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Section 1—475A Service

SPECIFICATION

Introduction

The 475A Oscitloscope is a 250 megahertz bandwidth
portable instrument designed to operate in awide range of
environmental conditions. The lightweight, compact
design combines accurate high-frequency measurement
capability and ease of transportation.

The dual-channel, DC-t0-250 megahertz vertical
deflection system provides calibrated deflection factors
from 5 mitlivolts to 10 volts/division. A BW/TRIG VIEW
switch permits limiting the bandwidih of the vertical
system to reduce interference from high-frequency
signals when viewing lower-frequency, low-level signals.
The switch also permits dispiaying of the signal appliedto
the ‘A’ Trigger Generator on the CRT.

The trigger circuits provide stable sweep triggering o
beyond the 250 megaheriz bandwidth of the vertical
deflection system. Separate conirols are provided to
select the desired mode of triggering for the A and B
sweeps. The A sweep can be operated in one of three
modes; automatic triggering, normal triggering, or single
sweep. A variabie trigger holdoff control permits the A

sweep to trigger in a stable manner on aperiodic signals or
complex digital words, The horizontal deflection system
has calibrated sweep rates from 0.3 second to 0.01
microsecond/division. A X180 magnifier increases each
sweep rate by a factor of 10 to provide a maximum sweep
rate of one nanosecond per division in the .01 us position,
The delayed and mixed sweep features aliow the start of B
sweep 10 be delayed a selected amount from the start of A
sweep to provide accurate relative-time measurements,
Calibrated X-Y measurements can be made with Channel
2 providing the vertical deflection and Channel 1 providing
the horizonial defiection (TIME/DIV  switch fully
counterclockwise and VERT MODE switch to CH 2).
Regulated DC power supplies provide stable instrument
performance over a wide range of line voltages and
frequencies. Maximum power consumption of the instru-
ment is approximately 100 waits.

Characteristics

The following instrument specifications apply over an
ambient temperature range of —15°C to +55°C unless
otherwise specified. Warmup time for specified ac-
curacies is 20 minutes. The calibration procedure given in
Section 6, if performed completely, wili ensure the instru-
ment meets the electrical characteristics listed in this
section.
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Specification—475A Service

TABLE 1-1
ELECTRICAL

Characieristics

Performance Reguirements

Supplemental Information

VE

RYICAL DEFLECTION SYSTEM {CH 1 and CH 2)

Deflection Factor Calibrated
Range

5mV to 10 V/DIV in 11 steps; 1-2-5
sequence.

Cascaded Operation {CH 2 VERT

SIGNAL OUT Connected to CH 1}

Deflection Factor to approximately
2.5 mV/div into 50 €. Bandwidth:
DC to =50 MHz.

CH 2 VERT SIGNAL OUT into CH 1
input. DC coupled using a 50 0, 42"
RGS58A/U cableterminated in 50Q at CH
1 input.

Uncaiibrated (VAR VOLTS/DIV)
Range

Provides continuously variable de-
flection factors between the cali-
brated steps. Extends maximum un-
calibrated deflection factor to at
least 25 volts per division in

the 10 V/DIV position.

Atlleast 2.5:1.

L.ow Freguency Linearity

0.1 division or less compression or
expansion of 2 division signal at center
screen positioned to the upper and
lower extremes of the graticuie area.

Deflection Factor Accuracy

Within 3% of indicated deflection.

With GAIN set at 10 mV/DiV.

Bandwidth

DC to 250 MHz or greater.

Risetime

f

1.4 ns or less {Calculated)

AC Coupled Lower ~3 ¢B Point

10 Hz or less with 1X probe.

1 Hz or fess with 10X probe.

Bandwidth with 100 or 20 MHz
BW Swiich in 20 MHz Position

Approximately 20 MHz.

—3 dB point between 15 MHz
and 20 MHz.

Bandwidth with 100 or 26 MHz
BW Swiich in 100 MHz Position

Approximately 100 MHz.

-3 dB point between 75 MHz
and 125 MHz.

Inpui Resistance and Capaci-
tance

1 MO within 2% paraileled by ap-
proximately 20 pF.

‘Risetime is calculated from the formula:

1-2
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Specification—475A Service

TABLE 1-1 {cont)
ELECTRICAL

Characteristics Performance Requirements Supplemental Information

VERTICAL DEFLECTION SYSTEM (cont}

Step Response

Positive-Going Step
Aberrations (0°C to 40°C}

At 10 mV/DiV +4%, ~4%, 4% P-P.

Negative-Going Step Add 3% to positive-going step
aberrations.

Added Mode Add 3% to positive-going step
aberrations.

Common-Mode Rejection Ratio 20:1 at 1 kHz for common-mode sig-

{ADD Mode with CH 2 inveried) nals of 8 divisions or less.

Trace Shift as VAR is Rotated Adiusts to 2 divisions or iess.

INVERT Trace Shift Within 1 division from cenler screen
when switching from normal to in-
verted.

Channel Isciation At feast 100:1 at 50 MHz.

Position Range At least +12 and —12 divisions from

graticule center.

