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FEATURES

HIGH FREQUENCY FEATURES

Wide Bandwidth
Conservatively rated —3 dB bandwidth is dc to 60 MHz
for Model 15660; dc to 40 MHz for Madel 1540.

Fast Rise Time
Rise time is less than 5.8 ns for Model 1660; 8.8 ns for
Model 1540,

Fast Sweep

Maximum sweep speed {with x 10 MAG) of & ns/div for
Model 1560; 10 ns/div for Model 1540 assures high fre-
quencies and short duration pulses are displayed with high
resolution.

Signal Dalay Line

Signal is delayed with respect to triggering to give at least
20 ns visible delay. Permits viewing leading edge of high
frequency and fast risetime pulses.

DUAL TIME BASE FEATURES

Dusal Sweep Gonerators

A sweep gives normal weveform display, B sweep may be
operated at faster sweep speed to expand a portian of the
waveform,

5 Modes of Horizontal Display

Choice of A sweep only, B sweep anly, A sweep with B
sweep portlon intensified, alternating A and B sweep (trace
separation adjustable), and X-Y.

B Sweep Delay

Start of B sweep selectable from zero delay, triggerable
after delay, and continuous delay {starts immediately after
delay}) mades. Delay adjustable from 0.2 to 10 times A
sweep time. Permits expansion of any portion of
waveform.

DUAL/TRIPLE TRACE FEATURES

Tripla Trace

Madel 1560 has three vertical input channels for display-
ing three waveforms simultaneously. Selectable single
trace {either CH 1 or CH 2}, dual trace, or triple trace opera-
tton, Alternate ot chap sweep selectable at all sweep rates.

Dual Trace

Model 15640 has twao vertical input channels for displaying
two waveforms simultaneously. Selectable single trace
feither CH 1 or CH 2} or dual-trace aoperation. Alternate or
chop sweep selectable at all sweep rates.

Sum and Difference Capability

Permits algebraic addition or subtraction of channel 1 and
channel 2 wavefarms, displayed as a single trace. Useful
for differential voltage and distortion measurements,

CRT FEATURES

Rectangular CRT

Rectangular CRT with large 8 x 10 centlmeter viewing
area. Internal 8 x 10 division graticule eliminates parallax
error.

High Brightness

Domed mesh type CRT with post deflection acceleration
and high brightness phosphors. High acceleration voltage;
16 kV for Model 1560, 12 kV for Model 1540,

Conveniance

Variabie scale illumination for easy viewing in darkened
area and for waveform photagraphs. Trace rotation elec-
trically adjustable from front panel. 0%, 10%, 30%, and
10Q% markers far rise time measurements.



VERTICAL FEATURES

High Sensitivity
B mV/div sensitivity far full bandwidth. Selectable
1 mv/div and 2 mV/div sensitivity at reduced bandwidth.

Calibrated Voltage Measurements

Accurate voltage measurements (£3%) on 12 calibrated
ranges fram 1 mV/div to 6 V/div. Vertical gain fully ad-
justable between calibrated ranges.

SWEEP FEATURES

Caiibrated Time Measurements

Accurate { +3%) time measuremeants. Model 15660 has 22
calibrated ranges from 0.5 s/div to 0.05 us/div; Modsl
1540 has 21 calibrated ranges from 0.5 s/div to
0.1 us/div. Sweep time fully adjustable between calibrated
ranges.

x 10 Sweep Magnification

Allows closer examination of waveforms, increases max-
imum sweep rate to 5 ns/div {Model 1560} or 10 ns/div
{(Model 1540).

TRIGGERING FEATURES

4 Trigger Modes
Selectable narmal (triggered), automatic, FIX, or single
sweep maodes.

Triggered Sweep
Sweep remains at rest unless adequate trigger signel is ap-
plied. Fully adjustable trigger level and {+) or { —) slope.

AUTO Swaep

Selectable AUTO sweep pravides sweep without trigger in-
put, automatically reverts to triggered sweep operation
when adequate trigger is applied.

FIX Sweep
Same as AUTO swaeep except trigger level is automatically
fixed at center of waveform. LEVEL control has no effect.

Single Sweep
Permits viewing and photographing onetime events.

5 Trigger Sources

Five trigger source selections, including V.MODE, CH 1,
CH 2, CH 3/EXTernal, and LINE (560/60 Hz}. In V.MODE,
each waveform displayed becomes its own trigger (alter-
nete triggering in ALT dual-trace or triple-trace mode).

5 Trigger Coupling Choices
Selectable AC, DC, high-frequency reject, video frame, or -
video line trigger coupling.

Video Sync
Selectable FRAME or LINE triggering for observing com-
posite video waveforms.

Variable Holdoff
Trigger inhibit period after end of sweep adjustable. Per-
mits stable observation of complex pulse trains.

OTHER FEATURES

X-Y Operation
Channel 2 can be applied as horizomal deflection {X-axis}
while channet 1 provides vertical deflaction (Y-axis).

Z Axis Input

Intensity modulstion capability permits time or frequency
markers to be added. Frace brightens with 2 V or mote
positive signal, TTL compatible.

Built-In Probe Adjust Square Wave

A 0.5 V p-p, 1 kHz square wave generator permits probe
compensation adjustment.

Channel 1 Qutput

Buffered 50 Q output of channel 1 signal evailable on rear
panel for driving frequency counter or other instruments,
Output is B0 mV/div into 50 O and at fuli bendwidth rating.

Swaeep Gate and Sweaep Output
TTL rectangular wave caincident with sweep and 1 V p-p
sSweep famp wave outputs for extermnal use,

Auto Focus
Auto facus circuit keeps waveform in focus with changes
in intensity {for example, the intensified portion of trace}.



SPECIFICATIONS

MODEL 1560 MODEL 1540
CRT 150HTM31 150JTM31
Rectangular, with internal graticule Rectangular, with internal graticule

Accelaretion Voltage 16 kV 12 kV

Display Area 8x10 div {1 div=10 mm}

VERTICAL AXIS CH1 and CH2

Senaitivity 1 mVidiv to 5 Vidiv, +3%

Attenuator \

12 steps, 1 mV/div te § Vidiv in 1-2-5 sequance.
Vernier control for fully adjustable sensitivity between steps.

Input Impedance

1 MQ +2%, approx 20 pF

Frequency Response

EmV/div to 5V/div

DC; DC to 60 MHz, —3 dB
AC; 5 Hz to 60 MHz, -3 dB

1 mV/div, 2 mV/div

DC; DC to 40 MHz, -3 dB
AC: 5 Hz, to 40 MHz, —3 dB

DC; DC to 20 MHz, —3 dB
AC; 5 Hz to 20 MHz, — 3 dB

DC; DCto 15 MHz, -3 dB
AC: 5 Hzto 15 MHz, —3 dB

Rise Time

5.8 nsec or less (60 MHz)
17.5 nsec or less (20 MHz)

8.8 nsec or less (40 MHz2)
23.4 nsec or less (15 MHz)

Signal Delay Time

Approx.20 nsec on the CRT screen

Cross talk

—40 dB minimum

Operating Modes

CH1; single trace

CH2; single trace

ADD; CH1 + CH2 added as a single trace
DUAL; CH1 and CH2, dual trace
TRIPLE; CH1, CH2 and CH3 triple trace
ALT; dual trace or triple trace, alternating
CHOP; dual or triple trace, chopped

Chop Frequency

Approx. 260 kHz

CH?1; single trace

CH2; single trace

ADD: CH1 + CH2 added as a single trace
DUAL; CH1 and CH2, dual trace

ALT: dual trace alternating

CHOP; dual trace, chopped

I_C_hann-s:l Polarity

Normal or inverted, channel 2 only inverted

A Maximum Input voitage

500 Vp-p or 250 V (dc + ac peak)

Non-Distorted Maximum Amplitude

Moare than 8 div (DC to 60 MHz)

VERTICAL AXIS

More than 8 div {DC to 40 MHz)

CH3

Sensitivity

0.1 Vidiv and 1 V/div £3%

Input Resistance

1M 2%

Input Capacitance

Approx 27pF

Frequency Response

DC: DC to 80 MHz, —3 dB

AC: 5 Hz to 60 MHz, -3 dB

Rise Time

5.8 nsec or less

Signal Delay Time

Same as CH1 and CH2

A Meximum Input Vohage

50 V (dc+ ac peak)

HORIZONTAL AXIS

Input thru CH2, x 10 MAG not included

Operating Modes With HORIZ DISPLAY switch, X-Y operation is selectable
CH1; Y axis
CH2; X axis

Sensitivity Same as vertical axis (CH2)




N MODEL 1560 MODEL 1540
Input impedance Same as vertical axis (CH2)
Frequency Response DC; DC to 1 MHz, — 3 dB
AC; 5Hz to 1 MHz, —3 dB
X-Y Phase Difference 3° or lass at 100 kHz
ﬁ_\, Maximum Input Voltage Same as vertical axis (CH2}
SWEEP
Type A; A sweep
ALT; A sweep {intensified for duration of B sweep and B sweep {delayed
sweep) alternating
INT; Duration of B sweep is displayed as an intensified portion of A sweep.
B; Delayed sweep
XY, XY o_scilloscope
Swesp Time
A; 0.05 ps/div to 0.5 s/div, +3% in 22 0.1 us/div to 0.5 s/div, 3% in 21
ranges, in 1-2-5 sequence. ranges, in 1-2-6 sequence.
Vernier control provides fully adjustable Vernier control provides fully adjustable
sweep time between steps. | sweep time between steps.
B; 0.05 ps/div to 5O ms/div in 19 ranges, 0.1 ps/div to 5O ms/div in 18 ranges, in
in 1-2-5 sequence. 1-2-b sequence.
Sweep Magnification X 10 (ten times) +5%
Linearity =+ 3% all ranges,
+5% on .05 us/div to 0.1 gs/div range at x 10 MAG.
Holdoff Continuously variable from NORM to mare than ten times (MAX)
Trace Separation B sweep can be separated from A sweep up to 4 divisions, continuously
adjustable.
Delay Method Continuous delay (STARTS AFTER DELAY), Trigger delay (TRIG), Zero delay
{(DELAY TIME=ZERD)
Delay Time From 500 nsec te 0.5 sec. Available delay time is 0.2 to 10 times the A sweep
time setting, continuously adjustable.
Delay Jitter 1120000 of ten times of A sweep time setting
TRIGGERING
Trigger mode AUTO, NORM, FIX, SINGLE
Trigger source
V.MODE Trigger selected by vertical MODE switch. | Trigger selected by vertical MODE switch.
CH1 Triggered by CH1 signal Triggered by CH1 signal
CH2 Triggered by CH2 signal Triggered by CH2 signal
CH3/EXT Triggered by CH3 signal Triggered by EXT TRIG signal
LINE Triggered by line voltage Triggered by line voitage
Coupling AC, HFrej, DC, VIDEQ FRAME, VIDEQ LINE
7 1
Trigger sensitivity FREQ.RANGE INT EXT FREQ.RANGE INT EXT
DC DC —60 MHz 1 div 0.1 Vp-p DC —40 MHz 1 div 0.1VP-pP
AC Same as for DC but increased minimum level below 10 Hz
AC, HF rej Increased minimum level below 10 Hz and above 20 kHz
VIDEO ~ FRAME, LINE L 1 div [70.1 Vp—pﬂ FRAME, LINE 1 div I 0.1 Vpp
AUTO: Same as above specifications for above 50 Hz.
FIX: Same as above specifications for above 50 Hz.
Ma.aximum External Same as CH3 50 V |dc + ac peak}
Trigger Voltage




MODEL 1560 MODEL 1540

| CALUBRATING VOLTAGE

0.5 V, +6%), square wave, positive polarity, approx 1 kHz

PINTENSITV MODULATION

Sensitivity

TTL compatible positive voltage increases brightness, negstive voltage decreases
brightness.

