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General Information

The Tektronix Type 535A Oscilloscope 1s a wide-range
general-purpose laboratory instrument providing accurate
measurements in the dc to 15 mc range. The Type 535A can
be operated with any Tektronix letter-series plug-in to sat-
isfy the requirements for virtually any application.

Special circuits incorporated in the Type 535A Oscillo-
scope permit an accurate, continuously variable delay in
the presentation of the sweep from 1 microsecond to 10
seconds after receipt of a triggering impulse. This feature
permits observation of a small portion of the normal sweep,
accurate measurement of waveform jitter, precise time mea-
surements, as well as many other uses.

Vertical-Deflection System

All specifications for the Vertical-Deflection System of the
Type 535A depend upon the plug-in unit used with the
instrument, The following specifications are given assuming
that a Type K Plug-In Unit is used.

Bandpass DC to 15mc {=3-db down at
15 mc}
Risetime <0.024 microseconds

Triggering Modes

Time Base A—Automatic, AC, DC, AC Low Frequency

Reject, and High Frequency Sync.
Time Base B—Avutomatic, AC, and DC.

Triggering Signal Requirements

Internal  triggering—a signal producing 2 millimeters of
vertical deflection except 4 millimeters is required in the DC
and Automatic modes.

External triggering—a signal of 0.2 volts to 10 volts. Sweep
will trigger on larger signals, but TRIGGERING LEVEL con-

trol operates over a =+ 10 volt range. Automatic mode re-
quires 0.4 v.

High Frequency Sync.—Assures a stable display of sine wave
signals to approximately 30 mc. Requires a signal producing
2 centimeters of vertical deflection or an external signal of
more than 2 volts.
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SECTION 1

CHARACTERISTICS

Sweep Rates

Time Base A-0.1 microsec. Js to 5 seconds per centimeter
in 24 accurately calibrated steps. An uncalibrated control
permits sweep rates to be varied continuously between
0.1 microseconds and approximately 12 seconds per centi-

meter. Calibrated sweep rates are typically within 19, and
in all cases within 3%, of the indicated sweep rate.

Time Base B-—2 microseconds to 1 second per centimeter In
18 accurately calibrated steps. Sweep rates are typically
within 1%, and in all cases within 3%, of the indicated

sweep rate.

Magnifier

Provides a 5-times magnification of the center 2-centimeter
portion of the oscilloscope display. Extends the fastest Time

Base A sweep rate to 0.02 microseconds per centimeter and
the fastest Time Base B sweep rate to 0.4 microseconds per

centimeter.

External Horizontal Input

Deflection factor—approximately 0.2 to 20 volts per centi-
meter, continuously variable.

Frequency response—from dc to 350 kHz. Response down
3 db at 350 kHz.

Delayed Sweep

Sweep delay continuously variable from 1 microsecond to
10 seconds. Actual delay steps (between 1.00 and 10.00) are
within 1% of the indicated delay from 2 usec/cm to 0.1 sec/

cm; within 3% from 0.2sec/ecm to 1sec/cm. Incremental
delay accuracy is within 1% ==4 minor divisions.

Time jitter—1 part in 20,000.

Cathode-Ray Tube

T533P2

Phosphors—Type P2 phosphor normally supplied; Pl, P7,
and P11 phosphors optional. Other phosphors available on
spectal order.

Unblanking—dc coupled.

Accelerating potential—10,000 volts.
Usable viewing area: —6 by 10 centimeters.
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Characteristics—Type 533A
Graticule

Illumination---variable edge lightfing.

Marked in 6 vertical and 10 horizontal 1-centimeter divi-
sions with 2-millimeter markings on the centerlines.

Amplitude Calibrator

Wavetorm—square-waves at approximately 1,000 cycles.

Output voltage—0.2 millivelts peak-to-peak to 100 volts
peak-to-peak In 18 steps.

Accuracy---peak-to-peak amplitude of squarc-waves within
3% of indicated voltage.

Power Supplies

Electronically regulated for stable operation with widely
varying line voltages and loads.

Line voltage requirements—108, 115, 122, 216, 230 or 244

volts (9% on each range).

Power—-approximately 500 watts with o Type CA Plug-In
Unit installed.

Line frequency—230 to 60 cycles.

Qutput Waveforms Available

Delayed trigger pulse-—approximately 5 volts in amplitude,
occuring at the end of the delay period.

Positive Gate B—approximately 20 volts peak-to-peck with
same duration as sweep B

Positive Gate A approximately 20 volts peak-to-peak with
same duration as sweep A.

Sawtooth A--sweep A sawtooth waveform, Gpproxima’fely
130 volts peak.

Vertical signal output—output from vertical detlechion sys-
tem.

Approximately 1.5 volts peak-to-peak per centimeter of
vertical detlection.

Ventilation

Forced filtered air. Thermal relay interrupts instrument power
In the event of overheating.

Construction

Aluminum-alioy chassis and three-piece cabinet. Anodized

panel, blue wrinkle-Tinished cabinet.

Dimensions-—see Figure 1-2.
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Fig. 1-1. Qutput waveforms available at the oscilloscope front panel.

1-2

N R



Accessories

Standard Accessories supplied with the Type 535A are
listed on the last pullout page of the Mechanical Ports List
Hlustrations. For optional accessories available for use with
this instrument, sec the current Tekironix, Inc. cataleg.

Type N

The Type N Sampling Unit is designed for use with Tek-
tronix plug-in type QOscilloscopes. The sampling system thus
formed permuts the display of repetitive signals with frac-
tional nanosecond (10-9 second or nsec¢) risetime. By taking
successive samples at a shghtly later time at cach recur-
rence of the pulse under observation, the Type N recon-
structs the pulse on a relatively long time-base. Specifice-
Hons of the Type N include a risetime of 0.6 nsec, corresond-
ing to a maximum bandpass of appreximately 800 mc; o
sensitivity of 10mv/cm with 2myv or less notse; and o
dyramic range of =120 mv minimum linear range before
overioading results.

Accidenta! overload of Z-4 velts de is permissible.

1
ud

Fig. 1-2. Type 535A Oscilloscope Dimensions.

Type P

The Twne P Plug-In Unit generctes a tast-rise step-tunction
test signal of known wavetorm, simulating the output of an

ideally compensated Type K Unit driven with a Tektronix
Type 107 Square-Wave Generator. The Type P permits the

Characteristics—Type 535A

standardization of the main-unit vertical amplitier transient
response of a Tektronix convertible oscilloscope.  Risetime
of the Type P is approximately 4 nanoseconds when it s
used to standardize a Type 540-Series Oscilloscope. Pulse
repetition rate is 240 step functions per second, with either
sositive or negative polarity.  Step function amplitude s
continuously adjustable between 0 and 3 major graticule

divisIOns.

Type Q

The Type @ Plug-In Unit permits any Tektronix convert-
ible oscilloscope such as the Type 535A to be operated
with strain gages and other transducers. Excitation voltages
for the strain gages and transducers are provided by the
nlug-in unit. The unit provides high gain, low noise, and
oxtremely low drift.  Frequency response cof the Type Q
Plug-In Unit is DC to 6kc rnisetime 1s approximately 60
microsecond. Strain sensitivity 15 calibrated m 10 steps
from 10 microstrain per major graticule division to 10,000
microstrain per division, and is continvously variable be-

tween steps,

Type R

The Type R Plug-In Unit is a combined power supply and
pulse generator which is used to measure the high-frequency
characteritics of |unchion transistors by the pulse-response
method. When the Type R is used in an oscilloscope hayv-
ing a delay line; delay time, rnisetime, storage time, ond
falltime may be displayed simultaneously. A push-button
switch connects a front-panel terminal direcliy to the input
of the oscilloscope for chserving externally derived wave-
farmes.

Pulse risctime of the Type R unit is less than 5 nanosec-
onds, so measurements denend on the risetime of the oscil-
loscope used. Pulse amphtudes are in 8 rixed, calibrated
steps from .05 to 10 volts, adjustable between steps. Pulse
recurrence frequency is 120 pulses per second.

Tvpe S

The Type S Plug-In Unit is deasigned for use with Tektronix
Wide-Band corvertible oscilloscopes. The slower risetime
of the Tektronix 530-Series Oscilloscopes will affect the
ability of the § Unit to analyze fast semiconductor diodes.
Using the Type S, veltage across a test diode 1s displayed
as a functicn of time.

Certain dicde parameters, such as junction resistance,
unction capacitance, and the stored charge at the junction,
can be measured readily and reliably from the display. Per-
formance of a diede in a particular circutr can be pre-
dicted by analyzing the recovery and “turn-on” character-
istics.  Since it is essentially a means tor plotting voftage
across an element while passing constant current through
it, the unit can be used for other applications as well. For
example: observing the junction characteristics of transistors,
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Characteristics—Type 535A

PLUG-IN TYPE

TYPE A
Wide-Band
DC Coupled

TYPE B
Wide-Band
High Gain
DC Coupled

L—.-—w—--ﬂ_——-ﬂ_-——-*__—-ﬂmm

CALIBRATED
DEFLECTION FACTOR

0.05v/cm to 20 v/em dc to 14 mc 25 nsec

S5mv/cm to 0.05v/cm 2¢c to 10 mc 35 nsec
|

0.05v/em to 20 v/em dc to 14 mc 25 nsec

PLUG-IN PREAMPLIFIER CHARACTERISTICS FOR TYPE 535A OSCILLOSCOPES

PASSBAND RISETIME

INPUT
CAPACITANCE

47 pt

47 pt

20 pf

47 pt

50 pf

47 pf

47 pt

Input Impedance 50 ohms

47 of

20 pf

__.__’-d

Adjustable

TYPE CA
Dual-Trace 0.05v/cm to 20 v/cm dc to 15 mc 23 nsec
DC Coupled | i l
TYPE D
D*-(I:'gg;)?:;gd ' 1 mv/em to 50 v/em | de to 2 me 0.18 usec
Differential
=
TYPE E
Low-Level 50 10
AC Coupled | uwv/em to 10 mv/cm 0.06 cycles to 60 ke 6 usec
Differential
—
TYPE G DC
Coupled Differential | 0.05v/cm to 20 v/cm i dc to 14 mc 25 nsec
Wide-Band
= — +- -
TYPE H
Dfligi?ézliid F 5mv/em to 20 v/cm de to 11 ma 32 nsec
Wide-Band
TYPE K | |
Fast-Rise 0.05v/cm to 20 v/em dc to 15 mc 24 nsec
DC Coupled
| I __ﬁ_T—l————-— e —— ————
FLYsEEisLe S5mv/em to 2v/cm I 3cto 14dmHz | 25 nsec
Dl-élgg;?s'lgd 0.05 v/cm to 20 v/em dc to 15 mce 24 nsec
TYPE N *
TYPE P * is a fast-rise step-function test signal unit.
TYPE Q * 10 ustrain/div to
Strain Gage 10,000 ustrain/div de to ke 60 psec
TYPE R * —‘
Transistor Risetime 0.5ma/em to 100 ma/cm 23 nsec
~ TYPE S T
Semiconductor 0.05v/cm and 0.05v/cm
Diode Recovery
TYPE T *
Time-Base
Generator
TYPE Z* DC
Coupled Differential 0.05v/em to 25 v/cm dec to 10 mc 35 nsec

Comparator

* More data available

1-4
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or measuring the resistance, capacitance or inductance of
circuit components.