Signal Delay Between CH 1 0.25 ns or less at 5 mV/DIV.
and CH 2

Maximum input Voltage DC coupted: 250 V (DC + peak AC) or
500V P-P AC at 1 kiHz or less
AC coupled: 500 V {DC + peak AC} or
500 V P-P AC at 1 kHz or less.

Chopped Mode Repetition Rate Approximately 1 MHz. -~ 20%, 1+ 30%.
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Specification—475A Service

TABLE 1-1 (cont)
ELECTRICAL

Characteristics

Performance Requirements

i Supplemental Information

TRIGGER SYSTEM

Sensitivity
DC Coupled 0.3 div internal gr 50 mV external
from DC to 40 MHz, increasing to
2.0 div internal or 250 mV external
at 250 MHz.
AC Coupled 0.3 div internal or 50 mV exiernal

from 80 Hz to 40 MHz, increasing to
2.0 div internal or 250 mV external
at 250 MHz. Attenuates signals
below about 60 Hz.

HF REJ Coupied

0.5 div internal or 100 mV external
from 60 Hz to 50 kHz. Attenuates
signals below about 60 Hz and above
about 50 kHz.

LF REJ Coupled

0.5 div internat or 100 mV external
from 50 kMHz to 40 MHz, increasing
to 2.0 div internal or 500 mV ex-
ternal at 250 MHz. Attenuates sig-
nais betow about 50 kHz.

Trigger Jitter

0.2 ns or less at 250 MHz at
1 ns/DIV sweep rate (X10 MAG on},

External Trigger input

Maximum Input Voltage

250 V DC + peak AC or 250 vV P-P AC
{1 kHz or less).

input Resistance and Capa-
citance

1 MQ within 10%, paralieled by ap-
proximately 20 pF.
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TABLE 1-1 {cont)
ELECTRICAL

Specification—475A Service

Characteristics

Performance Requirements

Supplemental information

TRIGGER SYSTEM {coni)

LEVEL Conirol Range

EXT Atleast +and 2V, 4V P-P,
EXT +10 At least + and —~20V, 40V P-P,
Exclude LF REJ coupling mode.
Trigger View

Deflection Factor

Approximately 50 mV/DIV.

+20%. Exclude LF REJ and HF REJ
frigger coupling modes.

Risetime

<4.0 ns over the 10% to 90% part
of the fast-rise portion.

Delay Difference

=25 ns with a 5 division signal

having 1 ns or less risetime from a 25 Q
sourge, centered vertically with

equal cable length from signal

source to vertical channel and ex-
ternai trigger inputs, each termin-

ated in 56 Q.

Centering of Trigger
Point

Adjustable to within 1.0 division
ot center screen.

HORIZONTAL DEFLECTION SYSTEM

Calibrated Sweep Range

A Sweep or B DLY'D Sweep

0.5 s/DiV to 0.01 us/DIV in 24 steps;
1-2-5 sequence. X10 MAG extends max-
imum sweep rate to 1 ns/DIV.

A Delaying Sweep
{or A INTEN}

0.5 s/DIV 1o 0.05 us/DIV in 22 steps;
1-2-5 sequence.
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TABLE 1-1 (cont)
ELECTRICAL

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM {cont)

Calibrated Sweep Accuracy

+20°C 10 +30°C

Aor B DLY'D Sweep

UNMAGNIFIED MAGNIFIED

5 ms/DIV to
0.01 us/DHV

+1% 2%

5 s/DIV to
10 ms/DIV

2% 3%

A INTEN Sweeps
{or A Delaying)

0.5 s/DIV to
0.05 us/DIV

+2% +3%

-------- 15°C to +565°C

All Sweeps

+3% 4%

Accuracy specification applies over the
fuil 10 divisions of deflection unless
otherwise specified.

For all sweeps; exclude the first 25 ns
when checking 0.01 and 0.02 ps/div un-
magnified sweep rates.

For all sweeps except B;exclude the first
25 ns or 2 unblanked div (whichever is
greater} and al beyond the 100th divi-
sion of the sweep when checking
magnified sweep rates. For B sweep;
exclude the first 25 ns or 5unblanked div
(whichever is greater) and ailbeyond the
100th division of the sweep when check-
ing B magnified sweep rates.

X10 Magnified Sweep Accuracy

Within 5% over any 2 division
interval,

Mixed Sweep Accuracy

Within 3%

Accuracy applies over 8 divisions of
defiection. B sweep must be at least 1
TIME/DIV setting faster than A Sweep on
all ranges. When checking A TIME/DIV
accuracy, exclude the first 0.5 division
after the dispiay start; when checking B
TIME/D1V accuracy, exciude the first0.2
division or C.1 us (whichever is greater)
after the transition of A to B.

VAR TIME/DIV Conirol Range

Continuously variable between cali-
brated settings. Extends the siowest
A sweep rate to at least 1.25 sec-
onds per division.

At least 2.5:1.

Sweep Length (A Only)

At least 10.1 divisions.

A Trigger Holdoff

Increases sweep holdoff time to at
least @ times the TIME/DIV swiich
setting.