Input Impedance

Approx. 10 ki

Usable Frequency Range DC to 5 MHz DC to 3.5 MHz
A Maximum Input Voltage 50 V (dc + ac peak)

VERTICAL AXIS SIGNAL OUTPUT CH1 OUTPUT

Output Voltage Approx. 50 mV/div into 60 Q

Output Impedance Approx. 50 @

Frequency Response

5 mv/div to & Vidiv

100 Hz to 60 MHz, —3 dB into 50 Q 100 Hz to 40 MHz, —3 dB into 50 {}

1 my/div, 2 mVidiv

100 Hz to 20 MHz, —3 dB inta 60 100 Hz to 15 MHz, —3 dB into 60 Q

GATE OUTPUT

Output Voltage

TTL compatible

OQutput Impedance

Approx. 220 @

SWEEP OUTPUT

OQutput Voltage

1Vp-p

Qutput Impedance

Approx. 1 kil

POWER REQUIREMENT

Power Supply

100 V/120 V/220 V240 V £10%

Line Frequency

50/60 Hz

Power Consumption

Approx. 66 W

DIMENSIONS (W x Hx D)

304(346)x 180{173} x 4011461} mm
() dimensions include protrusion from basic outline dimensions

WEIGHT

Approx. 11 kg

ENVIRONMENTAL

Within Specifications

10°C to 35°C, B5% max. relative humidity

Full Operation

0°C to 50°C, 30% max. relative humidity




PRECAUTIONS

SAFETY PRECAUTIONS

WARNING

The following preceutions must be observed to pre-
vent electric shock.

1. When the oscilloscope is used to make maasuraments in

aquipment that contains high voltege, there is always a
certein emount of dangar from electrical shock. The per-
son using the oscilloscope in such conditions should be
a qualified electronics technician or otherwise trainad
and qualified to work in such circumstances. Obsarve
the TEST INSTRUMENT SAFETY recommendations
listed on the inside front cover of this manual.

- Do not operate this oscilloscope with the case removed
unless you are e qualified sarvice technician. High
voltege up to 16,000 volts (Madel 1560) or 12,000
volts (Model 1540} is present when the unit is operating
with the cesa removed.

- The ground wire of tha 3-wira ac power plug places the
chassis and housing of tha oscilloscope at earth ground.
Use only a 3-wire outlet, end do not attempt to defast
the ground wire connection or finat the oscilloscope; to
do so mey pose a grest safety hazard.

. Special precautions ere taguired to measura or observe
line voltage waveforms with any oscilloscope. Use the
following procedure:

a. Do not connect the ground clip of the probe to alther
side of tha line. The clip is elready at eerth ground and
touching it to the hot sida of the line may ‘‘wald’ or
""disintegrete’’ the praba tip end ceuse possibla in-
jury, plus possible damege to the scope or probe.

b. Insert the probe tip into ona side of the line voltege
receptacle, then the other. One side of the receptecle
should be ''hot”" end produce the waveform. The
other side of the receptacle is the ec return end no
wavefarm should result.

EQUIPMENT PROTECTION PRECAUTIONS

CAUTION

The following precautions will help evoid demage to
the osciffoscope.

1. The power transformer of this ingtrument may be wirad

to aperate from nominal line voltage of 100, 120, 220,
or 240 VAC, 50/60 Hz. Be sura tha [ine voltage selac-
tion is correct before applying power. Also, make sure
the correct fuse value is usad, corrasponding to line
voltage as follows:

100 VAC operation - 2 A.
120 VAC oparation - 2 A,
220 VAC operation - 1 A_
240 VAC operation - 1 A,

« Never allow a small spot of high brilliance to remein sta-
tionary on the scraan for more then a faw saconds. The
screen mey become parmanantly burned. A spot will oc-
cur only when the scope is sat up for X-Y operation and
no signal is applied. Either raduce the intansity so the
spot is barely visible, apply signal, or switch beck to nor-
mel sweep operation,

. Do not rest objacts on top of tha oscilloscope or othar-
wise obstruct tha ventilating holes in the case, es this
will increase tha internel temperature.

- Excassive voltege applied to the input jacks may

damage the oscilloscope. Tha meximum retings of the
inputs ere as follows:

CH 1 and CH 2:
A 500 V p-p; 250 V (dc + ec peek.}

CH 3/EXT TRIG end Z AXIS INPUT:
80 V (dc + ec paek.)

Never epply externel voitege to oscilloscope output
facks.

. Alweys connact a ceble from the ground tarminal of the
oscilloscope to tha chessis of the equipment under test.
Without this preceution, tha entire current for the aquip-
ment undar test may be drawn through the probe clip
leeds under certein circumstences. Such conditions
could elso pose e safety hezard, which the ground cahle
will prevent,

- The probe ground clips are et osciloscope ground and
should be connected anly to the commeon of the equip-
ment under test. To measure with respect to any point
ather then the common, use CH 1 - CH 2 subtract

7



operation (ADD mode and CH 2 INV}, with the channel
1 probe to the point of measurement and the channel 2
probe to the point of reference. Usea this method even if
the reference point is a dc voltage with no signal.

OPERATING TIPS

The following recommendations will help obtsin the
best performence from the oscilloscope.

1.

Always use the probe ground clips for best results. at-
tached to a circuit ground point near the point of
measurement. Do not rely solely on an extemal ground
wire in lieu of the probe ground clips as undesired
signals may be induced.

. Avoid the following operating conditions:

a. Direct sunlight.

b. High temperature and humidity.

¢. Mechanical vibration,

d. Electrical noise and strong magnetic fields, such
as near large motors, power supplies, transform-
ers, atc.

. Occasionally check trace rotation, probe compensation,

astigmatism, and calibration eccuracy of the
oscilloscope using the procedures found in this manual.

4. When using 10:1/direct probes, Use 10:1 attenuation

whenever passible for minimum circuit loading and im-
proved high frequency response. For example, the fre-
quency response of the PR-40 Probe {which is typical of
most 10:1/direct probes) is 100 MHz in X10, com-
pered to 15 MHz in DIRECT. Similarly, circuit loading is
10MQ and 18 pF in X10, compared to 1 Mg and
100 pF in DIRECT.

. Terminate the output of & signal generator in its

characteristic impedance to minimize ringing, especially
if the signal has fast edges such as square waves or
pulses. For example, the typical 50  output of a square
wave generator should be terminated into an external
50 terminating resistor and connected to the
ascilloscope with 50 O coaxial cable.

- Prabe compensation adjustment matches the probe to

the input of the scope. For best results, compensation
should be adjusted initially, the the same probe always
used with channel 1 and channe! 2 respectively. Prabe
compensation should be readjusted when a prabe from a
different ascilloscope is used.




CONTROLS AND INDICATORS
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Fig. 1

FRONT PANEL

{7 § POSITION

Rotation adjusts vertical positian of channet 1 trace.

In X-Y operation, rotation adjusts vertical position of
display.

@ voLTS/PIV

Vertical attenuator for channetl 1; provides step adiustment
of vertical senaitivity. When VARIABLE cortrol (3) is set to
CAL, vertical sensitivity is calibrated in 12 steps from
5 Vidiv to 1 mVidiv.

For X-Y operation, this control provides step adjustmant of
vertical sensitivity.

(31 VARIABLE Control

Rotation provides fine controd of channel 1 vertjcal sen-
sitivity. In the fully clockwise [CAL) position, the vertical
attenuator is calibrated. For X-Y operation, this control
serves as the Y axis attenuation fine adjustment.

4 AC-GND-DC

Three-position lever switch which operates as follows:

AC:  Biccks de component of channg! 1 input signal.

GND: Opens signal path and grounds input to vertical
amplifier. This provides a zers-signatl base line, the
position of which can be used as a reference when
performing de measurements,

D Direct input of ac and dc component of channel 1
input signal,

5 WPUT Jack
Vertical input for channel 1 trace. Vertical input for X.¥
operation.

6. VOLTS/DIV

Vertical attenuator for channel 2; provides step adjustment
of vertical sensitivity. When VARIABLE cantrol {7 is set ta
CAL, vertical sengitivity is calibrated in 12 steps from
S vidiv to 1 my/div,

in X-¥ operation, this control provides step adjustment of
horizontal sensitivity.

{7 VARIABLE Control

Rotation provides fine control of channel 2 vertical sen-
sitivity. In the fully clockwise {CAL} position, the vertical
attenuator is calibrated. In X-Y operation, this control
becomes the fine horizontal gain contral.

{8 AC-GND-DC

Three-position lever switch which operates as follows:

AL Blocks do component of channet 2 input signal.

GND: Opens signal path and grounds input to vertical
armphfier. This provides a cero-signal base ling, the
position of which can be used as a reference when
performing dc measurements,

DC: BCirect input of ac and dc component of channel 2
input signal.
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(9} INPUT Jack

Vertical input for channel 2 trace in normal sweep opera-
tion. External horizental input in X-Y cperation.

4% cH2 INv

in the NORM position {button releasedl, the channel 2
signal is nongnverted. In the [NV position (button
engaged), the channel 2 signat is inverted.

01 § POSITION, X-¥ «»
Rotation adjusts vertical position of channel 2 trace.
in X-¥ operation adjusts horizontal position of display.

