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SECTION 1
432 SPECIFICATION

Change information, if any, affecting this section will be found at the rear of this manual,

Introduction

The Tektronix 432 Oscilloscope is a solid-state portable
instrument that combines small size and light weight with
the ability to make precision waveform measurements. The
instrument 1s mechanically designed to withstand the
shock, vibration, and other extremes of environment asso-
ciated with portability. The dual-channel DC-t0-25 mega-
hertz vertical system provides calibrated deflection factors
from 1 millivolt to 10 volts/division. The trigger circuits
provide stable triggering over the full range of vertical fre-
quency response. The horizontal deflection system provides
calibrated sweep rates from 5 seconds to 0.2 microsecond/
division. A push-to-turn direct-reading six-position magni-
fier allows sweep magnification up to a maximum of 50
times and provides a maximum sweep rate of 0.02
microsecond/division, X-Y measurements can be made by
applying the vertical (Y) signal to one of the vertical input
connectors (appropriate vertical mode of operation selec-
ted) and the horizontal (X} signal to the EXT HORIZ con-
nector on the rear panel (TIME/DIV switch set to EXT
HORIZ). The regulated low-voltage power supply assures
that instrument performance is not affected by variations in

line voltage and frequency. A new design light-weight, high
efficiency power supply used in the 432 permits instrument
operation over a wide range of line voltages and frequencies
without line voltage range selection.

Information given in this instruction manual applies to
the R432 also unless otherwise indicated. The R432 is
electrically identical to the 432, but is adapted for
mounting in a standard 19-inch rack. Rackmounting instruc-
tions and a dimensional drawing for the R432 are provided
in section 6 of this manual.

The electrical characteristics which follow are divided in-
to two categories. Characteristics listed in the Performance
Requirement column are instrument specifications. Data in
the Supplemental Information column does not constitute
instrument specifications and is provided for reference use
only. The following electrical characteristics apply over an
ambient temperature range of —15°C to +55°C, except as
otherwise indicated. Warm-up time for given accuracy is 30
minutes.

TABLE 1-1
ELECTRICAL

Characteristic

Performance Requirement

Supplemental Information

VERTICAL DEFLECTION SYSTEM

Deflection Factor
Channel 1 or 2 calibrated range

Without probe
1-2-b sequence,

1 mV to 10 V/div in 13 steps. Steps in a

With 10X probe
a 1-2-b sequence.

10 mV to 100 V/div in 13 steps. Steps in

Accuracy

Within 3% of indicated deflection.

—

Uncalibrated (VAR) range

Provides continuously variable deflection
factors between the calibrated steps.

Extends maximum uncalibrated deflection
factor to at least 256 volts/division.

Each deflection factor increased by a fac-
tor of at least 2.5:1.

Frequency Response

Upper —3 dB Frequency
AC or DC Coupled

Bandwidth measured with 6 division
reference, vertically centered. VAR

V/DIV in Calibrated position.

1-1
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Specification—432

TABLE 1-1 (cont)

Characteristic Performance Requirement Supplemental Information .
Frequency Response (cont)
6 Division Reference —15°C to +30°C | +30°C to +55°C
With Standard X 10 Probe At least 25 MHz at |At least 22 MHz at
or from 25 £l Source 10 mV/DIV to 10 |10 mV/DIV to 10
V/DIV, decreasing [V/DIV, decreasing
to 18 MHz to 1 |to 16 MHz at 1
mV/DIV, mV/DIV.
Without Probe or ~15°C to | +30°C to
from 25 §1 Source +30°C +55°C
10 mV/DIV
to 10 V/DIV 25 MHz 25 MHz
5 mV/DIV 23 MHz 21 MHz
2 m\V/DIV 20 MHz 18 MHz
1 mV/DIV 18 MHz 16 MHz

Lower —3 dB Frequency
DC (Direct) Coupled

Within Gain Accuracy to DC.

AC (Capacitive) Coupled

¥ 1 Probe or No Probe

10 Hz or less

X 10 Probe 1 Hz or less
Step Response —15°C to +30°C | +30°C to +55°C 6 Division Positive-going step, centered
Risetime 14 ns or less 10|16 ns or less 10 uert_iclallv, VAR V/DIV in Calibrated
With Standard X 10 Probe mV/DIV  to 10|mV/DIV to 10 | POSTOM
or from 25 €2 Source V/DIV, increasing |V/DIV, increasing
to 195 ns or less at |to 22 ns or less at 1
1 mV/DIV, mV/DIV.
Without Probe, from _15°C to +30°C
25 (1 Source 10 mV/DIV
to 10 V/DIV 14.0 ns or less
5 mV/DIV 15.2 ns or less
2 mV/DIV 17 .5 ns or less
1 mV/DIV 19.5 ns or less

Input RC Characteristics

Resistance

1 megohm within 2%.

Capacitance

Approximately 24 picofarads.

Vertical Display Modes

Channel 1 only

Channel 2 only

Dual-Trace, alternate between channels

Dual-Trace, chop between channels

Added algebraically

Input Coupling Modes

AC (capacitive)

coupled, DC

(direct)

coupled, or AC Pre-Charge.

1-2
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TABLE 1-1 (cont)

Specification—432

Characteristic

Performance Requirement

Supplemental Information

Maximum Safe Input Voltage

DC Coupled 250 V (DC plus peak AC)
500 V peak to peak AC (1 kHz or less)
AC Coupled 500 V (DC plus peak AC)

Chopped Mode Rate

500 V peak to peak AC (1 kHz or less)

Approximately 100 kilohertz,

Signal Delay (Delay Line)

Allows viewing leading edge of triggering
waveform.

Step Attenuator Balance

10 mV/DIV,

Polarity Inversion

Display signal from Channel 2 can be

inverted.

Adjustable for no trace shift when deflec-
tion factor is changed from 1 mV/DIV to

TRIGGERING

Trigger Source

Internal from Channel 1 only or from dis-
played channel(s).

Internal from AC power source,

External from signal applied to EXT
TRIG INPUT connector.

External from signal applied to EXT
TRIG INPUT connector attenuated 10

times,

Trigger Coupling

AC

AC low-frequency reject

High-frequency reject

DC

The combination of high-frequency reject
and AC low-frequency reject.

Coupling and Sensitivity

Coupling To S5 MHz At 25 MHz
DC Internal 0.3 Div deflection 1 Div deflection
DC External 50 mV 175 mV
AC Same as DC at 20 Hz and above,
requirements increase below 20 Hz.
AC LF REJ Same as AC at 150 kHz and above,
requirements increase below 150 kHz.
AC HF REJ Same as AC at 15 kHz and below,

requirements increase above 15 kHz.

1-3
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Specification—432

TABLE 1-1 (cont)

Characteristic

Performance Requirement

Supplemental Information

External Input RC Characteristics

Resistance

1 M£2 (within 2% at DC)

NOTE: In LF REJ mode with 1:1
attenuation the 1 ME2 DC coupled is
shunted by 100 kf2 AC coupled.
Effective input resistance decreases with
increasing frequency to approximately
100 k£ at 20 kHz and above.

Capacitance

Approximately 100 picofarads 1:1.
Approximately 70 picofarads 1:10.

HORIZONTAL DEFLECTION SYSTEM

Sweep Mode

Normal—Stable display presented only
with signals meeting limits specified in
Fig. 1-2. No display presented in the
absence of an adequate trigger signal.

Automatic—Stable display presented only
with signals meeting limits specified
with signals meeting limits specified in
Fig. 1-2. Presents a free-running trace
in the absence of an adequate trigger
signal.

Single Sweep—Sweep Generator produces
only one sweep when triggered. Fur-
ther sweeps are locked out until
RESET button is pressed.

Calibrated Sweep Rates
(unmagnified)

0.2 microsecond to 5 seconds/division in
23 steps in a 1-2-b sequence,

Magnifier

Direct-reading, six position, push to turn
switch with up to 50 times maximum
magnification. Extends the fastest sweep
rate to 20 nanoseconds/division.

Sweep Time Accuracy Unmagnified Magnified
+20°C to +30°C Within 3% Within 4%
—15°C to +55°C Within 4% Within 5%

Over full 10 displayed horizontal divi-
s10NS5.

Exclude the following portions of the
sweep when checking magnified timing:

X2 magnification — first and last
0.5 div.
X5 magnification — first and last
one div.
¥ 10 magnification — first and last
two div.
X20 magnification — first and last
five div,
X50 magnification — first and last
ten div.
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Specification—432

(6

Characteristic

Performance Requirement

Supplemental Information

Uncalibrated (variable) Sweep Rates

Provides continuously variable sweep rates
between the calibrated steps. Extends the
slowest uncalibrated sweep rate to at least
12.5 seconds/division.

At least 251

EXT HORIZ Input

Resistance Approximately 50 kilohms.
Sensitivity =0.5 volt/division
Bandwidth DC to 500 kHz {10 div reference signal).

CALIBRATOR

+20°C to +30°C

—15°C to +55°C

Output Voltage

0.6 volt within 1.0% open circuit

0.6 volt within 2.0% open circuit

Repetition Rate

1 kHz within 1.0%

1 kHz within 2.0%

Output Resistance

Approximately 575 ochms.

Z AXIS INPUT

Sensitivity

Five volt peak to peak signal causes notice-
able modulation at rormal intensity.

Positive-going signal decreases intensity.

Usable Frequency Range

DC to 20 megahertz.

Input Resistance

Approximately 50 kilohms.

POWER SOURCE

Line Voltage and Frequency Range

Operates on all nominal voltages from
100 volts to 240 volts AC, 50 to 400 Hz.
For direct current power source, absolute
voltage limits are 105 V DC to 250 V DC,
either polarity.

No range switching necessary,

Power Consumption

90 volt amperes or 55 watts maximum.

70 volt-amperes, 50 watts typical.

DISPLAY
Graticule
Type Internal
Area Eight divisions vertical by 10 divisions
horizontal. Each division equals one centi-
meter,
F*h:::sphﬂr Standard phosphor is P31. P/ phnsphﬂ-r also available.
Beam Finder Limits display within graticule area when
pressed,
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Specification—432

TABLE 1-2
ENVIRONMENTAL

Characteristic

Performance Requirement

Supplemental Information

Temperature

Operating

—15°C to +55°C

Non-Operating

—55°C to +75°C

Altitude

Operating

To 15,000 feet

Maximum allowable operating tempera-
ture decreased by 1°C per 1000 feet from
5000 feet to 15,000 feet.

Non-Operating

To 50,000 feet.

Humidity

Operating and Non-Operating

Five cycles (120 hours) referenced to
MIL-E-16400F.

Vibration

Operating and Non-Operating

15 minutes along each of the 3 major
axes at a total displacement of 0.025 inch
peak to peak (4 g's at 55 Hertz) with fre-
quency varied from 10 to 55 to 10 Hertz
in one minute sweeps. Hold for three
minutes at 55 Hertz. All major resonances
must be above 55 Hertz.

Shock

Operating and Non-Operating

30 g's, 1/2 sine, 11 milliseconds duration,
two shocks per axis each direction for a
total of 12 shocks.

Transportation

Tested to National Safe Transit Com:
mittee procedure 1A with a 30 inch drop.

Electromagnetic Interference
Optional EMI mesh filter installed

As tested in MIL-1-6181D

Radiated 150 kilohertz to one gigahertz with mesh | Mesh filter reduces light output approxi-
filter installed. mately 56%.
Conducted 150 kilohertz to 25 megahertz,
1-6 @
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TABLE 1-3
PHYSICAL

Specification—432

TABLE 1-3 (cont)

Characteristic

Performance Requirement

Characteristic

Performance Requirement

Construction

Overall Dimensions

Height 5.6 inches,
Width 13 inches including handle.
Depth 18.6 inches.

Chassis Aluminum alloy.

Panel Aluminum alloy with anodized
finish,

Cabinet Blue vinyl-coated aluminum.

Weight {Including
Panel Cover and
Accessories)

20 pounds, B ounces,

Circuit Boards

Glass-epoxy laminate or
polyphenylene oxide,

Domestic Shipping
Weight

30 pounds, 2 ounces,

Export-Packed
Shipping Weight

3b pounds, 2 ounces,

1-7
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SECTION 2

OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the rear of the manual,

General

To effectively use the 432 Oscilloscope, the operation
and capabilities of the instrument must be known. This
section describes the operation of front-panel controls,
gives simplified and general operating information, and lists
some basic applications for this instrument.

OPERATING VOLTAGE

General

The 432 can be operated on all nominal line voltages
from 100 volts to 240 volts AC, 50 to 400 hertz. It can also
be operated from a 100 volts to 250 volts DC power source,
No range switching or selection is necessary.

Tl gl gl il et el il gl il

5
; CAUTION
4

il il gl il el gl el gl il

This instrument is designed for operation from a
power source with its neutral at or near earth
(ground) potential (for both AC and DC power
sources) with a separate safety-earth conductor. It 1s
not intended for operation from two phases of a
multi-phase AC system, or across the legs of a
single-phase, three-wire AC system.

The 432 is designed to be used with a three-wire AC
power system. If a three- to two-wire adapter is used to
connect this instrument to a two-wire AC power system, be
sure to connect the ground lead of the adapter to earth
(ground). Failure to complete the ground system may allow
the chassis of this instrument to be elevated above ground
potential and pose a shock hazard.

When operating the instrument from an external DC
power source, polarity of the external voltage is
unimportant. Again, it is imperative to complete the ground
systemn to prevent accidental elevation of the instrument
chassis and resultant shock hazard.

Operating Temperature

The 432 requires very little air circulation for proper
operation. A thermal cutout in the instrument provides
thermal protection and disconnects the instrument power if

the internal temperature exceeds a safe operating level.

Power is automatically restored when the temperature
returns to a safe level.

The 432 can be operated where the ambient temperature
is between —15°C and +55°C. The maximum operating
temperature must be derated 1°C for each 1000 feet of
altitude above 5000 feet. This instrument can be stored in
ambient temperatures between —55°C and +75°C. After
storage at temperatures beyond the operating limits, allow

the chassis temperature to come within the operating limits
before power is applied.

Operating Position

The handle of the 432 can be positioned for carrying or
as a tilt-stand for the instrument. To position the handle,
press in at both pivot points (see Fig. 2-1) and turn the
handle to the desired position. Fourteen positions are pro-
vided for convenient carrying or viewing. The instrument
can also be set on the rear feet for either operation or
storage.

Press in here on both sides
of the instrument to position
handle.

_#-

Fig. 2-1. Handle positioned to provide a stand for the instrument.

2-1
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Rackmounting

BEAM FINDER

Complete information for mounting the 432 in a cabinet

rack is given in Section 6 of this manual.

CONTROLS AND CONNECTORS

General

A brief description of the function and operation of the
instrument’s controls and connectors follows. Fig. 2-2

ASTIGmatism
(Rear panel)

TRACE ROTATION
(Rear panel)

shows the front and rear panels of the instrument. More

detailed information is given in this section under General

QOperating Information,

Compresses the display within the
graticule area independently of
display position or applied signals.

Adjusts CRT beam for optimum
display definition.

Screwdriver adjustment to align
trace with horizontal graticule lines.

Vertical (both channels if applicable)

VOLTS/DIV Selects vertical deflection factor in
a 1-2-5 sequence (Variable control
must be in the CAL position for
Display indicated deflection).
INTENSITY and A combination control that turns Variable Provides continuously  variable
POWER instrument power on or off (pull (Not labeled) deflection factors between the
ON-push OFF) and also controls calibrated settings of the
the brightness of the display. VOLTS/DIV switch,
|
f o)
BT PO L - G' e r e
_‘II:HW'[.-:;“W ‘nﬁp {:l';ll .1.1 L]
ey =
ras (o) @ o2
C WY s T . IR g - )
A. Front panel.
[@ - . . TRACE ROTATION o
@ e ©
4 AKIS ENT THID EXT WOEIE
T TN i PP G @ é
ﬂ LT 'Ti"r' LT -IE;;II!_‘ ';
B. Rear panel,
|
Fig. 2-2. Front- and rear-panel controls and connectors.
2-2 ®
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POSITION

(¢

5 MHz BW

INVERT

(CH 2 only)

GAIN

STEP ATTEN BAL

Input Coupling
(AC/DC, GND)

CH 1and CH 2
Input

Mode
(Mot labeled)

v

Controls the vertical position of the
trace,

A push-push switch that limits the
complete vertical amplifier sy stem

bandwidth to approximately 5
MHz.

A push-push switch to invert the
Channel 2 display.

Screwdriver adjustment to set the
gain of the vertical amplifier.

Screwdriver adjustment to balance
the input amplifier in the 1 mV, 2
mV, b mV, and 10 mV positions of
the VOLTS/DIV switches.

Selects method of coupling input
signal to input amplifier,

AC: In the AC position (button in)
of this push-push switch, signals
are capacitively coupled to the
vertical amplifier. The DC
component of the input signal is
blocked. Low frequency —3 dB
down point is about 10 hertz.

DC: In the DC position (button
out] of the AC push-push
switch, all components of the
input signal are passed to the
input amplifier,

GND: In the GND position (button
in) of this push-push switch, the
input of the vertical amplifier is
disconnected from the input
connector and grounded. Allows
precharging of the input
coupling capacitor.

Input connectors that allow
application of external signals to
the inputs of the vertical amplifier.
Includes a coding ring for probes
with scale factor switching.

Selects mode of operation for
vertical input amplifiers.

CH 1: Displays Channel 1 only.

ALT: Dual-trace display of signals
on both channels. Display
switched between channels at
the end of each sweep.

Triggering
SOURCE

EXT ATTEN

COUPLING

Operating Instructions—432

ADD: Signals applied to the CH 1
and CH 2 Input connectors are
algebraically added and the
algebraic sum is displayed on the
CRT. The INVERT switch in
Channel 2 allows the display to

be CH1+CH20rCH1—CH
2.

CHOP: Dual-trace display of signals
ﬂn_ both  channels, Display
switched at a repetition rate of
approximately 100 kHz.

CH 2: Displays Channel 2 only.

Selects source of trigger signal.

CH 1: A pushbutton switch that in
the CH 1 position (button in)
selects CH 1 as an internal
trigger source.

COMP: A pushbutton switch that
in the COMP position (button
in) allows the internal trigger
source to be determined by the
vertical mode of operation.

LINE: When both the CH 1 and
COMP switches are pressed in, a
portion of the line frequency
voltage is used as a trigger signal.

EXT: When both the CH 1 and
COMP switches are out, signals
applied to the EXT TRIG
connector are used for
triggering.

In the 1:10 position (button in) of
this push-push switch, external
trigger signals are attenuated by a
factor of 10. In the 1:1 position
(button out) external trigger signals
are not attenuated.

Determines method of coupling
trigger signal to trigger circuit.

AC: In the AC position (button in)
of this push-push switch, DC is
rejected and signals below about
20 hertz are attenuated. Accepts
signals between about 20 hertz

and 25 megahertz.

2-3
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Operating Instructions—432

COUPLING (cont)

LEVEL

SLOPE

EXT TRIG
{Rear panel)

Sweep
POSITION

TIME/DIV

MAG

Variable
(Mot labeled)

2-4

DC: When both the AC and the LF
REJ push-push switches are out,
signals are directly coupled to
the trigger circuit. Accepts all
signals from DC to 25 megahertz
if LF REJ and HF REJ are in
out position,

LF REJ: Rejects DC and attenuates
signals below approximately 30
kilohertz, Accepts signals

between about 30 kilohertz and
25 megahertz,

HF REJ: Attenuates signals above
approximately 50 kilohertz.
Accepts signals between DC and
approximately 50 kilohertz.

Selects the amplitude point on the

trigger signal at which the sweep is
triggered,

Selects slope of trigger signal which
starts the sweep.

+. Sweep can be triggered from
positive-going portion of trigger
signal .

—: Sweep can be triggered from
negative-going portion of trigger
signal.

Input connector for external trigger
signals.

Controls horizontal position of the
display.

Selects the sweep rate of the sweep
generator (Variable control must be
in the CAL position for indicated
swWeep rate). Extreme
counterclockwise position of switch
selects External Horizontal mode of
operation.

Push-to-turn  switch (concentric
with TIME/DIV switch) provides
sweep magnification up to a
maximum of 50 times. Extends
fastest sweep rate to 0.02 us/div.

Provides uncalibrated sweep rates
between the calibrated settings
selected by the TIME/DIV switch.
The sweep rate in each TIME/DIV

MODE

RESET

READY LIGHT

EXT HORIZ
{Rear panel)

Calibrator

PROBE CAL
06V 1kH:z

switch position can be reduced to
at least the sweep rate of the next
adjacent  position 1o provide
continuously variable sweep rates.

Determines the operating mode for
the sweep generator.

AUTO: In the AUTO position
(button in) of this pushbutton
switch, the sweep is initiated by
the applied trigger signal. In the
absence of an adequate trigger
signal, the sweep free runs and
provides a bright reference trace.

NORBRM: In the NORM position
{button in) of this pushbutton
switch, the sweep is initiated by
the applied trigger signal. In the
absence of an adequate trigger
signal, there is no trace.

SINGLE SWEEP: When both the
AUTO and NORM switches are
pressed in the sweep operates in
the Single Sweep mode. After a
sweep is displayed, further
sweeps cannot be presented until
the RESET button is pressed.

When the RESET button is pressed
(in the SINGLE SWEEFP mode), a
single display will be presented
(with correct triggering). After the
sweep is completed, the RESET
button must be pressed again
before another sweep can be
displayed.

Indicates sweep has been reset and
a single display will be presented
upon receipt of an adequate trigger
signal.

Input  connector for external
horizontal signal when TIME/DIV
switch is set to EXT HORIZ.

Provides a 0.6 volt calibrator signal
to permit probe compensation,
adjustment of amplifier GAIN, and
checking basic horizontal timing.

Power and External Blanking

POWER and
INTENSITY

A combination control, part of
which is a push-pull switch to

@
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control application of power to the

(¢

INstrument,
Z AXIS Input  connector for external
(Rear panel) blanking signals.

GENERAL OPERATING INFORMATION

Intensity Control

The setting of the INTENSITY control should not affect

the correct focus of the display. The focusing control is

ganged to the INTENSITY control to provide automatic
adjustment of display focus along with adjustment of
display intensity. Maximum intensity is reached with the
control advanced to approximately 3 o'clock. Further
advancing the control overrides the blanking, thus in

single-sweep operation, a spot can be obtained at the start
of the sweep for vertical and horizontal beam location. For
instruments with SN BO60000 and up, a range is provided
between the point of maximum intensity and blanking
override. This allows the operator to adjust the intensity
control within this range to improve the focus for single-
sweep operation.

The light filter and optional EMI mesh filter reduce the
observed light output from the CRT. When using these
filters, avoid advancing the INTENSITY control to a setting
that could cause phosphor damage. When the highest inten-
sity display is desired, remove the filters. Apparent trace
intensity can also be improved in such cases by reducing the
ambient light or using a viewing hood,

Astigmatism Adjustment

It the CRT display is not well-defined, adjust the ASTIG
(rear panel) as follows.

NOTE

The setting of the ASTIG adjustment should be cor-
rect for any display. However, fine adjustment of
ASTIG for a specific INTENSITY setting may be
desirable.

1. Connect the output of the PROBE CAL 0.6 V 1 kHz
jack to either channel input and set the VOLTS/DIV switch
of that channel to present a three-division display. Set the
vertical MODE switch to display the channel selected.

2. Set the TIME/DIV switch to .5 ms.

3. Adjust the INTENSITY control to the desired

setting.

4. Set the ASTIG adjustment so the horizontal and
vertical portions of the display are as equally focused as
possible.

i)
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Trace Alignment Adjustment

If a free-running trace is not parallel
graticule line, set the TRACE ROTATION
panel) as follows. Pasition the trace to the
line. Adjust TRACE ROTATION
with the horizontal graticule line.

to the horizontal
adjustment (rear
center horizontal
so the trace is parallel

Graticule

The graticule of the 432 js internally marked on the
faceplate of the CRT to Provide accurate, no-parallax
measurements. The graticule is marked with eight vertical
and 10 horizontal divisions. Each division IS ane centimeter
square. Iln addition, each major division is divided into five
minor divisions at the center vertical and horizontal lines,
The vertical gain and horizontal timing are calibrated to the

graticule so accurate measurements can be made from the
CRT.

Fig. 2-3 shows the graticule of the 432 and defines the
various measurement lines. The terminology defined here

will be used in all discussions involving graticule measure-
ments.

Light Filter

The tinted light filter provided minimizes light reflec-
tions from the face of the CRT to improve contrast when
viewing the display under high ambient light conditions.
The mesh filter (available as an optional accessory) provides
shielding against radiated EMI (electro-magnetic inter-
ference) and also serves as a light filter. To remove either
filter, press down at the bottom of the frame and pull the
top of the filter away from the CRT faceplate (see Fig.
2-4),

First Ninth
division Center division
vertical vertical vertical i
line line line

——— s —————

[ B AR Center
bt s b o e horizontal
I : - : line

e = R S T —
H i

Fig. 2-3. Definition of measurement lines on 432 graticule.
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Press down

Pull out
here

Fig. 2-4. Removing the filter.

Beam Finder

The BEAM FINDER switch provides a means of locating
a display which overscans the viewing area either vertically
or horizontally. When the BEAM FINDER pushbutton is
pressed, the display is compressed within the graticule area.

To locate and reposition an overscanned display, use the
following procedure,

1. Press the BEAM FINDER button.

2. While the BEAM FINDER button is held in, increase
the vertical deflection factor until the vertical deflection is
reduced to about three divisions. The horizontal deflection
needs to be reduced only in the EXT HORIZ mode of
operation. This can only be accomplished by reducing the
amplitude of the external horizontal signal applied to the
EXT HORIZ input connector.

3. Adjust the vertical and horizontal POSITION con-

trols to center the display about the vertical and horizontal
center lines.

4. Release the BEAM FINDER button; the display
should remain within the viewing area.

Bandwidth Limiter

The 5 MHz BW switch provides a method of reducing
interference from unwanted high-frequency signals when
viewing low-frequency signals. When set to the 5 MHz pnsi_-
tion (out), the upper —3 dB bandwidth point of the Verti-
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cal Deflection system is limited to about five megahertz.
Then unwanted high-frequency signals (such as television
broadcast radiation interference) are reduced in the dis-
played waveform. Fig. 2-5 illustrates the use of this feature.
The waveform in Fig. 2-5A is the display produced when a
low-level, low-frequency signal is viewed in the presence of
strong 50-megahertz radiation (switch pressed in). Fig. 2-5B
shows the resultant CRT display when the high-frequency
interference is reduced by setting the BW switch to the 5
MHz position (out).

Vertical Channel Selection

Either of the input channels can be used for single-trace
displays. Apply the signal to the desired input connector
and set the vertical mode switch to display the channel
used. However, since CH 1 triggering is provided only in
Channel 1 and the INVERT feature is provided only in
Channel 2, the correct channel must be selected to take
advantage of these features. For dual-trace displays, con-
nect the signals to both input connectors and set the verti-
cal mode switch to one of the dual-trace positions.

' e
m
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Fig. 25. (A] CRT display showing high-frequency interference '

when attempting to view low-level, low-frequency signal, (B) re-
sultant display when 5 MHz BW switch is set to its out position.
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Vertical Gain Adjustment

To check the gain of either channel, set the VOLTS/DIV
switch to .1 and connect the PROBE CAL 06 V 1 kHz
connector to the input connector of the channel used. The
vertical deflection should be exactly six divisions. If not,
adjust the front-panel GAIN adjustment for exactly six divi-
sions of deflection.

NOTE

If the gain of the two channels must be closely
matched (such as for ADD mode operation), the

adjustment procedure given in the Calibration section
should be used.

The best measurement accuracy when using probes is
provided if the GAIN adjustment is made with the probes
installed. Also, to provide the most accurate measurements,
calibrate the vertical gain of the 432 at the temperature at
which the measurement is to be made,

Step Attenuator Balance Adjustment

To check the step attenuator balance of either channel,
set the Input Coupling to GND and the Sweep MODE
switch to AUTO. Change the VOLTS/DIV switch from 10
mV to 1 mV. If the trace moves vertically, adjust the front-
panel STEP ATT BAL adjustment as follows:

1. With the Input Coupling set to GND and the VOLTS/
DIV switch set to 10 mV, move the trace to the center

horizontal line of the graticule with the vertical POSITION
control.

2. Set the VOLTS/DIV switch to 1 mV and adjust the
STEP ATT BAL adjustment to return the trace to the
center horizontal line.

3. Repeat steps 1 and 2 for minimum trace shift as the
VOLTS/DIV switch is changed from 10 mV to 1 mV.

Signal Connections

In general, probes offer the most convenient means of
connecting a signal to the input of the 432. Tektronix
probes are shielded to prevent pickup of electrostatic inter-
ference. A 10X attenuator probe offers a high input im-
pedance and allows the circuit under test to perform very
close to normal operating conditions. However, a 10X
probe also attenuates the input signal 10 times. A
Tektronix field effect transistor probe offers the same high-
input impedance as the 10X probes., However, it is
particularly useful since it provides wide-band operation
while presenting no attenuation (1X gain) and a low input
capacitance. A standard 1X probe can be used for signal

®
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connections, although it does n
impedance and ma
Specialized probes

5 not provide as high an input
Y result in a lower overall bandwidth.

: : are also available from Tektronix, Inc.
or high-voltage measurement, current measurement, etc.

See_ thg Tektronix, Inc. catalog for characteristics and com-
patibility of probes for use with this system,

In hugh_-fr'ne-:qluf.*ﬁ::!,.ur applications requiring maximum over-
all hgnﬁlmrdth, use coaxial cables terminated in their char-
acteristic impedances at the 432 input connectors. High-

level, low-frequency signals can be connected directly to
the 4_32 input connectors using short unshielded leads. This
q:{_:.uplmg method works best for signals below about one
kilohertz and deflection factors above one volt/division.
When this coupling method is used, establish a common
ground between the 432 and the equipment under test.
Attempt to position the leads away from any source of
interference to avoid errors in the display. If interference is

excessive with unshielded leads, use a coaxial cable or a
probe,

Loading Effect of 432

As nearly as possible, simulate actual operating con-
ditions in the equipment under test. Otherwise the equip-
ment under test may not produce a normal signal. The 10X
attenuator and field effect transistor probes mentioned
previously offer the least circuit loading. See the probe
instruction manual for loading characteristics of the probes.

When the signal is coupled directly to the input of the
432, the input impedance is about one megohm paralleled
by about 24 pF. When the signal is coupled to the input
through a coaxial cable, the effective input capacitance is
increased. The actual input capacitance depends upon the
type and length of cable used and the frequency of the
signal.

Ground Considerations

Reliable signal measurements cannot be made unless
both the oscilloscope and the unit under test are connected
together by a common reference (ground) lead in addition
to the signal lead or probe. Although the three-wire AC
power cord provides a common connection when used with
equipment with similar power cords, the ground loop pro-
duced may make accurate measurements impossible. The
ground straps supplied with the probes provide an adequate
ground. The shield of a coaxial cable provides a common
ground when connected between two coaxial connectors
(or with suitable adapters to provide a common ground).
When using unshielded signal leads, a common ground lead
should be connected from the 432 chassis to the chassis of
the equipment under test.

Input Coupling

The Channel 1 and 2 Input Coupling switches allow a
choice of input coupling methods. The type of display
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desired and the applied signal will determine the coupling
to use.

DC Coupling can be used for most applications. This
position allows measurement of the DC component of a
signal. It must also be used to display signals below about
100 hertz (10 hertz with a 10X probe) as they will be
attenuated in the AC position.

With AC Coupling, the DC component of the signal is
blocked by a capacitor in the input circuit. The low-
frequency response in the AC position is about 10 hertz
(—3 dB point). Therefore, some low-frequency attenuation
can be expected near this frequency limit. Attenuation in
the form of waveform tilt will also appear in square waves
which have low-frequency components. AC coupling pro-
vides the best display of signals with a DC component
which is much larger than the AC components.

The GND position provides a ground reference at the
input of the 432 without the need to externally ground the
iInput connectors. The signal applied to the input connector
15 internally disconnected, but not grounded, and the input
circuit is held at ground potential. This also allows pre-
charging the input coupling capacitor to prevent application
of high-amplitude voltage spikes to the amplifier input.

Deflection Factor

The amount of vertical deflection produced by a signal is
determined by the signal amplitude, the attenuation factor
of the probe (if used), the setting of the VOLTS/DIV
switch and the setting of the Variable VOLTS/DIV control.
The calibrated deflection factors indicated by the VOLTS/
DIV switches apply only when the Variable VOLTS/DIV
control is set to the calibrated detent position.

The Variable VOLTS/DIV controls provide continuously
variable (uncalibrated) vertical deflection factors between
the calibrated settings of the VOLTS/DIV switches. The
Variable control extends the maximum vertical deflection

factor of the 432 to at least 25 volts/division (10 V posi-
tion).

The 432 Oscilloscope features vertical deflection scale-
factor switching. When probes having a scale-factor
switching connector are used, the correct deflection factor
can be read directly from the instrument front panel.

Dual-Trace Operation

Alternate Mode. The ALT position of the Vertical Mode
switch produces a display which alternates between
Channel 1 and 2 with each sweep of the CRT. Although the
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ALT mode can be used at all sweep rates, the CHOP mode

provides a more satisfactory display at sweep rates below
about 0.5 millisecond/division. At these slow sweep rates,
alternate mode switching becomes visually perceptible.

Proper internal triggering in the ALT mode can be ob-
tained in either the COMP or the CH 1 position of the
TRIGGER SOURCE switch. When in the COMP position,
the sweep is triggered from the signal on each channel. This
provides a stable display of two unrelated signals, but does
not indicate the time relationship between the signals. In
the CH 1 position, the two signals are displayed showing
true time relationship. If the signals are not time related,
the Channel 2 waveform will be unstable in the CH 1
SOURCE switch position.

Chopped Mode. The CHOP position of the Vertical
Mode switch produces a display which is electronically
switched between channels. In general, the CHOP MODE
provides the best display at sweep rates slower than about
0.5 millisecond/division or whenever dual-trace, non-
repetitive phenomena is to be displayed. At faster sweep
rates the chopped switching becomes apparent and may
interfere with the display.

Proper internal triggering for the CHOP mode is pro-
vided with the TRIGGER SOURCE switch set to CH 1. If
the COMP position is used, the sweep circuits are triggered
from the between-channel switching signal and both wave-
forms will be unstable. External triggering from a signal
which is time-related to either signal provides the same
result as CH 1 triggering.

Two signals which are time-related can be displayed in
the chopped mode showing true time relationship. How-
ever, if the signals are not time-related, the Channel 2 dis-
play will appear unstable.

Two non-repetitive, transient or random signals
occurring within the time interval determined by the TIME/
DIV switch (10 times sweep rate) can be compared using
the CHOP mode. To trigger the sweep correctly, the
Channel 1 signal must precede the Channel 2 signal. Since
the display shows true time relationship, time-difference
measurements can be made,

Algebraic Addition

General. The ADD position of the Vertical Mode switch
can be used to display the sum or difference of two signals,
for common-mode rejection to remove an undesired signal,
or for DC offset (applying a DC voltage to one channel to
offset the DC component of a signal on the other channel).

@
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Deflection Factor. The overall deflection in the ADD

¢ ' position of the vertical mode switch with both VOLTS/DIV

switches set to the same position is the same as the deflec-
tion factor indicated by either VOLTS/DIV switch. The
amplitude of an added mode display can be determined
directly from the resultant CRT deflection, multiplied by
the deflection factor indicated by either VOLTS/DIV
switch. However, if the Channel 1 and 2 VOLTS/DIV
switches are set to different deflection factors, the resultant
voltage is difficult to determine from the CRT display. In
this case, the voltage amplitude of the resultant display can
be determined accurately only if the amplitude of the signal
applied to either channel is known.

Precautions. The following general precautions should
be observed when using the ADD mode.

1. Do not exceed the input voltage rating of the 432,

2. Do not apply signals that exceed an equivalent of
about eight times the VOLTS/DIV switch setting. For
example, with a VOLTS/DIV switch setting of .5, the
voltage applied to that channel should not exceed about
four volts. Larger voltages may distort the display.

3. Use Channel 1 and 2 POSITION control settings
which most nearly position the signal of each channel to
mid-screen when viewing in either the CH 1 or CH 2 posi-
tions of the Vertical Mode switch. This insures the greatest
dynamic range for ADD mode operation.

4. For similar response from each channel, set the

Channel 1 and 2 Input Coupling switches to the same posi-
tion.

Trigger Source

COMP. In the COMP position of the TRIGGER
SOURCE switch, the trigger signal is obtained from the
displayed signal. This position provides the most convenient
operation when displaying single channel displays. How-
ever, for dual-trace displays, special considerations must be
made to provide the correct display. See Dual-Trace Opera-
tion in this section for dual-trace triggering information.

CH 1. The CH 1 position of the TRIGGER SOURCE
switch provides a trigger signal from only the signal applied
to the CH 1 connector. This position provides a stable dis-
play of the Channel 1 signal and is useful for certain dual-
trace applications (see Dual-Trace Operation).

EXT. An external signal connected to the EXT TRIG
connector can be used to trigger the sweep in the EXT

®

Operating Instructions—432

pﬁnsitiun of the TRIGGER SOURCE switch. The external
signal must be time-related to the displayed signal to pro-
duce a ?table display. An external trigger signal can be used
to pr‘ﬂ‘dlﬂE a }riggered display when the internal signal is too
low in amplitude for correct triggering, or contains signal
components on which it is not desired to trigger. It is also
useful when signal tracing in amplifiers, phase-shift net-
w':'_rks'. wave-shaping circuits, etec. The signal from a single
point in the circuit can be connected to the EXT TRIG
cannect‘ur through a signal probe or cable. The sweep is
then ltrlggerecl by the same signal at all times and allows
examination of amplitude, time relationship or wave-shape

chang_es of signals at various points in the circuit without
resetting the TRIGGER controls.

Trigger Coupling

Fqur methods of coupling the trigger signal to the trig-
ger circuits can be selected with the TRIGGER COUPLING
switch. Each position permits selection or rejection of the

frequency components of the trigger signal which trigger
the sweep.

AC. In the AC position of the TRIGGER COUPLING
switch, the DC component of the trigger signal is blocked.
Signals with low-frequency components below about 20
hertz are attenuated. In general, AC coupling can be used
for most applications. However, if the signal contains un-
wanted low-frequency signals or if the sweep is to be
triggered at a low-repetition rate or DC level, one of the
remaining TRIGGER COUPLING switch positions will pro-
vide a better display.

The triggering point in the AC position depends upon
the average voltage level of the trigger signals. If the trigger
signals occur at random, the average voltage level will vary,
causing the triggering point to vary also. This shift of the
triggering point may be enough so it is impossible to main-
tain a stable display. In such cases, use DC coupling.

LF REJ. In the LF REJ position, DC is rejected and
low-frequency signals below about 30 kilohertz are attenu-
ated. Therefore, the sweep is triggered only by the higher-
frequency components of the trigger signal. This pcsi;iun IS
particularly useful for providing stable triggering if tl'_le
trigger signal contains line-frequency components. Also, In
the ALT position of the vertical mode switch the LF REJ
position provides the best display at fast sweep rates when
comparing two unrelated signals (TRIGGER COUPLING

switch set to COMP]).

HF REJ. The HF REJ position passes all Iuw-frequech,r
signals between DC and about 50 kilohertz. Efignals outside
the above range are attenuated. When triggermg f_rum com-
plex waveforms, this position is useful for providing stable
display of the low-frequency components.

29
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!jl:_ E.’C coupling can be used to provide stable trig-
gerlng with Inw-fre_qyem:v signals which would be attenu-
ated in the AC position, or with low repetition rate signals.

I?: can also be used to trigger the sweep when the trigger
signal reaches a DC level selected by the setting of the
LEVEL control. When using internal triggering, the setting
of the Channel 2 POSITION control affects the DC

triggering point of a Channel 2 display (SOURCE switch in
COMP position).

DC trigger coupling should not be used in the ALT dual-
trace mode if the TRIGGER SOURCE switch is set to
COMP, If used, the sweep will trigger on the DC level of
one trace and then either lock out completely or free run
on the other trace. Correct DC triggering for this mode can

be obtained with the TRIGGER SOURCE switch set to CH
1.

With both the LF REJ and HF REJ buttons pushed in
only those signals from approximately 30 kilohertz to 50
kilohertz will be passed to the Trigger Generator without
being attenuated.

Trigger Slope

The TRIGGER SLOPE switch determines whether the
trigger circuit responds to the positive-going or negative-
going portion of the trigger signal. When the SLOPE switch
is in the positive-going (+) position, the display starts with
the positive-going portion of the waveform;in the negative-
going (—) position, the display starts with the negative-
going portion of the waveform (see Fig. 2-6). When several
cycles of a signal appear in the display, the setting of the
SLOPE switch is often unimportant. However, if only a
certain portion of a cycle is to be displayed, the setting of
the SLOPE switch is important to provide a display which
starts on the desired slope of the input signal.

Trigger Level

The TRIGGER LEVEL control determines the voltage
level on the triggering waveform at which the sweep is trig-
gered. When the LEVEL control is set in the + region, the
trigger circuit responds at a more positive point on the
trigger signal. In the — region, the trigger circuit responds at
a more negative point on the trigger signal. Fig. 2-6 illus-
trates this effect with different settings of the SLOPE
switch.

To set the LEVEL control, first select the TRIGGER
source, coupling, and slope. Then, set the LEVEL control
fully counterclockwise and rotate it clockwise until the dis-
play starts at the desired point.
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Sweep Mode

AUTO. The AUTO position of the Sweep MODE switch ‘
provides a triggered display when the LEVEL control is
correctly set (see Trigger Level in this section) and an
adequate trigger signal is available.

When the trigger repetition rate is less than about 10
hertz, or in the absence of an adequate trigger signal, the
Sweep Generator free runs at the sweep rate selected by the
TIME/DIV switch to produce a reference trace. When an
adequate trigger signal is again applied, the free-running
condition ends and the Sweep Generator is triggered to
produce a stable display (with correct LEVEL control

setting).

NORM. Operation in the NORM position of the Sweep
MODE switch is the same as in the AUTO position when a
trigger signal is applied. However, when no trigger signal is
present, the Sweep Generator remains off and there is no
display.

Use the NORM mode to display signals with repetition
rates below about 10 hertz. This mode provides an indica-
tion of an adequate trigger signal as well as the correctness
of trigger control settings, since there is no display without
proper triggering.

SINGLE SWEEP. When the signal to be displayed is not
repetitive or varies in amplitude, shape, or time, a con-
ventional repetitive display may produce an unstable
presentation. To avoid this, use the single-sweep feature of
the 432. The SINGLE SWEEP mode can also be used to
photograph a non-repetitive signal.

To use the SINGLE SWEEP mode, first make sure the
trigger circuit will respond to the event to be displayed. Set
the Sweep MODE switch to AUTO or NORM and obtain
the best possible display in the normal manner (for random
signals set the trigger circuit to trigger on a signal which is
approximately the same amplitude and frequency as the
random signal). Then, set the Sweep MODE to SINGLE
SWEEP and press the RESET button. When the RESET
button is pushed, the next trigger pulse initiates the sweep
and a single trace will be presented on the screen. After this
sweep is complete, the Sweep Generator s “locked out”
until reset. The READY light is illuminated when the
Sweep Generator has been reset and is ready to produce a
sweep. To prepare the circuit for another single-sweep dis-
play, press the RESET button again.

Horizontal Sweep Rates

The TIME/DIV switch provides 23 calibrated un-
magnified sweep rates ranging from 0.2 microsecond to 5

o
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Fig. 2-6. Effect of the TRIGGER LEVEL control and SLOPE switch on the CRT display.
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seconds/division. The three fastest indicated sweep rates
can be achieved only by using sweep magnification. The
VAR control provides continuously variable sweep rates
between the settings of the TIME/DIV switch, The
accuracy specifications for the calibrated sweep rates apply
over the full ten horizontal divisions of deflection.

Sweep Magnification

The sweep magnifier expands the sweep up to a maxi-
mum of 50 times. The center part of the unmagnified dis-
play is the portion visible on the screen in magnified form.
Equivalent length of the magnified sweep is ten divisions
multiplied by the amount of magnification (500 divisions at
50 times magnification); any 10-division portion can be
viewed by adjusting the horizontal POSITION control to
bring the desired portion onto the viewing area. The dual-
range feature of the horizontal POSITION control (see
Horizontal Position Control discussion which follows) is
particularly useful when the magnifier is on.

To use the magnified sweep, first position the portion of
the unmagnified display to be expanded to the center of
the graticule. Push in on the TIME/DIV knob and turn
clockwise until the desired amount of magnification is
achieved (up to a maximum of 50 times). The equivalent
time/division is indicated directly by the TIME/DIV knob
and is a calibrated sweep rate when the VAR control is in
its calibrated detent.

Horizontal Position Control

The dual-range horizontal POSITION control used in the
432 provides a combination of coarse and fine adjustments
in a single control. When this control is rotated, fine posi-
tioning is provided for a range of about 0.3 division for
normal sweep, or about 15 divisions for magnified opera-
tion and the trace can be positioned precisely. Then, after
the fine range is exceeded, the coarse adjustment comes
into effect to provide rapid positioning of the trace. To use
this control effectively for precise positioning, first turn the
control to move the trace slightly beyond the desired posi-
tion (coarse range). Then reverse the direction of rotation
to use the fine range to establish the precise trace position
desired.

External Horizontal Input

In some applications it is desirable to display one signal
versus another signal rather than against time (internal
sweep). The EXT HORIZ position of the TIME/DIV switch
provides a means for applying an external signal to the
horizontal amplifier for this type of display.

Connect the external horizontal signal to the EXT
HORIZ connector, Deflection factor is approximately 0.5
volt/division. The X and Y channels of this instrument are
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not time matched and some inherent phase shift is
apparent. Take this inherent phase shift into accnu_nt whgn
making measurements. For aid in interpreting lissajous dis-
plays, refer to the reference books listed under Applica-
tions.

Intensity Modulation

Intensity (Z-axis) modulation can be used to relate a
third item of electrical phenomena to the vertical (Y-axis)
and the horizontal (X-axis) coordinates without changing
the wave shape. A Z-axis modulating signal applied to the
CRT circuit changes the intensity of the displayed wave-
form to provide this display. "“Gray scale” intensity modu-
lation can be obtained by applying signals which do not
completely blank the display. Large amplitude signals of
the correct polarity will completely blank the display; the
sharpest display is provided by signals with a fast rise and
fall. The voltage amplitude required for visible trace modu-
lation depends on the setting of the INTENSITY control,
At normal intensity level, a five-volt peak-to-peak signal
produces a visible change in brightness.