1-6
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TABLE 1-1 {(cont)
ELECTRICAL

Specification—475A Service

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

Magnified Registration

Within 0.5 division from graticuie center
at 1 ms/DIV when switching X10
magnifier from on to off.

POSITION Control Range

Start of sweep must position to right of
graticule center. End of sweep must
position i left of graticule center. Check
made at 1 ms/DIV.

Delay Time and Differential
Time Measurement Acouracy
(simplified)

+18°C to +35°C | - 15°C to +55°C
(+B0°F 10 +95°F) | (+5°F to +131°F)

Exciude dial settings of 0.00 thru
0.50 for 0.5 sec through 1 us/DIV de-
laying sweep rates. Exclude dial set-
tings of 0.00 thru 1.00 for 5 us

Over Cne or More Major 1% +1.5% thru 05 ps/DIV delaying sweep
Dial Divisions rates.
Qver Less Than One +0.01 Major £0.02 Major
Major Dial Division DCial Division Dial Division
i \ X 3%
Delay Time and Differential x \}
Time Measurement Accuracy = ‘
(see Fig. 1-2) E o
- ;
2 s C 1o 1557
<
tg 1% el HI5°C 1o rgae
z
E
% 133244
=
[ ki 2 3 3 5 6 - 7 8 g 10

Major DELAY TIME PGSITION Dial Divisions of Measurement

Fig. 1-2. Detailed Defay Time and Differential Time Measure-

ment accuracy.

Delay Pickoff Jitter

Within 0.002% (less than one part in
50,000) of the maximum avatlable de-
lay time when operating the instru-
ment on power line frequencies ahove
52 Hz, decreasing to 0.005% (less
than one part in 20,000) on power

line frequencies of 48 to 52 Hz.

Celay Range

From 0.05 us or less to at least b
seconds after the start of the de-
laying (A) sweep.

Maximum available delay time is ten
times the setting of the A TIME/DIV
switch.
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TABLE 1-1 (cont)
ELECTRICAL

Characteristics

Performance Requirements

Supplemental Information

X-Y OPERATION

Sensitivity

Same as vertical deflection system.

Extreme counterciockwise position of
TIME/DIV switch. CH 2 OR X-Y button
of VERT MODE switch must be pushed.

Deflection Accuracy

Same as vertical deflection system.

Variabie Range

Same as vertical deflection system.

X-Axis Bandwidth

DC to 3 MHz.

Input Capacitance

Same as vertical deflection system.

Input Resistance

Same as vertical deflection system.

Maximum input Voltage

Same as vertical deflection system.

Phase Difference Between X and
Y Axis Amplifiers

Within 1° from DC to 1 MHz,
Within 3° from 1 MHz to 2 MHz.

X Axis Low Frequency Linearity

0.2 div or less compression or ex-
pansion of a 2 div signal at center
screen, positioned to horizontal
extremes of display area.

CALIBRATOR

Qutput Voltage

Adiusted to within 0.5% at 25°C,
+5°0

0°C to +40°C

300 mV within 1.0%.

~15°C to 155°C

30C mV within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Cutput Resistance

Approximately 9.4 (2.

Output Current

+20°C to +306°C

30 mA within 2%.

_1 50 C i{} *550 C

30 mA within 2.5%

Z AXIS INPUT

Sensitivity

5V P-P signal causes noticeable mod-
ulation at normal intensity.

Positive-going signal from ground
decreases intensity.

Useable Frequency Range

DC to 50 MHz.

Maximum Input Voltage

100 V (DC plus peak AC).
100 V P-P AC at 1 kHz or less.

18



TABLE 1-1 (cont)
ELECTRICAL

Specification—475A Service

Characteristics

Performance Requirements

Supplemental Intormation

SIGNAL QUTPUTS

CH 2 VERT SIGNAL OUT

One division of deflection gives ap-
proximately 20 mV into 1 MQ load.

Qutput Voltage

One division of deflection gives ap~
proximately 10 mV into 50 O icad.

Cutput Resistance

Approximately 50 .

Bandwidth

DC to at least 50 MMz into 50 Q).

Cutput DC Level

Approximately 0 V.

A and B + GATE Quiputs

OCutput Voltage

Approximately 5 V positive-going.

Cutput Resistance

Approximately 560 Q.

POWER SOURCE

Line Voltage Ranges

(AC, AMS)

115V
Low 110V, 110%,. 99 Vto 121 V.
Medium 115V, 210%. 1036V to 1265 V.
High 120 V, =10%. 108 Vio 132 V.

230V
Low 220V, 210%. 198 V to 242 V.
Medium 230 V, T10%. 207 V to 253 V.
High 240 V, 1+10%, 218 Vtc 264 V.

Line Frequency

48 Hz to 440 Hz.

Maximum Power Consumption

100 watts at 115 V, 60 Hz.

1-9
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TABLE 1-1 (coni)
ELECTRICAL

Characteristics

Performance Requirements

Suppiemental information

CATHODE-RAY TUBE

Horizontal Resolution

At least 15 lines/division

Vertical Resgiution

At least 15 lines/division.