4% mobE
Pushbutton switch assembly; selects the basic operating
modes of the oscilloscope.

CH1: Oniy the input signal to channgl 1 s displayed
as a sing'e trace.

CH2: Onily the input signal to channel 2 15 displayed
as a single trace.

ADD: When both CH1 and CH2 buttons are engaged,

tCH1 4 CH2y the waveforms from channel 1 and channel 2
inputs are added and the sum is displayed as a
single trace. When the CH2 INV GQ; button is
engaged, the waveform from channgl 2 s sub-
tracted from the channel 1 waveform and the
difference is displayed as a single trace.

ALT: Alternate sweep 15 selected regardiess of
sweep time as dual trace (CH1 and CH2) [or tri-
ple trace (CH1, CH2 and CH3} for Model
1560%

ai gz 43 48 4y de 48

Fig. 2

a8 fe o3 @ W@ W
CHOP: Chop sweep is selected regardless of sweep
time at approximately 250 kHz as dual trace
{CH1 and CH2) for trple trace (CH1, CH2 and
CH3) for Model 15601,
DUALS Modet 1560 oniy)
TRIPLE: With this button released, allows ALT or CHOP

switch to select dual-trace operation. With this
button engaged, allows ALT or CHOP switch to
select triple-trace operation.

13 POWER, SCALE ILLUM

Fully counterclockwise rotation of this controf (OFF posi-
tion) turns off oscilloscope. Clockwise rotation turns on
cscifloscope. Further clockwise rotation of the control in-
creases the illumination level of scale.

PILOT Lamp
Lights when oscilloscope is turned on.

4% GND terminalfbinding post.
Earth ang chassis ground.

{8 CAL
Provides approximately 1 kHz, 0.5 Volt peak-to-peak

square wave signal. This is useful for probe compensation
adjustment.



() TRACE ROTATION

Electrically rotates trace to horizontal position.

Strong magnetic fields may cause the trace to be tilted.
The degree of tilt may vary as the scope is moved from one
location to another. In these cases, adjust this control.

{® rFocus
Adjusts the trace for optimum focus.

@ INTENSITY/PULL ASTIG

INTENSITY: Clockwise rotation of this control increases
the brightness of the trace.

ASTIG: Pull out and rotate this knob. Astigmatism ad-
justment provides optimum spot roundness
when used in conjunction with FOCUS control.

@ LEVEL/PUSH SLOPE/PULL CH3 % POSITION

LEVEL: Trigger level adjustment determines point on
waveform where sweep starts. +equals
more positive point of triggering and — equals
more negative pgint of triggering.

SLDPE: Push-push switch selects positive or negative
slope.
CH3 POSITION:

When pulled out, rotation sdjusts vertical
position of channel 3 trace.

@) SLOPE indicator

Red LED lights when the sweep is triggered on the positive-
going slope of input signal and green LED lights when the
sweep is triggered negative-going slope of input signal.

@ SOURCE
Five-position lever switch; selects triggering source for the
sweep, with following positions;
V. MODE:The trigger source is determined by vertical
MODE selection.
CH1:  Channel 1 signal is used as a trigger
source.
CH2: Channel 2 signal is used as a trigger
source,
ADD: The algebraic sum of channel 1 and
channel 2 signal is the trigger source. (If
CH2 INV engaged, the difference
becomes the trigger source.)
ALT: Display is alternately triggered by CH1
and CH2 (dual-trace operation) or CH1,
CH2, and CH3 (triple-trace operation;
Model 1560 only).
CHOP: The display cannot be synchronized
with the input signal since the chopping
signal becomes the trigger source,

CH1: Sweep is triggered by channel 1 signal
regardless of vertical MODE selection,
CH2: Sweep s triggered by channel 2 signal

regardless of vertical MODE selection.

EXT/

CH3: Sweep is triggered by signal applied to EXT TRIG
INPUT jack @9 .

LINE: Sweep is triggered by line voltage (50/60 Hz).

@ COUPLING

Five-position lever switch; selects coupling for sync trigger

signal.

AC: Trigger is ac coupled. Blocks dc component of in-
put signal; most commonly used position.

HFrej: Sync signal is coupled through a low-pass filter
to eliminate high fraquency components for
stable triggering of low frequency signals,

DC: The sync signal is dc coupled for sync which in-
cludes the effects of dc components.

VIDEQC

FRAME: Vertical sync pulses of a composite video signal
are selected for triggering.

VIDEO

LINE: Horizontal sync pulses of a composite video
signal are selected for triggering.

29 CH3 or A EXT TRIG

Input terminal of external trigger signal of A TRIG, {For
Maodel 1560, also input terminal of channel 3. When ver-
tical MODE is set at TRI, not only channel 1 and channel 2
input signals but channel 3 signal is observable
simultaneously. )

@ AC (0.1V, 1V)-GND-DC(1V, 0.1V) {Model 1560
only]

Five position lever switch selects channel 3 input coupling

and channel 3 vertical attenuator (0. 1V/div. 1 Vidiv).

@ HORIZ. DISPLAY

Used to select the horizontal display mode.

A: Only A sweep is operative with the B sweep dor-
mant.

ALT: A sweep alternates with the B aweep. For this
mode of operation, the B sweep appaars as an in-
tensified section on the A sweep.

INT: Duration of the B sweep appears as an intensified
section on the A sweep.

8: Only delayed B sweep is operative.

X-Y: Channal 1 becomes the Y axis and channel 2
becomes the X axis for X-Y oparation. The setting
of the vertical MODE and TRIG MODE switches
have no effect.

@) TRIG MODE

Five-position lever switch; selects triggering mode.

AUTO:  Triggered sweep operation. When trigger signal
is present, automatically generates sweep (free
runs in absence of trigger signal.)

NORM: Normal triggered sweep operation. No trace is
presented when a proper trigger signal is not ap-
plied.
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FIX: Seme as automatic mode, automatically
generates sweep (free runs) in absence of trigger
signal except trigger threshold is automatically
fixed at center of trigger signal regardless of set-
ting of LEVEL control.

Single sweep operation. Note that in this mode,
simultaneous observation of both the A and B
sweeps 1S not possible.

Note;

For dual or triple trace, single sweep operation,
vertical MODE must not be set 1o ALT. Use the
CHOP mode instead.

This is the reset switch for single sweep opera-
tion. Switching the RESET side initiates a single
sweep which will begin when the next sync trig-
ger occurs.

SINGLE:

RESET:

28 B TRIGGER

Used to select delay sweep mode.

STARTS ATER DELAY:

B sweep 15 triggered immediately after the delay
set by A SWEEF TIME/DIV and DELAY TIME
MULT controls.

"Triggerable After Delay'" cperation. B Sweep
triggenng 1s inhibited during delay period set by
A SWEEP TIME/DIV and DELAY TIME MULT
congrols. B Sweep is triggered by first ocourence
of proper trigger signal after the delay. In this
case the source of the B tnigger is the same as
the source of the A trigger. Both A and B trigger
levels are adjusted by TRIG LEVEL control.

TRIG:

Fig. 3

DELAY TIME =ZERO:
A and B sweeps are triggered simultaneocusly,
regardless of DELAY TIME MULT setting. This
mode is used to observe the nises of complicated
period of pulses with magnification.

) Ready Indicator
In SINGLE triggering mode, lights when TRIG MODE switch
is set to RESET and goes off when sweep 1s completed,

30 A SWELP TIME/DIV

Horizontal coarse A sweep time selector.

Selects calibrated sweep tmes of 0.05 psidiv to 0.5 s/div
in 22 steps {1540... 0.1 ps/div to 0.5 s/div in 21 steps)
when SWEEP VARIABLE control §% s set to CAL position
{fully clockwise).

3t B SWEEP TIME/DIV

Coarse horizontal/B sweep time selactor.

Selects sweep times of 0.05 us/div to 5O mesdiv in 19
steps {1040....0.1 ps/div to 5O ma/div \n 18 steps).

No fine adjustment is available for the B sweep time.

3% SWEEP VARIABLE Control
Fine A sweep time adjustment, In the fully clockwise (CAL)
position, the sweep time is calibrated.

@3 %10 MAG Indicator
Lights when x 10 sweep magnification is selected.



@) - POSITION/PUSH x 10 MAG/PULL FINE
Rotation adjusts horizontal position of trace, Rotation
becornes fine adjustment of horizontal position of trace
when pulled out. Push-push switch aiternately turmns x 10

MAG on and off (ten times sweep expansion},

@ DELAY TIME MULT

Adijusts the start time of the B sweep 10 some detay time
after the start of A sweep. The delay time may be set to
values berween 0.2 and 10 times the setting of the A
SWEEP TIME/DV conrol.

39 HOLDOFF/PULL TRACE SEPARATION

HCOLDOFF: Rotation adjusts  holdoff (trigger inhibit
pericd beyond sweep duration). Counter-
clockwise rotation increases holdoff period
from NORM to more than ten times.

TRACE

SEPARATION: Adjusts  vertical separation between A

sweep and B sweep (control has effect only
in the ALT of HORIZ. DISPLAY).

Clockwise rotation increases separation; B
sweep moves down with respect 1o A
sweep up to 4 divisions.

@ Z AXIS INPUT

External intensity modutation input; TTL compatible.
Pesitive voltage increases brightness, negative voltage
decreases brightness.

G CH1 oUTPUT

CH?1 vertical output signat connector.

AC coupled output connector.

This connector is used to measure the freguency by con-
necting the frequency counter. For stable operation, do not
connect CH1 QUTPUT to channet 2 input as cascaded
opegration.

Fig. 4

@39 GATE OUTPUT
Output connector of squarg wave triggered with A sweep.

&3 SWEEP oUTPUT
Output connector of saw-tooth wave triggerd with A
sweep.

) Fuse Hotder

Contains the line fuse. Verify that the proper fuse is instali-
ed when replacing the line fuse.

100V 120V ... 2 A

220V,240V L1 A



OPERATION

INITIAL STARTING PROCEDURE

Until you tamiliarize yourself with the use of all controls,
the following procedure may be used to standarize the in-
itial setting of controls as a reference point and to obtain

trace on the CRT in preparation for waveform observation.
When using the probels), refer 1o probe’s instructions and
PROBE COMPENSATION listed in APPLICATION of this

manual.

5Vitiv— NORM
it ST
CENTER
cAL CAL
1 msidiv
AC i - QLAY e iy 1 msidiv
CENTER
5Vidu AdTQ
caL N A
——— V. MODE
AC AC
CENTER CENTER
CENTER CENTER
Fig. 5
1) NORMAL SWEEP DISPLAY COPERATION allows simultaneous viewing of channel 1 theu channel

1.

