass through the busic
bwlding blocks shown in Figure |.

INPUT

INPUT SIGNAL
CONDITIONER

O1GITAL
L > ourrur

Figure 1 — Baslc building blocks ot @ DVM

Digital volimelers that have curren( mca-
suring capability use internal shunt resistors
to converl unknown current 16 an ac or de
voltzge. This voltuge is then digitized and

scaled (by shunt valac) 10 provide o reading
of the current.

The signil to be mueasared fisst passes
through an inpul signal conditioner. This
converts a¢ signals. de signals, or resistances
o a proportional d¢ voltuge 1hat is within the
range of operation of the anulog-(o-digital
(A-t0-D) converter.

Ihe A-10-D converter generales numerical
vilues (hat correspond to the de voltiyge oul
of the sizial conditioner. The logic block
controls the arder of internal information
fow and manages the communication of dig-
ital infarmabon with external devices. A vis-
arl result of measurement is provided by the
display blnck.

Signal conditionera

Of all the parts of a DVM, the signal con-
ditioning and conversion parl has (he great-
¢st inlluence on Lhe instrument's characteris-
fics.

A dc inpul often must be amplified or at-
tenuated to be within the cunge of the A-to-D
converier. For example. if full scale input of
the A-10-D anit is 10 V. 1he de input ampli-
fier/aticnuator would amplify the signal o
the 10 mV and | V ranges and attenuate the
signal on 100 V and 10U0 V ranges.



There are two Llypes of ac converters in
commen use loday: average responding and
true rms responding. The average respond-
ing converler is relatively inexpensive and is
intended primarily for measuremenl of sine
waves having little or no distortion. This type
ol converter measures average value of the
rectified sine wave which is then multiplied
by a scale factor (rms = 1.1} ave.) to provide
the rms value. Errors result from this tech-
nigque 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 bandwidih, ability (o mea-
sure nonsinusoids and is insensilive to dis-
tortion. True rms converters measure equiv-
alent heating power of the waveform using a
thermocouple or thermopile. The resulting de
voltage is equivalent to heating power, or
true rms, of the ac signal. Some Hewletl-
Packard true rms converlers measure nol
only ac signal, but also de components which,
in turn, improves low frequency perform-
ance. The composite equals /(dc)® + (ac
ms)s,

Ohms converters measure vitlue of resis-
tars by supplying a known constant de cur-
reat (o the unknown resistor and then mea-
suring the sesulting voltage deop across it.
There are three popular iechniques for sup-
plying de current (o the unknown resistor:
two-wire, three-wire, and four-wire.

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

LEAD
INP
RESISTANGCE ADMCPLIF.IJE‘ﬁ
AL H)
B4 10
SunKNOwN A-Y0-D
CONVERTER

LOW

Flgure 2 — Simple two-wire ohms
converter

A de current source that is totally iso)ated
from the measuring circuits (Figure 3) is used
by the four-wire technigque to overcome sen-
sitivities to leud resistunce. This scheme of-
fers the ultimute in performance for ochms
measorements, particularly for remole mea-
surements, while the two-wire method is
more suited to bench use where leads are
shor.

AL HI (NPLIT To
AAA o . D¢ INPUT
AMPLIFIER

Hy
L

S uriknowN
<

DCCONSTANT
CURRENT SOURECE

\/

AAA o
1 LOW INPUT

Y

Hy » LEAD RESISTANCE

Figure 3 — Simplified 4-wire ohms
converter

Like the two-wire converter, the three-wire
converier is sensitive (o lead resistance, espe-
cially on the low side of the input. but it may
be possible to null out erroy caused by lead
resistance with an imternal adjustment.

A-to-D converters

Analog-to-digital converters change de sig-
nal from signal conditioners and converters
to discrete nomerica) values. The conversion
technique used determines speed, resolution
and noise rejection characteristics of the
DVM, For a delailed discussion refer to
Hewletr-Packard Application Note 158,

Nolse rejection

Source and type of noise are important in
determining the type of noise rejection
neceded. There are 1wo types of noise which
may affect accuracy and sensitivily 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 siinplest way to cul down on poise
but it slows measurement speed. Integration
“caleulates” noise out of the measurement by
looking st the inpul signal over a period of

time cqual to the period of expected noise.
Filtering is advantageous for rejecting broad-
band nose, while integration is better for re-
jecting line related noise. Figure 4 shows typ-
ical noise rejection for filtering and integrai-
ing methods.

§ ] R L AN A
L I INGN-INTEGRATiNG‘e_f
g yoo |—+ bl lw:lllh Iib!n!;; 1'__4:‘
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x € I Pall TIIT
il TP § INTEGRATING
g fi | T 1 |
! : T
TR AT T EENRIT
g T T
£ 0 ] ST T
g 1 10 100 1000

FREQUENCY (H1)

Flgure 4 — Narmal mode nolse rejeclion
tor 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 commaon mode noise may
be reduced by a passive technique called
“puarding.” Guarding shunts the noise Lo
ground and away from inputl \erminals. By
proper connection of the guard (Figure 3), a
remarkable improvement can be seen in a
DV M5 ability 1o reject common mode noise.

“Effective’ common mode rejection is the
specification that usually appears in data
sheets. Effective refers 1o the final reading.
Effective CMR is the combined result of
“pure” CMR due 10 guarding plus normal
mede rejection of the instrument.

FLOATING
WIWE R LURPL Y Luanoi 0 VOLYMe TER
[ A
' HIGH
| v @y - i F~

BEST COMNECTION
GUARD AND LOW AT SAME VOLYAGE

WO COMMON MODE CURRENT GOES
THROUGH My

O
L e

SOURCE GROUND

Figure 5 — Best connectlon—guard connected 10 low at source



Specifications Aceuracy Reading rate

Accuracy is the exactness Lo which a vol- Most DVM's have their own internal 1rig-
Resolution and sensitivity age can be determined, relative 1o the Legal ger source which may be adjustable or fixed.
DVM's are classified asecording to the Volt maintained by the U.S. National Bu- Quite ofien, trigger rate is independent of re-
number of (ul) digits. An overrange digit is an reau of Standards. Accuracy specification sponse lime of the analog circuits. For exam-
extea digit added to allow the user 1o read be- cquals crrors involved in frageability to ple, 8 DVM may have a lixed samplc ratc of
vond full scale. This overrange digil is often N.B.S. as well as crrors made by the instru- five readings per second, which is Nine for dc
called & “one-hall™" or a “'partial™ digit since ment. . meuasurements, bul the ae converler may lake
it canno display ull numbers through Y. To be meaningful. sccuracy must be stated two seconds 1o respond. This means that the
Overranging greatly eatends a DVM's use- along with the conditions under which it will user musl wail for several samples before ob-
fulness by maintaining resolution up 10, and hold. These \_'ulndilior!:\ should include time, taining a steady reading. Thus, as Figure 7
beyond, fall scale. TFor example, if a signul Llemperalure, line variations and humudity, shows, the DVM's speed is determined by
changes from 9.999 V to 10.012 V, a four- (;Olldll.mns specified should be realistic rela- setlling time of ils input circuitry, plus time
digit DVM withoul overranging could mea- tive (o ntended usc. For example, a DVM required to digitize the signal.
suce the liest voliage as '9.99% V." but would specified with a temperuture range of 25°C
requite a runge change to make the second +1°C would require a highly controlled en- YR ——
mcasurement with a resulling reading of vironmenl, whereas £5°C would cover the I
“10.01 V.” The 0.002 V change would not be majorily ol environments. i -
seen. With overranging, the second measure- The period of time over which accuracy " sH0.09% OF NEALTNGL » 0:03 6:OF ARRGE)
ment could be made as *10.012 V' with no holds is especially important since it indi- g 3088 :
loss of resolution. cates the DYM's slmbilily and how often it § s} ’ .
Overranging is given as a percentage. A will have 1o be calibrated. z - Pl
four-digit DVM with 100% overranging Accuracy is usually expressed as a percent g sap— I —W-
would have @ maximum display of *19999.™ of the reading plus a percent of the range (or £ ol ‘ --—-/guénrfirm'{;
A spec of 20% overranging would provide a full scale). Figure 6 shows thal accuracy is s ‘W/y//
maximum reading of **1199.” always better ul or above full scale. LJ_ I _ A Xi/,__

. P ; o 20 @ 0 @ 10 120 140
Resolulion is the rano of the maximur PERCENY OF FULL SCALE

. Dy £,
number of counts that can be displayed to the ¢ +F
least pumber of counts, Full-scale resolution

Figure 7 — DVM speed depends upon

SHORTY TEAM STAMILITY

of a five-digit DVM is 100,000 10 I, or response time and reading period
001%. i T 1 O T DR . y R
?b(s)(zlufiiu;)vcrrangm!! is gencrully ignofed in TEEVILY, accuracy® When a DVM is used in an automatic sys-
; 2570 e i T i, i el 2 Li
. / lem, its internal trigger i1s seld
Scnslll\/lly refers 10 the smallest incremens aae iy, / / ."fc YRELATIVE TD I LEGAL VO T S0l U lniemd 128 1S, SERCOTH used. Ex

ternal triggers are issued by the system incor-
porating the appropriale delay 10 allow for
setlling.

1al voltage change that the DVM is able 1o [—— 2 uA—]
detect. Mathematically, it is the lowest full-
scale range multiplied by the resolution of the

e il Pritandl & ; o e o E .
E:mu:;n:fk !\II)JB‘O ;-""T( uarl\r&/c;d:ig& E-X’N]'u::.[s): |'7 _'M“S'—‘{ Adlg:rh:;?l :::3:1:13':;"05 DVM operation
full-scale range is 0.001% X 100 mV = | V. Figurée 6 — Typleal four-digit DVM and selection. refer 1o Hewlett-Packard Ap-

accuracy phication Note 158,
DVM SELECTION GUIDE
DIGITS de a Ohms Current Special Features HP Mode! No. Page
3 o . ° opt. Prabe 9704 36
3 . ° True rms a¢. dB display 3403C 38
3 L] s L L] AC sensilivity 34698 35
4 ° Opt. Opt. Opt. Plug-in modules 34404 Seriss see
dala sheel
] - OpL Opt. High speed, plug-ins, stanning 3480C/0 171
4/5 e OpL . Opt. Snap-oa Hlexibilily 3470A Series a)
5 s ) ) Self fes) 34904 47
5 L Opl. Opt. Syslems oplions 34508 S0
5 . ° Opl. Noise rejection (requency 24024 52
5 ® Exceptional accuracy 34608 see
dala sheel
6 . 0ne-part 10° resolution 34624 54




34698

Description
Twenty-six different range and function combinations of ac volls,
dc volts. ohms and de current,

Specifications

AC voltmeter

Ranges: | mV, [OmV, 100mV, [ V, 10V, 100V, 000 V (500 V max
input).

Accuracy above 1% of range (% reading + % range). 20°C to
30°GC.

DIGITAL VOLTMETERSHp
312 Digit, high sensitivity, multimeter
Model 34698

1 mV range (0.3 mV and above):
20 100 kHz 4 MH2
W 1+075 | 25 +25 |
10 mV o 1 V ranges:
20 Hz 100 Hz 100 kHz 1 MHz 6 MH2

[ossas | wasod | 1+#1 [ 25425 |
10V, 100 V, 1000 V ranges:
20H2 100 Hz 100 khz | M 4 W
[ 1+05 T oaso3 [ 11 | 25+25 |

Input impedance: 10 MQ shunted by <25 pF. Input common con-
necled to chassis,
Overload protection: 500 V at frequencies <60 Hz.
DC voltmeter
Ranges: 100 mV, | V., 10V, 100V, {000 V.
Accuracy (20°C to 30°C)
100 mV range: =(0.2% reading + 0.1% range).
1 V to 1000 V ranges: +(0.1% reading +0.1% range).
Input impedance: 10 M.
Overload prolection: 1000 V.
Norma! mode rejection
60 Hz: 40 dB.
Common mode rejection
DC: 60 (B,
Floating voltage: +300 V max.

Ohmmeler
Aanges: I2°, 1042, 100Q, ) kQ, 10 k€, 100 kR, 1 Mg, 10 ML
Accuraoy (20°C to 30°C)

1Q range: +(0.25% reading + 0.5% range).

100 range: +(0.1% reading + 0.2% runge).

100Q 1o 10 MQ range: =+(0.2% reading + 0.2% range).
Source characteristics
Shon circuit current: 0.1 uA to 10 mA depending upon range.
Open circuit voltage: 10 V negative with respect to common (Com-
mon connected Lo chassis).
DC input protection: 4100 V mux.
AC Input protection: 130 V rmis max.

DC ammeter

Ranges: | gA. 10 A, 100 A, | mA, 10 mA. 100 mA.
Accuracy (20°C to 30°C): +(0.2% reading + 0.2% range).
Full scale voltage drop: (00 mV.

Overload protection: 3 (imces full scale.

Floaling voltage: + 500 V max.

General

Sample rate: 8/s.

Overrange: |00%.

Out of range and lllegal range indication: 3 least significant dig-
its blank.

Polarity: automatic.

Operating temperalure range: 0°C to 55°C.

Warmup: 10 min.

Power: |15V or 230V £10%, 48 Hz 10 440 Rz, 10 YA.
Dimensions: [0 mm wide, 159 mm high (without removable feet),
279 mm deep (314”7 X 164" X 11").

Weight: net .13 kg (7 1b): shipping, 4 kg (9 1b).

3469B Muliimeter 5830

“Alfowadle reactance <100 uM saries. <2 uF parsllel.



MDIGITAL VOLTMETERS

Digital multimeter
Model 970A

e Puts a complete DMM in the palm of your hand
e Autoranging, autozero, aulopolarity

Description

Hewleti-Packard's 970A Probe Digital Multimeter is completely
sell-contained and autoranges through five ringes of ac ang dc volls
and ohms,

The pockel-sized multimeler is ideal for [icld, 1ab, or bench appli-
cation. All clectronics, incJuding display and balteries, are in onc
small seven-ounce hand-held packuge with only one funclion controt
10 sel,

HP's Model 970A aulomalically selects the right range, making 11
casy o use by lechnicians, repairmen, Ielephone crafismen und engi-
neers, This ballery-operated probe is the first known hand-held
DMM incorporaling solid-state autoranging lechnology. Alt solid-
state switching is in its one MOS integrated circuil.

A five-digit light emilting diode cluster s used in this 3% digil
DMM. All probe voltage readings arc in volts, and resislance read-
ings in kilohms so there are no s¢ales to misinterpret. Decimal place
menl 15 aulomatic.

Automalic decimal placement and automatic polarity indicalion
save time. Alter setting the function seloctor (acV, deV or k), simply
connect the ground clip, louch the probe tip Lo a test point, press the
Push-to-Read bar, and the solid-stale LED readout automatically dis-
plays 1he correc reading and polarity. When measuring obms or de
volis, 1l takes 1ypically Jess than two seconds 10 range and seitle 10 a
proper rcading.

Since display is close to paint of measurement, in closely packed cir-
cdits, the probe can be held in one hand and ctreuit and readout can be
seen al a plance. The display can be electronically inverted Lo avoid er-
rors.



HP’s 970A Probe Digital Mullimeter can be converted into & five-
function bench instrument with optional 97002A Current Shunt/
Bench Cradle. A six-position manual switeh selects five runges of ac
and de current plus a straight through position 1o meusure ac and dc
volts und chms,

Two gencral purpose binding posts aceept wrap-around, screw-
down. clip-on or banana plug terminaions,

AC voltage measurements can be made over a frequency range of

100 kHz to 500 MHz from 0.25 V 10 30 V with optional R adapter,
HP 97003A. A broad line of tips, adaplers and tees are also available.

970A Specifications

DC voltmeter

Ranges: 0.1 V. | V. 10 V. HIO V, 1000 V {500 V mux input),
Accuracy (20°C to 30°C): £(0.7% of reading +0.2% of range).
Inpul resistance: 10 M2, +5%.

Input protection: <7350 V peak.

Temperature coefficient: +(0.05% of reading +0.2% of range)/°C.

AC volimeter
Ranges: 0.1 V, 1 V. 10 V. 100 V. 1000 V (500 V rms sin¢ wavc max

inpu).
Accuracy (20°C to 30°C):
Range 45 Hz to 1 kHz 1 kHz1o 3.5 kHz
1Vlo 1000V =(2% of reading +(3% ol reading
+0.5% of range) +0.5% of range)
0.1V {(>ImV) +(2% of reading +(5% of reading
+0.5% of range) +0.5% of range)

inpul resistance: 10 MQ, +5%.

inpul capscltance: <30 pF.

Inpul protection: <730 V peak.

Temperature coefficlent: +(0.05% of reading +0.05% of runge)/°C.

Ohmmeter

Ranges: | kQ, 10 k{2, 100 kQ, 1000 k2, 10,000 k{}.

Accuracy (20°C to 30°C): +(1.5% of reading +0.2% of ringe),
Input voltage protection (resistor fused—cllp mountad): <115V
rms for up to 1 minute. <250 V rns for up to 10 seconds.
Temparature coefficlent: +(0.05% of reading +0.02% of range);/°C.

General

Ranging: automatic,

Sample rate: 3 sccond.

Overrange: 10,

Calibration cycle: | year.

Callbration adjustments: onc.

Operating environmental conditions:

Temperature range: 0°C to 40°C.

Humidity: <955 RH.

Power: recharpeable batteries.

Typical operating time using fully charged battery: 2.5 hours con-
tinuous at 25°C.

Typlcal battery charging time: 14 hours at 25°C. (Indefinite chuarg-
ing will not damage bakery),

Weight (with battery pack): net. 200 g (7 oz): shipping, 1.8 kg (4 Ib).

Dimenslons: 165 mm long X 43 mm wide X 30 mm deep (64" X 14"
X 14").

97002A Specifications

0C ammeter
Ranges: 0.] mA, 1 mA, 10 mA, 0.1 A, | A FS.
Accuracy (20°C to 30°C): £(2.5% of reading +0.2% of range).

AC ammeter

Ranges: 0.1 mA, | mA, {0 mA, 0.1 A, 1 A FS.

Accuracy (20°C 10 30°C, >3% of range): 45 Hz 1o | kHz (4% of
reading +0.5% of range). | kHz to 3.5 kHz; £(7% of reading +0.5% of
range).

DCV, acV, ohms: same as 970A specificalions.

General

Full range Insertion voltage: <0.25 V.,

Input protectlon: 2 amp fast acting fuse.

Weight: nct. 170 g (6 oz); shipping. 1.8 kg (4 Ih).

Dimensions: 95 mm long, 95 mm wide, S1 mm deep (3% X 34" X
24y

97003A Specifications

Response: The 97003A is u peak responding delector and is cali-
brated 1o read rms value of a sine wave.

Voltage range: 0.25 V 10 30 V rms.

Max input 0 V rms ac; 200 V dc.

AC to dc transler eccuracy when operating into HP 970A:

30
o 20 %/ i
- £05d8 / /
3 (£6%) / /
> 101 //

7

= TS e N
[+

0.25 . ;

100 k2 1 MHz 10 Miz 100 MH2» 500 MHz

“HP’s 97003A is usable from 10 MHz to 500 MHzand 7.5 V rmis to 30
V rms. It is not traceable to the United States Navional Bureau of
Standards, however.

Input impedance: inpul resistance: >25 k),
Shunl capacitance: <3 pF for plastic tips. <4 pF for metal high fre-
quency adapter (ip.

General

Acceasories supplled: ground lead. siraight tip, hook tip, high fre-
quency adapler lip.

Accessories avallable: !1063A, 50-ohm tee: 11536A, 50-0hm tee:
10218A, BNC Adapter: 10219A. Type 874 Adapter; 10220A, Micro-
dol Adapter.

Model number and name Price
97001 A extra rechargeable ballery pack $26
97002A sac/dec current shunt/bench cradle £47
97003A RF adapter £85

570A Digsta) Multimeter (includes sol carrying case,
baticry and charger) £310
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True RMS voltmeter
Model 3403C

e DC and 2 Hz To 100 MHz
e 3% diglt

3403C TRUE RMS VOLTMETER
A

HEWLETY o« PACKAAD

dB AEFERENCE
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Description

The Maodel 3403C is usable for dc, low [requency, audio, RF and
IF measurements. True rms is especially valusble for meusurements
of noise, mulliplexed signals, modulaled waves and other complex
signals with high harmonic conient.

Optional dB display

The dB display option provides readings directly in dB, a major
convenience (o ac users. The dB reference to wltich the measurement is
made is eonvenicnlly adjustable from 1he front panel to provide refer-
cnced dB measurements, or to provide a convenienl means (o offset
the reading by as much as |13 dB for unreferenced measurements.

Systemns Options

A [ull complement of systems oplions is availeble, both isolaled
and nonisolated, to insure systems compalibility.

The 3403C may be used with Hewlet-Packard printers and may
easily be integrated into more complex syslems remole control.

Specifications

Ranges

Full range display: 10.00 mV (ac only): 100.0 mV; 1.000 V; 10.00 V;
1000 V; 1000 V,

Overranga: >90% on all ranges excepl as hmited by max inpul volt-
age.

Ranging information: [ront panel annunciators indicale overrange
(approximately 190% of Tull range), or underrange (approximately
17% of fuil range) conditions.

Parformance

AC frequency rangs
Slow response: 2 Hz 10 100 MHz.
Feat response: 25 Hz o 100 MHz.

RESPONSE TIME INPUT

\ 4

O ——

B MY

Response time
Fast response; | s.
Slow responee: {0s.
Instrument reads (inal reading £0.1% of input chunge in stated
response lime.
Display rate
Fasi response: 4 rcadings per s.
8Blow responsge: 2 rcadings per s.

READING_ i .
ACCURACY = * %OF RANGE + £ % OF READING
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% CAUTION: {requencies and ranges in 1his area may result in
invatid reading wilhoout zanging indication.

* DC + AC functian and slow response tme only

& of gf resding specification s reprexentalive of typical flatness,




Funcilons
DC: responds 1o dc componcnl of input signal.
AC: responds to true rms value of ac coupled inpu signal,
AC + DC: responds o Lrue rms value of de and ac inpul signal;
reading is ¢)* + (ac rms)*,
Temparature coefficlent: +0.1 X reading accuracy™/°C outside
the 25°C £5°C temperalure range.
Accuracy: 90 days (25°C + 5°C. <95% RH. 17% of range to 190%
of range).

Input characterislics

Input impedance: <10 MHz.

1V to 1000 V range: 10 M +10% shunted by 19 pF +10%.

10 mV and 100 mY range: 20 M 1 10% shunted hy 16 pF £10%.
10 MHz to 100 MH2: the following (able gives maximum loading
due 10 inpul shunt impedance acrose a terminated source.

Syslem impedance Frequency
(saurce and load) 10 MHz 100 MHz
500 1% 10%
750 2% 20%
Crest factor:
2 Hxlo 25 Hz 2:1 at Jull range inpul.
>25 Rz 10:1 at full range wnput.

Maximum input vollage

Righ to low:

1000 ¥ rms, 1500 peak or 10* V-Hz on any range. Maximum dc voit-
ape in ac mode: S00 V de.

Low to chassia:

£500 V de, when Noated with special banana to BNC adapler.

Options

Autoranging 3403C option 001
Automatic ranging: uprange at approximately 190% of Tull range;
downranges at approximately 17% of full range.
Autorange time: fas( response: | s per range chiange. Slow re
sponse: 10 s per range change.

Digital output 3403C option 002

The digital outpul option provides data oulputs in digital form for
printer and sysiem applications. In addition, input lines are included
for external riggering of the instrument.

Remole control + digital outpul + autoranging (3403C Oplion
003).

dB display 3403C option 006

Measurement range: 108 dB (—48 dBV (o +60 dBV).
Calibrated dB reference: 0 dB = 1.000 V; reference level may be
set for 0 dBm (60082) by adjusting front panel dB calibration adjust-
ment.

Variable dB reference: reference level may be shifled downward
from calibrated posilion > 13 dB.

*dats from mocuracy charts

dB recorder output: oulput voltage: 200 mV for 20 dB. Outpul rc-
sistanee; | k@ £500 Q.
Accuracy: 90 days (25°C +3°C, <95% RF).

READING _
ACCURACY —

! dB FREQUENCY (Rz)

RANGE I =

1 A |DC¢A[,

[+ dB) + (+ dB)**¥

§ CAUTION: frequencies and ranges in this area may resuit In
lavalid readings without ranging imclication,

* DC + AC function and slow response time only
*% gpacification is representative of typical flatness.

General
Operating condltions

Temperature range: 0°C Lo 50°C.

Humidity: <95% RH.
Recorder outpul

Output voltage: 1 V de apen circuit for ful) range input.

Oufput resistance: | ki +10%.
Power: 113 V or 230 V +10%, 48 Hz to 440 Hz, 35 VA max. (in-
cluding ull optians).
Input terminala: BNC front panel connector standurd for low to high
terminals: rear panel connector available by internally reversing post-
tion of agc converter module.
Welght: including all options: Net 5 kg (11 1b): Shipping, including
all options: Net, 7.2 kg (16 Ib).
Dimenslona: 234 9mm wide X 127mm high X 196.8mm deep (99"
X § X T%").
Accesasaories furnlshed: (loating iidapter-hanana to BNC.
Model number and name Price

Option 001 zutorunging add §137

Oplion 002 digital output add $163
*Option 003 remole control + digilal output +

auloranging add $315
*Oplion 006 dB display add 8275

3403C True RMS volimeter $2095
*Optrons 003 and 096 are svailable only zs laciory lestalivd splians
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DVM Interchangeable modules and displays
Model 3470 system

Description

Hewlett-Packard’s 3470 is a low cost line of DVM™s using a [Mexible
snup-logether package. Two display sections provide a choice of 4 or §
digits, both with 100% overranging and LED display. These displuys
lock on o o choice of a DC Voltmeter, an AC/DC/Q Multimeler or a
high sensitivity DCV/DCA /9 meter. In addition, 4 temperature mod-
ule is available lor use with the four-digit display section. Battery pack
and BCD module are optionul. Funclions and ranges are clearly la-
beled. All maximum voltages arc indicated &l the input cerminals.
Voliage protection is 1200 V on uc¢ V and dc V: protection on ohms ex-
1ends to 350 V peak. This excellent protection prevents accidental
damage. Hewleti-Packard’s 3470 uses rogged metal castings held to-
gether by shock resistant slides. Modular constraction makes the 3470
versatile and capability muy be expanded as needed. Modules may be
shared belween displays. This system delers obsalescence.