Dispiay Area 8 x 10 cm.

Geometry 0.1 division or less of tilt or
howing.

Raster Distortion 0.1 division or less.

Normal Accelerating Potential Approximately 18,000 V.

Trace Rotation Range Adequate to align trace with hori-
zontal center line.

Standard Phosphor P31.

P11,

Optional Phosphor

1-10



TABLE 1-2
EMVIRONMENTAL

Specification—475A Service

Characteristics

Performance Reguirementis

Supplemental Information

Temperature

Operating {AC)

~15°0 to +55°C.

Storage —55°C to +75°C.
Altitude
Operating To 15,000 fest. Maximum operating
temperature decreased 1°C/1,000 feet
above 5,000 feet,
Storage To 50,000 feet.

Humidity {(Operating and Stor-
age)

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

Vibration (Cperating)

15 minutes along each of three major
axes at a total displacement of

0.025 inch P-P {4 g's at 55 Hz} with
frequency varied from 10 Hz to 55 Hz
to 10 Hz in one minute sweeps. Afler
sweep vibration in each axis, hold
frequency steady at each major res-
onance for 3 minutes, or if no such
resonances are found, hold at 55 Hz
for three minutes.

Shock (Operating and Non-
operating)

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

Transportation

Meets the limits of National Safe
Transit Committee test procedure 1A
with a 30-inch drop.

@
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TABLE 1-3
PHYSICAL
Characteristics information
Construction
Chassis Aluminum alloy.
Panel Aluminum ailoy with anodized finish.
Cabinet Blue vinyl-coated aluminum alloy,
Circuit Boards Glass laminate etched-wiring.
Overall Dimension
Height
With Feet and Pouch 7.5 inches (19.1 cm}.
Without Pouch 6.2 inches (15.7 cm}.
Width
With Handle 12.9 inches (32.8 cm).
Without Handle 11.5 inches (29.2 cm}.
Depth
Including Panel Cover 18.1 inches (46 cm).
Handle Extended 20.3 inches (51.5 cm).
Weight
With Panel Cover, Acces- 253 pounds {11.5 kg).
sories, and Accessory
Pouch
Without Panel Cover, Ac- 22.8 pounds {10.3 kg).
cessories, and Accessory
Pouch.
Domestic Shipping Weight 32.7 pounds {14.8 kg).
Export Shipping Weight Approximately 48.0 pounds (21.8 kg).

Standard Accessories

Standard accessories supplied with the 475A are listed in the Mechanical Parts List, in this Service manual. For
optional accessories availabie for use with the 475A, see the Tektronix, Inc., cataiog.
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Section 2—475A Service

OPERATING INFORMATION

PRELIMINARY INSTRUCTIONS

Introduction

This section of the manual is intended to allow the
operator to become familiar with the instrument's power
requirements, functions of controls and connectors, and
how to obtain a few basic displays. For more complete
operating information refer to the 475A Operators Instruc-
tion Manual.

Safety iInformation

WARNING

This instrument may be damaged if operated with
the Line Voltage Selector Swiich or the Regulating
Range Selector set for the wrong applied fline
voltage. Please read the following instructions
before operating to be sure that the requirements for
instrument power and user safsty are met.

Power Cord Conductor 1dentification

Conductor Color Alternate Color
Ungrounded (Line)} Brown Biack
Grounded (Neutral) Bilue White
Grounding {Earthing)l Green-Yellow | Green-Yellow

This instrument is designed to operate from a single-
phase power source with one of the current-carrying
conductors {the neutral conductor) at ground {(earth}
potential. Operation from power sources where both
current-carrying conductors are live with respect to
ground (such as phase-to-phase on a 3-wire system) is not
recommended, since only the line conductor has over-
current (fuse) protection within the instrument.

This instrument has a 3-wire power cord with a 3-
terminal polarized plug for connection to the power
source and safety-earth. The ground terminal of the plug
is directly connected to the instrument frame. For electric-
shock protection, insert this plug in a mating cutlet with a
safety-earth contact. If a 3-to-2 wire adapter is used to
connect this instrument to a 2-wire ac power system, be
sure to connect the ground lead of the adapier to earth
{ground). Failure to complete the ground system may
aliow the chassis of this instrument to be elevated above
ground potential and pose a shock hazard.

@

Operating Power Sources

This instrument can be operated from either a 115 volt
or 230 volt nominal line voltage source, 48 to 440 Hertz.
The Line Voltage Selector switch in the instrument
converts the instrument from a one nominal operating
voltage to the other. The Reguiating Range Selector
assembly on the instrument rear panei selects 1 of 3
regutating ranges for each nominal line voltage, and alsc
contains the line fuse for overload protection.

Line Voltage and Regulating Range

To select the correct nominal line voltage, regulating
range and line fuse, proceed as follows;

1. Disconnect the instrument from the power source.

2. Set the Line Voltage Selector switch {located near
the right rear of instrument} to indicate the desired
nominal iine voliage.

3. Loosen the 2 captive screws that hoid the cover on
the Regulating Range Selector assembly; then puil on the
cover o remove.