Turn the POWER control {3 clockwise — the power
supply will be turned on and the pitot lamp will light.
Set these modes s follows:

VERTICAL MODE {2 CH1

TRIG MODE ) : AUTO

. The trace will appear in the center of the CRT dispiay

and can be adjusted by the CH1 3 POSITION {1 and
<+ POSITION 34 controls. Next, adjust the INTENSI-
TY G5 and. if necessary, the FOCUS 8 for ease of
observation.

. Vertical Modes

With vertical MODE 1% set to CH1, apply an input
signal to the CH1 INPUT {§; jack and adjust the
VOLTS/DIV (20 controt for @ suitable size disptay of the
waveform. If the waveform does not appear in the
display, adjust the VOLTS/DIV and ¥ POSITION controls
to bring the waveform into the center portion of the CRT
display. Operation with a signal applied to the CHZ IN-
PUT {8} jack and the vertical MODE set to CH2 is similar
to the above procedure.

In the ADD mode, the algebraic sum of CHT+CHZ is
displayed. If the CH2 INV 4 switch has been engag-
ed, the algebraic difference cf the two waveforms,
CH1 — CH2 s digplayed. i both channels are set to the
same VOLTS/DIV, the sum or difference can be read
directly in VOLTS/DIV from the CRT.

The DUAL mode allows simultansous cbservation of
channel 1 and channel Z waveforms. The TRI mode

3 input signats. In the DUAL or TRI mode, either the
CHOP or ALT mode applies and must be selected.

In the CHOP mode. the sweep is choepped at an approx-
imate 250 kHz rate and switched between CH1 and
CH2, Mote that in the CHOP mode of operation with the
SOURCE switch set to V. MOBE, the trigger source
becomes the chopping signat itself, making waveform
observation impossible. Use ALT mode instead in such
cases, or select a trigger SOURCE of CH1, CHZ or CH3.
If no trace is obtainable, refer to the following TRIGGER-
ING procedures.

. After setung the SOURCE switch, adjust the
LEVEL/SLOPE control @0 . The dispiay on the screen
wilt probably be unsynchronized. Refer to TRIGGERING
procedure below for adjusting synchromization and
sweep speed o obtain a stable display showing the
desired number of waveform.

TRIGGERING

The nput signal must be properly tnggered for stable
waveforn observation. TRIGGERING s possible using the
input signal INTernally to create a trigger or with an EXTer-
nally provided signal of tming refationship to the observed
signal, appliying such a signal to the EXT TRIG INPUT jack.
The SOURCE switch selects the input signal that is to be
used to trigger the sweep, with INT sync possiblites
(V.MODE, CH1, CH2, LINE} and CH3/EXT sync possibility.



% Intemal Sync

When the SOURCE selection is in INT (V.MODE, CH1,
CH2, LINE}, the input signal is connected to the internal
trigger circuit. In this position, a part of the input signal fed
to the INPUT (3 or (8 jack is applied from the verticat
amplifier to the trigger circuit to cause the trigger signal
triggered with the input signal to drive the sweep.

When the V.MDDE position is selected, the trigger source
is dependent upon the vertical MDDE selection.

When the vertical MDDE switch is selected in ALT and
DUAL, the trigger source alternates between channel 1 and
channel 2 with each sweep.

When the vertical MDDE switch is selected in ALT and TRI,
the trigger source alternates channel 1 thru channel 3 with
each sweep,

This is convenient for cheeking emplitudes, waveshape, or
waveform period measurements and even permits
simultaneous observation of waveforms which are not
related in frequency or period. However, this setting is not
suitable for phase or timing comparison measurements., For
such measurements, all traces must be triggered by the
same sync signal.

When the SOURCE selection is in CH1, the input signal at
the channel 1 INPUT (8) jeck becomes trigger regardless of
the position of vertical MDDE. When the SDURCE selection
is in CH2, the input signal at the channel 2 INPUT (@) jeck
becomes trigger regardless of the position of vertical
MDDE. If the SDURCE switch is set to the LINE position,
triggering is derived from the input line voltage (50/60 Hz),
This is useful measurements that are releted to line fre-
quency.

* Extarnal Sync

When the SOURCE selection is in EXT/CH3, the input
signal at the EXT TRIG INPUT @4 jack becomes the trig-
ger. This signal must have e time or frequency relationship
to the signal being observed to synchronize the display. Ex-
ternal sync is prefered for waveform observation in many
applications. For example, Fig. 6 shows that the sweep cir-
cuit is driven by the gate signal when the gate signal in the
burst signal is applied to the EXT TRIG INPUT jack. Fig. 6
also shows the input/output signals, where the burst signal
generated from the sighal is applied to the instrument under
test. Thus, accurate triggering can be achieved without
regard to the input signal fed to the INPUT (8) or (8) jack so
that no further triggering is required even when the input
signal is varied. When the vertical MDDE is set to TRI,
triple-trace display is provided and the signal applied to EX-
T/CH3 is to be used to trigger the sweep, with INTernal
sync possibility,

Trigger signal
{Gate signal)

1

1

|

|

!| CH1 (Input signal to
f amplifier, etc.}
!

)

|

1

|

}

|

L

CH2 {Output signal
from amplifier, etc.)

Fig. 6

% Coupling

The CDUPLING switch selects the coupling moda of the
trigger signal to the trigger circuit according to tha typa of
trigger signal {DC, AC, signal superimposed on dc, signal
with high frequency noise.).

AC:

Most commonly used position; permits triggering from
10 Hz to highest frequency observable. Blocks dc compo-
nent of sync trigger signal,

HFrej.:

Attenuates trigger signal above 100 kHz. Useful to reduce
high-frequency noise, and permits triggering from the
moduletion envelope of an amplitude moduleted rf signal,
DC:

Permits triggering from de¢ to over 60 MHz (for 1540,
40 MHz). Couples dc component of syne trigger signal.
Useful for triggering from very low frequency signals
{below 10 Hz) or ramp waveforms with slow repeeting dc.

waveform with high frequensy noise

Trigger signal by HF rejection

Fig. 7

15



* Triggering Level

Trigger point on waveform is adjusted by the LEVEL/PUSH
SLOPE @8 contral. Fig. 8 shows the relationship between
the SLDPE and LEVEL of the trigger point. Triggering level
can be adjusted as necessary.

SLOPE *— ' RANGE
SLOPE " +'* RANGE .

VA

Fig. 8

* Auto Trigger

When the TRIG MDDE &) selection is in AUTD, the
sweep circuit becomes free-running as long as there is no
trigger signal, permitting a check of GND level. When a trig-
ger signal is present, the trigger point can be determined by
the LEVEL control for observation as in the normal trigger
signal. When the trigger level exceeds the trigger signal,
the trigger circuit also becomes free-running where the
waveform starts running. When the TRIG MODE is set to
NORM and/or, when the trigger signal is absent or the trig-
gering level exceeds the signal there is no sweep.

+ Fix

When the TRIG MDDE @ is set to FIX, triggering is
always effected In the center of the waveform, eliminating
the need for adjusting the triggering level. As shown in Fig,
g-(a} or (b}, when the TRIG MDDE is set to NDRM and the
triggering level is adjusted to sither side of the signal, the
trigger point is deviated as the input signal becomes small
which, in turn, stops the sweep operation. By setting the
TRIG MDDE to FIX, the triggering level js automatically ad-
justed to the approximate center of the waveform and the
signal is synchronized regardless of the position of LEVEL
control as shown in Fig, 9-(c).

When the input signal is suddenly changed from a square
waveform to a pulse waveform, the trigger point is shifted
extremely toward the " —"' side of the waveform unless
the triggering level is readjusted as shown in Fig. 10-(a).
See Fig. 10-{a}-(2). Also, if the trigger point has been set to
the **—"' of squarewave (Fig. 10-ib}-{(1)) and the input
signal is changed to a pluse signal, the trigger point is
deviated and the sweep stops. When this happens, set the
TRIG MDDE to FIX and the triggering is effected in the ap-
proximate center of the waveform, making it possible to
observe a stabilized waveform, (Fig. 10-(c})
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{2) MAGNIFIED SWEEP OPERATION

Since merely shortening the sweep time to magnify a por-
tion of an observed waveform can result in the desired por-
tion disappearing off the screen, such magnified display
should be performed using the MAGNIFIED SWEEP.

Using the «» PDSITIDN control, adjust the desired portion
of waveform to the CRT. Push the PUSH x 10 MAG switch
to magnify the display 10 times and X 10 MAG indicator
lights. For this type of display the sweep time is the SWEEP
TIME/DIV setting divided by 10.

(3) DELAYED SWEEP OPERATION

Delayed sweep operation is achieved by use of both the A
sweep and the B sweep.

Procedure:

1. First set the HORIZ DISPLAY to A and adjust for a nor-
mal waveform display.

2. Set the B sweep in the STARTS AFTER DELAY mode.
Set the HORIZ DISPLAY to the INT mode and the B
sweep will appear as an intensified portion of the A
sweep. The length of the intensified portion is adjusted
by the 8 SWEEP TIME/DIV contral. {Fig. 11).

3. 8hift the intensified portion of waveform {section to be
magnified) along the sweep A sweep by use of the
DELAY TIME MULT @5 .

4. Set the HORIZ DISPLAY to B to display the INT inten-
sified portion as a magnified B sweep. {Fig. 12).

Delay Time (magnified portionl= DELAY TIME MULT
setting x A SWEEP TIME/DIV setting.

5. For STARTS AFTER DELAY operation, apparent jitter in-
creases as magnification increases. To obtain a jitter
free display set the B TRIGGER @§ to TRIG. In this
""Triggerable After Delay’’ mode the A trigger signal
selected by the SOURCE switch @ becomes the B
trigger source.

T T T T T
Intensified zone to be magnified
190 \\
L S il I S RN S -

Fig. 11

o>

Fig. 12

Note that for this type of operation both the DELAY TIME
MULT and TRIG LEVEL affect the start of the B sweep so
that the delay time is used as a reference point.

(4) ALTERNATING SWEEP OPERATION

A sweep and B delayed sweep are usable in an alternating
fashion making it possible to observe both the normal and
magnified waveform simultaneouslty. (Fig. 13),

Procedure;

1. Set the HORIZ DISPLAY to A and adjust for a normal
waveform display.

2. Set the B TRIGGER to STARTS AFTER DELAY and set the
HORIZ DISPLAY to ALT. Adjust TRACE SEPATATION

@ for easy observation of both the A and B traces.
The upper trace is the non-magnified portion of the
waveform with the magnified portion super-imposed as
an intensified section. The lower waveform is the inten-
sified portion displayed magnified.