Time markers applied to the 2 AXIS input connector
provide a direct time reference on the display. With un-
calibrated horizontal sweep or X-Y mode operation, the
time markers provide a means of reading time directly from
the display. However, if the markers are not time-related to
the displayed waveform, a single-sweep display should be
used (for internal sweep only) to provide a stable display.

Calibrator

The internal calibrator of the 432 provides a convenient
signal for checking vertical gain. The calibrator output sig-
nal available at the front-panel PROBE CAL 0.6 V 1 kHz
jack is also very useful for checking and adjusting probe
compensation as described in the probe instruction manual.

SIMPLIFIED OPERATING INSTRUCTIONS

General

The following operating instructions will allow cali-
brated measurements in most applications. The operator
should be familiar with the complete function and opera-
tion of the instrument as described in this section before

using this procedure.

Normal Sweep Display

1. Set the input coupling switches to AC, the Variable
VOLTS/DIV controls to their detent positions, and the
Vertical Mode switch to CH 1 (use ALT or CHOP for

dual-trace display).

®
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2. Set the sweep MODE switch to AUTO, the TRIGGER
SLOPE switch to +, the TRIGGER COUPLING switch to

! AC, and the TRIGGER SOURCE switch to COMP.

3. Set the TIME/DIV switch to 1 mS/DIV and the VAR
TIME/DIV control to its calibrated position.

4, Set the POWER switch to the on position and allow
several minutes warmup.

5. Connect a signal to the CH 1 input connector.

6. Advance the INTENSITY control until the display is
visible (if the display is not visible with the INTENSITY
control at midrange, press the BEAM FINDER button and
adjust the VOLTS/DIV switch until the display is reduced
in size vertically: then center the compressed display with
the vertical and horizontal POSITION controls; release the
EEAM FINDER button).

/. Set the VOLTS/DIV switch and the vertical
POSITION control for a display which remains within the
display area vertically.

8. Set the TRIGGER LEVEL control for a stable dis-

play.

9. Set the TIME/DIV switch and the horizontal
POSITION control for a display which remains within the

display area horizontally,

Magnified Sweep Display

1. Follow steps 1-9 for normal sweep,

2. Adjust the horizontal POSITION control to move the

drea to be magnified to within the center horizontal
division of the graticule. There should be equal amounts of
the area of interest on either side of the center graticule
line. If necessary, change the setting of the TIME/DIV
switch and the POSITION control to obtain the desired
display.

3. Push in and turn the VOLTS/DIV knob to achieve the

desired amount of magnification. The position of the
TIME/DIV knob indicates directly the magnified time/div.
Adjust

positioning of the magnified display.

the horizontal POSITION control for

precise

External Horizontal Display

1. Set the INTENSITY control fully counterclockwise.

®
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2_. Set the Ilnput Coupling switches to AC and the
variable volts/div controls to their detent positions.

3. Set the TIME/DIV switch to EXT HORIZ, the

F

4, Set_the POWER switch to the on position and allow
several minutes warmup,

. 5. Connect the X (horizontal) signal to the EXT HORIZ
anpu‘g connector on the instrument rear panel and the Y
(vertical) signal to the CH 1 input connector,

6. Advance the INTENSITY control until the display is
visible (if display is not visible, push the BEAM FINDER
button and adjust the CH 1 VOLTS/DIV switch until the
display is reduced in size vertically; the horizontal
deflection can only be changed by changing the amplitude
of the signal applied to the EXT HORIZ input connector
(sensitivity is =0.5 volt/division): then center the
compressed display with the CH 1 and the horizontal
POSITION controls; release the BEAM FINDER button).

/. Adjust the CH 1 VOLTS/DIV switch and the
amplitude of the external horizontal signal to obtain a
display which remains within the display area.

APPLICATIONS

General

The following information describes the procedures and
techniques for making basic measurements with a 432
Oscilloscope. These applications are not described in detail,
since each application must be adapted to the requirements
of the individual measurement. This instrument can also be
used for many applications which are not described in this
manual. Contact your local Tektronix Field Office or rep-
resentative for assistance in making specific measurements
with this instrument. Also, the following books describe
oscilloscope measurement techniques which can be adapted
for use with this instrument.

Harley Carter, "“An Introduction to the Cathode Ray

Oscilloscope’, Phillips Technical Library, Cleaver-Hume
Press Ltd., London, 1960.

J. Czech, “Oscilloscope Measuring Technique”, Phillips
Technical Library, Springer-Verlag, New York, 1965.

Robert G. Middleton and L. Donald Payne, “Using the
Oscilloscope in Industrial Electronics’, Howard W, Sams &
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Co. Inc., The Bobbs-Merrill Company Inc.
1961. '

John F. Rider and Seymour D. Uslan, “Encyclopedia of
Cathode-Ray Oscilloscopes and Their Uses”, John F. Rider
Publisher Inc., New York, 1959,

John F. Rider, “Obtaining and Interpreting Test Scope
Traces”, John F. Rider Publisher Inc., New York, 1959.

Rufus P. Turner, “Practical Oscilloscope Handbook ",

Volumes 1 and 2, John F. Rider Publisher Inc., New York,
1964,

Peak-to-Peak Voltage Measurements—AC

To make peak-to-peak voltage measurements, use the
following procedure:

1. Apply the signal to either input connector.

2. Set the Vertical Mode switch to display the channel
used.

3. Set the Input coupling switch to AC if the DC
companent is large enough to shift the display out of the
graticule area.

4. Set the VOLTS/DIV switch to display about 3 to 8
divisions of waveform.

NOTE

For low-frequency signals below 100 Hz, the AC
position causes some attenuation of the displayed
waveform. Typical attenuation with a X1 probe or
without a probe is 1 to 2% at 50 Hz, 20 to 25% at 10
Hz, and approximately 50% at 5 Hz. With a X10
probe, corresponding frequencies would be 5 Hz, 1
Hz, and 0.5 Hz, respectively.

5. Set the TRIGGERING controls to obtain a stable
display. Set the TIME/DIV switch to a position that dis-
plays several cycles of the waveform.

6. Turn the vertical POSITION control so the lower por-
tion of the waveform coincides with one of the graticule
lines below the center horizontal line, and the top of the
waveform is on the viewing area. With the horizontal POSI-
TION control, move the display so one of the upper peaks
lies near the center vertical line (see Fig. 2-7).

/. Measure the divisions of vertical deflection peak to
peak. Make sure the Variable VOLTS/DIV control is in the
CAL position.

2-14
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center vertical
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Vertical
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|
T

Fig. 2-7. Measuring peak-to-peak voltage of a waveform.

NOTE

This technigue can also be used to make measure-
ments between two points on the waveform, rather
than peak to peak.

8. Multiply the distance measured in step 7 by the
VOLTS/DIV switch setting. Also include the attenuation
factor of the probe, if using a probe that does not have a
scale-factor switching connector.

EXAMPLE. Assume that the peak-to-peak vertical
deflection is 4.6 divisions (see Fig. 2-7) with a VOLTS/DIV
switch setting of .5 V.

Volts Mertical VOLTS/DIV

= deflecti
Peak to Peak E. F;tmn o setting
(divisions)

Substituting the given values:
Volts Peak to Peak = 46 X 05V

The peak-to-peak voltage is 2.3 volts,

Instantaneous Voltage Measurements—DC

To measure the DC level at a given point on a waveform,
use the following procedure:

1. Connect the signal to either input connector.

2. Set the Vertical Mode switch to display the channel
used.

(H)
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3. Set the VOLTS/DIV switch to display about six divi-
sions of the waveform.

‘0

L

4. Set the Input Coupling switch to GND,

5. Set the TRIGGERING Mode switch to AUTO,

6. Position the trace to the bottom line of the graticule
or other reference line. If the voltage is negative with
respect to ground, position the trace to the top line of the
graticule. Do not move the vertical POSITION control after
this reference line has been established.

NOTE

To measure a voltage leve! with respect to a voltage
other than ground, make the following changes in
step 6. Set the Input Coupling switch to DC and
apply the reference voltage to the INPUT connector.
Then position the trace to the reference line.

/. Set the Input Coupling switch to DC. The ground
reference line can be checked at any time by switching to
the GND position.

8. Set the TRIGGERING controls to obtain a stable
display. Set the TIME/DIV switch to a setting that displays
several cycles of the signal.

9. Measure the distance in divisions between the ref-
erence line and the point on the waveform at which the DC
level is to be measured. For example, in Fig. 2-8 the

measurement is made between the reference line and point
A,

| |
Point A

A

_— - — g o e m—
-
-
P A I N SR N O N N RN N T A R T T U (O
-+ttt T =1
+
=

Vertical 7 =
distance -
- — J—-— e

Reference line

Fig. 2-8. Measuring instantaneous DC voltage with respect to A
reference voltage.
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‘ 10. Establish the polarity of the signal. If the waveform
is above tl'!e reference line the voltage is positive; below the
line, negative (with the INVERT switch in for Channel 2).

11. Mu!tiplvlthe distance measured in step O by the
VOLTS/DIV switch setting. Include the attenuation factor

of the probe, if using a probe that does not have a scale
factor switching connector.

. E}{A_I‘IJ!_F'_LE. Assume that the vertical distance measured
is 4.6 dWISI!Dr‘IS (see Fig. 2-8) and the waveform is above the
reference line with a VOLTS/DIV switch setting of 2 V.,

Using the formula:

vertical
= distance
(divisions)

Instantaneous
Voltage

VOLTS/DIV

X polarity X .
setting

Substituting the given values:

Instantaneous

sl = 46X+ X2V

The instantaneous voltage is +9.2 volts.

Comparison Measurements

In some applications it may be desirable to establish
arbitrary units of measurement other than those indicated
by the VOLTS/DIV switch or TIME/DIV switch. This is
particularly useful when comparing unknown signals to a
reference amplitude or repetition rate. One use for the
comparison-measurement technique is to facilitate cali-
bration of equipment (e.g., on an assembly-line test) where
the desired amplitude or repetition rate does not produce
an exact number of divisions of deflection. The adjustment
will be easier and more accurate if arbitrary units of
measurement are established so that correct adjustment is
indicated by an exact number of divisions of deflection.
Arbitrary sweep rates can be useful for comparing harmonic
signals to a fundamental frequency, or for comparing the
repetition rate of the input and output pulses in a digital
count-down circuit. The following procedure describes how
to establish arbitrary units of measure for comparison
measurements. Although the procedure for establishing
vertical and horizontal arbitrary units of measurement is
much the same, both processes are described in detail.

Vertical Deflection Factor. To establish an arbitrary ver-
tical deflection factor based upon a specific reference
amplitude, proceed as follows:

1. Connect the reference signal to the INPUT con-
nector. Set the TIME/DIV switch to display several cycles
of the signal.
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2. Set the VOLTS/DIV switch and the Variable
VOLTS/DIV control to produce a display an exact number

of graticule divisions in amplitude. Do n
: ; ot change the
Variable VOLTS/DIV control after obtaining the desired

deﬂe::tmn. This Flisplay can be used as a reference for
amplitude comparison measurements.

3. To establish an arbitrary vertical deflection factor so
the amplitude of an unknown signal can be measured
accurately at any setting of the VOLTS/DIV switch, the
amplitude of the reference signal must be known. If it is
not known, it can be measured before the Variable VOLTS/
DIV control is set in step 2.

4. Divide the amplitude of the reference signal (volts)
by the product of the vertical deflection established in step
2 (divisions) and the setting of the VOLTS/DIV switch.
This is the vertical conversion factor.

Vertical ; ‘

- r
Conversion = € i;-'rﬂn-::e signal
Factor amplitude (volts)

VOLTS/DIV
switch setting

vertical deflection
(divisions)

5. To measure the amplitude of an unknown signal, dis-
connect the reference signal and connect the unknown sig-
nal to the input connector. Set the VOLTS/D IV switch to a
setting that provides sufficient vertical deflection to make
an accurate measurement. Do not readjust the Variable
VOLTS/DIV control.

6. Measure the vertical deflection in divisions and cal-
culate the amplitude of the unknown signal using the
following formula:

Signal VOLTS/DIV vertical vertical

: = switch X conversion X deflection
Amplitude : LA

setting factor (divisions)

EXAMPLE. Assume a reference signal amplitude of 30
volts, a VOLTS/DIV switch setting of 5 V, and the Variable
VOLTS/DIV control is adjusted to provide a vertical deflec-
tion of four divisions.

Substituting these values in the vertical conversion factor
formula (step 4):

Vertical
ertica 30 V

Conversion = m = 1.5
Factor

2-16

Then, with a VOLTS/DIV switch setting of 10, the peak-to-

peak amplitude of an unknown signal which produces a ‘

vertical deflection of five divisions can be determined by
using the signal amplitude formula (step 6):

Signal
Amplitude

=10V X 15 X 5 = 75volts

Sweep Rates. To establish an arbitrary horizontal sweep
rate based upon a specific reference frequency, proceed as
follows:

1. Connect the reference signal to the INPUT con-
nector. Set the VOLTS/DIV switch for four or five divi-
sions of vertical deflection.

2. Set the TIME/DIV switch and the Variable TIME/
DIV contiol so one cycle of the signal covers an exact
number of horizontal divisions. Do not change the Variable
TIME/DIV control after obtaining the desired deflection.
This display can be used as a reference for frequency com-
parison measurements.

3. To establish an arbitrary sweep rate so the repetition
rate of an unknown signal can be measured accurately at
any setting of the TIME/DIV switch, the repetition rate of
the reference signal must be known. If it is not known, it
can be measured before the Variable TIME/DIV control is
set in step 2.

4. Divide the repetition rate of the reference signal
([seconds) by the product of the horizontal deflection estab-
lished in step 2 (divisions) and the setting of the TIME/DIV
switch. This is the horizontal conversion factor.

Horizontal reference signal repetition rate
Conversion = (seconds)
Factor horizontal deflection TIME/DIV

(divisions) switch setting

5. To measure the repetition rate of an unknown signal,
disconnect the reference signal and connect the unknown
signal to the input connector. Set the TIME/DIV switch to
a setting that provides sufficient horizontal deflection to
make an accurate measurement. Do not readjust the Vari-

able TIME/DIV control.

6. Measure the horizontal deflection in divisions and
calculate the repetition rate of the unknown signal using
the following formula:

¢
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v

s TIME/DIV hori i
Repetition : -::lrlzur'l.tal hurlzujt&l
il = switch X conversion X deflection
setting factor (divisions)

EXAMPLE. Assume a reference signal frequency of 455
hertz (repetition rate 2.19 milliseconds), and a TIME/DIV
switch setting of .2 ms, with the Variable TIME/DIV
control adjusted to provide a horizontal deflection of eight
divisions. Substituting these values in the horizontal

conversion factor formula (step 4):

Horizontal
: 2.19 milliseconds
Conversion = = 1.37
2 X8
Factor

Then, with a TIME/DIV switch setting of 50 us, the
repetition rate of an unknown signal which completes one
cycle in seven horizontal divisions can be determined by

using the repetition rate formula (step 6):

Repetition
Rate

B0us X 1.37 X 7 =480 us

This answer can be converted to frequency by taking the
reciprocal of the repetition rate (see application on Deter-

mining Frequency).

Time Duration Measurements

To measure time between two points on a waveform, use
the following procedure:

1. Connect the signal to one of the input connectors.

b

2. Set the Vertical Mode switch to display the channel
used.

3. Set the VOLTS/DIV switch to display about four
d” ‘sions of the waveform.

4. 5et the TRIGGERING controls to obtain a stable
display.

5. Set the TIME/DIV switch to the fastest sweep rate
that displays less than eight divisions between the time

measurement points (see Fig. 2-9).

6. Adjust the vertical POSITION control to move the
points between which the time measurement is made to the

center horizontal line,

[E;I
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s
T

Haorizontal
-_l— . __h_l
dlﬂaﬂﬂﬂ '
1

Fig. 2-9. Measuring time duration between points on a waveform.,

7. Adjust the horizontal POSITION control to center

the time-measurement points within the center eight divi-

sions of the graticule,

8. Measure the horizontal distance between the time
measurement points. Be sure the Variable TIME/DIV con-

trol is set to CAL.

9. Multiply the distance measured in step 8 by the
setting of the TIME/DIV switch.

EXAMPLE. Assume that the horizontal distance between

the time measurement points is five divisions (see Fig. 2-9)
and the TIME/DIV switch is set to .1 ms.

Using the formula:

| _ it TIME/DIV
Time Duration = distance :
B setting
(divisions)
Substituting the given values:
Time Duration = b X 0.1 ms

The time duration is 0.5 millisecond.

Determining Frequency

The time measurement technique can also be used to

determine the frequency of a signal. The frequency of a
periodically recurrent signal is the reciprocal of the time

duration (period) of one cycle.
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Use the following procedure:
1. Measure the time duration of one cycle of the wave-

form as described in the previous application.

2. Take the reciprocal of the time duration to determine
the frequency.

EXAMPLE. The frequency of the signal shown in Fig.
2-9, which has a time duration of 0.5 millisecond, is:

1 1
Frequency = — - = =
9 4 time duration 0.5 ms

2 kHz

Risetime Measurements

Risetime measurements employ basically the same tech-
niques as time-duration measurements. The main difference
is the points between which the measurement is made. The
following procedure gives the basic method of measuring
risetime between the 10% and 90% points of the waveform.,

1. Connect the signal to either input connector.

2. Set the Vertical Mode switch to display the channel
used.

3. Set the VOLTS/DIV switch and Variable control to
produce a display exactly six divisions in amplitude.

4, Center the display about the center horizontal line
with the vertical POSITION control.

5. Set the TRIGGERING controls to obtain a stable dis-
play.

6. Set the TIME/DIV switch to the fastest sweep rate
that will display less than eight divisions between the 10%
and 90% points on the waveform.

7. Adjust the horizontal POSITION control to move the
10% point of the waveform to the second vertical line of
the graticule (see Fig. 2-10).

8. Measure the horizontal distance between the 10% and
90% points. Be sure the Variable TIME/DIV control is set
to CAL.

2-18
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Fig. 2-10. Measuring risetime.

9. Multiply the distance measured in step 8 by the
setting of the TIME/DIV switch.

EXAMPLE. Assume that the horizontal distance between
the 10% and 90% points is six divisions (see Fig. 2-10) and
the TIME/DIV switch is set to 1 us.

Using the time duration formula to find risetime:

Time horizontal
Duration = distance X
(Risetime) (divisions)

TIME/DIV
setting

substituting the given values:

Risetime 6 X 1us

The risetime is 6 microseconds.

Time Difference Measurements

The calibrated sweep rate and dual-trace features of the
432 allow measurement of time difference between two
separate events. To measure time difference use the
following procedure:

1. Set the Input Coupling switches to the same position,
depending on the type of coupling desired.

2. Set the Vertical Mode switch to either CHOP or ALT.
In general, CHOP is more suitable for low-frequency signals
and the ALT position is more suitable for high-frequency
signals. More information on determining the mode is given
under Dual-Trace Operation in this section.
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3. Set the TRIGGER SOURCE switch to CH 1.

4. Connect the reference signal to the CH 1 connector
and the comparison signal to the CH 2 connector. The ref-
erence signal should precede the comparison signal in time,
Use coaxial cables or probes which have equal time delay to
connect the signals to the input connectors.

5. If the signals are of opposite polarity, set the
INVERT switch out to invert the Channel 2 display (signals
may be of opposite polarity due to 180° phase difference;
if so, take this into account in the final calculation).

6. Set the VOLTS/DIV switches to produce four or five
division displays.

7. Set the TRIGGER LEVEL control for a stable dis-
play.

8. If possible, set the TIME/DIV switch for a sweep rate
which shows three or more divisions between the two wave-
forms.

9. Adjust the vertical POSITION controls to center each
waveform (or the points on the display between which the
measurement is being made) in relation to the center hori-
zontal line.

10. Adjust the horizontal POSITION control so the
Channel 1 ([reference) waveform crosses the center hori-
zontal line at a vertical graticule line.

11. Measure the horizontal distance between the
Channel 1 waveform and the Channel 2 waveform (see Fig.
2-11).

12. Multiply the measured distance by the setting of the
TIME/DIV switch.

EXAMPLE. Assume that the TIME/DIV switch 1s set to
50 us and the horizontal distance between waveforms is 4.5
divisions (see Fig. 2-11).

Using the formula:

: horizontal
TIME/DIV :
Time Delay i X distance
o d (divisions)

Operating Instructions—432

Channel 1 (reference) Channel 2

50%
Amplitude __
level

\

— Horizontal =l
I difference I

Fig. 2-11. Measuring time difference between two pulses.

Substituting the given values:

Time Delay 50 us X 4.5

The time delay is 225 microseconds.

Multi-Trace Phase Difference Measurements

Phase comparison between two signals of the same fre-
guency can be made using the dual-trace feature of the 432.
This method of phase difference measurement can be used
up to the frequency limit of the vertical system. To make
the comparison, use the following procedure.

1. Set the Input Coupling switches to the same position,
depending on the type of coupling desired.

9 Set the Vertical Mode switch to either CHOP or ALT.
In general, CHOP is more suitable for low-frequency signals
and the ALT position is more suitable for high-frequency
signals. More information on determining the mode is given
under Dual-Trace Operation in this section.

3. Set the TRIGGER COUPLING switch to CH 1.

4 Connect the reference signal to the CH 1 connector
and the comparison signal to the CH 2 connector. The ref-
erence signal should precede the comparison signal in time.
Use coaxial cables or probes which have similar time delay
characteristics to connect the signals to the input con-

nectors.
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5. If the signals are of opposite polarity, set the
INVERT switch out to invert the Channel 2 display. (Sig-

nals may be of opposite polarity due to 180° phase dif-
ference; if so, take this into account in the final calcula-
tion.)

6. Set the VOLTS/DIV switches and the Variable
VOLTS/DIV controls so the displays are equal and about
five divisions in amplitude,

7. Set the TRIGGER controls to obtain a stable display.

8. Set the TIME/DIV switch to a sweep rate which dis-
plays about one cycle of the waveform.

9. Move the waveforms to the center of the graticule
with the vertical POSITION controls.

10. Turn the Variable TIME/DIV control until one cycle
of the reference signal (Channel 1) occupies exactly eight
divisions between the second and tenth vertical lines of the
graticule (see Fig. 2-12). Each division of the graticule rep-
resents 45° of the cycle (360° + 8 divisions = 45° /division).
The sweep rate can be stated in terms of degrees as 45°/
division.

11. Measure the horizontal difference between corres-
ponding points on the waveforms.

12. Multiply the measured distance (in divisions) by
45° /division (sweep rate) to obtain the exact amount of
phase difference.

1 Channel 2
1 H_aggingl

Channel 1
(reference)

EXAMPLE. Assume a horizontal difference of U.IE dlgﬂfri-
cion with a sweep rate of 45°/division as shown in ia. ‘

2-12.

Using the formula:

horizontal
difference
(divisions)

sweep rate

Phase Difference = (degrees/div)

Substituting the given values:

Phase Difference = 06 X 45°

The phase difference is 27" .

High Resolution Phase Measurements

More accurate dual-trace phase measurements can be
made by increasing the sweep rate (without changing _the
Variable TIME/DIV control setting). One of the easiest
ways to increase the sweep rate is with the MAG 5witf:h,
The magnified sweep rate (in terms of degrees/division) is
determined by dividing the sweep rate obtained previously
by the amount of sweep magnification.

EXAMPLE. If the sweep rate were increased 10 times
with the magnifier, the magnified sweep rate would be 45°
division ~ 10 = 4.5%/division. Fig. 2-13 shows the same
signals as used in Fig. 2-12 but with the MAG switch set for
10X magnification. With a horizontal difference of six divi-
sions, the phase difference is:

r — S
Channel 1
(reference) Channel 2
/ /

| 7/
/

bt 4:1r|+:::-:i.'#l—-—-u_|+:=

P Fa
—

L T # 1 1 T F & 1 T ¢ ¢F ¥ :: ThTTF L B A & TT T Fr . ]
I\ J‘“"‘"‘ I L
41 I
A I \ / 1
i S T
Horizontal ::} :
Difference ="
.. |
H ) .
1 8 Divisions i | Horizontal |
H———-l- H
:-lr (360°) "": I difference i
I I

. ¢

Fig. 2-13. High resolution phase-difference measurement with in-
creased sweep rate.

Fig. 2-12. Measuring phase difference.
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Bi) ke K Elﬂf:izﬂntal magnified
Difference 5 I, {?.'I‘IEI'ICE a s
(divisions) (degrees/div)

Substituting the given values:

Phase Difference = 6 X 4.5°.

The phase difference is 27°.

Common-Mode Rejection

The ADD feature of the 432 can be used to display
signals which contain undesirable components. These
undesirable components can be eliminated through
common-mode rejection. The precautions given under
Algebraic Addition should be observed.

1. Connect the signal containing both the desired and
undesired information to the CH 1 connector.

2. Connect a signal similar to the unwanted portion of
the Channel 1 signal to the CH 2 connector. For example,
in Fig. 2-14, a line-frequency signal is connected to Channel
2 to cancel out the line-frequency component of the
Channel 1 signal.

3. Set both Input Coupling switches to DC (AC if DC

' component of input signal is too large).

Operating Instructions—432

4. Set the Vertical Mode switch to ALT. §
. Set the
VOLTS/DIV switches so the signals are about equal in
amplitude,

5. Set the TRIGGER SOURCE switch to COMP,

6. Set the Vertical Mode switch to ADD. Set the

INUEHT switch so the common-mode signals are of
opposite polarity.

?. Adjust the Channel 2 VOLTS/DIV switch and
Variable VOLTS/DIV control for maximum cancellation of
the common-mode signal,

E_. The signal which remains should he only the desired
portion of the Channel 1 signal. The undesired signal is
cancelled out.

EXAMPLE. An example of this mode of operation is
shown in Fig. 2-14. The signal applied to Channel 1 con-
tains unwanted line-frequency components (Fig. 2-14A). A
corresponding line-frequency signal is connected to Channel
2 (Fig. 2-14B). Fig. 2-14C shows the desired portion of the
signal as displayed when common-mode rejection is used.

e
l
. — ; 1
. i ,-"'-H 1
Line "~ i - 1
frequency . - e - tot-totot-t-s-g-d-od-a-
+- -h:'Iu T ‘ --E# A=~ - P aa‘ T -
Diiiiiad s \, .....'r..:n, aoad pioas PR i + - P e __:_“jg—----_—_ B!
signal "th. ::'," - - = -- !
el 3

(A} Channel 1 signal.

(B) Channel 2 signal.

(C) Resultant display.

Fig. 2-14. Using the ALG ADD feature for common-mode rejection. (A) Channel 1 signal contains desired information along with hine-
frequency component. (B} Channel 2 signal contains line-frequency only, (C) resultant CRT display using common-mode rejection.
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SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found at the rear of the manual,

Introduction

This section of the manual contains a description of the
circuitry used in the 432 Oscilloscope. The description
begins with a discussion of the instrument using the basic
block diagram shown in Fig. 3-1. Then, each circuit is
described in detail, using a detailed block diagram to show
the interconnections between the stages in each major
circuit and the relationship of the front-panel controls to
the individual stages.

A complete block diagram is located in the Diagrams
section at the rear of this manual. This block diagram shows
the overall relationship between all of the circuits. Com-
plete schematics of each circuit are also given in the
Diagrams section. Refer to these diagrams throughout the

following circuit description for electrical values and
relationship.

BLOCK DIAGRAM
General

The following discussion is provided to aid in under-
standing the overall concept of the 432 before the indi-
vidual circuits are discussed in detail. A basic block diagram
of the 432 is shown in Fig. 3-1. Only the basic inter-
connections between the individual blocks are shown on
this diagram. Each block represents a major circuit within
this instrument. The number on each block refers to the
complete circuit diagram which is located at the rear of this
manual,

Signals to be displayed on the CRT are applied to the
CH 1 and/or CH 2 input connectors. The input signals are
then amplified by the Channel 1 Input Amp and Preamp
and/or the Channel 2 Input Amp and Preamp circuits. Each
vertical circuit includes separate vertical deflection factor,
position, input coupling, gain, variable attenuation, and
balance controls. A sample of the Channel 1 signal 1s
supplied to the Trigger Pickoff circuit. The Channel 2
Preamp circuit contains an invert feature to invert the
Channel 2 signal as displayed on the CRT. The output of
both Vertical Preamp circuits is connected to the Channel
Switch circuit. This circuit selects the channel(s) to be
displayed. An output signal from this circuit is connected
to the Z Axis Amplifier circuit to blank out the between-
channel switching transients when in the chopped mode of

operation. A sample of the signal present in the Channel
Switch circuit is supplied to the Trigger Pickoff circuit.

The output of the Channel Switch circuit is connected
to the Vertical Output Amplifier through the Delay Line.
The Vertical Qutput Amplifier circuit provides the final
amplification for the signal before it is connected to the
vertical deflection plates of the CRT. This circuit includes
the BEAM FINDER switch which compresses the vertical
and horizontal deflection within the viewing area to aid in
locating an off-screen display,

The Trigger Pickoff and Generator circuit selects a
trigger signal (determined by the TRIGGER SOURCE
switch) and produces an output pulse which initiates the
sweep signal produced by the Sweep Generator circuit. The
internal trigger signal is selected from the Channel 1 circuit
or the Channel Switch circuit. A sample of the line voltage
applied to the instrument or an external signal applied to
the EXT TRIG input connector can also be used to gener-
ate a sweep-starting pulse. The trigger circuit contains level,
slope, coupling, and source controls.

The Sweep Generator circuit produces a linear sawtooth
output signal when initiated by the Trigger Generator
circuit, The slope of the sawtooth produced by the Sweep
Generator circuit is controlled by the TIME/DIV switch.
The operating mode of the Sweep Generator circuit is
controlled by the sweep MODE switch. In the AUTO mode
of operation, the absence of an adequate trigger signal
causes the sweep to free run. In the NORM mode, a hori-
zontal sweep is presented only when correctly triggered by
an adequate trigger signal. The SINGLE SWEEP mode of
operation allows one (and only one) sweep to be initiated
after the circuit is reset with the RESET button. The Sweep
Generator also produces an unblanking gate signal to un-
blank the CRT so the display can be presented. This gate
signal is coincident with the sawtooth produced by the
Sweep Generator circuit. Additionally, the Sweep Genera-
tor circuit produces an alternate trace sync pulse which IS
connected to the Channel Switch circuit. This pulse
switches the display between channels at the end of each
sweep when in the ALT mode of operation.

The output of the Sweep Generator circuit is amplified
by the Horizontal Amplifier circuit to produce horizontal
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deflection for the CRT in all positions of the TIME/DIV

switch except EXT HORIZ. This circuit contains a six-
(‘ position magnifier switch to increase the sweep rate up to a
maximum of 50 times. Other horizontal deflection signals
can be connected to the Horizontal Amplifier by using the
EXT HORIZ mode of operation. When the TIME/DIV
switch is set to EXT HORIZ, the X signal is connected to
the Horizontal Amplifier circuit via the EXT HORIZ input
connector on the instrument rear panel.

The CRT circuit determines the CRT intensity by
summing the signal inputs from the INTENSITY control,
Channel Switch circuit (chopped blanking), Sweep Genera-
tor (unblanking), and the Z AXIS input connector. The
CRT circuit also contains the controls necessary for opera-
tion of the cathode-ray tube.

The Power Supply circuit provides all the voltages
necessary for operation of this instrument. The Calibrator
circuit provides a square-wave output with accurate
amplitude and frequency which can be used to check the
calibration of the instrument and the compensation of
probes.

CIRCUIT OPERATION
(‘ General

This section provides a detailed description of the elec-
trical operation and relationship of the circuits in the 432.
The theory of operation for circuits unique to this instru-
ment is described in detail in this discussion. Circuits which
are commonly used in the electronics industry are not
described in detail. If more information is desired on these
commonly used circuits, refer to the following textbooks:

Tektronix Circuit Concepts Books (order from vyour
local Tektronix Field Office or representative).

Cathode-Ray Tubes, Tektronix Part No. 062-0852-
01.

Horizontal Amplifier Circuits, Tektronix Part No.
062-1144-00.

Oscilloscope Trigger Circuits, Tektronix Part No.
062-1056-00.

Power Supply Circuits, Tektronix Part No. 062-
0888-01.

Sweep Generator Circuits, Tektronix Part MNo.
062-1098-01.

Vertical Amplifier Circuits Tektronix Part MNo.
062-1145-00.

Circuit Description—432

Phillip Cutler, “Semiconductor Circuit Analysis”,
McGraw-Hill, New York, 1964,

Lloyd P. Hunter (Ed.), “Handbook of Semiconductor

Electronics”, second edition, McGraw-Hill, New York,
1962.

Jacob Millman and Herbert Taub, “Pulse, Digital, and
Switching Waveforms”, McGraw-Hill, New York, 1965.

The following circuit analysis is written around the
detailed block diagrams which are given for each major
circuit. These detailed block diagrams give the names of the
individual stages within the major circuits and show how
they are connected together to form the major circuit. The
block diagrams also show the inputs and outputs for each
circuit and the relationship of the front-panel controls to
the individual stages. The circuit diagrams from which the
detailed block diagrams are derived are shown in the
Diagrams section.

CHANNEL 1 INPUT AMP AND PREAMP

General

Input signals for vertical deflection on the CRT can be
connected to the CH 1 connector. The Channel 1 Input
Amp and Preamp circuits provide control of input coupling,
vertical deflection factor, balance, vertical position, and
vertical gain. A sample of the Channel 1 input signal is also
provided to the Trigger Pickoff and Generator circuit to
provide internal triggering from the Channel 1 signal only.
Fig. 3-2 shows a detailed block diagram of the Channel 1
Input Amp and Preamp circuits. A schematic of these cir-
cuits is shown on diagram 1 at the rear of the manual.

Input Coupling

Input signals applied to the CH 1 connector can be AC-
coupled, DC-coupled, or internally disconnected. When
Input Coupling switch S8A is in the DC position, the input
signal is coupled directly to the Input Attenuator circuit, In
the AC position, the input signal passes through capacitor
C8. This capacitor prevents the DC component of the signal
from passing to the amplifier. When the GND pushbutton is
pressed in, switch S8B opens the signal path and the input
to the amplifier is connected to ground. This provides a
ground reference without the need to disconnect the
applied signal from the CH 1 input connector. Resistor R8
allows C8 to be precharged so the trace remains on screen
when switched to AC coupling with a high DC level applied.
Variable capacitor C9 adjusts the basic input time constant
for a nominal value of one megohm X 24 picofarads.

Input Attenuator

The effective overall Channel 1 deflection factor of the
432 is determined by the CH 1 VOLTS/DIV switch. In all
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positions of the CH 1 VOLTS/DIV switch above 5 mV, the
basic deflection factor of the Vertical Deflection System is
10 millivolts per division of CRT deflection. To increase
this basic deflection factor to the values indicated by the
VOLTS/DIV switch, precision attenuators are switched into
the circuit. In the 1, 2, 5, and 10 mV positions, input
attenuation is not used. Instead, the gain of the Preamp
Circuit is changed to decrease the deflection factor (see
Preamp Circuit discussion).

For the CH 1 VOLTS/DIV switch positions above 10
mV ., the attenuators are switched into the circuit singly or
in pairs to produce the vertical deflection factor indicated
by the VOLTS/DIV switch. These attenuators are
frequency-compensated voltage dividers. In addition to
providing constant attenuation at all frequencies within the
handwidth of the instrument, the Input Attenuators are
designed to maintain the same input RC characteristics (one
megohm X 24 picofarads) for each setting of the CH 1
VOLTS/DIV switch. Each attenuator contains an adjustable
series capacitor to provide correct attenuation at high-
frequencies and an adjustable shunt capacitor to provide
correct input capacitance.

NOTE

Each attenuator is a hybrid encapsulated assembly,
therefore, replacement of individual components is
not possible. Should defects occur, the attenuator
must be replaced as a unit.

Scale-Factor Switching Circuit

The vertical deflection factor of Channel 1 is indicated
by back-lighting the appropriate figures imprinted on the
flange of the CH 1 VOLTS/DIV knob. When a X1 probe is
connected to the CH 1 input connector, the base of Q200 is
connected to +15 volts through R200. Q200 is biased into
saturation and conducts current through indicator DS20.
DS20 indicates the correct deflection factors for X1 probes.
When Q200 conducts, the voltage level at its collector is
very close to zero volts; therefore, there is insufficient bias
at the base of Q202 to cause it to conduct, and X10
indicator DS22 remains dark.

When a X10 probe with a scale factor switching
connector is attached to the CH 1 input connector, the base
of Q200 is grounded. Q200 does not conduct, and its
collector rises to approximately +15 volts. X1 indicator
DS20 is dark and Q202 is forward biased into conduction.
Q202 conducts current through X10 indicator D522, which
now indicates the correct vertical deflection factor, in-
cluding the X 10 attenuation ratio of the attached probe.

Input Stage

The Channel 1 signal from the Input Attenuator is
connected to the Input Stage through C121, R121, and

Circuit Description—432

R122. B120 provides the input resistance for this stage.
R121 limits the current drive to the gate of Q124A. Dual-
diode CR122 protects the circuit by clamping the gate of
0Q124A at about —15.5 or +15.5 volts if a high-amplitude
signal is applied to the CH 1 connector. FET Q1248 is a
relatively constant current source for Q124A, and also
provides temperature compensation of Q124A. R125

isolates the input of the Preamp 5Stage from the source of
Q124A.

Preamp Stage

The Preamp Stage U210 is a multiple-stage integrated
circuit amplifier. Adjusting the gain of this stage sets the
overall gain for Channel 1. Basic gain of the amplifier is set
by adjusting R244. VAR control R245 permits contin-
uously variable uncalibrated deflection factors between the
calibrated settings of the VOLTS/DIV switch. R212 adjusts

for no base line shift of the CRT display when rotating the
VAR control.

In the 1, 2, 5, and 10 mV positions of the VOLTS/DIV
switch no attenuation is used in the Input Attenuator stage.
The correct vertical deflection factors are obtained by
changing the gain of the Channel 1 Preamp Stage. This is
accomplished by changing the value of the gain-setting resis-
tance connected between pins 7 and 8 of U210, The STEP
ATTEN BAL screwdriver adjustment R22 located on the
instrument front panel adjusts for no baseline shift of a
CRT display when switching between the 1, 2, 5, and 10
mV positions of the CH 1 VOLTS/DIV switch.

Variable capacitors C217, C220, C223, C225, and C226
are compensation adjustments to provide optimum high-
frequency response through the channel amplifier. A
sample of the signal being amplified in Channel 1 is taken
from pin 19 of U210 and connected to the Trigger Pickoff
and Generator circuit to allow Channel 1 only triggering
operation. Q255 and Q265 in the Output Amplifier stage
are connected as common-base amplifiers to provide low
input impedance load for the Preamp Stage. They also
provide isolation between the Preamp Stage and the
Channel Switch circuitry.

CHANNEL 2 INPUT AMP AND PREAMP

General

The Channel 2 Input Amp and Preamp circuits are
basically the same as the Channel 1 Input Amp and Preamp
circuits. Only the differences between the two circuits are
described here. Portions of this circuit not described in the
following description operate in the same manner as for the
Channel 1 Input Amp and Preamp. Fig. 3-3 shows a
detailed block diagram of the Channel 2 Input Amp and
Preamp. A schematic of these circuits is shown on diagram
2 at the rear of this manual.
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Preamp Stage

Basically the Channel 2 Preamp Stage operates as
described for Channel 1. However, the Channel 2 Preamp
stage does not make available a sample of the Channel ?

signal for triggering use. Also, INVERT switch S414 has
been added in the Channel 2 circuit, This switch allows the

displayed signal from Channel 2 to be inverted.

CHANNEL SWITCH

General

The Channel Switch circuit determines whether the CH
1 and/or CH 2 Vertical Preamp output signal is connected
to the Vertical Output Amplifier circuit. In the ALT and
CHOP modes of operation, both channels are alternately
displayed on a shared-time basis. Fig. 3-4 shows a detailed
block diagram of the Channel Switch circuit. A schematic
of this circuit is shown on diagram 3 at the rear of this
manual.

Diode Gate

The Diode Gates, consisting of four diodes each, can be
thought of as switches which allow either of the Vertical
Preamp output signals to be coupled to the Delay-Line
Driver stage. CR404, CR405, CR406, and CR408 control
the Channel 1 signal output, and CR410, CR411, CR412,

and CR414 control the Channel 2 signal output. These

diodes are in turn controlled by the Switching Multivibrator .

for dual-trace displays, or by the Vertical Mode switch for
single-trace displays.

CH 1. In the CH 1 mode of operation, —15 volts is
applied to the junction of CR411-CR412 in the Channel 2
Diode Gate through Vertical Mode switch S45A, R427, and
CR433 (see simplified diagram in Fig. 3-5). This forward
biases CR411-CR412 and reverse biases CR410-CR414,
since the input to the Delay-Line Driver Stage is at about
+6 volts. CR410-CR414 block the Channel 2 signal so it
cannot pass to the Delay-Line Driver stage. At the same
time in the Channel 1 Diode Gate, CR405-CR406 are
connected to +15 volts through R420. CR405-CR406 are
held reverse biased, while CR404-CR408 are forward
biased. Therefore, the Channel 1 signal can pass to the
Delay-Line Driver stage.

CH 2. In the CH 2 mode of operation, the above con-
ditions are reversed. CR405-CR406 are connected to —15
volts through S45E, R429, and CR431, and CR411-CR412
are connected to +15 volts through R425 (see simplified
diagram in Fig. 3-6). The Channel 1 Diode Gate blocks the
signal, and the Channel 2 Diode Gate allows it to pass.

Composite
trigger signal
™ to Trigger

Channel 1 circuit

signal from _*.—..' CR404-CR408

Channel 1

Preamp B S \

circuit CH1 > Dot S - E—

elay-
Diode Line Driver Delay Line
Gate Q454, ﬂ"b (=140 ns)
—— ] -

Channel 2 CH 2

signal from o -

Channel 2

Preamp - » CR410-CR414

circuit

Alt-
Alternate arnate ) ) Chl}ppﬂd
o Trace Switching g:ﬂ:ﬁ:ﬂ blanking
- . l
sync pulse —#= Sywitching hc';l;!;gmgztzcg 1—1 Amp“hgr to CFI_T
from Sweep Amplifier . Q440 Circuit
Generator Q435
circuit ,
Y
~ 545
e
Mode

Fig. 3-4. Channel Switch detailed block diagram.

()
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. Channel 1 Diode Gate
Signal in Vertical
from Channel 1 signal t_n-
Preamp D?IHf-Lmi
Driver Stage
Signal in
from Channel 2
Preamp
CR414
Lr
|
Ch | i
+15 V +15 V 15 V et & Einiie LS
+15 V
Kl—e >
R427 R429
Q425 Q420
e O l O
—15V OND _GT\D*_Q ’—--—Q%i
I
| | | I l
| | | |
| | | I |
S45A S45B S45C S45D S45E
CH 1 ‘ ALT ADD CHOP CH 2
CURRENT PATH e
*
REVERSE-BIASED DIODES ™

Fig. 3-5. Effect of Diode Gates on signal path (simplified path). Conditions shown for CH 1 mode of operation.

Switching Multivibrator
ALT. In this mode of operation, the Switching Multi-
vibrator operates as a bistable multivibrator. —15 volts is
connected to the emitter of Q435 (Alternate Trace Switch-
¥ ing Amplifier stage) through R437. Q435 is forward biased
and supplies current to the “on” transistor in the Switching
Multivibrator stage through R435 and CR428 or CR426.

For example, if Q420 is conducting, current is supplied to
Q420 through CR426. The current flow through collector
resistor R420 drops the CR405-CR406 cathode level nega-
tive with respect to the cathodes of CR404 & CR408, so
the Channel 1 Diode Gate is blocked, as for Channel 2 only
operation. The signal passes through the Channel 2 Diode
Gate to the Delay-Line Driver.

3-7



DCorp 2009

Circuit Description—432
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Fig. 3-6. Effect of Diode Gates on signal path (simplified path). Conditions shown for CH 2 mode of operation.

The alternate-trace sync pulse is applied to Q435
through C430 at the end of each sweep. This differentiated
negative-going sync pulse momentarily interrupts the
current through Q435, and both Q420 and Q425 are turned
off. When Q435 turns on again after the alternate-trace
sync pulse, the charge on C425 determines whether Q420
or Q425 conducts. For example, when Q420 is conducting,
C425 is charged more positively on the CR426 side to the

38

emitter level of Q420, and more negatively (toward the
collector level of Q435 through R428, CR432 and R432)
on the CR428 side. This charge is stored while Q435 is off,
and holds the emitter of Q425 more negative than the
emitter of Q420. When both Q420 and Q425 are off the
voltage at their bases becomes approximately equal. When
Q435 comes back on, the transistor with the most negative
emitter will start conducting first, with the resulting nega-

@
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tive movement at its collector holding the other transistor
off. The conditions described previously are reversed; now
the Channel 2 Diode Gate is reverse biased, and the Channel
1 signal passes through the Channel 1 Diode Gate,

CHOP. In the CHOP mode of operation, the Switching
Multivibrator stage free runs as an astable multivibrator at
about a 100 kHz rate. The emitters of Q420 and Q425 are
connected to —15 volts through R428, R426, the primary
of T435, and R438. At the time of turn-on, one of the
transistors begins to conduct; for example, Q420. The nega-
tive level at the collector of Q420 forward biases
CR405-CR406 and back biases CR404 and CR408, prevent-
ing the Channel 1 signal from reaching the Delay-Line
Driver stage. Meanwhile, the Channel 2 Diode Gate passes
the Channel 2 signal to the Delay-Line Driver stage.

The frequency-determining components in the CHOP
mode are C425-R419-R426-R428. Switching action occurs
as follows: when Q420 is on, C425 attempts to charge to
—15 volts through R428. The emitter of Q425 slowly goes
toward —15 volts as C425b charges. The base of Q425 is held
at a negative point determined by the voltage divider
R423-R421 between —15 volts and the collector voltage of
Q420. When the emitter voltage of Q425 reaches a level
slightly more negative than its base, Q425 conducts. Its
collector level goes negative and pulls the base of Q420
negative through divider R422-R424 to cut Q420 off. This
switches the Diode Gate stage to connect the opposite half
to the Delay-Line Driver stage. Again C425 begins to charge
toward —15 volts, but this time through R426. The emitter
of Q420 slowly goes negative as C425 charges, until Q420
turns on. Q425 is shut off and the cycle begins again.
Diodes CR426 and CR428 are prevented from conducting
by CR432 and R432, so they are effectively removed from
the circuit in the CHOP mode,

The Chopped Blanking Amplifier stage, Q440, provides
an output pulse to the Z Axis Amplifier circuit which
blanks out the transitions between the Channel 1 and the
Channel 2 traces. When the Switching Multivibrator stage
changes states, the voltage across T435 momentarily

Circuit Description—432

Increases. A negative pulse is applied to the base of Q440 to
turn it off. The width of the pulse at the base of Q440 is
determined by R436 and C436. Q440 is quickly driven into
cutoff and the positive-going output pulse, which is coinci-
dent with trace switching, is connected to the Z Axis
Amplifier circuit through CR440 and R445,

ADD. In the ADD mode of operation, the Diode Gate
stage allows both signals to pass to the Delay-Line Driver
stage. The Diode Gates are both held on by —15 volts
applied to their cathodes through R450 and R452. Since
both signals are applied to the Delay-Line Driver stage, the
output signal is the algebraic sum of the signals on both
Channels 1 and 2.