4. Check Table 2-1 for the recommended rating of the
line fuse to be used with the desired nominal line voltage.
Check the fuse in the selector switch cover for the
recommended rating or instafl a fuse with the recommend-
ed rating. The instrument Accessory Pouch shouid con-
tain a spare fuse for each nominal line voltage at any time.

TABLE 21
Requlating Ranges

Regulating Hange
115 Volis 230 Volts
Nominal Nominai

Range Selector
Switch Position

LO {Switch barin
lower holes)

99 to 121 volis | 198 10 242 voits

M (Switch har in
middle holes)

103.5t0 1265V 207 to 253 V

HI (Switch bar in
upper hoies)

108 to 132 volts | 216 to 264 volts

0.75 A BAG
Fast-blow

1.5 A 3AG
Fast-blow

Fuse Rating

21



Operating information—475A Service

LINE FUSE

_ 1852-60

Fig. 2-1. Reguiating Range Selector and Line Fuse,

5. Check Table 2-1 for the recommended range posi-
tion of the Range Selector Switch Bar {see Figure 2-1),
Select a range which is centered about the average line
voltage to which the instrument is to be connected. The
middle position ("M} is a typical setting.

6. If necessary, gently pull out the Range Selector
Switch Bar, slide the bar to the desired position and plug it
back in.

7. Install the cover on the Regulating Range Selector
assembly and gently tighten the 2 captive screws.

8. Connect the instrument {o the recommended power
source, pull the instrument POWER switeh to ON and
begin usage of the 475A Oscilloscope.

Options

Options are available to alter oscilloscope performance
to meet particular applications., A number in either MOD
slot (see instrument rear pane!) indicates that the instru-
ment contains an option.

Refer to the Option section in this manuai to find any
change in operating instructions as a result of the option.

2-2

CONTROLS AND CONNECTORS

General

The major conirols and connectors for operation ofthe
475A are located on the front panel of the instrument. A
few auxiliary functions are provided on the rear panel. Fig.
2-2 shows the front and rear panels of the 475A. A brief
description of each contrei and connector is given here.
More detailed operating information is given in the 475A
Oscitloscope Operators Manual.

Cathode-Ray Tube (CRT) and Display

BEAM FINDER Limits the display to within the
graticule area, independentiy of
display position or applied
signals and sets the display
brightness to a normal viewing
level.

INTENSITY Controls brightness of the dis-

play.

FOCUS Provides adjustment for op-

timum display definition.

SCALE ILLUM Controls graticule brightness.

ASTIG Screwdriver adjustment used in
conjunction with the FOCUS
control to obtain a weli-defined
display. Does not require read-

justment in normal use.

TRACE ROTATION Screwdriver adjustment to align
the trace with the horizontal

graticule lines.

Vertical Deflection System (Channe! 1 & Channel 2)

POSITION Controls the vertical position of
the trace. In the X-Y mode of
operation, the CH 2 control
positions on the Y-axis (ver-
tically) and the CH 1 POSITION
control positions on the X-axis

{horizontally).

CH1O0ORX Input connector for Channel 1
deflection signals or X-axis
deflection in the X-Y meode of

operation.



CHANNEL 1

CRT AND DISPLAY

Operating information—475A Service

8 TRIGGERING

2

VERTICAL

GEGILLOBLOPE
e o

e

DEFLECTION:

SYSTEM

s

CHANNEL 2

@

CRT AND DISPLAY A&B

SWEEP

A. FRONT PANEL

s
SRS

POWER

A TRIGGERING

CALIBRATOR
g |

= u".\
ey :

B. REAR PANEL

Fig. 2-2.

2162-02

Front panel and rear panel conirols and conneclors.
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CHZ2ORY

GAIN {5 and 10 mV}

VOLTS/DIV

VAR

UNCAL

Input Coupling
{AC-GND-DC)

100 OR 20 MHz BW/
TRIG VIEW

Input connector for Channel 2
deflection signals or Y-axis
deflection in the X-Y mode of
operation.

Screwdriver adjustments to set
the gain of the Vertical Preamp.

Selects vertical deflection fac-
tor in a 1-2-5 sequence {VAR
control must be in the
calibrated detent for the in-
dicated deflection factor),

Provides continuousiy variable
uncaiibrated deflection factors
between the calibrated settings
of the VOLTS/DiV switch.

Light indicates that the VAR
control is not in the calibrated
position.

Selects the method of coupling
signaltotheinputofthe Vertical
Amplifier.

AC: Signal is capacitively
coupted to the Vertical
Amplifier. DC component of
signal is blocked. Low-
frequency limit {lower —3 dB
point) is about 10 Hertz,

GND: Input signal is removed
and the input circuit is ground-
ed. Does not ground the input
signal.

DC: Al components of the in-
put signal are passed to the
Vertical Amplifier.

Multi-purpose switch that limits
vertical bandwidth or displays
an external iriggering signal
Full bandwidth of 250 MHz is
provided in the switch position
obtained when the TRIG VIEW
is pushed in, then released. The
full bandwidth position serves
as the reference for the follow-
ing settings.