3. The DELAY TIME MULT can be used to continugusly
slide the magpnified portion of the waveform across the
A sweep period to allow magnification of precisely the
desired portion of waveform.

4. Apparent display jitter increases with increased
magnification as is the case with delayed sweep
discussed above.

Set the B TRIGGER to TRIG to obtain a jitter free display
the same as delayed sweep operation.

T L T 1
i s Iﬁtenslfled zone 1o be magnified

1on A sweep

oof——-f---qd—-b -} - R |- - -

P o % S B sweep
/

i7



(5) X-Y OPERATION

For some measurements, an external horizontal deflection

signal is required. This is also referrad to as an X-Y

measurement, where the Y input provides vertical deflec-

tion and X input provides horizontal deflection,

X-Y oparation parmits the oscilloscope to parform many

types of measuraments not possible with conventional

sweep operation. The CRT digplay becomes an efectronic

graph of two instantaneous voltages. The display may be a

direct comparison of two voltages such as during phase

measurement, or frequency measurement with Lissajous
waveforms,

To use an external horizontal input, use the following pro-

ceadure;

1. Set the HDRIZ DISPLAY switch to X-Y the position.

2. Use the channel 1 probe for the vertical input and the
channel 2 probe for the horizontal input.

3. Adjust the amount of horizontal deflection with the CH2
VOLTS/DIV and VARIABLE controls.

4, The CH2 (vertical) PDSITIDN @) eontrol now serves
as the horizontal position control, and the «» PDSI-
TIDN eontrol is disabled.

5. All syne controls are disconnected and have no effect.

{6) VIDEO SIGNAL OBSERVATION

The VIDED FRAME/LINE switch permits selection of ver-
tical or horizontal sync pulse for sweep triggering when
viewing composite video waveforms. In the LINE position,
horizontal sync pulses are selected as triggers to parmit
viewing of horizontal line of video. In the FRAME position,
vertical sync pulses are selected as triggers to permit view-
ing of vertical fields and frames of video.

At most points of measurement, a composite video signal
is of the (—) polarity, that Is, the sync pulses are negative
and the video is positive. In this casa, use *' —'* SLDPE.

If the waveform is taken at a circuit point where the video
waveform is inverted, the sync pulses are positive and the
video is negstive. In this case, use "' +'* SLDPE,
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{7} SINGLE SWEEP OPERATION

This mode of display is useful for looking at non-
synchronous or one time evants.

Procedure:

1. Set the TRIG MDDE @D to either AUTD or NDRM. App-
ly a signal of approximately the same amplitude and fre-
quency as the signal that is to be observed as the trigger
signal and set the trigger level.

2. Set TRIG MDDE to RESET — observe that the READY
indicator LED lights to indicate the reset condition. This
LED goes out when the A sweep period is completed.

3. After the above set-up is completed the scope is ready
to oparate in the SINGLE sweep mode of operation after
resetting the instrument using the RESET switch. Input
of the trigger signal results in one and only one sweep
and READY indicator LED goes out.

— CAUTION:
With the HORIZ DISPLAY set to ALT the simultaneous
observation of the A sweep and B sweep waveforms
at SINGLE sweep mode is not possibie. Also for
DUAL or TRI operstion simultaneous observation is
not possible using ALT mode. Set the unit to the
CHDP mode in this case.




APPLICATIONS

PROBE COMPENSATION

If accurate measurements are to be made, the effect of the
probe being used must be properly adjusted output of the
measurement system using the internal calibration signal or
some other squarewave source.

1. Connect probe to INPUT jack. Connect ground clip of
probe of oscilloscope ground terminal and touch tip of
probe to CAL terminal.

2. Select single trace operation of channel 1, then channel
2, for step 3 and 4. :

Set the VOLTS/DIV to 10mV/div and for Model 1540,
set the probe for 10:1 attenuation (10 x position}.

3. Set oscilloscope contrals to display 3 or 4 cycles of
CAL square wave at 5§ or € divisions amplitude.

4. Adjust compensation trimmer on probe for optimum
square wave waveshape {minimum overshoot, rounding
off, and tiit),

001 Correct
compensation

wr-——4--—-q4-—--f---p---q-~-f---f-=-ge—eb-—-a

Over
compensation

Insufficient
compensation

wr---f---f---$---F--- ----r—-—----———--—-—«

Fig. 14

TRACE ROTATION COMPENSATION

Rotation from a harizontal trace position can be the cause
of measurement errors.

Adjust the controls for a single display. Set the AC-GND-DC
switch to GND and TRIG MODE to AUTO. Adjust the ¥
POSITION control such that the trace is over the center
horizantal graticule line. If the trace appears to be rotated
from horizontal, align it with the center graticule line using
the TRACE ROTATION control loceted on the front panel.

DC VOLTAGE MEASUREMENTS

This procedure describes the measurement procedure for

waveforms, including the dc component.

Procedure:

1. Connect the signal to be measured to the INPUT
jack.Set the vertical MODE to the channel to be used.
Set the VOLTS/DIV and SWEEP TIME/DIV switch to ob-
tain a normal display of the waveform to be measured.
Set the VARIABLE control to CAL position.

2. Set the TRIG MODE to AUTO and AC-GND-DC to the
GND position, which established the zero voit reference.
Using the % POSITION control, adjust the trace position
to the desired reference levet position, making sura not
to disturb this setting once made.

3. Set the AC-GND-DC switch to the DC position to
observe the input waveform, including its de compo-
nent. If an appropriate referance level or VDLTS/DIV
sstting was not made, the waveform may not be visible
on the CRT screen at this point. I so, reset VOLTS/DIV
and/or the ¥ POSITION control.

4. Use the «» POSITION controi to bring the portion of
the waveform to be measured to the center vertical
graduation line of the CRT screen.

5. Measure the vertical distance from the reference level to

the point to be measured, (the reference lavel can be
rechecked by setting the AC-GND-DC switch again to
GND}.
Multiply the distance measured above by the
VOLTS/DIV setting and the probe attenuation ratio as
well. Voltages above and below the reference level are
positive and negative values respectively.

Using the formula:
DC level =Vertical distance in divisions x (VOLTS/DIV set-
ting} X {probe attenuation ratio).

Measuring point adjusted to the center
. N, vertical scale by «» POSITION
o N O A
] Twi
W
Q "
E - —
@
b~
3
t
[
> | wp---4-- +- ——-- -l -
LGround potential adjusted by
% POSITION (reference tine)
Fig. 15
[EXAMPLE]

For the example, the point being measured is 3.8 divisions
from the reference level {ground potential).

If the VOLTS/DIV was set to 0.2 V and a 10:1 probe was
used. {See Fig. 151

Substituting the given values:

DC level=3.8 (divix0.2(VIx10=7.6 V
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MEASUREMENT OF THE VOLTAGE BETWEEN TWO
POINTS ON A WAVEFORM

This techniqgue can be used to measure peak-to-peak
voltages.

Pracedure: )

1. Apply the signal to be measurad to the INPUT jack. Set
the vertical MODE to the channel to be used. Set the
AC-GND-DC to AC, adjusting VDLTS/DIV and SWEEP
TIME/DIV for a normal display. Set the VARIABLE con-
trol to CAL position.

2. Using the ¥ PDSITIDN control, adjust the waveform
pasition such that one of the two points falls on a CRT
graduation line and that the other is visibla on the
display screen.

3. Using the <» PDSITION control, edjust the second
point to coincide with the center vertical graduation line,

4. Measure the vertical distance between the two points
and muitiply this by the setting of the VDLTS/DIV con-
trol.

If @ probe is used, further multiply this by the attanua-
tion ratio.

Using the formula:
Volts Peak-to-Peak
= Vertical distance {div) x ([VDLTS/DIV setting) x (probe
attenuation ratio)

Adjust to the center
vertical scale with

-« POSITION. —\ A—— Points to be measured

/1
\ AR // ‘

~
)
]
/

Vertical distance
betwean two points
——
N

\
/

/_ Adjust to the horizontal
scale with 4 POSITION.

Fig. 16

[EXAMPLE]

For the example, the two points ara saparated by 4.4 divi-
sions vertically. Set the VOLTS/DIV setting be 0.2 V/div
and the probe attenuation be 10:1. (See Fig. 16)

Substituting the given value:
Voltage between two points=4.4 {div) x0.2{VIx 10=8.8V
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ELIMINATION OF UNDESIRED SIGNAL
COMPONENTS

The ADD feature can be conveniently used to cancel out
the effect of an undesired signal component which may be
superimposed on the signal you wish to observe. (§ee Fig.
17

Procedure:

1. Apply the signal containing an undesired component to
the CH1T INPUT jack and the undesired signal itself alone
to the CH2 INPUT jack.

2. Set the vertical MDDE to DUAL {CHOP) and SDURCE to
CH2. Verity that CH2 represents the unwanted signal in
reverse polarity. If necessary reverse polarity by setting
CH2 to INV,

3. Set the vertical MODE to ADD, SDURCE to V. MDDE
and CH2 VDLTS/DIV and VARIABLE so that the
undesired signal component is cancelled as much as
possible. The remaining signal should be the signal you
wish to observe alone and free of the unwanted signal.

=
L - ~ - —

7 0 A S " W 7

Op———¢ ===t m- L] ELL LELY DY TP TR AFs SRy

Signal containing undesired component
{Broken linegs: undesired component envelope)

['*| SSSRDS NUPRPRPS I PRI RySVR, AP PP I I S——

op---4-——-—fp-——-4-——- MNP QU I [N S Q—

Undesired component signal




L e N R e N s e bl

i)
F-
J

6p-~-~-4 e N . LT sy AN SR P

Signal without undesired component
Fig. 17

TIME MEASUREMENTS

This is the procedure for making time measurements he-
tween two points on a waveform. The combination of the
SWEEP TIME/DIV and the horizontal distance in divisions
between the two points is used in the calculation.

Procedure:

1. Apply the signal to be measured to the INPUT jack. Set
the vertical MODE to the channel to be used. Adjust the
VOLTS/DIV and SWEEP TIME/DIV for a normal display.
Be sure that the VARIABLE control is set to CAL posi-
tion.

2. Using the # POSITION control, set one of the points to
be used as a reference to coincide with the horizontal
centerline. Use the «» POSITION control to set this
point at the intersection of any vertical graduation line.