Delay-Line Driver

Output of the Diode Gate stage is applied to the Delay-
Line Driver stage Q454 and Q470. Q454 and Q470 are
connected as feedback amplifiers with C456-R456-R457
and C472-R472-R474 providing feedback from the collec-
tor to the base of the respective transistor. A sample of the
signal in the collector circuit of Q470 is used for triggering
in the COMP mode of trigger operation. Switch S$479
connects capacitor C479 between the output signal lines to
reduce the upper —3 dB bandwidth limit of the Vertical
Amplifier system to approximately 5 megahertz.
C460-R460 and C461-R461 provide high frequency
compensation of the Delay Line termination. The output of
the Delay-Line Driver stage is connected to the Vertical
Output Amplifier through the Delay Line.

VERTICAL OUTPUT AMPLIFIER

General

The Vertical Output Amplifier circuit provides the final
amplification for the vertical deflection signal. This circuit
includes the Delay Line and the BEAM FINDER push-
button. The BEAM FINDER pushbutton compresses an
overscanned display to within the viewing area when
pressed. Fig. 3-7 shows a detailed block diagram of the

D

Vertical
Signal Input
from Amplifier
Delay Q505, Q520,
Line Q545, Q550

—_—
/55{}

| Beam Finder

—
o]
Vertical
Output Deflection
Amplifier Signal to
Q525, 0530, CRT Vertical
565, Q580 Deflection
Plates
i
-

Fig. 3-7. Vertical Output Amplifier detailed block diagram.
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Vertical Qutput Amplifier circuit, A schematic of this
circuit is shown on diagram 4 at the rear of this manual.

Delay Line

Delay Line DL500 provides approximately 140 nano-
seconds delay for the vertical signal to allow the Sweep
Generator circuits time to initiate a sweep before the
vertical signal reaches the vertical deflection plates of the
CRT. This allows the instrument to display the leading edge

of the signal originating the trigger pulse when using
internal triggering.

Input Amplifier

Q505 and Q545 are connected as common-base ampli-
fiers to provide a low input impedance to properly ter-
minate the Delay Line. It also provides isolation between
the Delay Line and the following stages. Q520 and Q550
limit the maximum dynamic swing of the amplifier by
turning on and conducting when excessive amounts of
signal are present at the amplifier input. When closed, the
BEAM FINDER switch S50 forward biases CR521 and
CR551, thereby setting a more positive level at the bases of
Q520 and Q550. This more positive level makes Q520 and
Q550 conduct on smaller-than-normal overdrive signals,
causing the overall dynamic swing of the Vertical Output
Amplifier to be limited within the CRT graticule area.
Q515 and Q555 are emitter followers to provide low
output impedance.

Output Amplifier

Q525 and Q565 comprise an emitter-coupled push-pull
amplifier that drives the output power amplifiers Q530 and
Q580. R568, R571, R572 and R574 set the gain of the
stage by controlling the signal degeneration between the
emitters of Q525 and Q565. R572 is a thermistor which
reduces in resistance with increases in ambient temperature,
This increases the gain of the stage, to counteract the reduc-
tion in overall amplifier gain that ocecurs when the ambient
temperature increases. Variable capacitor C572 and the
series RC network C570 and R570 provide high-frequency
compensation to optimize amplifier frequency response.
L533 and L584 are high-frequency peaking adjustments to
provide additional amplifier compensation.

TRIGGER PICKOFF AND GENERATOR

General

The Trigger Pickoff circuit selects and amplifies the
internal trigger signal to the level necessary to drive the
Trigger Generator circuit. Input signal for the Trigger Pick-
off circuit is either a sample of the signal applied to
Channel 1, or a sample of the composite vertical signal from
the Channel Switch circuit.

3-10

The Trigger Generator circuit produces trigger pulses to
start the Sweep Generator circuit. These trigger pulses are
derived either from the internal trigger signal from the
vertical deflection system, an external signal connected to
the EXT TRIG input connector, or a sample of the line
voltage applied to the instrument. Controls are provided in
this circuit to select trigger level, slope, coupling, and
source. Fig. 3-8 shows a detailed block diagram of the
Trigger Pickoff & Generator circuit. A schematic of this
circuit is shown on diagram 5 at the back of this manual.

Trigger Pickoff

Diode Gate. The Diode Gates, consisting of two diodes
each, can be thought of as switches which allow either of
the two internal trigger signals to be coupled to the Trigger
Pickoff Amplifier. CR280 and CR285 control the Channel
1 signal, and CR270 and CR275 control the composite
signal. These diodes are in turn controlled by the
TRIGGER SOURCE switches.

For CH 1 trigger operation, +15 volts is applied to the
anode of CR270 through COMP Source switch S72B.
CR270 is forward biased and pulls the collector circuit
of Q280 positive, which back biases and turns off
CR275. CR285 remains forward biased, and couples the CH
1 trigger signal to the base of Q275. In the COMP mode of
trigger operation, +15 volts is applied to the anode of
CR280 through COMP Source switch S72B and R282.
CR280 is now forward biased, pulling the cathode of
CR280 positive, which back biases and turns off CR285.
CR275 remains forward biased and couples the amplified
COMP trigger signal present in the collector circuit of Q280
to the base of Q275. R274 and R284 set the DC level at the
collector of Q275 to zero volts for no-signal, zero-volt input
level conditions.

Q275 and Q278 comprise an emitter-coupled compara-
tor amplifier, Q275 by itself is a feedback amplifier, with
R285 providing feedback from the collector to the base of
0Q275. The DC level at the base of Q278 determines the DC
level at the base of Q275.

Trigger Source

The TRIGGER SOURCE switches S72A and S72B select
the source of the trigger signal. Four trigger sources are
available: CH 1, COMP, external, and line. EXT ATTEN
switch 570 provides 10 times attenuation for the external
trigger signal. The internal trigger signals (CH 1 and COMP)
are obtained from the Trigger Pickoff circuit discussed
above.

The line trigger signal is obtained from the secondary of
transformer T1115 in the Power Supply Primary circuit.
This sample of the line frequency, about .7 volt RMS, is

®
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Fig. 3-8. Trigger Pickoff and Generator detailed block diagram.

coupled to the Trigger Generator circuit in the LINE mode
of ﬂpErgtmn. The TRIGGER COUPLING switches should
not be in the LF REJ mode of operation when using this

trigger source, as the signal will be blocked by the LF reject
circuit.

External trigger signals applied to the EXT TRIG input
connector can be used to trigger the Sweep Generator in
the EXT TRIG mode of operation. Input resistance at DC is
about one megohm paralleled by about 100 picofarads
(about 70 picofarads when EXT ATTEN switch S70 is in
the 1:10 position). Setting the EXT ATTEN switch to the
1:10 position attenuates the input signal by a factor of 10
to provide more LEVEL control range, while maintaining
the one megohm input resistance characteristic.

Trigger Coupling

The TRIGGER COUPLING switches 574, S75A, and
S75B offer a means of accepting or rejecting certain com-
ponents of the trigger signal. In the AC and LF REJ mode
pi trigger coupling, the DC component of the trigger signal
Is blocked by coupling capacitor C72 or C74. Frequency
components below about 60 hertz are attenuated when

using AC coupling and below about 50 kilohertz when
using LF REJ coupling. The higher-frequency components
of the trigger signal are passed without attenuation.

In the HF REJ mode of trigger coupling, the trigger
signal is DC coupled to the input if the AC and LF REJ
pushbuttons are not also depressed. High-frequency com-
ponents of the trigger signal (above about 50 kilohertz) are
attenuated, while the lower-frequency components are
passed without attenuation. The DC mode of trigger
coupling passes all signals from DC to 25 megahertz.

Input Source Follower

The Input Source Follower, Q605A, provides a high
input impedance for the trigger signal. It also provides isola-
tion between the Trigger Generator circuit and the trigger
signal source. Diode CRB03 protects Q605A if an excessive
negative input voltage is applied to the EXT TRIG input
connector. The output at the anode of VRG0S5 is connected
to emitter follower stage Q610. Q605B is a relatively
constant current source for Q605A, and provides tempera-
ture compensation of Q605A.
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Slope Comparator

UG50D and UBS50E are connected as an emitter-coupled
difference amplifier (comparator) to provide selection of
the slope and level at which the sweep is triggered. The
reference voltage for the comparator is provided by the
LEVEL control RGOB and the Trigger Level Centering
adjustment R629. The Trigger Level Centering adjustment
sets the level at the base of UG50E so the display is cor-
rectly triggered when the LEVEL control is centered. The
LEVEL control varies the base level of UB50E to select the
point on the trigger signal where triggering occurs. Diodes
CRGE15 and CR616 prevent overdrive occurring in the Slope
Comparator. QG618 is a relatively constant current source
for U650D and UG50E.

The slope of the input signal which triggers the Sweep
Generator is determined by the SLOPE switch S60. When
the SLOPE switch is set to +, 45 volts is connected to the
base of Q635 through R635 and to the anode of CRG634.
See Fig. 3-9. This forward biases CR634, which turns on
and pulls the cathode of CR634 positive also. At the same
time the base-emitter junction of Q635 is zero biased,
which turns off Q635. With Q635 turned off, its collector
falls to a level of about +2 volts set by the voltage divider
RG37-R638. This back biases CR635, and the trigger signal

in the collector circuit of UG50D is allowed to pass 10 th_E
Trigger TD CR644. The trigger signal in the collector circuit
of UBS0E is conducted by CR634 and blocked from
reaching the Trigger TD by back-biased diode CR632. The
trigger signal in the collector circuit of UGS0D is amplified
and inverted with respect to the input trigger signal. Since
the output pulse from the Trigger Generator is derived from
the negative-going portion of the signal applied to the
Trigger TD, the sweep is triggered on the positive-going
slope of the input trigger signal.

When the SLOPE switch is set to —, conditions are
reversed. The base of Q635 is returned to ground through
RG34 and R6B35. See Fig. 3-10. This back biases CR634 and
forward biases the base-emitter junction of Q635 suf-
ficiently to drive Q635 into saturation. The collector of
Q635 rises to within about 0.2 volt of the emitter, which
forward biases CR635. Now CRG630 is back-biased and
CR632 is forward biased, allowing the trigger signal present
in the collector circuit of UB50E to be applied to the
Trigger TD. The trigger signal in the collector circuit of
UGS0E is in phase with respect to the input trigger signal,
so the sweep is triggered on the negative-going slope of the
iNnput trigger signal,

[sore] *3V I .
+5 V SEEL
oy +
0635
ATAAY ko
RG637 RG34 +5 V
SZ CR634
CRG44
Re38 %%/ CR635 N7,
CRG30 CRG632
L1 4
CR&40
< p—t
g R&40
RG10 uUes50D UG50E
b
RG612
T Current Path
Reverse-Biased Diode L-h":'l‘]
b

Fig. 3-9. Trngger signal path for positive-slope triggering (simplified Trigger Generator diagram)
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Fig. 3-10. Trigger signal path for negative-slope triggering (simplified Trigger Generator diagram).
Trigger TD tor circuit. A schematic of this circuit is shown on diagram

The Trigger TD stage shapes the output of the Slope
Comparator to provide a trigger pulse with a fast leading
edge. Tunnel diode CRG44 is quiescently biased so it is on
and in its low-voltage stage. The current from one of the
transistors in the Slope Comparator stage is diverted
through the Trigger TD stage. As the current increases due
to a change in the trigger signal, tunnel diode CRG44
switches to its high-voltage state. The tunnel diode remains
in this condition until the current from the Slope Compara-
tor stage decreases due to a change in the trigger signal
applied to the input. Then the current through CRE644
decreases and it reverts to its low-voltage state,

SWEEP GENERATOR

General

The Sweep Generator circuit produces a sawtooth
voltage which 1s amplified by the Horizontal Amplifier
circuit to provide horizontal sweep deflection on the CRT.
This output signal is generated on command (trigger pulse)
from the Trigger Generator circuit. The Sweep Generator
also produces an unblanking gate to unblank the CRT
during sweep time and an alternate trace sync gate to
switch vertical channels during sweep retrace time. Fig.
3-11 shows a detailed block diagram of the Sweep Genera-

6 at the back of this manual.

The Sweep MODE switch allows three modes of opera-
tion. In the NORM mode, a sweep is produced only when a
trigger pulse is received from the Trigger Generator circuit.
Operation in the AUTO mode is much the same as NORM,
except that a free-running trace is displayed in the absence
of an adequate trigger signal. In the SINGLE SWEEF mode,
operation is also similar to NORM except that the sweep is
not recurrent. The following circuit description is given
with the sweep MODE switch set to NORM. Differences in
operation for the other two modes are discussed later.

Normal Sweep Mode Operation

Sweep Gate. The negative-going trigger pulse generated
in the Trigger Generator circuit is applied to the Sweep
Gate stage through inverting amplifier Q645 and
C663-R663. CR678 is quiescently biased on in its low-
voltage state. When the positive-going trigger pulse is
applied to the anode of CR678, the current through the
tunnel diode increases and it rapidly switches to its high-
voltage state, where it remains until reset by the Sweep
Reset Multivibrator stage at the end of the sweep. The
positive-going level at the anode of CR678 is connected to
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the base of UGB0A through R680. UGB0A js turned on and
Its collector goes negative. This negative-going step is
connected to the base of UBBOB through CG686-R686.
UEGBOB is turned off and its collector goes positive. This
positive-going step is connected to the base of the Sweep
Gate Amplifier.

Sweep Gate Amplifier. The Sweep Gate Amplifier
UBBOC is an emitter follower quiescently conducting
current through R742, R796, R794, R692, and RG690.
When sweep triggering occurs, the positive-going excursion
at the base of UGBOC is present in the emitter circuit and is
applied to pin 1 of the Sawtooth Sweep Generator U700
and the base of UG8B0D,

Gate Output Comparator. The positive-going signal at
the base of UGB0D turns UGB0D on, and turns UGB0E off.
The negative-going excursion at the collector of UG80D is
applied to the emitter of Holdoff Driver U760C, and is also
coupled to the Z-Axis circuit through R790, CR794, and
CR795 to unblank the CRT during sweep time. At the same
time that the collector of UB80D is going negative, the
collector of UGBOE is going positive. This positive-going
voltage is applied to the base of the Alternate Trace Sync
Pulse Emitter Follower U760E,

Holdoff Driver. The negative-going signal at the collec-
tor of U680D when the sweep begins is connected to the
Holdoff Capacitor through U760C. This negative-going
signal discharges the Holdoff Capacitor completely at the
start of each sweep to provide accurate sweep holdoff time,
CR785 clamps the collector of U760C so it does not go
more negative than about —0.5 volt,

Sawtooth Sweep Generator. The basic sweep generator
is a Miller Integrator circuit. When pin 1 of U700 is
positive, the timing capacitor, Ct, begins to charge through
the timing resistor, Ry. The timing resistor and capacitor
are selected by the TIME/DIV switch S700 to provide the
various sweep rates listed on the front panel. Diagram 8
shows a complete diagram of the TIME/DIV switch. The
Sweep Cal adjustment R727 allows calibration of this
circuit for accurate sweep timing. The Variable TIME/DIV
control R799 provides continuously variable uncalibrated
sweep rates by varying the charge rate of the timing capaci-
tor. R703 is an Offset adjustment to adjust the quiescent
DC level at pin 9 of U700 to zero volts. This reduces timing
current errors between positions of the TIME/DIV switch.

The output sawtooth voltage signal at pin 8 of U700 is
applied to the Horizontal Amplifier input. Voltage divider
R705-R706 determines the amplitude of the sawtooth
ramp. When the ramp reaches this predetermined level, a
reset pulse i1s generated at pin 4 of U700, This reset pulse is
applied to the base of U760A in the Sweep Reset Multi-

Circuit Description—432

vibrator and to the base of UBBOE in the Gate Qutput
Comparator.

Sweep Reset Multivibrator. Quiescently, U760A is
turned off and U760B is turned on. The sweep reset pulse
(a narrow, positive-going, rectangular pulse) is applied to
the base of U760A through R700 and CR710. U760A is
turned on and its collector goes negative. This negative
movement is coupled to the base of U760B and turns it off,
causing its collector to go positive. The positive movement
at the collector of U760B is coupled to the base of UB50C
which, prior to this, had been turned off. The increase in
forward bias of the base-emitter junction of UB50C drives it
Into saturation. The collector of UG50C moves negative
until it is only a few tenths of a volt more positive than the
grounded emitter. The negative movement of the collector
of UB50C is coupled to the anode of Sweep Gating Tunnel
Diode CR678 through R678, causing CR678 to switch
from its high-voltage state to a low-voltage state where it is
conducting almost no current, As long as UB50C is turned

on, CRB78 is prevented from switching to its high voltage
state.

Holdoff Emitter Follower. When the sweep reset pulse
causes U760A and U760B to reverse states, the pulse also
causes UGBOE and U680D in the Gate Qutput Comparator
to switch states. The reset pulse turns on UBB0OE which
causes U6B0D to turn off. The positive movement at the
collector of UBB0D when it turns off causes U760C to turn
off and the Holdoff Capacitor, Cyg, starts to charge
positive through R778 and RGB0A. This positive movement
i5 coupled through Holdoff Emitter Follower U760D and
emitter resistor R774 to the anode of diode CR765. When
sufficient forward bias is achieved, CR765 will turn on and
couple the positive-going movement to the base of U760B
in the Sweep Reset Multivibrator, causing U760B to turn
on and U760A to turn off. The negative movement at the
collector of U760B turns U650C off and CR678 conducts
current in its low-voltage state, ready to receive the next
trigger pulse.

RB0A varies the charge rate of the Holdoff Capacitor to
provide a stable display at fast sweep rates. This change in
holdoff allows sweep synchronization for less display jitter
at the faster sweep rates, and has very little effect at slow
sweep rates. R60A is ganged with the TRIGGER LEVEL
control and is adjusted by rotating the LEVEL knob. The
Holdoff Capacitor is changed by the TIME/DIV switch for
the various sweep rates to provide the correct holdoff time.

Auto Sweep Mode Operation

Operation of the Sweep Generator circuit in the AUTO
mode is the same as for the NORM mode just described
when an adequate trigger pulse is present. However, when
an adequate trigger pulse is not present, a free-running
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reference trace is produced in the AUTO mode. This occurs
as follows:

Auto Multivibrator. UG50A and UB50B form a mono-
stable multivibrator. Quiescently with no trigger pulses
being generated by the Trigger Generator circuit, UG50B is
conducting and UB50A is biased off by only about 150
millivolts, With UG650A not conducting, its collector moves
positive, which forward biases CR660 allowing Q660 to
conduct. Q660 conducts its current through RG646,
C663-R663, and Sweep Gating Tunnel Diode CR678. The
added current through tunnel diode CR678 automatically
switches it to its high-voltage state at the end of the sweep
holdoff period. The result is that the Sweep Generator
circuit is automatically retriggered at the end of each hold-
off period, and a free-running sweep is produced. Since the
sweep free-runs at the sweep rate of the Sweep Generator, a
bright reference trace is produced even at fast sweep rates.

When trigger pulses are being produced by the Trigger
Generator circuit, positive-going pulses are coupled to the
base of UG50A by transformer T645. These positive pulses
turn on UB50A, which causes UG50B to turn off. The
collector of UG50A goes negative and the collector of
UB50B goes positive, which combines to turn off CRE660
and Q660. When UB50A turned on and its collector went
negative, capacitor C650 discharged very rapidly. If the
multivibrator does not receive another trigger pulse, C650
will recharge to approximately +15 volts in about 115 milli-
seconds. The auto gate level at the collector of transistor
Q660 will be negative when the Trigger Generator circuit is
producing trigger pulses, and positive when the Trigger
Generator circuit is not producing trigger pulses. In both
the NORM and SINGLE SWEEP modes of operation, —15
volts is applied to the anode of CRG60 through RG60 to
back bias CRG660 and prevent Q660 from conducting.

Single Sweep Mode Operation

General. Operation of the Sweep Generator in the
SINGLE SWEEP mode of operation is similar to operation
in the other modes. However, after one sweep has been
produced, the Sweep Reset Multivibrator stage does not
reset. All succeeding trigger pulses are locked out until the
RESET button is pushed,

In the SINGLE SWEEP mode of operation, —15 volts is
applied to the top of READY light DS65 and to the emitter
of CR770. CR770 is forward biased and holds CR765 back
biased to prevent the Sweep Reset Multivibrator from
resetting at the end of the sweep holdoff time.

Single-Sweep Reset. The Single Sweep Reset circuit
produces a pulse to reset the Sweep Reset Multivibrator
stage so another sweep can be produced in the SINGLE
SWEEP mode of operation. After a sweep has been pro-
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duced in the SINGLE SWEEP mode, U760A is on and

U760B is off. Pressing the RESET pushbutton applies +15 ‘

volts to the voltage divider made up of R784, R783, and
R782. C782 capactively couples a positive-going spike to
the anode of CR765. CR765 becomes forward biased and
turns on, coupling the positive-going spike to the base of
U760B. U760B now turns on and U760A turns off. When
W760B turns on, its collector goes negative, which turns
Q665 off and also turns UB50C off, allowing the Sweep
Gating Tunnel Diode CR678 to accept the next trigger

pulse.

When Q665 turns off, its collector goes positive, allow-
ing sufficient voltage to be impressed across READY light
DS65 to turn the READY light on. This indicates that the
Sweep Generator is ready to produce a sweep upon receipt
of the next trigger pulse. When the next trigger pulse Is
received, the collector of UG80B in the Sweep Gating Multi-
vibrator will go positive and turn on Q665. The collector of
Q665 will go negative, causing the READY LIGHT to turn
off.

HORIZONTAL AMPLIFIER

General

The Horizontal Amplifier circuit provides the output
signal to the CRT horizontal deflection plates. The signal
applied to the input of the Horizontal Amplifier is deter-
mined by the TIME/DIV switch. The signal can be a saw-
tooth waveform generated internally within the instrument,
or some external signal applied to the EXT HORIZ input
connector located on the instrument rear panel. The Hori-
zontal Amplifier circuit also contains the horizontal
magnifier circuit and the horizontal positioning network.
Fig. 3-12 shows a detailed block diagram of the Horizontal
Amplifier circuit. A schematic of this circuit is shown on
diagram 7 at the rear of this manual.

Input Paraphase Amplifier

The input signal for the Horizontal Amplifier is selected
by the TIME/DIV switch, S700A. In all positions of the
switch except EXT HORIZ, the sawtooth from the Sweep
Generator circuit is connected to the base of Input Ampli-
fier Q825A. In the EXT HORIZ position of the switch, the
signal applied to the base of Q825A is obtained from the
EXT HORIZ input connector.

0825A and QB825B comprise an emitter-coupled para-
phase amplifier. This stage converts the single-ended input
signal to a push-pull signal necessary to drive the horizontal
deflection plates of the CRT. R816, R817, R826 and R827
control the emitter degeneration between Q825A and
Q825B to set the gain of the stage. The adjustment of R817
determines overall horizontal amplifier gain. Q818 is a
constant current source for Q825A and Q825B. Horizontal
positioning 15 provided by the POSITION control (R55A-
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Fig. 3-12. Horizontal Amplifier detailed block diagram.
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R55B) connected to the base of Q825B. This control is a
dual-range control to provide a combination of coarse and
fine adjustment in a single control. When the control is
rotated, fine control R55B provides positioning for a range
of about 0.3 major division for a normal (unmagnified)
display. Then after the fine range is exceeded, the coarse
control R55A provides rapid positioning of the trace. The
output signals from the collectors of Q825A and OQB25B are
applied to the bases of emitter followers Q830A and
Q830B respectively.

Signal Limiting Push-Pull Amplifier

Q835 and Q836 form a push-pull amplifier stage with
Q835A and Q836A comprising a cascade amplifier in one
side and Q8358 and Q836B a cascade amplifier in the other
side. Sweep magnification is accomplished by modifying
the gain setting resistance between the emitters of Q835A
and Q835B. CR835 and CR865 limit the difference in sig-
nal amplitude between the bases of emitter followers
Q836A and Q836B. This prevents amplifier over-drive when
the sweep is magnified or positioned to one extreme or the
other. CR836 and CRB866 provide additional overdrive
protection.

Q861 is a relatively constant current source for Q835
and Q836. When the BEAM FINDER push-button is
pushed the current through Q861 is reduced by approxi-
mately two milliamperes. This reduces the dynamic range
of the signal limiting push-pull amplifier stage, thereby
limiting the trace to within the CRT graticule area. The
Magnifier Registration adjustment R868 balances the
quiescent DC current to the bases of Q870 and Q880 so a
centerscreen display does not change position when the
sweep is magnified.

Output Amplifier

The push-pull output of the Signal Limiting Push-Pull
Amplifier stage is connected to the QOutput Amplifier
through CR870 and CR880. Each half of the QOutput
Amplifier can be considered as a single-ended feedback
amplifier which amplifies the signal current at the input to
produce a voltage output to drive the horizontal deflection
plates of the CRT. The amplifiers have a low input
impedance and require very little voltage change at the
input to produce the desired output change.

Q895 is a relatively constant voltage source. The base of
Q895 is biased to set the emitter at approximately +5 volts
and the anode of CRB98 at approximately +6.5 volts. This
sets the base of Q880 and the base of Q870 very near the
same quiescent DC level. CR870 and CR880 become back
biased and are turned off when overdrive in the positive
direction occurs at their cathodes.

Transistors QB70 and Q880 are inverting amplifiers
whose collector signals drive the emitters of complementary
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amplifiers Q874-Q877 and Q884-Q887 respectively. The
output signal from complementary amplifier Q874-Q877
drives the left horizontal deflection plate of the CRT, and
the output signal from complementary amplifier
Q884-Q887 drives the right horizontal deflection plate.
C871 and C881 adjust the transient response of the ampli-
fier so it has good linearity at fast sweep rates.

POWER SUPPLY PRIMARY

General

The Power Supply Primary circuit provides controlled
drive to the primary of power transformer T1085 to
achieve more efficient generation of secondary voltages.
This circuit also contains the circuitry necessary to regulate
the secondary voltages against change due to variations in
input line voltage or frequency, or changes in power supply
load. Figure 3-13 shows a detailed block diagram of the
Power Supply Primary circuit. A schematic of this circuit is
shown on diagram 9 at the rear of this manual.

Line Input

Power is applied to this circuit through Line Fuse
F1000, R1002, Thermal Cutout S1002, Line Filter
FL1010, and POWER switch $S1010. Resistor R1002 limits
the amplitude of surge currents at instrument turn-on.
Thermal cutout S1002 provides thermal protection for the
instrument, If the internal temperature of the instrument
exceeds a safe operating level, S1002 opens to interrupt the
applied power. When the temperature returns to a safe
level, S1002 closes to re-apply the power.

The Line Filter made up of C1004, C1006, L1004,
R1004, and T1004 is designed primarily to suppress
the 25-kilohertz interference originating within the power
supply. L1004 provides differential and common-mode
inductance: T1004 provides additional common-mode in-
ductance. Common-mode filtering is provided by C1005
and C1006 along with the common-mode inductance of
T1004. R1004 provides common-mode damping for C1004-
C1006-T1004,

When the POWER switch S1010 is closed, line voltage is
applied to the primary of transformer T1115 and to the
full-wave bridge-rectifier CR1016. T1115 provides a sample
of the AC line-voltage to the Trigger Generator circuit for
operation in the LINE triggering mode. CR1016 rectifies
the AC line voltage into a DC voltage to be used in the
Power Supply Primary circuit. C1016 provides a measure of
filtering to the remaining AC component. R1016 discharges
C1016 when instrument power is turned off. Transformer
T1036 provides additional 25-kilohertz filtering.

Start Circuit

The rectified DC power is applied initially to the Power
Supply Primary Circuit by the Start Circuit made up of
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DS1020, DS1024, Q1025, Q1030, Q1032 and their associ-
ated circuitry. D51020, DS1024, C1024, R1020, and
R1024 form a relaxation oscillator with a very low repeti-
tion rate (waveform period of approximately 5 seconds).
When D51024 is on and DS51020 is off, the base-emitter
junction of Q1025 is forward biased, causing Q1025 to
conduct. The collector circuit of Q1025 moves negative

(very near the floating common potential) causing the base-
emitter junctions of Q1030 and Q1032 and the diode

CR1032 to be back-biased, preventing them from
conducting.

When DS1020 is on and D51024 is off, conditions are
reversed, Q1025 is off and its collector rises to an approxi-
mately +51 volt level (with respect to the floating common)
determined by zener diode VR1025. Q1030, Q1032, and

CR1032 conduct, causing the junction of CR1032 and
R1034 to rise to an approximately +50 volt level. This

establishes a temporary V.. voltage supply for the Turn On
and Turn Off circuits in lieu of the normal V.. voltage
supplied by one winding of T1085 and half-wave rectifier
CR1085. Normal circuit operation now takes place and a
sufficiently positive V.. voltage is generated to back-bias
and prevent CR1032 from conducting.

Current Driver

The Current Driver stage, Q1080, controls the current
conducted through the primary winding of Power Trans-
former T1085. Q1080 is in turn controlled by signal pulses
from the Turn On and Turn Off circuits. Quiescently
Q1080 is biased off, and must receive a positive-going pulse
at its base from the Turn On circuit in order to conduct
current through T1085. The Turn Off circuit monitors the
current conducted through T1085 and generates a turn-off
pulse when a preset maximum level of current is reached.
Zener diodes VR1084 and VR 1085 prevent the collector of
Q1080 from going more than 250 volts more positive that
the reference level at the anode of VR1085. This reference
level will be dependent upon the value of line voltage
applied to the instrument. This clamping action prevents
exceeding the emitter to collector breakdown voltage rating
of Q1080 during transformer flyback time when Q1080 is
turned off, and also aids in regulation of the negative high
voltage power supply.

Turn On Circuit

The Turn On circuit generates the pulse required to
cause Q1080 to turn on and conduct current through the
primary of T1085. With an adequate V.. voltage supply at
the emitter of Q1045, Q1045 will be biased into saturation.
The collector of Q1045 will be within about 0.2 volt of the
emitter. C1046 starts to charge toward this positive level
through R1046. When the charge on C1046 reaches a level
about 0.6 volt more positive than the level at the gate of
Q1050, Q1050 will turn on and start to conduct current to
discharge C1046 and, at the same time, forward bias the

3-20

base-emitter junction of Q1064. When the current flow
through Q1050 falls below the level necessary to keep
Q1050 on, Q1050 will turn off and C1046 will start to .

charge again.

When Q1050 turns on, Q1064, which is quiescently
biased off, starts to conduct current through the parallel
combination of R1064 and the primary winding of trans-
former T1064. T1064 couples a positive-going movement
to the emitter of Q1065. This positive movement is coupled
back to the base of Q1064 through CR1060, R1060, and
R1062, which reinforces the turn-on bias of Q1064. The
positive movement at the emitter of Q1065 turns it on,
which causes a positive pulse to be coupled to the base of
Q1080 through CR1068 and R1068. Q1080 now turns on
and starts to conduct current through the primary winding

of T1085.

Turn Off Circuit

To prevent Q1080 from conducting excessive amounts
of current, the Turn Qff circuit monitors the amount of
current flowing in the primary winding of T1085, and
generates a turn-off pulse when a preset current level is
reached. The secondary winding of T1080 develops a volt-
age across R1075 and Current Sense Adjustment R1074.
When this voltage level becomes about 0.6 volt more posi-
tive than the voltage level at the gate of Q1075, Q1075
turns on and conducts current through R1076, CR1075,
and the secondary winding of T1080. The resulting positive
movement at the cathode of Q1075 is coupled through
C1076 to the base of Q1078.

Q1078 now turns on and conducts current through the
parallel combination of R1078 and the primary winding of
T1078. The negative movement at the collector of Q1078 is
coupled through R1071, C1071, and CR1070 to the base
of Q1064 in the Turn On circuit to interrupt the turn-on
process while the Turn Off circuit is trying to stop conduc-
tion through Q1080. Transformer T1078 couples a
negative-going pulse through CR1078 and CR1079 to the
base of Q1080. The negative-going pulse at the base of
01080 is of sufficient amplitude to cause reverse current to
flow through the base-emitter junction of Q1080, and
insure rapid turn-off. CR1081 and CR1082 clamp the base
of Q1080 at an approximate —4 volt level during trans-
former flyback.

Damping Circuit

When the Current Driver stage Q1080 is turned off and
stops conducting current through T 1085, the magnetic field
in T1085 collapses very rapidly. After this flyback time,
high amplitude ringing is generated in T1085. Q1090,
01091, and Q1094 and their associated circuitry make up a
damper circuit designed to suppress this ringing.
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When the Turn On circuit generates the turn-on pulse for
Q1080, the negative movement at the collector of Q1064 is
coupled through C1093, CR1092, and R1095 to the base
of Q1091. The resultant narrow negative-going pulse at the
base of Q1091 starts to turn off Q1091 and Q1094. The
positive movement at the collector of Q1065 is also
coupled back to the Damping Circuit and applied to the
base of Q1090 through CR1090 and R1090. Q1090 turns
off, and its collector goes negative, which serves to hold
Q1091 and Q1094 off.

When Q1080 is turned off, its collector steps positive to
a level determined by the clamping action of VR1085 and
VR1084. T1085 transforms this into a negative movement
at the cathode of CR1091 to hold Q1091 and Q1094 off.
The negative movement at the collector of Q1065 is applied
to the base of Q1090 through CR 1090 and R1090, turning
Q1090 on. About five to ten microseconds after the turn-
off time of Q1080, flyback ends, ringing occurs in T1085
and CR1091 turns off. Q1091 and Q1094 are turned on by
Q1090 and conduct very heavily through the full-wave
bridge rectifier CR1096-CR 1099 and one winding of T1085
to reduce the amplitude of the ringing. The damping tran-
sistors Q1091 and Q1094 thus conduct only during the
time flyback ringing is occurring.

C1095, CR1095, and the transformer winding connected
to the cathode of CR1095 form a half-wave rectifier power
supply generating approximately —5 volts to be used in the
Damping Circuit,

Regulator Circuit

The Regulator Circuit holds the outputs of the Power
Supply relatively constant despite variations in input line
voltage, line frequency, and load demand. Regulation is
accomplished by varying the time interval between current
pulses conducted in the primary winding of T1085 by
Q1080.

C1136 and R1132 comprise a timing circuit to deter-
mine the interval between the regulating pulses. C1136
charges toward the voltage level at pin 6 of U1130 through
R1132 and CR1132. When the charge on C1136 reaches a
level about 0.6 volt more positive than the voltage level at
the gate of Q1138, Q1138 conducts current to discharge
C1136 and, at the same time, forward bias the base-emitter
junction of Q1150, When the current flow through Q1138
falls below the level necessary to keep Q1138 on, Q1138
will turn off and C1136 will start to charge again.

When Q1138 turns on, Q1150, which is quiescently
biased off, turns on and conducts a current pulse through
the primary winding of T1150. T1150 couples a negative-
going pulse to the base of Q1040 through CR1040. Q1040
turns on and its collector moves positive to turn on Q1050,
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which starts the sequence of events necessary to generate a
turn-on pulse for Q1080.

The time interval between pulses generated in the Regu-
lator circuit is altered by monitoring variations in the —15
volts supply. For example, when heavy load demands are
being made on the —15 volt supply it attempts to go posi-
tive. This positive movement results in a positive movement
in the voltage level at pin 6 of U1130. A more positive level
at pin 6 of U1130 shortens the amount of time required by
C1136 to charge to the level at which Q1138 turns on. This
results in more turn-on pulses being generated for Q1080,

thereby increasing the amount of energy transferred
through T1085 per unit of time.

POWER SUPPLY SECONDARY

General

The Power Supply Secondary circuit rectifies the AC
voltages present in the secondary windings of Power Trans-
former T1085 to provide the necessary DC supply voltages
to the instrument circuitry. A schematic of this circuit is
shown on diagram 10 at the rear of this manual.

Rectifier Circuits

All of the rectifier circuits in the Power Supply Second-
ary are half-wave rectifiers. L1102, L1104, and LIIO6 provide
added filtering for the +115 volt, +15 volt, and the —15
volt supplies respectively. T1100 provides commaon-mode
inductance to suppress the 25-kilohertz interference origin-
ating in the power supply circuit. The High-Voltage supply
is a series of ten half-wave rectifier power supplies. Total
output voltage of the supply is approximately 4.1 kilovolts
for use in the CRT circuit. CR1199 provides DC filament
voltage to the CRT.

CRT CIRCUIT

General

The CRT Circuit contains the control circuitry necessary
for operation of the cathode-ray tube (CRT). Fig. 3-14
shows a detailed block diagram of the CRT circuit. A
schematic of this circuit is shown on diagram 11 at the rear
of this manual.

Unblanking Amplifier

The Unblanking Amplifier circuit controls the CRT
intensity level from several inputs. The effect of these input
signals is to either increase or decrease the trace intensity,
or to completely blank portions of the display. A portion
of integrated circuit U940A is used to convert the voltage
signals present at the amplifier inputs into current varia-
tions to drive the output portion of the Unblanking
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Amplifier. CRT intensity variations are accomplished in the
following manner.

When a sweep starts, the DC level present at pin 2 of
U940A steps negative, resulting in a reduced current flow
from pin 9 of U940A. This reduction in current increases
the forward bias on Q954 and reduces the forward bias on
Q955. 0954 conducts harder, resulting in a positive move-
ment at the emitter of Q954. This positive movement is
coupled through C942 to the emitter of Q940 and starts a
positive movement at the collector of Q940. At the same
time that this is occurring, Q955 is decreasing its conduc-
tion through R955 and Q950, which causes a positive
movement to occur at the collector of Q950, which
reinforces and sustains the positive movement started by
Q940. At the end of the sweep, conditions are reversed.
The DC level at pin 2 of U940A steps positive, causing
increased current flow from pin 9 of U940A and the
collectors of Q940 and Q950 move negative. The variations
in DC level at the collectors of Q940 and Q950 are
connected to the DC Restorer circuit,

To reduce the possibility of burning the CRT phosphor,
the emitter voltage of Q940 is changed by the TIME/DIV
switch, S700A. In the 50 ms/DIV position and up, the
TIME/DIV switch applies +115 volts to the junction of
R943 and VR944. In all switch positions below 50 ms/DIV,
+115 volts is no longer connected to the junction of R943
and VR944, Instead, the emitter of Q940 is returned to
+115 volts through R942, R943, and VR944, This pro-
duces a less positive level at the emitter of 0940 to limit
the collector level of Q940 and Q950 which protects the
CRT phosphor in these switch positions.

DC Restorer Circuit

Q924 and Q925 form a complementary amplifier, each
side of which conducts on a half cycle of the waveform
coupled through T920 from the secondary of the power
supply transformer. The voltage on the collector of Q924 is
determined by the output of the Unblanking Amplifier. On
the positive half cycle, Q924 saturates and the common
emitters seek the Q924 collector voltage. On the negative
half cycle, Q925 saturates and the common emitters go to
ground potential.

C924 (€925, CR926, CR928, and R928 form a DC
restorer network. All DC voltage levels in this circuit are
referenced to the negative high-voltage potential. The volt-
age difference across R928 approximately equals the
voltage swing present on the common emitters of Q924
and Q925. The upper end of R928 is more positive than the
lower end, but negative with respect to the CRT cathode.
Varying the drive signal to the Unblanking Amplifier
changes the voltage level at the amplifier output, which in
turn varies the amplitude of the voltage swing on the

Circuit Description—432

common emitters of Q924 and Q925, thereby resulting in
changes to the CRT bias. CR924 and CR925 limit the
positive excursion that can occur at the collector of Q924
and the common emitters of Q924 and Q925 respectively.
CRT Grid Bias adjustment R980 determines the level of the
range of adjustment of the INTENSITY control. CR935

provides protection to the CRT if the grid tries to rise more
positive than the cathode.

High Voltage Regulator

Feedback from the high-voltage circuit is connected to
pin 20 of integrated circuit U940B. Any change in this
sample of the high-voltage level produces an in-phase error
signal at pin 17 of U940B which is amplified and inverted
through Q989, Q990, and Q995. Regulation occurs as
follows:

If the negative high-voltage level attempts to go positive
(less negative), a sample of this positive-going voltage is
applied to pin 20 of U940B. This results in a positive-going
error signal at pin 17 of U940B which is applied to the base
of Q989 through CR982. Q989 amplifies and inverts this
error signal, which receives further amplification through
Q990 and Q995. The resulting negative movement at the
collector of Q995 is applied to the positive pole of the
minus high-voltage supply, and is of sufficient amplitude to
maintain the output level of the supply.

VR985 through VR990 prevent more than 900 volts
from appearing across Q989, Q990, and Q995 to prevent
exceeding the maximum voltage rating of these devices in
the event of circuit failure. CR983 prevents the base of
Q989 from going more negative than about —0.5 volt.
R963 adjust the negative high-voltage power supply for the
proper output voltage.

CRT Control Circuits

Focus of the CRT display is determined by the Focus
control R82B. This control is part of voltage divider
RO62C. R968, R82B, R83, R962D, R962E between the
negative high-voltage and ground. Therefore, the voltage
applied to the focus grid is more positive (less negative)
than the voltage on either the control grid or cathode.
R968 sets the range of adjustment of the Focus control.
The Focus control is ganged with the front-panel INTEN-
SITY control, and is automatically adjusted when changes
are made in the INTENSITY setting. The ASTIG adjust-
ment R85, which is also adjusted to obtain a well-defined
display, varies the positive level on the astigmatism grid.
Geometry adjustment R967 varies the positive level on the
horizontal deflection plate shield to control the overall
geometry of the display. The TRACE ROTATION adjust-
ment R80 controls the current through L100, which varies
the magnetic field around the CRT to horizontally align the
CRT trace.
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CALIBRATOR
General

The Calibrator circuit produces a square-wave output
with accurate amplitude and frequency. This output is
available as a square-wave voltage at the PROBE CAL 06 V
1 kHz connector. Fig. 3-15 shows a detailed block diagram
of the Calibrator circuit. A schematic of this circuit is
shown on diagram 11 at the back of this manual.

Multivibrator

Q205 and Q910 along with their associated circuitry
comprise an astable multivibrator. Basic frequency of the
multivibrator is determined by the RC combination of

Qutput
—= Amplifier
Q915

Multivibrator
Q905, 0910

R915

Probe Cal

R916 0.6 V 1 kHz

R918

Fig. 3-15. Calibrator detailed block diagram.
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R906, R910, and C906. R2904 provides a measure of adjust-
ment of Calibrator frequency.

In the Calibrator Multivibrator, Q905 and Q910 are
never both conducting at the same time. Assume for

purposes of explanation that Q905 has just turned off and
0910 has turned on. When Q905 turns off, its collector

moves positive, which also pulls the base of Q910 positive.
This positive movement turns Q910 on and charges C906
positive. Immediately, the emitter of Q905 begins to dis-
charge toward —15 volts. When the Q905 side of C906 has
discharged sufficiently to forward bias the base-emitter
junction of Q905, Q905 turns on and its collector moves
negative. The negative movement at the collectar of Q905
turns off Q910. Now the emitter circuit of Q910 begins to
discharge toward —15 volts. When the Q910 side of C906
has discharged sufficiently to forward bias the base-emitter
junction of @910, Q910 turns on. At the time Q910 turns
on, a positive movement is coupled from the emitter of
Q910 to the emitter of Q905 by C906. This positive move-
ment at the emitter of Q905 reduces the current flow
through Q905, causing a reinforcing positive movement at
the base of Q910. Q905 rapidly turns off as Q910 turns on.
The square wave signal at the collector of Q910 is con-
nected to the Output Amplifier.

Output Amplifier

The output signal from the Calibrator Multivibrator
stage overdrives Q915 to produce an accurate square wave
at the output. When the base of Q915 goes positive, Q905
s cut off and the output signal drops negative to ground.
When the base goes negative, Q915 is driven into saturation
and the collector of Q915 rises positive to about +15 volts.
The output voltage is connected from the voltage divider
R915-R916-R918 to the PROBE CAL 0.6 V 1 kHz con-
nector. R915 adjusts the overall ratio of the voltage divider
to provide an accurate output voltage amplitude.

|
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SECTION 4
MAINTENANCE

Change information, if any, affecting this section will be found at the rear of the manual

Introduction

This section of the manual contains maintenance infor-
mation for wuse in preventive maintenance, corrective
maintenance or troubleshooting of the 432,

Cabinet Removal

| WARNING I

Dangerous potentials exist at several points through-
out this instrument. When the instrument is operated
with the covers removed, do not touch exposed
connections or components. The Primary Power
Supply shield is at power line potential and some
transistors may have elevated cases. Disconnect power
before cleaning the instrument or replacing parts. Use
an isolation transformer for safety when trouble-
shooting or adjusting power supply circuits.

The cabinet can be removed from the oscilloscope as
follows:

1. Unwrap the power cord from the instrument feet.

2. Loosen the phillips-head screw located in each instru-
ment foot. See Fig. 4-1.

3. Remove the rear ring assembly from the rear of the
Instrument,

4. Slide the cabinet to the rear and remove the oscillo-
sCope.

The R432 can be removed from its cabinet in a similar
manner. To replace the instrument in its wrap-around
cabinet, reverse the removal procedure. The portable wrap-
around cabinet should be installed with the carrying handle
pivot points positioned toward the bottom of the instru-

ment.
PREVENTIVE MAINTENANCE
General
Preventive maintenance consists of cleaning, wvisual
inspection, lubrication, etc. Preventive maintenance

B

Securing

Screws

Fig. 4-1. Removing wrap-around cabinet.

performed on a regular basis may prevent instrument break-
down and will improve the reliability of this instrument.
The severity of the environment to which the 432 is sub-
jected determines the frequency of maintenance. A
convenient time to perform preventive maintenance is
preceding recalibration of the instrument,

Cleaning

General. The 432 should be cleaned as often as opera-
ting conditions require, Accumulation of dirt in the instru-
ment can cause overheating and component breakdown,
Dirt on components acts as an insulating blanket and
prevents efficient heat dissipation. It also provides an elec-
trical conduction path which may result in instrument

failure.