100 (MHz): When TRIG VIEW
button is pulled to the first de-
tent (100 indicated on yeliow
band of TRIG VIEW knob) the
upper bandwidth of the com-
plete  Vertical Deflection
Systern  is  limited to ap-
proximately 100 MHz.

20 (MHz): When TRIG VIEW
button is pulled to the second
detent {100 and 20 indicated on
vellow band of TRIG VIEW
knob} the upper bandwidth of
the complete Vertical Deflec-
tion System is limited to ap-
proximately 20 M#iz.

TRIG VIEW: When the TRIG
VIEW button is pushed and
heid, the output of the Vertical
Preamplifier is interrupted, and
the trigger signai selected by
the setting of A TRIGGER
SCURCE switchisdisplayedon .
the c¢rt.

When the TRIG VIEW button is
pushed and heid, the crt display
available is explained in each of
the following settings of the A
TRIGGER SOURCE switch,

NOTE

The signals displayed are affected by the coupling
characteristics of the A TRIGGER COUPLING
switch positions {see A Trigger Coupling informa-
tion in this sectionj.

The A TRIGGER LEVEL control affects the frigger-
ing and the vertical positioning when using & TRIG
VIEW display.

NORM: Any signal that is dis-
played in full bandwidth posi-
tion is viewed with an increase
in signal amplitude.

CH 1: Any signal that is dis-
played in CH 1 of VERT MODE,
in full bandwidih position, is
viewed with an increase in
signal amplitude.



INVERT

VERT MODE

CH 2. Any signal that is dis-
played in CH 2 of VERT MODE,
in full bandwidth position, is
viewed with an increase in
signal amplitude.

LINE: The power line signhai is
displayed at an amplitude ap-
proximately equalling full ver-
tical graticule deflection.

EXT: The signal present at the
A TRIGGER external input con-
nector will be displayed.

EXT +10: Thesignal presentat
the A TRIGGER external input
connector wilt be displayed, but
will be reduced approximately
10 times of that viewed in EXT,

Pushbutton switch that inverts
the Channel 2 display.

Selects the vertical mode of
operation,

CH1: DisplaysChannel 1 only.

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

ADD: Signals applied to the
CH1ORXandthe CHZ ORY
connectors are algebraically
added and the sum is displayed
on the crt, The INVERT switch
in Channel 2 allows the display
tobeCH1+CHZ20rCH1—CH
2.

CHOP:. Dual-irace display of
signals on  hoth channels.
Display is switched between
channeis at an approximate
repetition rate of 1 megahertz.

Operating Information—475A Service

CH 2 OR X-Y: Displays
Channel 2 only. Must be pushed
when operating in X-Y mode.

A and B Triggering (both where applicable)

COUPLING

SOURCE

Determines the method used to
couple signal to input of trigger
circuits,

AC: Rejects DC and attenuates
signais below about 60 Hz.
Accepts signals above about 60
Hz.

LF REJ: Rejecis DC and atten-
uates signais beiow about 50
kHz. Accepts signals above
about 50 kHz.

HF REJ: Accepis signals
between 60 Hz and 50 kHz
Rejects DC and attenuates all
signals outside the above
range.

DC: Accepts all trigger signals
between DC and 200 MHz or
greater.

Selects source of trigger signai,

NORM: Internal trigger signal
obtained from Vertical Deflec-
tion System. Actual source is
signal(s) displayed on crt.

CH 1: A sample of the signal
connected to the CH 1 OR X
input connector is used as a
trigger signal.

CH 2: A sample of the signal
connected to the CH 2 OR Y
input connector is used as a
trigger signal.

EXT:. Trigger signal obtained
from signal connected to the
External Trigger Input connec-
tor.
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SLOPE

LEVEL

A TRIG MODE

2-6

EXT + 10 (A Trigger circuit
only): External trigger signal
attenuated by a factor of 10.

STARTS AFTER DELAY (B
trigger circuit only): B sweep
starts immediately after the
delay time selected by the
DELAY TIME POSITION dial
and the DELAY TIME swiich,

LINE {A trigger circuit
only}: Trigger signal obtained
fromasample ofthe linevoliage
applied o the instrument.

Selects the slope of the trigger
signal which starts the sweep,

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

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

Selects the amplitude point on
the trigger signal at which the
sweep is triggered.

Determines the operating mode
tor the A Trigger Circuit.

AUTO: With the proper trigger
control settings, A Sweep can
be initiated by signals that have
repetition rates above about 20
Hertz and are within the fre-
quency range selected by the
COUPLING switch. In  the
absence of an adequate trigger
signal or when the trigger con-
trols are misadjusted, the sweep
free-runs to produce a
reference trace.

TRIG Indicator

A TRIG HOLDOFF

External Trigger Input
{not labeled}

A and B Sweep

DELAY TIME
FPOSITION

NORM: With the propertrigger
controt settings, A Sweep can
be initiated by signals that are
within the frequency range
selected by the COUPLING
switch. In the absence of an
adequate trigger signat orwhen
the trigger controls are misad-
justed, there is no frace.