Snap-oul PC boards make servicing cusy. Once the display PC
board and voltmeter board have been removed from the case. they
may be recombined. Components and tes1 points may he reached
wilhout extender boards or special connectors. A self-tesl jumper m
the display forces 1 full scule reading 1o act as a guick check.
34740A Display

This 4Y%-digit display locks on Lo any center section or voltmeter
module to form a ¢complcic DVM using a clear. LED display with 3
full digits plus 100% overranging.
34750A Display

This $¥:-digit display offers five-digit resolution with any vohmeter
modules shown on the opposile page. As with the 34740A, i1 uses a
LED display with t00% overrunging.
34701A DC voltmeter

This plug-on provides 4 ranges of dc from | V 10 1000 V al an eco-
nomical price.
34702A WMuliimeter

This plug-on provides four ranges of both ac and de plus six ranges
of ohms. AC (unction covers 45 Hz to 100 kHz. Ohms ranges are 100§}

lo 10 MQ full scule.

34703A OCV/DCA/OHM meter

This plug-on provides six ranges of de volts from 16 mV full scale (o
1000 V full scale. six ranges of de current from 1 gA ful) scale to 100
mA (ull scule. und cipht ranges of ohims from 1Q full ccile (0 10 M2
full scale. Autoranging and self-test Jurther expand the 34703's capa-
bilities.
342720A Battery module

This center seelion makes HP's 3470 into 4 portable DVM with up
to six hours of continoous operation. Batteries are rechargesable, Mod-
ule has side handles and from panel bauery charge indicator.
34721B BCD medule

This cenler section provides nonisolated BCD output for operation
with primers.
2802A Thermometer

Thss unit includes i thermomodule (lower unit) which contains tem-
peralure measuring circuls, probe connections und operaling con-
1rols; HP's 33740A 4V, digit display is included. Option 001 deletes the
display for those that want 1o use heir own 4Y; or 3, digit display.

34701A Specifications

DC valtage

Aange: 1 V 1o £1000 V full scale in four decade ranges.
Display: 4-digit (34740A) or S-digit (34750A).

Full range display:

Range §-digit display S-digit display
+1V £1.0000V +1.00600V
£10V +10.000V +10 0000 V
+100V +100.00V +100.000 V
+100 v +£1000.0V +1000.00v

Overrange: 100% cxcept 20% on 1000 V range.
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Range selectlon: manual pushbuttons.

Accuracy (30 days, +23°C £5°C, <95% R.H.):
4-digit display: +(0.03% rdg +0.01% rnp).
5-digit display:* +(0.023% rdg + 0.005% rng).

Temperature coefficient (0°C to +50°C):
4-dight display: +(0.0035% rdg +0.001% rng)/"C.
5-digh display: +(0.0023% rdg +0.0002% rng)/°C.

Stabliity (24 hours, +23°C +£1°C):
4-diglt display: +(0.01% rdg +0.005% rng).
B-digit display: *(0.008% rdg +0.004% rng).

Reading rate:

Display optlon 4-digit display 5-digit display
0pt 660 (60 Hz rejection) 5/s 5/s
Opt 050 {50 Hz rejection) 8/s 4/s

Input terminals: Mouating pair.

Input resistance: 10 MQ £0.1%.

Effective CMR: | k! unbilunce: >80 dB at dc.

Normal mode rejection: >60 dB at 50 Hz £0.1% (Opt 050) or at 6D
Hz +0.1% (Opt 060).

Maximum Input voltage: +1200 V, high to low; £500 V low 1o
chassis,

34702A Specifications (same as 34701 A except):

DC Voltage
Input restsiance: ). MQ £0.1% on | V and 10 V ranges: 10.1 MQ

£0.1% on 100 V and 1000 V ranges.

AC Voltage
Voltage range: |V ucto 1000 V ac full scale in four decade ranges.
Fult range display:

Range 4-digit display 5-digit display
1V 1.0000 v 1.00000 v
{13 10.000 ¥ 10.0000 V
100V 100.00 Y 100.000 v
1000 v 1000.0 v 1000.00 v

. Betause the internal temperalure dillers ort line and baltery operation, references must be adjusted 1o retain
this specification when type of power source is changed.

Detector: averupe-responding.

Scale: rms lor a sinewave,

Frequency range: 45 Hz to 100 kHz.
Accuracy (30 days, 23°C x5°C, <95% RH):

Display 45 Hz to 20 kHz 20 kHz to 100 kHz
4-digil +(0.25% rdg + 0.05% rng) +(0.75% rdg + 0.05% rag)
Sedigit +(0.25% rdg + 0.05% rng) +(0.75% rdg + 0.05% rng)

Temperature coefilclent (0°C to +50°C): £(0.03% rdg + 0.001%
ng)/°C.
Stability (24 hours, +23°C +1°C):

45 Hz to 20 kHz: £(0.15% rdg + 0.05% rng).

20 kHzx to 100 kHz: +£(0.4% rdg + 0.05% rng).
Response time: <2 s 1o within +0.3% of find vajue or 20 counts,
whichever is greater.
Input Impedance: 11.01 MQ £0.1%, 80 pF shunton 1 Vund I0V
ranges: 10,1 M2 £0.2%, 80 pF shunt on 100 V range; 10 MQ £06.2%,
R0 pF shunt on 1000 V range.
mput terminals: Noating puir.
Maximum Input voltage: 1200 V rms high to fow, except 2.5 X 10* ¥
Hz limit on | V range with minimum protection ol 300 V rms and
maximuin of 1200 V p: £3500 V, low (o chassis.

Resistance
Range: 1000 to 10 M) full scale in 6 decade ranges.
Fuil range display:

Range 4-digh display 5-digit display
1002 100.000 100.000%
1 k§2 1.0000 k&2 1.00000 kt?
10 k02 10.600 k1 10.0000 kit
100 k92 100.00 k2 100.000 k<
1 M@ 1.000¢ MQ L.00000 MO
10 MQ 10.000 M$2 10.0000 M$2
Overrange: [00% oo all ranges.
Accuracy (30 days, +23°C £5°C, <95% RH):
Range 4.dizit display S-digit display
10 MQ +(0.25% ndg + 0.02% rng) +{0.25% rdg + 0.015% rng)
Others +(0.05% rdg + 0.02% mp) £(0.045% rdg + 0.015% rng)

Temperature coefficient (0° to +50°C):
10 Ml range: +(0.033% rde + 0.001% rng)/°C.
Other ranges: +(0.006%: rdg + 0.001% rng)/°C.
Stabllity (24 hours, +23°C):
10 MQ range: £(0.1% rdg + 0.01% rng).
Other ranges: +£(0.02% rdg + 0.02% rng).
In;lwl terminalg: floating pair (different (rom vollage input lermi-
nals).
Currem through unknown: 10 mA on L00Q range decreasing one
decade per suceessively higher range.
Effective CMR: same as dcV specifications.
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34703A Specfﬁcations (satme as 34701 A except)

Range selectlon: Aule or manual.

DC voliage

Ranga: £10 mV to £1000 V full scule in six decade ranges.
Full range display:

Range A-dlgil display 5-digit display
10 mv +10.000 mV +10.000 mv
100 mV +100.00 my +100.000 mY
R +1.0000 v +1.00000 V
10V +10.000 V +10.0060 ¥
100V +100.00V +100.000V
1000 ¥ +£1000.0 v +1000.00 ¥
Overrange: 100% except 20% on 1000 V range.
Accuracy (30 days, 23°C +£5°C):
Range Adigit display 5-diyit display
10 my +(0.05% rdg +0.03% rng) +(0.04% rdg +0.025% rng)
100 mY
&1V +(0.04% rdg +0.01% rng) +(0.04% (dg £0.01% rng)
Oihers +(0.05% rdg +0.02% (og) +(0.05% rdg +0.02% cdp)
Temperature coefficlent (0° to 50°C):
Adigit display 5.digit display
Range (% rdg + % rng) per °C (% rdg + % rag) per °C
10 mV +(0.012 + 0.03%) +(0.003% + 0.0035%)
100 mY
[ AR 2(0.003% + 0.004%) +(0.003% + 0.001%)
Others +(0.004% + 0.001%) +(0.004% + 0.0005%)

Stabillty (24 hours, 23°C x1°C);

Range 4-digit display S-digit display
10 mV +(0.01% rdg + 0.03% rng) £(0.008% rdg + 0.025% rag)
Al others | *(0.01% rdg + 0.03% rng) +(0.008% rdg + 0.003F 1ng)

Input terminals: {loaling pair.

Maximum input voltage: =1200 V, high to low; £300 V, low 1o
chasses.

Input reslstance: >10"Q on 10 mV - 1 V ranges: 10 MQ £1%, 10V
- 1000 V ranges,

Etfective CMR (1 k{l unbalanee): >80 db at dc.

Normal mode rejection: >60 dB at 30 Hz £0.01% (Opt 050) or 60
Hz £0.1% (Opt 060).

Ohma: four-terminal measurement.

Range: 13 to 10 M full scide in six decude ranges.

Full range display:

Range 4-gigit display S-digil display
10 1.00009 1.00009
10Q 10.0000¢2 10.0000<1
1008 100.0600 100.000Q
1 k2 1.00000 k2 1.00000 k2
10«02 10.0000 k2 10.0000 kf2
100 k&2 100.000 k22 100.000 k52
1M 1.00000 MQ2 1.00000 M2
10 M0 10.0000 MQ 10.0000 MQ
Overrange: 100%.
Accuracy: 30 days. 23°C +5°C.
Range d-digit display S-digit display
10 — 1000 +(0.07% rdg + 0.03% ng) | £(0.06% rdg + 0.03% rng)
1kt -
1 MQ +(0.06% rdg + 0,01% mg) | £(0.06% rdg + 0.01% mg)
10 Mf2 +(0.12% tdg + 0.01% mg) | =(0.12% rdg + 0.01% mg)

Stability (24 hours, 23°C £1°C):
Rsnge 4-digit display

12 +(0.01% rdg + 0.03% tng)

10Q thru } MQ | £(0.01% rdg + 0.01% rng) | +£0.008% rdg + 0.009% rng)

10M0 +(0.05% rdg + 001% rng) | £(0.05% rdg + 0.009% rng)

Temperature coefficlent (0°C to 50°C):

5.digit display
+(0.008% rdg + 0.03% rng)

4.dlgit display 5-digh display
Range (% rdg + % rng) per °C (% rdg + % tng) per °C
12 +(0.0095% + 0.004%) £(0.0095% + 0.0032%)
10 -
1 MG +(0.0095% -+ 0.004%) +(0.0095% + 0.0002%)
10 M #+(0.0685% + 0.001%) +(0.0685% + 0.0002%)

Input terminal: Noating pairs (4 Lerminals).

Maximum voitage across unknown: § V.

Maximum current thru unknown: 10 mA on 19} range decreasing o
0.1 4A on 10 MQ range.

Overload protection: =350 V peak

Etactive CMR (1 k0 unbalance): >80 dB ul dc.

Normal moda rejection: >60dB at 30 M2 +0.1% (Opt 050) or 60 Hz
+£0.0{% (Opl 060).

DC current
Aange: | uA 10 100 mA full sea)e in six decade ranges.
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Full scsle display:
Range 4-digit display 5-digit display
1 uA +1.0000 pA +1.0000 pA
10 pA +10.000 A +10.000 zA
100 pA 4100.00 uA +100.00 pA
1 mA +1.0000 mA +1.0000 mA
10 mA +10.000 mA +10.000 mA
100 mA +100.00 mA 2100.00 mA
Overrenge: 100%.
Accuracy (30 days, 23°C x5°C):
Range 4-digit display 5-dight display
1 gk —1mA +(0.10% rdg +0.03% rag) | +£(0.09% rdg £0.03% rng)
10 mA =
100 mA +(0.30% rdg +0.03% rng) | £(0.30% rdg +0.03% rog)
Stabllity (24 hours, 23°C +1°C):
Range 4-digH display S-dlgit display
All ranges +(0.02% rdg + 0.03% rog) | £(0.018% rdg + 0.025% rng)

Temperature coefficient: +(0.004% rdg +0.004'% rng)/°C.
Maximum input current: 300 mA pk.

Input resistance: 10 k{2 on | yA range decreasing Lo 1§ on 100 mA
range.

Eftective CMR (1 k? unbalance): >80 dB at dc.

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

2802A Digital Thermometer is complete with 4 digit HP 34740A
display, less probe. Option 050 for SO Hz or Option 060 for 60 Hz op-
eration musl be specified.

Specifications

These specificalions are “tolal system specificutions™ meaning they
apply to both the instrument and the probe working together (not just
the best electronic specifications for the instrument by itself). HP
2802A Thermometer specifications relate directly (0 system perior-
mance under actual working conditions.

Rangea: —200° (o +600°C and —(100° to +200°C.

Resclution: 0.1°C on —200° to +600°C range, 0.01°C an —100° 1o
4+200°C range.

Accuracy: +(0.5°C £0.25% of rcading) on both ranges.

Display: 4", digits LED on HP 34740A Module.

Stability: +0.2°C for seven days (23°C £5°C ambient).

Linear ansalog output: | mV/°Con —200° 1o +600°C runge (=02 V
to +0.6 V FS). 10 mV,/°Con =100 to +200°C range {—1.0 V 1o +2.0
V FS). Voltage accuracy cqual to that of digilal display. Outpul im-
pedance | kQ on both ranges.

Environmental siandard: HP 2802A Thermometer operales within
these specifications in environments of 0° to S0°C and up to 95% rel-
ative humidity over most of this lemperalure range. After calibration
in some arbitrary ambient 1emperature, instrument calibration re-
mains valid with ambient lemperature changes up (o 10°C.

For the Tollowing probes, time constant is delermined ustng water
flowing at | m per second. Sensor ranges specified helow are nominal.
Consideration must be given ta heat deterioration of lead insulation
clevaled temperatures.

18641 A* Probe contatns the sensor in the tip of @ 13 ¢m (3 in.) stain-
tess stee! sheath, 6.4 mm (% in.) diameter, with armored cable 1.8 m (6
fr.) tong. It operates from —200° (o +500°C. 10 +600°C short term.
Cable movement must be prevented above 250°C. Time constant is
five seconds.

18642A* Probe is the same as the I18641A except that it has a
TeRon-tnsulated cxble 1.8 m long. This cable must be kept below
250°C.

18643A*® Probe contuins the sensor in the tp of a 13 cm stainless
steed sheath. For fast response, the last 5.1 em (2 in.) of the sheathvip
is reduced (0 0.32 ¢m (0.13 in.) diameter. This probe operates from
—200° 10 +500°C, to +600°C short term. It has a 1.8 m Teflon-insu-
lated cuble. This cable musi be kepl below 250°C. Time constant is 1.8
secoids,

*Tne HP ZB02A

For all models

Operating temperature: 0°C Lo 50°C,

Slorage temperature: —40°C 10 74°C.

Power: <87 VA ar 100V, 120 V, 220 V, 240 V + 5%, —10% switch-
able: 48 Hz 1o 440 Hz.

Weight: Net
34701A DC VM, 702A or

Shipping

34703A Multimeter 0.9 kg(21b) 1.47 kg (31b 4 0z)
34740A 4-digit display or
24750A S-digit display 1.36 kg (3 Ib) 1.92 kg (4 1b 4 0x)

34750A Battery module
34721A BCD module
2802A Thermomodule +
display
Dimensiona:
Display + mefer: 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 (O%” X 6%" X 3%").
With BCD module: 247 mm deep X 171.5 mm wide X 127 mm
high (9%" X 6%” X 57).
Accessories avallable: ]11096A High Frequency Probe, measures (0
500 Mz Accepis 0.25 V to 30 V signals with inpul impedance of 4
Mf{1 shunted by 2 pF: 11436A Read Out Test Card for testing and
troubleshooting cither display: 11457A Rack Mount Kit for either
display: 34721A BCD Module and one bottom section; | 1458 Carry-
ing Strup: 18019A Carrying Case accommodaltes either display, a
center section and a hotlom section plus power cord and input cables:
S6A-16C Cable for aperating S085A Digital Recorder; 18641 A Probe;
18642A Probe; 18643A Probe; 18644A Probe Kil.

2.27kp (5 1b)
0.68 kg (1 Ib & 02)

295 kg (61b 4 02)
1.25kg (21b 2 07)

227 kg (51b) 3.39kg(71b 8oz)

Accessorles Price
11096A High Frequency Probe S8
11436A Read Outl Test Card $57
11457A Rack Mount Kit (for cither display) 841
11458 Carrying Sirap 85
S6A-16C Cable for operating SO0SSA Digital Recorder $60
1BO19A Carrying Case $335
18641 A Probe $165
18642A Probe $150
18643A Probe S$180
18644A Probe Kit $1035
Model number and name

M701A DC Voltmeter S163
34702A Multimeter $2%5
34703A DCV/DCA/§! Meter $600
34720A Battery Module $221
34721B BCD Module $189
34740A 4-digit display 9365
34750 S-digit display $600
Option 050, 50 Hz rejection N/
Option 060, 60 Hz rejection N/C

2802A Digital Thermometer (includes 4i4-digit display
Opuion 00! — bottom module only), S750




he! DIGITAL VOLTMETER

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

[Th1] 3484A MULTIFUNCTION UNIT
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3480 C/D Description

HP's M480C/D Digilal Voltmeter covers a variety ol systems and
beneh applications. The four-digit matnframe has 50% overranging
which is available in two sizes, one-hall module 3480C. or full rack
width, 3480D. These mainframes nay accommodate any of three sig-
nal conditioning plug-ins. The 3482A plug-in has five dc ranges; the
3484A has five de ranges, five (rue rms ae ranges and six ohms ranges;
and the 3485A has up o 50 two-wire dec input channels,

Mainframe options further cnhance the flexibility of HP's 3480, To
digilize changing vollages at rites up 10 1000 readings/s, Option 001
Sumple-and-Hold is available. Qption 004 Isolated BCD is availuble
to provide digital outpul information.

HP's 3480 mauy be purchased as part of a portable data acquisition
system. the 2070A Data Logger. The 2070A combines a 3430C DVM
with a S055A Digita)l Recorder.

Options

The isolated BCD (Oplion 004) digital outpul option is desigoed 1o
transmit digital information from the DVM (o external devices such as
printers, Lape punches, couplers, computers. elc. Information trans-
mitted consisis of the reading, polarity. range, funclion. and over-
load. When the 3485A Scanning Unit is used, two digits of channel
I1.D. are also transmitted.

The Sample-and-Hold (Option 001) allows HP's 3480 10 be vsed 1o
economically digitize low [requency wave forms. Precision Tour-digil
measurernents are possible on a chunging inpul volluge at reading
rates up Lo 1000/s.

Somple-and-Hold is physically located in the 3480's muinframe.
[aput voltage is tracked vnlif a trigger is piven, thena Sample-and-FHold

freezes the input vollage nd holds it for the | ms digitizing period of

the 3480. Aflter digitization. tracking resumes avtomalically.
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Sample-and-hold specifications
Plug-in response lime, (0 & step input (0 settle io within 0.01% of finul
value.

PLUG-IN UNIT
34828 Jazan J485A
+100.00 mv 100 us 100 us 100 us
+1000.0 mv 70 us 70 us 70 us
RANGE  =10.000V 70 us 70 us 50 us
£100.00V 70 s 70 s
£1000.0 v 70 ps 70 us

Maximum plug-In slew rate: any plug-in. 8% «f ranpe/p.
Aperture time: time between the commeng Lo hold and the point in
time when the signal is actanlly held.

1. Il Sample/Hold is Iriggered normally, apertire time 1s 110 nx.

2. I Sample/Hold is triggered through 1he built-in delay. wcdd 105 us
to 1he normal aperture time. (Used when tputl amplifier must be al-
lowed 10 settle).

General

Operating temperature: 0°C 0 53°C,

Power: 115V or 230 V x10%, 40 Hz Lo 440 Hz, 60 VA max. includ-

ing any plug-ins or options.

Dimensiona:
3480C: 203.2 mm wide X 154.8 mm hirh X 406.4 mm deep (3" X
6%:" X 167). (Half-ruck width modulc).
34800: 422.8 mm wide X 85.7 mm high X 466.7 mm decp (16"
" X 18%"). (Rack width modulel.

Waights:
34B0C: net. 5.7 kg (12 )b 8 os); shipping, 7.65 kg (17 Ib).
3480D: nct, 6.15 kg (13 Ib 8 02): shipping 8.1 kg (18 lb),

3482A Description

HP's M482A has five dc voltage ranges sclectable either manoally or
aotomatically. The J482A has guarded oating inputs with switch-
able front and rear terminals. Triggering may be done munually, ex-
ternally, or internally using w front paael control. A three-position
input fitter provides scleciable deprees of normal-mode noise rejec-
tion. Isslated Remole Conltrol, Oplion 021, adds remote conirol over
ftlier and range.

3482A DC range unit specifications

DC voltages

Rangea:
Full range dlsplay: +100.00 mV, £1000.0 mV. £10.000 V,
£100.00 V and £1000.0 V.
Overrange: 50% on all but 1000 V range, 1200 V max input.
Range selgotion: manual, automalic or remote.
Automatlie ranging: upranges at 140% ol ringe. downranges at
10% of range.

Performance
Accuracy: (90 days. 23°C £5°C. <95% RH).
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3482A

100 mV range: =(0.01% of reading +0.02% of range).

All other ranges: +(0.01% of reading +0.01% of range).
Measuring apeed: (the lollowing apply only if no programming
changes of any kind occur cither during or between readings).
Response time to a step inpul

Filler out: | ms to within 1 count of final reading.

Flter A: 200 ms (o within | count of final reading.

Filter B: | s to within | count of final rcading.

Reading rate (without range change):

Manual: initated with front pancl pushbotion.

Internal: | to 25 per s with froat panel conlrol.

Extgrnal: 0 1o 1000 per s with external tripger.

Input characterigtics
Inpul resistance:
100 mV, 1000 mV, 10 V ranges: > 10'"Q.
100 V, 1000 V ranges: (0 MQ +0.1%,
Common mode rejaction: >80 dB, dc 1o 60 Hz (1 kf? unbalanced).
Normal mods rejection:
Filter out: 0 dB.
Filter A: >27 dB at 50 Hz and ubove.
Fitter B: >77 dB at 50 Hz and above.
Filter gselectlon: minual or remole.
Noise (100 mV range): 4 counts or less of rack will be observed 95%
of the time due Lo guussian distribution of the noise,
Maximum input voltage:
Guard 1o chassis: +500 V peak.
Guard to low: +200 V peak.
High to low: £1200 V peak,

General
Welght: ne( 1.9 kg (4 Ib 4 oz); shipping, 3.15 kg (7 Ib).

3484A Description

HP's 3484 A offers the same de capability as the 3482A dc range unit
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 mensurement capability 1o measure-
menl ol non-sinusoids. Freguency range extends from | Hz to (0
MHz. The ohms converter covers [rom 100.00 ohms to 10.000 meg-
ohm full scale. Remote selection of range, function and filter position
is possible with )solated Remote Control, Option 041.

3484A Multifunction unit specifications

DC voltage
Same specifications as 3482A DC Range Unit.

Ohms, oplion 042

Ranges:
Full range display: 100.0002. 1000.02. 10.000 k2. 100.00 k.
1000.0 k{2, and 10.000 MQ.
Overrange: 50% on all ranges.
Range selection: manual, automalic, or remole,
Automatic rangling: upranges at 140% ol range; downranges al
10% of range.

Jas4a MULTIFUNCTION UNIT
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3484A

Pertormance
Accuragy: (90 days, 25°C £5°C, <95% RH). 10009 thru 1000 kf?
ranges: £(0.01% of reading +0.01% of range).
1000 range: +(0.02% ol reading +0.08%: of range).
10 M) range: +(0.1% of reading +0.01% of range).
Measuring speed: (the following apply only il no programming
changes of any kind oceur cither during or between readings):
Response time lo a step inpul:
Filter out: 1002 thru 100 k! runges | ms to within | count of final
reading.
Fliter A: 1000 kQ range, 200 ms to within one count of Ninal read-
ing, 10 M@ range, 2 s to within | count of final reading.
Filter B: not recommended because of long response time,
Reading rate (withoul range change):
Manual: reading may be manually initiated with lront panel push-
button.
Internal: | 1o 25 s with front pancl control.
Extarnal: 0 (¢ 1000/s with external trigger.

input characteristica

Voltage across unknown: | V at ful) scale, all ranges.

Current thru unknown: 10 mA on 1001} range, decreasing one de-
cade on each successively higher range.

Overload protection: +75 V peak on all ranges.

True AMS AC voltage, option 043

Ranges:
Full range display: 100.00 mV, 1000.0 mV, 10.000 V, 100.00 V, and
1000.0 V,
Overrange: 50% on all ranges. 1500 V peak max mput,
Range selectlon: manual, sutomatic or remote.
Automatic ranging: upranges at [40% of range; dowaranges al
10% ol range.

Performance

Accuracy: (90 days, 25°C £5°C, 95% RH).
DC: x1.0% of reading, 60% to 150% of range.
AC: as specified by graphs.

Response
VAC (AC) function: responds to true rms value of ac coupled Inpul
signal,

VAC (DC) tunctlon: responds to true rms valuc af de and ac inpul
signal. Reading is /{dc)® + (ac rms)".

Funection selaction: manual or remote.

Input iImpedance: 2 M} paraliel 45 pF.

Crest factor: 7:] at (ull scale, derated linearly from 35 Hz 10 2.2:1 at
5 Hz.

Maximum inpul voltage

VAC (DC): 1500 V peak a¢, 100 V dc. (10 V dc max on 100 mV
range); de + nc = 1500 V max.

VAC (DC): (000 V rms; dc + ac = 1500 V max.

Measuring speed
Response time (without range change):
VAC (AC): | s to within 10 counts of final rcading (input chznge



from 10% 10 100% of runge) or 20 counts of Nnal reading (input
chaage from 100% 10 10% of range).
VAC (DC): 135 s 1o within 10 counts of linal reading.
Reading rate:
Manual: reading may be manually initiated with front panel push-
butlon.
Intarnal: ) to 25 per s with front pancl control,
External: 0 10 1000/s with external trigger.

Accuracy
YAC (AC) AC couplad (these spacificallons are for 80% of full-
acale and above):

FREQUENCY
10 Hz to 20 Ha 200 kHz to 1 mHr to
Range 20 Hy 10 200 kHx 1 mHz 10 mHz
100 mv £0.25% ol +2% of
and teading reading
1600 m¥ +0.2% ol +0.[% of
reading reading
10V, 100V +£0.4% of
and 1000 ¥ reading

VAC (DC) DC Coupled, AC component (these specliications are
for 60% of fullacale and above):

FREQUENCY
l1Hrto | 20Hrto | 100 kHzto 200 kHz 1o i mHz bo
RANGE 20 Hr 100 kHz 200 kHz 1 mHz 10 mB:z
100 mV +0.25% of +2% of
and reading reading
1000 mV | £1% of %0.1% of reading
reading
10V, 100V +0.4% of
and 1000V reading

DC component 1% of reading
Welght: Net, 2,75 kg (6 b 2 oz). Shipping. 3.6 &g (§ 1b).
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3485A

3485A Description

HP's 3485A 1s a dc Scanning Unit with up o 50 two-wire floating
inputs and three de voltage ranges from 100.00 mY 1o 10.000 V full
scale. By using FET swilches, scan rales ap to 1000 channels/s are
possible. Scan modes include step, single scan, continuous scan and
random. Dwell time on each ¢hannel may be varicd in six steps from
onic sccond 10 “'nonc.” Inpul resistance is > [07(). Autoranging is stan-
dard and (he 34BSA has a swilchable 30 dB filter. Isolated Remote
Conirol, Oplion 057 allows remole control over ranges, filter, scan-
ning modes and random or last channel.