The cabinet provides protection against dust in the
interior of the instrument. Operation without the cabinet in
place necessitates more frequent cleaning. The front cover
provides dust protection for the front panel and the CRT
face. The front cover should be installed for storage or

transportation.

4-1



DCorp 2009

Maintenance—432

q\rwfwufw_,--;

:: CAUTION 5
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Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Avoid chemicals which contain benzene, toluene
xylene, acetone or similar solvents.

"

Exterior. Loose dust accumulated on the outside of the
432 can be removed with a soft cloth or small paint brush.
The paint brush is particularly useful for dislodging dirt on
and around the front-panel controls. Dirt which remains
can be removed with a soft cloth dampened in a mild deter-
gent and water solution. Abrasive cleaners should not be
used.

CRT. Clean the blue plastic light filter and the CRT face
with a soft, lint-free cloth dampened with denatured
alcohol or a mild detergent and water solution. The
optional CRT mesh filter can be cleaned in the following
manner.

1. Hold the filter in a vertical position and brush lightly
with a soft No. 7 watercolor brush to remove light coatings
of dust and lint.

2. Greasy residues or dried-on dirt can be removed with
a solution of warm water and a neutral pH liquid detergent,
Use the brush to lightly scrub the filter.

3. Rinse the filter thoroughly in clean water and allow
to air dry.

4. If any lint or dirt remains, use clean low-pressure air
to remove. Do not use tweezers or other hard cleaning tools
on the filter, as the special finish may be damaged.

2. When not in use, store the mesh filter in a lint-free
dust-proof cantainer such as a plastic bag.

Interior. Dust in the interior of the instrument should
be removed occasionally due to its electrical conductivity
under high-humidity conditions. The best way to clean the
interior is to blow off the accumulated dust with dry, low-
pressure air. Remove any dirt which remains with a soft
paint brush or a cloth dampened with a mild detergent and
water solution. A cotton-tipped applicator is useful for
cleaning in narrow spaces or for cleaning circuit boards.

4.2

Lubrication

The potentiometers, cam switches and pushbutton
switches used in this instrument are factory lubricated and
should not require further lubrication for the normal life of
the components.

Transistor Checks

Periodic checks of the transistors in the 432 are not
recommended. The best check of transistor performance is
actual operation in the instrument. More details on
checking transistor operation are given under Trouble-
shooting.

Recalibration

To assure accurate measurements, check the calibration
of this instrument after each 1000 hours of operation or
every six months if used infrequently. In addition, replace-
ment of components may necessitate recalibration of the
affected circuits. Complete calibration instructions are
given in the Calibration section.

The calibration procedure can also be helpful in local- .

izing certain troubles in the instrument. In some cases,
minor troubles may be revealed and/or corrected by
recalibration.

TROUBLESHOOTING

Introduction

The following information is provided to facilitate
troubleshooting of the 432. Information contained in other
sections should be used along with the following informa-
tion to aid in locating the defective component. An under-
standing of the circuit operation is very helpful in locating
troubles. See the Circuit Description section for complete
information.

Troubleshooting Aids

Diagrams. Complete circuit diagrams are given on fold-
out pages in the Diagrams section. The component number
and electrical value of each component in this instrument
are shown on the diagrams. Important voltages and wave-
forms are also shown on the diagrams. The portions of the
circuit mounted on the circuit boards are enclosed with a

blue line.
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Circuit Boards. Figs. 8-1 through 8-22 in the Diagrams
section show the circuit boards used in the 432, Fig.
4-5 shows the location of each board within the instru-
ment. Each electrical component on the boards is identified
by 1ts circuit number, These pictures, used along with the
diagrams, aid in locating the components mounted on the
circuit boards.

Wiring Color-Code. All insulated wire and cable used in
the 432 is color-coded to facilitate circuit tracing. Table 4-1

gives the wiring color-code for the power-supply voltages
used in this instrument.

TABLE 4-1
Power Supply Wiring Color Code

Supply Background Stripe
Color

—15 volt Purple Black

+15 volt Red Black

+115 volt Red Brown

+250 volt Red -Drange

Maintenance—432

Resistor Color-Code. In addition to the brown com-
position resistors, metal-film resistors and some wire-wound
resistors are used in the 432. The resistance of a wire-
wound resistor is printed on the
The resistance values of composition resistors and metal-
film resistors are color-coded on the components with E1A
color-code (some metal-film resistors may have the value
printed on the body). The color-code is read starting with
the stripe nearest the end of the resistor. Composition

resistors have four stripes which consist

body of the component.

of two significant

figures, a multiplier and a tolerance value (see Fig. 4-2).

et _r&sistuurs have five stripes consisting of three
significant figures, a multiplier and a tolerance value.

Metal-film

Capacitor Marking. The capacitance values of commaon
disc capacitors and small electrolytics are marked in micro-
farads on the side of the component body. The white
ceramic capacitors used in the 432 are color coded in pico-
farads using a modified EIA code (see Fig. 4-2).

Diode Color-Code. The cathode end of each glass-
encased diode is indicated by a stripe, a series of stripes or a
dot. For most silicon or germanium diodes with a series of

| Compaosition Resistors:

Metal-Film Resistors:

Ceramic Copacitors:

@ @ and @ —1st, 2nd and 3rd significant figures;

@ —multiplier; @ —tolerance;
@ —temperature coefficient.

NOTE:

manufacturer and capacitor type,

Resistor and Capacitor Color Code

Signifi- | Multiplier | Tolerance
cant | Resis- |Capaci-{ Resis- Capaci-
Color  |Figures | tors | tors | tors tors
Silver | --- | 107 - [ =10%
Gold -] 10T | - | =5%
Black 0 1 ] --- +20% or
. ] 2 pF*
Brown 1 10 10 e +1°% or
} | 0.1 pF*
Red | 2 | 10° | 10° | =2% +29,
Orange | 3 | 10° 168 | 3% | =#£3%
Yellow | 4 104 100 | *=4% | +100%
] i L =0%
Green 5 | 10° 109 +0.59 +5% or
0.5 pF*
Blue | 6 | 10° 10" ---
Violet | 7 | -- sl e .
Gray | 8 : 10-2 - 180%
—20%
or 0.25 pF*
White o [ --- | 10| --- +10% or
| . | pF*
(none) | - [ --- | --- | £20% | £10% or
' 1 pF*

*For capacitance of 10 pF or less.

and / or

color code for capacitors depends upon

Fig. 4-2. Color-code for resistors and ceramic capacitors.

May not be present in some cases.
B ——
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stripes, the color-code identifies the three significant digits

of the Tektronix Part Number using the resistor HrolEmhOm g o

: color-code
system (e.g., a diode color-coded pink or blue-brown-gray- The following equipment is useful for troubleshooting .
green indicates Tektronix Part Number 152-0185-00). The the 432,

cathode and anode ends of a metal-encased diode can be
identified by the diode symbol marked on the body. See
Fig. 4-3. 1. Transistor Tester

Description: Tektronix Type 575 or 576 Transistor-
Curve Trace or equivalent,
Semiconductor Lead Configuration. Fig. 4-4 shows the
: . , | ; P : ' ' is i
lead configurations of the semiconductors used in this urpose: To test semiconductors used in this instrument

. s . more precisely than VOM ch
instrument. This view is as seen from the bottom of the precisely than VOM check.
device.

2. Multimeter

Description: VTVM, 10 megohm input impedance, 0
to 5000 volts DC and 0 to 300 volts AC range;
ohmmeter, 5 ohms to 500 k{! center scale. Accuracy,

within 3%. Test probes must be insulated to prevent
accidental shorting.

NOTE

A 20,000 ohms/volt VOM can be used to check the
voltages in this instrument if allowances are made for
the circuit loading of the VOM at high-impedance
points.

Purpose: To check voltages and for general trouble- .
shooting in this instrument.

3. Test Oscilloscope

Description: DC to 25 MHz frequency response, one
millivolt to five volts/division deflection factor. A 10X
probe should be used to reduce circuit loading,

Purpose: To check waveforms in this instrument,

4. Isolation Transformer

Description: Primary to secondary ratio of 1:1; 100
watt capacity and at least 600 V primary to secondary
insulation,

Purpose: To isolate power input of this instrument from
ground for personnel safety and to allow grounding
points in the internal power supply for troubleshooting
PUrpOSes.

Troubleshooting Techniques

This troubleshooting procedure 15 arranged in an order
which checks the simple trouble possibilities before pro-
ceeding with extensive troubleshooting. The first few
checks assure proper connection, operation and calibu'a_tii?ll1. U
If the trouble is not located by these checks, the remaining
Fig. 4-3. Diode polarity markings. steps aid in locating the defective component. When the
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Trigger Source
Switch

Board

AT
Trigger Coupling
Switch
Board

AB
Haorizontal
Board

A0
Power Supply

Secondary
Board

A1l
Transformer
Primary
Board

Al12
Transformer

Secondary
Board

A3
Vertical
Mode Switch
Ad Board
Channel 1
Attenuator AD
Board Channel 2
Attenuator
Board
A1l
Input Amp
Board A2
Vertical
Board

A9
Power Supply
Primary
Board

A13
Line Filter

Board

Fig. 45. Location of circuit boards in the 432,

'..I‘:.l
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defective component is located, it should be replaced
following the replacement procedures given under Correc-
,' tive Maintenance.

1. Check Control Settings. Incorrect control settings
can indicate a trouble that does not exist. If there is any
question about the correct function or operation of any
control, see the Operating Instructions section.

2. Check Associated Equipment. Before proceeding
with troubleshooting of the 432, check that the equipment
used with this instrument is operating correctly. Check that
the signal is properly connected and that the inter-
connecting cables are not defective. Also, check the power
source.

3. Visual Check. Visually check the portion of the
instrument in which the trouble is located. Many troubles
can be located by visual indications such as unsoldered
connections, broken wires, damaged circuit boards,
damaged components, etc.

4. Check Instrument Calibration. Check the calibration
of this instrument, or the affected circuit if the trouble
appears in one circuit. The apparent trouble may only be a
result of misadjustment or may be corrected by calibration.
Complete calibration instructions are given in the Cali-
bration section.

5. lsolate Trouble to a Circuit. To isolate trouble to a
circuit, note the trouble symptom. The symptom often
identifies the circuit in which the trouble is located. For
example, poor focus indicates that the CRT circuit
(includes high voltage) is probably at fault. When trouble
symptoms appear in more than one circuit, check affected
circuits by taking voltage and waveform readings.

Incorrect operation of all circuits often indicates trouble
in the power supply. Check first for correct voltage of the
individual supplies. However, a defective component else-
where in the instrument can appear as a power-supply
trouble and may also affect the operation of other circuits.
Table 4-2 lists the tolerances of the power supplies in this
instrument, If a power-supply voltage is within the listed
tolerance, the supply can be assumed to be working
correctly. |f outside the tolerance, the supply may be
misadjusted or operating incorrectly. Use the procedure
given in the Calibration section to adjust the power
supplies.

After the defective circuit has been located, proceed
with steps 6 through 8 to locate the defective com-
ponent(s).

Maintenance—432
TABLE 4-2
Power Supply Tolerance and Ripple
Maximum Ripple
(Peak-to-peak)
Power Tolerance Line 25
Supply Frequency | Kilohertz
—15 volt | Within 0.113 volt 10 mV 40 mV
+15 volt | Within 0.225 volt 10mV 40 mV
+115 volt Within 4.6 volts 0.5 volt 0.5 volt
+250volt | =10V +125V 1 volt 1 volt

6. Check Circuit Board Interconnections. After the
trouble has been isolated to a particular circuit, check the
pin connectors on the circuit board for correct connection.

Figs. 8-1 through 8-22 show the correct connections for
each board.

The pin connectors used in this instrument also provide
a convenient means of circuit isolation. For example, a
short in a power supply can be isolated to the power supply
itself by disconnecting the pin connectors for that voltage
at the remaining boards.

7. Check Voltages and Waveforms. Often the defective
component can be located by checking for the correct volt-
age or waveform in the circuit. Typical voltages and
waveforms are given on the diagrams.

NOTE

Voltages and waveforms given on the diagrams are
not absolute and may vary slightly between instru-
ments. To obtain operating conditions similar to
those used to take these readings, see the first

diagram page.

8. Check Individual Components. The following
procedures described methods of checking individual
components in the 432. Components which are soldered in
place are best checked by disconnecting one end. This
isolates the measurement from the effects of surrounding

circuitry.

A, TRANSISTORS. The best check of transistor opera-
tion is actual performance under operating conditions. If a
transistor is suspected of being defective, it can best be
checked by substituting a new component or one which has
been checked previously. However, be sure that circuit
conditions are not such that a replacement transistor might
also be damaged. If substitute transistors are not available,
use a dynamic tester (such as Tektronix Type 576). Static-
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type testers are not recommended, since they do not check
operation under simulated operating conditions.

|1:-l" T

) CAUTION ¢

e i _p,_"l

The POWER switch must be turned off before re-
moving or replacing transistors.

B. DIODES. A diode can be checked for an open or
shorted condition by measuring the resistance between
terminals. With an chmmeter scale having an internal source
of between 800 millivolts and 3 volts, the resistance should

be very high in one direction and very low when the meter
leads are reversed.

q-ll"ﬁ-"“-.-"u.i"'.r e

E CAUTION é

L _.F_.n_.n,r,_..h_.n_“

Do not use an ohmmeter scale that has a high internal
current. High currents may damage the diode. Do not
measure tunnel diodes with an ohmmeter; use a
dynamic tester (such as a Tektronix Type 576
Transistor-Curve Tracer).

C. RESISTORS. Check the resistors with an ohmmeter.
See the Electrical Parts List for the tolerance of the resis-
tors used in this instrument. Resistors normally do not need

to be replaced unless the measured value varies widely from
the specified value.

D. INDUCTORS. Check for open inductors by
checking continuity with an ohmmeter. Shorted or partially
shorted inductors can usually be found by checking the
waveform response when high frequency signals are passed
through the circuit. Partial shorting often reduces high-
frequency response (roll-off).

E. CAPACITORS. A leaky or shorted capacitor can
best be detected by checking resistance with an ohmmeter
on the highest scale. Do not exceed the voltage rating of the
capacitor. The resistance reading should be high after initial
charge of the capacitor. An open capacitor can best be
detected with a capacitance meter or by checking whether
the capacitor passes AC signals,

9. Repair and Readjust the Circuit. If any defective
parts are located, follow the replacement procedures given
in this section. Be sure to check the performance of any
circuit that has been repaired or that has had any electrical
components replaced.

CORRECTIVE MAINTENANCE
General

Corrective maintenance consists of component replace-
ment and instrument repair. Special techniques required to
replace components in this instrument are given here.

4-8

Obtaining Replacement Parts

Standard Parts. All electrical and mechanical part
replacements for the 432 can be obtained through your
local Tektronix Field Office or representative. However,
many of the standard electronic components can be
obtained locally in less time than is required to order them
from Tektronix, Inc. Before purchasing or ordering replace-
ment parts, check the parts list for value, tolerance, rating
and description.

NOTE

When selecting replacement parts, it is important to
remember that the physical size and shape of a com-
ponent may affect its performance in the instrument,
particularly at high frequencies. All replacement parts
should be direct replacements unless it is known that

a different component will not adversely affect
instrument performance,

Special Parts. In addition to the standard electronic
components, some special components are used in the 432,
These components are manufactured or selected by Tek-
tronix, Inc, to meet specific performance requirements, or
are manufactured for Tektronix, Inc. in accordance with
our specifications. These special components are indicated
in the Electrical Parts List by an asterisk preceding the part
number. Most of the mechanical parts used in this instru-
ment have been manufactured by Tektronix, Inc. Order all
special parts directly from vyour local Tektronix Field
Office or representative.

Ordering Parts. When ordering replacement parts from
Tektronix, Inc., include the following information:

1. Instrument type.
2. Instrument serial number.

3. A description of the part (if electrical, include circuit
number).

4. Tektronix Part Number.

Soldering Techniques

WARNING I

Disconnect the instrument from the power source
before soldering.

&

'
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Circuit Boards. Use ordinary 60/40 solder and a 35- to
40-watt pencil type soldering iron on the circuit boards.
The tip of the iron should be clean and properly tinned for
best heat transfer to the solder joint. A higher wattage
soldering iron may separate the wiring from the base
material.

The following technique should be used to replace a
component on a circuit board. Most components can be
replaced without removing the boards from the instrument,

l.-.h,.- o T

;r CAUTION
L

e I I

The Vertical Mode Switch, the Attenuator, and the
Vertical Input Amplifier circuit boards are made
of material easily damaged by excessive heat. When
soldering to these boards, do not use a soldering iron
with a rating of more than approximately 15 watts.
Avoid prolonged applications of heat to circuit-board
connections.

1. Grip the component lead with long-nose pliers.
Touch the soldering iron to the lead at the solder connec-
tion. Do not lay the iron directly on the board as it may
damage the board.

2. When the solder begins to melt, pull the lead out
gently. This should leave a clean hole in the board. If not,
the hole can be cleaned by reheating the solder and placing
a sharp object such as a toothpick into the hole to clean it
out. A vacuum-type desoldering tool can also be used for
this purpose.

3. Bend the leads of the new component to fit the holes
in the board. If the component is replaced while the board
is mounted in the instrument, cut the leads so they will just
protrude through the board. Insert the leads into the holes
in the board so the component is firmly seated against the
board (or as positioned originally). If it does not seat
properly, heat the solder and gently press the component
into place.

4. Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint; do not apply
too much solder. To protect heat-sensitive components,
hold the lead between the component body and the solder
joint with a pair of long-nose pliers or other heat sink.

5. Clip the excess lead that protrudes through the board
(if not clipped in step 3).

6. Clean the area around the solder connection with a
flux-remover. Use only water-soluble detergents, ethyl,
methyl, or 1sopropyl alcohol. Do not apply any solvent
containing ketones, esters, or halogenated hydrocarbons.
Be careful not to remove information printed on the board.

A
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Hetal Terminals. When soldering metal terminals,
ordinary 60/40 solder can be used. Use a soldering iron

with a 40- to 75-watt rating and a 1/8-inch wide wedge-
shaped tip.

Observe the following precautions when soldering metal
terminals:

1. Apply only enough heat to make the solder flow

freely. Use a heat sink to protect heat-sensitive com-
ponents,

2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder joint, clip off the
excess.

4. Clean the flux from the solder joint with a flux-
remover solvent.

Component Replacement

‘ WARNING I

Disconnect the instrument from the power source
before replacing components.

Circuit Board Replacement. If a circuit board is
damaged beyond repair, either the entire assembly inclu-
ding all soldered-on components, or the board only, can be
replaced. Part numbers are given in the Mechanical Parts
List for either the completely wired or the unwired board.
Most of the components mounted on the circuit boards can
be replaced without removing the boards from the instru-
ment. Observe the soldering precautions given under
Soldering Technigues in this section.

Most of the connections to the circuit boards in the
instrument are made with pin connectors. However, some
connections are soldered to the board. Use the following
procedure to remove a circuit board:

1. Disconnect all pin connectors from the board and
unsolder any soldered connections.

2. Remove all screws holding the board to the chassis.

3. Lift the circuit board out of the instrument. Do not
force or bend the board.

4-9
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4. To replace the board, reverse the order of removal.
Correct location of the pin connectors is shown in Figs. 8-1
through 8-22. Replace the pin connectors carefully so they
mate correctly with the pins. If forced into place incor-
rectly positioned, the pin connectors may be damaged.

Transistor Replacement. Transistors should not be
replaced unless actually defective. If removed from their
sockets during routine maintenance, return them to their
original sockets. Unnecessary replacement of transistors
may affect the calibration of this instrument. When tran-
sistors are replaced, check the operation of that part of the
instrument which may be affected.

ENUWUM-

2 CAUTION 5'

T

POWER switch must be turned off before removing
or replacing transistors.

Replacement transistors should be of the original type or
a direct replacement. Fig. 4-3 shows the lead configuration
of the transistors used in this instrument. Some plastic case
transistors have lead configurations which do not agree with
those shown here. If a transistor is replaced by a transistor
made by a different manufacturer than the original, check
the manufacturer’s basing diagram for correct basing. All
transistor sockets in this instrument are wired for the basing
used for metal-case transistors. Transistors which have heat
radiators or are mounted on the chassis use silicone grease
to increase heat transfer., Replace the silicone grease when
replacing these transistors.

‘ WARNING I

Handle silicone grease with care. Avoid getting
silicone grease in the eyes. Wash hands thoroughly
after use.

Cathode-Ray Tube Replacement. Use care when
handling a CRT. Protective clothing and safety glasses
should be worn, Avoid striking it on any object which
might cause it to crack or implode. When storing a CRT,
place it face down on a smooth surface with a protective
cover or soft mat under the faceplate to protect it from
scratches.

The CRT shield should also be handled carefully. This
shield protects the CRT display from distortion due to mag-
netic interference. If the shield is dropped or struck
sharply, it may lose its shielding ability.

The following procedure outlines the removal and
replacement of the cathode-ray tube:

4-10

A. REMOVAL:

1. Remove the wrap-around cabinet as described pre- ‘
viously.

2. Remove the light filter.
3. Remove the cover plate from the rear casting.
4. Remove the socket from the base of the CRT.

5. Remove the £ Axis Circuit Board from the instru-
ment.

6. Disconnect the deflection plate leads from the neck
of the CRT. Be careful not to bend or excessively squeeze
the pins.

7. Remove the two screws securing the rear of the CRT
shield to the rear casting.

8. Remove the delay-line assembly from the CRT shield
by removing the lone screw in the middle of the delay line.

9. Remove the two screws securing the CRT shield to
the front casting.

10. Remove the CRT assembly from the instrument.

11. Loosen the CRT clamp at the rear of the CRT
shield.

12. Hold one hand on the CRT faceplate and push for-
ward on the CRT base with the other. As the CRT starts
out of the shield, grasp it firmly. When the CRT is free of
the clamp, slide the shield completely off the CRT.

B. REPLACEMENT

1. Loosen the four hex-head screws on the front part of
the CRT shield.

2. Insert the CRT into the shield. Loosen the two
securing screws inside the rear of the CRT shield. Be sure
the faceplate of the CRT is flush or slightly recessed with
the front opening of the CRT shield. Do not tighten the
CRT clamp yet.
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3. Place the light mask over the CRT faceplate and re-

. insert the CRT assembly into the instrument. Be sure the

L

ment can be
following procedure:

CRT faceplate seats properly in the front casting. The lip
on the upper edge of the front of the CRT shield must
engage the slot in the front casting.

4. Replace the two screws securing the rear of the CRT
shield to the rear casting.

5. Seat the CRT firmly against the front casting making
sure the light mask is positioned correctly. Correctly align
the CRT in the opening in the front casting by positioning
and tightening the four hex-head screws loosened pre-
viously in step 1. Also tighten the three screws inside the
rear of the CRT shield. Recommended tightening torque
for the clamp screw is 4 to 7 inch/lbs.

6. Install the CRT socket on the base of the CRT.

7. Install the £ Axis Circuit Board.

8. Reconnect the deflection plate leads on the neck of
the CRT. Be careful not to bend or excessively squeeze the
pins.

9. Re-install the delay-line assembly on the bottom of
the CRT shield.

10. Re-install the cover plate on the rear casting.

11. Re-install the CRT light filter in the front casting.

12. Recheck instrument calibration.

Fuse Replacement. The only fuse used in the instru-

ment is the power-line fuse. Use only a 1 1/2 ampere
fast-blow fuse as a replacement.

Power Transformer Replacement. If the power trans-

former becomes defective, contact your local Tektronix
Field Office or representative for a warranty replacement
(see warranty note in the front of this manual). Be sure to
replace only with a direct replacement Tektronix trans-
former. After the transformer is replaced check the perfor-
mance of the complete instrument,

The components located in the power-supply compart-
reached for maintenance by using the

1. Remove the wrap-around cabinet from the instru-
ment as described earlier in this section.

Maintenance—432

2. Lay the instrument down flat with the power-supply
compartment edge facing you.

_3+ Remove the two screws securing the compartment
shield to the rear casting.

4. Loosen the two screws securing the compartment

shield to the forward power-supply compartment bulkhead
and slide the shield out of the instrument,

wamwine )

Line AC, high voltage, and stored DC are present in

this compartment. It is recommended the instrument
not be operated with this shield removed.

After gaining access to the power-supply compartment,
the power transformer assembly can be removed as follows:

1. Remove the Power Supply Secondary circuit board.

2. Remove the plastic insulating sheet that mounts
beneath the Power Supply Secondary circuit board.

3. Remove the metal cover to the enclosure containing
the power-supply transformer assembly.

4. Remove the transformer assembly from the enclo-
sure. Be careful not to bend the pins.

Recalibration After Repair

After any electrical component has been replaced, the
calibration of that particular circuit should be checked, as
well as the calibration of other closely related circuits.
Since the power supply affects all circuits, calibration of
the entire instrument should be checked if work has been
done in the power supply or if the transformer has been

replaced.

Instrument Repackaging

If the 432 is to be shipped for long distances by
commercial means of transportation, it is recommended
that the instrument be repackaged in the original manner
for maximum protection. The original shipping carton can
be saved and used for this purpose. The Repackaging illus-
tration in the Mechanical Parts lllustrations shows how to
repackage the 432 and gives the part numbers for the
repackaging components. New shipping cartons can be
obtained from Tektronix, Inc. Contact your local Tek-
tronix Field Office or representative.

411
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SECTION S

CALIBRATION

Change information, if any, affecting this section will be found at the rear of the manual.

Introduction

To assure instrument accuracy, check the calibration of
the 432 every 1000 hours of operation, or every six months
if used infrequently. Before complete calibration,
thoroughly clean and inspect this instrument as outlined in
the Maintenance section.

Tektronix Field Service

Tektronix, Inc. provides complete instrument repair and
recalibration at local Field Service Centers and the Factory
Service Center. Contact your local Tektronix Field Office
or representative for further information.

Using This Procedure

To aid in locating a step in the Calibration procedure, an
index is given prior to the complete procedure, Completion
of each step in the full Calibration procedure insures that
this instrument meets the electrical specifications given in
Section 1. Where possible, instrument performance is
checked before an adjustment is made. For best overall
instrument performance when performing a complete cali-
bration procedure, make each adjustment to the exact
setting even if the CHECK—= is within the allowable tol-
erance.

A partial calibration is often desirable after replacing
components, or to touch up the adjustment of a portion of
the instrument between major recalibration. To adjust only
part of the instrument, set the controls as given under Pre-
liminary Control Settings and start with the nearest Equip-
ment Required List preceding the desired portion. To
prevent unnecessary recalibration of other parts of the
instrument, readjust only if the tolerance given in the
CHECK— part of the step is not met. If re-adjustment is
necessary, also check the calibration of any steps listed in
the INTERACTION— part of the step,

IMPORTANT NOTE

All waveforms shown in this procedure were taken
with a Tektronix Oscilloscope Camera System, unless
otherwise noted. Limits, tolerances, and waveforms in
this procedure are given as calibration guides and
should not be interpreted as instrument specifications
except as specified in Section 1.

TEST EQUIPMENT REQUIRED

General
The following test equipment and accessories, or their

required for complete calibration of the

equivalent, are

432, Specifications given for the test equipment are the
minimum necessary for accurate calibration. Therefore, the
specifications of any test equipment used must meet or
exceed the listed specifications. All test equipment is
assumed to be correctly calibrated and operating within the
listed specifications. Detailed operating instructions for the
?cest equipment are not given in this procedure. Refer to the
Instruction manual for the test equipment if more informa-

tion is needed,
‘ WARNING I

Although it is not necessary for normal calibration of
this instrument, the use of a 1:1 ratio isolation
transformer rated at at least 100 watts and 600 volts
primary to secondary insulation is recommended to
protect personnel and associated equipment in case of
accidental contact with various portions of the
instrument which are at power line potential.

Special Calibration Fixtures

Special Tektronix calibration fixtures are used in this
procedure only where they facilitate instrument calibration.
These special calibration fixtures are available from Tek-
tronix, Inc. Order by part number through your local
Tektronix Field Office or representative,

Calibration Equipment Alternatives

All of the listed test equipment is required to completely
calibrate this instrument. The Calibration procedure is
based on the first item of equipment given as an example of
applicable equipment. When other equipment is substi-
tuted, control settings or calibration setup may need to be
altered slightly to meet the requirements of the substitute
equipment. |If the exact item of test equipment given as an
example in the Test Equipment list is not available, first
check the Specifications column carefully to see if any
other equipment is available which might suffice. Then
check the Usage column to see what this item of the test
equipment is used for. If used for a check or adjustment
which is of little or no importance to your measurement
requirements, the item and corresponding step(s) can be
deleted.

The following procedure is written to completely check
and adjust the 432 to the Performance Requirements given
in Section 1. If the applications for which you will use the
432 do not require the full available performance from the
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432, this procedure and the required equipment list can be
shortened accordingly. For example, only the basic
measurement capabilities of this instrument can be verified
by checking vertical deflection accuracy with a Standard

Amplitude Calibrator, vertical square-wave response with
fast-rise Square-Wave Generator (such as the Tektronix
Type 106), and the horizontal timing using a Time-Mark

Generator.

TEST EQUIPMENT

Description Minimum Specifications

Usage

Example

1. Autotransformer
AC voltmeter

with |Capable of supplying 66
volt-Amperes at an output

voltage of 120 VAC.

Power Supply adjustment.

General Radio WI10MT3W
Variac Autotransformer.

Adjust Power Supply opera-
tion, CRT grid bias, Sweep
Generator offset adjustment,
and Z-Axis Compensation.

a. Tektronix 7503 or 7504
Oscilloscope with 7A15 or
7A16 Amplifier and 7850 or
71B52 Time-Base plug-in units,
and P6053 Probe.

bh. Tektronix 432
Oscilloscope with a P6011
Probe and a P6061 Probe,

2. Test-oscilloscope |Bandwidth, DC to 25

system. megahertz; minimum
deflection factor, five
millivolts/division; accuracy,
within 3%.

3. Precision DC voltmeter |Range, zero to 500 volts;

accuracy, within 0.2%.

Calibrator output accuracy
check and adjustment. Power
Supply adjustment,

a. Tektronix 7D13 Digital
Multimeter (test oscilloscope
must have Readout System).

b. Fluke Model 825A Differ-
ential DC Voltmeter.

4. DC voltmeter Range, zero to 4000 volts;

accuracy, checked to within
1% at —3940 volts.

High wvoltage power supply
adjustment.

a. Triplett Model 630-NA.
b. Simpson Model 262,

5. Time-mark generator Marker outputs, 20 nano-
seconds to 5 seconds; marker

accuracy, within 0.1%.

CRT geometry check and
adjustment. Horizontal
timing check and adjustment.

a. Tektronix 2901 Time-Mark
Generator.

b. Tektronix 184 Time-Mark

Calibrator repetition rate | Ganerator.
check and adjustment.

6. Medium-Frequency | Frequency, 350 kilohertz to | External Z-axis operation | a. Tektronix 191 Constant
constant-amplitude signal | 25 megahertz; reference fre- | check. Vertical amplifier Amplitude Signal Generator.
generator quency, 50 kilohertz; output | bandwidth check. Trigger cir- H General Radio 1211-C with

amplitude, variable from five | cuit check and adjustment. | q12g53.C Amplitude Regulating

millivolts to five volts peak to Power Supply.

peak into 50 ohms; amplitude

accuracy, constant within 3%

of reference as output fre-

quency changes.
7. Low-frequency signal | Frequency, 100 hertz to 30 | Trigger circuit check and | a. lﬁenera! Radio 1310-B
generator kilohertz: output amplitude, | adjustment. Oscillator.

variable from 35 millivolts to

40 volts.
8. Standard Amplitude | Amplitude accuracy, 0.25%: | Vertical amplifier gain check | a. Tektronix calibration fix-
Calibrator signal amplitude, 5 millivolts | and adjustment. External and | ture Part Mumber

to 50 volts: output signal, | horizontal gain check. 067-0502-01.

one-kilohertz square wave.

(B
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Description

Minimum Specifications

Usage

Example

9. Square-wave generator

Frequency, one kilohertz and
100 kilohertz; risetime, one
nanosecond or less from fast-
rise output.

Vertical amplifier compensa-
tion checks and adjustments.

a. Tektronix Type
Square-Wave Generator.

106

10. Current Probe

Maximum Current, 5 A RMS,

Power Supply checks and
adjustments. Not necessary
for periodic recalibration.

a. Tektronix P6021 AC Cur-
rent Probe with 011-0105-00
Passive Termination.

justments.

11. Adapter Connectors, GRB874 and BNC | Vertical amplifier bandwidth | a. Tektronix Part Number
female. checks. Trigger circuit checks 017-0063-00.
and adjustments.
12. Input normalizer RC time constant, 24 pico- | Standardize input RC time | a. Tektronix Part Number
farads times one megohm. constant. 067-0539-00
13. T connector Connectors, BNC. External trigger operation | a. Tektronix Part Number
checks. External Z Axis | 103-0030-00.
operation check. ADD mode
operation check.
14. Attenuator Attenuation ratio, 10X; con- | Vertical amplifier compensa- | a. Tektronix Part Number
(two required) nectors BNC, impedance, 50 | tion checks and adjustments. | 011-0059-01.
ohms.
15. Terminati!:m Impedance, 50 ohms; accu- | External Z Axis operation | a. Tektronix Part MNumber
(two required) racy, £2%; connectors, BNC. | check. Vertical amplifier | 011-0049-01.
bandwidth check. Trigger cir-
cuit operation checks and
adjustments.
16. Cable (two required) | Impedance, 50 ohms: type, | Used throughout procedure | a. Tektronix Part Number
RG-58/U; length, 42 inches; | for signal interconnection, 012-0057-01.
connectors, BNC.
17. Screwdriver Three-inch shaft, 3/32-inch | Used throughout procedure | a. Xcelite R-3323.
bit. to adjust variable resistors.
18. L.-:-w-capacitance 1 1/2-inch shaft. Used throughout procedure | a. Tektronix Part Number
screwdriver to adjust variable capacitors. | 003-0000-00.
19. Tuning tool Fits 5/64-inch (ID) hex cores. | Vertical amplifier  high- | a. Tektronix Part MNumber
frequency compensation ad- | 003-0307-00 (handle) and

003-0310-00 (insert).

20. lIsolation Transformer

Ratio 1:1

600 volts primary  to
secondary insulation (Safety
grounds connected)

Power Supply
troubleshooting to protect
personnel and equipment.

For primary power supply
calibration. Suggested, but
not required If extreme
caution is used when power
supply shields are removed.
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INDEX TO CALIBRATION

PROCEDURE

Power Supply and Display Adjustment

1. Preset Power Supply Current Sense

Adjustment
2. Adjust —15-Volt Power Supply

3. Adjust Power Supply Current Sense

Adjustment

4. Adjust High-Voltage Power Supply
5. Adjust CRT Grid Bias

6. Adjust Focus Range and Astigmatism
7. Adjust Trace Rotation

8. Adjust Geometry

9. Check BEAM FINDER Operation
10. Check External Z Axis Operation

11. Check Chopped Operation

Vertical System Adjustment
12. Adjust Channel 1 Balance

13. Adjust Channel 2 Balance
14. Adjust CH 1 and CH 2 GAIN

15. Check CH 1 Variable VOLTS/DIV
Range and Attenuator Accuracy

16. Check CH 2 Variable
Range and Attenuator Accuracy

VOLTS/DIV

17. Check ADD Mode Operation

18. Adjust Channel 1 VOLTS/DIV Switch
Compensation

19. Adjust Channel 2 VOLTS/DIV Switch
Compensation

20. Adjust High Frequency Compensation
21. Check Vertical Amplifier Bandwidth

22. Check 5 MHz BW Bandwidth

Trigger Circuit Adjustment
23. Adjust Trigger Level Centering

5-4

Page 5-6

Page 5-7

Page 5-7

Page 5-8
Page 5-8
Page 5-9
Page 5-9
Page 5-9
Page 5-9
Page 5-9

Page 5-10

Page 5-11
Page 5-11
Page 5-12

Page 5-12

Page 5-13

Page 5-13

Page 5-13

Page 5-14

Page 5-14

Page 5-16

Page 5-17

Page 5-18

24. Adjust CH 1 and COMP Trigger DC
Level

25. Check Trigger Circuit Operation
26. Check Single Sweep Operation
LEVEL Control

27. Check TRIGGER

Range

28. Check Line Triggering

Horizontal System Adjustment

29. Adjust Sweep Generator Offset Adjust-
ment

30. Adjust Sweep Cal Adjustment

31. Adjust Horizontal Gain

32. Adjust Magnifier Registration

33. Check Variable TIME/DIV Range
34. Adjust High Speed Timing

35. Check TIME/DIV Accuracy

36. Check Magnified Sweep Accuracy

37. Check High Speed Magnified Timing
Accuracy

38. Check External Horizontal Sensitivity

Calibrator Circuit Adjustment

39. Adjust
Amplitude

Calibrator Qutput Voltage

40. Adjust Calibrator Repetition Rate
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Preliminary Procedure for Complete Calibration

NOTE

This instrument should be adjusted at an ambient
temperature of +25°C (t5°C) for best overall

accuracy.

1. Remove the wrap-around cabinet from the 432 in the

manner given in section 4 of this manual.

2. Connect the autotransformer to a suitable power

50uUrce,

‘
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NOTE

{ r’.ﬁ If a line voltage source of exactly 120 VAC RMS is

avarlable, it will not be necessary to use the
autotransformer.

3. Connect the 432 to the autotransformer output,

4. Set the autotransformer output voltage for exactly
120 VAC RMS.

5. Set the controls as given under Preliminary Control

Settings. Allow at least 30 minutes warmup before
proceeding.

NOTE

Titles for external controls of this instrument are
capitalized in this procedure fe.g., INTENSITY),

Internal adjustments are initial capitalized only (e.g.,
Sweep Cal).

Calibration—432

Preliminary Control Settings

Preset the instrument controls to the settings given below
when starting a Calibration procedure.

POWER/INTENSITY

POSITION (vertical and
horizontal)

5 MHz BW

INVERT

Input Coupling

Vertical Mode

VOLTS/DIV

Variable VOLTS/DIV

TRIGGER SOURCE

TRIGGER COUPLING

TRIGGER LEVEL

TRIGGER SLOPE

Sweep MODE

TIME/DIV

VAR TIME/DIV

NOTES

Pulled out and rotated

fully counterclockwise
Midrange

Pushed in
Pushed in
AC

CH 1
AV
CAL
COMP
AC
Midrange
+
SINGLE SWEEP
1 ms

CAL

5-5
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POWER SUPPLY AND DISPLAY ‘
Equipment Required
1. Test Oscilloscope 7. Current Probe
2. Medium-Frequency Constant-Amplitude Signal 8. Adapter (GR874 and BNC female connectors)

Generator

_ 9. 50 £2 BNC Termination
3. Time-Mark Generator

N 10. 42-Inch 50 £2 BNC Cables (2 ea.)
4. Precision DC Voltmeter

11. BNC T Connector
5. DC Voltmeter

12. 3-Inch Screwdriver
6. Autotransformer

Control Settings d. Reconnect the line cord and turn on instrument

Preset instrument controls to the settings given under et g b

Preliminary Control Settings.
‘ WARNING I

1. Preset Power Supply Current Sense Adjustment Line AC, high voltage, and stored DC are present in
NOTE the Po w:.er :Supp.-‘r compartment, Primary Power
Supply circuit common and guard box are elevated to
fine voltage potential. Do not touch the guard box or
connect test equipment ground leads to the circuit
common without first connecting the 432 under test
to the power line through a 1:1 ratio isolation ‘
transformer that is insulated for 600 volts or more
between primary and secondary. Exercise extreme
caution when working in this area with the
compartment shields removed,

This step need be performed only if the setting of
R1074 has become grossly misadjusted, or if major
circuit components in the power supply have been
replaced that would cause the setting of R1074 to be
incorrect. If the power supply portion of this

instrument has been working correctly, proceed with
step 2.

a. Turn off instrument power, disconnect the power
line, and remove the power supply compartment shields to - —
provide access to leads connected to transistor Q1080. See

Fig. 5-1.
| WARNING I

Under certain conditions, C1016 can remain charged
for several minutes. If one of the two neon bulbs on
the Primary Power Supply circuit board is still it
with instrument power turned off, wait until both
lights are extinguished before attempting to discharge
C1016 and/or working in the power supply area.

Q1080
Collector — ~

b. Connect the PG6021 Current Probe around the POz |

collector lead (grey-yellow wire to pin 2 of P102 on Power CPL:‘:E:T
Supply Primary circuit board) of Q1080 with the arrow on | (Note polarity
the head of the Current Probe pointing to the collector of i _mmbok) =
Q1080. L 1! ™
e ) |

c. Connect the Passive Termination for the Current 3 - o on e " -
Probe to the input connector of the test oscilloscope and .(
connect the Current Probe to the Passive Termination. Fig. 5-1. Measuring Q1080 collector current.

5-6 @
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o

4.4 divisions
(2.2 amperas)

Fig. 5-2. Current waveform in collector circuit of Q1080.

e. Set the sensitivity of the Current Probe Passive
Termination to 10 mA/mV and the Volts/Div switch of the
test oscilloscope to 50 mV/div.

f. CHECK—Test oscilloscope display of 4.8 divisions
peak to peak (peak current measurement of 2.4 amperes).

See Fig. 5-2. Repetition rate should be approximately
25 kilohertz (40 us period).

g. ADJUST —Current Sense adjustment R1074 (see Fig.
5-3) for peak to peak display amplitude of 4.4 divisions,
+0.2 division (2.2 amperes, 0.1 ampere).

Fig. 53. Location of Current Sense adjustment R1074.

Calibration—432

2. Adjust —15-Volt Power Supply

a. Connect the Precision DC Voltmeter between the
—15-volt power supply test point (negative lead of C1107

on Power Supply Secondary circuit board (see Fig. 5-4) and
ground.

b. CHECK—Meter reading of —15 volts, +0.112 volt

[iﬂ.1ﬂ?¢mlt if tl;ue measurement is being made outside of
the +20°C to +30° C temperature range).

c. ADJUST— —15 Volts adjustment R1122 (see Fig.
2-4) for a meter reading of —15 volts, +0.037 volt.

d. Disconnect the Precision DC Voltmeter from the 4372
under test.

e. INTERACTION—May affect the operation of all
circuits within the 432,

3. Adjust Power Supply Current Sense Adjustment

a. Obtain a display of the current waveform in the
collector circuit of Q1080 in the manner given in
Calibration Procedure step 1. (Note WARNING in steps 1a
and 1d.)

NOTE

If step 1 was not performed, the need for the Current
Probe can be eliminated by monitoring the repetition
rate of the Power Supply Primary circuit using a test
oscilloscope with a voltage probe connected to pin 1
of plug P127 on the £ Axis circuit board.

Power Supply
Test Point

Fig. 5-4. Location of —15-Volt Power Supply Test Point.

5-7
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b. CHECK—Test oscilloscope display for 40 micro-
second time period between current peaks.

c. ADJUST—Current Sense adjustment R1074 (see Fig.
9-3) for 40 microseconds, *one microsecond time period
between current peaks.

d. Disconnect all test equipment and reinstall the Power
Supply compartment shields.

e. INTERACTION—May affect the operation of all
circuits within the 432,

4. Adjust High-Voltage Power Supply

a. Connect the DC Voltmeter between the —3940 volt
test point TP962 (see Fig. 5-5) and ground (connect ground
lead first).

b. CHECK—Meter reading of —3940 volts, *98.5 volts
(£1 13.2ﬁm!t5 it the measurement is being made outside of
the +20°C to +30°C temperature range).

c. ADJUST—High Voltage Adjust R963 (see Fig. 5-5)
for a meter reading of —3940 volts, £78.8 volts.

d. Disconnect the DC Voltmeter from the 432 under
test.

High Voltage
Test Point

Fig. 5-5. CRT circuit test point and adjustment locations.

2-8

e. INTERACTION-=May affect vertical gain, horizontal
timing accuracy and CRT focus, astigmatism and geometry. ‘

NOTE

If the line voltage is within the operating limits of the
432, (90 VAC to 264 VAC RMS), the 432 can be
connected directly to the line, if not, leave the 432
connected to the autotransformer for the remainder
of this procedure.

5. Adjust CRT Grid Bias and Z-Axis Compensa-
tion
a. Set the DC voltmeter to a 25 volt or higher DC range

and attach the + lead to test point TP924 on the Z Axis
circuit board (see Fig. 5-5) and the — lead to ground.

b. With the INTENSITY control fully counterclockwise,
select the AUTO sweep mode and set the TIME/DIV switch
to EXT HORIZ.

c. Turn the INTENSITY control clockwise until the
CRT spot is visible (Horizontal and Vertical POSITION
controls at mid-range) and position the spot near the center
of the screen, but not on a graticule line.

E CAUTION E

T W BT A VoW BV . ..i"h{'-

To avoid possible damage to the CRT phosphor, do

not allow a bright spot to remain stationary for an .

extended period of time.

d. ADJUST—The INTENSITY control for a voltmeter
reading of +25 volts. If this increases spot brightness,
reduce intensity by adjusting R980 (CRT Grid Bias
adjustment) before adjusting the INTENSITY control for

full 25 volts,
‘ WARNING I

A 4000 volt potential exists at R968 and R980. Use
an adjustment tool with adequate insulation for this
voltage.

e. Adjust R980 for adim spot, then adjust R968 (Focus
Range adjustment) and ASTIG (R85 on rear panel) for
smallest round spot.

f. ADJUST—-CRT Grid Bias adjustment R980 (see Fig.
5-5) so the spot on the CRT just disappears.

g. Disconnect the DC voltmeter and connect the tip of a
10X probe from the test oscilloscope to TP924,

h. Set the TIME/DIV switch to 0.2 us and increase the
INTENSITY control setting to obtain a visible display of
nominal intensity,

iI. With the test oscilloscope set to 0.2 us/DIV and !
5 V/DIV (including the 10X probe attenuation), adjust its

._J[:
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Cr

triggering controls to trigger on the rising portion of the
waveform, to obtain a stable display of the unblanking
waveform present at test point TP924,

J. CHECK—Test oscilloscope display for optimum
waveform risetime and flat top (aberrations 10% or less).
Check for uniform brightness of the first division of the
trace on the screen of the oscilloscope being calibrated,

k. ADJUST—C953 (see Fig. 5-5) for optimum waveform
risetime without exceeding 10% aberrations. Perform the
fine adjustment of C953, (while observing the first division
of the trace on the screen of the oscilloscope being
calibrated) for uniform brightness.

NOTE

/f C953 is adjusted all the way in without reaching
optimum adjustment, increase the range of C953 by
increasing C952 from 1 pF {nominal value) to 1.8 pF.
If further range is required, C952 can be replaced
with a piece of wire. If C953 is adjusted all the way
out without reaching the optimum adjustment,
decrease the range of C953 by reducing C952 to 1.8
pForto 1 pF.

|. Disconnect all test equipment. A final fine-adjustment
of C953 for uniform brightness of the first division of signal
may be desired after removing the test oscilloscope probe
from TP924.