3. Measure the horizontal distance between the two

points.
Multiply this by the setting of the SWEEP TIME/DIV con-
trol to obtain the time between the two paints. If
horizontai ** x 10 MAG " is used, multiply this further by
1/10.

Using the formule:
Time = Horizontal distance (div] x (SWEEP TIME/DIV set-
ting) x ' x 10 MAG” value (1/10)

Adjust to the vertical scale
with - POSITION
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[EXAMPLE]

For the example, the horizontal distance between the two
points is 5.4 divisions.

If the SWEEP TIME/DIV is 0.2 ms/div we calculate. (See
Fig. 18)

Substituting the given value:
Time=5.4 (divix 0.2 (ms)=1.08 ms

FREQUENCY MEASUREMENTS
Frequency measurements are made by measuring the
period of one cycle of waveform and taking the reciprocal
of this time value as the frequency.

Procedure:

1. Set the oscilloscope up to display one cycle of
waveform (one period).

2. The frequency is the reciprocal of the period measured.

Using the formula:

Freq=
period
/ N,
4 /
o \\ j
- -
1 cycle = 40u8 {Bus/div. X § div.)
Fig. 19

[EXAMPLE]

A period of 40 us is observed and measured. (See Fig. 19)

Substituting the given value:
Freq=1/[40% 10¢=2,5x 10¢=25 kHz

While the above method relies on the measurement directly
of the period of one cycle, the frequency may also be
measured by counting the number of cycles prasent in a
given time period.

1. Apply the signal to the INPUT jack. Set the vertical
MDDE to the channel to be used and adjusting the
various controls for a normal display. Set the VARIABLE
control to CAL position.

2. Count the number of cycles of waveform between a
chosen set of vertical graduetion lines.

Using the horizontai distance between the vertical lines
used above and the SWEEP TIME/DIV, the time span
may be calculeted. Multiply the reciprocal of this value
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by the number of cycles present in the given time span.
If “*x 10 MAG" is used multiply this further by 10.
Note thet errors will occur for displays heving only a few
cycles.

Using the formula:

# of cyclesx "= 10 MAG'' value

Freq=
Horizontal distance (div) x SWEEP TIME/DIV setting
o
Wf--—4———dmm—e Ty Y T [ysppn Sy S——
woh---4+-—-—4---4 RN S, (R DU S N [——
Count cycles between this portion
Fig. 20
LEXAMPLE]

For the example, within 7 divisions there are 10 cycles.
The SWEEP TIME/DIV is 5 ps. (See Fig. 20}

Substituting the given value:

Freq— —10‘* ‘-=2857 kHz

7 (divix5 (us)

PULSE WIDTH MEASUREMENTS

Procedure:

1. Apply the pulse signal to the INPUT jack. Set the vertical
MODE to the channel to be used.

2. Use the VOLTS/DIV, VARIABLE and ¥ POSITIDN to ed-
just the waveform such that the pulse is easily observed
and such that the centar pulse width coincides with the
center horizontal line on the CRT screen.

3. Measure the distance betwsen the intersaction of the
pulse waveform and the center horizontal line in divi-
sions. Be sure that the VARIABLE caontrol is in the CAL.
Multiply this distance by the SWEEP TIME/DIV and by
1/10is "* x 10 MAG'* mode is being used.

Using tha formuia:
Pulse width = Honzontal distance {div} x (SWEEP TIME/DIV
setting} x " x MAG 10" 'value (1/10)

Pl
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| Adjust to the vertical scale
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(at 50%} $ POSITION

Fig. 21

[EXAMPLE)

For the example, the distance (width) at the center horizon-
tal line is 4.8 divisions and the SWEEP TIME/DIV is 0.2 ms.
{See Fig. 21}

Substituting the given value:
Pulse width= 4.6 (div} 0.2 ms=0.92 ms

PULSE RISETIME AND FALLTIME MEASUREMENTS
IMPORTANT See Appendix |

For risetime and falltime measurements, the 10% and
90% amplitude points are used as starting and ending
reference points.

Procedure:

1. Apply a signal to the INPUT jack. Set the vertical MDDE
to the channel t0 be used.

Use the VDLTS/DIV and VARIABLE to adjust the
waveform peak-to-peak height to six divisions.

2. Using the ¥ POSITION control and the other controls,
adjust the display such that the waveform is centered
vertically in the display. Set the SWEEP TIME/DIV to as
fast e setting as possible consistent with observation of
both the 10% end 90% points. Set the VARIABLE con-
tro) to CAL position.

3. Use the «» POSITION control to adjust the 10% point
to coincide with a vertical graduation line and measure
the distance in divisions between the 10% and 90%
points on the waveform. Multiply this by the SWEEP
TIME/DIV and also by 1/10, if *’ x 10 MAG'' mode was
used.

Be sure that tha correct 10% and 90% lines are used. For
such measurements the O, 10, 90 and 100% points are
marked on the CRT screen.

Using the formula:
Risatime = Horizontal distance (div) x (SWEEP TIME/DIV
setting) % "’ x 10 MAG"’ value™ {1/10)




Adjust to the vertical scale
T with «» FOSITION

\ A

wh-—— 4Vl - -

Rise time

Fig. 22

[EXAMPLE]
For the example, the horizontal distance is 4.0 divisions.
The SWEEP TIME/DIV is 2 us. (See Fig. 22)

Substituting the given value:
Risetime =4.0 (div) X2 {us) =8ys

Risetime and falltime can be measured by making use of

the alternate step 3 as described below as wall.

4. Use the «» POSITION control to set the 10% point to
coincide with the center vertical graduation line and
measure the horizontal distance to the point of the in-
tersection of the waveform with the center horizontal
line. Let this distance be D,. Next adjust the waveform
position such that the 90% point coincides with the ver-
tical centerline and measure the distance from that line
to the intersection of the waveform with the horizontal
centerline. This distance is D, and the total horizontal
distance is then D, plus D, for use in the above relation-
ship in calculating the rise time or falitime.

Using the formula:
Risetime= (D, + Dy) {div) x (SWEEP TIME/DIV
setting) X ** % 10 MAG'" value! [1/10)

Adjust 90% point to the center
and measure D,.
100 -
”
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0, 0,— Adjust 10% point
Rise time to the center and
measure D,
Fig. 23

[EXAMPLE]

For the example, the measured D, is 1.8 divisions while D,
is 2.2 divisions. |f SWEEP TIME/DIV is 2 us we use the
following relationship. {See Fig. 23}

Substituting the given value:
Risetime={1.8+2.2) {div) X 2 {us) =8B ps

TIME DIFFERENCE MEASUREMENTS

This procedure is useful in measurement of time dif-
ferences between two signals that are synchronized to one
another but skewed in time.

Procedure:

1. Apply the two signals to CH1 and CH2 INPUT jacks. Set
the vertical MODE to OUAL choosing either ALT or
CHOP mode.

Generally for low frequency signals CHOP is chosen
with ALT used for high frequency signals.

2. Select the faster of the two signals as the SOURCE and
use the VOLTS/DIV and SWEEP TIME/DIV to obtain an
easily observed display.

Set the VARIABLE control to CAL position.

3. Using the ¥ POSITION control set the waveforms to the
center of the CRT display and use the «» POSITION
control to set the reference signal to be coincident with
a vertical graduation line.

4. Measure the horizontal distance between the two
signals and multiply this distance in divisions by the
SWEEP TIME/DIV setting.

Iif “x10 MAG" is being used multiply this again by
1/10.

Using the formula:
Time =Horizontal distance (div) % (SWEEP TIME/DIV
setting) x *‘ x 10 MAG"’ value® (110}

[EXAMPLE]
For the example, the horizontal distance measured is 4.4
divisions. The SWEEP TIME/DIV is 0.2 ms. (See Fig. 24)

Substituting the given value:
Time=4.4 {div} % 0.2 (ms)=0.88 ms

T T T
Comparison signal

T T T
/— Reference signal

8

wp---¢---t——-4---F-—-—-t-F-4-——-——-t-—-—-rFf-t---

Time difference

Fig. 24
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PHASE DIFFERENCE MEASUREMENTS

This procedure is useful in measuring the phase difference
of signals of the same frequency.

Procedure:

1. Apply the two signals to the CH1 and CH2 INPUT jacks,
setting the vertical MODE to either CHOP or ALT mode.

2. Set the SOURCE to the signal which is leading in phase
and use the VOLTS/DIV to adjust the signals such that
they are equal in amplitude. Adjust the other controls for
a normal display.

3. Use the SWEEP TIME/DIV and SWEEP VARIABLE to ed-
just the display such that one cycle of the signals oc-
cupies 8 divisions of horizontal display.

Use the ¥ POSITION to bring the signals in the center of
the screen.

Having set up the display as above, one division now
represents 45° in phase.

4. Measure the horizontal distance between correspanding
points on the twp waveforms.

Using the formula:
Phase difference = Horizontal distance (div} x 45° /div

1 cycle

T T T
T Reference signal

100
00t — — - _.\.-----___,.___ R S ELLn AR R

) )
)4 AN

\_Cornparison |
signal Phase difference
Fig. 25

IEXAMPLE]
For the example, the horizontal distance is 1.7 divisions.
(See Fig. 25}

Substituting the given value;
The phase difference= 1.7 [div) x45°/div=78.5%

The above setup allows 45° per division but if more ac-
curacy is required the SWEEP TIME/DIV may be changed
and magnified without touching the VARIABLE control and
if necessary the trigger lavei can be raadjusted.

For this type of opearation, the relationship of one division to

45° no longer holds. Phese difference is defined by the for-
mula as follows.

24

Phase difference = Horizontal distance of new sweep range
{div} x 45°/div

New SWEEP TIME/DIV setting
Original SWEEP TIME/DIV setting

Another simple method of obtaining more accuracy quickly
is to simply use x 10 MAG for a scale of 4.5°/div.

RELATIVE MEASUREMENT

If the frequency and amplitude of some reference signal are
known, an unknown signal may be measured for level and
frequency without use of the VOLTS/OIV or SWEEP
TIME/DIV for calibration.

The measurement is made in units relative to the reference
signal.

* Vertical Sensitivity
Setting the relative vertical sensitivity using a reference
signal.

Procedure:

1. Apply the reference signal to the INPUT jack and adjust
the display for a normal waveform display.
Adjust the VOLTS/DIV and VARIABLE so that the signal
coincides with the CRT face's graduation lines. After
adjusting, be sure not to disturb the setting of the
VARIABLE control.
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2. The vertical calibration coefficient is now the reference
signal’s amplitude (in volts) divided by the product of
the vertical amplitude set in step 1 and the VOLTS/DIV
setting.