3485A Scanning unit specifications

Channels

Number: up 10 S0 channels which may be purchased in increments of
10 channels.

Input configuration: floaling FET swilches with separate Guard for

cvery block af 10 channels.

fAanges

2100 00 mV, £1000.0 mV, and £10.000 V.

Overrange: 50% on all ranges, £350 V max mput.

Range selection: manual, automatic, or remole.

Automatic ranging: upranges 140% of range; downranges of 10% of
range

Time required: 1.3 ms$ per range change.

Performance
Accuracy (80 days, 25°C, <96% RH):

100 mV range: (0.01% of reading + 0.04% of runge).

1000 mV and 10 V ranges: +(0.01% ol reading + 0.01% of range).
Maximum operational voltage (for rated accuracy):

High fo low: 15 V dc.

Guard to chessls: 50 V peak.

Guard to low: X10 V peak.
The algebraic sum of all voltages in u path between any low to any
high must not exceed %13 V peak.
The maximum algebraic voltage difference belween any low 1o any
other low muost not exceed %15 V peak.
Maximum Input voltage:

High o low: 130 V peak.

Guard to chassls: +50 V peak.

Guard 1o low: 250 V penk.
Measuring speed: (ihc [ollowing apply only il no programming
changes of any kind occur either during or between readings).
Response time to 8 step Input:

Filter out: | ms to withm | count of final reading.

Filter Ir: 250 ms 1o within | counl of final reading.
Scanning rate:

Manual: up (o 2 channcls per second.

Automstlc: up 10 1000 channels per second.

Remote: up 10 1000 channels per second.
Autorange time:

Fliter out: .35 ms per range change.

Fliter In: 250 ms per range chunge.
Channel delay time: (scicctuble) 1's, 500 ms, 250 ms, 125 ms, 62 ms.
none (1 ms digitization time).

tnput characteristics
Inpul resistance (25°C, +£5° <86% RH): >10°Q.
Effective common mode rejectlon {1 kQ unbalanced):

DC: >80 dB.

AC (50 — 60 Hz): Filter out: >70 dB. Filter in: > 105 dB.
Normal mode rejection: Filter: 0 dB. Filter in: >27 4B at S0 Hz and
above,

General

Weighl: Nei, 3.2 kg (7 Ib, 3 oz). Shipping, 4 kg (8 Ib, 14 oz).
Optlons avallable: Price
3480C. Oplion 001, Sample-and-Hold §525
J480C. Optlion 004, Isolated BCD Digital Oulput 3393
3480D, Option 001, Semple-and-Hold $523
3480D, Option 004, Isolated BCD Digital Oulput §195
3482A, Option 021, Isolated Remote Control $22)
34844, Option (41, Isolated Remote Control $221
3484A. Option 042, Ohms Converter 3250
3484A. Option 043, True RMS AC Converler 31150
3485A. Option 051, 10 Channcls 5150
3485A, Option 052, 20 Channels £300
3483A. Option 053, 30 Channels $450
3485A, Option 0354, 40 Charinels $a00
3485A, Oplion 055, 50 Channels 5750
3485A., Option 057, Jsolaied Remote Controt §325
Model number and name

3480C Digital Voltmeter §1040
3480D Digital Voltmeler 51075
3482A DC Range Unit 51025
3484A Multi-lunction Unit 1195

3483A Scanning Unit $1695
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Description

Hewlert-Packard’s Model 3490A Multimeter is u five-digit integrat-
ing digitai voltmeter. The basic instrument measures de voltages, ac
voltages, und resistances. Additional measurement capabilily is
achieved by the addition of low cost options.

HP's 2490A uses a dual slope integrating technique and is fully
guarded, providing excellent noise immunity at five readings per sec-
ond on all de ranges. Ranging is automatic over all ranges on all func-
tions, DC measurements can be made with 1 gV resolution on the 100
mV range. AC voltage measurements can be made from 20 Hz to 250
kHz in four ranges. The | V range provides 10 4V of ac vollage reso-
lution. Ohms measurements can be made, utilizing the four-wire con-
version technigue which eliminates errors due 1o test lead resistunces,
Six ranges of ohms, including a 1002 range, are provided. All func-
tions and ranges include 20% overranging except the 1000 V range.

Dlaplay

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 retiability of
this LED display assures maximum life.
Self-test

At the flip of a switch, Hewlett-Packard's 3490A Digital Multi-
meter sequences itsell through 10 tests that check timing signals and
uutoranging cireuits, validate the performance of most logic-circuiy
IC's and check the six-digit LED display. These tests, and six others
provided by six additional front-panel switches. cut calibration costs
und ensure the DMM is ready 10 make accurate measorements.

FUNCTION

DIGITAL VOLTMETERS /g

Five-digit digital multimeter with self-test
Model 3490A
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DC functlons

The standard 3490A inctudes five ranges of d¢ measurement capa-
bility from 100 mV (o 1000 V. Measurements are made {rom the front
panel at a precise five readings/s, and at slower rates, using digitally
controlled sample rate setector. High input resistanee, > t0°Q on 100
mY, | V, and 10 V range. assures accuratc measurcment of high im-
pedance sources,

FUNCTION
WO l

AC functions

Four ranges of ac measurements are provided. The average ac value
is accurately detected, and the rms value is displayed with five digits of
resolution, Full autoranging, wide frequency response, and 20% over-
ranging ure designed-in features to permil easy operalion.

RAMGE
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Ohms

Six ohms ranges are standard, and all ranges provide true four-wire
ohms measurement capability. Maximum current through the un-
known is approximately | mA. Over-voltage protection for ohms
sensing lerminals insures maximum protection against inadvertent ap-
plication of a high voltage to aohms terminals. Over-voltage protec-
tion is provided lo 250 V and fuse prolection to 1000 V.
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Model 3490A (cont.)

Serviceability

HP's 3490A has been "designed for serviceability.” Inside, the
3490’s low parls density provides easy access [or servicing. Test painls
and jumpers are keyed 10 detailed diagnostics.

Several diagnastic aids are available to further minimize 3J490A re-
pair lime. A service video tape, Accessory No. 11128A, will dernon-
strale use of self-test and front panel symptoms to isolate failures. The
[ {126A accessory provides a set of IC reference boards with most of
the 3490A logic IC's for use with HP 10529A Logic Comparator.
Using these boards with 1he Logic Comparalor, a faulty IC can be iso-
lated in seconds withoul removing it from the circuit. Also, a spare
parts set, Accessory No. [1127A, contaming most critical compo-
nents of (he 3490A, will be available.

Options

Systems applications

Model 3490A offers buili-in flexibiliny for sysiems applications.
HP's 3490A offers both HPIB interface and a bit parallel (BCD coded)
interface. This combination provides (he necessary versatilily Lo
configure the dowest cost instcument system.
Aatio, opl 080

DC/DC and AC/DC three-wire ratio measurements can be conve-
niently added 1o the 3490A. This capability offers both auto-polarily
and a selection of 1wo reference ranges. The | V and 10 V ranges are
specified from 10% 1o 120% of selected range. Ratio Tunclion 1s nol
programmable.

50 Hz operation, opt 050
60 Hz operation opt 060

Maximum noise immunity is achieved when power line frequency ts
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 vnigue mea-
surement capability.

The Sample/Hold option has twa modcs of operalion Lo solve dif-
ficult measurement problems.

Track and hold: in this mode, input voliage is held instanily upon
receiving an external command. This mode is useful in digilization of
repetitive or transteni waveforms.

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

Digital output, opt 021 and remote control, opt 022

These options provide digital controt und data output in the paral-
Jel BCD code of R-4-2-1, cither negative or positive (ruc logic. Selec-
tion is accomplished by positioning an internal switch. The remotc
conirol option provides complele control of all functions, ranges, and
external trigger commands. The digital oulput option provides nine
columns of information which includes lunction, polarity, dala, and
range, These options may be purchused separalely to meet specific ap-
plication requiremenis. Either of these oplions require Qption 020
Systems Expand.

BCD/remote

Both Option 021 and 022 require Option 020, BCD/Remole Ex-
pand. This oplion provides the required internal and external connec-
lors 1o permit user installation of Digital Output, Opt 021 and/or Re-
mote Control, Opt 022 and should be ordered x un initial oplion on
H¥'s 3490A. This option includes rear terminals in parallel (switch-
able front/rear terminals are available as 2 special - HI9).
HPIB (character serlal bit parallel) data Inpul/output, opl 030

The dals control and data output option permils HP Model 3490A
to operate on a single data/conirol bus with up to 14 other in-
struments. This serial code is an eighl-bit byle typically using an
ASCll-type coding. A unigue “talker/listener™ address structure
makes the sysiem's hardware more economical and associated sofl-
ware much simpler. The HPIB is compatible with Hewlett-Packard
Maode! 9800 Series calculators as well as Hewletl-Packard compuaters.

Specifications

BC voliage ranges

Full range display: +.100000 V. £1.00000 V, +10.0000 V. £ 100.000
V. £1000.00 V.

Overrange: 20% on all ranges except 1000 V sange.

Range selection: muanual. automatic, or remote (optional).

DC voitage performance
Accuraey: *(% of reading + " of range).

0.1 ¥ Range 1 Vie 1000 V Range

% (dg. % rop. % rdg. % (g,

28 hrs (23°C £1°C) +(0.005 + 0.001) +(0.004 + 0.001)
30 days (23°C +£5°C) +¢0.01 + 0.005) £(0.008 + 0.002)
90 days (23°C £5°C) £(0.0) +0.005) +(0.01 + 0.002)
6 months | (23°C +5°C) +(0.013 + 0.005) 2(0.013 + 0.002)

! year (23°C £5°C) | £(0.015 + 0.005) +(0.015 + 0.002)

DG voltage Input cheracteristics: Fully puarded with 140 dB
ECMR at dc and 60 Hz £0.1% with | kf? imbalance belween guard
and low.
Maximum input voltage:

0.1 V to 1000 V ranges: +1500 V peuk.

Quard to chassgis: +500 V peak,

Guard to low: %200 V peak.
Input resistance:

0.1V to 10 V ranges: >2 X 10'9). (<20% R.H.).

100 V and 1000 V ranges: (0 MD £0.15%.
Maximum reading rate: 5 readings/s.
Normal mode rejection ratio: 50 Hz £0.1%; 60 Hz £0.1%; >50dB.
Notes:
1. On the 1000 V runge, add 0.04 ppm/voll (o the % of reading speci-
Neation.
2. Thermal EMFs generated external 1o the DVM may be compen-
sated to achieve the G of range accuracy specified by utilizing \he reas
panel zero adjust provided in the 3490A.

AC voitage ranges
Full range display: 1.00000 V. 10.0000 V, 100,000 V, 1000.00 V.

Overrange: 0% on all ranges except 1000 V range.
Aange selaction: manuul. automatic, or remole (aptional).



AC voltage performance
Accuracy: =(% of reading + % of range):

20 Hy — 50 Hz $0 Hz — 100 kHz 100 kHz - 250 kHz2
24 hes (23°C £1°C) +(0.32 -+0.05) (0,09 +0.025) +(0.7 +0.06)
30 days (23°C £5°0) +(0.35 +0.05) +(0.1 +0.025) +(0.75 +0.06)
90 days (23°C +5°C) +(0.35 +0.05) +(0.1 +0.025) +(0.75 +0.06)
& months (23°C £5°C) *(0.40 +0.06) +(0.1 +0.03) +(0.75 +0.07)
1 year (23°C £5°0) +{0.45 +0.07) +(0.12 +0.035) +(0.75 +0.08)

Ohms performance

Accuracy: x(% ol reading + % of runge).

Note: Thermal EMF's generated external to the DVM may be com-
pensated to achieve the % ol range sceuracy specified by utilizing the
rear punel) zero adjust provided in HP's 3490A,

0.1kQ 1 k§} — 100 kit 1000 k) 10,000 kQ
% rdg. % mg. % 1dg, b mg. Hrdg.  %mg %rdg. &g
24 brs (23°C £1°C) +(0.006 -+ 0.001) +(0.005 + 0.001} +(0.007 + 0.001) £(0.025 + 0.001)
30 days (23°C £5°C) *(0.012 + 0.005) £(0.010 + 0.002) £(0.012 + 0.002) £(0.035 + 0.002)
90 days (23°C £5°C) £(0.012 + 0.005) £(0.012 + 0.002) +(0.015 + 0.002) £+(0.035 + 0.002)
& months (23°C £5°C) +(0.015 + 0.005) +(0.015 + 0.002) +(0.020 + 0.002) 2(0.040 + 0.002)
| year (23°C 25°C) +(0.018 + 0.005) +(0.018 + 0.002) £(0.025 + 0.002) £(0.050 + 0.002)

AC voliage input impedance

Without rear terminals: 2 M$) +1% shunted by <65 pF.

With rear terminals: 2 M +1% shunied by <90 pF.

AC voltage maximum reading rate: | rcading/s.

AC vollage reaponse lime: <! s (o within rated accuracy for a step
input applied coincident with encode Irigger.

AC maximum [nput voltage: 1000 V rms; x]500 V peak.
Notes:

1. Guard must be connected o low.

2, On the 1000 V range, add .01 ppm/(volt-kHz).

). Frequencies > 100 kHz specified on | V and 10 V ranges only.
4. Specifications are for input fevels above 1/100th of ull scale.

Ohms ranges

Full range display: .100000 k{2, 1.00000 kf1, 10.0000 kQ2. 100.000 k2.
1000.00 ki, 10000.0 kQ.

Overrange: 20% on all ranges.

Range selectlon: manual, automatic. or remole (optional).

Ohms terminal characteristics
Maximum voltage generated across unknown: 20 V for overload:
13 V for valid reading.
Ohma current thru unknown:
0.1 kQ to 10 kQ range: | mA.
100 k! to 1000 kQ range: 10 uA.
10,000 ki} range: 1 uA.
Ohms overload protection:
Nondestructive: 250 V rms.
Fuse destructive: 1000 V pecak.
Ohme maximum reading rate:
0.1 kQ to 100 kft range: S readings/s.
1000 kil range: 4 readings/s.
10,000 k2 range: 2 rcadings/s.

General

Data cutput (BCD), option 021

Duta oulput is 1-2-4-8 TTL outpul which is compatible with HP
S62A, 50508, und 505SA Digital Recorders. Either high true or low
true logic code cun be selected with an internal switch.

Remeote control, option 022

The remote control option uses a low true logic (BCD type) code.
Required voliage levels for input signal and output signa evels are
listed below.
BCD snd remots terminals:

High Level Low Levet
DVM Inpols +39V £15V, +03V 03V,
100 uA max 2 mA max
DVM Oulpuls +39V £15V, +0.3V £0.3V,
400 pA max 15 mA max

Operating temperature: 0°C 10 50°C.

Warm-up time: one hour warm-up required to meet all specifica-
tions on the 0.1 V range and the 0.1 kQ? range. Thinty minutes warm-
up required (o mecl all other specifications.

Humidlty range: <95% R.H.. 0°C 1w 40°C.

Storage temperature: —40°C to +735°C.

Power: 100V, {20V, 220V, 240 V +5%, —10%, 48 Hz to 400 Hz line
operation <60 VA with all options.

Dimenslons: 425.4 mm wide, 85.7 mm high, 466.7 mm decp (16%" X
%Y X IBWS).

Welght: net. 9.38 kg (20 Ib 11 oz); shipping. 11.79 kg (26 ib).

Options Price
020: BCD/remote expand, includes rear (crminals in

parallel £221
021: BCD* — Tlull parallel, 1-2-4-§ code §275
022: Remote® — full paralel, 1-2-4-8 code $189
030: HPIB remote control and data output 3975
040: Sample-und-hold® $490
045: Sumple-and-hold (withoui Opt. 020 or 030) $518
050 or 06D: 50 Hz or 60 Hz operalion N/(
080: Three-wire ratio 5221

Rack mounting kit furnished.
Modal number and neme

3490A Digital Multimeter (includes ac, dc, & ohms) %1785
Opt D50 Noise Rejection for 50 Hz N/C
Opt 060 Noise Rejection for 60 Hz N/C

"These ophions require BCD/Remole Expand Dption 020,
Nole: -Rack mounling réquires support in rear of instrumenl



DIGITAL VOLTMETERS

Multi-function meter
Model 34508

+10995%2

Description

Hewlen-Packurd's Model M30B Multi-Function Meter is a five
digit integrating digits) volimeler. The busic instrument measures dec
voltage and de voltage ratios. Added measurement capability is
achieved hy addinon of plug-in options, all of which can be easily in-
stalled in the field,

HP's 3450B uses « dualslope integration technique and is fully
euarded. providing excellent noise immunpity a1 15 readings per sec-
ond on all de ranpes. Ranging is automatic over al) ranges on 21 l'une-
tions. Adding the ac option allows ac measurements from 45 Hz 1o )
MH2 wilh true rms response. Six olims ranges meluding a 100§! range
arc provided with the ohms option.

Rutio capability is integral in the basic insttument. When ac and
ohms options are instalied, ac and ohms rativs can be measured. Ralio
measurements are made in a truly isolated fushion, allowing measure-
ments never before possible.

A limil test option allows digital comparisons against Lwa prese-
lected limits. This capability is applicable Lo all functions with ao deg-
radation in function performance. Digital outpul, remote control and
rear inpul options are also available, allowing you to tailor order u
343508 10 mect your precise measurement aecds,

Specifications

DC voltage ranges

Full range dleplay: +100.000 mV, £1.00000 V. £10,0000 V.
4+100.000 V, and + 10X.00 V,

Overranging: 20'% on all ronges.

Range galection: manual or automatic. Remote optional.

DC voltage performiance
Accuracy: 30 day (25°C x5°Q).

100 mV range: | £(0.008% of reading, +0.01% of range)
1 ¥ thru 1000 V ranges: % of reading, +0.002% of range)
80 day: |(25"C £5°C) add 0.002% of range ‘o 30 day specifications.

DC voltage measuring speed
1/10 s inlegration period: 380 ms reading peniod.®

1/60 s integration period; 65 ms reading perod.®

Autorange lime: same as reading period per range change.

“Without raape thsage.

DC voltaga Input characterlstics
Input reslstance:

Normal mode rejeclion (NMR):
80 Hz +0.1%: >80 dB (Opl HOI): >60 dB {1/10 s integration pe-
riod), >30 dB (1/60 s integration penod).
Effective common meode rejection {ECMR):
DC: 160 dB.
41/10 8 Integration perlod: min of 145 dB.
1/80 8 Infegralion perfod: min of 130 dB.
AC vottage — opfion D01: True rms-responding (45 Hz 10 1
MHz).
Ranges
Full range display: (.00000 V, 10.0000 V, 100.000 V, and 1000.00 V.
Overranging: 20% on al! ranges. (1500 V peak on | kV.)
Range selection: manual or sulomatic. Remole optional,

Peflormance
Accuracy: 90 day (25°C x5°C).
“Nofe 1500 ¥ peak = 1060 V for » nne wive

1200V RMS
IMAXIMUM 1500Y PEAK)®
“”"“‘[aﬂv. o] or 3% ars%~p,,
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Input characteristics
Input Impedance:

Front terminale: 2 M} shunied by 90 £10 pF.

Resar terminals: 2 M({} shunied by 135 15 pF.
Crest factor: 7:1 ([ > kHz, bandwidth = | MH2z).
Maximum inpul voltagae: same as dc voltage except <1000 V de
offser on X fcrminals (£ 1500 V peak maximum including de ofTset).
Measuring speed:

100 mY, | V and 10 V ranges: >10107).
100 V and 1000 V ranges: 10 MQ £0.1%.

Maximum Input voltage {peak value):

K-ingui Y-Input
High (o low: £1500 V High to low. £:200V
Low lo guard: %200 V Low lo guard: 4200V
Guard to chassis: 500 V Guard lo chassis: £500 Y
Xlow to Y low, £200Y

lategration Reading period Milorange time
period (without range change) (par range change)
1/10s 217s 27

Instrument reads within 0.1% of final value in one reading (rom 10%
of range (0 100% of runge,

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: 207 on ull ranges.

Range selectlon: muanuul or automatic for X input. Remote op-
tonul for X input. Automatic for Y inpat.



Performance
Accuracy:
90 day (25°C £5°C).
4{0.01% of reading® +0.002% of ratio range
Y range X 0.003%).
Y voliage
Shad 0.005% of reading lor X ieput >100 V

Inpui characteristics

Input resistdance, effective common mode rejection, normal mode re-
jeetion and max. Input voltage: same as de voltage specifications,
Input voltage: sumc as do voltage specifications.

AC rstlo — option 301: True rms-responding

Viubd ratio measurements can be made {or Y inputs between 0.1 V and
120 V and X inputs between 0.1 V and S00 'V,

Overranging: 0% on all ranges.

Range seleotlon: manual or aulomatic for X input. Remote op-
rional for X input. Automatic for Y inpul.

Performance
Accuracy: 90 duy (25°C £5°C).
+(0.2% of reading +0.01% of ritio runge + sum of uccuradies of X
and Y inpuls determined from ac accuracy graph).
Input characteristics
Input configurstlon: isolated four-terminal, guarded.
Input impedance: same as ac voltage for X and Y.
Crest factor: 7:1 (I >1 kHz, bandwidth = | MHz).
Maximum input voltage: same us de voliage, except <1000 V J¢
affset voltage on X lerminals,
Ohms, option 002
Ranges:
Full range display: 100.000f, 1.00000 k2, 10.0000 k€. 100.000
k{2, 1000.00 k2, and 10000.0 ki
Overranging: 20% on all ranges.
Range selections: manual or automatic. Remote aptional.

Performance
Accuracy: 10 day (25°C £5°C).

10002 range: +(0.01% of reading +0.01% of range).

1 kf2 thru 100 k§} ranges; +£{0.0}% of reading +0.002% of range).
1000 k2 range: +(0.02% of reading +0.002% of range).

10000 k() range:  £(0.1% of reading +0.002% of range)

90 day (25°C £5°C): add 0.002% of range to 30 day specifications.

Measuring speed N
Same as de voltage except 165 ms reading period and autorange lime
on 10 MQ range with 1/60 s integration period.

Input characteristics
input configuration: four-wire, puarded.
Current through resistance:
10002 thru 10 k() renges: | mA.
100 k{1 and 1000 k2 ranges: 10 uA.
10000 kQ range: | xA.
Effective common mode rejection (ECMR): same as dc voltage.
Normal mode rejection: saine as dc voltage.
Overload protection: +200 V peak for X or Y input.

Ohms ratio, option 002

Valid ratio measurements ean be made from Y inputs between 100§}
to 12 M) and X inputs between O and |2 MQ.

Ovaerranging: 20% on uall ranges.

Range selectlon: manual or sutomatic for X input. Remole op-
tional for X input. Automatic for Y input.

Performance
Accuracy: 30 day (25°C x5°C at lerminals) £(% of ratio runge + %
of ratio reading error).

Where:

G of rutio range error = +(0.004% + v }:csi:::r%;

X 0.002%5).

% of ratio reading crror is the greater percentape given helow (or ci-
ther X or Y resistance.

[5% ] 0.55% To.w. [ 0os% | oo2z* | 005% | o.z%\

00 1000 1k 2k SN 500 k2 SN 1240
“0.01% for rahins helween 5.95 ang 1.05 if X and ¥ are detween 10 & 1nd 590 b
Y rangea: | k{2, {0 kQ. 100kQ, | MQ, and 10 M. 90 day (25°C
+5° al terminalg).
Same as M) dav specification except % of ralio range error =

+(0.004% + —1RANEE_ o 50035,

Y Resistance

Input characteristics

Input configuration: isofated four-terminal, guarded. Two wircs per
resistor.

Current through X and Y resistance: sumc as ohms funclion.
Effective common mode rejection (ECMR): same as de voltage for
X input.

Normal mode rejection: same us de voltage for X input.
Overload protection: £200 V peak Tor X or Y mpul.

Limit test, option 003
Capability:
Applicable to: dc, dc ratio, ac, ac ratio, ohms and ohms ratio. No
degradation in performance of above six functlions.
Limit gelection: Two four-digit limils (with 20% overranging). in-
cluding polurity, are sclectable in 1-2-4-8 BCD {orin with external clo-
sure to grouad through <3 kQ (2.8 mA max) or application of —0.5 V
o +2.5 V.

Output signats

LimH indications: High, Go, Low from pane] lights defined as fol-
lows: High limit £High; Lower limit £Go <High limit; Low <Lower
limit.

Digital culpul, option 004

Output lines: print command; trigger or print command hold off;
BCD output of function: polurity; range or ratio range; and digital
data. Levels are O V and 12 V or § V selectable.

Remote control, option 005

Program lines: !4 s integration period;* 100 ms delay;* 10 MQ input
resistance.® ext. trigger;* integration delay; remote program: func-
tiom; nonralio range; ratio range decimal point.

*nese remote capabiliboes are included in the basic 34508 ind do not require the addition of Option 005,

General
Operaling temperature: 0°C to 50°C, unless atherwise spegified.
Storage temparature: —40°C o +75°C.
Power: 115V or 230 V £10%, 50 Hz t0 400 Hz, <75 W (including all
options, normal environmental conditions).
Dimensions: 423 mm wide, 88 mm high, 542 mm deep (164" X
3t X 21%).
Weight:

Basic Inslrument: net, 14.1 kg (31 Ib).

including all options: nei, 16.3 kg (36 1b).

Shipping: 22.7 kg (50 Ib).
Model number and name Price
Option 001 AC Converler (adds ae, a¢ ratio) add 81355
Option 002 Ohms Converter (adds ohms and chms
ratio) add S460
Option 003 Limit Test add S410

Option 004 Digital Oulpul add 3247
Option 005 Remole Control add $285
Option M6 Rear Input Terminals (288 front/rear

selector switch and rear terminals) add 379

H30-3450B, Optimum Noise Rejection for 50 Hz line
HO1-34508, Optimum Noise Rejection for 60 Hz line
with progrummable fitter

H13-3450B. Optimum Noise Rejection for S0 Hz line
with progrummabie filter add $3890
2450B (includes de and de ratio) $3995
For more complete technica! information, contact your local HP of-
fice for a data sheel.

ndd 568

add 5323




np! DIGITAL VOLTMETERS

Integrating DVM
Model 2402A

+ Precise measurements despite severe noise

B i e

Description

HP's 2402A combines 43 measurements per second sumpling rate
with the precision and measurement flexibility expected fram « labo-
ratory mstrumeni for computerized and noncomputerized dola ac-
quisition systems use. High speed and high accuracy are achieved at
tow levels without preamplifiers in this integrating digital voltmeter.