The Type S offers calibrated forward currents in five fixed
steps from 1 to 20 milliamps, and reverse currents calibrated
in six steps from 0 to 2 milliamps. Diode shunt capacitance
is 9 picofarads, and deflection factors are 0.05v/cm and
0.5v/cm calibrated.

Type T

The Type T Time-Base Generator provides sawtooth sweep
voltages from 0.2 usec/div to 2sec/div. The trigger source
may be line frequency, external, ac or dc coupled, auto-
matic or high-frequency sync. The triggering point can be
on either rising or falling slope of the waveform, and trig-
gering level is adjustable. A signal of 0.2 to 50 volts is
required for triggering.

Type Z

The Type Z Plug-In Unit extends the accuracy of oscillo-

&®
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scope voltage measurements. |t can be used in three modes
of operation: (1} as a conventional preamplifier, (2) as a
differential input preamplifier, or (3) as a calibrated difter-
ential comparator. With sensitivity of 50 mv/¢cm and in-
sertion voltage range of +100 volts, the effective scale
range is 2000 cm. Maximum resolution of the Type Z

Unit 1s .005%.

As a differential input preamplifier, the Type Z accepts
passband of dc to 10 mc for the 535A for signals that do
not overscan the screen. The deflection factors are 0.05
volts/cm to 25 v/cm in 9 fixed, calibrated steps.

As a differential input preampliifer, the Type Z accepts
a common-mode signal level =100 volts with input attenua-
tion X1, and offters a common-mode rejection ratio of
40,000 to 1. Maximum input signal is 1 volt/7 nsec, or —1
volt/5 nsec.

As a calibrated differential comparator, the Type Z
makes available three comparison voltage ranges; from
zero to =1 volt, zero to =10 volts, zero to =100 volts.



SECTION 2

OPERATING
INSTRUCTIONS

General

The Type 535A Oscilloscope is a versatile instrument which
is adaptable to a great number of applications. However,

to make use of the full potentialities of the instrument, it is
necessary that you understand completely the operation of
each control. This portion of the Operator's Manual s in-
tended to provide you with the basic information that you
require. |f you are familiar with other Tektronix Oscillo-
scopes, you should have very little difficulty in understanding
the operation of the Type 535A since the function of many
controls 1s the same as the function of corresponding con-
trofs on other Tektronix instruments.

Plug-in Units

The Type 535A Oscilloscope is designed to operate with
any one of the Tektronix letter-series plug-in units. The
particular plug-in unit used must be selected by you to sat-
isfy the requirements of your application. In selecting the
plug-in unit for any particular application, you must con-
sider the bandpass, sensitivity, and type of input required
for that application. The plug- in units available will satisfy
the requirements for most applications.

Preparation for Use

When the plug-in unit has been selected, insert it into the
plug-in compartment of the oscilloscope and press firmly to
insure that the connectors make proper contact. Tighten
the plug-in unit locking control to hold the unit securely in
place and turn the oscilloscope INTENSITY control fully
counterciockwise.

Reter to the voltage input marking on the back panel of
the instrument to verify that it is wired for the line voltage
you have available. Refer to the maintenance section of this
manual if you need to change the power transformer and
tan wiring for a different input voltage.

Connect the power cord to the rear of the instrument and
to the power line and place the POWER switch in the ON
position.

Cooling

A fan maintains safe operating temperature by circulating
filtered air over the rectifiers and other components. When in
operation, the instrument must be placed so that the air in-
take at the back is clear of any obstruction that might im-
pede the flow of air. Side panels should also be in place for
proper air circulation. The air filter should be kept clean,
in accordance with cleaning instructions found in the Main-
tenance Section of this manual.

Under no circumstances should your Oscilloscope be op-
erated without the fan running. Without the fan, inside tem-

»®

perature of the oscilloscope will rise to a dangerous level
in five to ten minutes. In this event, the thermal cutout
switch will disconnect the power and keep it disconnected
until the temperature drops to a safe level.

Time Delay

Time delay relays used in the Type 535A Oscilloscope
delay operation of the instrument for approximately 25 sec-
onds after the POWER switch is turned on to allow a brief
tube-warmup period. The delay allows the tubes sufficient
time to heat before the dc operating voltages are applied.

If the ac power 1s off for only an instant, the normal 25-
second delay will occur before the instrument returns to full

operation. This delay will occur regardless of whether the
ac power i1s off because of a momentary power failure or

ts turned off with the POWER switch.

Focus and Astigmatism Controls

The FOCUS and ASTIGMATISM controls operate in con-

junction with each other to allow you to obtain a sharp,
clearly defined spot or trace. The proper setting of the

ASTIGMATISM control is obtained by rotating the FOCUS
control fully clockwise, setting the HORIZONTAL DISPLAY
switch to EXT. X 10, and adjusting the INTENSITY control to
obtain a spot on the screen. After positioning the spot to
the center of the screen, the ASTIGMATISM control is ad-
justed for the most nearly circular spot possible. The FOCUS
control s then adjusted to reduce the spot diameter as
much as possible. {You must be certain that all input signals
to the oscilloscope are disconnected when you adjust the

FOCUS and ASTIGMATISM controls.)

Intensity Control

The INTENSITY control is used to adjust the brightness
of the oscilloscope display. This permits you to compen-
sate for changes in brightness resulting from changes in the
sweep or triggering rate. The INTENSITY control is rotated
clockwise to increase brightness and counterclockwise to
decrease brightness. Care must be taken when using the
INTENSITY control that the brightness is not turned up to
the point where the face of the cathode-ray tube is per-
manently damaged. If the intensity of the beam is turned up
too tar, the phosphor on the face of the crt may be burned.
The intensity of the beam should never be turned up to
the point where a halo forms around the spot.

Graticule Hllumination Control

The graticule used with the Type 535A Oscilloscope s
accurately marked with 10 horizontal and & vertical 1-centi-

meter divisions with 2-millimeter markings on the center-
lines. These graticule markings allow you to make time and

voltage measurements from the oscilloscope screen.
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Operating Instructions—Type 535A

The graticule is illuminated by two lamps located at the
top edge of the graticule. This illumination can be con-
trolled so that the graticule markings appear either red
or white, as desired. The graticule markings are changed
from red to white or from white to red by removing the
graticule cover and rotaing the graticule through 180°

about an axis through the center of the graticule. As a
general rule, white graticule markings are superior to red

for photographic purposes.

Graticule illumination s adjusted by the SCALE [LLUM
control located just under the oscilloscope screen. Rotating
the control clockwise increases the brightness of the grati-
cule markings and rotating the control counterclockwise
decreases the brightness. For convenience in photographic
work, the SCALE ILLUM control is marked in approximate
f-stops. These f-stops can be used with a shutter speed of
| second when TRI-X film 1s used or with a shutter speed
of 10 seconds when Type 44 Polaroid film is used. Regard-
less of the type of tilm used, white graticule markings should
be used. To obtain satisfactory waveform photographs, the
intensity of the trace must approximately match the bright-
ness of the graticule markings.

Positioning Controls

Three controls are used with the Type 535A Oscilloscope
to allow you to position the troce to the desired point on
the oscilloscope screen. Two of these controls are used to
set the horizontal position of the trace and are located
on the front panel of the instrument. The third control is
used to set the vertical position of the trace and is located
on the front panel of the plug-in unit used with the oscillo-

scope. (The Type 53/54C and Type CA Dual-Trace Plug-In
Units have two Vertical Positioning controls.)

The two HORIZONTAL POSITION controls cause the
trace to move to the right when they are rotated in the
clockwise direction and to the left when they are rotated
counterclockwise. The combination of the two controls has
a total positioning range of approximately 12 centimeters
with the sweep magnifier off or approximately 60 centi-
meters with the sweep magnifier on. The black HORIZON-
TAL POSITION control has approximately three times the
range of the red VERNIER control. The fine range of adjust-
ment of the VERNIER control makes this control particularly
useful whenever fine horizontal positioning is required, as
for example, when the sweep magnifier is used.

The vertical positioning .control has sufficient range to
allow the trace to be positioned completely off the top or
bottom of the screen or to any intermediate point. The
trace moves up when the control is rotated clockwise and
down when the control is rotated counterclockwise.

Beam Position Indicators

Four small indicator lights located just above the oscillo-
scope screen indicate the position of the spot or trace.
When one of these lamps is lit, it indicates that the trace is
off-centered in the direction of the arrow. These four lights
allow you to position the spot to the center of the screen
even though the intensity is so low that the trace i1s not vis-
ible. When the sweep is running, the spot moves trom the
left side of the screen to the right and may cause both
horizontal tamps to light each time the sweep runs.

Input Signal Connections

The electrical wavetorm to be observed is applied to one
of the plug-in unit input connectors. The waveform is then

connected through the vertical-deflection system of the
plug-in unit and the oscilloscope to cause the spot to be
deflected vertically and to trace out the waveform on the
screen of the crt. The vertical size of the displayed wave-
form is adjusted with the plug-in unit VOLTS/CM switch. The
VOLTS/CM switch is an accurately calibrated control which,
when used with the graticule, allows you to make precise
voltage measurements from the displayed wavetorms. The
operation of other plug-in unit controls varies between plug-
in units. For information regarding the operation of these
controls, refer to the instruction manual for the plug-in unit

you are using.

Certain precautions must be taken when you are con-
necting the oscilloscope to the input signal source to In-
sure that accurate information is obtained from the oscillo-
scope display. This is particularly true when you are ob-
serving low-level signals or waveforms containing high- or
extremely low-frequency components. For applications
where you are observing low-level signals, unshielded input
leads are entirely vnsahsfactory due to their tendency to
pick up stray signals which produce erroneous oscilloscope
displays. Shielded cables should be used whenever possible,
with the shield connected to the chassis of both the oscillo-
scope and the signal source. Regardless of the type of input
lead used, leads should be kept as short as possible.

Distortion of the input waveform may result it very low-
frequency input signals are ac coupled into the oscilloscope,
if high-frequency wavetorms are not properly terminated,
or if the input waveform contains high-frequency compon-
ents which exceed the pass band of the oscilloscope and
plug-in unit combination. You must be aware of the limita-

tions of the instrument.

In analyzing the displayed waveform, you must con-
sider the loading effect that the oscilloscope has on the
input-signal source. In most cases this loading effect is
negligible; however in some applications, loading caused
by the oscilloscope may materially alter the results obtained.
In such cases you may wish to reduce the amount of load-
ing to a negligible amount through the use of a probe.

Use of Probes

Occasionally connecting the input of an oscilloscope tg a
signal source loads the source sufficiently to adversely affect
both the operation of the source and the waveform dis-
played on the oscilloscope. In such cases an attenuator
probe may be used to decrease both the capacitive and
resistive loading caused by the oscilloscope to a negligible
value.

In oddition to providing isolation of the oscilloscope from
the signal source, an attenuator probe also decreases the
amplitude of the displayed waveform by the attenuation
factor of the probe. Use of a probe allows you to increase
the vertical-deflection factors of the oscilloscope to observe
large-amplitude signals which are beyond the normal limits
of the oscilloscope and plug-in combination. Signal ampli-
tudes, however, must be [imited to the maximum allowable
value of the probe used.
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PRCEE TIP CONNECTED

TO SIGNAL SOQURCE

OSCHLOSCOPE

b ‘
v
{

Fig. 2-1. Proper tonnection of o probe to the input signal source.