SINGL SWP: After a sweep is
dispiayed, further sweeps can-
not be presented unti the
SINGL SWP pushbutton s
pressed again. The display is
triggered as for NORM opera-
tion using the A Triggering con-
trols.

A light on condition indicates
that A Sweep Generator is
triggered and will produce a
stable display.

Provides control of holdoff time
between sweeps o obtain
stable displays when triggering
in aperiodic signals (such as
complex digital words).
Variable can increase hold-off
time up to at least 9 times the
setting of the TIME/DIV switch,
In the B ENDS A position (fully
clockwise), the ASweep isreset
at the end of the B Sweep {o
provide the fastest possible
sweep repetition rate for
delayed sweep presentations.

Input connectors for external
trigger signais.

Provides variable sweep delay
between 0.00 and 10.00 times
the delay time indicated by the
DELAY TIME switch,

@



A AND B TIME/DIV
AND DELAY TIME

VAR

UNCAL

X10 MAG Indicator

READY

HORIZ DISPLAY

A  TIME/DIV switch {clear
plastic outer flange) selects the
basic delay time to be multiplied
by the DELAY TIME POSITION
dial setting) for delayed-sweep
operation. The B TIME/DIV
switch (innerdark knob) selects
the sweep rate for A only dis-
plays or for the B portion of a
delayed sweep display. VAR
control must be in the
calibrated detent for calibrated
sweep rates. Disables sweep for
X-Y operation.

Provides continuously variable
(uncalibrated) sweep rates
between the calibrated settings
of the TIME/DIV switch. Varies
the A Time Base sweep rate in
the nondselayed mode of
horizontal operation and the B
Time Base sweep rate in the
delayed sweep mode. Extends
the slowest sweep rate to at
least 1.25 seconds/division.
Sweep rate is calibrated when
the control is rotated fully
clockwise to the calibrated de~
tent.

Light that indicates when the
VAR TIME/DIV control is out of
the catlibrated detent and the
horizontal sweep rate is un-
calibrated.

Light that indicates when the
X10 MAG is turned on.

Light that indicates that A
Sweep has been prepared o
present a single sweep upon
receipt of an adequate trigger
signal.

Selects the horizontal mode of
operation.

A Horizontal deflection
provided by A TIME/DIV switch.

Cperating Information—4754A Service

Horizontal POSITION

Horizontal FINE

X10 MAG Pushbutton

Calibrator and Power
CALIBRATOR

POWER

MIX: The first part of the
horizontal sweep is displayed at
a rate set by the A TIME/DIV
switch and the latter part of the
sweep ail a rate sef by the B
TIME/DIV  swiich. Relative
amounts of the display
allocated to each of the two
rates are determined by the set-
ting of the DELAY TIME
POSITION dial.

A INTEN: Displaved
rate determined by the A
TIME/DIV switch. An inten-
sified portion appears on the
display during the B sweep
time. This switch position
provides a check of the duration
and position of the B sweep
(delayed sweep) with respectto
the delaying sweep (A}

sweep

B DLYD: Sweep rate deler-
mined by the B TIME/DIV
switch with the delay time
determined by the setting of the
DELAY TIME (A TIME/DiIV)
switch and the DELAY TiME
POSITION dial.

Positions the disptay horizon-
talty.

Provides more precise horizon-
tal position adjustments.

Increases the displayed sweep
rate by a factor of 10

A combination current loop/s-
guarewave  voltage oulpul
device. Provides a 30 mA
squarewave current, 300 my
squarewave voltage signal with
a repetition rate of ap-
proximately 1 kHz.

Turns instrument power on and
off.
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L.OW LINE
Indicator

Rear Panel
A+ GATE

B+ GATE

CH 2 VERT SIGNAL
ouT

EXT Z AXIS Input

Regulating Range
Selector

PROBE POWER

Rear Panel
Feet

Light that indicates the applied
line voitage is below the lower
imit of the regulating range
selected by the Regulating
Range Selector assembly,

Output connector providing a
positive-going rectangular
pulse coincident with the A
sweep time.

Qutput connector providing a
positive-going rectangular
puise coincident with the B
sweep time.

QOutput connector providing a
sample of the signal applied to
the CH 2 input connector,

lnput connector for intensity
moduiation of the crt display.

Selects the reguiating range of
the internal power supplies
{low, medium, high; determined
by specific line voltage applied
to the instrument),

Connectors that make
operating power available for
active device probe systems.

Provide temporary support for
the instrument and provide a
convenient cord wrap to store
power cord when instrument is
not in use.

OBTAINING BASIC DISPLAYS

Introduction

The following instructions wili ailow the operator who
is unfamiliar with the operation of the 475A to obtain the
basic.displays commonly used. Before proceeding with
these instructions, preset the instrument controls as

follows:

Vertical Controls

VERT MODE Switch CH 1
VOLTS/DIV Switches Proper position determined by

VOLTS/RIV VAR
Controls

Input Coupling
Switches

Vertical POSITION
Controls

100 or 20 MHz
BW Switch

INVERT Swiich

INTENSITY Control

FOCUS Control

SCALE ILLUM
Control

ampiitude of signal to be

applied.