Instrament design virually eliminates errors caused by extraneous
noise without imposing restrictions on the grounding of the signal
source. recording device, or programmer. or upen the measuring
speed of the instrument. HP's casy-1o-use 2402A permits maximum
versatibity of application (hrough its control and input/output fea-
tures.

High wccuracy in a DV M 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 fioated und
guarded input circuit climinates common mode noise error. Com-
bined. these techniques yield effective cammon mode noise rejection
greater thin 126 dB (2 million to 1) at any frequency, including de.

HP's 2402A rcads average value of applied voltage over a i sec-
ond sumple period, and provides maximum rejection of superim-
posed noise at 60 Hz (Y second optional). Since no input filters are
employed. it provides both noise rejection capabilily and rupid aceu-
rale response Lo step inpul required for data acquisition system appli-
calions. Superimposed noise rejection holds for combined signal plus
noise amplitudes 1o 130% of full scale.

Model 2402A featuses a guard that completely isolates the {loating
measuring circuit from (he chassis, breaking the common mode loop.
The combined effect of guarding and averaging a 60 Hz, 100 V peak-
to-peak common mode polential will not cause any discernible error
in reading on any range.

AC voluuges 1o 750 V peidk can be meusured on four ranges {rons |
V10 1000 V when the 2402A is equipped for oplionul ac voltage mea-
surement, 1L is adapted for ac voltage measurement by instailation of
plug-in ac-lo-dc converter and conirel boards. The converter is
uverage-reading and is calibrated in rms with respect to sinusoidal
input. D¢ voltage Snput connectors are ulso used for ac input. The
same guard provides common mode rejection for ac and de voltuge

measurements, Overload detection circuil of the baste 2402A protecis
the ac converter,

Resistance measurement to |3 megohms can be made on five ranges
from 1 k{2 10 10 M when the 2402A is cquipped with this option. It is
adapred for resistance measurement by installation of a plug-in ochms-
10-dc converter and control boards and a four-wire guarded rear pancl
connector. The converter s instadled inside the guard, assuring (ree-
dom {rom ¢common mode errors.

HP’s 2402A may be equipped for frequency measuremenls 1o
199.999 kHz Frequency measuremerit 1¢ a plug-in option.

Specifications

(For +10% linc voltage variation and six months operalion, ussun-
ing daily calibration against intemal siandard after 30-minute wirms-
up.)
DC voitage measurement
Noise rejectlon: overall effeclive common mode rejection: (ralio of
common mode signal to its effect upon readings). 160 dB at dc, de-
creasing to 126 dB zhove 30 Hz (infinite rejection cusp gives 168 dB el
fective CMR at 60 Hz +.15%). Overall rejection combines common
mode rejection and superimposed noise tejection.
Input clreuit: 1ype: Moated und guarded signal pair. Signal low and
guard may be floated up 10 500 V above chassis ground with up (o
1000 V input signal (maximum low-to-guuard voltage is 30 V).
Ranges: 100 mV und 1. 10, 100 and 1000 V full scale selccted by front
panel switch, external programming or auloranging.
Ovarranging: to 130% of lull scale, excepl on 1000 V range. Self pro-
tected on any range against input vollage to 1000 V. Protective cir-
cuits resel sulomatically for cach new reading.
Input impedanca: greatec thaa (000 M on 100 mV, 1 Vand 10V
ranges: 10 M§ on 100 and (000 V ranges.
Internal calibration standard: (independent of measuring circuit).
Derived from stabilized reference diode operating in constant tem-
perature oven: maintain specified accuracy for six months.
Measurement speed: 1o 43 measurements per second when Irig-
gered externally, self-triggers al speeds continuously adjustuble Yrom
one measurement every (0 seconds 1o 10 per second,
Accuracy: (source impedance 10 k., 43 measurements per sec, 10%
linc voltage vartation afler 60-minute warmup.)

Range 1V 10V, 100V, 10BO ¥ 100 b

Short term (24 hour) 0.003% rdp £0005% 7.5
Jccuracy 0.003% rdy +0.0082FS. (0.005% rdg in overrynge}
(25" 2170 (0 G06% 19¢ In overcange) Bafow 30 mV acturacy improves Yo

3V £0.008% rép

0.01°% rdg £0005% F §.
{D.015% rdg in overrange}

Below 30 mV accurazy impraves (o
34V X0018% rdg.

Long tarmy (§ months)
1ccurary 0.01% rlg £0.003% F.S
(125" £)°C) (0.013% rdg :n oveirange)




Temp Cifecl Par ©C change from
catltrale temparsture
150 A0°C 0.0015% rdg £0.00015% F 5. 0.0015% rdg £0.0006% F S
1000 15" Cor 0.002% rdg £0.00015%F5 0.007% rdg £0.0006% F.5
40t 50°C

Aesolution: ! part in 130,000 on 6-digit display: 100 mV range dis-
plays readings o | gV,

AC voltage measurement option 002
Common mode refection: {60 dB at de, deercasing to 120 dB at 60
Hz and 6 dB per octave [or noise [requencies sbove 60 Hz, with 10Q
between guard connected Lo low side of source and low side of input.
Input clreuit: Noated and guarded signal pair. Signal low and guard
may be flouated up to S0 V above chassis ground with maximum input
valtage applied.
Input voltage iimitations: 240 V peak on | V range, 750 V peak on
all other ranges withou( damage.
Input impedance: | M( 1% shunted by 200 pF {moximum).
AC only operation: [reguency range: 50 Hz to 100 kHz.
Ranges: 1, 10, 100, and 1000 V full scale, selected by Iront pancl
swilch, external programniing or autoranging.
Overranglng: 10 130% of full scale, except 530 V rms on 1000 V
range.
Accuracy (with respect o standard used for calibration):

50 Hr 100 Hz 10 th1 30 kHx 100 kK

frequency® | Redp %0 | Redy £ | Srdg £50 | Trdg 2% Trdg 2 %08
Accueacy 0oy Joo5 |066 003 |006 |0.03 |0.08 | 005 |03 9,08
@28 £1°0)
Response eriot®® | 01 — |80 - | 002 - |0.02 - 1002 -
Ripple ervoi**= 003 - |o.02 - - - - - - -
Temperature
eciee"
(Fer "Cehange in | 0004 | 0.063 | 0.004 |0.003 | 0.004 |0.003 | 0.007 | 0,003 | 6.013 | 0.003
ambient from
25°C, over 1010
50™C range)

*Straight line interpolation hotds for frequencies: between paints
*=Applicable only 1o step input (received ftom dats sySlem signal scanner) of autorange opevation
S®8Ripple error decreases | B dB per octave above 85 He, 18 réro al 60 H2 betause of superimposed noise rejec-
fign of basic instrumen!
s magsomes, calibration of 24024 agains! internal standard at 25°C ambient. Calibration of 2402A at opetaling
temperature decieases % rdg temperafure effect 0.0009% per “C.
AC on dc operallon: maximum dc component: =200 V op any
range.
Ranging: must start from 1000 V rgnge, proceed 10 lower range as
required.
Peak input: uc plus dc (o 100% of full scale, cxcept 750 V peak
maximum on 1000 V range.
Measurement speed: 1o 1.9 externally-Lrigpered measurements per
second. Self-triggered measurement rate adjusiable from | measure-
ment every 10 seconds to 1.6 per second.
Resaolution: | partin 130,000 on 6-digit display: 10uV on | V range.

Resislance measurement option 003
Noige rejection: measurement circuit enclosed in same guard as dc
circuil, reducing eflect of ac common mode noise when guard is con-
nected to Jow side of test resistance. Double-shielded cable extends
guard to lest resistance.
Input circult: puarded, modilied four-terminal ¢ircuit: unknown re-
gistor can be either grounded or Noating.
Ranges: | k0. 10k, 100k, | M, and 10 MQ (ull scale, selected
by front panel swilch, external Iprugrar.nming or optional auto-
ranging.

Overranging: to [30% of full scale, Self-protected on all ranges
against up to 30 V across resistance input.
Absolute accuracy:

Resistance ranye 1 040 100 A2 1 g 10M¢

Measuremant 1 mh 1 mA 100 g4 10 A 1 JA

cufrent

Accuacy 31 25°C Frdg A5fy 0.013% 1dg £0.003% & Yrdg + %fs
. 00 v |

Temperature 0.004% 3¢ U.0003% It per “C ditfarence ot ambient with respect to 23°C

etleqy® over 0t 50°Crangy

*Callbratlan af 24024 against interna) andard al cperating bemperature decreases & rdg temparature #tiect
Q.0015% per “C. Yo 0.0025% rdg per “C

Mesgurement speed: 1o cight externally triggered readings per scc-
ond. Sclf-triggered measurement rate is adjustable from one mea-
surement every 10 seconds to 4.5 seconds.

Resolution: | part in 130,000; 0.01§ on 1 kQ range.

Frequency measurement option 005

Frequency range: 5 Hz to 199999 kH..

Gate time: 1 sccond: provides | Hz resolution.

Accuracy: (1 count  lime base stability); ume base aging rate; 2
ppm per week over 20 1o 30°C: time base lempersture effect; 100 ppm
over range 10 to 30°C.

Input

Amplitude range: 0.} (o 100 V rms.

Pulse or square wave input: ncgative | 10 100 V amplitude, 2 ps
minimum duration, 50% maximum duty cycle.

Impedance: | MQ shunted by (50 pF.

Maximum vollage: 150 V peak de plus ac or pulse.

Autorange option 001

Range selection: dc voltage ranges; each time autoranger is pro-
grammed, il starts on | V range to (ake advantage of fust up-ranging.
While autoranging is continuously prograinmed, autoranger starls al
range selected for previous reading, sequences 1o higher or fower
fange as required. AC voltage ranges; autoranger starts at 1000 VY
range, sequences 1o lower range s required. Up-ranges m 136% of full
scale, downranges at 10.2%.

General

Display and system interface: 6-digit display, BCI) output and
program inputs. Polarity, decimal, measuremen units, calibration
and averload conditions indicated automatically and included in sut-
put as funclion and decimal digits.

Operating conditions: specifications apply for ambient tempera-
tures 10 1o 50°C, relative humidity to 90% at 40°C, altitude to 15,000
feel, maximum storage emperature 40°C.

Power: 115 or 230 V 0%, 50 to 60 Hz, 150 VA.

Dimensions: 425 mm wide. 133 mm high, 495 mm deep behind panel
(16%" x 54" x 19'4"): hardware furnished for 19* wide rack mount.
Welght: Nel. 22.2 kg (49 Ibs); Shipping, 25.4 kg (56 Ibs).

Options Price
001: Aulorange add $325
002: AC Mcasurement add $750
003: Resistance Measurement add $850

004: 50 Hz Noise Rejection
005: Frequency Measurement
006: 8§-4-2-1 BCD Oulput
008: 4-2-2-1 BCD Output
Model number and name
2402A (ntegrating Digital Volimeter SE800

add $120
add §400
add $300
add $210
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DIGITAL VOLTMETERS

Six-digit dc digital voltmeter (1 part 10 resolution)

Model 3462A
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Description

HP's Modct 3M462A, 6Y: digit DVM, offers a resolution of | part in
1,200,000 at 20% overrange with sensitivity of 1 gV on the | V range.
The potentiometric-integrating technigue is used in e 3462A. True
average of inpul voltage is measured over a lixed sample perind. Ac
curacy results largely {rom the potentiomelric principle using preci-
sion resistiance ratios and a stable reference voltage. This, in combina-
tion with the integration and guarding system, rexults in superim-
posed noise immunity of un inlegrating DV M while retaining potenti-
omeiric accuracy.

Four voltage ranges from | V to 1000 V full scale are selectuble
manually, automatically, or remolely. 1n addition o remote control,
HP's 3462A has a BCD digital output for digital recording of data.

Specifications
Ranges

Full range display:
+)000.000 V.

Ovarranging: 20% on all ranges.
Range selection: manual, automatic. or remote.

£1.000000 V; 1000000 V: +£100.0000 V.

Performance
Accuracy (90 days, 25°C £5°C, <50% RH): +(0.004% of rcuding
+0.0002% of range).
Accuracy (80 daya, 25°C +£5°C, <95% RH): +(0.004% of reading
+0.0004% of runge),
Siabliity (conatant termperature £1°C, <50% RH):

24 hr: £(0.0015% ol reading +0.0002% of range).

180 dey: =+(0.006% of reading +0.0004% of range).
Temperature coslficlent (0°C to §50°C): +(0.0002% of reading
+0.00002% of range) per °C.

Maasuring speed
Reading period (without range changas): 1. sec. on all ranges.
Autorange time: 60 ms.

Input characterigtics

Maximum input vollage (peak value):
RHigh to low: £1500 V.
Guard to chsassels: +500 V.
Quard to low: x50 V.

input resistance:

1010} wilhin £5% of null,
otherwise 10°Q +0.03%

100 V and 1000 V ranges 1071 4:0.03%

Input Impedance: 40 pF in purallel with 10°Q ar froat panel.
Eflective common mode rejection (ECMR): > 160 dB.
Norms! mode rejecilon (NMR): >40 dB a1 50 Hz and above,

Ramote Control )
Remote operation, Irigger rate, rangce scleclion and put resistance
ure selected by contact closures to ground through <100,

1 ¥3and 10V ranges

s EFFECTIVE COMMON MODE REJECTION
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Digital output
BCD outpute: 7 digits of data plus polarity, decimal Jocation and
overfoad.

General

Operating temperature: 0°C 10' 50°C unless specified otherwise.
Storage temperature: —40°C (0 +75°C.

RFI: meets MIL-[-6181D.

Power: 115V or 230 V £10%, 50 Hz 10 60 Hz, 90 VA.
Dimensalons: 425 mm wide X 127 mim high X 543 mm deep (16%” X
57 % 21%M.

Weight net 17.2 kg (38 1b); shipping 25.4 kg (56 1b).

Accessorlies furnished Price
HP 11065A 6-f1 rear inpul ¢able, guarding preserved.

terminated end maies with 3462A N/C
Addilional cablc <30
HP (108SA rcmote conlro) cable N/C
Additional cable $32
HP ruck mount kit N/C
Accessorles and options available

HYP 50508 Digilal Recorder, basic instrument with 18-

column capacity and 3 code discs

Column boards and cables required (or operalion ire

nol included £2150
Option 001, 1-2-2-4 BCD outpn N,/C
Option H50 (oplimum noise rejection for SO Hz tine fre-

quency) add 568
Option 001, option HS0 (1-2-2-4 BCD oulput and opfi-

mom nois¢ rejection for 50 Hz line frequency) add 368
3462A Digital voltmeter £5835
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Description

Hewlett-Packard’s M89A Data Punch is & combination coupler
and paper tape punch. Features include an internal timer for anat-
tended data logging and a data counter to add line numbers. Oulpuf
format from the 3489A is controlled by a pin-bourd so that any paper
tupe code may be punched, such as ASCH, EBCDIC, BCD or
CCITT, Special characiers 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 aceepts up to eight BCD digits of measurement data
plus one for range and one (or function,

Character code for the punched tape can be programmed to be
compalible with virtually all computer, telex and calculator systems.
Up (o 10 special characters can be programmed for data formatling
on punched tape.

The data punch can be set to sample a measurement at intervals
from one to 99 seconds or minuics.

Internal data counter automatically adds a four-digit 1.D. 10 each
reuding. This number may be used as line numbers or simply to iden-
tify readings.

Front panel pushbutions ¢an be used tw punch identification char-
acters on the fape.

Specifications

Punching speed: 70 characters/s nominal,

Punched tapa format: zny code up 1o § bits can be programmed.

Tape Information: accepts all standard widths of paper, oiled paper,
mylar ar metallized mylar. Holds 300 meters (1000 1) standard reel.
Winder capacity is B0 meters (260 ft) equivalent (o 32,000 characters,

Interface lines

Dats: TTL compatible, 8 BCD coded digits plus 8421 only,
Punch (print) command: voltage step from high level 10 low level or
low fevel ta high level, TTL compatible.

Hold-off-signal: high or low level selectable. TTL compatible.

General

Operating temperature: +(0°C 10 +40°C.
Humidity: 0 to 95% RH over full iemperatare range.
Welght: shipping, 23 kg (52 Ib).

DIGITAL VOLTMETERS

Data coupler/data punch
Model 3489A

Dimensions: 425 mm wide X 230 mm high X 533 mm deep (16%" X
9" x 21°).

Power: Option 050: 230 V £10%, 50 Hz. Option 060: 115 V £10%,
60 Hz, 145 VA muax.

Options and accessorles aveilable:

Option 00) Bypass Card: allows up to 8-bit parallel characters from
an external device (e.g. compiiter) (o be punched directly.

Oplion 002 Time Input Card: accepts up to sis BCD digits and can be
enabled by rear panel switch or by remote signal.
Acceassories and options

11462A Cuble Assembly: connects between BUD input
of data punch and HP 34R0C (or D) with 3485A plug-
in. add $S80
11463A Cuble Assembly: conrects between BCD input

of diata punch and 3480C (or D) with plug=in 3482A or

J484A, add $80
11465A Cable Assembly: connects between BCD input

of diata punch and 5326A (or B or €) with $327A (or B

or C) plug-in. udd $80
11466A Cable Assembly Open-ended: connects bétween

BCD, bypiuss or time connectors on the data puach and

an unspecified data source. add §75
[1468A Adapter Box: allows datu punch to initiate scan

Price

cycle of J485A, 1485A requires apl. 057. add 3115
11469A Test Card: aMows punch sequente to be
“stepped” on manual command. Logic levels can be
analyzed as an 1id to troubleshoobing. add §185
11471A Junction Box: allows parallel operation of
J480A with SOSOB or SOSSA and 3380C/D. A 11462A
or 11463A and (wo 562A-16C interface cubles are re-
quired with the [I471A. add $165
Option 001, Bypass Input Cird add $185
Option 002, Time Input Card add $245
Option 050, 230 V /50 Hz N/C
Option 060, 115 V/60 Hz N,/C
02116-6178 (vne supplied with instrument) Connector
Kit add §75
5060-1742 Extender Board add $23
5060-8742 Rack Mount Kil add £13
562A-16C Printing Cable add 5100
3489A Data Punch $3670

hp




DIGITAL VOLTMETERS

Data logger
Model 20704
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Description

HP's 2070A Datu Logger combines a 3480C one-half module DV M
with a 3035A onc-hall module line printer. Both units are combined in
a portable fan-cooled cuse.

HP's 2070A Data Logger is 3 complele data acquisition system that
can usc uny one of three plug-in units.

The 34824 DC Range Unit is vsed with the 34§0C mainframe to
providc five guarded dc voltage ranges. Range selection may be mun-
ual or autonultic, An internal xumple rite control is udjustable from
one reading per second (o 25 readings per second, HP'S J4E4A Muli-
function Unit provides the same dc capability as the M82A DC Ruunge
Unit plus five true rms ac ranges and six ohms ranges us additionul
oplions. With rrue rms ac oplion, measurements can be made over the
frequency range of | Hz to 10 MHz. The ghms vption covers the
runge of 100 ohngs full scale to 10 megohms full scaje. The J4835A
Scanning Unil is used with the 3480C /0 mainframe 1 datu yequisi-
lion systems where du readings on up (o S0 channels are to be tuken at
rates up to 1000 per second. Dual floaling FET swilches are utilized to
permil guarded [loating mecasurcments at high scan rates.

HP"s 3480 mainframe requires | ms 10 make an anatog 1o digital
conversion and the input signyl level must not change during this time,
The sample /hold oplion effectively “lreciis’™ a time varying input sig-
nal for i ms, insaring that the analog to digital conversion will be ac-
curate. Samplc, hold may be activaled by an externat command or by
the internal sample rate control. Tracking of the input signal resumes
avtomalically afler each reading is completed. Sample/hold is useful
when nyeasuring rump linearity, pulse height, scltting time, threshold
levels and in digitizing low frequency wavelorns,

3480C Digital voltmetar

Onc-hall modute 3480C DVM is equipped with Oplion 004, Iso-
tated BCD. Sample-and-hold (Option ¥01) can be included. Any one
of three 3480 plug-ins muay be ordered optiopally with HP's 2070A.
Sec pages 44-46.

S055A Digital recorder
One-half module, 5055A Digital Recorder, is a 10-column linc
printer. Printing up to 10 hnes/s, it accepts ink roller or pressure sen-

sitive paper. Paper used is MZ"7 fold, From pangl light controls in-
clude a power switch, a stand-by/operate swilch, i paper advance
button and 4 mianuval prink butlon, See page 247,

Specifications

2070A Aear panel controls

Standard:
Line switch: for both 3380C and SOSSA.
Exlarnal trigger: BNC conneclur brings oul Measure line from
3480C.
Trigger mode switch: locul mode ultows fronl panel samplc rate
control 10 be used Exterma) mode disables front panel sample rate
control.

Optlon 001, sample-and-hold

Maode: local ar remole (rigeer may be selected.

Delay: "On" sclects u 105 ys delay in measurement trigger, O se-
lects immediate measorement irigger. Sample-and-Hold connector
provides externit! trigger lines, program lines and analog oulput Yines.

2070A Data iagger
Tacludes 3480C Oplion 004 and 5055A Digilu) Recorder in fan-
cooled combining cuse.

Model number and name Price
Option 001, Sample-and-Hold 5540
Option 082, ¥482A DC Raunge Unit £1025
Option 842, 3484A Muliilunction Unit with de and

ohms S1415
Oplion 843, 3484A Mublifunction Unil with ac ang de $2345
Option 844, 3484A Multifunction Unit with ac/dc/

ohms 52508
Option 831, 3485A Scanning Unit with 10 channels $1845
Oplion 852, 3485A Scanning Unil with 20 channels $1995
Option 833, 3485A Scanaing Unit with 30 channels §2145
Option 834, 3485A Scanning Unit with 40 channcls $2295
Option 855. 1488A Scanning Unit with SO channels 52448
Ogtion 857, Isulutzd Remute Control for the 34854 §125
2070A Duala Logger $3080



s Powerful on-line data analysis
® DU, AG, and ohms measurements

® FEasy 1o learn programming

Description

Adding a scinner 10 4 multimeter and controlling them with a cal-
culator yields a low-cost solution to data sequisition and analysis
problems.

Scanning random channels under calculalor contre), measuring de,
a¢ wnd ohms at up Lo 4 readings per second, and calculating results on-
line or off-line are accomplished by HP's 30508 Data Acguisition Sys-
tem. Wilh a 395A Scanner coupled Lo the front end of an HP Model
UGOA Dgital Mulumeter, the systemn measures de in 5 ranges from
100 mV to 200 V with | gV resolution. AC is measured in 4 ranges
from 1 V ta 200 V with 10 gV resolution over the frequency range 20
Hz 10 100 kHz, and resistance is measured from 100 ohms (o 10 meg-
ohms with 1 millichm resolution.

Two switching assemblies are available with the 3050B: a low ther-
mul assembly and s relay actuator assembly. The low thermal assem-
bly has 10 fully guarded channels for swilching low level, guarded in-
puts 1o (he DVM, Two low thermal assemblies can be used to provide
fourwire ohms measurenrent capabilily with just one seanner.

The relay actuator provides 10 two pole relay closures for conlrol of
external swilches, low current power supply distribution, or actival-
ing low power devices. Multiple channel closure can be programmed
on this assembly for 1C or circuit board testing.

Data logging is under contral of an HP Model 98204, 9821A or
9830A Programmable Calculator. At the same time, the caleutator can
be programmed to do any mathematical calculations reguired, from
transducer lincarization (o statistical analysis. Parameters such as
pressure. lemperature. lorque, velocity, aceeleration and weight can
be measured with appropriate transducers.

in low level dala acguisition measurements, certain system specifi-
calions are particuliarly important because many parameters are ordi-
narily converted into low level electrical signals by transducers. Full

DIGITAL VOLTMETERS g

Automatic data acquisition system
Model 3050B

scale output on some of these transducers can be as small as 20 mV
and a change in outpul voltage due to parameter change is also quite
small. For example, a typical thermocouple generates i potential of 22
&V /5F. For signals of this [evel, the 3050B sensitivity of | gV is man-
datory. In addition, the 3050B has an uncertainly of less than 3 uV dil-
ferential thermal em{ noise from the scanner input to minimize the ef-
fects of temperature gradients across the switching reeds.

Measurement capability is sometimes timited by common-mode
noise signals that may be converted 10 normalamode noise and thus
added 1o the signal being measured. HP's Model 3050B System
achieves o 120 dB elfective common-modve ratio by making fully Hout-
ing measurements with a switched guard connection for each chun-
nel.

Since Model 30S0B uses an integrating DYM, the most common
source of measurement error. power line relaied noise i rejected und
does not affect the measurement, The systent has greater than 30 dB
normal-mode noise rejection ratio,

Hewlett-Packard's 3050B Calculator Cantrolled Duta Acguisition
System is wseful in varied applications.

f1 can be used for transducer sensing in environmental monitoring:
gathering pipeline and well data: furnace and {lue temperature moni-
loring: monitoring temperature of standards Jabs and enviconmental
enclosures; annealing and heat treating monitoring (including tem-
perature profiling): and physiological parameter monttoring. HP's
30508 can be used in manufacturing lesting including multipoint cir-
cuit bourd testing, high volume component and transducer testing und
calibration; manufacturing process monitoring and control; or design
analysis of initial computations to prototype lesting, mechanical or
electrical. Data logging of multiple channels; low level de volts, ac
volts and resistance measurement capability; 1ime pacing: hasd copy
oulpui: magnetic data slorage: as well as data analysis Tor: outpul in
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Model 30508 (conl.)
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engineering units; transducer linearization and compensution; aver-
age values dnd standard deviations: trend analysis; design computa-
tions; real time process profile; cfficiency and fust time information:
g0, no-go hmit testing; and comparison with historical test data can be
accomplished with this Hewletl-Packard system

In the fredd of data acguisition, two general measurement solutions
have been available. The simplest alternative is basic data logger (voli-
meter /scanner combination with printer or punched tape outpud)
which has no on-site computational capability for analyzing data.
When simultancous data unalysis or closed loop control based on
measurement results are required, an on-line computerized voltmeter/
scanner system 15 used.