6. Adjust Focus Range and Astigmatism

a. Connect a 50 kHz signal from the Medium-Frequency
constant amplitude sine-wave generator to the CH 1 input
connector. Set the TIME/DIV switch to 5 or 10 us and
adjust the signal generator amplitude for a vertical display
of about 1.5 to 2 divisions.

b. Adjust the TRIGGER LEVEL control for a stable
display and advance the INTENSITY control to a
comfortable viewing level.

c. CHECK—CRT display for optimum focus of all
portions of the display. The display should remain in focus
as the setting of the INTENSITY control is varied.

d. ADJUST—Focus Range adjust R968 (see Fig. 5-5)
and ASTIG adjust R85 (located on rear panel) for optimum
focus of all portions of the display.

NOTE

The CRT focus circuit contains two selectable
resistors, R83 and R964. If the CRT is replaced it
may be necessary to change the values of these
resistors. In Step 6.d., if the adjustment range of
R968 does not allow optimum focus, the value of
R964 (in parallel with R962C) should be changed.
R83 is selected for optimum tracking of the focus
voltage with changes in INTENSITY control setting.
Optimum focus at high intensity should be checked

Calibration—432

at a fast sweep speed but at a low sweep repetition
rate, as this is the most common usage of high
intensity levels. Good focus at high intensity is
critical to good single-shot photography (or single-
shot storage in a storage instrument) near the writing
speed limit. Refer to the end of this section for
information for selecting R83 and R964.

e. Disconnect signal from the input connectors.

7. Adjust Trace Rotation

a. Position the free-running trace to the center hori-
zontal graticule line.

b. CHECK—The trace should be parallel with the center
horizontal line,

c. ADJUST-TRACE ROTATION adjustment RB80
(located on rear panel] so the trace is parallel with the
horizontal graticule lines,

8. Adjust Geometry

a. Apply 1 ms and .1 ms time marks from the Time-
Mark Generator to the CH 1 input connector.

b. Adjust the TRIGGER LEVEL control for a stable
display with the TIME/DIV switch set to 1 ms.

c. Adjust the CH 1 POSITION control and the CH 1
VOLTS/DIV switch so the time marks extend above and
below the vertical extremes of the CRT viewing area.

d. CHECK—-CRT display for no more than 0.1 division
of bowing or tilt of time marks.

e. ADJUST—Geometry adjustment R967 (see Fig. 5-5)
for minimum bowing and tilt of time marks.

f. Disconnect the Time-Mark Generator.

9. Check BEAM FINDER Operation
a. Press the BEAM FINDER button.

b. Rotate the CH 1 POSITION and horizontal POSI-
TION controls fully clockwise and then fully counterclock-

wise,

c. CHECK —Should not be able to position the free-
running trace out of the graticule area when holding the

BEAM FINDER button in.

10. Check External Z Axis Operation

a. Connect the output of the Medium-Frequency
Constant-Amplitude Signal Generator to the EXT TRIG
and Z AXIS input connectors via a 50 {1 termination, a

BNC T, and two 42-inch 50 £2 BNC cables.

b. Adjust the Constant—Amplitude Signal Generator for
a 5-volt output amplitude of 50 kilohertz reference signal.

5-9
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c. Set the TIME/DIV switch to 20 us and the TRIGGER
SOURCE to EXT.

d. Adjust the TRIGGER LEVEL control for a stable
display.

e. CHECK—CRT display for noticeable intensity modu-
lation of the trace (may require reducing the setting of the
INTENSITY control).

f. Increase the output frequency of the Constant Ampli-

tude Signal Generator to 20 megahertz,

g. Set the TIME/DIV switch to .05 us.

h. CHECK—CRT display for noticeable intensity modu-

lation of the trace.

i. Disconnect all test equipment.

11. Check Chopped Operation

a. Set the TIME/DIV switch to 2 us and the TRIGGER
SOURCE to COMP.

b. Apply 1 us time marks to the CH 1 input connector.

c. Adjust the TRIGGER LEVEL control for a stable
display.

d. Adjust the TIME/DIV switch and the Variable TIME/
DIV control for exactly two markers per division.

e. Disconnect the Time-Mark Generator. Do not change
the setting of the TIME/DIV switch or the Variable TIME/
DIV control.

f. Set the Vertical Mode to CHOP.

g. Adjust the TRIGGER LEVEL control for a stable
display.

h. Adjust the CH 1 and CH 2 POSITION controls to
separate the two traces.

i. CHECK —Time duration of chopped waveform should
be approximately 4.2 to 6.2 divisions (80 kilohertz to 120
kilohertz, approximately).

NOTES

5-10
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0 VERTICAL SYSTEM ADJUSTMENT

Equipment Required

1. Standard Amplitude Calibrator

2. Square-Wave Generator

erator
4. 24 pF Input Normalizer

5. 42-Inch 50 £2 BNC Cable (2 required)

6. BNC 50 £2 10X Attenuator

3. Medium-Frequency Constant-Amplitude Signal Gen-

7. Adapter (GR874 and BNC female connectors)

8. B0 £2 BNC Termination

9. BNC T Connector

10. 3-Inch Screwdriver

11. Low-Capacitance Screwdriver

12. Tuning Tool

Control Settings

Preset the instrument controls to the settings given
under Preliminary Control Settings except as follows:

Sweep MODE AUTO
INTENSITY For visible display
Input Coupling GND

TRIGGER LEVEL Fully clockwise

#® 12. Adjust Channel 1 Balance

a. Change the CH 1 VOLTS/DIV switch from 10 mV to
1mV.

b. CHECK—CRT display for not more than 0.1 division
of trace shift when switching from 10 mV to 1 mV.

c. ADJUST-CH 1 STEP ATTEN BAL adjustment
(located on front panel) for minimum trace shift when
switching from 10 mV to 1T mV.

d. Set the CH 1 VOLTS/DIV switch to 10 mV.

e. Rotate the CH 1 Variable VOLTS/DIV control.

f. CHECK—-CRT display for not more than 0.3 division
ot trace shift when rotating the CH 1 Variable VOLTS/DIV
control.

g. ADJUST —Variable Balance adjust R212 (see Fig. 5-6)
for minimum trace shift when rotating the CH 1 Variable
VOLTS/DIV control.

“ h. Set the CH 1 VOLTS/DIV switch to 10 mV and the
CH 1 Variable VOLTS/DIV control to CAL.

: Ehannrﬂ 1 -
M Variable Balance
Adjust R212

Channel 2
== Variable Balance

R | B | #: :
N

y | — just ;

N\ N, |

© e m— - —— ——

Fig. 5-6. Location of Channel 1 and 2 balance adjustments.

13. Adjust Channel 2 Balance
a. Set the Vertical Mode to CH 2.

b. Change the CH 2 VOLTS/DIV switch from 10 mV to
1TmV.

c. CHECK—CRT display for not more than 0.1 division
of trace shift when switching from 10 mV to 1 mV.

d. ADJUST-CH 2 STEP ATTEN BAL adjustment
(located on front panel) for minimum trace shift when
switching from 10 mV to 1 mV,

e. Set the CH 2 VOLTS/DIV switch to 10 mV.

5-11
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f. Rotate the CH 2 Variable VOLTS/DIV control.

g. CHECK—CRT display for not more than 0.3 division
of trace shift when rotating the CH 2 Variable VOLTS/DIV
control.

h. ADJUST—Variable Balance adjust R312 (see Fig.
5-6) for minimum trace shift when rotating the CH 2
Variable VOLTS/DIV control.

i. Set the CH 2 VOLTS/DIV switch to 10 mV and the
CH 2 Variable VOLTS/DIV control to CAL.

j. Position the free-running trace to the center hori-
zontal graticule line.

k. Set the INVERT switch to the INVERT position
(button out).

I. CHECK—CRT display for not more than 1.0 division
of trace shift when inverting the Channel 2 display.

m. ADJUST—=Invert Balance adjustment R348 (see Fig.
5-6) for minimum trace shift when inverting the Channel 2
display.

n. Push the INVERT button in.

14. Adjust CH 1 and CH 2 GAIN

a. Set input coupling for both channels to DC.

b. Connect the output of the Standard Amplitude Cali-
brator to the CH 2 input connector via a 42-inch BNC
cable.

c. Set the Standard Amplitude Calibrator for a 50 milli-
volt signal output amplitude.

d. CHECK—CRT display for 5 divisions, £0.15 division
of deflection.

e. ADJUST—-CH 2 GAIN adjustment (located on front
panel} for exactly b divisions of deflection.

f. Change Vertical Mode to CH 1.

g. Remove the Standard Amplitude Calibrator signal
from the CH 2 input connector and connect it to the CH 1
INput connector.

h. CHECK—CRT display for 5 divisions, £0.15 division
of deflection.

i. ADJUST—CH 1 GAIN adjustment (located on front
panel) for exactly 5 divisions of deflection.

15. Check CH 1 Variable VOLTS/DIV Range and
Attenuator Accuracy

a. With exactly a 5-division amplitude display, rotate
the CH 1 Variable VOLTS/DIV control.

b. CHECK—CRT display can be reduced in amplitude to
two divisions or less.

c. Set the CH 1 Variable VOLTS/DIV control to CAL.

5-12

d. CHECK—Using the CH 1 VOLTS/DIV switch and the
Standard Amplitude Calibrator settings given in Table 5-1,
check to see if the vertical deflection factor accuracy for
each position of the CH 1 VOLTS/DIV switch is within 3%.

NOTE

Replacing U210 in Channel 1 or U310 in Channel 2

may affect gain accuracy at 1 and 2 mV/DIV. R220

(CH 1) and R320 (CH 2) are selectable for 1 mV/DIV

gain accuracy. R223 (CH 1) and R323 (CH 2) are

selectable for 2 mV/DIV gain accuracy. If the 1

mV/DIV or 2 mV/DIV ranges are outside of specified
tolerances at the completion of step 14 Gain adjust-

ments, an approximate 2% resistance change of R220,
R320, R223, or R323 will result in a 2% gain change
for the corresponding range and channel. If the
display exceeds 5.15 divisions, increase the resistor
value by 2%. If the display is less than 4.85 divisions,
decrease the value of the appropriate resistor by 2%.
If less than a 2% gain change is desired, alter the
effective resistor value in 1% increments by paral-
leling the next higher optional resistor value desired
with R219, R222, R319, or R322 as necessary.

Capacitors C222 and C322 affect the front corner
response of the 1 mV range for channels 1 and 2
respectively, while capacitors C228 and C328 affect
the front corner response of the 2m\V range. If
correct compensation cannot be obtained with C220,
C223, C320, and C323 adjustments, add or subtract
from the wvalue of C222, C322., C228, or C328 in
approximately 15 pF increments until the desired
compensation is obtained for the range and channel

in guestion.
TABLE 5-1

Vertical Deflection Accuracy

¢

Standard Vertical Maximum
VOLTS/DIV | Amplitude Deflection Error

Switch Calibrator in For +3%

Setting Output Divisions Accuracy
1mV 5 millivolts 5 +0.15 division
2mV 10 millivolts 5 *+0.15 division
5 mV 20 millivolts 4 +0.12 division
10mV 50 millivolts 5 Previously set

in step 14.
20mV 0.1 volt 5 +0.15 division
50 mV 0.2 volt 4 +0.12 division
AV 0.5 volt 5 *0.15 division
2V 1 volt 5 +0.15 division
S5V 2 volts 4 +0.12 division
" 5 volts 5 +0.15 division
2V 10 volts 5 +(0.15 division
5V 20 volts 4 +0.12 division
10V 50 volts 5 +0.15 division

., T m
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16. Check CH 2 Variable VOLTS/DIV Range and

. Attenuator Accuracy

L

a. Remove the Standard Amplitude Calibrator signal
from the CH 1 input connector and connect it to the CH 2
input connector and set the Vertical Mode to CH 2.

b. With the CH 2 VOLTS/DIV switch set to 10 mV, set
the Standard Amplitude Calibrator for a 50 millivolt output
signal amplitude.

c. With an exactly 5-division amplitude display, rotate
the CH 2 Variable VOLTS/DIV control.

d. CHECK—CRT display can be reduced in amplitude to
two divisions or less.

e. Set the CH 2 Variable VOLTS/DIV control to CAL.

f. CHECK—Using the CH 2 VOLTS/DIV switch and the
Standard Amplitude Calibrator settings given in Table 5-1,
check to see if the vertical deflection factor accuracy for

each position of the CH 2 VOLTS/DIV switch is within 3%.

17. Check ADD Mode Operation

a. Apply the Standard Amplitude Calibrator output
signal to both the CH 1 and CH 2 input connectors via a
BNC T and two 42-inch 50 £2 BNC cables.

b. Set both VOLTS/DIV switches to .1 V and the Verti-
cal Mode to ADD.

c. Set the Standard Amplitude Calibrator for a .2 volt
output signal.

d. CHECK—CRT display for 4 divisions, £0.12 division
of deflection.

e. Disconnect all test equipment.

18. Adjust Channel 1 VOLTS/DIV Switch Com-
pensation

a. Set the Channel 1 VOLTS/DIV switch to 10 mV, the
Vertical Mode to CH 1, the CH 1 Input Coupling to DC,
and the Vertical Mode to CH 1.

b, Connect the high-amplitude output of the Square-
Wave Generator (Type 106) to the CH 1 input connector
via a GR to BNC adapter, a 42-inch 50 £ BNC cable, a 50
() BNC 10X attenuator, a 50 £2 BNC termination, and a 24
picofarad input normalizer.

Calibration—432

. .ﬁ.diust the output of the Square-Wave Generator for a
display five divisions in amplitude and a repetition rate of
one kilohertz.

d. Adjust the TRIGGER LEVEL control for a stable
display.

e. CHECK—CRT display at each Channel 1 VOLTS/DIV
switch position for optimum square corner and flat top.
Typically less than +2%, —2%, or a total of 29 peak to peak
aberration within the +20°C to +30°C temperature range.
Remove the 10X attenuator and the 50 £ BNC termination
as necessary to maintain a five-division display amplitude.

f. ADJUST—Channel 1 VOLTS/DIV switch compensa-
tion as given in Table 5-2. Adjust for optimum square
corner and flat top. Remove the 10X attenuator and/or
50 £} BNC termination as necessary to maintain a five-
division display amplitude. Fig. 5-7 shows the location of
the variable compensation adjustments.

TABLE 5-2
VOLTS/DIV Switch Compensation

Adjusted for optimum
VOLTS/DIV | Attenuator Square Flat
Switch Setting |Compensated | Corner Top
! C9 for Channel 1
L i C19 for Channel 2
If error is greater than 2%,
5 mV Check compromise setting at 1
2mV Check mV, 2 mV, 5 mV, and 10
T mV Check mV for best overall
response.
20 mVv — C106 C107
50 mV =5 c110 Ci111
2V =10 C114 C115

Remove external 10X attenuator from generator

If error is greater than 2%,

2V Check compromise setting at .1 V
bV Check 2 V. and .5V for best over-
all response.
Remove 50 £ termination
() +100 C118 C119
If error is greater than 2%,
2y S compromise setting at 1 V,
by Check 2V,5V, and 10 V for best
10V Check

overall response.
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Fig. 5-7. Location of CH 1 & CH 2 VOLTS/DIV switch compensation adjustments.

19. Adjust Channel 2 VOLTS/DIV Switch Com-
pensation

a. Set the Channel 2 VOLTS/DIV switch to 10 mV, the
Vertical Mode to CH 2, and the CH 2 Input Coupling to
DC.

b. Connect the high-amplitude output of the Square-
Wave Generator (Type 106) to the CH 2 input connector
via a GR to BNC adapter, a 42-inch 50 £ BNC cable, a 50
€1 BNC 10X attenuator, a 50 £ BNC termination, and a 24
picofarad input normalizer.

c. Adjust the output of the Square-Wave Generator for a
display five divisions in amplitude and a repetition rate of
one kilohertz.

d. CHECK—CRT display at each Channel 2 VOLTS/
DIV switch position for optimum square corner and flat
top. Typically less than +2%, —2%, total of 2% peak to
peak aberration within the +20°C to +30°C temperature
range. Remove the 10X attenuator and the 50 {2 BNC
termination as necessary to maintain a five division display
amplitude.

e. ADJUST—Channel 2 VOLTS/DIV switch compensa-
tion as given in Table 5-2. Adjust for optimum square

5-14

corner and flat top. Remove the 10X attenuator and 50 {2
BNC termination as necessary to maintain a five-division
display amplitude. Fig. 5-7 shows the location of the
variable compensation adjustments.

f. Disconnect all test equipment.

20. Adjust High Frequency Compensation

a. Connect the positive-going fast-rise output of the
Square-Wave Generator (Type 106) to the CH 1 input
connector via a GR to BNC adapter, a 42-inch 50 £ BNC
cable, and a 50 £2 BNC termination.

b. Set the Vertical Mode to CH 1 and both VOLTS/DIV
switches to 10 mV.

c. Set the Square-Wave Generator for a six-division
display with a repetition rate of 100 kHz. (If generator
output cannot be reduced enough, add a 10X attenuator
between the cable and the 50 £ termination.) Switch the
TIME/DIV to 5 us and trigger the waveform in COMP on +

SLOPE.

d. Adjust the TRIGGER LEVEL control for a stable
display.

¢
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e Vertically center the display in the CRT viewing area
O with the CH 1 POSITION control.

f. CHECK—CRT display for optimum risetime with
aberrations typically less than +4%, —4%, a total of 4%
peak to peak within the +20°C to +30°C temperature
range. If risetime is out of specification or aberrations are
greater than typical values; Preset R570 (Above SN
B179999) and C226 to midrange, L533 core centered in
form, and L584 core flush with top of form.

g. ADJUST—R461 and C461 for flat front portion of
waveform top. Switch to 0.2 us and adjust C572 for
maximum overshoot. Adjust L533, C217, C226, R461, and
C461 for a flat front corner of waveform top with some
aberrations behind the front corner. Adjust L584 for
minimum aberrations behind the front corner. Check
waveform at various sweep speeds and slightly readjust
R570, L533, R461, C461, and C217 as necessary for
maximum risetime and minimum aberrations.

h. Position the top of the display to the bottom
graticule line.

i. CHECK—CRT display for aberrations, typically less
than +7%, —7%, or a total of 7% peak to peak. If
aberrations exceed this amount, repeat steps 20e through i.

L533 and L584 located on bulkhead
adjacent to Q530 and Q580.

Calibration—432

Position of R535, R586, the CRT leads from L533 and
!_534, the lead from Q530 to L533, and replacing or
interchanging Q530 and Q580 all may affect aberrations
with the trace at various positions on the CRT screen.

NOTE

The tolerances given in steps i, o, t, and w apply only
in the temperature range of +20°C to +30° C. If the
results of any portion of steps 20 and 21 are outside
of suggested tolerances or typical values, repeat all of
bq:frh steps for the best oversll compromise of
Risetime, Bandwidth, and abberrations. |If major
components have been replaced, it may be necessary
to reselect the values of the various associated

components marked as selected on the schematic
diagram,

). Remove the Square-Wave Generator signal from the
CH 1 input connector and connect it to the CH 2 input
connector.

k. Set Vertical Mode to CH 2 and vertically center the
display with the CH 2 POSITION control.

|. CHECK—CRT display for optimum risetime with
aberrations typically less than +4%, —4%. or a total of 4%

Fig. 5-8. Location of vertical system high-frequency compensation adjustments.
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Calibration—432

peak to peak within the +20°C to +30°C temperature

range.

m. ADJ_UST—CSH‘ and C326 (see Fig. 58) for
optimum risetime with aberrations typically less than +4%,

—4%, or a total of 4% peak to peak within the +20°C to
+30 C temperature range.

n. Position the top of the display to the bottom grati-
cule line.

o. CHECK—-CRT display for aberrations typically less
than +7%, —7%, or a total of 7% peak to peak.

p. Connect the negative-going fast-rise output of the
Square-Wave Generator to the CH 2 input connector.

q. Adjust the Sguare-Wave Generator for a six division
display.

r. Set TRIGGER SLOPE to — and obtain a stable dis-
play.

5. Position the bottom of the display to the top of the
graticule.

t. CHECK—CRT display for aberrations typically less
than +9%, —9%, or a total of 9% peak to peak.

u. Remove the Square-Wave Generator signal from the
CH 2 input connector and connect it to the CH 1 input
connector.

v. Set Vertical Mode to CH 1 and position the bottom
of the display to the top of the graticule.

w. CHECK—CRT display for aberrations typically less
than +9%, —9%, or a total of 9% peak to peak.

%x. Reconnect the positive-going fast-rise output from
the Square-Wave Generator to the CH 1 input connector
and set the TRIGGER SLOPE switch to +.

v. Set the CH 1 VOLTS/DIV switch to b mV/,

z. Adjust the Square-Wave Generator for a six-division
display.

aa. Vertically center the display using the CH 1

POSITION control.

ab. CHECK—-CRT display in 1 mV, 2 mV, and 5 mV
positions of the CH 1 and CH 2 VOLTS/DIV switches.
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Refer to Table 5-3. Use the 10X BNC attenuator as
necessary to maintain a six-division display amplitude.

TABLE 5-3
Amplifier Compensation

VOLTS/DIV Compensation Typical
Switch Setting Adjustment Aberration
5 mV C225 in Channel 1|Less than +4%,
C325 in Channel 2| _4%, total of 4%
2 mv EE?E -||'| ChaﬂnE| 1 peak to pEak.
C323 in Channel 2
1mV C220 in Channel 1|Less than +4%,
C320 in Channel 2| —4%, total of 4%
peak to peak.

ac. ADJUST—Refer to Table 5-3 for the correct
adjustment and tolerances. See Fig. 5-8 for adjustment
locations.

ad. Disconnect all test equipment.

21. Check Vertical Amplifier Bandwidth

a. Connect the output of the Medium-Frequency
Constant-Amplitude Signal Generator to the CH 1 input
connector via a GR to BNC adapter, a 42-inch 50 §2 BNC
cable, a 10X BNC attenuator, and a 50 £2 BNC termination.

b. Set both VOLTS/DIV switches to 10 mV, the
Vertical Mode to CH 1, and the TRIGGER LEVEL control
fully clockwise.

c. Adjust the signal generator output amplitude for a
six-division display of the 50 kilohertz reference frequency.

d. Without changing the output amplitude, increase the
output frequency until the display is reduced to 4.2
divisions.

g. CHECK —Output frequency of the signal generator
must be at least 25 megahertz.

f. Repeat this bandwidth cneck procedure for all posi-

tions listed in Table 5-4. Check both Channel 1 and
Channel 2.
TABLE 5-4
Vertical Amplifier Bandwidth
VOLTS/DIV Minimum
Switch Setting Bandwidth
_15°C to +30°C | +30°C to +55°C
10 mV 25 megahertz 25 megahertz
~5mV 23 megahertz 21 megahertz
2mV 20 megahertz 18 megahertz
1TmV 18 megahertz 16 megahertz

G

¢
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22. Check 5 MHz Bandwidth

a. Connect the output of the Medium-Frequency
Constant-Amplitude Signal Generator to the CH 1 input
connector via a GR to BNC adapter, a 42-inch 50 £2 BNC
cable, and a 50 £2 BNC termination.

b. Set the CH 1 VOLTS/DIV switch to 10 mV and the
Vertical Mode to CH 1.

c. Set the 5 MHz BW button to the out position.

Calibration—432

d. Adjust the output of the signal generator for a
six-division display of the 50 kilohertz reference frequency.

e. Without changing the output amplitude, increase the
frequency of the signal generator until the display is
reduced to 4.2 divisions,

f. CHECK—-Output frequency of the generator must be
2 megahertz, +1 megahertz.

9. Disconnect all test equipment.

NOTES

= e — —
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TRIGGER CIRCUIT ADJUSTMENT ‘
Equipment Required
1. Medium-Frequency Constant-Amplitude Signal 4. BNC T Connector
Generator

5. 42-Inch 50 §£2 BNC Cable (two required)
2. Low-Frequency Signal Generator

6. 3-Inch Screwdriver
3. 50 £1 BNC Termination (two required) 7. 50 £2 BNC 10X Attenuator (two required)

Control Settings

Preset the instrument controls to the settings given under
Preliminary Control Settings except as follows:

Sweep MODE AUTO
TIME/DIV 50 us
INTENSITY Visible Display
TRIGGER COUPLING AC

23. Adjust Trigger Level Centering

a. Connect the output of the Medium-Frequency | - Trig Level
Constant-Amplitude Signal Generator to the CH 1 input Centering R629 ¥

connector via a GR to BNC adapter, a 42-inch 50 £2 BNC ﬁ .
. R % _.P

cable, and a 50 £1 BNC termination.
c. Vertically center the display around the center grati- Fig. 5-9. Location of Trigger Level Centering adjustments.
cule line.

b. Adjust the output of the signal generator for a 0.3
division display of the 50 kilohertz reference frequency.

d. CHECK—-That the TRIGGER LEVEL control can be
adjusted for a stable display with the TRIGGER LEVEL
control knob pointing somewhere in the word “LEVEL"
(check this for both + and — positions of the TRIGGER
SLOPE switch).

e. ADJUST —Trigger Level Centering adjustment R629
\see Fig. 5-9) for a stable display in the + position of the e
TRIGGER SLOPE switch with the TRIGGER LEVEL
control centered.

Channel 1 Trigger
» DC Level R284

24, Adjust CH 1 and COMP Trigger DC Level

a. Set the TRIGGER COUPLING to DC and the
TRIGGER SLOPE switch to +.

b. CHECK—CRT for a stable display. ) - — '\

c. ADJUST—Comp Trigger DC Level adjustment R2/74
(see Fig. 5-10) for a stable display. - Fig. 5-10. Location of trigger DC level adjustments.
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d. Set the TRIGGER SOURCE to CH 1.

@

e. CHECK—CRT for a stable display.

T QDJUST—CH 1 Trigger DC Level adjustment R284
(see Fig. 5-10) for a stable display.

25. Check Trigger Circuit Operation

NOTE

For EXT trigger checks: Adjust the signal amplitude
at the 50 kHz reference frequency, then switch to the
check point frequency without changing the ampli-
tude control,

a. Attach a T connector to a GR-BNC adapter and
connect the GR end of the adapter to the Medium
Frequency Constant Amplitude signal generator. To each
output of the T connector, attach a 42 inch 50 I BNC
cable, a 50 £2 BNC 10X attenuator and a 50 £2 BNC
termination (in that order). Connect one of the termina-
tions to the CH 1 input connector and the other termina-
tion to the EXT TRIG input connector on the rear panel.

b. CHECK—Stable display can be obtained using the sig-
nal amplitude and coupling modes given in Table 5-5.

TABLE 5-5

Trigger Operation Check

TRIGGER TRIGGER
SOURCE COUPLING | Minimum Signal Amplitude
-
b MHz 25 MHz
CH 1 AC
& DC 0.3 div 1 div
COMP LF REJ
AC
EXT DC 50 mVv 175 mV
LF REJ

c. Set TRIGGER SOURCE to COMP and TRIGGER
COUPLING to HF REJ.

d. Adjust the signal generator for a 0.7 division display
of the B0 kilohertz reference frequency.

e. CHECK —A stable display can be obtained.

display of a 1 megahertz signal.

f. Adjust the signal generator output for a 0.7 division

Calibration—432

g. CHECK—A stable display can not be i
HF REJ button to release. R

& h.lﬂéplace the Medium-Frequency Constant-Amplitude
'gnal Lenerator with a Low-Frequency Si

gnal Generator

and remove the 50 £} BNC termination from the test setup

(42-inch 50 £2 BNC cable should be ¢ i
_ onnected directl
the EXT TRIG input connector) T

. Set the TRIGGER COUPLING to LF RE..

j- .aﬂfd_jus;t _the Low-Frequency Signal Generator for a
0.7 division display of a 30 kilohertz signal.

k. CHECK—A stable display can be obtained.

|. Adjust the signal generator for a 0.7 division di
: spla
of a 100 hertz signal. e

m. CHECK—A stable display can not be obtained. Push
LF REJ button to release.

n. Adjust the signal generator for a 0.7 division display
of a 100 kilohertz signal.

0. Set Sweep MODE to NORM.

p. CHECK—Should be able to obtain a stable display.
When the TRIGGER LEVEL control is rotated fully

counterclockwise or clockwise, there should be no display
presented on the CRT.

26. Check Single Sweep Operation

a. Adjust the signal generator for a 0.3-division display
of a 1 kilohertz signal.

b. Set the TRIGGER COUPLING to AC.

c. Adjust the TRIGGER LEVEL control for a stable
display.

d. Set the Sweep MODE to SINGLE SWEEP.

e. Press the RESET button.

f. CHECK—A single-sweep display (one sweep only) is
presented.

g. Rotate the TRIGGER LEVEL control fully clock-
wWise.

h. Press the RESET button.

2-19



DCorp 2009

Calibration—432

I. CHECK—The READY light comes on and remains on
until the sweep is triggered.

j. Rotate the TRIGGER LEVEL control through mid-

range.

k. CHECK—A single-sweep display (one sweep only) is
presented and the READY light goes out.

27. Check TRIGGER LEVEL Control Range

a. Set the Sweep MODE to AUTO, TRIGGER
COUPLING to DC, TRIGGER SOURCE to EXT, and the
CH 1 VOLTS/DIV switch to 1 V.,

b. Adjust the signal generator for a 4-division display of
a 1 kilohertz signal.

c. CHECK—-Rotate the TRIGGER LEVEL control
throughout its range and check that the display can be
triggered (stable display) at any point along the slope of the
waveform in both the + and — positions of the TRIGGER
SLOPE switch. This indicates a control range of at least +2
volts to —2 volts.

d. Set the EXT ATTEN pushbutton to 1:10 and the CH
1 VOLTS/DIV switch to 10 V.,

e. Adjust the signal generator for a 4-division display of
a 1 kilohertz signal.

f. CHECK—Rotate the TRIGGER LEVEL control
throughout its range and check that the display can be
triggered (stable display) at any point along the slope of the
waveform in both the + and — positions of the TRIGGER
SLOPE switch. This indicates a control range of at least +20
volts to —20 volts.

g. Disconnect all test equipment.

28. Check Line Triggering

a. Connect a 10X probe (432 standard accessory) to the
CH 1 input connector.

b. Set the TRIGGER SOURCE to LINE, the TRIGGER

COUPLING to AC, and the CH 1 VOLTS/DIV switch to 10
.

¢. Connect the probe tip to the same line-voltage source
which is connected to the instrument,

d. Adjust the TRIGGER LEWVEL control for a stable
display.

e. CHECK—Stable CRT display triggered on the correct
slope in both the + and — positions of the TRIGGER
SLOPE switch.

f. Disconnect all test equipment.

NOTES
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Calibration—422

(. HORIZONTAL SYSTEM CALIBRATION

Equipment Required

1. Test Oscilloscope

2. Time-Mark Generator

3. Standard Amplitude Calibrator

4. 42-Inch 50 £2 BNC Cable

5. 3-Inch Screwdriver

6. Low-Capacitance Screwdriver

Control Settings

Preset instrument controls to the settings given under
Preliminary Control Settings except as follows:

Sweep MODE
INTENSITY

AUTO
Visible Display

29. Adjust Sweep Generator Offset

a. Connect a 1X probe to the test oscilloscope vertical
Input.

. b. Connect the tip of the 1X probe to TP701 (see Fig.
5-11).

Offset R703

c. Set the test oscilloscope input coupling to ground and
establish a 0 V DC reference level.

d. Set the test oscilloscope input coupling to DC and
the Volts/Div to 5 mV,

e. CHECK—Test oscilloscope display is within two divi-
sions of the O V DC reference level.,

f. ADJUST —Sweep Generator Offset adjustment R703

(see Fig. 5-11) to center the test oscilloscope display
around the 0 V DC reference level.

g. Disconnect all test equipment.

Magnifier

! Registration

- s TR
Test Point I--""'H; .
b r [ o
[ :-I. L "“éﬂ" "‘i o L.
- 716 & = -
[N ”" -
P-ﬂ-. HOMIDNTAL BOARD 1
5. I:?Elli' W ASSY i
ra— Sweep Generator

Fig. 5-11. Location of horizontal system adjustments and test points,
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30. Adjust Sweep Cal Adjustment

a. Connect a Time-Mark Generator to the CH 1 input
connector via a 42-inch 50 £2 BNC cable.

NOTE

If the Tektronix Tvpe 184 Time-Mark Generator is
used, attach the signal to the CH I input connector

via a 42-inch 50 §) BNC cable and a 50 ) BNC ter.
mination.

b. Set the Sweep MODE to NORM,

c. Set the Time-Mark Generator for 1 ms and .1 ms time
marks,

d. Set the CH 1 VOLTS/DIV switch to 5 Vv and adjust
the TRIGGER LEVEL control for a stable display,

e. CHECK—-CRT display for a sweep duration of

approximately 11 ms (indicated by 12 one millisecond time
marks).

f. ADJUST —Sweep Cal adjustment R727 (see Fig. 5-11)
for a sweep duration of 11 milliseconds.

31. Adjust Horizontal Gain

a. Horizontally position the display to align the first
time mark with the left hand edge of the CRT graticule.

b. CHECK—Eleventh time mark should align with the
right hand edge of the CRT graticule within 0.3 division
(0.4 division if this measurement is being made outside the
+20°C to +30°C temperature range).

c. ADJUST—Horizontal Gain adjustment R817 (see Fig.
5-11) for one one-millisecond time mark per division.

32. Adjust Magnifier Registration
a. Set the Time-Mark Generator for 5 ms time marks.

b. With the TIME/DIV switch set to 1 ms, set the MAG
switch to 20 us (50X magnification).

c. Horizontally position the middle time mark to the
center vertical graticule line.
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d. Set the MAG switch to 1 ms (1X magnification).

e. CHECK—Middle time mark should remain aligned
with the center vertical graticule line within approximately
one division.

f. ADJUST—Magnifier Registration adjustment RB868
(see Fig. 5-11) to align the middle time mark with the
center vertical graticule line.

9. Repeat steps b through f until the middle time mark
remains aligned with the center vertical graticule line,

33. Check Variable TIME/DIV Range

a. Set the Time-Mark Generator for 10 ms time marks,

b. Rotate the Variable TIME/DIV control through its
range of adjustment and set for minimum spacing between
time marks.

c. CHECK—CRT display for four or less divisions
between time marks when Variable TIME/DIV control is
set to minimum. This indicates a Variable range of adjust-
ment of at least 2.5:1,

34. Adjust High Speed Timing
a. Set the TIME/DIV switch to .2 ps.

b. Set the Time-Mark Generator for .1 s time marks.

c. CHECK—CRT display for two time marks per divi-
sion within 0.3 division (0.4 division if this measurement is
being made outside of the +20°C to +30°C temperature
range).

d. ADJUST—C716 (see Fig. 5-11) for two time marks
per division.

e. With the TIME/DIV switch set to .2 us, set the MAG
switch to .02 us.

f. Set the Time-Mark Generator for 10 nanosecond sine
wave (20 nanosecond sine wave if using a Type 184).

g. CHECK—CRT display for two cycles per division
lone cycle per division if using a 20 nanosecond sine wave)

v



DCorp 2009

within 0.4 division (0.5 division if this measurement is
F. being made outside of the +20°C to +30°C temperature

range). Exclude the first and last two divisions of the mag-
nified sweep,

h. ADJUST—C871 and C881 (see Fig. 5-11) for best
timing and linearity excluding the first and last two divi-
sions of the magnified sweep.

i. Set the TIME/DIV switch to 1 us and the MAG switch
to .02 us. Set the VOLTS/DIV switch to 2 mV/DIV.

j. CHECK—CRT display for two cycles per division (one
cycle per division if using a 20 nanosecond sine wave) with-
in 0.4 division (0.5 division if this measurement is being
made outside of the +20°C to +30°C temperature range).
Exclude the first and last ten divisions of magnified sweep.

k. ADJUST—-C871 and CB81 (see Fig. 5-11) as neces-
sary for the best compromise of timing and linearity
between 1 us with 50X magnification and .2 us with 10X
magnification.

35. Check TIME/DIV Accuracy

a. CHECK —Apply the appropriate time marks and
check each position of the TIME/DIV switch for proper
timing (unmagnified) over the first ten divisions of sweep
within 0.3 division (0.4 division if this measurement is
being made outside of the +20°C to +30°C temperature
range).

36. Check Magnified Sweep Accuracy
a. Set the TIME/DIV switch to 1 ms.

b. CHECK -Apply the appropriate time marks and
check magnified timing at .5 ms, .2 ms, .1 ms, 50 us, and 20
pus within 0.4 division (0.5 division if this measurement is
being made outside of the +20°C to +30°C temperature
range).

c. Set the TIME/DIV switch to .5 ms.

d. CHECK —-Apply the appropriate time marks and
check magnified timing at .2 ms and 20 us within 0.4 divi-
ston (0.5 division if this measurement is being made outside
of the +20°C to +30°C temperature range).

e. Set the TIME/DIV switch to .2 ms,
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f. EHEC!_{fﬂpplv the appropriate time marks and
check magnified timing at 50 us and 5 s within 0.4 divi-

sion (0.5 division if this measurement is being made outside
of the +20°C to +30°C temperature range).

37. Check High Speed Magnified Timing Accuracy

a. CHECK—Timing accuracy of TIME/DIV and MAG
switch combinations given in Table 5-6 within 0.4 division

(0.5 division if this measurement is being made outside of
the +20°C to +30°C temperature range).

TABLE 5-6
High Speed Magnified Timing Accuracy

TIME/DIV MAG Portions Excluded
5 us First and last .5 division.
2 Ms First and last 1 division.
1 us . s First and last 2 divisions.
05 us First and last 5 divisions.
02 us First and last 10 divisions.
2 Ms First and last .5 division.
1 s First and last 1 division.
D us 05 us First and last 2 divisions.
02 us First and last 5 divisions.
1 s First and last .5 division.
2 Us .05 us First and last 1 division.
02 us First and last 2 divisions.

b. Disconnect all test equipment.

38. Check External Horizontal Sensitivity

a. Set the TIME/DIV switch to EXT HORIZ and the
TRIGGER LEVEL control fully clockwise.

b. Connect the output of the Standard Amplitude
Calibrator to the EXT HORIZ input connector via a

42-inch 50 €2 BNC cable.

c. Set the Standard Amplitude Calibrator for a two-volt
output signal amplitude.

d. CHECK—-CRT display for two dots horizontally
separated by approximately four divisions (typically within
3.5 to 4.5 divisions).

e. Disconnect all test equipment.
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Equipment Required

1. Precision DC Voltmeter

2. Time-Mark Generator

CALIBRATOR CIRCUIT ADJUSTMENT

3. 42-Inch 50 £2 BNC Cable

4. 3-Inch Screwdriver

Control Settings

Preset the Instrument controls to the settings given under
Preliminary Control Settings except as follows:

Sweep MODE AUTO
INTENSITY Visible Display
Vertical Mode ALT

39. Adjust Calibrator Output Voltage Amplitude
a. Remove Q905 from its socket (see Fig. 5-12).

b. Connect the Precision DC Voltmeter between the
PROBE CAL 0.6 V 1 kHz connector and ground,

¢c. CHECK—-DC voltage measurement of 0.6 volt within
0.003 volt (0.009 volt if this measurement is being made
outside of the +20°C to +30°C temperature range).

d. ADJUST—R915 (see Fig. 5-12) for a DC voltage
measurement of 0.6 volt.

Fig. 5-12. Location of Calibrator circuit components.
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e. Disconnect the Precision DC Voltmeter and replace
Q905 in its socket.

40. Adjust Calibrator Repetition Rate
NOTE

If a frequency counter with an accuracy of at least
0.1% is available (such as Tektronix 7D14 Digital
Counter), it can be used to check the accuracy of the
Calibrator.

a. Connect a 10X probe (432 standard accessory) to the
CH 1 input connector. Connect the tip of the probe to the
top of R918 (see Fig. 5-12).

b. Connect the output of the Time-Mark Generator to
the CH 2 input connector via a 42-inch 50 £ BNC cable.
Set the Time-Mark Generator for 1 millisecond time marks.

c. Adjust the VOLTS/DIV switches for approximately
two divisions of display of each signal.

d. Set the Vertical Mode to ADD.

e. Adjust the TRIGGER LEVEL control so a trigger_ed
trace is presented only when the time marks occur during
the positive portion of the calibrator square wave.

f Set the TRIGGER COUPLING to LF REJ, the Sweep
MODE to NORM . and the TIME/DIV to .2 S/DIV.

g. CHECK—The amount of time required for a
time-mark to drift across the positive level of the calibrator
square wave to the negative level and back to the pmsitiv.e
level must be at least 0.4 second (0.1 second if this
measurement is being made outside of the +20°C to +30°C
temperature range). This time can be measured directly
from the display by observing the number of divisions that
the time mark moves across the display area before it
returns to the positive level.
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r h. ADJUST—If the limits of the CHECK — step are not
met set the TRIGGER SOURCE to CH 1, TRIGGER
. COUPLING to AC, and the TIME/DIV to .2 ms. Adjust the
TRIGGER LEVEL control for a stable display and adjust
Calibrator Frequency adjustment R904 (see Fig. 5-12) for
minimum drift of the time marks across the calibrator
waveform. Recheck repetition rate accuracy in the manner

given in steps a through g.

I. Disconnect all test equipment,

This completes the calibration procedure for the 432
Oscilloscope. Replace the instrument wrap-around cabinet.
If the instrument has been completely checked and
adjusted to the tolerances given in this procedure, it will
meet or exceed the specifications given in Section 1.

SELECTING COMPONENTS FOR OPTIMUM
FOCUS AFTER CRT REPLACEMENT

- The CRT focus circuit contains two selectable resistors.
If the adjustment covered in step 6 of the Calibration
procedure do not result in optimum focus after the CRT
has been replaced, it may be necessary to select a new value
for R964 or RB3 as follows:

. SELECTING R964

If optimum focus is not reached before the limit of
adjustment of R968 as outlined in Calibration section Step
6.d. (Adjustment of focus range), R964 (which is in parallel
with R962C) should be changed in value. Leave the
adjustment of R968 at the limit closest to optimum focus
and proceed as follows:

1. Turn the instrument off and disconnect it from the
power line, Remove the clear plastic protective cover from
the Z-Axis board by loosening the nylon screws and
slipping the cover sideways so that the screw heads fit
through the key-holes in the cover,

2. Measure the resistance of R968 by connecting one
probe of the ohmmeter to the junction of R968 and RB2B,
and the other probe to the junction of R968 and R962C.

3. If R968 is near 5 megohms, R964 value should be
increased . Complete removal should suffice. If R968 1s near
zero ohms, the value of R964 should be decreased. If no
resistor was originally installed for R964, a value of 5 to 10
megohms (1/2 watt composition) should suffice. One end
of R964 connects to the terminal closest to R968 on R962
(the white ceramic resistor located under C990). The other

.' end of RA964 connects to TP962 (one end of C990). When
soldering to the terminal on the ceramic resistor, make the
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connection as close to the circuit board as possible, and use
only enough heat to make a good connection to avoid
loosening the terminal on the ceramic resistor.

4. Replace the clear plastic protective cover, apply
power and return to Step 6.d. of the calibration procedure,

NOTE

It a value of R964 below 3 megohms is required, a
:_:.t'n:u:‘t problem is indicated. Remove power from the
instrument and wuse an ohmmeter to check all
connections and all resistor values to within 20%.
Check connections between the circuit board and
R82B for correct order. Restore power to the
instrument and recheck the High-Voltage power
supply at TP362 for —3940 volts per Step 4 of the
Calibration procedure.

SELECTING R83

R83 is selected for optimum tracking of the focus
voltage with changes in the INTENSITY control setting.
Optimum focus at high intensity should be checked at a
fast sweep speed but a low sweep repetition rate, as this is
the most common usage of high intensity levels, Good
focus at high intensity is critical to single shot photography
(or single-shot storage in a storage instrument) near the
writing speed limit.

To check focus at high intensity—

1. Turn off the instrument and disconnect it from the
power line. Use an chmmeter to determine which direction
of rotation causes an increasing resistance in R968 (Focus
Range Adjust). Note this information, remove ochmmeter,
restore power and turn the instrument on.

2. Connect the Medium-Frequency signal generator to
CH 2 input with a T connector, and to one vertical input of
the test oscilloscope terminated in 50£2. Use a channel on
the test oscilloscope which can be selected for triggering
(on a 432 or 434 test oscilloscope, this is CH 1 with trigger
source set to CH 1). Set the generator to about 350 kHz
and obtain a stable triggered display on the test oscillo-

SCOpE.

3 Connect the + Gate output of the test oscilloscope to
the CH 1 input of the instrument being calibrated. Select
CH 1 with both the vertical mode switch and trigger source
switch on the oscilloscope being calibrated. Obtain a stable
display of the test oscilloscope + Gate signal diaplayrec_! on
the instrument being calibrated, triggered on the rising

edge.

5-25
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Calibration—432

parts of the sine wave, without dark shadows appearing in
the center of the trace). Rotate R968 through the focus ‘

point several times to verify the optimum point.

4. On the oscilloscope being calibrated, select CH 2, set
the TIME/Div to 1us, and adjust the CH 2 VOLTS/DIV
and VAR VOLTS/DIV for 15 to 2 divisions of vertical
display amplitude. The display should be stable if the test
oscilloscope is properly triggered on the 350 kHz signal,
and the oscilloscope being calibrated is properly triggered

on the test oscilloscope + Gate signal leading edge. 9. Select COMP trigger on the oscilloscope being cali-

brated, and re-adjust trigger level for a stable display. (The
trace should be brighter than in step 8.) Reduce intensity to

5. Change the test oscilloscope sweep rate to 100 us/ a very low level.

DIV . As the test oscilloscope TIME/DIV is increased (sweep
speed slowed down) the display on the instrument being
calibrated should become dimmer.

6. Connect the X 10 probe to the unused channel of the
test oscilloscope and select 20 V/DIV (including X 10 probe
attenuation factor) on this channel. Connect the probe tip
to TP924. Select this channel while continuing to trigger
the test oscilloscope on the 350 kHz sine-wave signal. The
unblanking waveform should appear as a narrow pulse at
the start of the sweep.

7. On the oscilloscope being calibrated, select CH 1
trigger source, and adjust the INTENSITY control clock-
wise until the top part of the unblanking pulse displayed on
the test oscilloscope just reaches its maximum. Do not
advarn:ce the control past this point.