Before using ¢ probe vou must check {and adust it neces-
sary] the compensation of the probe to prevent distortion of
the applied waveform. The probe 1s compensated by odjust-

ing the control located in the body of the probe. To adjust
the probe compensation control, place the HORIZONTAL
DISPLAY switch at A, the TIME BASE A TRIGGERING MODE
switch at AUTO, and the TIME BASE A TRIGGER SLOPE
switch at  INT. Turn up the intensity until the trace is
visible and connect the probe tip to the CAL OUT connector.
Set the AMPLITUDE CALIBRATOR switch for 2 centimeters
of displayed signal. Set the TIME BASE A TIME/CM switch
to display approximately 3 or 4 cycles of the Calibrator
waveform and adjust the probe compensation control to
obtain flat tops on the displayed Calibrator square-waves
[see Figure 2-2).

Horizontal Sweep

The usual oscilloscope display 1s a graphical presentation
of instantancous voltage versus time. Voltage information
ts presented by vertical deflection of the trace and time
information is presented by horizontal deflection. To obtain
a useful display, it is necessary for the spot formed by the

electron beam to be deflected horizentally at a known
rate so that any horizontal distance on the screen repre-
sents a definite known period of time. The trace formed
by the deflection of the spot across the screen is known as
the horizontal sweep, Since the horizontol deflection of
the spot bears a definite relationship to time and provides
the meanrs for making time mecasurements from the screen,
the horizontal sweep is also known as the time base.

The Type 535A OQOscilloscope features two independent
time-base units: Time Base A and Time Base B. FEither of the
two time bases moy be displayed on the oscilloscope screen
at any time. Controls affecting Time Base A and Time Base
B operation are in the correspondingly labeled blocks
on the oscilloscope front panel. The HORIZONTAL
DISPLAY switch determines which time bose s used
and the type of display to be presented. Time Base
A is selected when the HORIZONTAL DISPLAY switch 15 in
position A and Time Base B is selected when the switch is
in position B.

The rate at which the spot is deflected across the screen

is accurately controlled by the setting of the appropriate
TIME/CM controls. The settings of the TIME/CM controls
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INCORRECT

—_—

Fig. 2-2. When compensating the preobe it is adjusted te obtain on undistorted presentation

of the calibrater square-waoves,

determine the sweep speed and the horizontal size cf the
dispiayed waveform. Tne controls are set to dispay the
nortion of the wavetorm you wish to observe.

Time Base A has 24 accurately calibrated sweep rates
ranging from 1 microseconds to 5 seconds per centimeter
These calibrated sweep rates are obtained only when the
VARIABLE TIME/CM control s in the fully clockwise posi-
tion. The VARIABLE TIME/CM control permits you to vary
the sweep rates continuously between .1 microseconds and
approximately 17 scconds per centimeter. All sweep rates
obtained with the VARIABLE TIME/CM control in any
nosition but fully ciockwise are uncalibrated. Uncalibrated
sweep rates are indicated when the UNCALIBRATED lamp

5|14,

Time Base B has sweep rates ranging from 2 microseconas
to 1 second per centimeter in 18 steps. There 1s no VARI-
ABLE TIME/CM control for Time Bose B. The red LENGTH
control adjusts the sweep length between approximately 4
and 10 centimeters,

Sweep Triggering

The oscilloscope display is formed by the repefitive sweep
of the spot across the oscilioscope screen. If the sweeps
are allowed to occur at random or at @ rate unrelated to the
rate of occurence of the input waveform, the displayed
waveform will be traced out o a different point an the
screen cach time the sweep runs. This will either causc
the waveform to drift arcoss the screen or to be indistin-
guishable.

In most cases it is desirable for a repetitive wavetorm to
appear stationary on the oscilloscope screen so that the

2-4

characteristics of the waveform can be examined n detall.
As a necesscry condifion for tnis type ot display, tne start
of the sweep must bear o definite, fixed-time relationship
to the appearance of the input wavetorm. This means
that the sweep must be synchronized with the input wave-
form. In the Type 535A Oscilloscope this is accomplished
by starting {triggering) the sweep with the displayed wave-
faorm or with another waveform bearing o definite time re-
lationship to the dispiayed waveform.

The following paragraphs outline the means for selecting
the triggering source, triggering siope, and triggering level
with specific informaticr regarding the operation of the con-
trols affecting triggering. Triggering controls for Time Base
A and Time Base B are virtually identical so that the follow-
ng in‘ormation is applicable to both time-base units. Trig-
gering of the sweep is adjusied by the respective STABILITY,
TRIGGERING LEVEL, TRIGGERING MODE, and TRIGGER
SLOPE contrels,

Selecting the Triggering Source

In preparing the Type 535A Cscilloscope for triggerea
cperation of the sweep, it 1s first necessary to select the
triggering signal which will previde the best dispiey for the
sarticular application. The sweep can be triggered oy the
displaved waveform, a line-frequency waveform, or by an
externally derived wavefcrm. This selection is made by tre
setting of the TRIGGER SLOPE contrel. Each type of trig-
gering has certain advantages for some applications.

Triggering from the displayed waveform is the methoa
most commonly used. The displayed wavetorm is selected
when *he TRIGGER SLOPE control is in either the +INT. or

PR ol ] _J' ~e,
ALY
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External Triggering Waveform

| JH |

Trigger
Input Connector

Trigger Slope
Switch

Oscilloscope
Sweep Starting

Circuits

Fig. 2-3. The triggering signal is selected from three possible sources with the TRIGGER SLOPE control.

—INT. position. Internal triggering Is convenient since no
external triggering connections are required. Satisfactory
results are obtained in most applications.

When you are observing a waveform which is related to
the line frequency, you may wish to trigger the sweep from
a line-frequency waveform. This can be done by placing the
TRIGGER SLOPE switch in either the +LINE or the —LINE
position. This type of triggering is useful in observing wave-
forms which bear a detinite relationship to the line fre-
quency. The shape and the amplitude of the triggering
waveforms remains constant to provide extremely stable

triggering.

~
A A
o ST R )

To trigger the sweep from some external waveform, con-
nect the triggering wavetorm to the appropriate TRIGGER
INPUT connector and place the TRIGGER SLOPE switch in
either the +4EXT. or —EXT. posttion. External triggering
provides definite advantages over other methods of trigger-
ing in certain cases. With external triggering, the trigger-
ing signal usually remains constant in amplitude and shape.
It is thereby possible to observe the shaping and amplifica-
tion of o signal in an external circuit without resetting the
oscilloscope triggering controls for each observation. Also,
time and phase relationships between the waveforms at
different points in the circuit can be seen. If, for example,
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the external triggering signal i1s derived from the waveform
at the input to a circuit, the time relationship and phase
of the waveforms at each point in the circuit are compared
to the input signal by the display presented on the oscillo-

scope screen.

When you are wusing external triggering and a stable
triggering signal, it is possible to observe and accurately
measure jitter of the displayed waveform. This is not pos-
sible when the sweep is triggered internally.

Selecting the Triggering Slope

The horizontal sweep can be triggered on either the rising
(+slope) or falling (—slope) portion of the triggering wave-
form as determined by the position of the TRIGGER SLOPE
switch . When the switch is in one of the 4 positions, the
sweep is triggered on the rising portion of the triggering
waveform: when the TRIGGER SLOPE switch is in one of the
—positions, the sweep is triggered on the falling portion of
the waveform (see Figure 2-4).

In many applications the triggering slope is not important
since triggering on either slope will provide a display which
is suitable to the application. However, in many other

Trigger Slope
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4 Slope

\/\ Input Waveform

Trigger Slope
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cases, such as pulse measurements, the triggering slope is
very important. If, while using a fast sweep, you may wish
to observe the rise of a pulse, it will be necessary for you
to trigger the sweep on the rising portion of the wavetorm
by placing the TRIGGER SLOPE switch in one of the 4+ posi-
tions. To observe the fall of a pulse at a fast sweep rate,
it will be necessary to trigger the sweep on the falling
portion of the waveform by placing the TRIGGER SLOPE
switch in one of the —positions. In etther case, selection
of the wrong triggering slope will make it impossible for
you to observe the portion of the wavetorm you wish to

check.

Selecting the Triggering Mode

After selecting the triggering source and triggering slope,
it is next necessary to select the triggering mode which will
allow you to obtain the desired display. Time Base A has
five triggering modes while Time Base B has three. Not
available for Time Base B are the HF SYNC and AC LF RE-

JECT triggering modes.

Each of the triggering modes is designed to provide
stable triggering from a certain type of wavetorm. For
most applications, however, several of the triggering modes

Oscilloscope Display

'

‘o —— — e e " e e s e - e - - ——- . i v e e et e e ser b -
I
|

[}
|

. + b
Sweep Triggered on + Slope

Oscilloscope Display

Sweep Triggered on - Slope

Fig. 2-4. Effects on the oscilloscope display produced by <+ and — settings of the TRIGGER SLOPE control.
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will work equally well. For applications of this type, the
triggering mode used is purely a matter of choice. The pri-
mary thing to consider in choosing the triggering mode is
whether or not it allows you to obtain the display you
want.

To determine the best mode of operation for a particular
application, it is usually best to try each triggering mode
in the application. The Automatic mode should be tried
first since this triggering mode provides stable triggering In
most applications without the necessity of setting the
STABILITY or TRIGGERING LEVEL controls. If the Auto-
matic mode does not provide the desired display, it will
then be necessary for you to try one or more of the other
triggering modes.

Avtomatic Triggering Mode

The automatic mode is most frequently used because of
its ease of operation. This mode is useful in obtaining stable
triggering from waveforms with frequencies of from approxi-
mately 60 cycles to 2 megacycles. The principal advant-
age of this type of operation is that it i1s not necessary to
adjust either the STABILITY or TRIGGERING LEVEL controls
to obtain a stable display. This permits you to observe a
large number of waveforms with different shapes and
amplitudes without adjusting any of the triggering controls.
In the absence of a triggering signal, the sweep continues
to run to provide a convenient reference trace on the oscillo-
scope screen.

The automatic triggering mode is selected by placing the
TRIGGERING MODE switch in the AUTO. position. The trig-
gering source and slope is then selected and the input signal
is applied to the oscilloscope. No other control adjustments
are required. Since the TRIGGERING LEVEL control has no
effect on the display when automatic triggering is used, it
s impossible to select the point on the triggering waveform

where the sweep is triggered. Each sweep is instead trig-
gered at the average voltage point of the waveform.

DC Triggering Mode

The DC triggering mode is selected by placing the TRIG-
GERING MODE switch in the DC position. This mode per-
mits excellent triggering on all types of waveforms in the
frequency range from dc to approximately 5mc. The DC
mode also perimts the selection of the point on the trig-

gering waveform where the sweep Is triggered through the
use of the TRIGGERING LEVEL CONTROL.

To use the DC triggering mode you must set the STABIL-
ITY and TRIGGERING LEVEL controls after first selecting
the triggering signal source and slope. The method used to
set the STABILITY and TRIGGERING LEVEL controls is the
same for the DC mode, AC mode, and AC Low Frequency
Reject mode. The STABILITY control must be set properly
before the TRIGGERING LEVEL control can be adjusted.

The STABILITY control has a PRESET position at the fully
counterclockwise setting of the control. This position permits
proper triggering in most applications without necessitating
additional adjustment of the STABILITY control. If it be-
comes impossible or difficult for you to obtain proper trig-

gering with the STABILITY control at PRESET, you must then

a®
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adjust the control. This is done with the TRIGGERING LEVEL
control fully counterclockwise. The STABILITY control is
rotated clockwise from the PRESET position until a trace
appears on the screen. The proper setting for the control
is then obtained by rotating the knob slowly counterclock-
wise until the trace just disappears.