Now, HP's 3050B enables you o mave up o on-line data analysis
for reliable real-time results without commitiing the money and sup-
port required for « highly capuble and complex computer data acqui-
sttion system. In application, HP's 30508 will: (1) control system in-
struments, (2) acquire and convert anulog dala from physical sensors
to digital form. (1) distribute low current power supply voltages or ac-
tivate fow power devices, (4) correct data for nenlinearily und offscl
and convert M 1o meamingful scienilic units, (5) store daia on mag-
nete cards or tape, (6) determine test results, (7) perform high level
statistical and historical analysis, and (8) print, plol. or display re-
stlts,

The most significant effeel is an increase in accuracy and dependa-
bility, while at the same time releasing skilled people rom the costly
routine of meter reading and performing tedious test procedures.
Hewlelt Packard Interface bua/TTY-RS232C

HPIB Systems capabilities can now be expanded Lo include the use
of telelypes. or equivalent RS232C equipment, as Bus 1/O devices.
This capability is provided through the usc of a new S9400A interface
module that is available as an option to HPIB systems.

The TTY interface module converts all HPIB data and cantrol lines
to a serial bit stream of digital information. This information is out-
put (oF input) in two commonly used electrical formats (i.e., current
loop and RS8232C voltage level) for interface (o teletypes and related
RS$232C cquipment.

TTY or Terminal may be used as a “dumb™ controller of bus sys-
tems (instead of. or in addition lo. caleulutar or camputer). This per-

mits these common 1/0 devices Lo be used as u simple system control-
fer at a remote site for testing purposes. remote readout for HPIB sys-
lems. ot storing test data on punched paper ape.
Hewlelt-Packard Interface bus/common carrier Interface
Systems option 59403A.

The 595403A is a4 new HPIB instrument designed to overcame the
present HPIB length restrictions of 50 feet. Up to 3,000 feel of addi-
tional length can be obtained with just two CCIl modules; while with
optional modems, fength is limited only 1o the distance covered by
available velephone networks.

The CCI module converts all HPIB dats and control lines to a se-
rinl bit stream of digital information. This information can be sent in
this form te another CCI up to 3,000 feel away, or it can be fed inlo a
nodem for conversion 10 & dala format that can be used over tele-
phone lines. The sume CCl/Modem eombination mus( be used at each
end of the phone line.

The uptionasl 300 baud modem (30 HPIB characters/sec max.) al-
lows most HPIB systems measurements to run at normal speed. As
faster modems become available, greater data acquisition speeds can
be obtained.

A DAA (Data Access Arfangement) must be rented from the phone
company 10 connee! 1 modem o the gial-up nelwork. Automatic Diul
option provides “hands-ofT™ connect o desired telephone circuit.

The HP 59403A enables an inexpensive remole sysiem without a
minicomputer Lo do dnta code conversions and program the individ-
ual system componenis. The CCl/Modern combination climinales 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 eable ro the CCI.

3050B Specifications

DC voltage: 5 runges, 100 mV 10 200 V maximum. 5 digits provide )
#¥Y resolution on 100 mV range.

Accuracy: £(% of reading + % of range) (23°C £5°C).

0.1 V Range 1 V10 1000 V range
30 days +(0.01 +9,005) +(0.008 +0.002)
90 days +(0.01 +0.005) +£(0.01 +0.002)

Temperature coefficient:
0.1 V range: +(0.001% of reading +0.0007%) ol runge/°C.
1V to 1000 V range: £(0.001% of rcading +0.0003% of
range)/°C.

System uncertainty: <3 uV differential EMF.

Common mode rejection ratio: 120 dB ECMR zt de and 60 Hz

+0.1% with | k2 imbalance belween guard and low.

Normal mode rejection ratlo: 50 Hz £0.1% and 60 Hz £0.1% both

50 dB.

AC voltage: 20 Hz lo 100 kHx. 4 ranges, ! V o 200 V.

Accuracy: +(% of reading + % of range)

90 days {23°C £5°C).

20Hz ~ S0 Kz 50 Wz — 100 kH:

(035 +0.05) | +(0.1 +0.025)




Temperalure coofficient: +(0.002% of recading +0.001% of
range)/°C.
Ohma: twao-wire chms stundard, (our-wire ohms is easily accom-
plished with two low thermal assemblies for each 10 four-wire ¢han-
nels maximum of 20 four-wire channels per scanner.
& ranges, 100Q o 10 M.
I mQ resolution on 100Q range.
Accuraey: +(% of reading + % of range)

90 days (23°C £5°C)

0.1 k2 ! k(2 = 100 kQ 1000 k2 10,000 k02
+(0.012 +0.005) | £(0.012 +0.002) | £(0.015 +0.002) |{£0.035 +0.002)

Temperature coelfficlent: 0.1 k2: +(0.001% of reading +0.0007% ol
range)/°C; 1 kQ ta 10.000 k{2 £(0.001% of reading +0.0003% of
range)/°C.

Current thru unknown: 0.1 kQ 1o 10 k& runge: | mA: 100 ki) 1o 1000
k§ range: 10 pA: 10,000 kQ range: t pA.

Channels
Number: 10 - 40 fully guarded channels. More than 40 channels
available, expandable 10 520 channels.
Type: three pole, low thermal dry reed relays. Third pole is osed to
swilch guard and is not low thermal.
Voliage: 200 voltx peak.
Current: 200 mA (noninductive).
Power: 2 VA,
[solation: > 101{),
Maximum Input voliage: 230 V between any two input terminals.
Guard to law: 200 V.
Relay acluator assembly:
Caution: four use only in circuits fused at 2 A or less.
Channels:
Number: 10 to 40 channels (more than 40 channels xvailable).
Type: Two-pole armature relay. Single unswitched guard for 10
channels. Any combination ol 10 channels may be closed simulta-
neously.
Maximum contact ratings:
Voltege: 100 V nms.
Current: 2 A rmis.
Power: 200 VA,
Systemn uncerlainty: <30 pV differential emf.

General

Three calculators avallable: HP 9820A or 9821 A memaory size 1.7k
— 16 bit words for writing programs and storing data (expandable to
5.8 k). HP 9830A memory size 1.7 k — 16 bit words (expandable 1o 8
k).

9820A Calculator memory size: 435 repisters for storing data and
program sleps. 360 of these are available when the supplied User De-
finable Functions sysiem control routines are loaded into memory.
Dala can be manipulated to get two readings stored in one regisler.
Interface input/output slots: lour 1014], One is used for system, feav-
ing three for other peripherals.

ROM glota: All positions are used. 11221A Math, 11224A PCII, and
112224 UDF ROM'’s are supplied in the JOS0A system.

Typical system speeds

a. 3495A Scanner switching time: low thermal assembly: 10 ms; ac-
tualor assembly: 40 ms.

b. Opilonal calculator delay: 9320A: progrum deélay can be added if
additional delay is required for settling, ete.

c. Voltmeter sample period with fixed range (In milliseconds):

*0.1 k02 1000 10,000
3490A ~100 kQ2 ki k)
biv AC
60 Hz 200 1000 200 250 550
50 Hz 240 1200 249 300 660

“AC rexponse lime: less than 2 5 o wilhin ratod nocurscy for 2 step input agplied coincddent with encode tngger

d. Calculator data maalpulation: 9820A: data can be manipulated
and stored or output during the 3490A sumple peried (o shorten test
time. Since oulpul requires i significunt wmouat of time, the results of
i test could be stored to be output later; thus decreasing actual test
time, Add all of the following typical caleulation times that will be
used during cach measurement loop to oblain the wal cafeulation
lime,

Operation [+, = | x | + |7 | tog | esm | X}V | sin | 1an

Time(ms) | 4 | 6 |15 | 20 [s0 | 55 | 126 [ 100 | 70
Cassette readings

Output l | Plol II 1 only | 1 sequential

ime(ms) | 200 | 5075 | 2000 | 5000

e. Calculator instrument conlrol: Sysiem: includes setting scanner
channel and wecepting reading from 3490A. 30 ms minimum (this is
slowed down when using the supplied UDF control routines for pro-
gramming convenience].

Scanner E F!
GlEE . B

Intertace and decumentation

All interface and assembly is done at the fuctory, The system is de-
tivered in an equipment rack rewdy Lo turn on and conneet the scanner
inputs.

Ogperaling and programming manuals with programming iostruc-
tions and example programs to aid in writing your specific test rou-
tines and instrument control routines are also supplied.

Operaling temperature: 10°C (o 40°C.

Powaer: {08 V 1o 125 V: 210 V 10 250 V. 50 - 60 Hz. 240 VA maxi-
mum typical.

Weight: Depends on options. Nel. 67.5 kg approx. (194 Ib) (stan-
dard); shipping: 124 kg upprox. (273 1b).

Optlions Price
001: tca channel low thermal relay assembly (order one

or more Option 001 to oblain desired number of chan-

nels) SH00
002: 1en channel relay actuator assembly (order one or

more Option 002 to obtain desired number of actuatar

channels. Option 001 and Option 002 may be used in

OVM

|
I
|
|
]
[
Calculator |

any combination) S400
004: 230 V line N/C
006: Large equipment rack (36" panel height) add $210
008: Delete standard 357 rack (instruments come ia 14"

combining case) less 600
007: additional scanner (onc required for each addi-

tional 40 channels up to 520 channels or maximum of 13

HPIB devices including DVM and calculator 1/0) $700
008: 3490A Sample and hold S485
The standard 3030B is supplied with a 1.7 k (16 bit

word) memory 9820A. Other controllers and memories

are available with the following options.

020: 9520A, 5.8 k memory $ 1885
021: 9R2IA, 1.7 k memory and casselle $1000
022: 9421 A, S.8 k memory and casselte $3500
023: 9810A /9866A, 1.7 k memory & cassetle $4020
024: YRI0A j9866A, 7.9 k memory & cusselle §7600
050: 50 Hz tine NJC
080: 60 Hz line NJC
(Optian 050 or 060 must be ordered)

3050B (must have at least one Option 001 or 002) $13,650
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General information

COMPONENT TEST SELECYION GUIDE

Frequency C in farads, L in henrias or R in ohms Bazic Accuracy See
1 1
Instrument kHz MHz GHz 100 10+3 Page
| |
RX Metar “ | 67
2508 A
10 B
Universal Bridge R 64
4260A
- - o
Universal Bridge C R 65
42658
Auto C-Bridge # m 66
e 0% . : o
1 MHz atar 10 68.60
42714 1 e i e
Digital High :
Capacitance Metey # 70-71
4282A
Milliohm Merer 62
4328A A
High Resistance Mater #10! 83
4329A
LCR Matar b 106 81
4332A =
Q Maetar 24
4342A
High C Meter 72
4350A/R |
Vector /Z/ Mater c I 73
48004 | L




e Wide range, direct reading
s AC resistance measurement
e | ow test voltage

COMPONENT TESTHP

LCR meter
Model 4332A

m HEWLETY » PACKARD (:) 43312A LCR MUTER

FUNCTION
LO.TERD

i

RANGE

= loto
| a0

o (¥}

201

oo J
UNKNOWN

NETA LOW

Description

Hewlett-Packard's Model 4332A LCR Meter measures inductance,
capacitance, and resistance with speed and accuracy. The instrument
provides direct-readings of L, C, und R with hnear meter scales. The
4332A is extremely useful for measurements of both linear and non-
lingar components such as semiconductor capacitor values, induc-
tance of coils with Territe core, Combining the 4332A analog output
with the 4050A Analog Comparator provides a rapid Go/No-Go test
syslen.

Specifications

Inductance measurement
Measurement equivalent clrcuit serics.
RAsnge: 3 uH 10 1 H lull scale. 12 ranges.
Mesasuring frequency:
3 uH to 1000 gR ranges: 100 kHz +5%.
3 mH to 1000 mB ranges: | kHz +5%.
Vollage across sample: <I.5 mV rms.
Accuracy (81 25°C): £ (1% reading +(1.5 +3/Q) % of ul] scale +
0.03 uH].

Capacitance measurement
Measurement equivalent circulk: parallel.
Range: 3 pF 1o | uF full scale, 12 runges.
Measuring frequency:
3 oF lo 1000 pF ranges: 100 kHz +5%.
3 nF to 1000 nF ranges: | kHz £5%.
Voltage across sample: zpproximately 70 mV rms.

Accuracy (at 25°C): + (1% reading +(1.5% +3/Q) of full scate +
0.03 pFl.

Reslstance measurement
Range: 10 to { M{) full scale, 12 ranges.
Mesasuring frequency: | kHz +35%.
Vollage acrosa sample: <I mV rms.
Accuracy (at 25°C);
3Q 1o 30 k) ranges: £(0.37 readinng + 2% fall scale + 0.03Q).
100 k{ to 1000 kD2 ranges: +(!. reading + 2% full scalc).
Anatog outputs: 1.0 V dc full scule, independent of range in use and
1.0 ¥ or 0.3 V dc full scale, corresponding to the runge in usc.
Outpul Impedance: approximately 5000.
Accuracy: 0.5% full scale, better thun nmeter reading.
Overrange: |(0% of (ull scalc.

General

Reaponse iime: Lypically 0.25 s for analog outputs. Typically 1.0 s
for meter.

Operating temperature: 0°C 10 30°C.

Temperature coefficient: +0.05% of full scale/*C or £0.05%/°C.
1?C for 0°C 10 50°C.

DC blas: 100 V dc maximum cun be applied from externsl source.
Power: 113 V/230 V £10%, 48 Hz 10 66 Hz, § VA.

Dimenslons: 130 mm X [52 mm X 279 mm ($%4" X 6% X 11").
Weight: net, 3.5 kg (7 1b 1) 0z2).

Accessories furnished: 16138A Test Leads, Power Cord 8120-1348.

4332A LCR Meler $1015



HCOMPONENT TEST

Milliohmmeter
Modal 4328A

e 1 milliohm to 100 ohm resistance meter

Description

HP's 4328A Milliohmmeter is a portable wnstrument for measure-
ment of low resistances. It uses a Kelvin Bridge method (o obtain its
high semsitivity bul has incorporated both the current und vohage
drives inlo onc probe. so that only 1wo prabes are needed in aciund
measurement,

The range of the 4328 A extends (rom 100 ohmis to ane milliohm full
scale. Maximum sensilivity is 20 microhms, making it ideal for mea-
suring contact resistance of swiches, relays, and conncclors.

A unique pluse discriminator in the meter cirelifl pernits aveyrade
resislive measurements on saomples with a serics reactance up to (wice
Tul) scale resistance.

The milliobmmeter is internally driven by 3 onc kilohenz signal.
With an ac drive signal, dc bias up 1o 150 volts can be superimposed
withoal affecting accuracy of measurement. Hence, HF's 4328A can
make dynamic resislance measurements in back-biased diodes.

Muximum vollage across any sample with proper range scleclion is
less than 200 microvollx peak. In case ol incorrect range selting, 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 4338A is line operated. With Option 00!, il can be oper-
ated from four rechargeable batteries for 15 continuous hours. A re-
corder output provides an outpul propostional (6 meter deflection.

Specifications

Range: (.001 to (00 ohms full scale in a }. 3. 10 sequence.
Aceuracy: 2% of full scale. No additional error is caused by series
reactance of samples up to 1wo limes full scale.

Measuring frequency: 1000 Hz =100 Hz.

Voltage across sample: 200 gV peak at full scale.

Maximum voltage acroes sample: 20 mV pcak in any case.
Supérimposed dc: 150 V dc maximum may be superimposed on
samples from an external source.

Recorder output: 0.1 V dc outpul at full scale merer dellection.

Maximum Dissipation
Rangs Applied Curreni in Samples
(ohms) (mA) (1¥)
0.001 150 23
0.003 50 8
0.0 15 2.3
0.03 5 038
0.1 L5 0.23
0.3 05 0.08
1 0.1% 0.023
3 0.05 0.008
10 0.015 0.0023
30 0.00% 0.0008
100 0.9015 0.00023
General

Power requirements: |15/230 V swiich +10%, S0 to 60 Hz, 1.5 VA,
Weight: 3.2 kg (7 Ib).

Dimensions: 130 mm high X 155.1 mm widc X 279 mm wide (5%4" X
A X 117,

Accessories furnlehed: Model 16003A Probe, [6006A Probe und
16007A /B Test Leads. Detachable Power Cord.

Mcdel number and name Price
Oplion 001, Rechargeable baltery operation S44
4328 Milliohmmeter £390
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Description

The HP 4329A is a solid-state insulation resistance meter designed
for easy. accurale and direcl readings of the very high resistance val-
ues typically found in synthetic resins, poreclain, insulating oils and
similar malerials. It is also useful for measurements in clectrical com-
ponents like capacitors, iransformers, switches and cables. Seven lully
rezulated de test voltages (between 10 and 1000 V) are provided as test
sgurces.

Selected scales are identified by iHuminated indicators on the meter
face. Sclected resistunce or current multiplying factors are also illumi-
nited for rapid. error-free measurement. Three resistance scules and
one current scale are pravided. The HP 4329A is instantly convertible
lrom ungrounded-10-grounded-sample operation via a simple reloca-
tion of the front panel ground sirap rom “guard” 1o “+" position.
The instrumenlt cabinet jtsell is always at ground polential. Test volt-
age shorts or saumple breakdown currents will not damuge instrument
circbitry.

The HP 4329A also has a current measurement capability. Minute
currents as low as 0.05 pA can be readily measured. The standard in-
stroment package includes HP 16117A Low Notse Test Leads; these
are used in most types of measurement. An HP 16008A resistivity cell
is also available for use with the high resistance meler, for those cus-
tomers engaged in measurement of volume and surfage resistvity of
sheel sumples.

4329A Specifications

COMPONENT TEST

Insulation resistance meter
Model 4329A

Accuracy: lolal accuracy is determined by test voltage and range
uscd. Al low resistance end of cach scale, accuracy is £3%, near center
scale +£5%, and near the specified upper limit on the meter scale (see
table below), accuracy is £10%. Accuracy is not specified above these
limits. On all voltage runges, if multiplier is set to Rmax., an addi-
lional £3% is included.

Current measurement

Range: 5 X J0°H 10 2 X 10°Y A in § ranges.

Meter scale: 0 to 20 in 40 linear divisions.

Input resistance: 10 to 10'Q + 1%, depending on range.
Accuracy: +3% of full scale deflection (there can be an additional
£3% error at the Lop deeade). Using current source of infinite 2. For
Ninite sources, input resistance must be taken into consideration.
Genersl

Recorder output: 0o 100 mV dc. proportional to meter deflection; |
k{1 output resistance.

Power: 115/230 V £10%, 48-66 Hz, approximately 3 VA,
Dimensions: 166 mm high, 198 mm wide, 223 mm decp (6'4" X
%Y X 89Y).

Welght: 3.5 kg (7.7 Ib).

Accessory furnished: HP 16117A Low Noise Test Leads.
Accessory svallable: Model |6008A Resistivity Cell.

16008A Description

The HP 16008A can safely, rapidly and conveniently measure the
volume and surface resistivity of sheet insulation materials. Conver-
sion from volume to surflace resistivity measurement requires opera-
tion of one switch only: no lead interchange or disconmnection is neces-
sary. Designed for use with the HP 4329A Resistince Meter (other
voltage supplics and picoammeters may be used), the complete sys-
tcm allows direct measurement of volume resistivity up lo approxi-
mately 4 X 10'%§! (on samples 0.1 cm thick)—and surface resistivity up
(o approximately 4 X 10170}, Test voltages up to 1000 V' muy be used.
Excellent sample-to-clectrode contael is maintained through use of a
conducting plastic layer bonded (o the inner electrode’s outer surface.
An intertack switch automatically disconnects the test voltage when
the cover is raised. Convenient low noise test leads are supplied for
direct connection to the HP 4329A.

16008A Specifications

inner electrode: 30 mim diam.

Gunrd electrode: 70 mm diam.

Auxiliary electrode: 100 mm X 120 mm.

Maximum sample size: 125 mm X 128 mm X 7 mm.
Maximum test vollage: 1000 V dc.

Dimensions: 49 mm high, 198 mm wide, 136 mm deep (27 X 7'%," X
6'%4°).

Waight: 1.4 kg (3 Ib).

Model number and name Price
Resistance measurement 16008A Resistivily cell S350
Range: 500 ki) 10 2 X JO'*Q. 4329A High resistance meter $1170
Test voitage 10y %Y 50V 100v 250V 500V 1000 v
Available resistance 5 X 105 1.25 X 1069 2.5 X 1080 5 X 1059 1.25 X 109 25 % 10002 5 X 107
readings 102 X 104Q lo b X 104} tol X 1039 ta 2 X 10158 to b X 10150 161 X 10'¢} t0 2 X 10181)
Meter scale 51020 A3tos 251010 5020 A3t s 25t0 10 51020
Upper fimit 5 125 25 5 1.25 25 5




HCOMPONENT TEST

Universal bridge
Model 4260A

® Eleclronic autobalance — single control null
® Digilal readout tor C, R, L
e Direction Indicators for fast range selection and balance
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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 poinl aytomat-
ically positioned. Units of measurement and cquivalent circuit suto-
matically appear with a twist of the function switch. There sre no mul-
lipliers or confusing nonlinear diafs which need interpotation.

Operalion is simple. Set the function knob for the parameter 10 be
measured, adjusl range switch for an an-seale indication, and obtain a
aull with CRL control. There are no interacting controls to adjust and
rcadjusl, nor any false nulls. A unique electronic autobalance cireuit
solves all these problems. Components with low Q or high Q are as
casy (0 measure as lhose without loss.

For D or Q measurcments, switch out of auto and wern DQ control
antil another null js obtained. Only one adjustment is necded for each
measurement.

Five bridge circuits 4re incorporated in HP's 4260A; each is com-
poscd of stable. high-quality componenis for good accuracy and lin-
carily. An internal | kHz drives the bridge.

Nulling is casy. llluminated potnters { KCRL>) aulomalically icll
whelher a null is up- or down-scale. Both range and CRL conirols eun
be sel watching (hese pointers,

Componenls may be biused by connecling a battery to rear termi-
nals. An external oscillator and detecior can be used for measuse-
ments in the 20 Hz - 20 kHz range.

The compact modular cabinel is ideal for berch use; and it may be
rack mounled using accessory hardware, A tilt stang is provided (o
raise the viewing angle: 3t also serves as 4 convenient carrying hundle.

Specifications
Capacilance measurement
Ranga: 1000 pF to 1000 pF, in 7 full scale ranges.
Accuracy: £(1% +1 digit), from | n¥F to 100 gF. 2(2% +1 digit),
from | pF to | nF and 100 xF to 1000 aF.
Dissipation factor
Range:

Low D — (of sartea C): 0.00! 10 0.12.

High D — (of parallel €} 0.05 10 50.
Accuracy: for C >100 pF.

2

LowD ......... -] —————— %,
J D of rending
HighD .. ....... + (10 D of reading + 4j%.

~ {10 S ol reading + 2)%.

Add *1 dial division {or {requeancies other than 1 kHa.

Inductance measurement

Range: 1000 xH to 1000 H, in 7 full scale ranges.

Accuracy: £{1% + 1 digit), from | mHM to 100 H. (2% + 1 digi1).
from | gH (o | mH and 100 H o 1000 H.

Quality factor
Range:
Low Q — (of serles L): 0.02 to 20.
High @ — (of parsllel L): 3 10 1000.
Accuracy: for L >100 yH.

10
LowQ..,.>....+( __—'—+4)%.
/Q of reading
1a

- ( ! z)%.
JQ of reading
HighQ.... .. 2 /Q of reading %.

Add %1 dial division for frequencies other than | kHz.

Auto-balance

Eliminates need for DQ adjustments in parallel C and series L mea-
surements at | kHz.

Accuracy: for D <} and Q >1 add £0.5% 10 C and L accuritcy spec-
ilications.

Resistance measurement

Renge: 109 to 10 Mil, in 7 (ull scale ranges.

Accuracy: 10 mQ (o 102 £(2% +1 digit). 10§ 1o | MG} £(1% +1
digit). 1 MQ 1o 10 MG £(2% +1 digit).

To obtain better sensilivity use HP 4304B below 1000 and above 100

KQ.

Oscillator and detector

Internal osclllator: | kHz £2%, 100 mV rms +20%.

Internal detector: tuned amplifier at 1 kHz; functions as a broad-
band amplificr for measurements with external oscillator.

General

Power: 115 or 230 volis £10%. 50-60 Hz. upprox. 7 VA,
Dimenslons: 190 mm wide X 166 mm high X 279 mm deep (73%4," X
6%y X 117).

Woelght: Net, § kg (1) Ib). Shipping, 6.8 kg (15 1b).

Optional accessories:

4304B for R measurement <1002 and > 100 k1.

204C Opt. 001 for measurements 20 Hz-20 kHz.

4260A Universal Bridge £040



e 01 uH—1111H
e 0.1 pF — 1111 uF
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COMPONENT TEST

Universal bridge
Model 4263B

SUMMETRRAY

Description

Hewlett-Packard’s Model 4265B Universal Bridge provides an eco-
nomicul way to make high precision measurements of L, C, or R and
D or Q. Componenlts can be measured in ranges of 0.1 pH 1o 1111 H
in inductance, 0.1 pF 1o 1111 uF in capacitance and 0.1 mQ to L.111
M@ in resistance. L and C measurements are performed over a wide
range of 1oss with either series or parallel equivalent cirewits selected
by the fenction switch. Basic meusurenent accuracy is 0.2% of read-
ing for L, C, and R,

Measurement lrequency range i€ 30 Hz to 10 kHz with an external

-oscillator, and 1 kHz with internal esciliator. A d¢ measurement for
resistance 15 adso available with external de power supply and null de-
leclor,

The front panel design provides appropriale space and convenieni
positioning of knobs for easy balancing. The rugged haadle is used us
the (30t stand at angles of 0, 40, or 60 degrees.

Specifications

Resistance measurement

Full scale range: 1000.0 mQ 10 1.0000 MQ. 7 ranges.
Overrange: |].1%,

Minimum resolulion: 0.] m@Q.

“*Accuracy (at 1 kHz): +(0.2% of reading +0.01% of F.S.). £(0.4%
of reading +0.01% F.S.) for 1000.0 m§} range.

Renidual resistance: | m!)

Inductance measurement

Full scale range: 1000.0 xH 10 1000.0 H, 7 ranges.

Ovarrange: [1,i%.

Minimum resolution: 0.1 xH.

**Accuracy (8l 1 kHz): +(0.2% of reading +0.01% of 1.S.). £(0.4%
ol reading +0.01% F.S.) for 1000.0 uH range.

Resldual Inductance: 0.04 uxH (in series with 1 m®).

Loss faclor range: (al 1 kHz).

Q of serles L: 0.001 1o 10. accuracy x(5% of reading +2 minor
divisions)

Q of parallel L: | 10 1000, accuracy +£(5% of rcading +2 minor di-
visions).