Using the formula:
Vertical coefficient

Voltage of the reference signal (V)
Vertical amplitude [div) x VOLTS/DIV setting

3. Remove the reference signal and apply the unknown
signal to the INPUT jack, using the VOLTS/DIV control
to adjust the display for easy observetion. Measure the
amplitude of the displayed waveform and use the
following relationship to calculate the actual amplitude
of the unknown waveform.

Using the formula:

Amplitude of the unknown signal (V)

= Vertical distance (div) X Vertical coefficient
X VOLTS/DIV setting

T T | T 1 ) !
Reference signal /—-L Adjusted reference signal

PN

\ b A1
\( ’7 \\‘ ”
\\ 7/

op---t1---t- -

T L T
l /f Unknown signal
100,

sof---1 AN PR NS RS NN NP IV AFIN EUR. W I R

3 div.

Fig. 27

[EXAMPLE]

For the example, the VOLTS/DIV is T V.

The reference signal is 2 Vrms. Using the VARIABLE, ad-
just so that the amplitude of the reference signal is 4 divi-
sions. (See Fig. 27)

Substituting the given value:

. .. 2V
Vertical coefficient = — =M _g5

4 (divix 1 (V)

Then measure the unknown signal and VOLTS/DIV is 2 V
and vertical amplitude is 3 divisions.

Substituting the given value:
Effective value of unknown signal = 3 (div) X 0.5 x 5(V)
=7.BV ms

* Period
Setting the relative sweep coefficient with raspect to a
reference frequency signal.

Procedure:

1. Apply the reference signal to the INPUT jack, using the

VOLTS/DIV and VARIABLE to obtain an easily observad
waveform display.
Using the SWEEP TIME/DIV and SWEEP VARIABLE ad-
just one cycle of the reference signal to occupy a fixed
number of scale divisions accurately. After this is dona
be sure not to disturb the setting of the VARIABLE con-
trol.

2. The Sweep (horizontal) calibration coefficisnt is than
the period of the reference signal divided by the product
of the number of divisions used in step 1 for setup of the
reference and the setting of the SWEEP TIME/DIV con-
trol.

Using the formula:
Sweep coefficient

Period of the reference signal (sec)
horizontal width {div) x SWEEP TIME/DIV setting

3. Remove the reference signal and input the unknown
signal, adjusting the SWEEP TIME/DIV control for easy
observation.

Measure the width of one cycle in divisions and use tha
following relationship to calculate the actual period.

Using the formula:
Period of unknown signal = Width of 1 cycla (div) X swaap
coefficiant x SWEEP TIME/DIV setting

T 1 T
Ref ignal
- aference sig —\\
j d ref § 13
sop_ Adiusted reference signal '.\\__ ___4\.----_-L---.
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4 4
/ 5 S /\
x ’ )
\ s \
‘\ / / \'
Y /i / \ \ /
Y 4 A 7
noN / h\ 4
N L
wopf---¢4——%-—--4———F --¢-—-- -— e —— - -
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Fig. 28
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[EXAMPLE]

SWEEP TIME/DIV is 0.1 ms and apply 1.75 kHz reference
signal. Adjust the SWEEP VARIABLE 8o thet the distance
of one cycle is B divisions.

Substituting the given value:

1.75 [kHz)1
5x0.1 [ms)

=1.142

Horizontal coefficient =

Then, SWEEP TIME/DIV is 0.2 ms and horizontal amplitude
is 7 divisions. (See Fig. 29)

Substituting the given value:
Pulse width=7 (div) x 1.142x0.2 (ms)& 1.6 ms

PULSE JITTER MEASUREMENT

1. Apply the signal to the INPUT jack and set the vertical
MODE to the channel to be used.
Use the VOLTS/DIV to adjust for an easy to observe
waveform display. Special care should be taken to ad-
just the trigger group of controls for e etable display.
Set the SWEEP VARIABLE to CAL position.

2. Set the HORIZ DISPLAY to INT and B TRIGGER to affect
the STARTS AFTER DELAY mode.
Adjust the DELAY TIME MULT for intensified display of
the waveform to be measured.

3. Using the B SWEEP TIME/DIV adjust the display for in-
tensificaion of the entire jitter area of the waveform.

4. Set the HORIZ DISPLAY to B.
Measure the width of the jitter area.
The jitter time is this width in division multiplied by the
setting of the B SWEEP TIME/DIV control.

Using the formula:
Pulse jitter= Jitter width (div} x B SWEEP TIME/DIV setting

IEXAMPLE]

The example shows a case in which the jitter width was
measured at 1.6" divisions wide with the B SWEEP
TIME/DIV set et 0.2 us. (See Fig. 30)

Substituting the given value:

Pulse jitter= 1.6 (div) % 0.2 (ys)=0.32 us
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SWEEP MULTIPLICATION (MAGNIFICATION)

The apparent magnification of the delayed sweep is deter-
mined by the values set by the A and B SWEEP TIME/DIV
controls.

1. Apply a signal to the INPUT jack and set the vertical
MODE to the channel to be used, adjusting VOLTS/DIV
for an easily observed display of the waveform and the
other controls if necessary.

2. Set the A SWEEP TIME/DIV so that several cycies of the
waveform are displayed. Set the B TRIGGER to STARTS
AFTER DELAY.

When the HORIZ DISPLAY is set to INT, the magnified
portion of the waveform will appeared intensified on the
CRT display.

3. Use the DELAY TIME MULT to shift the intensified por-
tion of waveform to correspond with the section to be
magnified for observation. Use the B SWEEP TIME/DIV
1o adjust intensified portion to cover the entire portion to
be magnified.

4. Set the HORIZ DISPLAY to either ALT or B and use the ¥
POSITION and TRACE SEPARATION controls to adjust
the display for easy viewing.

5. Time measurements are petformed in the same manner

- from the B sweep as was described above for A sweep
time measurements.

The apparent magnification of the intensified waveform
section is the A SWEEP TIME/DIV divided by the B
SWEEP TIME/DIV.

Using the formula:

The apparent magnification _ A SWEEP TIME/DIV setting

of the intensified waveform B SWEEP TIME/DIV setting
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[EXAMPLE)
In the example, the A SWEEP TIME is 2 ys and the B
SWEEP TIME is 0.2 gs. [See Fig. 31)

Substituting tha given vaiua:

2x%10*
0.2x10*

Apparent magnification ratio= =10

with the above magnification, if tha magnification ratio is
increased, delay jitter will oceur,

To achieve a stable display, set the B TRIGGER to TRIG and
used the triggered mode of operation.

1. Perform the above steps 1 through 3.

2. Set the B TRIGGER to TRIG.

3. Set the HORIZ DISPLAY to aither ALT or B. The ap-
parent magnification wili be the same as described
above.

TRIPLE-TRACE APPLICATIONS (Model 1560 only)
The sensitivities of channel 1 thru channal 3 are calibrated
and each chennei has 60 MHz band width. The trigger
signal of channe| 3 can be obtained from its preamplifier.
This unit can be used not only for external synchronization
but also for checking triple-trace at a time.

Application

1. Checking logic signal timing.

2. Monitoring video signals.

3. Measuring audio signal gain and phase characteristics.

The details of the logic signal timing checking are described
below.

Lagic signal timing indication
Control setting
Vertical MODE: TR|, ALT
HORIZ DISPLAY: A
SOURCE: CH3

To obtain stable synchronization, synchronize with the
longest period channel {in this case, CH3).
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Fig. 32

In the above application, when the HORIZ DISPLAY control
is set to ALT, the main and delay sweep waveforms ara
displayed on the CRT at a time. The portion in which the in-
tensity is modulated is enlarged to enable easy checking
(Fig. 32)

Main and delay sweep waveforms [magnified by 10 times)
Control setting
Vertical MODE: TRI, ALT
SOURCE: CH3
HORIZ OISPLAY: ALT
B TRIGGER: STARTS AFTER DELAY

L R R S e Gl B EE T REE LI rs B NPT P
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Delay
- sweep

Fig. 33

OBSERVATION OF THE START PORTION OF THE
IRREGULAR WAVEFORM

To observe the start portion of the irregular waveform,
magnification of the start portion of the waveform can be
made with the DELAY TIME = ZERO.

Procedure:
1. Apply the signal to INPUT jack and set the verticel

MOOE to the channel to be used and adjusting the
various controls for e normal display.
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2. Use the A SWEEP TIME/DIV and HOLDDFF controls to ad-
just the display such that a number of cycles of waveform
is observed. Next, set the B TRIGGER to TRIG.

Set the HORIZ DISPLAY to ALT or B and use the ¥ POSI-

TION and TRACE SEPARATION controls to adjust the

display such that the display is easily observed.

4. The observation of the start portion of tha waveform
can be made to set the B SWEEP TIME/DIV to as fast a
setting as possible consistent with observetion.

For time measurement, calcuiate from the B SWEEP
TIME/DIV setting.
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X-Y APPLICATIONS

* Phese 3hift Maasurement

A method of phase measurement requires calculations bas-

ed on the Lissajous patterns obtained using X-Y operations.

Distortion due to non-linear amplification also can be

displayed.

A sine wave input is applied to the audio circuit being

tested. The same sine wave input is applied to the vertical

input of the oscilloscope, and the output of the tested cir-
cuit is applied to the horizontal input of the oscilloscope.

The amount of phase difference between the two signals

can be calculated from the resulting waveform.

To make phase measurements, use the following pro-

cedure.

1. Using an audio signal generator with a pure sinusoidal
signal, apply a sine wave test signal at the desired test
frequency to the audio network being tested.

2. Set the signal generator output for the normal operating
level of the circuit being tested. If desired, the circuit’s
output may be observed on the oscilloscope. If the test
circuit is overdriven, the sine wave display on the
oscilloscope is clipped and the signal level must be
reduced.

3. Connect the channel 2 probe to the output of the test
circuit.

4. Select X-Y operation by placing the HORIZ DISPLAY
switch in the X-Y position.
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5. Connect the channel 1 probe to the input of the test cir-
cuit.
(The input and output test connections to the vertjcal
and horizontal oscilloscope inputs may be reserved.)

6. Adjust the channel 1 and 2 gain controls for a suitable
viewing size.

7. Some typical results ara shown in Fig. 36.
If the two signals are in phase, the oscilloscope trace is a
straight diagonal line. If the vertical and horizontal gain
are properly adjusted, this line is st a 45° angle. A 90°
phase sift produces a circular oscilloscope pattern.
Phase shift of less {or more) than 90° produces an ellip-
tical oscilloscope pattern. The amount of phase shift
can be calculated from the oscilloscope trace as shown
in Fig. 35.