8. Adjust R968 (using a tool insulated for at least 4000
volts) for optimum focus (minimum trace thickness in all

5-26

10. Readjust R968 for optimum focus of this low
intensity display. Mote the direction of rotation required.

11. If the direction of rotation is for increasing
resistance (refer to step 2 above) replace R83 with a resistor
of higher value (1/2 watt composition resistor). Complete
removal of RB83 is suggested as the first step. If the
direction of rotation is for decreasing resistance, replace
R83 with a lower value resistor (approximately 50%
changes of R83 value are appropriate for first trial). 10
megohms is the probable minimum value required. (If a
value below 5 megohms is indicated, a circuit problem is
likely, and checks should be followed as outlined in the
selection or R964,

12. After changing the R83 value, repeat the foregoing
steps 7 through 12.

‘
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SECTION 6
RACKMOUNTING

Change information, if any, affecting this section will be found at the rear of this manual.

Introduction

The Tektronix R432 Oscilloscope is designed to mount
in a standard 19-inch rack. When mounted in accordance
with the following mounting procedure this instrument will
meet all electrical and environmental characteristics given in
section 1.

Rack Dimensions

Height. At least 5 1/4 inches of vertical space is required
to mount this instrument in a rack.

Width. Minimum width ot the opening between the left
and right front rails of the rack must be 17 5/8 inches.

Depth. Total depth necessary to mount the R432 in a
cabinet rack is 18 inches. This allows room for air circula-
tion, power cord connection and the necessary mounting
hardware.

Mounting Procedure

The following mounting procedure uses the Rack
Adapter Assembly and the included Rackmount Hardware
Kit to insure meeting the environmental characteristics of
the instrument, If alternative methods of mounting are
used, the instrument may not meet the given environmental
characteristics for shock and vibration.

Use the following procedure to install the R432 in a
rack:

1. Remove the instrument from the Rack Adapter
Assembly in the manner given for cabinet removal in

section 4 of this manual.

2 Select the proper front-rail mounting holes in the
instrument using the measurements shown in Fig. 6-1.

3 Slide the Rack Adapter Assembly into the rack and
align the screw-holes in the Rack Adapter Assembly front
panel with the screw holes in the rack front rails that were

selected in step 2.

'
1 1/2 inches
fl
Securing E 1/4 inch
holes i
~ (tapped for 2 1/4 inches

. 10-32 screws)

b Py W
b

v

_: LR e ]

|

1 1/2 inches

o

Fig. 6-1. Locating the mounting holes in the rack front rails.

4. Secure the Rack Adapter Assembly to the front rails
of the rack. Use the appropriate screws with a plastic
washer and finishing washer on each screw from the hard-

ware kit provided. See Figs. 6-2 and 6-3.

5 Position the bracket extensions (provided in the hard-
ware kit) over the rear supports of the Rack Adapter

Assembly.

6. Using the Rack Adapter Assembly and thv.? rear rack
rails as guides, loosely secure the bracket extensions 10 the
rear supports of the Rack Adapter Assembly approximately
in their final permanent positions. Refer to Fig. 6-4.

7 Secure the bracket extensions to the rear ra_ils c:-f the
rack. Refer to Fig. 6-4 for hardware and positioning infor-

mation.

6-1
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10-32 HHS 12-24 OHS Py :
screw (4 ea.) stvane Bl aid Finishing washer ‘
(4 ea.)
Bar nut 10-32 OHS Flat washer Plastic washer
(4 ea) screw (4 ea.) {4 ea.) (4 ea.)

J etz R \ Qs
= Y3166

l Bracket extension
(2 ea.)

|| e ey -
R e e e e

Fig. 6-2. Hardware needed to mount the instrument in the cabinet rack.

Portable Conversion

The 432 is readily converted from a rack-mounted instru-
ment to a portable instrument or vice versa. To rackmount
a portable 432, order the Rack Adapter Assembly Tek-
tronix Part Number 016-0272-00. Remove the instrument
from the portable wrap-around cabinet and install it in the
Rack Adapter Assembly.

ack Adapter
front panel

Left front

cab:z:tnrfack — : :I;'ssﬁ:; Conversely, to use an R432 as a portable instrument,
10.32 OHS ;‘5\ o e order the 432 portable oscilloscope wrap-around cabinet

R Finishing Tektronix Part Number 390-0187-00 and the front cover

12-24 GHEE e Tektronix Part Number 200-1203-00. Remove the instru-

ok ment from the Rack Adapter Assembly and install the

portable wrap-around and front cover. Refer to section 4 of
this manual for instrument removal instructions.

Fig. 6-3. Mounting the instrument to the front rails.

Rear Panel Signal Connections

The three signal input connectors on the rear panel of
the 432 are not readily accessible when the instrument 5
rack mounted. Provisions have been made, however, to
make these inputs available at the front panel of the instru-
ment if so desired. Each signal connection requires one
30-inch 50-ohm BNC cable Tektronix Part Number
012-0117-00. one chassis-mount BNC thru-connector Tek-
tronix Part Number 103-0070-00, and, if vertical clearance

8. Tighten the hardware securing the bracket extensions
to the rear supports of the Rack Adapter Assembly. The
Rack Adapter Assembly should now be completely in-
stalled in the rack.

9 |Install the 432 Oscilloscope in the Rack Adapter
Assembly in the manner given in section 4 of this manual,

@
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. . Left rear 10-32 PHS

rail of sCrew

cabinet
rack __m

Bracket
extension

Flat
washer

\ 10-32 HHS

screw
&

O

—

Rack Adapter
' rear support

|

Rackmounting—432

Bracket [t
extension ges

B. Rail not tapped.

A. Rail tapped.
Left rear
rail of 10-32 PHS Flat
cabinet screw washer
rack .
10-32 HHS
SCrew
N
R L

‘Rack Adapter
| rear support

Internal
R437 FAFFF77A \ock washer

front panel l

C 1 Rubber

I washer

BNC
thru-connector

| |

Fig. 6-4. Installing the rear bracket extensions.

above the rear panel connectors is less than approximately
1 1/4 inches, one BNC 90° elbow Tektronix Part Number

103-0031-00.

Fig. 6-5. Mounting a chassis-mount BNC thru-connector.

Remove a plastic plug from the front panel of the R432.
Mount a BNC thru-connector in the hole in the front panel
(see Fig. 6-5). Connect the newly-mounted BNC connector
to the desired rear-panel input connector with the 30-inch
50-ohm BNC cable. If insufficient vertical clearance is avail-
able over the rear panel connector, use the BNC 90 elbow

to make the connection.
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EHB
BHS
cap.
cer
comp
conn
CRT
csk
DE
dia
div
. elect.
EMC
EMT
ext
F & |
FHB

FHS
Fil HB
Fil HS

hex.
HHB
HHS
HSB
HSS
D

Til=

PARTS LIST ABBREVIATIONS

binding head brass
binding head steel
capacitor

ceramic
composition
connector
cathode-ray tube
countersunk

double end
diameter

division

electrolytic
electrolytic, metal cased
electrolytic, metal tubular
external

focus and intensity
flat head brass
flat heod steel
fillister head brass
fillister head steel
height or high
hexagonal

hex head brass
hex head steel

hex socket brass
hex socket steel
inside diameter

incandescent

int
lg
met.

mtg hdw
oD

OHB
OHS
P/O
PHB
PHS
plstc
PMC
poly
prec
PT
PTM
RHE
RHS
SE
SN or S/N
S or SW
TC
THB
thk
THS
tub.

var

Wy

Ww

internal

length or long
metal

mounting hardware
outside diameter
oval head brass
oval head steel
part of

pan head brass
pan head steel
plastic

paper, metal cased
polystyrene
precision

paper, tubular

paper or plastic, tubular, molded

round head brass
round head steel
single end

serial number
switch
temperature compensated
truss head brass
thick

truss head steel
tubular

variable

wide or width

wire-wound
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PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field
Office or representative,

Changes to Tekironix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or impr-u:_wed part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change

in part number,

000
00 X
*000-0000-00

Use 000-0000-00

SPECIAL NOTES AND SYMBOLS

Part first added at this serial number
Part removed after this serial number

Asterisk preceding Tektronix Part Number indicates manufactured by
or for Tektronix, Inc., or rewaorked or checked components.

Part number indicated is direct replacement,
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432/R432
CHASSIS
Values are fixed unless marked Variable.
Tektronix Serial/Model MNo.
Ckt. No. Part Mo. Eff Disc Description
Capacitors
Tolerance =209, unless otherwise indicated.
C5 283-0023-00 0.1 uF Cer LAY
C15 283-0023-00 0.1 uF Cer L[/RY
Cc22 283-0067-00 0.001 uF Cer 200V 109
C32 283-0067-00 0.001 uF Cer 200V 10%
C536 283-0057-00 0.1 F Cer 200V +80%, —209,
Cl0é 290-0515-00 200 uF Elect. 450 v +50% —109%
‘ Semiconductor Device, Diodes

CR10B4 152-0413-00 Silicon Rectifier, fast recovery, 400V,

0.75 A
VR1084 152-0298-00 Zener IN3816 1.5W, 140V, 5%
VR1085 152-02%97-00 Zener IN3814B 1.5W, 110V, 5%

Delay Line Assembly
DL500 *119-0267-01 Delay line assembly
Bulbs
Ds20 150-0109-00 Incandescent, 18V, 26 mA
D522 150-0109-00 Incandescent, 18V, 26 mA
DS30 150-0109-00 Incandescent, 18Y, 26 mA
DS32 150-010%-00 Incandescent, 18V, 26 mA
D565 150-0035-00 Meon, A1D-T 0.3mA
. Fuse

F1000 159-00146-00 Cartridge 1.5A Fast-Blo
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Electrical Parts List—432/R432

CHASSIS (cont)

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description
Connectors

N 131-0679-00 BNC, receptacle, electrical

110 131-0679-00 BNC, receptacle, electrical

170 131-0955-00 BNC, receptacle, electrical

180 131-0955-00 BNC, receptacle, electrical

185 131-0955-00 BNC, receptacle, electrical

J95 136-0098-01 Jack, Tip
Inductors

L100 *108-0657-00 Beam rotator

L533 *114-0309-00 2.6-18.7 uH, Var Core 276-0511-00

L584 *114-0309-00 9.6-18.7 uH, Var Core 276-0511-00

LRS *108-0284-00 0.17 uH (wound on a 36Q, Ya W, 5% resistor)

LR19 *108-0286-00 017 uH (wound on a 360, Y W, 5% resistor)

LR533 *108-065%-00 1.5 uH (wound on a 1.6k2, V4 W, 5% resistor)

LR584 *108-0659-00 1.5 uH (wound on a 1.6k, Vi W, 59 resistor)
Transistors

Q530 *151-0124-00 Silicon NPN  TO-5 Selected from 2N3119

Q580 *151-0124-00 Silicon NPN  TO-5 Selected from 2N3119

Q1080 *151-0314-00 Silicon NPN  TO-3 Replaceable by 2N5157
Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R22 311-0545-00 10 kQ, Var

R32 311-0544-00 10 kQ2, Var

R40 311-1115-00 5kQx5kQ, Var

R41 321-0121-00 178 Q e W Prec 1%

R42 321-0121-00 178 Q e W Frec 1%

k44 311-1115-00 5k x5kQ, Var

R50 315-0271-00 2700 W 4

R55 A, B 311-0429-00 100 k2 x 10 k2, Var

R&D A, B? 311-1117-00 10 k2 = 50 k2, Var

RBO 311-0084-00 2.5k, Var

RB2 A, B 311-1207-00 5MQ x 1 kQ, Var

RB3 301-0146-00 BO10100 B059999 16 M2 1 W 2%

R83° Selected BO40000 B0&0479 16 MQ2  [nominal value)

R83 301-0166-00 BO&D480 16 M2 (nominal value) Selected

R85 311-1200-00 100 k2, Var

RB& 311-0647-00 XB120000 5 M0, Var

RS35 *310-0694-00 1.25 kD2 10 W WW 1%

R534 303-0470-00 47 O 1 W 3%

"Furnished as a unlt with 5S60,
‘Added if necessary. See end of Section 5 Colibration Section.
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Electrical Parts List—432/R432

CHASSIS (cont)

. Tektronix

Serial/Model No.

Ckt. No. Part No. Eff Disc Description
Resistors (cont)
R586 *310-0694-00 1.25 kQ 10W WwW °
R1002 308-0555-00  B010100 B139999 50 3W ;J;“
R1002 308-0179.00 B140000 50 5W Wi 5‘?’“
R1016 306-0474-00 470 k0 2W 3
Switches
Wired or Unwired
55‘31 240-0735-00 Push BEAM FINDER
S&0 SLOPE
S&5 260-1229-00 BO10100 B219999 Pushbuton MQDE
Sé5 260-1229-01 B220000 Pushbutton MODE
S68 260-0735-00 Push RESET
51002 240-0724-00 BO10100 B139999 Thermo, opens at 83.3°C, closes at 66.3°C
51002 260-0879-00 B140000 Thermo, opens at 88.3°C, closes at 71.7°C
Electron Tube
V100 *154-0632-10 BO10100 B119999 CRT
V100 *154-0665-00 B120000 B159999 CRT
V100 *154-0665-05 B170000 CRT

Al

*670-1357-00

INPUT AMPLIFIER Circuit Board Assembly

Tolerance =#+20°%. unless otherwise indicated.

C121
C124
C125
C126
C135

C171

C174
C175
C176
C185

C187
C18%

283-0001-00
283-0111-00
283-0080-00
283-0111-00
283-0023-00

283-0001-00
283-0111-00
283-0080-00
283-0111-00
283-0023-00

290-0517-00
290-0517-00

Furnished as a unit with R&0AB.

Complete Board

Capacitors

0.005 uF
0.1 uF
0.022 uF
0.1 uF
0.1 uF

0.005 pF
0.1 «F
0.022 i1F
B iF
0.1 uF

6.8 uF
6.8 uF

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Elect.
Elect.

500V
50V
25V
0V
10V

500V
S0V
25V
0V
10V

35Y
35V

+80% —20%

+80% —20%
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Al INPUT AMPLIFIER Circuit Board Assembly (cont)

Tektronix Serial/Model MNo. ‘
Ckt. No. Part No. Eff Disc Description

Semiconductor Device, Diodes

CR122 *152-0321-00 Silicon Tek Spec
CR172 *152-0321-00 Silicon Tek Spec
VR124 152-0279-00 Zener IN751A 400 mW, 5.1V, 5%
VR126 152.0279-00 Zener IN751A 400 mW, 5.1V, 5%
VR1/74 152-027%9-00 Zener IN751A 400 mW, 51V, 5%
VR176 152-0279-00 Zener IN751A 400 mW, 51V, 59
Transistors
Q124 A B 151-1032-00 Silicon FET TO-78 Dual
Q174 A, B 151-1032-00 Silicon FET TO-78 Dual
Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R120 321-0481-00 1 MO Ve W Prec 15
R121 316-0104-00 100 k2 e W

R122 314-0470-00 47 e W

R125 321-0030-00 20 Q Ve W Prec 19,
R1264 321-0030-00 200 Vg W Prec B A
R134 315-0393-00 39 k0 e W 5%
R135 315-0151-00 150 e W 5%
R170 321-0481-00 1 MO e W Prec 1%
R171 316-0104-00 100 k12 1y W

R172 316-0470-00 47 0 1, W

R175 321-0030-00 20 O Ve W Prec P
R176 321-0030-00 20 0 Ve W Prec 1%
R18B4 315-0393-00 39 k0 Y, W 59,
R185 315-0151-00 150 O VW 5%
R187 - 315-0820-00 82 0 W, W 5%,
R189 315-0820-00 g2 0 W 59
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Ckt. MNo.

Tektronix
Part No.

Electrical Parts List—432/R432

A2 VERTICAL Circuit Board Assembly

Serial/Model No.

Eff Disc Description

*670-1365-00
*670-1365-01
*670-1365-02

BO10100 BO29999
BO30000 B179999

Complete Board
Complete Board

Tolerance =209 unless otherwise indicated.

C216
C216
C217
C220
C221

C222

C222
C222
C222
C223
C224
C225

C226
c227
C228'
C231
C234
252

C253
C256
C258
C262
C272
C278

C282
C316
C316
Cc317
C320
C321

322
L322
C322
322
C323
C323

C324
C325
C326
C327
C328
C3d]

C334
C352
C353
C356
C357

Added

281-0622-00
281-0540-00
281-0093-00
281-0092-00
281-0603-00
281-0602-00

281-0571-00
281-0523-00
281-0571-00
281-0C92-00
281-0579-00
281-0091-00

281-0064-00
281-0670-00
281-0509-00
281-0709-00
283-0111-00
281-0656-00

283-0111-00
283-0000-00
281-0626-00
281-0656-00
283-0080-00
281-0536-00

283-0080-00
281-0622-00
281-0540-00
281-0093-00
281-0092-00
281-0540-00

281-0602-00
281-0571-00
281-0523-00
281-0571-00
281-0158-00
281-0123-00

283-0109-00
281-0091-00
281-0064-00
281-0661-00
281-050%-00
281-0709-00

283-0111-00
281-0656-00
283-0111-00
283-0000-00
290-0517-00

if necessary.

B180000 Complete Board
Capacitors
B010100 B149999 47 pF Cer 500 v
B150000 51 pF Cer 500V
5.5-18 FlF, Var Cer
9-35 pF, Var Cer
39 pF Cer 500V
BO10100 B0&9999 48 pF Cer 500 V
8070000 B209999 82 pF Cer 500V
B210000 B211809 100 pF  [nominal value] Selected
B211810 82 pF [nominal value) Selected
9-35 pF, Var Cer
21 pF Cer 500V
2-8 pF, Var Cer
0.25-1.5 pF, Var  Plastic
1.8 pF Cer 500 V
XB230000 15 pF [reminal value] Selected
7 pF Cer 500V
0.1 uF Cer 50V
22 pF Cer 200V
0.1 uF Cer S0V
0.001 uF Cer 500V
3.3 pF Cer 200V
22 pF Cer 25V
0.022 uF Cer 500V
XB050000 1000 pF Cer 25V
0.022 uF Cer 500V
BO10100 B149999 47 pF Cer 500V
B150000 51 pF Cer 500V
5.5-18 pF, Var Cer
9-35 pF, Yar Cer
51 pF Cer 500V
BO10100 B0&9999 68 pF Cer 500V
BO70000 B209999 82 pF Cer 500 V
B210000 B21180% 100 pF  (nominal value] Selected
B211810 82 pF (nominal value) Selected
BO10100 B17999% 7-45 pF, Var Cer
B180000 5-25 pF, Var Cer
27 pF Cer 1000 V
2-8 pF, Var Cer
0.25-1.5 pF, Var  Plastic
0.8 pF Cer gggﬁ
15 pF Cer
XB180000 - pg bl 500V
0.1 uF Cer 50V
22 pF Cer 200 V
0.1 uF Cer 50V
0.001 uF Cer 500 V
6.8 uF Elect. 3BV

1%
5%

3%
2%

5 n,I'r|:|.

0.1 pF
+0.1 pF
5%

3%

+809, —20%
10%
+80%—20%
1%

5%

5%

3%

5%

5%

+0.1 pF
10
=+0.1 pF

5%
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Electrical Parts List—432/R432

A2 VERTICAL Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Capacitors (cont)

C3s59 290-0517-00 6.8 uF Elect, 35y

C360 290-0523-00 2.2 uF Elect. 20V

C342 281-0654-00 22 pF Cer 200 V 5%

C404 290-0523-00 2.2 uF Elect. 20V

C408 2%0-0523-00 2.2 uF Elect. 2V

C410 290-0523-00 2.2 uF Elect. 20V

C414 290-0523-00 2.2 uF Elect. 20V

C421 281-0629-00 33 pF Cer 600 V 5%
C424 281-0629-00 33 pF Cer 600 V 5%
C425 283-0238-00 0.01 uF Cer 50v 10%
C426 290-0523-00 2.2 uF Elect. 20V

C430 283-0040-00 100 pF Cer 200V 5%
C435 290-0523-00 2.2 uF Elect. 20V

C436 283-0080-00 0.022 uF Cer 25V +80°, —20°,
C442 283-0059-00 1 uF Cer 25V + 809, —20°,
C452 283-0080-00 0.022 .F Cer 25V +80%, —20%,
C456 281-0622-00 BO10100 B149999 47 pF Cer 500V 154
C454 281-0562-00 B150000 39 pF Cer 500 v

C440 281-0655-00 BO10100 B019999 9.7 pF Cer 500V 0.1 pF
C4460° 281-0504-00 B020000 10 pF [nominal value) Selected
C441 281-0093-00 BO10100 B249999 5.5-18 pF, Var Cer
C4é1 281-0092-00 B250000 9.35 pF, Var Cer
C443 283-0010-00 0.05 uF Cer 50V
C471 281-0592-00 XB100000 4.7 pF Cer =+0.5 pF
C472 281-0622-00 BO10100 B149999 47 pF Cer 500V 1%
C472 281-0542-00 B150000 39 pF Cer 500V
C479 281-0551-00 390 pF Cer 500V 109,
C500 281-0616-00 6.8 pF Cer 200V
C510 283-0111-00 0.1 uF Cer 50V
C525 283-0032-00 470 pF Cer 500 v 5%
C540 281-0616-00 6.8 pF Cer 200V
C565 283-0032-00 470 pF Cer 500V 5%
C570 281-0540-00 BO10100 B149999 51 pF Cer 500V 5%
C570 281-0512-00 B150000 27 pF Cer 500 v 109
C572 281-0123-00 5-25 pF, Var Cer 100V
C573° 281-0558-00 XB150000 B179999 18 pF [nominal value) Selected
C573 Selected B180000
578 290-0517-00 6.8 uF Elect. 3BV

Semiconductor Device, Diodes

CR256 *159.0185-00 Silicon Replaceable by TN4152
CR270 ¥157.0185-00 Silicon Replaceable by 1MN4152
CR273 *152.0185-00 Silicon Replaceable by 1N4152

CR275 *152-0185-00 Silicon Replaceable by 1N4152
CR2B0 *152.0185-00 Silicon Replaceable by 1N4152
CR283 *152.0185-00 Silicon Replaceable by 1MN4152

CR285 *152.0185-00 Silicon Replaceable by 1N4152

CR356 *152.0185.00 Silicon Replaceable by 1MN4152

CR404 152-0141-02 Silicon 1MN4152

CR405 152-0141-02 Silicon 1N4152 c

_JEEE step 25g of Section 5 Calibration 5Section.
“Added when necessary.
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Electrical Parts List—432/R432
A2 VERTICAL Circuit Board Assembly (cont)

. Tektronix

Ckt. No. Serial/Model No.

Fﬂr' Hﬂ+ Eff Dis: DE:Cfip“ﬂﬂ
Semiconductor Device, Diodes | cont)
CR404 152-0141.02 Silicon
CR408 152-0141-02 Silicon Iﬁ:;g‘;
CR410 152-0141-02 Silicon 1N4152
CR411 152-0141-02 Silicon 1M4152
CR412 152-0141-02 Silicon 1N4152
CR414 152-0141-02 Silicon 1N4]
52
CR424 *152.0185-00 Silicon Replaceable by 1N4152
CR428 *152-0185-00 Silicon Replalceable by 1M4152
CR431 *152-0185-00 Silicon Replalceable by 1N4152
CR432 *152-0185.00 Silicon Replalceable by 1N4152
CR433 *152-0185-00 Silicon Repl
plalceable by 1N4152
CR440 *152-0185-00 Silicon Replalceable h; 1N4152
CR521 *152.0185-00 Silicon Replalceable by 1N4152
CRS51 *152-0185-00 Silicon Replalceable by 1N4152
VR227 152-0279-00 Zener IN751A 400 mW, 5.1V, 59
VR327 152-0279-00 Zener IN751A 400 mW, 5.1V, o
VR525 152-0166-00  XB070000 Zener IN753A 400 mW, 62V, 59,
VR565 152-0164-00 XB070000 Zener IN753A 400 mW, 62V, 8%
Transistors
Q200 *151-0281-00 Silicon NPN  TO-98 Tek Spec
y o202 *151-0192-00 Silicon NPN  TO.92 Replaceable by MPS 4521
Q255 151-0220-00 Silicon PNP  TO-18 2N4122
Q265 151-0220-00 Silicon PNP  TO-18 2N4122
Q275 151-0221-00 Silicon PNP  TO-18 2N4258
Q278 151-0221-00 Silicon PNP  TO-18 2N4258
Q280 *151-0190-01 Silicon NPN  TO-106 Tek Spec
Q300 *151-0281-00 Silicon NPN  TO-98 Tek Spec
Q302 *151-0192-00 Silicon NPN  TO-92 Replaceable by MPS 6521
Q355 151-0220-00 Silicon PNP  TO-18 2N4122
Q365 131-0220-00 Silicon PNP TO-18 2M4122
Q420 151-0223-00 Silicon NPN  TO-18 2N4275
Q425 151-0223-00 Silicon NPN  TO-18 2N4275
Q435 151-0223-00 Silicon NPN  TO-18 2M4275
Q440 151-0223-00 Silicon NPN  TO-18 2N4275
Q454 151-0220-00 Silicon PNP  TO-18 2N4122
Q470 151-0220-00 Silicon PNP  TO-18 2N4122
Q505 151-0220-00 Silicen PNP  TO-18 2N4122
Q515 *151.0198-00 Silicon NPN  TO-92 Replaceable by MPS 918
Q520 *151-0230-00 Silicon NPMN  TO-105 Selected from RCA 40235
Q525 *151-0127-00 Silicon MNPN - TO-18 Selected from 2N2349
Q550 *151-0230-00 Silicon NPN  TO-105 Selected from RCA 40235
1t : by MPS 918
Q555 *151-0198-00 Silicon NPMN TO.92 EEpIﬂEEﬂbIE Y
Q545 +151.0127-00 Silicon NPN  TO-18 Selected from 2N234%
Inductors
|97 *108-0443-00  XB050000 25 pH
T *108-0443-00  XB050000 25 H
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Electrical Parts List—432/R432

A2 VERTICAL Circuit Board Assembly (cont)

Tektronix Serial/Model No. .
Ckt. No. Part MNo. Eff Disc Description
Resistors

Resistors are fixed, composition, #=10% unless otherwise indicated.

R200 316-0274-00 270 kQ Ve W

R202 314-0682-00 6.8 k0 Ve W

R204 316-0152-00 1.5k W

R210 316-0103-00 10 k22 e W

R212 311-1232-00 50 k2, Var

R214 316-0103-00 10 kQ Y W

R216 321-0104-00 BO10100 B149999 118 0 Ve W Prec s
R214 321-0107-00 B150000 127 0 e W Prec 1%
R217! 315-0140-00  B0O10100 B179999X 16 Q Va W 5%
R219- 315-0104-00 XB020000 10 k2 Ve W 5o/,
R220 321-0907-02 BO10100 B019999 98 O [nominal value] Selected

R220 321-0094-00 B0O20000 B209999 93.1Q [nominal value) Selected

R220 321-0093-00 B210000 B211809 209 0 [nominal value) Selected

R220 321-0094-00 B211810 P31 0 [nominal value] Selected
R221 315-0331-00 3300 e W 5%
R222° 315-0183-00 XB020000 18 kO W 59
R223 321-0131-00 BO10100 B01999% 226 0 Ve W Prec | & 8
R223 321-0131-00 B020000 B209999 226 Q1 (nominal value)] Selected
R223 321-0129-00 B210000 B211809 215 Q [nominal value) Selected

R223 321-0130-00 B211810 221 0 (nominal value] Selected
R224 315-0391-00 390 Q 1 W 5%
R225 321-0172-00 404 O e W Prec 1%
R226 321-0151-00 365 Q o W Prec 1%
R228 321-0317-00 19.6 kO Ve W Prec 2
R229 321-0120-00 174 O e W Prec 1%
R230 321.0172-00 404 0 e W Prec 156
R231 315-0541-00 560 Q Ve W g
R232 321-0204-00 1.3k0 e W Prec 1%
R235 321-0202-00 1.24 kQ s W Prec 1%
R23& 321-0172-00 604 Q Ve W Prec 145
R238 321-0204-00 1.3kQ Ve W Prec th
R240 321-0053-00 BO10100 B1469999 3480 Ve W Prec 1%
R240 321-0050-01 B170000 3240 Ve W Prec 2%
R242 316-0101-00 BO10100 B159999 1000 W
R242 316-0221-00 B140000 220 0 Ve W
R244 311-1114-00 100 ©, Var
R246 321-0053-00  B010100 B169999 3480 Va W Prec 1%
R246 321-0050-01 B170000 3240 e W Prec "2 e
R250 321-0175-00 649 0 Ve W Prec 1%
R252 321-0181-00 750 0 o W Prec 1%
R253 316-0270-00 27 0 1, W

R255 316-0101-00 100 0 s W

R256 321-0232-00 2.55 k0 Ve W Prec 1%
R258 321-0255-00 4.42 kO g W Prec 1%
R260 321.0175-00 649 Q Yo W Prec 1%
R262 321-0181-00 750 © Yo W Prec 1%
R265 314-0101-00 100 © Ve W

rR270 314-0104-00 100 k02 Ve W

R273 321-0256-00 453 kQ Vo W Prec 1%
R274 311-1198-00 20 k2, Var

'R217 replaced with dummy resistor 131-0566-00 S/N B180000 and up.

‘Added if necessary.
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Electrical Parts List—432/R432

R317 replaced with dummy resistor 131.0566-00 S/N B180000 aond up. See Mechoncial Parts List.

Added

if necessany.

l A2 VERTICAL Circuit Board Assembly (cont)
f. Tektronix Serial/Model No.
| Ckt. No. Part No. Eff Disc Description
Resistors (cont)
R275 321-0207-00 1.4 kO VW .
R276 321.0177-00 €81 0 L ANEER 1%
R277 321-0177-00 681 0 o W Prec 1%
R278 321-0226-00  B010100 B029999 2.21 kO Vs W Brae 19
R278 321.0182.00  B030000 768 O ReW " P 19
R279 321-0226-00  B010100 B029999 2.21 k02 Vo W Prec 19
R279 321.0182-00  B030000 768 Q Vo W Prec 19,
R280 316-0104-00 100 ko 1, W
R281 315-0302-00 3k e W 59,
R282 316-0152-00 1.5k Y, W
R283 321-0256-00 453 k0 1 W Prac 19,
R284 311-1198-00 20 k2, Var
R285 321-0242-00 3.24 kQ "o W Prec L
K284 315-0202-00 2 kO VoW 59,
R287 321-0230-00 2.43 k0 Yo W Prec 19,
R288 321-0230-00 2.43 k02 Yo W Prec 19
R289 321-0301-00 13.3 k0 Uy W Prec 19,
R300 316-0274-00 270 kQ Ve W
R302 316-0682-00 6.8 k0 Y, W
R304 316-0152-00 1.5 k0 Ve W
R310 316-0103-00 10 k0 Yy W
R312 311-1232-00 50 kQ, Var
R314 316-0103-00 10 k0 o W
R316 321-0104-00 1180 Vo W Prec 1%
R317 315-0160-00  BO10100 B179999X 16 Q e W 59,
R319* 315-0104-00  XB020000 10 kO Ve W 5%
R320 321.0907-02 BO10100 BO19999 28 0 (nominal value) Selected
R320 321-0094-00 BO20000 B209999 9310 [nominal value) Selected
R320 321-0093-00 B210000 B211809 2072 0 [nominal value] Selected
R320 321-0094-00 B211810 9317  [nominal value] Selected
R321 315.0241-00 240 Q Ve W 3%
R322: 315-0183-00  XB020000 18 k02 Ve W 5%
R323 321-0131.00  B010100 B019999 226 0 o W Prec 1%
R323 321.0131-00  B020000 B209999 2260 (nominal value)] Selected
R323 321.0129.00  B210000 B211809 2150  (nominal value) Selected
R323 321.0130.00  B211810 2210 (nominal value) Selected
R324 315-0331-00 330 0 Ve W 3%
R325 321-0172-00 604 0 Yo W Prec 1%
R326 321-0221-00 1.96 kO s W Prec 1%
R328 321-0317-00 19.6 k(2 e W Prec 1%
R329 321-0120-00 174 0 Ve W Prec 1 :;L
R330 321.0172-00 604 0 g W Prec 1%
R33] 315-0911-00 910 0 e W 5%
R332 321-0204-00 1.3 k2 Yo W Prec 1%
R335 321.0202-00 1.24 kQ Vo W Prec 1%
R334 321.0172-00 404 0 s W Prec 1%
R338 321-0204-00 1.3 k2 e W Prec : ;E
R340 321-0053-00  B0O10100 B169999 3480 'a W Prec Yo
R340 321-0050-01 8170000 3240 'oa W Prec /e
R342 316-0101-00  BO10100 B159999 1000 1, W

7-9



DCorp 2009

Electrical Parts List—432/R432

A2 VERTICAL Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No.  Eff Disc Description
Resistors (cont)

R348 311-1035-00 50 kQ, Var

R349 314-0103-00 10 kQ e W

R350 321-0175-00 649 0 i W i 19,

RBSE 3?] "E”'BT -ﬂﬂ ?ED ﬂ_ l'fa W PrEE ‘I :‘{u

R353 316-0270-00 27 O 1, W

R354 316-0152-00 1.5kQ V, W

R355 316-0101-00 100 0 e W

R356 321.0232-00 2,55 kQ Y, W Prec 19%
R358 321-0255-00 4.42 kQ 1 W Prec 19,
R360 321-0175-00 649 O Ve W Prec 1%
R362 321-0181-00 750 O Ve W Prec 1%
R345 316-0101-00 100 Q e W

R404 321-0273-00 6.81 kQ e W Prec 1%
R408 321-0273-00 6.81 kQ W Prec 19
R410 321-0273-00 6.81 kQ o W Prec 19
R414 321-0273-00 6.81 kQ e W Prec 1%
R419 315-0622-00 6.2 kQ Y, W 59,
R420 321-0193-00 1 kO g W Prec 19
R42] 321-0210-00 1.5kQ e W Prec 1%
R422 321-0231-00 2.49 kO e W Prec 1%
R423 321-0231-00 2.49 kQ Vs W Prec 1%
R424 321-0210-00 1.5 k0 1y W Prec 1%
R425 321-0193-00 1 kO Vs W Prec 1%
R426 301-0152-00 1.5k0 1, W 59,
R427 301-0152-00 1.5k 1, W 5%
R428 301-0152-00 1.5k0 1y W 5%
R429 301-0152-00 1.5k 1y W 53{1
R430 315-0203-00 20 kO e W 5%
R431 316-0104-00 100 k2 s W
R432 316-0183-00 18 kQ e W
R433 316-0104-00 100 kQ e W ;
R435 301-0102-00 1 kO RYY, 55;2
R436 315-0273-00 27 k2 Vo W 3%
R437 317-0100-00 BO10100 B145999 10 0 Ve W sﬂfa
R437 315.0100-00  B150000 100 Yo W 2%
R438 317-0100-00  BO10100 B149999 100 Ve W 3%
R438 315-0100-00  B150000 10Q e W 3%
R439 316-0101-00 100 Y4 W -
R440 315-0392-00 3.9 k0 Y4 W °
R4472 316-0270-00 27 Q ‘{a W 59/
R445 315-0302-00 3 kO fa W 19
R450 321-0263-00 536 kO Ve W Prec .
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Electrical Ports List—432/R432

A2 VERTICAL Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. E£f Disc __Description
Resistors (cont)
R452 321-0263-00 5.36 kQ Ve W Prec
R453 316-0101-00 100 Q Ve W
R454 321-0208-00 1.43 k0 Vg W Prec
R455 321-0218-00 1.82 k0 Vs W Prae
R456 321-0164-00 499 O Yo W Prec
R457 321-0164-00 499 O e W Prec
R458 321-0088-00 B0.6 02 e W Prec
R460 321-0314-00 18.2 k2 e W Prec
R461 311-1227-00 5kn, Var
R463 315-0473-00 47 k0 Ve W
R465 323-0155-00 402 0 oW Prec
R466 314-0101-00 100 Q e W
R470 321-0228-00 2.32 k02 e W Prec
R471 321-0202-00 1.24 k) Ve W Prec
R472 321-0164-00 499 Q a W Prec
R474 321-0164-00 499 Q e W Prec
R474 321-0088-00 80.6 Ve W Prec
R500 321-0092-00 88.7 0 a W Prec
. R505 314-0270-00 27 W
R508 321-0179-00 715Q "o W Prec
R510 321-0074-00 57.6 0 Ve W Prec
R512 316-0820-00 82 0 Vi W
R515 315-0680-00 48 0 W
R516 316-0470-00 47 0 1, W
RS1E 321-0117-00 162 0 e W Prec
R519 317-0101-00  BO10100 B149999 100 0 o W
R519 315-0101-00  B150000 100 Q Ve W
R520 317-0101-00  BO10100 B149999 100 0 Ve W
R520 315.0101-00 B150000 100 e W
R521 321-0178-00 498 0 e W Prec
R525 323-0095-00 95.3 0 1y W Prec
R524 315-0512-00 5.1 kQ e W
R540 321-0092-00 88.7 0 e W Prec
R545 316-0270-00 27 0 1, W
R548 321-0179-00 7150 Yy W Prec
R549 317-0101-00 BO10100 B149999 100 0 a W
R549 315-0101-00 B150000 100 Q Ve W
R550 317-0101-00 BO10100 B149999 100 0 Ve W
R550 315-0101-00 B150000 100 0 Ve W
R55] 321-0178-00 698 0 Vo W Prec
R557 321-0117-00 162 Q e W Prec
9 Rr553 316-0820-00 82 0 Ya W
 RSS5 316-0470-00 47 Q Ve W
RG4S 323-0095-00 9530 a W Prec

e ——

1%

1%
1%
1%

1%
1%
1%

5%

1%

1%
1%
1%

1%
1%
1%

|

1%
5%

1%
5%

5%
5%
5%
1%
1%
3%

1%
1%
3%

5%
5%

3%
1%
1%

1%
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Electrical Parts List—432/R432

A2 VERTICAL Circuit Board Assembly (cont)

Tektronix Serial/Model No. ‘
Ckt. No. Part No. Eff Disc Description

Resistors (cont)

R5&6 315-0512-00 5.1 k0 e W 5%
R5&8 321-0040-00 . 4120 Ve W Prec 1%
R570 321-0148-00 BOT0100 B149999 549 Q) Vo W Prec i e
R570 315-0221-00 B150000 B17999% 220 02 W 5%
R570 311-0634-00 B180000 500 Q, Var
R571 315-0341-00 360 2 1, W - i
R572 307-0124-00 5k Thermal
R574 321-0040-00 4120 Ve W Prec 19%
R576 315-0301-00 BOT1O100 B109999 300 s W 5%
R576 I16-0151-00 B110000 150 2 Vi W
R578 323-0075-00 59 0 1 W Prec | B
Switches
Wired or Unwired
S414 260-1234-00 Push-push QUT-INVERT
5479 260-1236-00 Push-push OUT 5 MHz BW
Transformer
T435 *120-045%9-00 Toroid, 10 turns, bifilar

Integrated Circuits

U210 *155-0050-00 BO10100 B239999 Monolithic, differential pre-amplifier
U210 *155-0050-01 B240000 Menalithic, differential pre-amplifier
U310 *155-0050-00 BO10100 B239999 Monolithic, differential pre-amplifier
U310 *155-0050-01 B240000 Monolithic, differential pre-amplifier

A3 VERTICAL MODE SWITCH Circvit Board Assembly

*670-1358-00 Complete Board

Capacitors

Tolerance ==209% unless otherwise indicated.

C8 *285-0814-02 0.019 nF PTM 400 V 10%
C? 281-0064-00 0.25-1.5pF, Var Plastic
c18 *285-0816-02 0.019 ,F PTM 400 V 10%,
C19 281-0064-00 0.25-1.5pF, Var Plastic
C45 283-0080-00 0.022 F Cer 25V +80%, —20%
C47 283-0080-00 0.022 iF Cer 25V 4803, —20%

im)
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Ckt. No.

Electrical Parts List—432/R432

A3 VERTICAL MODE SWITCH Circuvit Board Assembly (cont)

Tektronix
Part No.

Serial/Model MNo.

Eff Disc Description

Resistors

Resistors are fixed, composition, =109 unless otherwise indicated.

RS 316.0105-00
R18 316-0105-00
Wired or Unwired
gg ;‘ I 260.1227-00
g:g E } 260-1227-00
545 A-E 260-1230-00
*672-0019-00
*672-0019-01
Al *670-1357-00
A2 *670-1365-00
A2 *670-1365-01
AZ *670-1365-02
Ad
A5

*670-1356-00

MO Va W
2 Ya W
Switches
’ AC/DC
Push-push GND
; AC/DC
Push-push GND
Pushbutton VERTICAL MODE

ATTENUATOR Circuit Board Assembly

BO10100
B180000

BO10100
BO30000
B180000

XB210000

B179999

B029999
B179999

Complete Board

includes:

INPUT AMPLIFIER Circuit Board Assembly
VERTICAL AMPLIFIER Circuit Board Assembly
VERTICAL AMPLIFIER Circuit Board Assembly
VERTICAL AMPLIFIER Circuit Board Assembly
CAM SWITCH Assembly CHI1

CAM SWITCH Assembly CH2

ATTENUATOR Circuit Board Assembly

A4 CAM SWITCH ASSEMBLY CHI

Tolerance =209, unless otherwise indicated.

C106 *307-1010-00
C106 *307-1010-01
C107 *307-1010-00
C107 *307-1010-01
C110 *307-1012-00
i *307-1012-00
Cl4 *307-1013-00
C115 *307-1013-00
C118 +307-1014-00
C118 +307-1014-01
C119 *307-1014-00
C119 *307-1014-01

Resistors are fixed, composition,
R245 *311-1125-00

BO10100
B120000
BO10100
B120000

BO10100
B190000

BO10100
B120000

Capacitors

B189999 2 x Hybrid
2 x Hybrid

B189999 2 x Hybrid
2 x Hybrid
5 x Hybrid
5 x Hybrid
10 x Hybrid
10 x Hybrid

B189999 100 x Hybrid
10 x H}rbrid

B189999 100 x Hybrid
100 x Hybrid

Resistor

-+~10%, unless otherwise indicated.

250 0, Var
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A4 CAM SWITCH ASSEMBLY CH1 (cont)

Tektronix Serial/Model MNo.
Ckt. No. Part MNo. Eff Disc Description
Switch
Wired or Unwired
51001 *105-0227-00 BO10100 B209999 Cam CH1  VOLTS/DIY
S100° *263-1020-00 B210000 Cam CH1 VOLTS/DIV

A5 CAM SWITCH ASSEMBLY CH2

Capacitors
Tolerance +=20% unless otherwise indicated.
Cl106 *307-1010-00 BO10100 B189999 2 x Hybrid
C10é *307-1010-01 B180000 2 % Hybrid
C107 *307-1010-00 BO10100 B189999 2 x Hybrid
C107 *307-1010-01 B120000 2 x Hybrid
cno *307-1012-00 5 x Hybrid
C11 *307-1012-00 5 x Hybrid
C114 *307-1013-00 10 x Hybrid
C115 *307-1013-00 10 x Hybrid
Cl118 *307-1014-00 BO10100 B18999% 100 x Hybrid
C118 *307-1014-01 B190000 100 x Hybrid
Cc119 *307-1014-00 EOT10100 B18999% 100 x Hybrid
C119 *307-1014-01 B190000 100 x Hybrnd

Resistor

Resistors are fixed, composition, ==10%, unless otherwise indicated.

R345 *311-1125-00 250 22, Var

Switch
Wired or Unwired

CH2 VOLTS/DIV

52007 *105-0227-00 EO10100 B209997 Cam
CH2 VOLT5/DIV

5200 *263-1020-00 B210000 Cam

A6 TRIGGER SOURCE SWITCH Circuit Board Assembly

*670-1364-00 Complete Board

Capacitors
Tolerance +209% unless otherwise indicated.
C70 281-0500-00 2.2 pF Cer 500V
C72 283-0023-00 0.1 «F Cer 10V
C73 283-0003-00 0.01 ;:F Cer 150V

'See Mechanical Parts List for replacement paris.

7-14
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Electrical Parts List—432/R432

A6 TRIGGER SOURCE SWITCH Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. Mo. Part No. Eff Disc

Description

Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R&1 314-0104-00 XB100000 100 k02
R70 322-0621-00 ?00 k2
R71 321-04617-00 111 k2
R72 314-0471-00 470 Q
Switches

Wired or Unwired

S70 260-1224-00 Push-push
gg g“ 260.1228.00  BO10100 8219999 Pushbutton
g;g ; } 260.1228.01  B220000 Piishlaiittion

e W
iy W Prec
Vo W Prec
e W

EXT ATTEM

TRIGGER SOURCE

TRIGGER SOURCE

A7 TRIGGER COUPLING SWITCH Circuit Board Assembly

*670-1363-00 Complete Board

Capacitors

Tolerance =#=20% unless otherwise indicated.

c72 283-000&-00 0.02 .F

C74 283-0128-00 100 pF

C76 281-0510-00 22 pF
Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R74 315-0104-00 100 ko2

R7& 315-0543-00 BO10100 B12999% 56 kO

R7& 315.0273-00 B130000 27 kO
Switches

Wired or Unwirea

574 260-1224-00 Push-push
73 A 260-1226-00 Push-push
575 B s

Cer 500V
Cer 500V
Cer 500V

Ya W

a W

a W

1%
1%

3%

5%
5%
3%

AC/DC (TRIGGER COUPLING]

LF REJ/HF REJ (TRIGGER
COUPLING)
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A8 HORIZONTAL Circvit Board Assembly

Tektronix Serial/Model No.
Ckt. Neo. Part MNo. Eff Disc Description
*670-1359-02 BO10100 BO1999? Complete Board
*670-1359-04  BO20000 BO49999 Complete Board
*670-1359-08 BO5S0000 BO59999 Complete Board
*670-13592-10  BO60000 Complete Board
Capacitors
Tolerance =+=20°% unless otherwise indicated.
Cé&02 283.0003-00 0.01 pF Cer 150V
Cé04 283-0003-00 0.01 uF Cer 150 V
C405 283-0080-00 0.022 iF Cer 25V +803,—20°%,
Cél4 283-0003-00 0.01 ;F Cer 150V
C622 283-0003-00 0.01 iF Cer 150 v
Cé24 283-0081-00 0.1 f Cer 25V +80%, —20°,
Cé45 283-0067-00 0.001 uF Cer 200V 109,
C&48 283-0024-00 0.2 uF Cer 25Y
C650 290-0527-00 15 uF Elect. 20V
C663 281-0562-00 BO10100 B099599 3% pF Cer 500 v
Coseld 281-0549-00 E100000 68 pF Cer 500V 10%
C&70 281-0519-00 47 pF Cer 500V 10%
CéBé& 281-0504-00 10 pF Cer 500V 10%
C&88 283-0003.-00 0.01 .F Cer 150V
C&%0 283-0003-00 0.01 »F Cer 150 v
C&92 281-0511-00 22 pF Cer 500 v 10
C700 281-0551-00 390 pF Cer 500V 102,
C701 281-0417-00 15 pF Cer 200V
C/702 290-0134-00 2.2 uF Elect. 20V
C706 283-0067-00 0.001 .F Cer 200V 10%
c709 281-0651-00 47 pF Cer 200V 5%
C710 A ' 10 F
C710 B *295.0150-00 0.1 F Matched to 1%
C710 C 1} 0.001 «F
C715 283-0599-00 78 pF Mica 500V 5%
C716 281-0123-00 5-25 pF, Var Cer 100V
C718 290-0246-00 3.3 Elect. 15V 10%
C720 290-0247-00 56 F Elect. 6V
C722 290-0247-00 5.6 nF Elect. &Y )
C730 283-0067-00 0.001 1F Cer 200 V 10%
C732 283-0004-00 0.02 ..F Cer 150 V
C734 283-0059-00 1 ,uF Cer 25V -I-ED:,‘.'; —?ﬂ:{o
C742 283-0081-00 0.1 «F Cer 25V + 809 —20%
C761 290-0527-00 15 iF Elect. 20V -~
C764 281-0519-00 47 pF Cer 500V o
C775 283-0003-00 0.01 nF Cer 150 V

‘Individual timing capacitors in this assembly must be ordered by the 9 digit part number,

capacitor to be reploced.