The TRIGGERING LEVEL control determines the point on
the triggering waveform where triggering of the sweep
occurs. This control is set to provide the display you want
while at the same time causing stable triggering. Rotating
the control clockwise causes the sweep to trigger at more
positive points on the waveform while rotating the control
counterclockwise causes the sweep to trigger at more nega-

tive points. If the displayed waveform is vertically centered
under the graticule setting the TRIGGERING LEVEL control

at O will cause the sweep to start at approximately the mid-
voltage point of the waveform. In the DC mode, rotating the
vertical position control will change the point on the trig-
gering waveform where the sweep is started.

The + and — markings for the TRIGGERING LEVEL con-
trol should not be confused with similar markings for the
TRIGGER SLOPE control. The markings on the TRIGGER
SLOPE control indicate only whether triggering occurs on
the rising or falling portion of the triggering waveform. The
markings for the TRIGGERING LEVEL control indicate
whether triggering occurs on the upper or lower portion
of the waveform.

AC Triggering Mode

Selection of the AC triggering mode is made by placing
the TRIGGERING MODE switch in the AC position. This
mode provides useful triggering in the frequency range of
approximately 15 cycles to Smc. These frequency limits
vary slightly depending upon the shape and amplitude of
the triggering waveform. In the AC mode, triggering 1s
unaffected by the dc components of the triggering signal
or by the vertical positioning of the trace. The triggering
level can be selected to provide the desired display using
the STABILITY and TRIGGERING LEVEL controls. These two
controls are set as described for the DC triggering mode.

AC Low Frequency Reject Triggering Mode

The AC Low Frequency Reject triggering mode is used
when the TRIGGERING MODE switch is in the AC LF REJECT

position. This mode is similar to the AC mode except that
low-frequency waveforms are rejected by the triggering cir-
cuit. This triggering mode works well with high-frequency
waveforms, but it may be ditficult to obtain stable triggering
with frequencies below approximately 1000 cycles.

Occasionally you may be required to obtain stable trig-
gering from a fairly high-frequency waveform that is mixed
with a great deal of low-frequency noise or line-frequency
pickup. In such cases the additional noise and pickup can
make it very difficult to obtain a stable display. [f this
occurs, you can select the AC Low Frequency Reject trig-
gering mode, thereby eliminating the effects of the low fre-
quency noise and pickup. The low frequencies are blocked

from the triggering circuit while the high-frequency trigger-
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Fig. 2-5. Effects on the oscilloscope display produced by + and— settings of the TRIGGERING LEVEL control. When the TRIGGERING LBVEL

control is set in the + region, the sweep is triggered on the upper portion of the input waveform; when it is set in the — region, the sweep
is triggered on the iower portion of the input waveform. The TRIGGER SLOPE control determines whether the sweep is triggered on the ris-

ing or falling portion of the input waveform.
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ing waveform is passed to produce the stable triggering
that vou require. In all other respects the AC low Fre-
guency Reject triggering mode is identicai to the AC mode.

High Frequency Synchronization Mede

The High Frequency Synchronization Mode permits stable
displays of wavetorms with frequencies higher than approxi-
mately 5 me. Stability of the display is adjusted with the
STABILITY control. The TRIGGERING LEVEL control 1s nof
used. To use the High Frequency Synchronization Mode,
place the TRIGGERING MODE switen in the HF SYNC posi-
tion. Rotate the STABILITY control clockwise until o trace
appears. Continue to adjust the STABILITY control until o
stable display is obtained.

Although the synchronizaticn signal source s selected
with the TRIGGER SLOPE contrel, the slope cannct be
selected. Also you cannot use the PRESET position of the
STABILITY control in this mode,

Free-Running Sweep Operation

In the usual oscilloscope application, the sweep s trig-
gered or synchrenized by the input wavetorm. However, In
some applications 1t may be more desirabie to reverse the
process and initate the input waveform through use of o
periodically recurrent waveform from the oscilloscope. In
this type of application the sweep is caused to free-run ond
an output from etther the +GATE or SAWTOOQTH con-
nectors is used to trigger or synchronize the inpuf waveform
see Figure 2-6).

- — I
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Fig. 2-6. Using the Gate or Sawtooth output waveforms to synchro-
nize or trigger external equipment,
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The sweep can be made to free run with any setting of
the TRIGGERING mode switch by rotating the STABILITY
control fully clockwise. In all positions of the TRIGGERING
MODE switch except AUTO. the number of sweeps per
second is determinad by the setting of the TIME/CM controls.
In the AUTQ. position, the sweep repetition rate remains
at approximately 50 sweeps per second regardless of the
setting of the TIME/CM control.

In addition to providing the means for controlling an
applied waveform, o free-running sweep also provides a
a convenient reference trace cn the oscilloscope screen
without requiring an Tnput signal, This frace can then be
used to position the sweep or fo establish a voltage refer-
ance line.

Delayed Sweep

With the Type 535A Qscilloscope the stort of the hori-
zontal sweep can be delayed for a peried of from 1 micro-
seccond to 10 seconds after application ot the triggernng
waveform. This is done through simultanecus use of the
Time Baose A and Time Base B. In this application Time
Base B is used to provide the accurgte time delay while
Time Base A presents a normal horizontal sweep at the

end of the delay period. The duration of the sweep delay
s controlled by the Time Base B TIME/CM OR DELAY TIME

switch and the DELAY-TIME MULTIPLIER contro!,

The delayed sweep feature of the Type 535A Oscillo-
scope can be used in a number of special applications to
increase the versatility ot the instrument. Such applications
include high magnification of a selected portion of an un-
delayed sweep, accurate time measurments, and accurate
measurements of waveform jitter. Also, 1t s possible to
pick off and display any desired line of a television scan
or to check pulse-time modulation. In addition, the delayed
sweep feature is readily adaptable te a great number of
other applications.

The delayed sweep i1s selected when the HORIZONTAL
DISPLAY switch 1s 1in the ‘A" DEL'D BY B position. The
amount of delay occuring from the application of the
triggering waveform until the sweep runs is indicated
directly by the settings of the TIME/CM OR DELAY TIME
switch and the DELAY TiIME MULTIPLIER control. The set-
tings of the two controls are multiplied together to obtain
the actual delay time. For example, if the TIME/CM OR
DELAY TIME switch is set at 1 MILLISEC and the vernier
dial of the DELAY TIME MULTIPLIER control indicates &.75,
the delay time s 6.75 miiliseconds. When the Time Base A
STABILITY control is in the fully clockwise position, the
horizontal sweep starts immediately at the completion of

the delay period at a rate determined by the settings of
the Time Base A TIME/CM controls.

There are actually two modes of delayed sweep operaticn
available in the Type 335A Oscilloscope [see Figure 2-8).
In one mode the delayed sweep 15 started immediately atter
the completion of the delay time. This i1s the mode de-
scribed previously and s obtained with the Time Base A
STABILITY control fully clockwise. This mode perimts you
to select conhnuously variable delay times and is the mode
ot operation used to make accurate time and waveform
jitter measurements as well os most other measurements.
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E/CM OR
ELAY TIME

DELAY-TIME
MULTIPLIER

—= DELAY TIME

S

Fig. 2-7. Calculating delay time.

The second delayed-sweep mode is different from the
first in that the sweep does not start at hte completion of
the delay until a triggering wavetform is applied to Time
Base A. The delay time in this mode is not continuosuly
variable and is dependent not only on the settings of the
delay-time controls, but on the occurrence of the Time
Base A triggering waveform as well. The primary purpose

of this mode is to eliminate jitter from the displayed wave-
form. Since the sweep is triggered by the input waveform,
ptter i1s eliminated from the display even though it is in-
herent in the input waveform.

The second delayed-sweep mode is also obtained with the
HORIZONTAL DISPLAY switch in the ‘A" DEL'D BY 'B’ posi-
tion. In this mode, however, the Time Base A triggering
controls are set to provide normal triggering. The STABIL-
ITY control is not placed in the fully clockwise position.

When the HORIZONTAL DISPLAY switch is placed in
the ‘B’ INTENSIFIED BY ‘A’ position. you can obtain a normal
sweep presentation using Time Base B. If all other controls
are set for delayed sweep operation and the Time Base A
TIME/CM switch is set for a faster sweep rate than the Time
Base B control, a portion of the displayed waveform will be
brightened. The start of this brightened portion indicates the
start of the delayed sweep and the length of the brightened
portion indicates the delayed sweep duration. The start of
the brightened portion can be positioned left or right with
the DELAY-TIME MULTIPLIER control. The length of the bright-
ened portion can be adjusted with the Time Base A TIME/CM
control. Using these two controls, it is possible to include any
portion of the displayed waveform in the brightened area.

CASE 1: 'A” STABILITY CONTROL FULLY CLOCKWISE

INPUT WAVEFORM

‘B’ TRIGGER PULSE
DELAY TIME

(VARIABLE FROM 1 MICROSECOND

TO 10 SECONDS)

DELAYED SWEEP PRESENTATION

READY ULIGHT
GOES ON

CASE 2: ‘A’ STABILITY CONTROL SET FOR TRIGGERED OPERATION

INPUT WAVEFORM

‘B" TRIGGER PULSE
DELAY TIME

(YARIABLE FROM 1 MICROSECOND

TO 10 SECONDS)

READY LIGHT

DELAYED SWEEP PRESENTATION

‘A’ TRIGGER PULSE
GOES ON

Fig. 2-8. Comparison of the two delayed-sweep modes. In each case the waveform shown represents the input to the oscilloscope. The
waveform shown in the delayed-sweep presentation boxes represents the portion of the input wavform that is actually displayed on the
oscilloscope screen. Note that in Case 2 an additional triggering pulse is required before the delayed sweep will occur.
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To expand a portion of the display obtained with the
HORIZONTAL DISPLAY switch in the ‘B° INTENSIFIED BY
‘A" position, adjust the DELAY-TIME MULTIPLIER and Time
Base A TIME/CM controls to include the portion you wish
to expand in the brightened area (see Figure 2-9). Then
place the HORIZONTAL DISPLAY switch in the 'A" DEL'D
BY 'B' position. This expands the brightened portion to the
full width of the screen. The amount of magnification is the
ratio of the Time Base B TIME/CM OR DELAY TIME
control setting to the Time Base A TIME/CM control setting.
For example, iIf the Time Base B TIME/CM OR DELAY TIME
switch is set at 1 MILLISEC and the Time Base A TIME/CM
switch is set a 1 uSEC, the brightened portion of the sweep
is magnified horizontally 1,000 times. Using this method,
practical sweep magnifications up to approximately 10,000
times are attainable.

At times when you are using the delayed sweep with high
magnification, the intensity of the trace will be so low that
it is difficult to see. In many of these cases the intensity
cannot be improved significantly with the INTENSITY con-
trol. However, the intensity can often be increased by
using the Time Base B SWEEP LENGTH control to increase
the duty cycle. To set the SWEEP LENGTH control, place
the HORIZONTAL DISPLAY switch in the 'B° INTENSIFIED
BY 'A’ position. Adjust the SWEEP LENGTH control until the

sweep runs to a point just past the brightened portion of
the trace. Then return the HORIZONTAL DISPLAY switch

to the ‘A" DEL'D BY ‘B’ position.