Capacilance measurement

Full scale range: 1000.0 pF to 1000.0 uF, 7 ranges.

Overrange: {1.1°%.

Minimum resslulion: 0.1 pF.

“*Accuracy (at 1 kHz): +(0.2% of reading +0.01% of ¥.8.), £(0.4%
of reuding +0.01% F.8.) for 1000.0 uF range.

Residual capacitance: 0.4 pF.

Loss lactor range: (at | kHz),

D of serlas C: 0.00] 1o 1, accuracy (5% ol reading +2 minor divi-
s100%).

D of parallel C: 0.1 10 1000, accurucy x(53% of reading +2 minor
divisions).

**for temperalure of 25™C 4 1“C

General
Internal oscillator:
Frequency: | kHz 15 Hz.

Output: continuously variable with Tront panel control. Maxi-
mum voliage is 0.4 V rms.
External osclliator:
Frequency range: 50 Hz 1o 10 kHz or dc for resistance measure-
ment.
Internal detector: Tuncd amplifier a1 } kHz. In | kHz paosition,
maximum sensitivity of 10 ¢V, selectivity belter than 26 dB. In “flat,™
operates as 2 broad band detecior from 50 Hz 1o 10 kHz
External do blas: Cupacitunce measurements in Cs mode, maxi-
mum bias voltage of 250 V de. Inductance measurements in Lp mode.
Operaling temgerature: (° (o 55°C.
Power; 100/120/200/240 V +10%; 48 10 440 Mz, 5 VA.
Dimensions: 376 mm high, 115 mm deep, 393 mm wide (14'¥,4" X
4174, X 15Y44").
Welght: net, 5.5 kg (12.1 Ih); shipping, 7.1 kg (15.7 Ih).
Accessories furnished: Power cord, 230 cm (7% 1). Crystal ear-
phone.
Accessories available: Model [6029A Test Fixture.
Model name and number Price
160294 Test Fixture €45
4265B Unjversal Bridge $860

o
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COMPONENT TEST

Capacitance bridge
Model 4270A

e Fully automalic
s 1 kHz 10 1 MHz

Description

A unmigue instrument from Hewlett-Packard, the 4270A Automatic
Capacitance Bridge provides a wide variety of high speed measure-
ments of both active and passive capacity values, Five-digit readout of
capucitance from full-scale ranges of 18.000 pF (o 1.2000 uF is com-
plemented by 001 pF resolution and measurement speed of 0.5
seconds. In addition, a second in-line d-digit Nixie® display of ¢a-
pacitor loss is given simulhaneously 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, inpul capacitances of amplifiers and other aclive devices, as well
as analysis of stray capacity values, cables and simple capacitors. DC
biasing, four frequencies from | kHz to | MHz and « fully guarded
measurement will add to laboratory flexibility.

Specifications

-Measuring circuit

Float: guarded terminals of unknown are floated from ground. [-
ground: onc side of known terminals is grounded, guard is retained.
Parameters measured: capuacitance, equivalent parallel condue-
tance and dissipation factor.

Measuring frequency: ! kHz, 10 kHz, 100 kHzand ) M1, 17,

Range modes

Auto: range seleclion and balance performed aulomatically.

Hold: range is held on fixed position, balance begins with most signi-
ficant digil. 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.

Messuring rate: measurement cycle equals balance time plus dis-
play 1ime. Balance time typically 0.5 s; display times selected by meas
rale are 70 ms, 2 secs, 5 secs, and manual,

Test voltage across unknown

Normal; 1V rms constanl in pF or nF at | kHz, 0.1 V rms constant.
in gF at | kHz. 0.5 V rms constant at )0 kHz, 100 kHz and | MHz,
Low: ' of normal.

Ropeatabliity: L2 digits al normal test voltage. 10 digits af low tesl
voltage.

DC bias: Intcmal or cxternal fo £200 V, in hold and track mode.

internal bias at float measurement

Vollage: 0 (0 20 V de; 0 to 200 V de; continuously variable on lront
panel, monilored on rear panel.

Dial accuracy: +3% of full scale.

Source reaistance: 100 k(1.

Polarity: Low unknown terminal (=), high unknown lerminal (+) In
Mloat pesition of meas cki contral.

Remote: programmable by resisior with 250 @/V ruwe at 20 V range.

25 /¥ rate at 200 V range.

Remote accuracy: +2% of full scale.

Internal blas af L-ground: an additional connection using a block-
ing capacitar and a coaxial cable is necessary for interpal source.
Basic sccuracy

Frequency i kHz & 10 kKz 100 kHz 1 MHz
D<0.} +0.1% £1digil | £0.3% +1 gigit | £1% 1 digil
+0.01 pF +0.01 pF +0.01 pF
C|Basic accuracy | £02% 21 digil | £0.5% +1digit | £2% £ digit
0.1<D<0.899 | +0.0) pF +0.01 pF +0.01 pF
G |Basic accuracy | 1% 10 digits +3% 10 digits

D|Basic accuracy | %1% (10 + Cs/Cx) digits| £3% £(10 + Cs/Cx) digits
Oulputs: 4 line BCD,

inputs

Trigger hold off level: level must be between 10 V and 15 V.
Remote programming: cight front-panel funetions can be remotcly
controlled by external contact closure 1o ground with impedance less
than 4009). Programmable functions are reset, frequency, range mode,
test vollage, loss meas, range slep. dc bais, bias vernier.
Operaling temperatura: 0°C to 50°C.

Power requlrements: |15 or 230 V ac £10%, 50 10 60 Hz (approxi-
mately (10 W).

Welght: 15.5 kg (nel. 34 ib); shipping, 21.6 kg (48 Ib).

Interfuce kits 16150A Control Card and 16151 A Data Card ase avail-
able for inlerface with Hewleti-Packard computers, Each kit includes
mating cable, BCS HP 4270A driver and diagnostic tupe.

Accessories avallable:
Aceessories for HP's 4270A Automatic Capacitance Bridge

The lollowing adapters convert BNC Connectors on HP's 4270A 1o
allow direct insertion of components, 16011 A converts from BNC to
binding posts. 16012A converts from BNC to test axial lead deviees. It
has u cenlrally located guard plane to reduce errors due to stray ca-
pacitance. 16013A converts from BNC 1o test vertical lead deviees. 1t
has a guard plane similar to 16012A. 11143A converts from BNC (o
clip leads. 44” overall length with third lead to preserve guard termi-
nal.

Opilons and accessories Price
16150A Control Card 1100
16151 A Data Curd S145%
1601 1A BNC Conneclor $5d
16012A BNC Conneclor S64
16013A BNC Connector £64
11143A BNC Cable $3

4270A Automatic Capacitance Bridge $6,420



e Self-contained RF bridge
e Adjustable RF level
e 500 kHz to 250 MHz

e

ew

Description

The 250B RX Meler measures two-Llerminal RF impedance in terms
of eguivalent parallel resistance and capacitance. The self-contuined
instrument includes a continuously tuned oscillator, high-frequency
bridge, amplifier-detector, and null indicaling 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 RF excita-
tion signal 1o ax low as 20 mV Tor low level applications. Depression of
a momentary swilch 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 IF oulput which may be connecled to & sensitive voltmeter
(3406A) for improved resolation when nulling dusing reduced signal
level operation.

Specifications

AF characteristics

RF range: 500 kHz to 250 MHz in cight bands: 0.5t0 1 MHz, 1 106 2
MHz, 2t04 MHz, 4109 MHz, 910 2t MHz, 2| to 48 MHz,. 4810 110
MHz. 110 (0 250 MHz.

RF accuracy: +2%.

RF calibretion: increments of approx. 1%.

Resistance measurement characleristica
Reslistance range: 15 to 100.000 ohms.
Resistance accuracy:

v B R ;
* 2+ 500 + 3000 +-% % =0.2 ohm
F = frequency in MHz, R = RX Meier R, reading in ohms,
Q = wCR X 107", where C = RX Meter Cp reading in pF.
Resistance callbration: increments of approx. 3% throughoyt most
of range.
Capacitance measurement characteristics
Capacitance range: 0 (0 20 pF (may be extended through use of
auxiliary coils),

se(im e METES
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RX meter
Model 250B

Capacitance accuracy: +(0.5 + 0.5 F2C X 10-9% £0.15pl, F =
frequency in MHz, C = RX Meter C reading in pF.
Capacitor calibration: 0.1 pF increments.

Inductance measurement characteristics

Inductance range: 0.001 uH to 100 mH (actus) range depends on
frequency; auxiliary resistors employed).

Inductance accuracy: basic accuricy is capacilance acéuracy given
above,

Measurement voltage level

RF: 0.05 to 0.75V approx., depending on lrequency, with set rf level
contrel in normal position: adjustable 10 below 20 mV when set rf level
swilch is depressed.

DC: OV (External dc up 10 S0 mA may be passed through RX Meter
terminals).

Dimensions: 309 mm wide, 263 mm high, 341 mm deep (20%:* X
10%” X 1347).

Waight: net I8 kg (40 1b); shipping 22.5 kg (50 Ib).

Power: 105 (o 125 volis or 210 to 250 volis, 50 10 400 Hz, 66 VA.
Accessories avallable: 00515A Coax Adapter Kil.

The 00515A Coax Adapter Kit permits connection of any coax
transmission line or Nixture, fitted with a type "N male connector, to
the RX Meter bridge circuit. The kit also includes the 00516A, 50-ohm
termination.

Adapter

Connector: 1ype “N” female.

Charscterlatic Impedance: 50 ohms.

Termination: (00516A)

Connector: 1ype “N"" male.

Characteristic impedance: 30 ohms.

DC resistanca: 50 ohms, £1%.

Maximum parallel capacitance: +0.2 pF. (mounled on adapter).
VSWR: less than 1:10 up 10 800 MHz.

Power: 4 watt maximum,

Model number end name Price
250B RX Meler $2760
00515A Couax Adupter Kit $82
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COMPONENT TEST

1 MHz digital LCR meter
Model 4271A

® 4 pair measuremenl technique
® General purpose test fixiure with cables

® Reduce errors with offsetl adjusiment
e 1 MHz test signal for low value components

REITILA PN DIQITAL LEW MITER
MLWLERT - FApARE
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Description Capacltence messurement:

Hewlott-Puckard's 4271 A fealures aulomalic high-speed measure- Tesl slg lavel-high Test sig {evel-low
ments of low value componenis. The four-puir measurement tech- Range +(% of reading + counls) +(% of reading + counts)
nigue has the advamage of reducing crrors duc 1o residual inductance 1 7 0718
and stray capucitance. User beaclits arc derived rom high accuracy 7 0‘1 13 0'-2 _‘: 4
mcusur-:'r‘ncnls.wllh as many ns ten readings per second, 3 01 +3 07 +3
Specifications 4 0.4 +3 0.4+ 3
Full ecale ranges:

Dissipallon
Range Capacitance Conduclance induclance Resislance Factor®
1 10.000 pF 100.00 « 8 1000.0 nH 10.000

Full 2 100.00 pF 10000.0 » 8 10.000 R 100.00 @ 1.0000

scale 3 1000.0 pf 10.000 m 3 100.00 wH 10000 Q

display 4 10.000 n¥ 100.00 m 3 1000 0 pH 10 000 £

Over-

ranglog 1-4 90% 0% 90% 90% 60%
“When reading of L or € 1y mare than 1500 ceunts
Test signal: Conductancs:

Test Level mV rms; tolerance (%) uh rms; tolerance (%) Test sig levet-high Test sig level-low

capacitance inductance Range *{% of reading + coums) +(% of reading + counts)
Range Level-High Level-Low LevelHigh Level-low { 02 + (7 4 N ) 03 + (7 + 2 NL)
) 500 %10 20 £10 2000420 | 2000420 “’”0 '2038
2 500 £10 20 +10 500210 20010 z 02 +(3+ 1000 03*(3 * 1000)
3 500 £10 20 £10 50010 20+10 347 02+ (2 Tpe e ) 19+ (2 N ‘zaré(c))
4 20 +£20 20 10 50£10 2110
Whetp N¢ 18 capacilance readsut in ¢ounfs
Frequency: | MHz +£0.01%. Dissipation factor:
Ottaat sl STk i meirasssht il ks epsc s Tt et
r reyidul = s v : N Are . B i ity
u B . or (b) residual inductance or residual resistance of (est fixiure, Range (% of reading + counts) (% of reading + counts)
Variable ranges are 100 nH and 100 mf2. i 10 + (I0+ 2&000) 10+ (15 " 30.000)
’ Ne ' Ne
Accuracy 10.000 ( 20.000
(When conductance reading is less than 100 counls and resistance 23 10+ (ll] + Nc ) 1O+ 15+
reading is less than 1000 counts.) Accuracy listed in the lollowing 30000 30 000
lable apphies over a temperature range of 23°C £5°C. {A1 0°C to it 1.0 + (15 + = ) 10+ (15 +— )
S0°C, accuracy is doubied.)

Warm-up Time: one¢ hour required 10 meet all specifications,

=“0n Range 4, Test sig tevel iy low only, No 5 Capaotance readoll »n Counts.




Inductance measurement

Inductance:
Test sig level-high Test sig level-low
Range +{% of reading + counts) +(% of reading + counis)
1°* 10+ 15 10415
2 06+4 06+6
34 0.2+ 4 63+6
Resislance:
Tesl sig level-high Test slg level-low
Rarige +(% of reading + counts) (% of reading + counls)
T 2Nt 2N
] 12+(’”1000 1“(3'1()00
2Ni 2N
2 }2+(2+100U) |.2+(z-m
2NL
34 “*(“moo 0“(“1000

Where Nb = inguclatice readawl in counls.
Dissipation factor:

Test sig level-high Test sig level-low

Range +(% of reading + counts) 4(% of reading + counls)
e |o+(2o+3°°°°) L0+(20+ ﬁf_ﬂg)
2.3 1o+(15+ 10600 1o+ (20 + 2000

4 |.o+(15+ @NG—(“‘) 1.o+(15+ &N?ﬂ_ﬁ)

**AL Range 1. lest slg leve) i low only where Nu s inductance (eadoul tn counts

Conductance, resistance measurement

Accuraey: when capacitance or inductance is less than 1,000 counts.

Conductance:
Tas! slig tevel-high Test sig lavel-low
Range =+(% of reading + counts) +(% of reading + couns)
1 0.2+8 03+9
2 0.2+4 03+5
3. 4= 1.2+ 4 1244
"*Un Pange & vest sig fevel (s low ouly
Rasistance:
Test sig level-high Tesl sig level.low
Range +(% of reading + counts) +(% of reading + counts)
1 12410 1.2 +10
2 12+4 1.2 4+ 4
3.4 02+14 0.3+ 4

Accuracy check: use HP Model 16021 A Test Fixture.
DC bias (optional)

Internal source: DC bius is available as a plug-in board, Option 001.

which has following gpecificatians:
Range: 00,0 V 10 39.% V. variable in steps of 0.1 V.

Accuraey: +0.29 of ccttsg £5 mV i 23°C £5°C. Wasm-up lime is
>60 min.

Oulput resistance: 1.5 k() +10%.

Shon circult current: less than 6 mA.

Control: HI* Model 16023A DC Bias Controller (avallable exira) or
HP Model Y810/9820A Calculator when Option 005 is installed.
Conlrol Input connactor: HP P/N 1251-0143, l4-pin recepracie.
{Amphenol 37.40140),

Maling connector: HP Part No, 1251-0142. (Amphenol 57-30140).
External source: +200 V maximum to BNC connector (ext inpul)
on rear panel. Max bias current 20 mA. Input resistunce 10.5 kQ
+10%.

Monltor output: bias voltage monitoring BNC connegctor monitor on
rear panel. Outpul resistance 4800 £ 10% to HCUR terminal.

General
Measuring speed:

Fixed range: 100 mx to 250 ms in C-G and L-R meusurements. 160

ms o 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 £ 10%, 48-66 Hz R0 VA,
Dimensionia: 881 mm high X 425.5 mm wide X 496.9 mm deep
(A%a" X 164" X 197",

Waelight: 10 kg (22 1b).

Accessorles available:

16021A Calibration Cunneclor.

16023A DC Bias Voltage Conltroller, used with Option
00t.

16032A Test Leads with BNC connectors,

16033A Tesl Leads with miniature coaxial connectors.
Options available:

Option 00} DC Bias supply. 0.0 V (0 39.9 V.

Option 002 C/L BCD osutput. May be used with Option
003 for simultancous outpuls +8241 Code.

Option (003 G/R/D BCD Outpul. +8421 Code. (Sce
Option 002).

Option 004 Parameter Serinl BCD Ou(pin. 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 Caleulator Inlerfuce. HP 9810A 798204 or
IYIOA. Utilizes HP 11202A 17O Card and Cable.
Available extra.

Option 010 | MHz Digitid LCR Meter. Less 16022A
Test Fixture, Specily 1602JA, 16032A, 16033A.

Model number and nama: Price
16621 A Culibration Connector 445
160224 DC Bias Comroller 8175
16032A Test Leads (BNC) $145
16033A Test Leads (Micro dot) 165
Option 001 DC Bias Supply add $235
Option 002 C/L BCD output add §125
Option 003 G/R/D BCD outpul add $125
Option 004 Parameter Serial BCD output add $215
Option 003 Caleulator Interface add 5370
Option 010 4721A Less Test Fixiure less $350

4721A | MHz Digital LCR Meter $4760



'HCOMPONENT TEST

Digital high capacitance meter
Model 4282A

e \Wide range—10 nF to 1 F full scala
e Dissipation factor or ohm-farad measurements

e [nternal blas supply
e Digital and analog outputs for recording

Deacription

Hewleti-Packard’s Model 4282A Digital High Capacitance Meer
will make precision measurements on high value tantalun or alumi-
num electrolytic capacitors. Effective applications are found both in
capacitor design and produclion lesting — either in incoming or out-
ROINg inspection.

Two types of leads are supplied with the HIP 4282A. One is the stun-
dard four-wire alligator clip style. und the other, 1wo specially de-
signed clips thal mainwain the Kelvin four-wire measurement.

Two unique features of the HP 4282A are: alternating mode {dis-
plays cither capacitance and dissipation factor, C-D, or capacitance
and the product of obms and farads, C-QF alternately and the capa-
bility to doublc as a three-digit DVM.

Both digital and analog outpuls are available for making perma-
nent recordings.

Four measuring Trequencies, S0, 60, 100, 120 Hz come with (he
standard model. They represent power line frequencies and their sec-
ond harmontcs. Most large vilue capacitors are used as filters in
power supplies and ure operated al these frequencies. 1T your applica-
tion requires tests al other (requencies, please refer (o Models 4260A,
42658, 4332A, 4270A, 4271A on the adjoining pages.

Specifications

Measuring functlons: capacitance, dissipation factos. "ohm-farad

and dc voliage. Selectable by function switch.
*Ohm-farad: the product of capacitance and equivalent series resis-
tance of a capitciior.

Funclion swilch
selting Funcllon and display
¢ Capacitance measvremenl
0 Dissipation faclor measuremenl.
QOF Ohm-{3rad measurement.
c-D Capacitance and dissipalion factor
measurements alternately.
C-OF Capaciance and ohm-farad
measurements alternately.
v DC bias valtage or external
vollage measorements,
Note
AN measurements are conlintousty
repealed as fong as unknown is
connected.




Measuring ranges:

Over-
Furctlon Full-scate display ranging
¢ 10.000 af to 1.0000 F, four 18%

full digits, 9 ranges in
decade steps, manual seleclion.

D 1.000 to 10.000, three tull 18%

(capacitance)

(dissipalion faclor) digits, 2 vanges, auto selection.
QF 1.00092 mF to 10.00 mFf three 18%
(ohm-larad) {ull digits, 2 ranges, auto
selection.
v 10.00 V1o 1.900 kY, lhree full 18%
(dc voltage) digils, 3 ranges, in decade sleps,

manyal selection (maximum voltage
is 600 V).

Measuring clreult  scries equivalent circuit using four-lerminat
method.
Measuring trequencies: 50 Hz, 60 Hz, 100 Hz and 120 Hz (50 Hz
and 60 Hz syhchronized by line Trequency). Accuracy: x1.5%.
Measuring voitages:

10 nF 1o 10 mF ranges: <) V rms.

100 mF range: <0.1 V rms.

1 F range: <10 mV rms.
Accuracy: (+23°C £5°C alter hall hour warm up): £(% of reading
+% of full-scale).

Capaclisnce:
C Range % of reading % of full-scale
10 af 1.0 + 0.9 - Drdg 0.2
100 nF 0.5+ 05 - Ordg 01
| uf lo | mfF 0.4 + 0.5 - Drdg 0.05
10 mf 1.0 + 0.5 - Dsdg 0.05
100 mf 1.5+ 0.5 - Drdg 0.5
1F 25+ 05 - Drdg 1.0
Disalpation factor:
C Range % of reading % of full-scale
10 nf 1.5+ 0.5« Drdg 0.2 - Cfs/Crdg + 0.3
100 nf to } mF 1.5 + 0.2 - Drdg 0.2+ Cls/Cedg + 0.3
10 nF 1.5 + 0.2 * Drdg 0.2 - Cts/Crdg + 0.5
100 mF, L F 1.5+ 0.2 - Drdg 0.2 - Cfs/Crdg + 3
Ohm-farad:
C Range % of reading % of full-scale
10 nF 1.0 + 0.5 - (tFrdg 0.2 - Cfs/Crdg + 0.3
100 oF 10 | mf 1.0 +0.2 - DFrdg 0.2 - Cts/Crdg + 0.3
10 mF 1.0 +0.2 - QFde 0.2 + Cis/Crdp + 05
100 mF, 1 F 1.0 + 0.2 - {2frdg 0.2 « Cis/Crdg + 3

Drdg: Recading of dissipation factor.
QIFrdg: Reading of ohm-farad.
Crdg: Reading of capuacitance.
Cte: Full-scale of C range setting.
DC voltage messurement accuracy:
10 V range: (0.03% of reading + 0.1% of full-scale).
100 V and 1 kV ranges: +(0.2% of rcading + 0.1% ol full-scale).
Temperature coefficlent: (referred to +23°C, and 1emperature
range of 0°C to 50°C):

Funclion Temperature coefficient
¢ £0.02% of reading/°C

D, RF +0.03% of reading/°C
¥ +0.01% of reading/"C

Option 001 leakage current measurement adds following
capabilities to standard model:
Leakage current measurement: (i,)
Range: i.000 uA to 10.000 mA, S ranges, three full digits,
Overranglng: 18%.
Accuracy: | uA range: (2% of reading +2.0% of full-scale). 10
uA 10 10 mA ranges: £(2% of reading +0.3% of full-scale).
Blas voltages: internal source; G o 10V, 0 Lo 100 V, 2 ranges, con-
liruously variable over ¢ach range. Maximum current is 100 mA for
10 V range and 60 mA (for | minute) for 100 V range.
External source: usable up to 600 V de across exl bias terminals on
rear panel.
Protective resistor: | k& lor 100 V range and for extermul bias, 19
for 10 V range.

General

DC bias voltags: 0 (0 10 V, continuously adjustable with DC bias
control. Maximum chargin current is 100 mA,

Balancing time: normally one second (when measuring on C ranges
of 10 nF through 10 mF, cupacitance value near full-scale, dissipation
factor less than one and without de bias),

Reading rate: continuously variable from 0.3 seconds 10 2 seconds
with rate control.

Reset: initiates onc reading by depressing reset int pushbutton or
cantacl elosure 1o ground or TTL low level al reset ext line. Mating
plug for reset text jack: HP part No. 1251-09(8.

Digital output: output signals: BCD + 1-2-4-&, data parallcl, deci-
mil point, function and unit, overload and unbalance, and polarity.
Level:

State Level Characlerislics
Low 03V +03V Max sink current 15 mA
High 39V +15Y Max foad current 300 uA

Print commend output: negative going TTL pulse of approx. { ms.
Printer hold Input: TTL low level or contact closure 1o ground,
Connector: mating, HP P/N 1251-0084; Amphenel 57-30360-375
(36-pin blue rikbon).

Remote programming: programmabte functions, C-range, |, range
(option 00)) and reset by TTL low level or contact closure to ground.
Connector: mating, HP P/N 1251-0084; Amphenol 37-30360-175
(36-pin blue ribbon).

Analog output: DC output of | V full-scale in proporlion to dis-
played value.

Accuracy: add x0.5% of reading to accuracy specification.
Operallng environment: 0°C 10 +50°C, <90% RH.

Power requirements: 100V, 120V, 220 V or 240 V £ 10%, 50 Hz or
60 Hz, approx. 70 VA.

Dimenslons: 425 mm wide > 88 mm high X 467 mm deep. (16%” X
K X 18147,

Welght: nct 8.8 kg (4 Ib): shipping 12.9 kg (5.86 Ib).

Accessories furnished

16035A tesl leads: [our alligator clips.

16036 A lest leads: 1wo alligator-jaw clips. Power cord: 230 em (7'
f1). HP Part No. 8120-1378.

Rack mount kit: HP Parn No. 5060-8739,

Model number and name: Price
4282A with option 001 (leakage current) $3500
4282A Digital High Capacitance Meter $3750



hp) COMPONENT TEST

High capacitance meters
Models 4350A/8
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Description

Hewlett-Packard Models 4350A /B High Capacilance Melers mea-
sure high capacitances from 0.02 uF 1o 300 mF and simultaneously
measure dissipation factor. Leakage current can he measured with the
4350A. HP's 4350A /B provides analog outputs proportional to meter
deflection. Combining the 4350A /B with the 4050A Analog Compus-
ator increases speed in sorting applications.

4350A/B Specifications*

Capacitance measurement
Capacitance:
Range: 1 uF 10 300 mF (ull scale in 12 ranges.

Accuracy (% of full scale):

Capacitance Range Full Scale
Tan & range 1 uf to 100 mF 300 mF
Ol +3% +4%
1105 +4% +5%
Tan &

Range: 0.5 or 5 full scale in 2 ranges.
Absalule accuracy:
0.3 full scale: | +0.025

+0.06 + (reading)?
20

=0.06 + (reading)?
25

5 full scale:

(nternal test signal:
Frequency: 120 Hz & 5 Hz
Internal dc blas:
Vollage range: D (o 6 V dc, cantinuousiy adiustable.
Response time (C and tan &): typically 1 s.
"Reles 1o dals shaet for complele specifications

Tan § uncal: [ndicates the reading of tan & is uncalibrated when the
deflection of capacitance meter s below 10% or above 130% of full
scale.