/ SINE ¢ = T
Where ¢ = phase angle

Fig. 35 Phase shift calculation

No amplitude distortion, Amplitude distortion,

180° out of phase
no out of phase ne out of phasa 80° out of ph

No amplitude distortion,| Ampiitude distortion.

out of phase out of phase 80° out of phasa

Fig. 36 Typical phase measurement oscilloscope dispisy

* Frequency Measurement

1. Connect the sine wave of known frequency to the chan-
nel 2 INPUT jack of the oscilloscope and selact X—Y
operation. This provides external horizontal input.

2. Connect the vertical input probe (CH1 INPUT} to the
unknown frequency.

3. Adjust the channel 1 and 2 size controls for convenient,
easy-to-read siza of display.

4. The resulting pattern, called a Lissajous pattern, shows

the ratio between the two frequencies.




Unknown frequency to
Venrtical input, Standard
frog y to Horizont

(€ 3) =
- JOON

Ratic of unknown
to standard

Note: Any one of these figures, depending
upon phase relationship

Fig. 37 Lissasjous waveforms used for frequency measure-
ment

* Frequency Response Measurements

The X-Y mode of this oscilloscops may be used to measure
the frequency response of amplifiers, band pass fikters,
coupling netwarks, etc. The only additional test equipment
needed is a sweep generator, such as the B & K-Precision
Model 3020, 3025, or 3030 Sweep/Function Generator.

1

. Connect the audio ar rf autput of the sweep generatof to

the input of the circuit under test. Connect the output of
the test circuit to the CH 1 {or Y-axis) input of the
oscilloscope. Set the sweep generator to sweep the
desired band of frequencies. For a typical audio frequen-
Cy response measurement, the generator is set to
sweep from 20 Hz to0 20 kHz.

. Connect the sweep ramp voltage of the sweep

generator to the CH 2 or X-axis input of the oscillo-
scope.

. Select the X-Y mode of HORIZ DISPLAY and adjust the

CH 1 (vertical) and CH 2 {horizontal) sensitivity for a
suitable viewing size.

. A standard probe will result in an envelope display such

as shown in Fig. 38. The example in Fig. 38 results from
a negative-going sweep ramp voltage as frequency in-
creases, with the higher frequencies at the left side of
the display. If the sweep ramp voltage is posSitive-going
as fraquency increases, the higher frequencies are at the
right side of the display.

. A demodulator probe will give a ‘‘text book’’ frequency

response display as shown in Fig. 39.
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Fig. 38 Frequency Response Measurement,

Envelope Response.
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Fig. 39 Frequency Response Measurement,
Demodulated Response.
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OPTIONAL ACCESSORIES

MODEL LC-150 PROBE POUCH

This soft vinyl pouch attaches to the top side of the

oscilloscope housing and provides storage space for two

prabes and instruction manual. Install the probe pouch as

follows:

1. Unsnap probe pouch from retainer plate.

2. Align retainer plate with 4 holes on top side of the case,
with 4 snaps at the tap.

3. Attach the four corners of retainer plate to oscilloscope
case with four nylon rivets supplied.

4. Attach probe pouch to retainer plata using the snap
fasteners,

MODEL PR-32 DEMODULATOR PROBE
Permits display of modulation envelope of rf signals to
250 MHz.

MODEL PR-45 10:1 PROBE

Standard replacement probe for Model 1560. Bandwidth is
160 MHz and input capacitance is 18 pF with fixed 10:1
attenuation. Supplied with four tips.

MODEL PR-40 10:1/DIRECT PROBE

Standard replacement probe for Model 1540. At 10:1,
—3 dB bandwidth is 100 MHz with circuit loading of
10 M and 18 pF. At direct, bandwidth is 15 MHz with
circuit loading of 1 M@l and 100 pF. Supplied with four
tips.

MODEL PR-37 DELUXE 10:1/DIRECT PROBE

Deluxe replacement probe. At 10:1, —3 dB bandwidth is
100 MHz with circuit loading of 10 MQ and 11.5 pF. At
direct, bandwidth is 10 MHz with circuit loading of 1 M
and 40 pF. Supplied with four tips.

} nylon rivet

Ej"’ ——— wWasher
\Retainer Plate

Fig. 40 Instsllation of LC-150 Probe Pouch.

30




MAINTENANCE

WARNING

The following instructions are for use by qualified
service personnel only. To evoid electricel shock, do not
perfarm any servicing other than contained in the operating
instructions unless you are qualified to do so.

High voltage up to 16,000 voits (Model 1560/ or 12,000
vofts (Model 1540) is present when covers are removed
end the unit is operating. Remember that high voftage may
be retained indefinitely on high voltage capacitors. Also
remember that ac line voltage is present on line voltage in-
put circuits any time the instrument is plugged into an ac
outlet, even if turned off. Unplug the oscilloscope and
discharge high voltage capacitors before performing ser-
vice procedures.

FUSE REPLACEMENT

i the fuse blows, the pilot light will go out and the
oscilloscope will not operate. The fuse should not normally
open unless a problem has developed in the unit. Try to
determine and correct the cause of the blown fuse, then
replace only with a fuse of the proper current rating; 2 amp
for 100 or 120 volt operation or 1 amp for 220 or 240 volt
operation. The fuse is located on the rear panel.

CASE REMOVAL

To remove the top cover, simply remove the five screws
{one from top and two from each side) and lift off the
cover. The front of the top cover slides slightly under the lip
formad-by the front panel bezel. The bottom cover may be
similarly removed by removing the bottom screws {(plus
side panel screws if top cover is not removed) and lifting
off the bottom cover.

PERIODIC ADJUSTMENTS

Some adjustments only need to be checked and adjusted
periodically. Probe compensation, trace rotation, and
astigmatism adjustments are included in this category. Pro-
be compensation and trace rotation adjustment procedures
are given in the APPLICATIONS section. The procedure for
astigmatism adjustment is given below.

Astigmatism Adjustment

1. Set the TRIG MODE switch to X-Y and both AC-GND-DC
switches to GND. Thig will produce a spot on the screen.
Never allow a small spot of high brilliance to remain sta-
tionary on the screen for more than a few seconds. The
screen may be permanently burned.

2. With INTENSITY set about mid-range, adjust both the
ASTIG and FOCUS controls for the sharpest, roundest
spot. Pull out and rotate the PULL ASTIG control to ad-
just astigmatism. Do not readjust ASTIG after this step.

CALIBRATION CHECK

A general check of calibration accuracy may be made by
displaying the output of the CAL terminal on the screen.
This terminal provides a square wave of 0.5 V p-p {within
+6%). This signal should produce a displayed waveform
amplitude of five divisions at 10 mV/div sensitivity for hoth
channel 1 and 2 {using 10:1 probes}. The VARIABLE con-
trols must be set to CAL during this check.

The CAL signal may be used only as a general check of
calibration accuracy, not as a signal source for performing
recalibration adjustments; a signal source of +0.5% or bet-
ter accuracy s required for calibration adjustments.

INSTRUMENT REPAIR SERVICE

Because of the specialized skills and test equipment re-
quired for instrument repair and calibration, many
customers prefer to rely upon B & K-Precision for this ser-
vice. We maintain a network of B & K-Precision authorized
service agencies for this purpose. To use this service, even
if the oscilloscope is no longer under warranty, follow the
instructions given in the WARRANTY SERVICE INSTRUC-
TION portion of this manual. There is a nominal charge for
instruments out of warranty.

ADDITIONAL SERVICING INFORMATION

A complete service menual will soon be available for the
Model 1840 and 1560 Oscilloscopes. Requests for the
service manual should be sent to the B & K-Precision Ser-
vice Department address listed in the WARRANTY SER-
VICE INSTRUCTIONS. Be sure to specify Model 1540 or
1560.
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APPENDIX |

IMPORTANT CONSIDERATIONS FOR RISE TIME AND FALL TIME MEASUREMENTS

ERROR IN OBSERVED MEASUREMENT

The ““observed’’ rise time {or fall time)} as seen on the CRT
is actually the cascaded rise tima of the pulse being
measured and the oscilloscope’s own rise time. The two
rise times sre combined in square law sddition as follows:

Tobserved = '\/ (Tpuise” + (Tsoope!®

The effect of the oscllloscope’s rise time is almost negligi-
ble when its rise time is st least 3 times as fast ss that of
the pulse being messured. Thus, slower rise times msy be
measured directly from the CRT. However, for faster rise
time pulses, an efror is introduced that increases pro-
gressively as the pulse rise time approaches thst of the
oscilloscope. Accurste measurements can still be obtsined
by calculation as described Ister,

DIRECT MEASUREMENTS

The Madel 1580 Oscilloscope has a rsted rise time of
5.B ns at 5 mV/div snd higher sensitivity. Thus, pulse rise
times of about 18 ns or greater can be measured directly.
For Model 1540 with its rated rise tima of 8.8 ns, pulse
rise times of 27 ns or greater msy be measured directly.
Most fast rise times are messured at the fagtast sweep
speed and using X 10 MAG. For Model 1560, this sweep
rate is 5 ns/div. A rise time messurement of less than
about 4 divisions should be cslculated. For Model 1540,
the fastest sweep rste is 10 ns/div, and rise time
messuremeants of less thsn 3 divisions should be
calcuiated.
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At 1 mV/div and 2 mV/div sensitivity, the Modsi 1560°s
rated rise time is increased to 17.5 ns, and the Model
1540’s is increased to 23.4 ns. Puise rise time must be at
lesst 53 ns or 70 ns respectively for Modsl 1560 and
1540 for direct measurement on these ranges. Because of
this, the 1 mV/div and 2 mV/div ranges should be avoided
for rise time measurements if possible.

CALCULATED MEASUREMENTS

For “‘observed’’ rise times of less thsn 18 ns for Model
1580. or 27 ns for Modsi 1540, the pulss rise time should
be csiculsted to efiminate the eiror introduced by the
cascaded oscilloscope rise time, Csiculate pulse rise time
as follows:

Tpul:v.e: = '\/ {Tobserved” — (Ts':ope’2

LIMITS OF MEASUREMENT

Measurements of pulse rise times thst are faster than the
scope’s rsted rise time sre not recommended because a
very small reeding error introduces significant error into the
calculation. This limit is reached when the “"observed”’ rise
time is about 1.3 grester thsn the scope’s rsted rise time;
i.e., about 8 ns minimum for Model 1560 and 11 ns
minimum for Model 1540.