Delayed Trigger

A delayed triggering pulse can be obtained from the

DEL'D TRIG. connector of the oscilloscope any time from
0.1 microsecond to 50 seconds after the start of a sweep.
When the oscilloscope is set for delayed sweep operation,
the delayed trigger occurs at the start of the delayed

'B' INTENSIFIED BY 'A?
SWEEP PRESENTATION

HORIZONTAL DISPLAY

— ——— —— s — —_——
—

b+ ¥ B!t
: INTENSIFIED
3 -8l : BY 'A?
Brig'htened Portion Indicating
De1§yed Sweep Duration
P : “. % HORIZONTAL DISPLAY
$ | 1 !
z IAI
. DEL'D
BY 'B?

o —— [ —

DELAYED SWEEP PRESENTATION

Fig. 2-9. Correlation of the ‘B’ INTENSIFIED BY ‘A’ and ‘A’
DEL'D BY ‘B’ positions of the HORIZONTAL DISPLAY switch.
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sweep. This delayed triggering pulse can be used to initiate
some action after a known time interval, and when used
with the delayed sweep, permits you to observe the re-
sulting action.

In the B, 'B' INTENSIFIED BY ‘A", "A" DEL'D BY 'B’, EXT.
X1, and EXT. X10 positions of the HORIZONTAL DISPLAY
switch, the delayed trigger is controlled by Time Base B.
In the other two positions of the HORIZONTAL DISPLAY

switch, the delayed trigger is controlled by Time Base A.

To obtain a delayed trigger you must first adjust the
appropriate time-base unit for triggered operation tor free-
running operation, depending upon the application. The
delay 1s then set with the appropriate TIME/CM control and
the DELAY-TIME MULTIPLIER. The lights above the DELAY-
TIME MULTIPLIER control indicate which time-base unit s

used to produce the delayed trigger with each setting of
the HORIZONTAL DISPLAY switch.

Single-Sweep Operation

The wusual oscilloscope display ftormed by a repetitive
sweep is entirely satisfactory for most applications. However,
in applications where the displayed wavetorm is not repeti-
tive or varies in amplitude, shape, or time interval, a repeti-
tive sweep produces a [umbled display. When observing a
waveform of this type, it is vsually advantageous to use
a single-sweep presentation.

The Type 535A Oscilloscope permits you to obtain a
single-sweep presentation and to eliminate all subsequent
sweep so that information i1s clearly recorded without the
confusion resulting from multiple traces. The single-sweep
feature is selected by placing the HORIZONTAL DIiSPLAY

switch in the 'A" SINGLE SWEEP position. In this position,
only Time Base A is used. The RESET button controls the

start of the single sweep.

When the STABILITY control is set fully clockwise or the

TRIGGERING MODE switch is in the AUTO. position, a

single sweep runs immediately each time the RESET button
is depressed. However, if Time Base A is set ftor triggered

operation with the TRIGGERING MODE switch in other
than the AUTO. or HF SYNC positions, the single sweep
does not occur when the RESET button i1s depressed unless
a triggering signal is applied to Time Base A. Instead the

READY lamp lights to indicate that the sweep Is ready to
to be triggered. When a triggering signal occurs, the single
sweep runs and the READY light goes out. Each time the

RESET button is depressed the procedure is repeated.

External Horizontal Input

For special applications you can deflect the trace hori-
zontally with some externally derived wavetorm. This allows
you to use the oscilloscope to plot one function versus
another.

To use an external horizontal input, connect the externally
derived waveform to the HORIZ. INPUT connector and place
the HORIZONTAL DISPLAY switch in either EXT. position.
The horizontal deflection factor is continuously variable from
approximately 0.2 to approximately 20 volts per centimeter
with the VARIABLE 10-1 control and the HORIZONTAL DIS-

PLAY switch.
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SINGLE-SWEEP PRESENTATION

REPETITIVE-SWEEP PRESENTATION

Fig. 2-10. Comparison of single sweep and repetitive sweep presentation of «a
damped sine wave. In the reptitive sweep presentation, it is difficult to deter-
mine what is being presented. However, in the single sweep presentation the

damped sine wave can be clearly seen.

Sweep Magnifier

The sweep magnifier allows you to expand any two-
centimeter portion of the displayed waveform to the full
ten-centimeter width of the graticule. This is done by first
using the HORIZONTAL POSITION control to move the
portion of the display you wish to expand to the center of
the graticule, then placing the 5X MAGNIFIER switch in the
ON position. When the 5X MAGNIFIER switch is at ON,

the 5X MAGNIFIER lamp lights to indicate the magnifier is
on. Any portion of the original unmagnitied display can

UNMAGNIFIED WAVEFORM
5X MAGNIFIER TETT T

PN -y - 1+ + e— A = —

ON OFF -

0...
*y
e
®
ol
*oq
e
0000QaLBRSEOD S

SX MAGNIFIER - - 45;.

ON OFF T

| —

MAGNIFIED WAVEFORM
Fig. 2-11. Operation of the sweep magnifier.
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then be observed by rotating the HORIZONTAL POSITION

controls. The sweep magnifier can be used with either time
base unit.

In magnified sweep operation, the sweep rate indicated
by the position of the TIME/CM control is divided by 5 to
obtain the actual time required for the spot to move one
centimeter. For example, if the TIME/CM control is set at
5 MILLISEC, the actual time per centimeter 1s 5 milliseconds
divided by 5, or 1 millisecond per centimeter. The actual
time per centimeter must be used for all measurements of
time.

Amplitude Calibrator

The amplitude calibrator provides a convenient source
of square waves of known amplitude at a frequency of
approximately 1kc. The square-waves are used primarily
to adjust probes and to verify the calibration of the vertical-
deflection system of the oscilloscope and plug-in unit.

Calibrator square-waves are adjustable from 0.2 milli-

volt, peak-to-peak, to 100 volts, peak-to-peak, in 18 steps.
The amplitude is controlled by the setting of the AMPLITUDE

CALIBRATOR switch and is accurate within 3% of the AM-
PLITUDE CALIBRATOR switch setting when the output is
connected to a high impedance load.

Dual-Trace Displays

The Type CA Plug-In Unit allows you to obtain two
separate traces on the face of the crt. This permits you to
display two functions simultaneously. Detailed instructions
for operating the Type CA Unit in conjunction with the
Type 535A Oscilloscope are contained in the Instrucfion

Manua! for the Type CA Unit.

®®)



When you are using the Type CA Unit in the chopped
mode to obtain a dual-trace presentation, switching tran-
sients will be displayed on the screen. You can eliminate
these switching transients by placing the CRT CATHODE
SELECTOR switch on the rear of the instrument in the DUAL-
TRACE CHOPPED BLANKING position.

Intensity Modulation

The crt display of the Type 535A Oscilloscope can be
intensity modulated by an external signal to display addi-

Operating Instructions—Type 535A

tional information. This is done by disconnecting the ground-
ing bar trom the EXTERNAL CRT CATHODE connector at
the rear ot the instrument and connecting the external sig-
nal to this terminal. The CRT CATHODE SELECTOR switch
must be in the EXTERNAL CRT CATHODE position.

When you wish to make very accurate time measurements
from the crt display, you can intensity modulate the hegm
with time markers and make your measurements directly
from the time markers presented on the screen. A positive
signal of approximarely 25 volts 15 required to cut off the
beam from normal intensity.
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Voltage Measurements

The Type 535A Gsalloscope can be vsed to measure the
voltage ol the input waveform by using the calibrated
vertical-deflection faciors of the instrument and associatea
plug-in unit. The method used tor all voltage measurements
is basically the samc although the actua! techniques vary
somewhat depending on the type of voltage measurements
required. Essentially there are two types ot voltage mea-
surements: ac-component voltage measurements and instan-
tancous veoltage measurements with respect to some reler-
cnce potential. Many waveforms contain both ac and dc
voltage components. It 1s often necessary 1o medasure onc
or both of these components.

When making voltage measurments, yvou should display
the wavelorm over as large a vertical portion of the screen
as possible for maximum accuracy. Also, it is important that
vou do not include the width o the trace in your measure-
ments. You should consistently make al!l measurements from
one side of the trace. It the bhottom side of the trace s
used for one reading, it should be used for all succeeding
readimgs. The VARIABIE VOLTS/CM control must be In
tne CALIBRATED position.

Probe Attenuation
Factor X

Voltssem Switch
Setting

SECTION 3

APPLICATIONS

AC Component Voltage Measurements

To measure the ac component of a waveform, the plug-in
unit input selector switch should vsuvally be se* to one of the
AC positiens. In these positions only the ac components of the
input wavetorm are displayed on the osclloscope screen.
However, when the ac component of the inpul wavelform s
of very low frequency it is necessary tor you to make volt
age measurements with the mput selector switch in one of
the DC posilions to prevent errors.

To make a pcak-to-peak voltage measurement or thi ac
component of a waveform, perform the following steps {see
Figure 3-1):

. With the aid of the graticule, measure the vertical
distance In centimeters from ‘*he positive peak *a the
negotive peak.

2. Muftiply the vertical distance measured by the setting
of the plug-in uait VOLTS/CM control to obtain the in-
dicated voltage.

X Vertical Deflection | —Volts Peuk'“"Pe“k

Fig. 3-1. Measuring the prak-to-peok ac componeni voltage of an opplied wavefarm.
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Applications—Type 535A

3. Multply the indicated voltuage by the attenvation tac-
tor of the probe used tc oontain ike actual peak-to-peak
voi’rcgc.

As on example of the method. assume that using a 10X
nrobe and o deflection factor of T volt per centimeter, you
measure o vertical distance between peaks of 4 centimeters.

In this case *hen, 4 centimeters multiplied by 1 veli per
centimeter gives vou an indicated voltage of 4 volis peak-
to-peak. The indicated voltage multiplied by the probes
a-tervction factor of 10 ther gives veu tae true peak-to-
peak amplitude of 40 velts.

Wnen sinusoidal waveforms are measured, the peck-to-
neak voliage obtomea can be convered to peak, rms or
average vo.tage tarough use of standard convers:on factors.

Instantaneocus Voltage Measurements

The method used to measure instantonecus voltuge is vir-
tually identical to the method described previousty ror the
maasuremert of the ac compener’s of a waverorm. Heowever
or instantaneous voltage measuremenis the plug-n unit .npus
selector switcn must be placed in one of the DC positions.
Aiso since instantancous voltages are measured with respect
fc some potentic! |usualy ground) a reference line must be
estaolished an the oscilloscope screen which corresponds fo
that poterntial. i, for example, voltage measurements are
o he made with respect to .00 valts, tae refererce line
would correspond to +100 velts, In the following procedure

the nrethod s given for estabiishing this reference ifine as
groeund sirce measurements wite respact to ground are by
r the rost comrmmon type. The same general merhoc moy
he used to measure voltage with respect to any  other
notential, however, so iong as that pontertial 1s used to
cstap'ish the reference [ine.

Brobe Attenvation

Factor X

——T

To ob*ain an instarianccus vollage measurement with
respect to ground, perform the tollowing steps [see Figure
3-2):

. To establish *he voltage reference line, touch the probe
tip to an oscilloscope ground terminal {or if the reterence
line 15 to represent a voltage other than ground, to o
source ol *hat voltage] and adjust the osciioscope contrels
tc obtain a free-running sweep. Vertically position the trace
fo a convenient point on the oscilloscope screen. This point
will depend or the polarity and amplitude of the inpu!
signal, but srould always be cheser so *hat the trace lies
along one of the maior divisians ot the graticule. The
arcticule aivision corresponding to the position of the trace
s the vcl*age reterence line anc all voltage measurment
must be made wiin respect to this fine. {Do not adjust the
verlical positioning control after the reference fine has been
established )

2. Remove the probe tip from ground and connect it to the
sianal source.  Adjust the triggering cortrols for a stable

display.