Leakage current measurement (4350A only)
Current:
Range: | pA to 10 mA Tull scale in 2 ranges.
Accuracy: +2X% of full scale.
DC bias vollage:
Internal: up o {00 V d¢ in 2 ranges.
Extarnal: 600 V dc max.
Warning lamp: indicales “danger” when de vollage across am
unknown is higher than 1.3 V de.
Analog outpuls
Capacltance:
1 V dc 8l ranges: lor usc with dnalog comparalor.
1V dc or 0.3 V dc full seale: for use with DVM,
Overrange: 23% ol full scale.

Accuracy:
Capacltance Range full Scale
—
Tav i 1 ufFio 100 mF 300 mF
Diod *(1.5% ol reading & 3% of ful) scale
+0.5% of full scale)
15 H(1.5% of reading +4% ol full scale
+1.5% of full scale)

Loss angle (5):
Tan & vs, analog output voltage: 0.1 V/degree

Tan g 3 Oulpul Voltage
0to.5 | 0° to 26.6° (010 2.66 V dc) +£0.13 Vde
0505 266" lo78.7° (2660 7872Vd:) £0.3Vdc

fResldual nolse: 40 mV p-p max.

General
Temperalure range: 0°C (o 30°C.
Power: 115 V or 230 V +10%, 48 Hz 10 440 Hz, 38.5 VA max.
Dimenslona: 198 mm wide X 166 mm high X 3OS mm deep {72%;" %
6V X 12%).
Weights net. 4 8 ke (11 Ib); shipping 6.3 kg (15 Ib).
Accessorles furnished: 16035A Test Cable with Tour alligator clips:
16036A. Test Cable with 1wo alligator clips.
Description

Hewleti-Packard Model 4050A Analog Comparatdr compares un-
known voltage to preset high and low limits. Conlact closures with
corresponding hjgh-go-low lights will operate external devices, HP's
4050A increases speed at which the 4350A /B Hi-C Meter or 4332A
LCR Meter will operale in sorting applicilions.

4050A Specifications”

Input
Analog voltage: 0.1 V. | V. 10 V full scale.
Resistance: 0.) V. 1 V range, t M 10 V range. 100 k2.

Cutput

Limit indications: high, go, and low lights.

Retay contact: 1 SPST contacis, 30 V dc. 0.5 A max.
Connector; binding post.

LImit gonlrels: 000 (o 125 are sel on digital diuls,
Accuracy: +0.6% of full scale (a1 25°C).

Response time: typically 0.1 s.

Operating lemperature: D°C 10 50°C.

Power: [15/230 V £10%, 48 Hz 10 440 Hz. 3.85 VA max.
Dimansiong: 155 mm wide X 130.1 mm high X 203.2 mm decp (6%
X 5%" x 87) standard '4 module.

Welght: nct, 2.8 kg (6 Ibs 4 oz); shipping 3.6 kg (8 )bs).

Model number and name Price
4350A High Capacilance Meter 1340
4330B High Capacitance Meter $1255

4050A Anzlog Comparator S790



e Measures impedance, magnitude and phase
e 5 Hz 1o 500 kHz

» Analog outputs for impedance magnitude, phase, and
frequency
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COMPONENT TEST

Vector impedance meter
Mode! 4800A
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Description

Vector impedance is a quantity involving both magnitude and
phase and can be graphically illustrated by a vectorin the Z, 6 plane.
Vector impedance describes the ratio of voltage 1o current and phase
difference between the two,

Impedance of components, complex netwaorks, and other two-ler-
minul 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
muznitude in ohms and phase in degrees are read directly, HP's Vec-
tor Impedance Meter eliminates all the tedium of traditional tech-
nigues for measuring complex impedance. It is a complete system cal-
ibrated 1o read the complex impedance as measured between the ter-
minals.

HP’s Vector Impedance Meter measures impedance from | ohm Lo
10 megohms over a phase range of —90° to +90°, Frequency adjusts
from S Hz (o 500 kHz in 10 decade ranges. Three controls: impedance
range switch, frequency range switch, and frequency dial, are ar-
ranged on the front panel 1o assure simple operation.

Besides micasuring veclor impedance, HP's 4800A conveniently
measures components. Al {requencies that are decade multiples of
I /2%, as marked on the frequency dial, L and 1/C are read directly il
the phase is approximately £90° respectively. R is equal 1o the im-
pedance magnitude at frequencies where the phase is approximately
0°. The vecter impedance meler also yields Q of circuits and indue-
lors by using cither 6 /Af, Rp/wlL 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, und Q.

HP's 4800A is equipped with analog oulpots for three parameters:
mpedance magnitude, impedance phase, and frequency. These out-
puls may be used in conjunction with a two-pen X-Y recorder 1o pro-
vide permanent traces. The rear panel provision for an external oscil-
lator input makes possible swepl 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 characleristics

Aanga: 3 Hz (o 500 kHz in five bands: 5 10 50 Hz, 5010 500 Mz, 0.510
S KHz, S 10 50 kHz, 50 10 500 kHz

Accuraey: +2% from 30 Hz to 500 kHz, 4% from Sto 30 Hz, 1'%
at 15.92 on Mrequency dia] from 159.2 Hz 1o 159.2 kHz, £2% at 15.92
Hz.

e -
ki
- L
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Monitor output: level: 0.2 V rms minimum; source impedance: nom-
inally 600 ohms in series with S0 «F.

Impedance measurement characteristics

Range: | ohm to 10 megohms.

Meter scale range: | ohm 1o 10 ohms (Imes impedince range.
Impedance ranges: X1, X10, X100, X1k, X10k, X100k, NX1M.
Accuracy: =+ 5% of reading.

Phase angle measurement characteristics
Range: 0° 10 +£90°.

Accuracy: +6°.

Calibration: increments of 5°.

Direct inductance measurement capabilities

Range: | uH 1o 100,000 H. direct reading at decade multiples of
15.92 Hz.

Accuracy: +7% ol reading far Q preater than 10 from 159.2 Hz to
159.2 kHz: £8% of reading for Q preater than 10 at 1592 Hz,

Direct capacitance measurement capabilities

Range: 0.l pF to 10,000 uF, direct reading at decade muliiples of
15.92 Hz.

Accuracy: +7% of reading for D less than 0. at 1892 Hz to 159.2
kHz, 8% of reading for D less than 0.1 at 15.92 Hz

Measuring terminal characteristice

Configuration: electrical: both terminals above ground, ground ter-
minals provided for shiclding convenienee; mechanical: hinding posts
spaced %" al centers.

Waveshape: sinusaidal.

External oscillator requirements: 0.9 V £20% into 20 k(2.

Recorder outputs

Frequency: level: O to | V nominal: source impedance: 0 to 1000
ohms nominal; proportional 10 frequency disl rotation.
Impedance: level: O 1o t V nominal; source impedance: 1000 ohms
rnominul,

Phese sngle: level: U 0.9 V nomiral; source impedance: 1000 chms
nominal,

Accessories furnlshed: [13525A Calibration Resistor, 00610A
Terminad Shicld.

Dimensions: 426 mm wide X {32 mm bigh X 467 mm decp (1674° X
SU" X 18Y%").

Welght: net, 0.8 kg (24 1b): shipping, 13.5 kg (30 1b).

Power: 115 or 230 V £10%, 48 to 440 Hz, 29.7 VA,

4800A Vector Impedance Meter s1910
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COMPONENT TEST

Q Meter
Modal 4342A

Description

The direct-reading expanded scale of the 4342A permits measure-
ment of Q from 5 to |000 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 measuse dissipauon factor and dielectric constant
of insulating materials. The Q meter can measure coefficient of coup-
ling. mutual inductance, and frequency response of transformers. RF
resisiance, reaclance, and Q of resistors and capacilors can also be de-
termiined.

Push butlon operation of frequency range and Q/AQ range sclec-

tion provides straightforwvard measurement. Automatic indiculion ol

meter scales, requency dials and frequency multipliers are featured,
adding 1o simplicity and reading speed.

Specifications

RF characteristics

RF range: 22 kHz to 70 MHz in 7 bands: 22 o 70 kHz. 70 10 220
kHz2, 220 (10 700 kHz, 700 10 2200 kHz 2.2 10 7 MHz, 7 to 22 MHz, 22
o 70 MHz.

4342A Optlon 001: 10 kHz 10 32 MHz in 7 bands 1040 32 kHz, 32
1o 100 kHz, 10010 320 kHz, 32010 1000 kHz, I (0 3.2 MH2, 3.2 0 10
MHz, 10 to 32 MHz.

RF accuracy: 1.5% from 22 kHz to 22 MHz: £3% [rom 22 MHz to
70 MHz £1% st "L point on frequency dial.

4342A Oplion 001: £1,5% from 10 kHz to 10 MHz: £2% from 10
MHz 10 32 MHz: +1% at “L™ point on [requency dial.

RF increments: approximalely 1% resolution.

Q measurement characteristics

Q range: 5o 1000 in 4 ranges: 5 to 30, 20 to 100, 50 (o 300. 200 10
1000,

Q sceuracy: % of indicated value: (at 25°C).

43424 & 43424 Opl. 001 4342

Q Freg. 22 WMz — 30 MHz 30 MHz — 70 MHz
5 — 300 +7 +10

300 — 600 +10 £15

600 - 1000 +15 £20

Q Increaments: upper scale: 1 from 20 to 100; lower scale: 0.5 from $
to 30.

AQ range: 0 to 100 in 4 ranges: 010 3,0 (6 10, Q to 30, 0 10 100.
AQ acouracy: £10% of full scale.

AQ Increments: upper scale: 0.1 frem 016 10; lowcer seale: 0.05 from
0wl

Inductance measurement characteristics
L range: 0.09 uH to 1.2 H, direct reading at 7 specific (requencies.
L sccuracy: +3% aller substitution of residuals (approx. 10 nH),

Resonating capacitor characteristics

Capacitor range: main dial: 25 to 470 pF: vernier dial —5to +5 pF.
Capacitor accuracy: main dial: £1% or | pF, whichever is greater:
vernier dial +0.1 pF.

Capacltor inerements: main dial: 1 pF from 250 30 pF: 2 pF from
30 10 200 pF: 5 pF from 200 ¢ 470 pF; vernier dial. 0.1 pF.

General
Rear panel ouiputs
Frequency maonltor: 170 mV rms min. into S0Q.
Q pnalog output: 010 [ V 250 mV dc after 15 minutes warmap,
proporiional to mcler deflection. Output mpedance approxi-
malely 1 k{2.
Over limit slgnal output: coniact closure at the rear pancl. Relay
contact capacity 0.5 A/15 VA,
Over limit dispiay time: sclectable, | s or conlinuously on, after
limit exceeded.
Temperature range: 0°C 10 30°C.
Power: 115 or 230 V 2107, 48-240 Hz, 27.5 VA max.
Dimenslons: 425 min wide X 138 mm high X 414 mm deep, (167" X
S0 X |6’/|¢,“).
Welght: nct, 14 kg (31 )b); shipping. 18.45 kg (41 Ib).
Accessories available:
HP 16014A: Series Loss Test Adaptor is desipned for measuring low
impedance components, low-value inductors and resistors, nnd also
high-valuc cupacitors. Using the adaplor udds convenience in con-
necling components in senies with the lest circuit of the 4342A Q
Meter, This adaptor consists of a 1eflon printed-circuit base on which
are mountcd binding posis, 1o accept the Reference Inductors, and a
pair of low-inductance series lerminals for (he unknown.
HP 16462A. Auxiliary Capacilos is designed ta exiend the Q and L
measurement capability of the 4342A Q Metor. It is especially useful
for measuring small inductors at low frequencies.
HP 16470A reference inductars: A range of 20 inductors, any of
which c¢an be supplied separately, is available for use with the 4342A Q
Melter Tor measuring the RF churacteristics of capacitors, resisiors.
and insulating malerials. These induclors have three terminals, One
lerminal is connected 1o the case 1o stabilize measurements.
Mode) number and name Price
Option 001 Frequency Range add §163
16C14A, Series Loss Test Adaplor $51

16462A, Auxiliary Capacitor $240
164704, Reflerence Induclors, for a set ol 20 ar 537

each. §740
4342A, Q Meter $1850
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44408 Description

The Hewlett-Packard 4440B Decade Capucitor is a high uccuracy
instrument providing usable capacitances I'rom 40 pF 1o 1.2 4F. Iis
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 pF provides
bigher accuracy, Jow dissipation factors and good temperature coefli-
cient. An air capacitor vernier provides 100 pF (from 40 pF to 140 pF)
with resolution of | pF. Capucilors are housed in a double shicld in
such a way that increased capacitance from twa terminuls to three ter-
minals is held to 1 pF.

44408 Specifications

Capaciltance: 40 pF to 1.2 uF in steps of 100 pF with u 40 pF to 140
pF variable air capacitor providing continuous adjustment (o beller
than 2 pF between steps.

Direct reeding accuracy: +(0.25% + 1 pF) at | kHz Yor three-ter-
minal connection.

Resonant frequency: (ypical values of the resonunt frequency are
450 kHz at 1 gF, 4 MHz at 0.0] gF and 40 MHz at 100 pF.
Diesipation factor: 0.001 maximum at | kHz.

Temperature coefficient: +70 ppm/"C.

Insulation resistance: 5 GQ minimum, after S minules at 500 V de.
Maximum voltage: 500 V peuk.

Weight: nct, 2.5 ke (5%: Ib): shipping 3.6 kg (8 Ib).

COMPONENT TESTmp

Decade capacitors and attenuators
Models 4440B, 4436A, 4437A, 350D

Dimenslong: 264 mm wide X 152 mm deep X 76 mm high (117 X 6™
X 3.

4436A/4437A Description

The Hewlett:-Packard Models 4436A /4437A Attenuatars provide
aceurate sleps of attenustion with 0.1 dB resolution for power<level
measurements. communicalion system tests, and pain or loss mea-
surements on filters and amplifiers, and similar equipment.

4436A Specifications

Maximum aftenuation: 119.9 ¢B.

Attenuation Increments: (.1 dB.

Input/output impadance: 600%. balanced.

Frequency range: dc to 1.5 MHz (0 to |10 dB) deto | MHz (0 to
119.9 dB).

Accuracy
Atenualion 100 kHx 1 Mz 1.5 MHz*
0~ 60dB +0.] 48 +0.2 dB +0.2d8
60 ~ 90 dB +0.1 6B +0.3d8 £0.3d8
90 ~ 110 ¢B +0.2dB +0.5d8 +0.54d8
116 ~ 118,948 =0.3dB +0.1 dB
Typrcal valug

Maximum Input power: +30 dBm.

DC lsolation: signal ground may bhc £300 V de from external chas-
sis.

Dimensions: 198 mm wide X 77 mm high X 167 mm deep (7%" x 3”
X 6%").

Weight: nct, (.5 kg (3.3 Ib); shipping, 2.7 kg (6 1b).

4437A Specifications

The Model 4437A is a 600 ohms unbulanced type, and its specifica-
lions are identical to the 44316A.

350D Description

Two allenuator sections make up the Hewlet-Packard 130D At-
lenuator. One section is a 100 dB attenuator, adjustable in 10 dB steps.
The other is a 10 dB attenuator. adjustable in | dB steps.

350D Specifications

Attenuation: 0 1o 110 dB, | dB and 10 dB steps.

Power capacity: 600( unbalanced; 3 W (535 V dc¢ or rms) max, con-
tnuous duty.

DC Isolatlon: signal ground may be £500 V dc (rom chassis.

Aoccuracy
10 dB section:
0dB 1048
dc 19 100 kBz < 40.125 dB/step
100 kHz to 1 MHz < £0.25 dB/step
100 dB section:
0dB 70d8 100 dB
dc to 160 kHz <40254d8 < 0.5 dB/step
100 kHz to 1 MHz <+0.5dB <£9.75 dB/step

Dimensiona: stundard Hewlett-Packard 4 module 130 mm wide X
159 mm high X 202 mm deep (34" X 64" X 8.
Welght: nct, 1.8 kg (4 1b): shipping 2.7 kg (6 Ib).

Model number and name Price
4440B Decade Capacitor $530
4426A Altenuator $790
4437TA Altenuator $530

350D Adtenuiator $191




The IC troubleshooters

Introduction

Growlh in digial 1C use conlinues—and
so does the problem of troubleshooting IC
¢ircuils, Bul, it 1s now possible 1o localize cir-
cuit faulls in a fraction of the tmeit (akes us-
ing analog technigues by approaching digital
prohlemns wilh digital troubleshoating in-
strumenls. Analysis of eircuil operation is di-
rect beeause viewing logic activity with logic
analysis tools means that you “see” logic
states und pulse activity at a glance. without
interpretation.

The need for cducation has also grown
stride for stride with the huge growth of 1C
usage. Both needs (troubleshooting und
Iruining) are commornly based, because well
trained logic personne! are by thewr nature
gand IC troubleshooters. The S035T Logic
Lab combines these concepts by providing an
HP-quulity learning experience—even for
those users who already know part of the dig-
ital story.

HP also provides additional |earning toals
such as Application Notes 163-3, Tech-
niques of Digital Troubleshooting. and 167,
The Logic Analyzers. These are availuble
through local HP Sates Oices.

Electrical vs. functional analysis
Analysis of a digital circuil can be done in
basically (wo ways:
u Eleelrical measurement
b. Functional analysis
While the goal of botlh methods may be
similar, i.t., 10 examine [C's, subassemblies,
or systems for proper operation, Lhe lech-
nigues arc not Lhe ssme. In Juct they ace dis-
similar in such a way that needs careful defi-
nidon.
Elecirica) analysis
The wraditiona! analog picture of absolute
voltage versus sweep time allows careful an-

hp! DIGITAL CIRCUIT TEST AND ANALYSIS

alysis of electrical parameters. This is true be-
cause the important  information—ampli-
tude versus time—is the information thai the
waveform curries. This method can help de-
cpher nosse, ringing, spikes, constant DC
levels, voltage swings, and so forth. Fusther,
it is the analysis domain in which typicat
users are most experienced and have the most
confidence. The increase in complexity of
digital systems puls a very severe lesl on elec-
trical apalysis, however. Many times the tra-
ditional voltage vs. ine window is extremely
difficult to posttion accurately within a digi-
tal dita stream. In addition, electrical view-
ing of digital signals imposes an exira bur-
den: the signal must be interpreted to extract
only pertinent information required, while
disregarding parameters which have lictle ef-
fect on circuil operation. The net effect is o
slow down digital analysis when using elec-
trical methods.

Funcilonal analysie

Digital information is often nonrepetitive.
Extremely long (and [ust), dala scquences are
common. Also, parameters which are signifi-
cant for analog analysis are less important in
a dipital measuremem. As an example, um-
plitude is Important only in that voltage must
be above or below threshold values (logic
HIGH, or logic LOW). Also lime is often not
imporiant in an absolute sensc. bul beconies
critical when related 1o "system Uime,”" or
rather the clock rate of i system in opera-
tion. Thus, a4 functional measurement con-
sists of an observation of digial information
(logic HIGH or LOW) versux syslem time
(CLOCK).

Using this definition ol functional mea-
surement, we can now coastruct a hierarchy
of logic stale troubleshooting levels. Each
level supplies only the information necessary
for thal level of dipital troubleshooting.
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Figure 1. Digital troubleshooting is fust and
efficiem vsing the HP Tamily of trouble-
shooting tools, Each insirument provides a
functional jndication of logic stale activily,
whether the problem is at the system level or
isolated down to an individual IC,

Logic Analyzers

Display requirements
To effectively troubleshoot digitul ctreuits,

several basic things are required:

|. A display: i window or piclure used by
the operator to look at logic activily.

2. A relerence: some Lrigger point thal is
sensibly related o the duta 10 be dis-
plaved, or a method of defining ¥ unique
wrigger point within a data scquence.

3. An indexing method: the ability to move
the display window buck and forth in lime
from the reference.

4. Storege: the ubility to siore and call back
single-shot cvenls for detaifed analysis.
Large numbers of “channels” (sets of duta

lines), are cumbersome to inteérpretl when the

user is only interested in logic stute vs. sys-
lem time, But, Logic Analyzers such as the

HP 1601L solve this problem by displaying 3

functionsl picture of groups of data bils

(words), versus clock which is very casy lo

use when examining tunctional relation-

ships.

The displays are in terms of logic HIGHs
(ones) and LOW's (zeroes) versus clock cvcle,
Referencing is accompiished using trigger
switches—lhese allow selection of a vnique
(rigger point. Further, the display may be
moved in time from the trigger point using
digital deloy in either a posilive or negalive
direction.

Negative digital delay is provided due to
the inherent storage features of logic ana-
lyzers—this allows the instrument o tsplay
4 number of cvents leading up to a selected
trigger event. The Model 3000A Logic Ana-
lyzer, for example, can display up 10 69 bins
{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 8 disc memory the starl of a seclor



may be the only available unique rigger
point, vet the data to be analyzed may be
thousznds of bits downstream from the trig-
ger. An analyzer with digital delay can posi-
tion the display window precisely, and with-
out jitter, ut the exact location of the charac-
tes or signal to be examined.

In digital systems very low repetition rate
or sigle-shot evemts are cncountered that re-
(uire storage to permit unglysis. For exam-
ple, “once per keystroke” calculator se-
quences fall into this category. Logic Ana-
lyzers contain sufficient memory o caplure
and store such events, thus they are highly
usefud in single-shot applications.

Digital 1riggering and delay are necessary
for functional analysis, but these features ure
also of great value when “aiming™ oy posi-
toning electricul analysis windows on oscil-
loscopes. These capabilities are needed for
bath serial and parallel data stream analyses,
because they atlow a user to "window' in on
microsecond events that occur as part of very
long data sequences. Thus, 4 Logie Analyzer
can provide trigger signals for elecirical anal-
ysis of pulses, if required.

Triggering
Serlal data
In serial data analysis, the problem of data
patlern recognition can be solved il the data
or instruclion portions of a seria) word ase
known. It then becomes pussible (o generate
a unique trigger from a known serial event, IT
a patlern set on the Model 1620A Pattern
Analyzer. for example. matches the bits con-
tained in the instruction porlion of a serial
word, a trigger is generated. Thus, a unigue
trigger is defined to allow anulysis of seria)
data streams, Added o this is the capability
of digital delay which allows lurther index-
ing {rom the user-selected trigger point.
SERIAL WORD 2t SERIAL WOAD =3
— il ey — A
SERIAL | DATA Iusmumlonlw '|rismucnou

DATA |1 |
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Figure 2. Since frame delay and bit pattern
can be user-defined, pattern recognifion trig-
gering on serial data can be set to oceur when
the nstruction portion of a serial word
matches a user-selecled bit pattern.
Parallel data

For parallel dma analysis, it is often neces-
sary 1o tsigger on the simultancous occur-

rence of several events, For exaniple, if one or
mare channels of daty go high at the same
point in time that the CLOCK signal goes
high, a trigger could be gencrated ut this
point. Additionally, the selecled (rigger
events could be either high or low polurity
signals.

Triggering need not be clock-relaced, but
instead can be usvnchronovs. This allows the
user 1o initaie the display sequence on a sig-
nal that might nol be present when the clock
samples the inputs to the analyzer. Signals
such as spikes. or other random evenls can
therefore be captured and displayed.
Trigger probes

The HP model 10250 series Trigger Probes
feature TTL, MOS, und ECL compatibility, a
4-bit AND gate trigger, and selectable bit lev-
els (Hl, LO. OFF). The cirguit-powered
probes provide 4-bit pattern recognition trig-
gering for digital signal analysis and may be
used for both functional and clectrical anal-
ysis,

Nodal isolation

Once a digital circuit mallunction is de-
tecied 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 heen isolated to a partic-
ufar circuit area or circuil board, a hand-held
group of low-cost instrumemts arc used to ob-
serve specific [C's. These products are de-
signed (o test digital 1C"s in-cireuit, and they
are extremely valuable in their ability 0 so-
lare logic faulis 1o 8 node.

Logic comparison

The time-proven technique of Jogic com-
parison can be used (o locate specific fuulty
niodes by testing an IC dynamicully within a
circuit. This allows the IC 1o be tested with-
out removing it from the board, or from its
normal signal sources. Products such as the
Model 10529A Logic Comparator test Lhe re-
sponses of a circuit-installed 1C aguinst a
known-good IC plugged into the Compara-
tor. This method is not aflected by faulty sig-
nals in the system or by incorrectly operating
feedback loops because the Com parator
looks for expected oulputs based on given in-
puts 1o two like devices. The LED display
then indicates errors in 1C operalion.

Nodal analysis

Onee a bad circuil node (see Figure 3.) has
been isolated, there is the (urther problem of
determining just which IC connected to the
node is faulty. To help with this, HP manu-
factures several logic state stimulus-re-
sponse, in-circuit logic testers.
Logic probea

The 10525T Logic Probe detects Jevels or
pulses anywhere in a circuil, and displays
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Figure 3. A typical IC failure, an open oulput
bond. allows all inputs normally driven by
that output 1o float (o i “bad™ level. This is
usually interpreted as a logic high by the in-
puts, thus inputs driven by an open hond
respond as though a swatic 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 indicaled by the light turning
on periodically. Logic highs that are pulsed
low are displayed by having a solidly lit band
that turns of) momentarily. The probe also
detects either very fast, or high frequency
pulse activity. and “stretches” them to pro-
vide a digplay at a 10 Hz rate.

While the 10S25ST probe is used for
TTL/DTL applications, probes for ECL, C-
MOS, HiNIL, and HTL logic families arc de-
scribed on Page 83.

Logic ¢lip

A multi-pin fogic slate indicator, the
Mode! 10528A Logic Clip indicates the states
of cither 14- or [6-pin DIP packages. Fach
pin is displayed by an individual LED, which
allows u user 1o easily follow input versus
oulpu! relationships. When a circuits® clock
rale 1s slowed down or stopped. the Clip pro-
vides a very uselul in-circuit test of a devices
truth table.

Logic pulser

The model 10526T Logic Pulser pravides a
unique capability: the ability to inject digitsl
pulses between gates, The Pulser automatic-
ally injects the correet polarity, and the 0.65
ampere, 0.3 microsecond pulse has sufficient
capability 1o drive & fow node high or g high
node low.

Stimulus-response testing

The Pulser/Probe or Pulser/Clip combi-
nation helps the user to identify the faulty cir-
cuils causing a system malfunction. The logic
test instruments mentioned here permit arbi-
trary signal injection and readouls between
gates. Thus, an added capability is provided
the digital troubleshooter: the ubility to stim-
ufate a circuil and monitor it for an output
response,
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10 MHz, 12 Bit parallel state analyzer
Model 1601L
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1601L Logic State Analyzer

Medael 1601L Loglc State Analyzer shows a BCD counter resetling
prematurely. The dispiay shows 1hat the counter counts to 89 and
then returns to zero instead of counting t0 90 and continuing.

Small, dval purpose probes simplify probing in compact digital
clrcults. The probes are small enough to connect to adjacent pins
on dual in-line packages angd the tips can be slipped off the probe
wire for direct connection to 0.6 mm (0.025 in.) square pins, IC
test clips, and wire wrap pins.