Example:

The letter suffix and the toleronce should be the same for all

7-16

285-20000-XX

F—

of the timing copacitors in the assembly.

letter suffix and tolerance printed on the timing
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Electrical Parts List—432/R432

[ A8 HORIZONTAL Circuit Board Assembly (cont)
. Tektronix Serial/Model MNo.
Ckt. No. Part No. Eff Disc Description
Capacitors (cont)
C780 281.0543-00 270 pF Cer 500 V 10%
c782 281-0519-00 47 pF Cer 500V 10,
C784 283-0001-00 0.005 ,F Ca 500 V
C7%94 281-0562-00 39 pF Cer s00 Y
C796 290-0247-00 1 uF Elect. 35V
C797 283-0004-00 0.02 uF Cer 150 v
C798 290-0267-00 1 nF Elect. 35V
CB01 290-0246-00 3.3 uF Elect, 15V 10%
C805 290-0246-00 3.3 uF Elect. 15V 10%
C812 283-0177-00 1 uF Cer 25V 4809, —20°,
C871 281-0064-00 0.25-1.5 pF, Var  Plastic
C872 283-0001-00 0.005 .F Cer 500V
C874 283-0008-00 0.1 uF Cer 500 V
C874 283-0002-00 0.01 uF Cer 500 vV
C881 281-0044-00 0.25-1.5pF, Var  Plastic
C882 283-0001-00 0.005 nF Cer 500V
C884 283-0008-00 0.1 uF Cer 500 V
CB8é& 283-0002-00 0.01 uF Cer 500V
‘ C8%96 283-0017-00 1 uF Cer 3V
Semiconductor Device, Diodes
CR&03 152-0244-00 Silicon Low leakage 250 mW, 40V
CR&06 *152-0185-00 Silicon Replaceable by 1M4152
CR&10 *152-0185-00 Silicon Replaceable by 1MN4152
CRé&15 *152-0185-00 Silicon Replaceable by 1MN4152
CR&14 *152-0185-00 Silicon Replaceable by 1N4152
CR&23 *152-0185-00 Silicon Replaceable by 1N4152
CR&30 *152-0185-00 Silicon Replaceable by 1MN4152
CR&32 *152-0185-00 Silicon Replaceable by 1MN4152
CRé&34 *152-0185-00 Silicon Replaceable by 1MN4152
CR&35 *152-0185-00 Silicon Replaceable by 1M4152
CR&40 *152-0185-00 Silicon Replaceable by 1N4152
CR&44 152-00%93-00 BO10100 BOF9PI? Tunnel 1MN3716
CR&44 *152-0125-00 B100000 Tunnel TD3A, 4.7 mA, Tek Spec
CR&55 *152-0185-00 Silicon Replaceable by 1N4152
CR&56 *152-0185-00 Silicon Replaceable by TN4152
CR&S7 *152-0185-00 Silicon Replaceable by 1N4152
CR&40 *152-0185-00 Silicon Replaceable by 1N4152
CR&A2 *152-0153-00 Silicon Tek Spec
CR&78 152-0093-00 BO10100 B099999 Tunnel 1M3716 4.7 mA
'° CR&78 *152-0125-00 BO20000 Tunnel TD3A, 4.7 mA, Tek Spec
CR&88 *152-0185-00 Silicon Replaceable by 1MN4152
CR707 *152.0153-00 Silican Tek Spec



DCorp 2009
Electrical Parts List—432/R432

A8 HORIZONTAL Circuit Board Assembly (cont)

Tektronix  Serial/Model No. 3
Ckt. No. Part No. Eff Disc Description
Semiconductor Device, Diodes (cont)

CR710 *152-0185-00 Silicon Replaceable by 1M4152
CR765 *152-0185-00 Silicon Replaceable by 1MN4152
CR770 *152-0185-00 Silicon Replaceable by 1M4152
CR785 *152-0185-00 Silicon Replaceable by 1N4152
CR792 *152.0153-00 Silicon Tek Spec

CR794 *152-0153-00 Silicon Tek Spec

CR795 *152-0153-00 Silicon Tek Spec

CR829 *152-0185-00 Silicon Replaceable by 1MN4152
CR835 *152-0185-00 BO10100 B049999 Silicon Replaceable by 1MN4152
CRB35 *152-0153-00 B0O50000 Silicon Tek Spec

CRB3& *152-0153-00 Silicon Tek Spec

CR840 *152-0185-00 Silicon Replaceable by 1N4152
CRB59 *152-0185-00 Silicon Replaceable by 1M4152
CRB842 *152-0185-00 Silicon Replaceable by 1MN4152
CR864 *152-0185-00 Silicon Replaceable by 1M4152
CR865 *152-0185-00 BO10100 B049999 Silicon Replaceable by 1N4152
CRBé&5 *152-0153-00 BO50000 Silicon Tek Spec
CRB&A *152-0153-00 Silicon Tek Spec
CR870 *152-0153-00 Silicon Tek Spec
CR880 *152-0153-00 Silicon Tek Spec
CRE%6 *152-0185-00 BO10100 B159999 Silicon Replaceable by 1MN4152
CRB?4 152-0141-02 B140000 Silicon 14152
CR898 *152-0185-00 BO10100 B159999 Silicon Replaceable by 1MN4152
CRB98 152-0141-02 B140000 Silicon 1M4152
VR&D5 152-0226-00 Zener IN7STA 400 mW, 5.1V, 5%
VR&35 152-0195-00 Zener IN751A 400 mW, 51V, 5%
VR&ST 152-0168-00 Zener IN%&3A 400 mW, 12V, 5%
VR741 152-0148-00 Zener 1N963A 400 mW, 12V, 5%
VRE72 152-0304-00 Zener IN960B 400 mW, 2.1V, 3%
VRE76 152-0304-00 Zener IN968B 400 mW, 20V, 5%

Transistors

Q&05 AB *151.104%-00 BO10100 B0O19999 Silicon JFET  TO-71 N channel, dual, Tek Spec
Q6&05 AB 151-1041-00 B0O20000 Silicon FET TO-71 N channel junction
Q410 *151-0190-01 Silicen NPN  TO-106 Tek Spec

Q618 *151-0120-01 Silicon NPN  TO-106 Tek Spec

Q635 151-0220-00 Silicon PNP  TO-18 2N41272

Q645 151.-0220-00 Silicon PNP  TO-18 2N4122

Q660 151-0220-00 Silicon PNP  TO-18 2N4122

Q645 151-0250-00 Silicon NPN  TO-104 2N5184

QB18 *151.0216-00 Silicon PMP  TO-92 Replaceable by MOT

MPS 6523
- 3 I
Q825 AB *151-0261-00 Silicon PNP  TO-78 Tek Spec, dua
Q830 AB *151.0232-00 Silicon NPN  TO.78 Tek Spec, dual
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Electrical Parts List—432/R432

Resistors are fixed, composition, ==10% unless otherwise indicated.

! A8 HORIZONTAL Circuit Board Assembly (cont)
Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Transistors (cont)

QB35 AB *151-0232-00 Silicon NPN  TO-78 Tek

- Spec, dual
Q836 AB *151.0241-00 Silicon PNP TO-78 Tek 5222 i
Q841 *151-0192-00 Silicon NPN  TO-92 Replaceable by MPS 6521
Q870 *151-0192-00 Silicon NPN  TO-92 Replaceable by MPS 6521
(QB74 151-0280-00 Silicon PMNP  TO-5 MM4003
Q877 151-0279-00 Silicon NPN TO-39 SE 7054
Q880 151-0144-00 Silicon PNP  TO-5 2N5447
884 151-0280-00 Silicon PNP TO-5  MM4003
Q887 151-0279-00 Silicon NPN TO-39 SE 7056
QB95 *151-0192-00 Silicon NPN  TO-92 Replaceable by MPS 521

Resistors

R&00 322-0481-00 1 M2 W Prec 15
R&02 316-0154-00 150 kO e W

R603 316-0101-00 100 O 1y W

R604 314-0151-00 150 0 Ve W

R&0S 321-0164-06 499 0 Vo W Pic 19,
R&0& 316-0470-00 47 0O Yo W

R&08 316-0101-00 100 0 e W

R&10 316-0470-00 47 0 W

R&12 315.0182-00 1.8 k0 1, W 59
R&13 321-0164-00 499 O Ve W Prec 1%
R&14 316-0151-00 150 0 W

R615 315.0332-00 3.3 k0 1, W 5%
RE14 315.0911-00 910 0 1/, W 59,
R&18 321-0164-00 499 Q Ve W Prec 1%
R620 321-0290-00 10.2 kQ Ve W Prec 1%
R622 321-0258-00 4.75 kQ e W Prec 1%
R&23 315-0431-00 430 O Y, W 5%
R624 314-0101-00 100 0 o W

R&25 315-0751-00 750 0 Vs W 53’:-
R626 315-0112-00 1.1 k0 1, W 5%
R628 316-0392-00 3.9 k0 Ve W

R629 311-0644-00 20 k02, Var

R634 316-0222-00 2.2 k0 1 W

R&35 316-0222-00 2.2 kQ Yo W )
R&36 301-0391-00 390 0 Y2 W 3%
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A8 HORIZONTAL Circuit Board Assembly (cont)
Tektronix serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors (cont)
R437 316-0272-00 2.7 kO 1, W
R&38 314-0222-00 2.2 kO W
R&40 315.0472-00 BO10100 BO9999% 4.7 kO e W 59
R&40 314-0392-00 B100000 3.9 k02 W ;
R644 315-0560-00 56 0 Ve W 59
R&45 315.0472-00 4.7 kO YW o
3%
R&dé 315-0300-00 300 111'" W 59
R650 316-0101-00 100 O 7, W i
R&31 EIS-GSIEDD 51 kD TJ,-" W 5&{2
R&52 315-0112-00 1.1 k0 1, W 59
R&54 321-0085-00 75 0} e W Prec 19,
R&55 316-0101-00 100 0 YW
R&54 321-0278-00 7.68 k0 e W Prec 19
R&57 315-0151-00 150 €2 e W 5%
R&60 314-0153-00 15 k2 W
R&42 316-0392-00 39k0 Ve W
R&63 315-0101-00 100 0 W 5%
R&45 316-0104-00 100 k0 e W
R&&E 316-0153-00 15 k0 e W
R&67 321-0332-00 28 k0 Ve W Prec 12,
R&48 321-0303-00 14 kO e W Prec 195
R&649 321-0347-00 40.2 k) Ve W Prec 1%
R&70 321-0291-00 10.5 k0 Yo W Prec 1%
R&72 321-0332-00 28 ki s W Prec 1%
R&75 321-0247-00 BO10100 BO19999 3.65 k0 Uy W Prec 1%
R&75 321.0238-00 BO20000 B049999 2.94 k0 Vs W Prec 19
R&75 321.0247-00 B0O50000 3.45 kO 1y W Prec 1%,
R&78 321-0162-00 475 0 Vo W Prec 1%
R&8B0 314-0101-00 100 Q Ve W .
R682 321.0245-00 348 k0 Vg W Prec 1%
Ré84 321-0270-00 6.34 kO o W Prec 1%
R685 321-0085-00 75 0 Yo W Prec 1%
R6B6 321-0164-00 499 0 Ve W Prec 1%
R687 321-0262-00 5.23 k2 Yo W Prec 1%
R&88 314-0101-00 100 Ve W
R&90 316-0101-00 100 @ By o
R692 321-0232-00 2.55 k0 s W Prec /o
R700 316-0102-00 1 kO i W
R701 316-0104-00 100 kO i W
R702 314-0101-00 100 0 e W
R703 311-0644-00 20 k2, Var
R704 316-0223-00 22 kO ¥ ; 19
R705 321-0287-00 953 k2 fa W rec .
®
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A8 HORIZONTAL Circvit Board Assembly (cont)

Electrical Parts List—432/R432

Tektronix Serial/Model No.
| Ckt. MNo. Part No. Eff Description
Resistors (cont)
R706 321-0264-00 5.49 k0 e W e 19,
R707 316-0101-00 100 0 1y W
R708 316-0561-00 560 O 1, W
R709 316-0101-00 100 Q Y, W
R710 314-0220-00 22 0 Ve W
R711 315-0110-00 11Q Vi W SA
R712 321-0934-00 19.19 kQ Vs W Poae Voo
R714 321-0418.-02 221 kQ e W B 1/
R715 322-0510-02 2 MO VW Prec 1290
R718 321-0154-00 392 0 Ve W Prec 19
R719 321-0249-00 3.83 k0 Ve W Prec 1%
R720 321-0149-00 348 0 Yo W Prec 1%,
R722 321-0175-00 649 (1 Ve W Prec 19
R723 321-0155-02 402 Q Vo W Prec L%
R724 321-0228-00 2.32 k0 g W Prec 19
R725 321-0172-02 604 0 /g W Prec 2%
| R726 321-0193-02 1k 1y W Prec 1.9
& 311-0607-00 10k, Var
| R728 321-0193-00 1 kQ 1 W Prec 19,
R729 316-0123-00 12 k0 1, W
R740 321-0209-00 1 .47 kQ 1y W Prec 1%
R741 314-0151-00 150 0 'y W
R742 314-0470-00 47 0 Ve W g
R744 315-0102-00 1 kQ e W 5;2.
R745 315-0332-00 3.3k0 1, W 59
R7 46 321-0300-00 13 kO e W Prec 15:,{1
R747 315-0682-00  XB050000 £8 kD Y, W f
R748 315-0512-00 5.1 k0 W g:f,
R752 315-0113-00 11 kQ 7, W 5:5
R754 315-0392-00 3.9 k0 e W Eufu
R756 315-0242-00 2.4 kQ Y W o
R760 321-0222-00 2 kO :;3 W Prec H
R7&1 321-0114-00 150 s W Prec '!";
R762 321-0362-00 57.6 kO a W Prec 14
R763 321-0191-00 953 0 :,f; W Prec W.,
R764 321-0280-00 8.06 kQ2 I.IJIH; W Prec o
'I [ ]
R765 321.0292-00 10.7 kO :,’B $ E:zz : nﬁ
R766 321-0247-00 3.65 k2 fﬂ s 19
@ R768 1721.0280-00 8.06 k0 /s W rec
R770 316.0183-00 18 k02 Ve W ™
R772 321.0284-00 8.87 k02 A W Prac
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A8 HORIZONTAL Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors (cont)

R774 321-0268-00 6.04 kO Ve W Prec 19,
R775 316-0101-00 100 02 W

R778 316-0204-00 200 kO e W

R780 315-0103-00 10 kO 1, W 59
R782 316-0336-00 33 MO e W

R783 316-0220-00 72 0 1 W

R784 316-0102-00 1 kO 1, W

R785 321-0193-00 1 kQ e W Prec 19,
R78& 321-0303-00 14 kO 1;"3 W Prec ] q?;
R790 315-0820-00 82 0 e W 59/
R791 315-0392-00 39 kn Y, W 591
R792 321-0277-00 7.5 k0 e W Prec T
R794 321-0222-00 2 k2 W Prec 1%
R795 321-0277-00  BO10100 B059999 7.5 k0 g W Prec 1%
R795 321-0269-00  B04000D 6.19 k0 Ve W Prec 19,
R79¢ 321-0302-00 13.7 kO W Prec 19
R759 311-1126-00 10 k2, Var
R80T 315-0162-00 1.6 k0 1 W 59
R803 321-0255-00 4.42 k0 Vs W Prec 1%
RBD4 321-0344-00 é0.4 kO e W Prec 15
RBOS 315-0332-00 3.3 k0 1 W 5oL
R8O7 321-0290-00 10.2 k2 Ve W Prec 19,
RB08 321-0344-00 40.4 k0 e W Prec 13
R809 321-044%9-00 464 k) e W Prec 1%
RB10 321-0334-00 30.9 k0 Ve W Prec i 2
R812 321-0259-00 4,87 kO e W Prec 12,
RB14 321-0208-00 1.43 kO e W Prec 1%
R815 321-0214-00 1.65 k02 Ve W Prec 1%
RB16 321.0225-00 2.15k0 o W Prec 19
RE817 311-0644-00 20 k0, Var
R8I 321-0155-00 402 0 o W Prec 1%
RE1% 321-0296-00 11.8 k2 Ve W Prec 1%
R825 321-0214-00 1.65 kQ e W Prec 1%
RE24 321-0225-00 2.15 k0 fa W Prec 1%
RB27 321-0284-00 9.31 kO e W Prec 1%
R829 321-0222-00 2 k02 Ve W Prec 1%
R830 316-0470-00 47 Q1 Ya W

R832 316-0472-00 4.7 k0 a W "
RB35 321-0292-00 10.7 kQ /o W Prec 1%
RB3 321-0247-00 3.65 k02 s W Prec rﬂ,rf,
RB38 321-0204-00 1.3 kO Yo W Prec 1%
RB39 321.0029-00 19.6 0 /s W Prec 1%
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A8 HORIZONTAL Circuit Board Assembly (cont)

Electrical Parts List—432/R432

Tektronix Serial/Model MNo.
Ckt. No. Part No. Eff Disc Description
Resistors (cont)
R840 321-0193-07 1 k0 Va W Pr 1,09
R841 321-0175-00 649 0 r::: W p:: / ‘?:E
RB42 321-0161-00 464 0 e W Prec 19,
R843 316-0473-00  XB140000 47 kQ RYY
RB44 321-0117-00  B010100 B159999 162 0 Ve W Pros 1oL
RB44 321-0118-00  B140000 165 0 e W Pt 1oL
R844 321-0122-00 182 Q Ve W Prec 1%
RB48 321-0061-00 4220 Ve W Prec 1%
R850 321-0034-00 221 0 g W Prec 19,
R852 321-0003-00 1050 W Rl 1oL
R858 321-0029-00 19.6 Q Ve W Prec 1%
RB59 321-0193-07 1kQ e W Prec 0%
R840 316-0470-00 47 0 1, W
RB&] 321-0111-00  BO10100 B049999 140 0 e W Prec 19
RB41 321011300  BO050000 147 O 1y W Prec 19
RB&2 321.0186-00 845 0 Ve W Prec 1%
RB63 321.0273-00 6.81 kO W Prec 19,
R844 315-0302-00 3 k0 e W Hee
RB&5 321-0292-00 10.7 kO Ve W Prec 1%
RB&6 321-0247-00 3.65 k2 Vg W Prec 1%
R857 316-0472-00 4.7 kQ 1y W
R868 311-0635-00 1 kQ, Var
R870 323-0139-00 274 0 Yy W Prec 1%
R871 324-0356-00  B010100 B0599%9 49.9 kO W Prec 1%
RB71 323-0327-00  B0&000O 24.9 kO Yy W Prec &0
RB72 323.0327-00  XB04000O 24.9 kQ h W Prec 1%
RB74 303-0563-00 56 k0 1 W 5%
R875 321-0244-00 3.4 kO 'fa W Prec 1%
RB74 316-0471-00 470 0 Ve W
RB77 323-0188-00 887 0 1y W Prec 1%
RB79 314-0101-00 100 0 Yu W :
R88O 323-0327-00  XB06000O 249 k) Va W Prec 1%
R881 324.0356-00  BO10100 B059999 49.9 k0 W Prec 1%
R881 323.0327.00  BO&000O 249 k0 s W Prec : T
R882 321-0143-00 301 © Ya W Prec to
{n]
RB84 303-0563-00 56 kO 1 W ? §
RB85 321.0244-00 3.4 k0 o W Prec =
RB84 316-0471-00 470 O / W o
R887 323-0188-00 887 O /2 W Prec o
RBER 314-0104-00 100 kO Va W
RBEY 316-0101-00 100 0 Yo W o
R890 321-0256-00 4.53 k0 /s $ E’E"— : :':
RES? 321-0236-00 2.8 k0 fﬂ (e 19,
165 Q s W Prec o
RB9E 323-0118-00 e VoW B 19
RA98 323-0148-00 34002 2
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A8 HORIZONTAL Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Switch
Wired or Unwired
S700! *105-0262-00 BO10100 B049999 Cam TIME/DIV
S700? *105-0242-01 BO5S0000 Cam TIME/DIV
Transformer
Té4d5 *120-0724-00 Toroid, 2 windings

Integrated Circvits

Ué50 156-0048-00
U&B0 156-0048-00
U700 *155-0028-01 Miller integrator
U760 156-0048-00

Linear, replaceable by CA3044
Linear, replaceable by CA3044

Linear, replaceable by CA3044

A9 PRIMARY POWER SUPPLY Circuit Board Assembly

*670-1350-00 Complete Board

Capacitors

Tolerance =209 unless otherwise indicated.

C1020 290-0144-00 1 uF
C1024 283-0203-00 0.47 ;. F
C1030 290-0420-00 XB250000 0.68 uF
C1034 290-0194-00 10 uF
C103s 283-0002-00 0.01 uF
C1038 283-0002-00 0.01 uF
C1044 281-0523-00 100 pF
C1046 283-0644-00 170 pF
C1062 285-0598-00 XBZ250000 0.01 ,f
C1071 283-0142-00 0.0027 uF
C107¢& 283-0142-00 0.0027 F
C1081 281-0536-00 1000 pF
C1090 281-0544-00 330 pF
Cl1093 281-0543-00 270 pF
C1095 290-0147-00 10 uF

'See Mechanical Partzs List for replacement paris.
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A9 PRIMARY POWER SUPPLY Circuit Board Assembly (cont)

Electrical Parts List—432/R432

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Semiconductor Device, Diodes

CR1032 *152-0061-00 Silicen Tek Spec

CR1040 *152-0185-00 Silicon Replaceable by 1M4152
CR1056 *152-0185-00 Silicon Replaceable by 1M41572
CR1058 *152-0185-00 Silicon Replaceable by 1N4152
CR1060 *152-0185-00 Silicon Replaceable by 1N4152
CR1065 *152-0185-00 Silicon Replaceable by 1N4152
CR10&6 152-0333-00 Silicon High speed and conductance
CR1048 152.0333-00 Silicon High speed and conductance
CR1070 *152-0185-00 Silicon Replaceable by 1N4152
CR1071 *152.0185-00 Silicon Replaceable by 1N4152
CR1075 *152-0041-00 Silicon Tek Spec

CR1077 *152.0185-00 Silicon Replaceable by 1M4152
CR1078 152-0333-00 Silicon High speed and conductance
CR1079 152-0333-00 Silicon High speed and conductance
CR1080 152-0333-00 Silicon High speed and conductance
CR1081 *152-0185-00 Silicon Replaceable by 1MN4152
CR1082 *152-0185-00 Silicon Replaceable by 1N4152
CR1085 *152-0061-00 Silicon Tek Spec
CR10%0 *152-0185-00 Silicon Replaceable by 1N4152
CR10%1 *152-0185-00 Silicon Replaceable by 1N4152
CR10%2 *152-0061-00 Silicon Tek Spec
CR1093 *152-0185-00 Silicon Replaceable by 1N4152
CR10%4 152-0333-00 Silicon High speed and conductance
CR1095 152-0333-00 Silicon High speed and conductance
CR1096 152-0333-00 Silicon High speed and conductance
CR1097 152-0333-00 Silicon High speed and conductance
CR10%8 152-0333-00 Silicon High speed and conductance
CR1099 152-0333-00 Silicon High speed and conductance
VR1020 152-0427-00 Zener IN985B 400 mW, 100V, 5%
VR1025 152-0255-00 Zener IN971B 400 mW, 51V, 5%
VR1047 152-0283-00 Zener 1N976B 400 mW, 43V, 5%
VR1052 152-0282-00 Zener IN9728 400 mW, 30V, 5%
VR1061 152-0280-00 Zener IN753A 400 mW, 6.2V, 5%
VR1072 152-0304-00 Zener IN968B 400 mW, 20V, 5%
VR1080 152.0279.00 Zener IN751A 400 mW, 5.1V, 5%
VR1094 152-0255-00 Zener IN978B 400 mW, 51V, 5%

Bulbs

D$1020 150-0035-00 Neon, A1D-T, 0.3 mA
051024 150-0035-00 Neon, AID-T, 0.3 mA

7-25



DCorp 2009

Electrical Parts List—432/R432

A9 PRIMARY POWER SUPPLY Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part MNo. Eff Disc Description
Transistors

Q1025 151-0250-00 Silicon NPN  TO-104 2M5184

Q1030 *151-0297-00 Silicon MPN  TO-39 High voltage, Tek Spec
Q1032 *151-0297-00 Silicon NPMN  TO-39 High voltage, Tek Spec
Q1040 *151-0228-00 Silicon PNP  TO-5 Tek Spec

Q1045 *151-0228-00 Silicon PNP  TO-5 Tek Spec

Q1050 151-0508-00 Silicon PNPN TO-98 DI13T1

Q1064 151-0279-00 BO10100 B219999 Silicon NPN  TO-3%9 SE 7056

Q1044 151-014%9-00 B220000 Silicon NPN TO-5 2MN3439

Q1065 151-0164-00 Silicon PNP TO-5 2N5447

Q1075 151-0508-00 Silicon PNPN TO-98 DI13T1

Q1078 151-0290-00 BOT0100 B139999 Silicon NPN  TO-5 2N48%5

Q1078 151-0200-00 B140000 Silicon MNPMN TO-5 2M3499

Q1090 151-0188-00 Silicon PNP  TO-92 2N3%06
Q1091 151-0302-00 Silicon NPN  TO-18 2N2222A
Q1094 151-0290-00 BO10100 B13999%9 Silicon NPNM  TO-5 2N4895

Q1094 151-0124-00 B140000 Silicon MNPN  TO-5 2N3119

Resistors

Resistors are fixed, composition, ==10%, unless otherwise indicated.
R1020 316-0226-00 22 MO Ve W
R1022 316-0474-00 470 kQ Ve W
R1024 316-0225-00 22k0 Ve W
R1025 314-0104-00 100 kO W
R102& 314-0101-00 100 22 W
k1028 314-0105-00 1 MO LW
R1030 315-0393-00 39 k0 Yo W
R1032 304-0182-00 1.8 kQ2 2W
R1034 303-0103-00 10 k2 TW 5%
R1034 314-0101-00 BO10100 BO19999 100 0 Ve W
R1036 316-0221-00 B0O20000 220 O W
R1038 314-0154-00 XB020000 150 kQ2 W
R1040 316-0102-00 1 k2 LW
R1042 316-0102-00 1 k0 Y, W
R1044 316-0103-00 10 k02 e W
R1045 316-0104-00 100 k22 oW
R1044 316-0684-00 &80 k02 W

R1047 314-0103-00 10 kD i W

R1050 316-0102-00 1 kO W

R1052 314-0102-00 1 kO Ve W

R1054 314-0103-00 10 kO e W

R1060 316-0391-00 390 O 1, W

R106&1 314-0102-00 BO10100 B219999 1 k02 W

R106] 315.0122-00  B220000 1.2 kQ Yo W 2%
R1062 314-0222-00 2.2 k2 W

R1064 316-0103-00  BO10100 B159999 10 kQ 1 W

k1044 302-0103-00 B1&0000 10 k2 e W

R10é&5 314-0151-00 150 0 . W

R10&8 307-0114-00 6.2 0 e W 5%
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A9 PRIMARY POWER SUPPLY Circuit Board Assembly (cont)

Tektronix

Serial/Model No.

Ckt. No. Part No. Eff Disc Description
Resistors (cont)
R1071 316-0331-00 3300 1
R1072 316-0153-00 15k 'j;: $
R1074 311-0609-00 2k, Var
R1075 316-0681-00 680 0 e W
R1076 316-0102-00 1 k2 s W
R1077 316-0182-00 1.8k i W
R1078 316-0472-00 4.7 kQ Ve W
R1080 316-0102-00 1 kQ e W
R1081 314-0101-00 100 © W
R10%90 316-0472-00 4.7 kQ Ve W
R1091 316-0221-00 22002 Ve W
R1092 316-0102-00 1 k0 Ve W
R1093 315-0273-00 27 k1 Ve W
R1094 316-0101-00 100 e W
R1095 316-0222-00 2.2 k0D e W
Transformers
T1038 *120-0722-00 Toroid, 5 turns, bifilar
T10s4 *120-0718-00 BO10100 B159999 Pot core
T1044 *120-0718-01 B140000 Pot core
T1078 *120-0720-00 Pot core
T108B0 *120-0717-00 Pot core

A10 SECONDARY POWER SUPPLY Circuit Board Assembly

*670-1349-02
*670-1349-04
*670-1349-06

BO10100
B120000
B220000

Tolerance =202, unless otherwise indicated.

C1100
C1101
C1102
C1103
C1104

C1104
C1105
C1106
C1106
C1107

C1110
C1115
C1126
C1126
C1130
C1134

290-0516-00
283-0008-00
290-0200-00
2%90-0200-00
290-0513-00

290-0425-00
290-0425-00
290-0513-00
290-0425-00
290-0425-00

281-0525-00
283-0192-00
283-0000-00
283-0078-00
283-0111-00
283-0054-00

BO10100
B120000

BO10100
B120000

BO1O100
B220000

B119999
B219999

Complete Board
Complete Board
Complete Board

Capacitors

B11999%

B119999

B219999

15 uF
0.1 uF
12 uF
12 uF
510 1uF

100 uF
100 ..F
100 uF
100 .F

470 pF
0.47 IHF
0.001 nF
0.001 xF
0.1 uF
150 pF

Elect.

Cer
Elect.
Elect.
Elect.

Elect.
Elect.
Elect.
Elect.
Elect.

Cer
Cer
Cer
Cer
Cer
Cer

300V
500V
150V
150V

25V

20V
20V
25V
20V
20V

500V
<l
500V
500V
50V
200V

+30%—10%

+75%—10%

+75% —10%

+80% —20%

3%
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A10 SECONDARY POWER SUPPLY Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Semiconductor Device, Diodes
CR1016 152-04%97-00 Silicon Rectifier bridge, 600V, 1.5A
CR1100 152-0331-00 Silicon Fast recovery 800V, 25 mA
CR1102 152-0413-00 Silicon Rectifier, fast recovery, 400V,
0.75 A

CR1104 152-0412-00 Silicon Rectifier, fast recovery, 50V, 3A
CR1106 152-0412-00 Silicon Rectifier, fast recovery, 50V, 3A
CR1110 *152-0185-00 Silicon Replaceable by 1M4152
CR1132 *152-0185-00 Silicon Replaceable by 1M4152
CR1138 *152-0185-00 Silicon Replaceable by 1M4152
CR1150 *152-0185-00 Silicon Replaceable by 1M4152
VR1110 152-0195-00 Zener IN75TA 400 mW, 5.1V, 5%
VR1140 152-0306-00 BO10100 B119999X Zener TN940B 400 mW, 9.1V, 5%

Inductors
L1106 *108-0644-00 80 uH
L1104 *108-06464-00 80 uH
L1104 *108-0646-00 80 uH

Transistors
21138 151-0508-00 Silicon TO-98 DI13TI
Q1150 *151-0190-01 Silicon TO-106 Tek Spec

Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.

R1101
R1110
R1112
R1114
R1115

R1120
R1120
R1122
R1124
R1124

R1132
R113é&

7-28

316-0101-00
314-0221-00
316-0104-00
316-0823-00
314-0102-00

321-0273-00
321-0271-00
311-0635-00
321-0265-00
321-0267-00

316-0474-00
316-0102-00

BO10100
B240000

BO10100
B240000

B239999

B239999

100 ©2
2202
100 k2
82 kQ
1 k0

6.81 kO
6.49 kO

1 k@, Var
5.62 k2
59 k0

470 k1
1 kQ2

1, W
Vs W
Ya W
Yo W
Ve W

o W

Prec
Prec

Prec
Prec

1%
1%
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A10 SECONDARY POWER SUPPLY Circuit Board Assembly (cont)

Tektronix Serial/Model MNo.
Chf Hﬂ'; Pﬁri Hﬂ'. Eff Diﬁ": Desc'ripﬁnn
Resistors (cont)
R1137 316-0102-00  BO10100 B119999 1 ke 1, W
R1137 315-0122-00  B120000 1.2 k2 e W 59,
R1138 316-0103-00 10 kO Ve W
R1139 316-0471-00 470 Q Ya W
R1140 315-0182-00  XB120000 1.8 k2 1, W 59,
R1142 316-0333-00 33 kO FRYY,
R1150 316-0152-00 1.5k Ya W
Switch
Wired or Unwired
S1010 260-0834-00 Push-pull POWER
Transformers
T1100 *120-0723-00 Toroid, 7 windings
T1115 *120-0716-00 Line trigger
T1150 *120-0719-00 Pot core
Integrated Circuit
U1130 156-0053-00 Volt. req, replaceable by Fairchild A723C
TRANSFORMER Assembly
*120-0715-00 BO10100 B209999 Complete Transformer Assembly
*120-0715-01 B210000 B219999 includes:
*120-0715-02  B220000 o
All PRIMARY TRANSFORMER Circuit Board
Assembly "
Al2 SECONDARY TRANSFORMER Circuit Board
Assembly
Capacitors
Tolerance =209 unless otherwise indicated.
C1180 283-0068-00  B010100 B209999 0.01 ;F Cer sng‘:
C1180 785.1065.00  B210000 0.01 iF Tub. 5333 Y
C1181 283-0021-00 0.001 uF Cer iy
C1182 283-0068-00  B010100 8209999 0.01 F Cer 5
C1182 285.1065-00  B210000 0.01 uF Tub. 600 V
Cer 500 V
184 983.0068-00  B010100 B209999 0.01 ;F
?1 1834 285.1065-00  B210000 0.01 pF Tub. gggx
1186 283.0048-00  B010100 B209999 0.01 ,F Cer ’
C118¢ 285.1065-00  B210000 0.01 uF Tub. 600
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TRANSFORMER Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part MNo. Eff Disc Description
Capacitors (cont)
C1188 283-0068-00 BO10100 B20999%9 0.01 uF Cer 500V
C1188 285-1045-00 B210000 0.01 uF Tub. 00V
C1190 283-0048-00 BO10100 B209999 0.01 uF Cer 500V
C1190 285.1085-00 B210000 0.01 uF Tub. 400 ¥
C1192 283-0048-00 BO10100 B209999 0.01 uF Cer E00 Vv
C1192 285-1055-00 B210000 0.01 uF Tub. &00V
C1194 283-0048-00 BO10100 B207999 0.01 uF Cer 500V
C1194 285-1065-00 B210000 0.01 uF Tub. &00V
C1196 283-0068-00 BO10100 B209999 0.01 uF Cer 500V
C1196 285-1065-00 B210000 0.01 F Tub. 00V
C1198 283-0068-00 BO10100 B209999 0.01 nF Cer 500V
C1198 285-1065-00 B210000 0.01 ;«F Tub. 00V
C1199 290-0147-00 10 uF Elect. 15V
Semiconductor Device, Diodes
CR1180 152-0170-00 Silicon 14441
CR1182 152-0170-00 Silicon 1MN4441
CR1184 152-0170-00 Silicon 14441
CR1184 152-0170-00 Silicon 1N4441
CR1188 152.0170-00 Silicon 14441
CR1190 152-0170-00 Silicon 1N 4441
CR1192 152-0170-00 Silicon 14441
CR1194 152-0170-00 Silicon 14441
CR1195 152-0170-00 Silicon 14441
CR1198 152-0170-00 Silicon 1N4441
CR1199 152-0413-00 Silicon Rectifier, fast recovery, 400V,
075 A
Resistors

Resistars are fixed, composition, ==10% unless otherwise indicated.

k1180 316-0103-00 10 kO W

R1198 314-0103-00 10 kO W

Transformer
T1085!
Mat individually reploceable, Furnished as a wunit with “120-0715-02. See Fig. B-21.
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A13 LINE FILTER Assembly

e Tektronix Serial/Model No.
Ckt. No. Part MNo. Eff Disc Description
*119-0295-00 Complete Line Filter Assembly
Copacitors

Tolerance ==20%, unless otherwise indicated.

C1004 283-0263-00 0.0022 .F Cer 00V
Cl11048 283-0243-00 0.0022 uF Cer 300V

Line Filter Assembly

FL1010" Line filter assembly
Inductor
L1004 *108-0640-00 Two 240 uH toroidal inductors, potted
Resistor
= Resistors are fixed, composition, ==10%, unless otherwise indicated.
R1004 315-0102-00 BO10100 B019999 1 kO e W 9%
R1004 316-0472-00 BO20000 4.7 kO i W
Transformer
T1004 *120-0725-00 Common mode rejection
A14 Z AXIS Circuit Board Assembly
*670-1332-00 BO10100 BO59999 Complete Board
*670-1332-02 B0O60000 B179999  Complete Board
*670-1332-03 B180000 B189999 Complete Board
*670-1332-04 B120000 Complete Board
Capacitors
Tolerance +—20°%, unless otherwise indicated.
. 'I\'."!II!
C90? 283-0594-00 0.001 ..F Mica 100V I
C?06 *285-0758-01 0.05 ;:F PTM 400V 2%
.l C917 290-0135-00 15 pF Elect. 20V
= 92 283-0000-00 0.001 ,iF Cer 500 V

Mot individually reploceable.
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Al4 Z AXIS Circuit Board Assembly (cont)

Tektronix Serial/Model MNo.
Ckt. No. Part No. Eff Disc Description
Capacitors (cont)

c922 281-0523-00 100 pF Cer 350V

C923 281-0628-00 BOTO100 B229999 15 pF Cer 600V 5%
C923 283-0663-00 B230000 16.8 pF Mica S00V =+0.5 pF
C924 283-0021-00 BO10100 B15999% 0.001 uF Cer 5000 v

C924 283-0071-00 B140000 0.0068 .F Cer 5000 v +80% —30%,
C925 283-0021-00 0.001 uF Cer 5000 v

C926 283-0002-00 0.01 ;F Cer 500V

C928 283-0068-00 0.01 uF Cer 500 vV

C932 281-0525-00 470 pF Cer 500 v

C934 283-0162-00 0.01 uF Cer 5000 v +80% —30%
C940 283-0002-00 0.01 uF Cer 500V
C942 283-0083-00 0.0047 .F Cer 500V 5%
C945 283-0002-00 0.01 uF Cer s00v
C952 281-0599.00 BO10100 BO19999 1 pF Cer 500V +0.25 pF
Ce52 281-0599-00 B0O20000 1 pF [nominal value) Selected
C953 281-0064-00 0.25-1.5pF, Var  Plastic
Cy57 281.0537-00 BO10100 B159999 0.48 pF Cer 500V
C957 281-0661-00 B140000 0.8 pF Cer 500 v =+0.1 pF
C240 283-0032-00 470 pF Cer 500V 5%
CP41 283-0077-00 BO10100 B139999 330 pF Cer 500V 2%
CRa] 281-0518-00 B140000 47 pF Cer 500 v
CPéB 283-0000-00 0.001 uF Cer 500V
C980 283-0048-00 0.01 .F Cer 500V
C?81 283-0142-00 XB0s0000 0.01 uF Cer 5000 V + 803, —303,
C9?0 283-0162-00 0.01 uF Cer 5000V +80%, —302,
C994 290-0523-00 2.2 uF Elect. 2V
C998 290-0523-00 2.2 uF Elect. 20V

Semiconductor Device, Diodes

CR924 *152-0242-00 Silicon Selected from 1M486A
CR925 *152-0242-00 Silicon Selected from T1MN485A
CR924 *152-0242-00 Silicon Selected from TN4B&A
CR928 *152.0242-00 Silicon Selected from 1MN488A
CR%31 *152-0242-00 Silicon Selected from 1N486A

CR%35 *152-0242-00 Silicon Selected from 1IN486A

CR940 152-0333.00 Silicon High speed and conductance
CR953 *152-0242-00 Silicon Selected from TN484A

CR954 *152.0185-00 Silicon Replaceable by TM4152

CR955 +152.0185-00 Silicon Replaceable by 1N4152

CR9&2 *152-0185.00 Silicon EE'F::I|CICE!U|D|E b}-‘ 14152

CR982 152-0333-00 Silicon High speed and conductance
CR%83 152-0333-00 Silicon High speed and conductance
VR%35 152-0241-00 Zener IN973B 400 mW, 33V, 5%
VR937 152-0241-00 Zener IN9738 400 mW, 33V, 5%

'May be replaced with o bare wire.
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Al14 Z AXIS Circuit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Semiconductor Device, Diodes (cont)
VR940 152-0195-00 Zener IN751A 400 mW, 5.1V, 59
VR943 152-0241-00 XB180000 Zener 1N973B 400 mM, 33V, 5%
VRP44 152-0255-00 BO10100 B179999 Zener 1N978B 500 mW, 51V, 59,
VR944 152-0241-00  B180000 Zener 1N9738 400 mM, 33V, 5%
VRY80 152.0427-00 BO10100 BO/9999 Zener TN985B 400 mwW, 100V, 5%
VRS80 152-0357-00 BO8000O Zener TN983B 400 m\W, 82V, 59
VR981 152-0283-00 BO10100 BO7999% Zener 1N976B 400 mW, 43V, 53,
VR?81 152-0285-00 BOSOOOO Zener TNP80B 400 mW, 62V, 59
VR85 152-0247-00 Zener TNP89B 400 mW, 150V, 59,
VR8BS 152.0247-00 Zener IN989B 400 mW, 150V, 5%
VR987 152-0247-00 Zener 1N9898 400 mW, 150V, 5%,
VR988 152-0247-00 Zener 1N9898 400 mW, 150V, 59
VRYBY 152-0247-00 Zener TN989B 400 mW, 150V, 59,
VRS20 152-0247-00 Zener 1N9878 400 mW, 150V, 59
VR994 152-0285-00 Zener INS80B 400 m\W, 62V, 5%
Transistors
Q905 151-0273-00 Silicon NPM  TO-98 2M5249
Q910 151-0273-00 Silicon NPN  TO-98 2N5249
Q%15 151-0220-00 Silicon PNP TO-18 2N4122
Q924 151-0250-00 Silicon NPN  TO-106 2N5184
Q925 *151-0228-00 Silicon PNP TO-5 Tek Spec
Q740 151-0280-00 Silicon PNP TO-5 MMA4003
Q950 *151-0124-00 Silicon NPM  TO-5 Selected from 2N3119
Q954 *151-0190-01 Silicon NPN  TO-106 Tek Spec
Q955 151-0220-00 Silicon PNP  TO-18 2N4122
Q989 151-0279-00 Silicon NPN  TO-39 SE 7056
Q990 151-0279-00 Silicon NPN  TO-39 SE 7056
QY95 151-0279-00 Silicon MPN  TO-39 SE 7056
Resistors
Resistors are fixed, composition, #==10%, unless otherwise indicated.
R900 321-0298-00 12.4 k2 'a W Prec 1%
R202 321-0304-00 14.3 kQ o W Prec 1%
R?04 311-1225-00 1 k2, Var
R905 321-0248-09 6.04 kO e W Prec 1%
R904 321-0357-00 51.1 k0 Ve W Prec s
R208 321-0365-09 61.9 k0 Ve W Prec oL
RZ10 321-0358-00 52.3 k0 Ve W Prec 1%
RI11 315.0202-00 2 k(2 W 5%
k9172 314-0470-00 47 1 VW
RS 15 311-1226-00 25k, Var
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Al4 Z AXIS Circvit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors (cont)
RO14 322-0301-00 13.3k0 Ve W Prec 19
RSB 321-0172-00 604 O Vo W Prec 19
R919 316-0270-00 27 0 W
RS20 314-0103-00 10 k2 e W
R$21 316-0332-00 33kn e W
R922 316-0471-00 4700 W
R923 316-0474-00 470 kO W
R924 314-0102-00 1 k0 e W
R925 314-0471-00 470 Va W
R924 314-0101-00 100 0 Ve W
RO27 316-0471-00 470 0 W
R728 315-0395-00 3.9 M U W
R930 316-0473-00 47 kO 1, W
RS2 314-0222-00 BO10100 B059999 2.2 kO W
R3] 321-0305-00 BO&0000 14.7 kO Ve W Prec 1%
R932 316-0221-00 220 0 e W
R934 316-0470-00 47 0 e W
R935 316-0103-00 BO10100 B059999 10 kQ 1y W
R935 316-0472-00 BO&40000 B159999 47 kQ e W
R935 314-0103-00 B140000 10 k0 1 W
R934 303-0330-00 330 W 5%
RP37 316-0104-00 100 kQ e W
R940 315-0114-00 110 k0 Ve W 5%,
RS4] 314-0101-00 100 Q e W
R942 315-0911-00 210 Q e W 59,
R9A3 314-0470-00 47 0 W
R945 315-0512-00 5.1k0 e W 3%
RP44 316-0103-00 10 k2 e W
R48 316-0101-00 100 0 Ve W
R949 316-0220-00 22 0 e W
R953 314-0101-00 1000 Y, W
R954 316-0102-00 1 kQ i W
R955 316-0220-00 22 0 Va W
R956 314-0392-00 39 k0 1, W n
R758 323-0363-00 59 k02 1, W Prec T;’a
R%40 315-0566-00 56 MO 1, W L%,
R94] 316-0102-00 1 kO e W
R942 A | 39.3 MO
R947 R 140 k2
R962 C | *307-0274-00 4.9 MO Thick film
R942 D 29.1 MQ
R942 E 400 k0
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Al4 Z AXIS Circvit Board Assembly (cont)

Tektronix Serial/Model No.
Ckt. No. Part MNo. Eff Disc Description
Resistors (cont)
RP43 311-1230-00 20 k2, Var
R964 301-0755-00 XB0&0000 75MQ  (nominal value) Selected
R9&7 311-1251-00 200 k22, Var
R948 311-1257-00 BO10100 B189999X 5MQ, Var
RF72 321-0382-00 93.1 kO e W Prec 19
R973 321-0266-00 3.76 k) e W Prec 1%
RS74 321-0322-00 22.1 kQ2 s W Prec 1%
R975 321-0234-00 2.8 kQ Ya W Prec 1%
R974 316-0390-00 392 Q W
R978 321-0210-00 1.5 kQ2 e W Prec 1%,
RG79 321-0250-00 3.92 k02 s W Prec %
RS80 311-1254-00 1 MQ, Var
R981 316-0472-00 4.7 kQ Ve W
R983 316-0333-00 33k VW
R986& 316-0106-00 BO10100 B119999 10 MO VW
R986& 314-0335-00 B120000 3.3 MO e W
R?87 314-0106-00 BO10100 B11999% 10 MO e W
R9B7 316-0335-00 B120000 3.3 M2 Ve W
R988 316-0103-00 10 kQ e W
R?20 315-0224-00 BO10100 B119999 22 M Ve W
RS20 316-0154-00 B120000 15 MQ Ve W
R994 316-0223-00 22 kO W
R995 314-0475-00 BO10100 B139999 4.7 MQ e W
RPP5 314-0225-00 B120000 2.2 MO Ve W
R994 314-0220-00 220 W
Transformer
T920 *120-0721-00 Pot core
Integrated Circuit
U940 *155-0051-00 Monalithic, Z-axis & HV regulator
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A SECTION 8

DIAGRAMS AND CIRCUIT BOARDS

Symbols and Reference Designators

Electrical components shown on the diagrams are in the following units unless noted otherwise:

Capacitors = Values one or greater are in picofarads (pF).
Values less than one are in microfarads (uF).
Resistors = Ohms (£2)

Symbols used on the diagrams are based on USA Standard Y 32.2-1967.