3. Using the graticule, measure the wvertical distance in
centireters from *he desired noint ar the wavetorm to ‘he
voltage reference iine.

4. Multipiy the seitings of the VOLTS/CM control by the

distance measurec to obtair *he incicated voltage.

5. Multiply the 'ndicated voltage by the attenuation tactor
of *te preche you are using to obtain the actuai voltage with
respect to ground Lor other reference volagel.

As an exomple of s methed, assume that you are using
~n TOX probe and deftiection tactor of 2 vels per cerfimeter.
After sefting the voltage reference iine at tne second fromr
the hottoem division of the groticuie, you measure a distance
of 3 centirrciers to the point vou wish fo check., In this case

Voltssem Switch
Setting

Pre-estublished
Reference Line

(usually ground}

Instantaneous
— Voltage To
Reference

Voltage

Vertical Deflection

X From Reference Line

Flg. 3-2. Meadsuring the instantaneocus voltage with respect to ground (or some other reference voltage).
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Ti me/c Switch Setting

X Horizontal Distance

Sweep Magnification

Applications—Type 535A

<m

— Time

]

Fig. 3-3. Measuring time interval between events displayed on the ascillescope screcn.

then, 3 cenhimeters multiphied by .2 volts poer centimeter

gives you an indicated .6 volts. Since the vollage point s
above the voltage reference line the polnriT}f s indreaiod to
ne positive. Tre rwd catea voltage mulnp ied by the orobe’s
attenuation tactor of 10 then gives you the actual voltoge of
nositive & volis

Time Measurements

The calibrated sweeps of the Tye 535A Oscilioscope
cauvses a1y horizontal distance on ‘he screen fe represent o
delinte known interval of time. Using this feature you can
accurately measure the time lapse between two cvents s
playca on the oscilioscope screer. One method whicn pro.
duces suthcoient accuiccy for most applications 15 as foliows
see Figure 3 3]

1. Usng tne areticule, measure the horizontal distance be.
sween the two dlsplm}fﬂd cvents whose time mterval  you
wisn fo tina

2. Mutinly the aistance mecsured by the setsing of ine
wnrepriate TIMECM ie biain it - H
apprepriare it/ CM control to obiain the apparent time
interval, (Tne VARIABLE TIME/CM corirol must be in the

CALIBREATED position).

3. Divide the apnarert sime inierval by 508 tre maenifier i

on, and 1 it *be mognifier 1s off, 'o obtan the actual *ime
interval,

For example, assume that the TIME/CM switch setting
éa P MILLISEC, ke magnifior 15 on,
srizortal dsiarce of 5 ~onbimerors between avenis, 1a this

oxample then, 5 centimelers phed by T millisecond per

cnd fhat vou measdre o

centmeter gives you an apparent time mterval of 5 mill
scconds. The apparent time divided by 5 then gives you the
actual time interva. of T milhisecond,

Another mettod for measuring tme intervals invo'ves the
use of the delayed sweep feature ol the Type 535A0 in
tis method the HORIZONTAL DISPLAY switch s placed
in the 'BOINTENSIFIED BY A" positior to brighten a portion
of the trace. The brightencce portion of the trace arc e
DELAY TIME MULTIPLIER contrel are then used to make fthe
time measuroments.  Taus method provides a very hign de-
aree of occuracy when care 15 *aken in making the meao-
surements. The method is sumimarnized as 1olows:

1. Pluce the HORIZONTAL DISPLAY swilch in the B IN-
TENS A" position and adjust the Time Base B trig
gm;rlr. wnftola for o siable dlsplay of ke irput waverorm.
Adjust Time Base A for free ruaning operation

2. Turn the intensity down until the brnghtened portion o
thee trace is casily distinguishable.  Adust the Time Base
A TIME/CM controls tc reduce the brichlenec arco to a
small spet or to cever as small ¢ porton of the hace as
possible.

.i-‘

3. Using the DELAY TIME MULTIPLIER control, position the
start of *he brightened poriion to *he beginning of the mter
va' you wish to measure. Rocord the setting of the DELAY
TIME MJILTIPLIER corrol.

y,

£ Us:ing the DELAY TIME taULTIPLIER control, position ne
stoirt r‘rf '*l"-'* brigatered po-tion of *ho wace to the end ol
e vou wish to measure, Again reccera *be seting

at the DELAY TIME MULTIPLIER controil.
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Applications—Type 535A

Number of Cycles

| A
(Over 10 cm of Graticule Length)

10X Time/cm
Switch Setting

E —

-— Freqguency

Fig. 3-4. Mcasuring the frequency of a repetitive input signal.

5. Suntract the frst DELAY TIME MULTIPLIER contro’ settirg
from the second and multiply tne rescit ny the setting of the
Time Base B TIME/CM control. The figure obtained i1s ine
time interva! between the swo events. The tigure obtained s
correct regardless of wnether the magnificr is on ar oft

Frequency Measurements

Jsing the me*hods described in the previous scct:on, you
can measure *he period itime required for onec cycle) o o

r

recarrent waveferm., Tre frequercy of fhe wavetcrm con
ther casiy be caicclated since trequency s the reciprocao.
of the period. For example, il the pericd of a recurrent
wavelorm is accurately measured and found to be 0.2 micro-
scconds, tme frequency s the reciprocal of 0.2 microscconds,
or 3.

At ary given cosclioscope sweep rete, the number of
cs o *he input wave'crm that s csplayed on 10 certi-
mcters of fne screen is depencent on tne frequency of tne
nput waveforr. Frequencies can usually be measured faster
hy the feliowing methad than by the one given in the last
paragrapn,

r"- ] e
- :!‘. \.
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- you divice the cycles per unit of length by tha time re-
quired for the input wavetorm to sweep this unis of .ength,
vou get the frequercy. Tne total number of cycles are fourd
for 10 cm for greater accuracy. Since the TIME/CM swilch
gives time for 1 cm, multiply this selting by 10 to have
the time required for 10 cm. See Fig. 3-4.]

To chrair the freguency of o repettive input sigral, per
form the following s eps:

1. Adjust the TIME/CM control to display several cycles of
the input waveform. Insure *nat the VARIABLE TIME/CM
contrel is tn tre CALIBRATED pesition.,

2. Court the number of cvcles of ~he wavetcrr smowr ©F
the 10 centmetors of the grg?icuie,

3. Divide this number by 10 times the TIME/CM switch sct-
ting. This gives you the freguency of the input wavelorm.

For examrple, assume -hat when you are using a sweEp
rate of 50 milliseconds per cortimeter, you count /.2 -:'t‘;f":-'[:j?E
in 10 certimeters. Tne frequency s 7.2 cycles diviced bY 20
miliscconds times 10, ar 500 miiliseconds. 500 millisecords
are 500 x 001 seconds, or .5 seconds. 7.2 cycles per /2 3¢¢

ond gives you 14.4 cycles per cycies per second.

LA




VERTICAL DEFLECTION SYSTEM

General

The dc-coupled, push-pull, main Vertical Amplitier pro-
vides the necessary gain to drive the Deloy Line and the
vertical deflection plates of the crt. The main units of the
Vertical Amplifier are the Input Amplifier stage V304 and
V524. the C.F. Driver Stage, V533B and V543B, and the
Qutput Amplifier stage, V554 and V564. Other circuits
of importance include the Trigger Pickoff Amplitier, V584A
and V584B, the Trigger Pickoft C.F., V593A, the Vert. Sig.
Qut C.F., V593B( the Indicator Amplifiers, V533A and V543A,

and the lamps, B536 and B546.

Input Circuit

The signal input from the plug-in unit 1s coupled through
terminals 1 and 3 of the inter-connecting plug to the grids
of the Input Amplitiers, V504 and V524, The plate circutt
of this stage is compensated for both high-frequency at-
tenuation and dc shift.

High-frequency compensation is provided by the series-
shunt peaking coils, 1506 and L523. These coils extend the
bandwidth of the ampliifer by reducing the high-frequency
attenuation caused by tube and stray capacitance in the
circuit.  Additional  high-frequency compensation is pro-
vided by L526 and L541.

DC shift in the amplifier tubes—o condition whereby the
dc {and extremely low-frequency) transconductance s less
than at mid-frequencies—is compensated by a ac “boost”
network. R507A and C507A in the plate circuit of V504, and
R524 and C507B in the plate circuit ot V524, shunt the plate
load resistors in each circuit. The time constant of the cir-
cuit is such that the plate load resistance 1s 1.6k in the
range from dc to o fraction of a cycle, but reduces to 1.5k
for higher frequencies. The slightly higher plate load re-
sistance, in the range from dc to a fraction of a cycle, com-
pensates for the slightly reduced transconductance of the
tubes Iin this range. As a result, the gain remains sub-
stantially constant from dc to the upper limit of the amplifier.

The Input Amplifiers are coupled to the Qutput Ampliifers
through the Cothode Follower Drivers, V533B and V543B.
These Drivers isolate the [nput Amplifiers from the Qutput
Amplitiers, V554 and V564.

B®)

SECTION 4

CIRCUIT
DESCRIPTION

Output Circuit

The Output Amplifiers, V554 and V564, are the driving
source for the Delay Line and the vertical deflection plates
of the crt. The gain of this stage is set by means of R570,
the GAIN ADJ. control. The GAIN ADJ, control varies the
degeneration in the cathode circuit. When this control s
aodjusted properly, and the VARIABLE control 1s in the CALI-
BRATED position, the vertical deflection on the crt agrees
with the deflection factor on the plug-in unit.

igh-frequency compensation is provided by the series-
shunt peaking coils, L553 and L563. Like the peaking colls in
the 1nput circuit, they also extend the bandwidth of the
amplitier by reducing high frequency attenuation caused by
stray and tube capacitance in the circuit.

The plate load resistors tor the Output Amplifiers are
R553 and R563. They are also the terminating resistors for
the Delay Line.

The vertical signal 1s delayed '/,-microsecond between
the input to the Delay Line and the vertical deflection plates.

Beam-Position Indicators

The beam-position indicators, B536 and B544, are located
on the front panel above the crt. They indicate the rela-
tive vertical position of the trace with respect to the center
of the graticule. When the beam is centered vertically, the
potential across either neon is insufficient to light it. As the
beam is positioned up or down the screen, the current
through the Indicator Amplifiers {and hence the voltage
across the neons) will change. The voltage across cne neon
will increase, causing it to light. The voltage across the
other will decrease, causing it to remain extinguished. The
arrow nearest the lighted neon indicates the direction of
the beam.

Trigger Pickoff

When internal triggering of the Time Base Generator is
desired (black TRIGGER SLOPE knob is either in the + or
—INT. position}, a “sample” ot the vertical signal is used
to develop the triggering pulse. This "sample” is obtained
from the trigger pickoff circuit consisting of the Trigger Pick-
off Amplifier V584A and V5848, and Trigger Pickoff Cath-
ode Follower, V593A

4-1



Type 535A

Circuit Description
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Simplified Type 535A Vertical Amplifier.

Fig. 4-1.

VG

4-2



This “sample” of the vertical signal is also ac-coupled
through Vertical Signal Out C.F., V593B and C599, to a

front-panel binding post labeled VERT. SIG. OUT.