The Model 1601L Logic Stale Analyzer provides a new measure-
menl capability with quick comprehension of complex digital pro-
cesses displayed in an casy-to-read fosmal. Twelve puraillel data
stream measurements al clock speeds (o 10 MHz furnish fast func-
tional isolation of digital problems to basic circuit clements. You save
time in digital design and troubleshooting with the unique display lhat
uses the same formal as Iruth tables and (exibooks.

Dutat bits in one and zero character form are wrilten horizontilly
and correspond 1o the data points where the data probes are con-
nected. The 12 channels (8 bil words with flour qualifiers) are dis-
played vecticully in synchronization with 16 consecutive clocks or
strobes, maintaining system timing and data relationships, For eusy
interpretalion, the display can be farmatled In octal groups of (hree or
groups of four 1o match the system under 1est. A logic sense swilch is
avaifable 10 match the displayed pattern to either positive or pegative
true logic sysiems.

Digital triggering

Triggering occurs in clack synchronism when data matches the pre-
set word with the 12 parallel trigger switches. Triggering capabilities
are so varied thal the analyzer can easily access virtually any desired
16 word sequence in the dita stream. The trigger word can start Lhe
display. stop il 1o show whal occurred before (riggering, or start a
counter to delay the display by any preset number of clock eycles (up
(0 99 999) afier the Lrigger word.



Start display triggering: in Start Display mode, you trigger the an-
alyzer on a unique trigger word and display the trigger word with the
15 following words as they are clocked through a system. The Start
Display mode is valuable (or paging through a system while following
an algorithm (o verify operation or 1o quickly determine where a ma-
chine takes a wrong path. A convenient MARK pushbutton increases
trigger word intensity for quick recognition of where the Analyzer
triggered.

End display Iriggering: The analyzer’s 16 word digital memory cap-
tures events leading up to and including (he trigger word perinilting
you lo retain and display “negative time.” This negative lime capabil-
ity coupled with single sample operation is extremely valuable for
troubleshooting, because you can trigger on an illegal or unallowed
state and see whalt led up to the machine malfunction. Fault isolation
is much easier, since yvou can see why an error occurred rather than
just the results of the error.

Stant delay triggering: When the data you want (0 see does not im-
mediately follow the desired trigger word. digital delay positions the
16 word “window" an exact number of clock pulses (0 - 99 999) from
the trigger word. Digital delay is useful for moving the display win-
dow past wait loops, monitoring the contenis of 1ape or disc memor-
ies, and measuring lengths of subroutines.

Free run: Frce run is equivalent to seuting all trigger swilches 10 OFF
(don’t care) which clocks the display in synchronism with the clock
inpul. This mode aids in troubleshoating 1 machine by clearly dis-
playing aclive (superimposed ones and zeros) and inactive (unchang-
ing) data lines.

Clock and trigger indicators

When a display is not present, the No Clock und No Trigger indi-
cators guiekly pinpoint the problem and tell you what is preventing o
displiay. The No Clock indicators inform you when the clock inpul
does nt cross the logic threshold and will indicate if the clock is above
{Hi) or below (Lo) threshold. A TTL Threshold selection gives you
convenient compatidility with systems asing TTL logic: and a Vari-
able Threshold selection permits adjustment over a +10 Vio =10 V
range. Absence of inigger signal is shown by the No Trigger indicator
which means that the input data does not match the Trigeer Word
swilch setting.

Pattern trigger and delayed trigger oultputs

Pattern Trigger and Delayed Trigger Outputs are very useful sig-
nals that extend wroubleshooting capabilities in digital cirenil ana-
lysis. A Pattern Trigger Outpul signal is generated each time the pat-
lern set on the trigger word switches oceurs and can be used 1o syn-
chronize an oscilloscope-for electrical analysis at the digital point in
time a problem occurs. A Delayed Trigger Quiput signal is generated
coincident with the first displayed word. In the Start Delay mode this
delayed output can be used to synchronize un oscilloscope with data
that does not occur immediately after the trigger word.
Versatile probes

To simplify probing in compact digital circuits, small, dual purpose
probes were developed for direct connection to dual-in-line packages.
These probes are small enough to conneel w adjacent pins on DIP's
and the tips can be slipped off the probe wire for direct connection fo
0.6 mm (0.025 in.) square pins, IC test clips, and wire wrap pins,

1601L Specifications

Clock and data inputs
Repetition rate: 0 10 10 MHz.

Input RC: 40 +) k@ shunted by <!4 pF.
Input bias current: <30 uA,
Input threshold: TTL. fixed at approx. +1.5 V dc: varjable, £10 V
de.
Maximum Input

Level: +15 V dc; —(5V dc.

Swing: 15 V peak from threshold.
Minimum Input swing: (0.5 V +5% of absolutc threshold vollage p-p.
Minimum clock pulse width: 25 ns.
Minimum setup time: 1ime data must be present prior (o clock tran-
silion, 35 ns.
Minimum hold thme: time dats must be present ufter clock transi-
fion, ze¢ro.

Display rate
Variable: from <40 nsto >3J s

Pattern Irigger and delayed Irigger outputs

High: =2 V into 50 ohms (line driver interface).

Low: <04 V into 50 ohms (line driver inlerface).
Pulse duration: approx. 40 ns (RZ format).

General

Weight: nc(, (4.4 kg (31.75 1b); shipping 19.9 kg (43.75 Ib).
Power: 115 V or 230 V +£10%, 48 to 440 Hz 200 VA max.
Probe power: supplics power to operate one HP Model 102308
Clock Probe and two HP Maodel 16211B Six Bit Data Probes.
Dimensions: 201.6 mm wide, 338.1 mm high, 498.5 mm deep ' verall
(7% 13%ia. 19% inches).

Operating environment: iemperature, 0 lo §5°C (+32°F (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, cach with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz.
Acceseories supplled: blue CRT mask, 2.3 m (7.5 1) power cord,
Operating and Service Manuals, one Model 10232B probe package
containing one Model 10230B Clock Probe and two Model 102318
Six Bic Data Probes, and a blue light filter (P/N 01601-02701) for 1he
182 display unit.

Model 1601A logic state analyzer

A Logic State Analyzer is also available as the Model 160 A and may
use any 180 series mainfrume (184 not recommended) as a display
unit. The 1601A includes a Model 10232B probe package containing
one Model 10230B Clock Probe, (wo Model (02318 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 arc supplied with
the 160IL and 1601A, they muy be ordered separatcly by model
number.

Clack probe: Model 10230B Clock Probe includes interconnecling
cable with pod and two miniature elock and ground leads with tips.
Six bit data probs: Model 10231B Data Probe includes intercon-
necting cable with pod, six miniatore data leads and one ground lead
(P/N 10231-68702) with tips (P/N 10230-62101). and ped decals (for
bits 0-5 and bits 6-11),

Model number and name Price
1601L Logic State Analyzer (complete) $3050
1601A Logic State Analyzer Plug-in (includes probes) S1250
10230B Clock Probe 5130
10231B Data Probe 1490




Logic analyzer
Model 5000A

® Logic state vs system time display
e Single shot storage
e 15 ns spike detection

'”DIGITAL CIRCUIT TEST AND ANALYSIS

¢ Negalive time display
® Precision digital delay
® Compatible with all logic families

The 5000A Logic Analyzer provides a unique analysis capability by
allowig the operator (o “'see™ data al a circuil node exactly like the
diginal circuitry being examined, with the same liming relationships
and formalt. The analyzer's display is totally digita) in nature with am-
phitude being expressed in o digital format (logic highs and lows) and
time as digital time relative (o defined ¢lock trunsitions (clock cycles).

The 1otally 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 wtilization of the time base of 1he system under examina-
tion as the time base for the Analyzer.

This ability Lo see the data in the same timing diagram (ormat as the
system onder examinalion, allows fast funclional isolation of a circuit
malfunction 1o the basic gate or other circuit element which is causing
a probicmt.

Display

The 1 M{} data inpuis to the Logic Analyzer will aceept datz exactly
the way a device such as D flip-flop or shift register does. The Any-
lyzer samples the input data on a defined clock transition (edge) and
displays it in terms of bits feferenced (o the clock of the system under
1est. These I's (on LED's) and 0's (off LED's) cun be directly comi-
pared to the liming diagram of the circuit node.
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The data display of the Logic Analyzer consists of two rows of 32
LED indicators with each indicator representing the logic slate of the
signil during a particular clock transition. The Analyzer offers dis-
play Aexibility to the operator by providing two separate display chan-
nels (windows), each with a 32 bit capability. IT a larger display win-
dow is needed. a second Analyzer mode may be selected which ex-
tends the A channel display o a full 64 bits.

Digital triggering

[n any displuy of information with respect to Uime or cvents, there
musl exist SOmMe unique syng or starting point for the display. Defini-
tion of this painl in a digital waveform requires a deviation from the
traditional negative or positive slope triggering lechnique. The SO00A
Logic Analyzer ulilizes a nrew digital triggering formal which allows
indexing 1o any position within 4 dala sequence by selccting a signal at

cither the A or B inpul, the External Trigger input, or Jogical AND
combinations of two or three of these inpuls or their complements. I
more than three data inpuls are required Lo define a unique starting
point within # sequence, the parallel triggering capability of the Lagic
Analyzer may be greally expanded by use of the 10250 series of trig-
ger probes. Use of the 10250 peovides up to six parallel bits of trigger-
ing and wwo 32 bit display ¢hannels; (wo 10250°s will allow nine paral-
let bils of triggering and one 64 bil display channel.

Anolher unique mode of display position reference offered exclu-
sively by the Logic Analyzer is “asynchronous triggering.” This trig-
gering technique allows a display sequence 1o ba initiated on a signal
that is not present when the inputs are sampled on the selected clock
Iransition (not accessible 1o synchronous triggering).

This event could be a spike or a signal thal oceurs prior to the pres-
ent burst of clock pulscs.

Digital delay

IF the desired data display is not present immediately following the
trigger, the variable digital delay of the Analyzer aflows repositioning
of the display o any point within the data sequence. The 32-bit “dis-
play window™ can be moved wilh digital preciseness an exact number
of clock pulses celative to the fixed trigger poinl. Data occuring far
downstream in a bil scquence becomes conveniently visible just by
dialing (he appropriate delay number inlo the front-panel thumb-
wheel delay register.

The Logic Analyzer also offers a look-ahead or “negative delay”
feature. The Analyzer always has access lo the last 64-bits of datu
prior Lo the occurrence of 1he trigger and has the ability Lo display this
dota if desired. Thus. not only can a failure mode be observed, bul the
sequence of evenls which lead to the (ailure can now be displayed for
analysis.

Single shot storage

The digital nature of the Analyzer muakes single shot storage an in-
hereat capability. By simply plucing the Analyzer in the "STORE™
posilion, both input channels will capture the next dati sequence and
hold this data until resel. 11 is o longer necessary (o adjust a myriad
of controls if storage is sequired.

IT 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
conlinuously accepts new dala. This mode may be used for storing a
reference of known good data to which succeeding diuta can be com-
pared.

Spike detection

One of the Logic Analyzer's special Lronbleshoating capzbilitics
consists of being able 10 detect spikes as narrow as 15 ns between clock
pulses in a data stream. Whep 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, ean be used to look for spikes anywhere in a long serial data
slream even on a single shot basis.
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Logic 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 casy adjustment of the
input threshold level over a continuous range of £1.4 V.,

The nearly negligible circuit loading of the | M2, 35 pf inputs is fur-
ther reduced with the addition of standard 10:1 divider probes. With
addition of these probes, input impedance is increased to 10 MQ, 10 pf
and the variable threshold range of the input amplifiers is extended to
£14 V. The combination of high RC and wide trigger level range
means you can est circuits built from such diverse families as TTL,
ECL, MOS, RTL, HTL, and even CMOS, completely Iree of any
loading or compatibility problems.

Annunclators

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'L receiving pulses, you
know it immediately. Two other LED's light to indicale the occur-
ence of the arming and triggering processes. Y ou never wasle time try-
ing 1o see signals that aren’t there.

Combining electrical and functional measurement
capabilities

In measurements where unalog considerations such as ringing, volt-
nge level or asynchronous liming are of interest, an oscilloscope is an
invaluable instrument. The combinatorial triggering and precision
digital delay available in the Logic Analyzer can be utilized 10 trigger
an oscilloscope and therefore extend the triggering flexibility of the
Analyzer lo an oscilloscope,

The TRIG OUT signal, available on the back panel of the Logic
Analyzer is used as the external trigger input to the oscilloscope. The
TRIG OUT signal goes from TTL low to high at a point thal 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

Inputs

Input impedance: )| MR shunled by 35 pf.

Input threshold voltage: Continuously variable over £1.4 V.,
Maximum input voltage: 4200 V continuous, £400) V transient.

Data snd trigger inpuls (channal A.B. external trigger).
Minimum setup time: 15 ns.
Minimum hold time: 0 ns.
Clock input
Maximum pulse repetition rala: 10 MH..
Minimum pulse width: 15 ns.
Word delay input
Meaximum puise repstition rate: ' of Clock input repelition rate,

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.
Splke A: Detects multiple transitions at A input during 2 clock pe-
riod.

Minimum spike widih: 15 ns.

Trigger controls

Minimum sweep rearming tima: 60 ms afler last clock pulse of
sweep.

Hold off control: Increases rearming lime (o 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 remuin until clock pulse occurs.
Asynchronous mode: Analyzer triggers when trigger conditions are
met. Conditions need not remain until clock pulse occurs.
Minimum pulse widih: 40 ns.
Minimum setup time: 60 ns.

Digital delay

Post-trigger delay range: Display begins 0 10 999,999 clock periods
after irigger event.

Pre-trigger (nagative) delay range: Display begins 010 32 clock pe-
riods (64 in Serial A mode) before trigger event.

Delay reference

8tart: Trigger begins delay countdown. Dala input and display begin
N clock periods after trigger event (N is number indicated by thumb-
wheels),

End: Declay countdown begins 32 clock periods (64 in Serial A modc)
prior to trigger. Thus, when N = 0, the data displayed is the 32-bits
(64 in Serial A mode) occuring before the Irigger.

Word delay:

When enabled, permits 2 levels of digital delay.

Delay range: 0 1o 9,999 pulses at Word Delay inpul plus 0 to 99
pulses at Clock input.

Display

Displsy modes
Direct: Data at A and B inputs displayed by A and B registers.
A-B: Logical AND 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 hlanked.
A®B: Logical EXCLUSIVE-OR of A and B inputs displayed in A
register, B register blanked.

Dieplay relationship to clock: Display advances harizomully one

LED per clock pulse.

General

Power: 115 or 230 V £10%. 48 10 440 Hz, approx, 15 walls.
Dimensions: 213 mm wide X 178 mm high X 366 mm deep (8.4" X

7 X 14.4%).

Temperature: 0 to 55°C.

Accessorles available Price
10013A: 10:1 Voltage Divider Probe $30
10250A- TTL Trigger Probe $150

5000A Logic Analyzer 52175




16 Bit serial/parallel digital triggering
Model 1620A

HDIGITAL CIRCUIT TEST AND ANALYSIS
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1620A Description

Model 1620A Patiern Analyser generales a Lrigger from scrial or
parallel digital pattern recognition and/or digital delay for oscillo-
seopes of other extermally tnggered instruments. Patteen recogniiion is
sclectuhle up (o 16 bity in either serial or parullel mode, with digitl
deliy selection up 10 999,999 bils.

A separate yualilier Hne 1s provided for use in the serial mode. ena-
bhng you o louk for bit patterns af a discrete time or duriag time in-
ervals. A sesial (rame delay gives you window sclegtion in the bit
stream, relative 16 the qualifier stanting cdge.

In the paraliel secognitivn mode (he Analyzer is capable of either
synchropous or asynchronous operation. In the paratle! asynchro-
nous mode 1 sclectable pulse width Nlter reduces the possibility of
fulse triggering cuused by glilches resulling from skew in the dala
strearn cnloring the Analyzer.

Digital delay can he stirted by pallern recognition or by an exter-
nal trigger input (L:xt Delay Start). This allows you 10 move the mea-
surciment window i welectable number of clock cyeles downstream
frony u uniquely selected trigger point defined by the Analyzer or the
trigger npul.

To simplify probing in compact digital circuits. small dual purpose
20 M. probes allow dircel conncerion to doal in-line packages and
various pins, These probes are small cnough 10 connect to adjacent
ping on DIP's or the probes may be skipped ofl (he probe wires for di-
rect connection 10 0.6 mm (0.025 in.) square pins, 1C 1est elips, or wire
wrap pins.

1620A Specificatlons

Clock and data probe Inputs

Repetition rate: 20 MHz max.

Input RC: 40 kil + 3 kf) shunted by <)4 pF.

Input biss current (input grounded): <20 yA.

Input threshold: TTL. fixed at 1.45 £0.03 V de. Variable, 10 £10 V.
Maximum Inputs level, £15 V de: swing, 13V peak rom threshold.
Minlmum input swing: 0.5 V +5% of ‘hreshold voltage p-p.
Clock pulse width: 20 ns min.

Setup time: 20 ns min (normally 10 ns).

Hold lime: zero ns (rormally =5 ns).

BNC Inputs: cxternal delay start. Rear panel; serial daw, qualificr,
and clock. (Ideal for use with Model 5000A Logic Analyeer.)
External delay start input AC: | MQ +5% shunted by <14 pF.

Palttern and delayed frigger outpuls
Level: high, =2 V; low, <0.5 V (both into 50 ohms).
Width: approx. 30 ns in sync modes.

Operaling modes
168-bit sarial pattern recognition:
Qualllier OFF: rigger out approx. 80 ns after clock edge when
pantern is matehed.
Qualifier ot LEVEL; trigger out approx. 80 ns after clock cdge.
pattern malch, and qualifier match.
Qualifier at EDGE: Irigger out approx. 100 ns afer clack edge.
paitern malch, und frame delay count complete.
16-bit parallel pattern recognlion:
Synchronous: trigger out approx. 65 ns after clock edge and pal-
tern malch.
Asynchronous: trigger out approx. 75 ns afler pattern mach.
Digital delay: :
Delay start: internal from putiern irigger: external from from
pancl input with positive and nepative going cdge.
Dalay length: 0 to 999.999 clock edges.

General

Welght: Nci, 4.5 kg (10 Ib), Shipping, 6.4 kg (14 Ib).

Power: 100, |20, 220, or 240 V ac + 5%, — 10%: 48 Hz lo 440 Hz, max
powcr 58 VA (nominal 43 VA),

Dimensiona: 284 cm (11%, in.) wide: 11.9 em (4'%, in.) high: 40.6
cm (16 in.) decp.

Operating environment: gamc as Model 160) L (page 78).
Accesaorles furnished: one Model 10230B clock probe, Lhrec
Model 10231 B data probes, one 2.2 m (7.5 (1) power cord, onc Oper-
ating and Scrvice Munual.

Option 003: 1620A withoot probes fess 5630
indlvidual probesn:

102308 clock probe S130
102318 data probe Y150
1620A Pattern Analyzer (including probes) S1750
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« Dynamic Indicator of logic activity
e Pulse sirelching for narrow pulses
e Bad level/open circuit detection

TTL/DTL logic probe

Using the HP 10525T Logic Probe greatly simplifies tracing logic
levels and pulses through 1C circuitry to find nodes stuck
HIGH/LOW, intermittent pulses, and normal pulse activity. 1t in-
stantly 1ells whether the node probed is high, low, a bad level, open
circuited, or pulsing.

The Logic Probe requires bul a simple connection o your circuit's
5-volt supply to be ready to go into action; the ngrdly strain-relicved
power cord and the line voltage protected probe tip insure durability
and long life. High inpul impedance protects against loading your cir-
cuit-—nol 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 eircuits. When touched (o a high level, a bright baad of light ap-
pears around the entire probe tip; when ouched to a low level, the
light goes out. Open circuits or voltages in the bud level region be-
tween the presal thresholds cause lamp illumination at half brilliance.
Siivgle pulses of 10 ns or grealer are easily viewed by stretching to one-
twentieth of a second. The lamp Mashes on or blinks off depending
upon the pulse’s polarity, Pulse sireams to 50 MHz cause the lamp o
blink off and on at a {0 Hz rate. A single lamp at your iingertips pro-
vides adl this information. Thus, there is never any need for rotaling
the Probe to see what's happening, no matter where you are probing.

Since most IC lailures show up as a node stuck either HIGH or
LOW, the Logic Probe provides an inexpensive yel remarkably easy
way of detecting the fault. And, with a Logic Probe, those single-shot,
short pulses thal are nearly impossible to see with even the fastest of
scopes are readily displayed al your fingertips.

Also, combining the Probe with the 10526T Logic Pulser greatly en-
hunces the ease of Llroubleshooting. The Pulser pravides a convenienl
means of injecting single pulses whose effects are monitored witly the
Probe.

With its high input impedance, Model 10325T 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.

Logic probes
Models 10526T, 10525H & 10525E

Specifications

Input impedance: >25 k in both the high and low state (<1 low
power TTL load).

Logic ene threshold: 2.0 V +£0.2 V.

Logic zero threshold: 0.5 V +0.2 V, 04 V.

Input minimum pulse width: 10 ns.

Input maximum pulse repetition frequency: >50 MHz.

Input overload protection: 70 volts continuous, 4200 volts inter-
mittent, 120 V ac for 30 seconds, 240 V ac for 10 seconds.

Power requirements: 5 V +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 10523H brings fingertip convenicnce 1o 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
voliage levels and accepts a power supply anywhere inthe 1210 25 V
range. Electrical Characteristics have been oplimized to match the al-
tributes of (he tested devices.

Specifications

Input impedance: >20 k.

Loglc one threshold: 9.5 V 4] V.

Logic zero thrashold: 2.3V &1 V.

Input minimum pulse width: 100 ns.

Input maximum pulge repetition frequsncy: >5 MHz.

Inpul overload proteclion: +70 V continuous, £200 V inlermil-
tent, 120 Vac for 30 seconds, 240 Vac Jor 10 seconds.

Power requirementa: +12 1o +25 V at 100 mA. Includes power lead
réversal protection.

Temparature: 0° 1o 55°C.

Accessories included: BNC (o allipntor clips. ground clip.

ECL logic probe

The HP Maodel 10525E Logic Probe extends the time-proven, cost-
saving logic probe troubleshooting technique 1o high-speed ECL
logic.

Operation of the ECL probe is analagous to that of (he 10523T ex-
cept the 10525Es high speed circuitry stretches single shot phenome-
na so (hat single pulses as narrow as 3 nanoseconds may be observed,

The 10525k may be powered direcily from any —5.2 volt source
and its high input impedance mimmizes circuit loading,

Specifications
Input impedance: 12 k& in both the high and low state.
Loglc one threshold: —1.1 V +0.1 V

Logle xora threshold: —1.3 vV +0.1 V.

Input minimum pulge width: 35 nscc.

Input maximum pulse repetition frequancy: 50 MHz (1ypically 100
MHz at 50% duty ¢cycle.)

Input overload protection: +70 volls conlinuous, 200 volis inler-
mittent, 120 Vac for 30 seconds.

Power requirements: —5.2 V +10% at R0 mA: supply overload pro-
lection for voltages from =7 to +400 volts.

Accessorles included: BNC (o alligator clips. ground clip.

Accesgories avallable: Price
108256001 2: Tip Kt 520
Model number and name

10525T Logic Probe 599
10525H Logic Probe £09

10525E Logic Probe §99




h'pDIGITAL CIRCUIT TEST AND ANALYSIS
Logic pulser and logic clip
Models 10526T & 10528A

¢ |n-circuil stimulation withoul unsoldering
e Autornalic injection of proper polarity pulse
e Greally simplifies digital troubleshooting

e Displays IC logic states at a glance
® Self-powered, self-contained
e No adjustments required
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Lagic pulser

The Medel 10826T 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 1o the node (oulputs
as well ax inputy) are briefly driven to their opposite staie, No unsol-
dering of IC outputy is required. Pulse injection 18 autoguitic so the
user need not concern himsell whether the test node is in the high or
fow state: high nodes are pulsed low and low nodes, high, each lime
the bullon is pressed.

The Pulser is essemially a single-shol pulse generator with high oul-
pul current capability packed in a convenient, eusy-10-use probe. Abil-
ity to source or sink up 1o .65 Amperes insures su(Jicient corrent to
overcide [C outputs in either the high or low state. Output pulse width
of 0.3 gs limits the amount of energy delivered o the device under Lest
thereby eliminating the possibility of destruction. Additionally the
Pulser oulput is Iri-state so (hat circuil operation i3 unaffected by
probing unlil 1he pulse bution is pressed.

Combining in-circuit pulse injection with the unique deicclion ca-
pabilitics of the HP 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 10 hold complete stimulus-response capabil-
ny at his linger tips.

Gute operation is tested with the Pulser driving the input and the
probe monitoring transmitted pulses at the outpul. When pulses are
not received, the Pulser and Probe on the same pin ¢an detect il the
failure is due to @ short to ground or V.

Testing sequential circuits is the domain of the Logic Clip and Logic
Pulser. The Clip simultancously monilors al} output states while the
Pulser applies clock and reset pulses to the device. Improper opera-
ton, if present, is immediately obvious since the 1C will not go
ihrough its prescribed sequence of states.

Though the Pulser can source large currents, the chirge necessary 1o
supply this current is stored in the Pulser, and power supply require-
menls are less than 25 mA from any 5 velt supply.

Specificationa

Output high pulse valtage: >2 V at 0.65 A (I A typical at Vps = §
V. 25°C) ]

Oulput low pulse voltage: <0.8 V a1 0.65 A (1 A lypical ut Vps = 3

V., 25°0)

Output impedance, active state: <2 obms

Oulput Impedance, off state: > Mcgohm

Pulse width: 0.3 xs nominul

Input overload protectlon: +50 volts continuous

Power supply Input protection: x7 volis (includes power lead re-
vorsitl prolection)

Power requirement: 3 V x10% a( 25 mA

Tempersture: 0°C 10 35°C

Accessories included: BNC to alligator clips. ground clip

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 associuted
pin: a lighted diode corresponds to a high logic state,

The Logic Clip's real value is w its case of use. 1t has no conlrols 1o
he set, needs no power connections, and requires practically no expla-
nation us 10 how it is used. The clip hag its own pating logiv for local-
ing the ground and +35 volts Voo pins and the bullered inpuis reduce
cireuit loading. Simply clipping the 1US28A onto a TTL of DTL doal
in-line package 1C mukes all Jogic states visible al a glance,

The Lusgic Clip is much casier to use than cither an oscilloscope or a
voltrmeter when a logic designer or service engincer s interested in
whether a lead is in the high or low state (1 or 0 state), rather than its
actual voltage.