Logic symbology is based on MIL-STD-806B in terms of positive logic. Logic symbols depict the logic function performed
and may differ from the manufacturer’s data.

The following special symbols-are used on the diagrams:

a External screwdriver adjustment.

External control or connector.

Clockwise control rotation in direction of arrow,

—
@ Refer to diagram number indicated in diamond.

l—‘{,—__\\ Connection soldered to circuit board.
< z\ Connection made to circuit board with interconnecting pin.

Al

Blue tint encloses components located on circuit board.

P/O circuit board

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams.

A Assembly, separable or repairable (circuit board, etc.) LR Inductor/resistor combination
AT Attenuator, fixed or variable M Meter
B Motor Q Transistor or silicon-controlled rectifier
BT Battery P Connector, movable portion
C Capacitor, fixed or variable R Resistor, fixed or variable
CR Diode, signal or rectifier RT Thermistor
DL Delay line S Switch
DS |Indicating device {lamp) T Transformer
7 Fuse TP  Test point : :
FL Filter U Assembly, inseparable or non-repairable (integrated
H Heat dissipating device (heat sink . heat radiator, etc.) circuit, etc.)
HR Heater Vv Electron tube _
- J Connector, stationary portion VR Voltage regulator (zener diode, etc.)
K Relay Y Crystal

| Iinductor, fixed or variable
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VOLTAGE AND WAVEFORM TEST CONDITIONS

Typical voltage measurements and waveform photographs
were obtained under the following conditions unless noted
otherwise on the individual diagrams. Voltage measure-
ments were taken with no signal applied to the vertical
input. Waveform photographs were taken with the PROBE
CAL 0.6 V 1 kHz signal applied to the CH 1 input con-

nector.

Frequency response
Deflection factor
Probe ground
Trigger source

Recommended
type

Type

Input impedance
Range

Range

Reference voltage
Recommended type

(as used for voltages
on diagrams)

POWER/
INTENSITY

8-2

Test Oscilloscope

DC to 40 MHz.
5 millivolts to 50 volts/division.
432 chassis ground.

External to indicate true time rela-
tionship between signals.

Tektronix 7504 with 7A16 plug-in
unit and Pe052 Probe.

Voltmeter

Digital multimeter.
10 megohmss.

432 chassis ground,
0 to 1 kilovolt,

432 chassis ground.

Tektronix 7504 with 7D13 Digital
Multimeter Plug-In Unit,

432 Conditions

Pulled out {on) and set for normal
display intensity.

Vertical Controls (both channels if applicable)

POSITION
QUT: 5 MHz BW
OUT: INVERT
VOLTS/DIV
Variable

Input Coupling

Vertical Mode

Trigger Controls

SLOPE
LEVEL
SOURCE
EXT ATTEN

COUPLING

Sweep Controls
MODE

TIME/DIV
MAG

Variable

Midrange

Pushed in
Pushed in
AV
CAL

DC

CH 1

Midrange
CH 1
1:1

DC

AUTO
1 ms
X1

Midrange
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See Figs. 8-4 and 8-8 for location of

Fig. 8-1. P/O A3. Partial Vertical Mode Switch circuit board. -

See Fig. 8-5 for location of components not identified here.

Fig. 8-2. P/O A1. Partial Input Amplifier circuit board. £
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See Figs. 8-1 and 8-8 for location of components not identified here. -

' P

Fig. 8-4. P/O A3. Partial Vertical Mode Switch circuit board.

L

See Fig. 8-2 for location of components not identified here,

Fig. 85 P/O A1, Partial Input Amplifier circuit board. A
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Fig. 8-6. P/O A2, Partial Vertical circuit board.
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Fig. 8-8. P/O A3. Partial Vertical Mode Switch circuit board. (&)
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Fig. 8-19. A13. Line filter circuit board.
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SECTION 9
MECHANICAL PARTS LIST

FIGURE 1 FRONT

432/R432

Fig. & Q
Index Tektronix serial/Model No, t D o
No. Part No. Eff Disc R T—— escription
141 426-0721-00 ] FRAME, light filter, plastic
-2 378-0478-00 1 FILTER, light, CRT
-3 366-0493-01 2 KNOB, red—VARIABLE (CH] & CH2)
------ - each knob includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
-4 364-1281-00 2 KNOB, gray—VOLTS/DIV (CH] & CH2)
------ - each knob includes:
213-0153-00 2 SETSCREW, 5-40x 0.125 inch, HSS
-5 366-1031-02 1 KNOB, red—VARIABLE
------ . knob includes:
213-0153-00 1 SETSCREW, 5-40 x 0.125 inch, HSS
-6 366-1279-00 1 KNOB, gray—TIME/DIV
------ . knob includes:
213-0153-00 2 SETSCREW, 5-40x 0.125 inch, HSS
-7 366-1282-00 1 KNOB, push-on—BANDWIDTH
-8 364-1282-00 I KNOB, push-on—INVERT
9 366-1283-00 2 KNOB, gray—POSITION (CHI & CH2)
------ - each knob includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
-10  366-1038-00 1 KNOB, gray—POWER & INTENSITY
------ ; knob includes:
213-0153-00 ] SETSCREW, 5-40 x0.125 inch, HSS
11 366-0494-00 1 KNOB, gray—POSITION
R LA 5 knob includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
12 366-1278-00 1 KNOB, light gray—SLOPE
------ - knob includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
13 366-1280-00 1 KNOB, gray—LEVEL
...... . knob includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
-4 366-1257-07 1 PUSHBUTTOMN—AUTO
366-1257-05 1 PUSHBUTTOMN—NCORM
15 366-1257-08 I PUSHBUTTON—EXT ATTEN
366-1257-06 1 PUSHBUTTOMN—COMP
366-1257-01 1  PUSHBUTTON—CH 1
16 366-1257-02 3 PUSHBUTTON—AC
266-1257-10 ] PUSHBUTTOMN—HF REJ
366-1257-0% 1 PUSHBUTTON—LF REJ

9-1
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Mechanical Parts List—432/R432

FIGURE 1 FRONT (cont)

Fig. & Q
Index Tektronix Serial/Model No. t Description
No. Part No. Eff Disc Y ‘g 85'3.4'S
1-17  366-1257-03 2 PUSHBUTTON—GND
-18  366-1161-29 ] PUSHBUTTON—CH 1
366-1161-31 ] PUSHBUTTOMN—ALT
366-1161-27 1  PUSHBUTTON—ADD
366-1161-30 1 PUSHBUTTON—CHOP
366-1161-28 1 PUSHBUTTON—CH 2
-19  426-0681-00 12 FRAME, pushbutton, small
-20 426-0548-00 5 FRAME, pushbutton, large
-21 358-0378-00 2 BUSHING, sleeve, front panel trim, 0.187 inch
-22 358-0301-02 2 BUSHING, sleeve, front panel trim, 0.185 inch
-23  333-1397-00 BO10100 B189999 1 PANEL, front
333-13%7-03  B120000 1 PANEL, front
------ - mounting hardware: (not included w/panel|
-24  211-0079-00 6 SCREW, 2-56 x 0.188 inch, PHS
-25  260-0735-00 2 SWITCH, push—BEAM FINDER & RESET, w/hardware
-26  358-0403-00 1 BUSHING, shaft, plastic
-27  200-0509-00 1 BASE, lampholder
-28  378-0541-00 ] FILTER, lens
-29  352-0084-00 1 HOLDER, neon, plastic, 0.65 inch long
-30 200-0935-00 4 CAP, lampholder
-31  331-0262-00 4  DIFFUSOR, light
-32  352-0157-00 4 LAMPHOLDER, plastic, 0.355 inch long
-33  378-0480-00 4 LENS, knob skirt
-34  348.0276-00 ft  SHIELDING GASKET, 2.80 feet long
35 131-0679-00 2 CONNECTOR, receptacle, 3 contact, BNC, w/hardware
W e 4  RESISTOR, variable
------ - mounting hardware for each: (not included w/resistor)
-37 210-0538-00 1 NUT, hex., 0.25-32x0.312 inch
38 - - ... 2  RESISTOR, variable
----- - - mounting hardware for each: (not included w/resistor)
-39  358-0409-00 1 BUSHING, 0.25-32x0.159 ID
-40  210-0223-00 1 LUG, solder, 0.25 inch diameter, SE
-41  210-0471-00 1 POST, hex., 0.25-32 x 0.312 x 0.594 inch long
-42  210-0044-00 I WASHER, lock, internal, 0.261 1D x 0.40 inch OD
-43  134-0098-01 1 JACK, tip, 0.25-32x 0.562 inch long, w/hardware
"""" - mounting hardware: (not included w/jack)
-44  210-0223-00 1 LUG, solder, 0.25 inch diameter, SE
-45  260-1229-00 BO10100 B219999 ] SWITCH, push—MODE
260-1229-01 B220000 ] SWITCH, push—MODE
------ - mounting hardware: (not included w/switch)
-46  211-0034-00 2  SCREW, 2-56 x0.50 inch, PHS
-47  166-0251-00 2  TUBE, spacer, 0.125 x 0.297 inch long

9-2
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Mechanical Parts List—432/R432
FIGURE 1 FRONT (cont)

® fioa Q
ndex Tektronix Serial/Model No. t i
MNo. Part No. Eff Disc Y 1 2 34 5 D!’:"Phn“
e ——— — —
1-48  670-1363-00 1 CIRCUIT BOARD ASSEMBLY—TRIGGER COUPLING A7
------ . circuit board assembly includes:
388-1922-00 1 CIRCUIT BOARD
-49  131-0589-00 3 TERMINAL, pin, 0.50 inch long
-50 260-1226-00 ] SWITCH, push, 2 button
-51  260-1224-00 ] SWITCH, push
""" . mounting hardware: (not included w/circuit board assembly)
52 211-0017-00 2 SCREW, 4-40x 0.75 inch, RHS
-53  361-0348-00 2 SPACER, pushbutton switch
-54  670-1364-00 1 CIRCUIT BOARD ASSEMBLY—TRIGGER SOURCE Aé
- - - - - - circuit board assembly includes:
388-1923-00 ] CIRCUIT BOARD
-55 131-058%-00 10 TERMINAL, pin, 0.50 inch long
-56  260-1228-00 BO10100 B21999% ] SWITCH, push, 2 button
260-1228-01  B220000 ] SWITCH, push, 2 button
-37  260-1224-00 ] SWITCH, push
-58  342-0096-00 1  INSULATOR, plate, push switch
-59 337-1455-00 ] SHIELD-CONTACT ASSEMBLY
------ - shield-contact assembly includes:
342-0094-00 ] INSULATOR, plate, plastic
-60 131-1086-00 2 CONTACT, ground
...... : mounting hardware for each: [not included w/contact]
-61  211-0007-00 2 SCREW, 4-40x0.188 inch, PHS
-62 670-1358-00 1 CIRCUIT BOARD ASSEMBLY—VERTICAL MODE A3
------ . circuit board assembly includes:
388-1917-00 ] CIRCUIT BOARD
-63  131-0589-00 & TERMINAL, pin, 0.50 inch long
-64 260-1227-00 2 SWITCH, push—AC GND
-65 260-1230-00 ] SWITCH, push—VERTICAL MODE
-66 337-1434-00 2 SHIELD, electrical
______ . mounting hardware for each: [not included w/shield)
67 210-04046-00 2 NUT, hex., 4-40 x 0.188 inch
-68 210-0288-00 2 TERMINAL, lug, 0.125 ID x 1.125 inches long
210-0994-00 4 WASHER, flat, 0.125 ID x0.25 inch CD
...... - mounting hardware: [not included w/circuit board ossembly)
49 211-0116-00 2 SCREW, sems, 4-40x 0312 inch, PHB
70 358-0353-00 3 BUSHING, for 0.25 inch shaft
...... . mounting hardware for each: (not included w/bushing]
71 220-0495-00 1 NUT, hex., 0.375-32 x 0.438 inch
72 210-0840-00 ] WASHER, flat, 0.39 ID x0.562 inch QD
7 3B4-1854-01 ] SUBPANEL, front
-??1 470-1359-.02 BO10100 B019999 1 CIRCUIT BOARD ASSEMBLY—HORIZONTAL A8
670-1359-04  BO20000 B049999 ] CIRCUIT BOARD ASSEMBLY—HORIZONTAL A8
670-1359-08  BO5S0000 BO5S999Y ] CIRCUIT BOARD ASSEMBLY—HORIZONTAL A8
£70-1359-10 B0&0000 1 CIRCUIT BOARD ASSEMBLY—HORIZONTAL A8
..... : circuit board assembly includes:
388-1918-00  B010100 B049999 1 CIRCUIT BOARD
788.1918-01 BOS0000 1 CIRCUIT BG%RD .
1131 058900 37 TERMIMNAL, pin, 0.50 inch |ﬂ'l'|g
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Mechanical Parts List—432/R432
FIGURE 1 FRONT (cont)
Fig. & Q
Index Tektronix serial/Model No. t 'y
No. Part No. Eff ¢ B Gk e Descriphion
-76  131-0604-00 B0O10100 B049999 24 CONTACT, electrical, cam switch
131-0604-00 BOS0000 25 CONTACT, electrical, cam switch
77 136-0235-00 5 SOCKET, transistor, & pin
/8 136-0241-00 ] SOCKET, integrated circuit, 10 pin
79 136-0252-04 87 SOCKET, pin connector
-B0  214-0579-00 18 PIN, test point
105-0262-00 BO10100 B049999 1 ACTUATOR ASSEMBLY, cam switch
105-0262-01  B0O50000 ] ACTUATOR ASSEMBLY, cam switch
----- - - actuator assembly includes:
-81  200-1208-00 ] COVER, cam switch
------ - mounting hardware: [not included w/cover)
-82  211-0079-00 & SCREW, 2-56 x0.188 inch, RH5
-83  210-0001-00 & WASHER, lock, internal, 0.092 ID x0.18 inch OD
-84 210-0405-00 . NUT, hex., 2-56 x 0.188 inch
-85 344-0140-00 BO10100 B039999X ] CLIP, spring tension, plastic
------ . mounting hardware: (not included w/clip)
-86  211-0079-00 ] SCREW, 2-56 x0.188 inch, RHS
-87  210-0001-00 ] WASHER, lock, internal, 0.092 ID x 0.18 inch OD
-88  210-0405-00 1 NUT, hex., 2-56 x 0.188 inch
-89 105-0232-00 ] STOP, stationary
...... . mounting hardware: [not included w/stop)
20 211-0072-00 2 SCREW, 2-56 x0.188 inch, RH5
-21  210-0001-00 2 WASHER, lock, internal, 0.092 ID x0.18 inch QD
92  105-0233-00 ] STOP, rotary
-23  401-0056-01 ] BEARING, rear
------ . mounting hardware: [not included w/bearing)
-94  210-0405-00 2 NUT, hex., 4-40 x 0.188 inch
-95  407-0653-00 ] BRACKET, center support
------ . mounting hardware: [not included w/bracket)
210-0406-00 2 NUT, hex., 4-40 x 0.188 inch
96 105-0231-00 BO10100 B04999% ] DRUM, sweep
105-0231-01  BO50000 ] DRUM, sweep
-97  401-0064-00 2 BEARING, front
------ ; mounting hardware for each: (not included w/bearing]
210-0406-00 2 NUT, hex., 4-40x 0.188 inch
98 214-1127-00 2 ROLLER, detent
99 214-1139-000 - SPRING, flat, gold
214-1139-021 SPRING, flat, green
214-1132-03° - SPRING, flat, red
100 210-1131-00 ] WASHER, plastic, 0.375 ID x 0.562 inch OD
101 376-0122-00 ] COUPLING, sweep
...... - coupling includes:
213-0153.00 ] SETSCREW, 5-40 x 0.125 inch, HSS
102 384.0799-01 ] SHAFT, 5948 inches long, w/driver

'Replace only with part bearing the same color code as the original part in your instrument
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Mechanical Parts List—432/R432

FIGURE 1 FRONT (cont]

. Fig. & Q
Index Tektronix Serial/Model No. t Sl
No. Part No. Eff Disc e T O B Description
1-103 214-1541-00 1 SPRING, helical compression
-104 376-0121-00 1 COUPLER, mag
______ - coupler includes:
213-0153-00 ] SETSCREW, 5-40 x 0.125 inch, HSS
-105 105-0230-00 I DRUM, mag
106 401-0054-00 1 BEARING, rear
______ g mounting hardware: (not included w [bearing)
210-0406-00 2 NUT, hex., 4-40 x 0.188 inch
2107 354-0390-00 ] RING, retaining
AR s & s 1 RESISTOR, wvariable
______ . resistor includes:
384-1084-00 ] SHAFT, extension
______ - mounting hardware: [not included w/resistor)
-109 211-0079-00 2 SCREW, 2-56 x 0.188 inch, RHS
-110 210-0001-00 2 WASHER, lock, internal, 0.092 1D x0.18 inch OD
111 129-0301-00 /, POST, hex., 2-56 x 0.156 x 0.312 inch long
------ - mounting hardware for each: [not included w/post)
112 211-0079-00 ] SCREW, 2-56 x 0.188 inch, RHS
113 210-0001-00 ] WASHER, lock, internal, 0.092 ID x0.18 inch QD
114 213-0153-00 ] SETSCREW, 5-40 x0.312 inch, HSS
______ . mounting hardware: (not included w/actuator assembly)
115 211-0116-00 10 SCREW, sems, 4-40x0.312 inch, PHB
. ------ - mounting hardware: [not included w/circuit board assembly)
211-0114-00 3 SCREW, sems, 4-40x0.312 inch, PHB [not shown)
119-0267-01 1 DELAY LINE ASSEMBLY
------ - delay line assembly includes:
114 200-1181-00 2 COVER HALF, plastic
------ . mounting hardware: (not included w/cover halves)
117 211-0097-00 3 SCREW, 4-40x 0.312 inch, PHS
118 210-0551-00 3 NUT, hex., 4-40 % 0.25 inch
119 119-0267-00 ] DELAY LINE
-120 352-0198-00 2 HOLDER, terminal connector, 2 wire (block)
121 352-0200-00 ] HOLDER, terminal connector, 4 wire (black)
122 131-0621-00 4 CONMNECTOR, terminal
131-0622-00 4 COMNMNECTOR, terminal
-123 348-0003-00 ] GROMMET, rubber, 0.312 inch diameter
------ - mounting hardware: [not included w/delay line assembly)
124 211-0097-00 1 SCREW, 4-40 % 0.312 inch, PHS
125 337-1424-00 1 SHIELD
------ - mounting hardware: [not included w/shield)
126 211-0189-00 2 SCREW, plastic, 4-40 x 0.875 inch, PH
127 210-0B49-00 2  WASHER, plastic, 0.156 1D x 0.375 inch QD
128 341-0394.00 2  SPACER, plastic, 0.125 ID x 0.25 OD x 0.35 inch leng
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GROMMET, rubber, 0.75 Iﬂﬂ}l :Imm
PLASTIC CHANNEL, 0.187 foot long ;
CLAMP, electron tube retainer if
mounting hardware: [not included w/clamp)
SCREW, 6-32x 2 inches, Fil HS -
NUT, square, 6-32x0.25 inch

CLAMP, electron tube retainer

mounting hardware: [not included w/clamp)
SCREW, 6-32 x 0.75 inch, Fil HS

NUT, square, 6-32 x 0.25 inch

HOLDER, electron tube retainer

mounting hardware for each: [not included w/holder)
SCREW, 6-32 x0.25 inch, PHB

LABEL, address

COVER, vinyl, resistor

SHAFT, extension, 3.14 inches long
COUPLING, shaft, rigid

BUSHING, sleeve, front panel trim
BRACKET, angle

PLATE, insulator, 1.25 x 2.25 inches
RESISTOR, variable

mounting hardware: [not included w/resistor)
WASHER, lock, internal, 0.261 ID x 0.40 inch OD
MNUT, hex., 0.25-32 x 0.312 inch
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Mechanical Parts List—432/R432

FIGURE 1 FRONT (cont)

® o Q
Index Tektronix Serial/Model MNo. t Description
MNo. Part No. Eff Disc Y 12 345

1  SUPPORT, CRT shield, rear

1-151 386-1923-00 ! :
mounting hardware: (not included w/fsupport)

211-0504-00 2  SCREW, 6-32 x 0.25 inch, PHS5 (not shown)

210-0202-00 1 LUG, solder, SE #6 [not shown)

210-1092-00 2  WASHER, flat, 0.147 ID x0.312 inch ©OD
152 342-0080-00 1 INSULATOR, strip, 1 x8.50 inches

ft  EXTRUSION, 0.708 foot long

1  SHIELD, CRT

mounting hardware: (not included w/shield)
SCREW, 6-32 x0.312 inch, PHS

WASHER, lock, internal, 0.146 1D x 0.283 inch OD

-153 252-0571-00
-154 337-1383-00
211-0507-00 2
210-0006-00 2

-






432 OSCILLOSCOPE




DCorp 2009
Mechanical Parts List—432/R432

FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES

Q Fig. & Q

Index Tektronix Serial/Model Mo. t g
No. Part No. Eff Disc ¥ AR gk
2- 119.0295.00 ] LINE FILTER ASSEMBLY
...... 3 line filter assembly includes:
-1 388-1890-00 BO10100 B149999 1 CIRCUIT BOARD—LINE FILTER A13
388-18%90-01 B150000 ] CIRCUIT BOARD—LINE FILTER A13
______ - mounting hardware: [not included w/circuit board)
2 210.0405-00 2 NUT, hex., 2-56 x0.188 inch
-3 211-0128-00 2 SCREW, 2-56 x 1.375 inch, PHS
o e e 1 RESISTOR
------ . mounting hardware: (not included w/resistor)
-5 213.0107-00 1 SCREW, thread forming, 4-40 x 0.25 inch, 100° csk, FHS
-6 210-0201-00 2 LUG, solder, SE #4
------ - mounting hardware: [not included wlug)
-7 211-0007-00 ] SCREW, 4-40 x 0.188 inch, PHS
-8 210-0406-00 ] MUT, hex., 4-40x0.188 inch
g 348-0031-00 y. GROMMET, plastic, 0.25 inch diameter
10 441-0983-00 ] CHASSIS
----- - . mounting hardware: [not included w/line filter assembly]
11 211-0007-00 7  SCREW, 4-40 x0.188 inch, PHS
N i 1 SWITCH, thermostatic
----- - - mounting hardware: (nof included w/switch)
(. 13  211-0008-00 2  SCREW, 4-40 x 0.25 inch, PHS
14 131-0955-00 3 CONMNECTOR, receptacle, BNC, w/hardware
------ - mounting hardware for each: (not included w/[connector)
.15  210-0255-00 1  TERMINAL, lug
o 2  RESISTOR, variable
------ - mounting hardware for each: [not included w/resistor)
17 358-0251-00 1 BUSHING, 0.25-32 x 0.424 inch long
18 210-0044-00 1 WASHER, lock, internal, 0.261 ID % 0.40 inch OD
19 200-0103-00 1 NUT, knurled, 0.25-28 x 0.375 inch OD
20 355-0507-00 1 STEM, binding post
------ . mounting hardware: [not included w [ stem]
21 210-0583-00 1 NUT, hex., 0.25-32x0.312 inch
22 210-0044-00 1 WASHER, lock, internal, 0.261 1D « 0.40 inch OD
.23 386-1927.00 1 PANEL, rear
------ - mounting hardware: [nof included w/panel)
24  211-0007-00 6 SCREW, 4-40 x 0.188 inch, PHS
210-0054-00 6 WASHER, lock, split ¥4
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Mechanical Parts List—432/R432

FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES (cont)

Fig. & Q T NE AR
Index Tektronix Serial/Model No. t Description ' - S -
No. Part No. Eff Disc Y 12345 daks Ve ) g
2-25 352.0014-00 1 FUSEHOLDER, w/hardware
------ - mounting hardware: [not included w/fuseholder)
-26 210-0873-00 1  WASHER, rubber, 0.50 ID % 0.688 inch OD
-27  352-0260-00 2 HOLDER, power cord M
28 161-0033-06 1 CABLE ASSEMBLY, power 5
------ - mounting hardware: [not included w/coble assembly] ".:
-29  210-0413-00 1  NUT, hex., 0.375-32 x 0.50 inch d
210-0012-00 1  WAGSHER, lock, internal, 0.375 1D x 0.50 inch OD
-30 337-1401-00 BO10100 B099999 1 SHIELD, electrical
337-1401-04 B10000O 1  SHIELD, electrical
...... - shield includes:
-31  342-0074-00 1 INSULATOR, plate
------ - mounting hardware: (not included w/shield)
-32  211-0007-00 4 SCREW, 4-40x0.188 inch, PHS
-33  407-0935-00 1 BRACKET, angle, 3.725 inches
------ - mounting hardware: (not included w[bracket)
-34  211-0008-00 2 SCREW, 4-40 x0.25 inch, PHS
-35 337-1412-00 : 1  SHIELD, electrical
36  407-0934-00 1  BRACKET, angle, 2.60 inches
------ - mounting hardware: (not included w/bracket)
-37  211-0105-00 2 SCREW, 4-40x0.188 inch, 100° csk, FHS
-38  670-1349-02 BO10100 B119999 1 CIRCUIT BOARD ASSEMBLY—SECOMNDARY POWER SUPPLY A10
670-1349-04  B120000 B219999 1 CIRCUIT BOARD ASSEMBLY—SECONDARY POWER SUPPLY AT0
670-1349-06 B220000 1 CIRCUIT BOARD ASSEMBLY—SECOMNDARY POWER SUPPLY Al0
------ 5 circuit board assembly includes:
388-1908-00 B010100 B219999 1 CIRCUIT BOARD
388-1908-02  B220000 ] CIRCUIT BOARD
-39 131-0408-00 29 TERMINAL, pin, 0.365 inch long
-40 136-0252-04 16 SOCKET, pin connector
-41  136-0263-03 9 SOCKET, terminal, pin
-42  260-0834-00 ] SWITCH, toggle, power
------ - mounting hardware: (not included w/switch)
-43  210-0562-00 ] NUT, hex., 0.25-40 x 0.312 inch
-44  210-0905-00 ] WASHER, flat, 0.256 ID x 0.438 inch OD
-45  210-0044-00 ] WASHER, lock, internal, 0.261 ID x 0.40 inch QD
-46  407-0936-00 ] BRACKET, component mounting
"""" - mounting hardware: [not included w/circuit board assembly]
-47  211-0180-00 4  SCREW, sems, 2-56 x0.25 inch, PHB
210-113%-00 2 TEEMIMAL, lug, 0.99 inch ID, SE
-48  342-0068-00 1 INSULATOR, plate, circuit board
-47  441-1011-00 1 CHASSIS, circuit board
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Mechanical Parts List—432/R432

FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES (cont)

I:ig. & Q
ndex Tektronix Serial/Model No. t gl
No. Part No. Eff Disc j R W B N S
2-50 342-0089-00 1 INSULATOR, transformer, top front
- e R 1 TRANSFORMER
-52  342-0090-00 1 INSULATOR, transformer, bottom front
-53  337-1448-00 1  SHIELD ASSEMBLY
------ - mounting hardware: (nof included w/shield assembly)
-54  211-0008-00 4 SCREW, 4-40 x 0.25 inch, PHS
211-0007-00 2 SCREW, 4-40x0.188 inch, PHS
-55  407-0933-00 1 BRACKET, angle, power supply capacitor
------ - mounting hardware: (not included w/bracket)
-56 210-0586-00 B010100 BO19999 3  NUT, keps, 4-40 x 0.25 inch
210-0406-00 B0O20000 3 NUT, hex., 4-40 x 0.188 inch
210-0994-00 B020000 3  WASHER, flat, 0.125 ID x0.25 inch ©D
210-0975-00 B020000 3 WASHER, platsic, 0.14 ID x 0.375 inch OD
210-1011-00  BO20000 3 WASHER, plastic, 0.13 ID x 0.375 inch OD
-57  348-0003-00 1  GROMMET, rubber, 0.312 inch diameter
-58 337-1411-00 1 SHIELD, electrical, power supply
------ - mounting hardware: (not included w/shield]
-59  211-0008-00 1 SCREW, 4-40 x 0.25 inch, PHS
-60  670-1350-00 1 CIRCUIT BOARD ASSEMBLY—PRIMARY POWER SUPPLY A9
------ - circuit board assembly includes:
388-1909-00 ] CIRCUIT BOARD
-41  131-0589-00 é TERMINAL, pin, 0.50 inch long
-62  136-0263-03 9 SOCKET, pin terminal
-63  136-0252-04 39 SOCKET, pin connector
-64  214-0579-00 4 PIMN, test point
-65 384-0536-00 BO10100 B019999X 2 ROD, plastic
------ - mounting hardware for each: (not included w/rod|)
-66 211-0040-00 BO10100 BO19999X 2 SCREW, plastic, 4-40x0.25 inch
------ : mounting hardware: [not included w/circuit board assembly)
67  211-0180-00 3 SCREW, sems, 2-56 x 0.25 inch, FHB
-68 129-0198-00 1 POST, hex., 4-40x0.188 x 0.74 inch long
------ - mounting hardware: (not included w/post)
-69  210-0004-00 1 WASHER, lock, internal, 0.12 ID x 0.26 inch OD
342-0162-00 XB130000 1 INSULATOR, plate, power supply
70  342-0085-00 1 INSULATOR, plate, primary circuit board
71 214:-1527-00 ]  HEAT SINK, transistor, top
------ - mounting hardware: [not included w/heat sink)
72 211-0630-00 2 SCREW, 6-32 x1.125 inches, 100° csk, FHS
73  210-0407-00 2 NUT, hex., 6-32x0.25 inch
74  342-0063-00 2 INSULATOR, bushing, plastic, 0.835 inch long
/5 ] TRAMNSISTOR
mounting hardware: (not included w/transistor)
21 0-00 ?  SCREW, 6-32 x 0.375 inch, PHS
7 210 2-00 | LUG, solder, SE #6
g 2  NUT, keps, 6-32 x0.312 inch
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FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES (cont)

Fig. & Q
Index Tektronix Serial/Model No. t Feadd
No. Part No. Eff % Disc Y 133458 R :
2-79 214-1672.00 2 SPRING, helical compression, 0.25 inch long .
-80 214-1528-00 1 HEATSINK HALF, transistor, bottom .
-B1  337-1451-00 1  SHIELD, electrical, primary circuit board, rear
-82 342-0067-00 1  INSULATOR-HEATSINK, power supply
-B3  426-0708-01 1 SUBPANEL, rear
------ . mounting hardware: [not included w/[subpanel)
-84 212-0023-00 1 SCREW, 8-32 x 0.375 inch, PHS
-85 212-0040-00 2 SCREW, 8-32x0.375 inch, 100° csk, FHS
86 220-0595-00 | 2 NUT BLOCK, 8-32 inch thread
...... - mounting hardware for each: (not included w/nut block)
-87 211-0538-00 1 SCREW, 6-32x0.312 inch, 100° csk, FHS
-88  220-0444-00 1 NUT, square, 6-32 x 0.25 inch
-89  220-0595-00 2 NUT BLOCK, 8-32 inch thread
e e - mounting hardware for each: (not included w/nut block)
90 211-0507-00 1 SCREW, 6-32x0.312 inch, PHS
91 220-0444-00 1 NUT, square, 6-32 x0.25 inch
-2  220-0595-00 1 NUT BLOCK, 8-32 inch thread
------ - mounting hardware: (not included w/nut block)
-3  211-0531-00 1 SCREW, 6-32 x 0.375 inch, Fil HS
-4 210-0202-00 1 LUG, solder, SE #6
95 131-0775-00 1 TERMINAL, stud
-96 131-0775-00 BO10100 B159999 3 TERMINAL, stud
131-0775-00 B140000 2 TERMINAL, stud
----- - - mounting hardware for each: (not included w/terminal)
97 211-0503-00 1 SCREW, 6-32x0.188 inch, PHS
129-0069-00 XB140000 1 POST, terminal
------ - mounting hardware: (not included w/post]
361-0008-00 XB1s0000 1  SPACER, plastic
-8 129-0006-00 4 POST, connecting
------ . mounting hardware for each: (not included w/post)
99  210-0457-00 1 NUT, keps, 6-32x0.312 inch
-100 407-0884-00 ] BRACKET, angle, 2.60 inches
------ - mounting hardware: (not included w/bracket)
-101 211-0101-00 1 SCREW, 4-40x0.25 inch, 100° csk, FHS
-102 211-0097-00 2 SCREW, 4-40x 0.312 inch, PHS
-103 337-1358-00 ] SHIELD, electrical, power supply, front
------ - mounting hardware: (not included w/shield)
-104 213-0144-00 2 SCREW, thread forming, 6-20 x 0.312 inch, PHS

4

()
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Mechanical Parts List—432/R432

FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES (cont)

Tig. & Q
ndex Tektronix Serial /Model No. t .
MNo. Part No. Eff Disc ¥ reemkE Description
2-105 o osn i .o 2 COIL
...... - mounting hardware for each: (not included w/coil)
-106 211-0504-00 1 SCREW, 6-32x0.25 inch, PHS
-107 407-0885-00 | BRACKET, cail
...... - mounting hardware: [not included w/bracket)
-108 211-0504-00 1 SCREW, 6-32 x0.25 inch, PHS
-109 348-0055-00 2 GROMMET, plastic, 0.25 inch
-110 343-0089-00 BO10100 B22999% 2 CLAMP, cable, snap-on
343-008%-00  B230000 1 CLAMP, cable, snap-on
-111  358-0215-00 3  BUSHING, plastic
-112 386-1922-00 1 PANEL, rear
------ - mounting hardware: [not included w/panel|
-113 211-0085-00 7  SCREW, 4.-40x 0.188 inch, PHS
114 214-1138-00 2 HEATSINK, 1 inch diameter
------ - mounting hardware for each: [not included w/heatsink)
115 211-0012-00 2 SCREW, 4-40 x 0.375 inch, PHS
116 210-0406-00 2  MNUT, hex., 4-40x0.188 inch
17 210-0599-00 2  MNUT, sleeve, 4-40 x 0.391 inch long
118 214-0348-00 1  SPRING, 0.24 inch diameter
-119  343-0097-00 1 CLAMP, heatsink, plastic
120 210-0627-00 1 RIVET
121 352-0262-00 ] HOLDER, transistor, heatsink
210-0201-00 1  LUG, solder, SE #4
-122 200-0408-00 1 COVER, variable resistor, plastic
123 - - - - - ] RESISTOR, variable
------ : mounting hardware: (not included w/resistor]
-124 210-0562-00 1  NUT, hex., 0.25-40 x 0.312 inch
125 348-0031-00 1  GROMMET, plastic, 0.516 inch diameter
126 407-0888-00 1 BRACKET, angle, intensity control
...... 2 mounting hardware: (not included w/bracket)
-127 210-0457-00 2  NUT, keps, 6-32x0.312 inch
-128 210-0201-00 1  LUG, solder, SE #4
...... - mounting hardware: (not included w/lug]
129 210-0406-00 1 NUT, hex., 4-40 x0.188 inch
130 376-0092-01 1  COUPLER HALF, shaft
b A 5 - coupler half includes:
213-0076-00 2 SETSCREW, 2-56 x 0.125 inch, HSS

9-12



WAEHER flat, 0.125 1D x 0.25 inch OD

SHIELD, electrical, stiffener
mounting hardware for each: (not included w/shield)
SCREW, thread forming, 2-32 x 0.25 inch, PHS

WASHER, lock, split, 0.092 ID x 0.175 inch OD
WASHER, flat, 0.090 ID x0.188 inch OD




165 31*31 1031.00
6 441-0984.00

211-0001-00
- 210-0053-00
210-1134-00
210-0405-00

136-0252-04
131-05%0-00
131-1030-00
210-0779-00
337-1406-00 - , electri
CAM SWITCH A
each switch assel
RING, retaining
BEARING, front
mounting hardw
NUT, hex., 4-40 x

354-0391-00
401-0081-02

210-0406-00

214-1127-00
214-1139-02
214-1139-03
105-0227-00
401-0113-01

ROLLER, detent Al
SPRING, flat, gr‘e’qﬁ" ¥ I
SPRING, flat, red
DRUM, cam swlh:if

EEAEIHG etk B

B! mmtt i) A e = RE@—00 WOMWG ! ——@— N =

-180 211-0062-00
181 210-0001-00
-182 210-0405-00

% I S TR %




131-1031-00
210-0779-00

——————

211-0116-00

426-0683-00

131-0621-00
131-0622-00
131-0707-00
131-0708-00
131-0792-00
136-0304-02
352-0169-00
352-0162-00
352-0163-00
352-0164-00
352-0198-00
352-0199-00
352-0200-00
352-0201-00
352-0202-00
352-0203-00
352-0204-00
352-0205-00
352-0206-00

% — k3 O
= bk ORI T

B — =Wk o™= Wk =

SECH:EI‘,

RIVET, 0.108 inch lnrlgf

mounting hardware: (not rnc!udad_
SCREW, sems, 4-40x0.312 inch,

CHASSIS, main

mounting hardware: (not included wfchu;srsl
SCREW, 8-32x0.375 inch, 100° csk, FHS [nui_‘xﬁdvm}

WIRING HARNESS, main

wiring harness
CONNECTOR,
CONNECTOR,
CONMNECTOR,
CONMNECTOR,
CONNECTOR,

includes:
terminal
terminal
terminal
terminal
terminal

SOCKET, CRT, w/contacts
connector, 2 wire [block)

HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,
HOLDER,

terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal
terminal

connector,
connector,
connector,
connector,
connecthar,
connector,
connector,
connector,

|n Ennnu:lqr 3 t":'*' (3 .
CGNTACT ASSEMBLY, top

4 wire [black]
5 wire (black)
& wire (black]
2 wire (black)
3 wire (black)
4 wire (black)
5 wire (black)
6 wire (black]

connector, 7 wire (black)

connector,
connector,
connector,

B8 wire (black)
? wire (black)
10 wire (black)

®




DCorp 2009

‘
L

Mechanical Parts List—432/R432

FIGURE 2 CHASSIS, REAR & STANDARD ACCESSORIES (cont)

Fig. & Q
Index Tektronix Serial/Model Mo, t sl
No. Part No. Eff Disc ¥ . 133 4.5 “essmiion
2- 131-0621-00 117  CORNNECTOR, terminal
131-08B65-00 BO10100 BO79999 4  TERMIMNAL, pin, S-pin, male
131-0094-00  BOB00OD 4 CONMECTOR, female
131-0622-00 2 CONNECTOR, terminal
131-0707-00 5 CONNECTOR, terminal
131-0792-00 2 CONKNECTOR, terminal
352-0199-00 ] HOLDER, terminal connector, 3 wire (black)
-215 352-0161-00 2 HOLDER, terminal connector, 3 wire (black)
216 343-0254-00 1 CLAMP, CRT socket
217 367-0117-00 1  PULL, CRT socket
-218 200-0917-01 1  COVER, CRT socket
STANDARD ACCESSORIES (not shown)
010-0127-00 BO10100 B039999 2 PROBE PACKAGE, P400s, 3.5 foot version
010-6061-01  BO40000 B252269 2 PROBE PACKAGE, P&0&1, 3.50 ft. w/readout
010-6065-13  B252270 Z2 PROBE PACKAGE, P&D&5A, & foot
0146-01465-00  XB100%70 I POUCH, accessory
070-1104-00 1 HANDBOOK, operator’s
070-1103-00 1 MAMNUAL, instruction
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134.0067-00
016-0120-00
129.0103-00
200-0103-00
129-0077-00
210.0455.00
210-0046-00

437-0124-00

210-0458-00

it il ok b B —d —a 7y -—l;\

—_—

SHIELDING GASKET, aluamf.ul m ".- ,
RACK ADAPTER ~ !

rack adapter includes:

PLUG, button, plastic r AR
RACKMOUNT KIT, w/hardware T
BINDING POST ASSEMBLY R

binding post assembly includes: A S AN
NUT, knurled, 0.25-28 x0.375 inch OD "
PE’!ST binding
mounting hardware: (not included w/binding post ussembn’r}
MNUT, h&x 0.25-28 x 0.375 inch
WASHER, In::k, internal, 0.261 ID x 0.40 inch CD

CABINET ASSEMBLY, rack adapter
cabinet assembly includes:
BRACKET
mounting hardware for each: [not included w/bracket)
NUT, keps, 8-32 x 0.344 inch







¥
-------------

Tektronix

Tektronix Serial/Model No. t Description Index

No. Part No. Eff Disc ¥ R85 s Part No.
= e
4= 065-0157-00 1 CARTON ASSEMBLY
- = = = - . - carton assembly includes:
-1 004-0361=-00 1 PAD SET, 6 piece
-2 004-0461-00 1 CARTON, outer

432/R432 OSCILLOSCOPE



Fig. &
Index
No.

TEkl‘l"Dnix
Part No.

065-0156-00

004-0285-00
004-0704-00
004-0794-00

Q

Serial/Model No. t Descriptic
Eff Disc Y 12345

CARTON ASSEMBLY |
carton assembly 1nCAUGS

-

ETHAFRAME
CARTON, accessuf
CARTON -'
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MANUAL CHANGE INFORMATION

TEKTRONIDC| rropuct 432/R432 & 434/ | CHANGE REFERENCE M21,597

RG34
o 1 o crceenca]l EFF. SN az%nnnu-up DATE __ 4-29-74
— - —
CHANGE: ] DESCRIPTION
f
ELECTRICAL PARTS LIST CHANGE
A2 VERTICAL Circuit Board Assembly

CHANGE TO:
R230 321-0172-02 604 0 1/8 W Prec 1/2%
R236 321-0172-02 604 0 1/8 W  Prec 1/2%
R330 321-0172-02 604 1/8 W Prec 1f2%
R336 321-0172-02 604 0 1/8 W Prec 1/2%

(Located on CH 1 & CH 2 INPUT AMPLIFIER & PREAMP diagrams 1 and 2)

PAGE 1 OF 1
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MANUAL CHANGE INFORMATION

EKTRONIDC

commilled o
technical excellance .L

PRODUCT

432 /R432 and

434 [RL4 34

CHANGE REFERENCE M21,597

— E}_h*mhﬂiluﬂumﬂ i1

CHANGE:

DESCRIPTION

432 /R432 EFF SN

434 /RG34

(M Tects A8 670-1359-11 HORIZONTAL Circuit Board Assembly, see diagram 6)

REMOVLE :

C775

3260000 =-up

EFF SN B260000-up

283-0003-00

0.01 pF

PAGE |

Cer

OF

150 Vv




MANUAL CHANGE INFORMATION

TEKTRONIDG| rropuct_ GENERAL CHANGE REFERENCE  $23,351

commitied (o

technical excellence DﬂTE 6-10-7 6 RE V.

CHANGE: , DESCRIPTION

This applies to all instruments with detachable cord.

[ WARNING I

To avoid electrical shock or equipment damage, be sure to
replace the cord set only with another of the same polarity.

Power Cord Conductor ldentification

Conductor Color Alternate Color
Ungrounded (Line) Brown Black
Grounded (Meutral) Blue White
Grounding (Earthing)  Green-Yellow Green-Yellow

PAGE ¢ OF 1
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TEKTRONIDG

commitled fo

MANUAL CHANGE INFORMATION

prRODUCT 432/R & 434/R
EFF SN B270000-up

CHANGE REFERENCE M22,410
DATE 9-13-74

fechnical sxcellence

CHANGE:

DESCRIPTION

ELECTRICAL PARTS LIST AND SCHEMATIC CHANGES

CHANGE TO: p1acRAM C11> CRT CIRCUTT & CALTERARIETE
Al4 7 AXIS Circuit Board Assembly
Al4 670-1332-05 Complete Board
C926 283-0068-00 0.01 pF Cer 500 V |
C940 283-0068-00 0.01 pF Cer 500 V
C945 283-0068=-00 0.01 pF Cer 500 V .
C996 290-0525-00 4.7 pF Elect: (SO 207 .
C998 290-0525-00 $.7T pF Elect. 50 V 207, |
CR924 152-0413-00 Silicon Selected [rom 1N4936
CR925 152-0413-00 Silicon Selected from 1N4936
CR926 152-0429-00 Silicon  Selected.Erom VG-5X
CR928 152-0429-00 Silicon Selected from VG-5X
CR931 152-0429-00 Silicon Selected from VG=5X
CR935 152-0429-00 Silicon Selected from VG=-5X
CR953 152-0413-00 Silicon Selected from 1N4936
R926 316-0471~-00 470 Q 1/4 W 107,
R927 316-0102-00 1 K 1/4 W 107
R979 321-0248-00 3.74 ki 1/8 W Prec 17
REEMOVE :
152-0241-00 Zener IN973B 400 mW, 33V, 5%

L d C e Ta |i:.-

IN973B 400 mW, 33V, 5%

152 =0241=00 Lenel

1/4 W 10%

216 =047 1 =0(0)

dummy resls L |

131-0566-00 Link, terminal connecting, dummy resistor

PAGE 1 OF 1