Delay Line

The output signal from the Vertical Amplifier is coupled
through the balanced Delay Line to the vertical deflechion
plates of the crt. The function of the Delay Line is to retard
the arrival of the wavetorm at the deflection plates until
the crt has been unblanked and the horizontal sweep has
started. This delay, as mentioned, insures that the very
“front” of fast vertical signals can be observed. The line
is adjusted, by means of the variable capacitors connected
across the line, for optimum transient response.

HORIZONTAL DEFLECTION SYSTEM

Time-Base Trigger

General

The Time-Base Trigger develops a puise which will initiate
a cycle of action in the Time Base Generator. To display
signals below five megacycles, a TRIGGERING MODE switch
allows the operator to select the type of triggered operation
most suitable for the waveform to be displayed. A second
switch, the TRIGGER SLOPE switch, allows the operator to
select the '"slope'’, either positive or negative, which will
cause triggered operation of the sweep. To display signals
above hve megacycles, the Time Base Trigger is bypassed,
and the signal is applied to the Sweep-Gating Multivibrator
in the Time-Base Generator. No choice of triggering slope is
available in this mode.

Trigger-Input Amplifier

Triggering signals may be developed from several sources.
The most common source of triggering signals utilizes the
internal circuitry of the oscilloscope to sample the signal
present in the vertical amplifier. Using an internal source
of triggering signal, either triggered operation in the various
triggering modes, or synchronized operation, is available.

Triggered or synchronized operation of the time-base
circuitry may also be effected from external sources. Opera-
tion in any of the available modes is possible with external
signals.

In the 4Line or —Line positions of the TRIGGER SLOPE
switch a voltage at the power line frequency is used to

develop the triggering signal.

The Trigger-Input Amplifier is polarity-inverting, cathode-
coupled amplifier. It serves two basic functions in the Time-
Base Trigger. First, it provides a source of negative-going
signal to drive the following stage. Secondly, by means of
the TRIGGERING LEVEL control, it enables the operator to
select the signal level at which triggered operation of the
Time-Base will occur,

@®1

Circuit Description—Type 535A

To trigger from a negative-going signal, the grid of the
V24A section is connected to the input signal source. The
grid of the V24B section is connected to a dc bias source,
which is adjustable with the TRIGGERING LEVEL control.
This bias voltage establishes the voltage present at the plate
under no-signal conditions.

The voltage at the grid of V24A and the voltage at the
plate of V24B are in phase with each other; that is, they
both go through ac zero in the same direction at the same
Hime. Thus, the V24A section acts as a cathode-follower, and
the signal voltage developed across the cathode resistor
becomes the input signal to the V24B section.

To trigger from a positive-going signal, the grid of the
V24A section is connected to the TRIGGERING LEVEL con-
trol, and the grid of the V24B section is connected to the
input signal. With this configuration, the voltage at the
plate of the V24B section will be 180 degrees out of phase
with the input-signal voltage.

In each of the cases outlined above, a negative-going
signal is produced at the plate of the V24B section of the
Trigger-Input Amplifier irrespective of the polarity of the
input signal.

Also, the amplitude of the triggering signal necessary to

cause operation of the following stage is determined by the
setting of the TRIGGERING LEVEL control.

Trigger Multivibrator

The Trigger Multivibrator is a dc-coupled multivibrator.
In the quiescent state, ready to receive a signal, the V45A
section is conducting and the plate voltage is down. Since
the plate is dc-coupled to the grid of the V458 section, that
grid is held below cutoff. With the V45B section cut off its
plate voltage is up and no output is developed.

The negative-going portion of the signal from the Trigger-
Input Amplifier is required to drive the grid of the V45A
section down. As the V45A section grid i1s driven negative
the current flow through the tube is restricted, and the
voltage at the plate starts to rise.

The rise in voltage at the plate of the V45A section
carrtes the grid ot the V45B section in the positive direction.

The cathodes of both sections are coupled together, and
follow the action of the grids. With the V45A section grid
going (n a positive direction, and the cathode in a negative
direction, the V45B section starts to conduct. As the V45B
section starts to conduct the cathodes of both sections follow
the action of the V45B section grid; hence the cathode
voltage starts to rise.

As the V45A section grid goes down and its cathode goes
up It stops conducting. As the V45B section conducts, its
plate voltage drops, creating a negative step at the output.
This transition occurs rapidly, regardiess of how slowly the
triode grid fails.

When the signal applied to the grid of the V45A section
goes in a positive direction the action described in the
previous paragraphs reverses itself. That is, the V45A sec-
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TRIGGER INPUT AMPLIFIER
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Fig. 4-2. Simplified Time-Base Trigger Circuit.
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tion will start to conduct once more, while the V45B section
will be cut off.

In the AUTO. position of the TRIGGERING MQODE switch
the Trigger Multivibrator is converted from a bistable con-
figuration to a recurrent configuration. This is accomplished
by coupling the grid circuit of the V45A section to the grid
circuit of the V45B section. In addition, the dc coupling
between the grid of the V45B section of the Trigger Multi-
ibrator and the plate of the V45A section of the Trigger-
Input amplifier 1s replaced by ac coupling.

In the AUTO. triggering mode the Trigger Multivibrator
will free run in the absence of a triggering signal. For
example assume that the grid of the V45A section is just
being driven into cutoff. The voltage at the plate of the
V45A section starts to rise, carrying with it the grid of the
V458 section. As the voltage at the grid of the V45B section
starts to rise, the V45B section starts to conduct.

The rising voltage at the gnd of the V45B section is
coupled to the grid of the V45A section through R40. The
grid of V45A s prevented from rising immediately by the
action of C31, which must be charged sufficiently to raise
the voltage at the grid of the V45A section above cutoff.

As the V45A section starts to conduct, its plate voltage
drops, which in turn lowers the voltage at the grid of the
V45B section. The voltage at the grid of V45A starts drop-
ping exponentially towards cutoff. When the V45A section
reaches cutoff, the circuit has completed one cycle of an
approximately 50-cycle repetition rate.

The Trigger Multivibrator produces a square-wave which
Is coupled to the Time-Base Generator. This square wave
is differentiated in the Time-Base Generator to produce a
sharp, negative-going pulse which is used to trigger the
Time-Base Generator in the proper time sequence when
triggered operation is desired. For synchronized operation
of the Time-Base Generator, the TRIGGERING MODE switch
is placed in the HF SYNC position. This couples the signal
present at the input of the Time-Base Trigger directly into
the Time-Base Generator, and the Time-Base Trigger cir-
cuitry Is not used in the HF Sync mode.

Time-Base Generator

General

The Time-Base Generator consists of three main circuits:
the Sweep-Gating Multivibrator, the Miller Runup Circuit, and
the Holdoff Circuit. The simplified schematic diagram of
Fig. 4-3 shows the basic parts of each circuit, and the
interconnections between circuits.

The Time-Base Trigger circuit furnishes the waveforms
which initiates a cycle of action in the Time-Base Generator.
Square waves from the output of the Trigger Multivibrator
are fed to the Time-Base Generator where they are differ-

entiated and used as trigger pulses. In analyzing the achion
of the Time-Base Generator we will assume 1t to be in the
quiescent state, just before the arrival of a suitable trigger

pulse.

In the quiescent state of the Time-Base Generator V135A
Is conducting.

@@»

Circuit Description—Type 535A

Square waves, generated by the Time-Base Trigger cir-
cuitry, are ditferentiated by the Ci131, R131 network.

If the STABILITY control, R110 is now advanced, the gnd
of VI35A becomes more negative. As the grid of VI35A
becomes more negative, a point is reached at which a
negative-going triggering pulse from the C131, R131 network

will drive V135A into cutoff.

As VI35A is driven to cutott the plate voltage rises, carry-
ing with it the grid of the cathode-follower stage, VI135B.
V135B, used as a cothode follower between the two halves
of the multivibrator, isolates the positive-going plate of
V135A from the capacitance of the loads requiring a posi-
tive-going pulse. This results in a taster rise of the positive-
going pulse at the plate of VI35A.

The cathode of V135B follows the action of the grid
closely. This cathode s long-tailed through the resistors
R141, R143. Since the grid ot V145 has a certain shunt
capacitance to ground, Cl141 s connected In parallel with
R141 to compensate for this capacitance.

The voltage rise at the cathode of VI35B drives the grid
of V145 above cutoff. As V145 begins to conduct its plate
voltage drops rapidly. Any spiking which may occur is
attenuated by the C141, R14] network.

When V145 s conducting at the maximum determined by

circuit parameters the Sweep-Gating Multivibrator has
reached its other stable state, and the action of the Miller

Runup circuit has been initiated.

Miller Run-Up Circuit

The Miller Run-Up circuit 1s essentially a Class A amplifier
employing negative feedback. The positive-going voltage ot
the plate of the Miller Tube is fed back to the grid through
the Run-Up Cothode Follower, V173, in such o manner as
to oppose the attempt of the grid to go negative. Be-
cause the gain of the Miller Tube ts high, (approximately
200) it is possible to maintain an essentially linear rate of
charge on the Timing Capacitor.

In the quiescent state of the Time-Base Generator the
voltage at the plate of the Miller tube is determined by the
voltage drop across a dc network formed by the neon
lamp, B167, the Runup C.F., and the On-Off Diodes. The
purpose of this dc network is to establish a voltage at the
plate of the Miller Tube of such value that the tube will
operate above the knee, and hence over the linear region of
its characternistic curve.

The grid of the Miller Tube, V161, is returned to the —150-
volt supply through the Timing Resistor, R160. In the quie-
scent state of the Time-Base Generator the grid of the Miller
Tube is held slightly negative, but well above cutoft, by the
flow of the current through the A section of the On-Off
Diode. When the On-Off Diodes stop conducting the grid
of the Miller Tube tends to become more negative.

As the grid of the Miller Tube starts negative the plate
becomes more positive. This positive-going excursion of the
plate carries the grids ot V173, the Run-Up Cathode Fol-
lower, with it. The voltage at the gnds of V173 is main-
tained at a constant difference with respect to the Miller
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Tube plate voltage by the voltage drop across the neon
bulb, B167. Cl167 and R168 form a network connected
around B167 to improve the risetime. A bootstrap capacitor,
C165, is connected between a tap on the Miller Tube plate
load and the cathode of V173. This bootstrap capacitor in-
creases the charging rate of the stray capacitances in the
Miller Tube plate circuit. lts action 1s most important in the

generation of fast time-bases.

The cathode of V173 follows the action of the grids
closely. This results in a linear rise in the voltage at the
upper end of the Timing Capacitor, C160. Since the charge
on the capacitor cannot change instantaneously this voltage
is coupled to the grid of the Miller Tube In a direction to
correct for the attempt of the Miller Tube grid to go nego-

tive.

Current to charge the Timing Capacitor 1s supplied
through the Timing Resistor, R160. Since the voltage across
the Timing Resistor s virtually constant a constant current
source is thus provided tor charging the Timing Capacitor.

The linear voltage rise at the cathode of V173 is used
as the Time-Base sawtooth. This voltage rise continues
until a positive step trom the Sweep-Gating Multivibrator
raises the plate voltage of the On-Off Diodes to the point
at which they begin to conduct.

The positive going voltage at the cathode of VI/3 is
coupled back to the.input of the Sweep-Gating Multivibrator
and causes that circutt to revert to its other state. It is kept
trom acting on further trigger pulses by the action of the
Holdott Circuit.

The waveform coupled to the Time-Base Generator from
the Time-Base Trigger circuit contains both positive- and
negative-going pulses. To prevent a negative-going pulse
from triggering the Sweep-Gating Multivibrator before the
action of the Time-Base Generator is completed the grid of
V135A must be held above cutoff.

Holdoff Circuit

The Holdoft Circuit keeps the grid of VI35A above cutoff
until the capacitances In the Time-Base Generator have had
time to reach their quiescent state. The point at which the
Holdotf Circuit will allow the Sweep-Gating Multivibrator to
return to its quiescent state is determined by the adjust-

ment of R1/6.

The sawtooth present at the cathode of the Run-Up Cath-
ode-Follower I1s coupled to the grid of VI83A through R176.
During calibration R176 is adjusted so that the time-base
terminates after it has passed the right-hand limit of the
graticule. R176 adjusts the voltage at the grid of VI83A and
consequently at the cathode of VI83A and on the capacitor

C180.

The positive-going pulse from the cathode of VI83A is
coupled to the bus connecting the cathode of VI183A and
the grnid of VI33B. The action of the capacitor C180 re-
tards the voltage at the grid of VI338. The value of C180 is
chosen so that Is capacitance will prevent the voltage at the
grid of VI33B from falling until all capacitances in the
Time-Base Generator have returned to their quiescent level.

o3

Circuit Description—Type 535A

Output Waveforms

Various waveforms available during the cycle of action
in the Time-Base Generator are made available through
cathode followers for other functions. Shown in Fig. 4-3 are
the unblanking pulse, the +Gate, and the Sawtooth tfrom the
Time-Base. The same signal used to provide the +Gate is

used to provide the unblanking signal for the crt circuit.

Unblanking

In the quiescent state of the Time-Base Generator the crt
beam is cut off. To allow the crt beam to be seen the poten-
tial at the control grid of the crt must be raised. The voltage
rise appearing at the cathode of VI35B in the Time-Base
Generator is used to drive a cathode-follower in the crt
circuit. This "unblanks” the beam during the time a sawtooth
is generated, permitting the left-to-right motion of the beam

to be seen.

The end of the unblanking pulse coincides with the end
of the time-base, and the crt is"'blanked” during the retrace
portion of the sweep, and during quiescent periods of the
Time-Base Generator.

Sweep ‘‘B’’ Circvits

In the Type 535A, the operator is offered a selection of
two sweep circuits of very similar configuration and operat-
ing principles. The Time-Base Trigger B and Time-Base
Generator B circuits are practially identical to those found in
Time-Base A. There are, however, some noticeable differ-
ences between the Time Base A and Time Base B Timing
switches, due to the difference in sweep rate selections be-

tween the two circuits.

Delay Pickoff Circuit

Delayed triggers can be applied to Sweep Generator A
from the Delayed Trigger Amplitier, V114, through VI133A
which acts as a coupling C.F. to apply delayed triggers to

the Sweep-Gating Multivibrator. Delayed Trigger Pulses are
applied to the grid of V114 from the cathode of V428B.

These pulses are shaped and amplified in the Delay Pick-
off Circuit, comprised of V414, V424, V445 and V428. The
first stage of this circuit, V414 and V424 combine to form a
difference amplifier which picks off a sample of the sawtooth
output from Sweep Generator A or B and converts it into
a positive pulse of step form. Before the pickoff time, V414
is cut off. Its cathode is tied to the cathode of V424 which
is conducting, and therefore determining the common-cath-

ode voltage.

The common-cathode voltage is adjustable by means of
R433, a 10-turn helical resistor, labeled DELAY-TIME MULTI-

PLIER 1-10 on the front panel. V428A is a constant-current
triode supplying cathode current to the difference amphfiers
from the —150-volt supply. This arrangement permits the
cathode of V424 to follow its grid over a wide range with
very little vanation of cathode voltage.
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Circuit Description—Type 535A

Plate current through R424 and L424 theretore also re-
mains very nearly constant while V424 1s conducting, no
matter at what voltage the grid s set by the DELAY-TIME
MULTIPLIER control, R433. This is important because the plate
voltage of V424 is required to hold the grnid voltage of the
shaper stage, V445A, near the triggering point.

The positive-going delaying-sweep sawtooth raises the
grid of non-conducting V414 toward its cathode voltage.

When the grid rises past the cathode voltage set by the
DELAY-TIME MULTIPLIER control, V414 conducts and V424

cuts off.

Delayed-Trigger Mulitivibrator

When V424 cuts off because of conduction in V414, its
plate rises, carrying the gnid of trigger shaper V445A posi-
tive past its transition point. The trigger-shaper stage s
regenerative so as to produce a fast transition, and the
resulting positive step at the plate of V4458 i1s difterentiated

through C454 and used to arm or to trigger the main-
sweep circuits. The sharp differentiated pulse 1s transmitted
to the succeeding circuits through cathode tollower V428B.

Two internal screwdriver controls located on the 'B”

sweep gate at the right side of your oscilloscope and.

labeled, respectively, Delay Start Ad|. and Delay Stop Ad|.,
precisely adjust the upper and lower V424 grid voltage
limits set by the DELAY-TIME MULTIPLIER so that centimeters
of delay can be read within a fraction of one percent
directly trom the micrometer dial of the DELAY-TIME MULTI-
PLIER.

Single Sweep Operation

When the HORIZONTAL DISPLAY switch is in the A SIN-
GLE SWEEP position, plate voltage is applied to VI33A and
this tube operates in conjunction with V125 as a bistable
multivibrator.

In the first stable state that exists after the completion of
a sweep, VI25 is cut off and VI33A s conducting. In this
state the divider between the plate of V125 and the grid of
VI33A sets the cathode voltage of the Lockout Multivibrator
and consequently the grid voltage of VI35A. The Lockout
Level Ad|. R125 is adjusted to set the grid of V135A high
enough so that the Sweep-Gating Multivibrator cannot be
triggered; this “locks out” the sweep.

Depressing the RESET switch rounds C102 and R102. The
resulting posttive pulse at the grid of V125 forces the Lock-
out Multivibrator into its other stable state with V125 con-
ducting and VI33A cut off. With V133A cut off, its plate
voltage rises and ignites the READY light. With V125 con-

ducting, the STABILITY control regains control over the grid
level of VI35A.

Depending on the adjustment of the STABILITY control, a
sweep can now be produced in one of two ways. If the
STABILITY control is turned full right {cw) the grid of V135A
will be pulled down and cause the Sweep-Gating Multivi-
brator to switch to its other state and initiate a sweep. If the
STABILITY control is adjusted for triggered operation, the
sweep will be initiated by the first negative trigger pulse
to arrive at the grid of V135A.

4-10

As the sweep begins, the rising sawtooth voltage pulls
up the cathodes of V133B by the holdoff action previously
described. As the cathodes of the Lockout Multivibrator
follow the cathode of VI133B up, V125 cuts off and VI33A
conducts. As the cathodes continue to rise, following the
rise in the sawtooth sweep voltage, VI33A cuts off again.
Both tubes are then held cutoff for the remainder of the
sweep and the READY light stays on. When the grid of
VI135A nses to the point at which the Sweep-Gating Multivi-
brator is reverted, the sweep 1s terminated.

As the Hold-Ott Capacitor C180 discharges, the cathodes

of the Lockout Multivibrator start to fall. The grid level of
VI133A is such that this tube comes out of cutoff first; thus:
V133A conducts and V125 remains in cutoff. As VI33A con-
ducts its plate drops, extinguishing the READY light. A new
sweep cannot be inttiated until the RESET switch 1s de-
pressed again.

Unblanking

The positive rectangular pulse at the cathode of V1358,
in the Sweep-Gating Mulivibrator circuit, 1s coupled through
a cathode follower V183B {[shown on the CRT circuit dia-
gram, Fig. 4-10) to the gnd supply for the crt. This pulse,
whose start and duration are coincident with the rising por-
tion of the sawtooth sweep waveform, pulls up the grid of
the crt. This unblanks the crt during the trace portion of the
sweep and permits the trace to be observed.

Output Waveforms

The positive pulse coupled ta the crt circuit for unblonk-
ing is also coupled through a cathode follower VI93A to a

front-panel binding post labeled +GATE A. This positive
gate waveform starts at ground and rises to 430 volts.

The sweep sawtooth voltage at the cathode of VI/3 is
coupled through a cathode follower VI93B to a front-panel

binding post labeled SAWTOOTH A. This waveform, which
starts at about ground, provides a 150-volt linear rise in

voltage.

Dual Trace Sync and Blanking

Synchronizing pulses for dual-trace plug-in preamplifiers
are supplied by V154A. When multi tube V145 cuts off o

sharply differentiated positive pulse s developed at its
screen. This pulse, coupled to the grid of V154A, produces

a negative trigger at the plate of VI54A. This trigger then
switches the multivibrator in the dual-trace unit employed for

alternate sweeps.

When the dual-trace multi 1s connected for free-running

operation to produce chopped sweeps, a negative pulse is
coupled from the multi to the grid of V154B. The resultant

positive pulse at the plate of V154B is coupled to the
cathode of the crt to blank out the beam during switching.
Refer to the manual for the dual-trace unit for a detatled

description of the switching multi.



Alternate-Trace Operation

Alternate-trace operation i1s available with Tektronix con-
vertible oscilloscopes by employing the 53C, 53/54C or
Type CA plug-tn preamplifiers. Additional circuitry in the
Time-Base Generator circuit provides a pulse to “flip" a
bistable muitivibrator in the plug-in. This multivibrator pro-
vides a change in dc level at the inputs of the amplifiers in
the plug-in. This change in dc level is used as a positioning
voltage which separates the two traces a distance selected
by the operator.

The Time-Base Generator circuitry necessary for alternate-
trace operation utilizes an amplifier which amplifies the sig-
nal present at the grid of VI54A. The signal at the plate
of the amplitier, VI154A, is connected to pin 16 of the inter-
connecting socket, while the signal at the cathode is con-
nected to pin 8 of the interconnecting socket. Fig. 4-3 shows
the Time-Base Generator circuitry involved. Fig. 4-6 shows
the plug-in circuitry which affects the positioning.

Negative-going pulses, generated at the end of each
time-base by the Sweep-Gating Multivibrator in the Time-
Base Generator, are amplified by the amplifier, V154A. The
pulses are coupled through the interconnecting socket to the
Trigger Coupling Diode in the plug-in. Each trigger causes
the multivibrator to “flip”" from one stable state to another
at a rate determined by the repetition rate of the Time-Base
Generator.

The square-waves present at the cathodes of the multi-
vibrator tubes are used to drive the amplifiers, V3384A and
V3384B. The signals from these amplifiers are used to drive
V3393B and V3393A:. cathode followers which isolate the
multivibrator circuitry from the signal amplifiers. The output
of the cathode ftollowers raises or lowers the plate voltage
of the Input Amplifiers as the multivibrator passes trom one
stable state to the other.

In later Tektronix instruments an additional stage has been

added in the Time-Base Generator to provide blanking when
the plug-in i1s operated in the CHOPPED MODE. This 1s

shown as VI54B in Fig. 4-3. In the CHOPPED MODE ot
operation the multivibrator in the plug-in free runs at o
rate determined by circuit constants. Transients generated
during free-running operation are blanked ftrom appearing
on the crt screen by the action of V154B.

Horizontal Amplifier

The Horizontal Amplifier converts the single-ended saw-
tooth output of the Time-Base Generator into push-pull
signal suitable for driving the horizontal plates of the crt.
The gain of the amplifier may be varied by a factor of five
by means of the 5X magnifier switch. in addition, controls
are provided for horizontal positioning and adjustment of
the horizontal linearity.

The sawtooth waveform from 