Calibrated detent.

AC

Midrange

Not limited {Yellow band not
visible).

Button out

Fully counterclockwise

Midrange

Midrange

Trigger Controls (both A and B if applicabie)}

SLOPE Switch

LEVEL Control

SOURCE Switch

COUPLING Switch

TRIG MCDE Switch

A TRIG HOLDOFF
Controf

0
NORM
AC
AUTO

NORM

Horizontal Sweep Controls

TIME/DIV Switches

TIME/DIV VAR

HORIZ DISPLAY
Switch

X10 MAG Switch

POSITION Control

FiINE Control

Locked together at 1 ms
Calibrated detent

A

Off (buttion out)
Midrange
Midrange

Normal Sweep Display

1. Pull the POWER switch to on (button out). Allow
several minutes for instrument warmup.

2. Connect an external signal to the CH 1 input

connector.
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3. 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 pushbution
and adjust the CH 1 VOLTS/DIV switch until the display is
reduced in size vertically; then center the compressed
display with the vertical and horizontal POSITION con-
trols; release the BEAM FINDER pushbutton. Adjust the
FOCUS control for a well-defined display.

4. Set the CH 1 VOLTS/DIV switch and CH 1
POSITION control for a display that remains inthe display
area vertically.

5. Adjust the A Trigger LEVEL conirol for a stable
display.

6. Set the TIME/DIV swiich and the horizonial
POSITION controt for a display that remains in the display
area horizontaily.

Magnitied Sweep Display

1. Preset the instrument controis and follow steps 1
through 8 for obtaining a Norma! Sweep Display.

2. Adjustthehorizontal POSITION controlto move the
area 1o be magnified to within the center graticule division
of the crt. If necessary, change the TIME/DIV switch
setting so the compiete area to be magnified is within the
center division,

3. Set the X10 MAG switch to the on position (button
in) and adjustthe horizontal POSITION control for precise
positioning of the magnified display. Divide the TIME/DIV
setling by 10 to determine the magnified sweep rate.

Delayed Sweep Displays

1. Preset the instrument controls and follow steps 1
through 6 for obtaining a Normal Sweep Display.

2. Setthe HORIZ DISPLAY switch to A INTEN and the

B Trigger SOURCE switch to STARTS AFTER DELAY.

3. Puil out the B TIME/DIV switch knob and turn
clockwise so the intensified zone on the display is the
desired length. Adjust the INTENSITY control to achieve
the desired display brightness.

4. Adjustthe DELAY TIME POSITION dial to position
the intensified zone to the portion of the display to be
delayed.

@
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5. Set the HORIZ DISPLAY switch to B DLYD. The
intensified zone onthedisplay noted instep 3is now being
displayed in the delayed form. The delayed sweep rate is
indicated by the line on the B TIME/DIV switch knob.

6. For a delayed sweep display that will exhibit less
jitter, set the B Trigger SOURCE switch io the same
position as the A Trigger SOURCE switchand adjusttheB
Trigger LEVEL control for a stable display. If the A Trigger
SOQURCE swiich is in the LINE position, a sample of the
line voltage will have to be supplied to the B Trigger circuit
externally.

Mixed Sweep Display

1. Preset the instrument controls and follow steps 1
through 6 for obtaining a Normal Sweep Display.

2. Pull out the B TIME/DIV switch knobh and turn
clockwise to the desired sweep rate, Adjust the INTEN-
SITY control to achieve the desired dispiay brighiness.

3. Set the HORIZ DISPLAY switch to MiX. The crt
dispiay now centaing more than one time factor on the
horizontal axis. The first portion of the display is at the A
Time Base sweep rate and the latier part is at the B Time
Base sweep rale. The start of the B Time Base portion of
the display can be changed by adiusting the DELAY TIME
POSITION control.

X-Y Display

1. Preset the instrument controis and turn the instru-
ment power on. Allow several minutes for instrument
warm-up.

2. Set the TIME/DIV switch to X-Y and the VERT
MODE to CH 2. Apply the vertical signaitothe CH2 OR Y
input connector and the horizontal signaltiothe CH 1 OR X
input connector. The CH 2 POSITION control will provide
vertical positioning and the CH 1 POSITION control will
provide horizontal positioning.

3. Advance the INTENSITY control until the display is
visible. If the display is not visible with the INTENSITY
controf at midrange, press the BEAM FINDER pushbutton
and adijust the CH 1 and CH 2 VOLTS/DIV switches until
the display is reduced in size both vertically and horizon-
tally; then center the compressed display with the
POSITION controls; release the BEAM FINDER pushbut-
ton. Adjust the FOCUS control for 2 well-defined display.
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Section 3—475A Service

P TIC

intreduction CHANNEL 2 PREAMP @

This section of the manual describes the circuitry used
in the 475A Oscilloscope. The description begins with a
discussion of the instrument, using a basic block diagram.
Next, each circuit is described in detail, using detailed

block diagrams when appropriate, to show the relation- VERTICAL CHANNEL SWITCHING @
ships between the stages in each major circuit.

General Page 3-6
First Cascode Amplifier Page 3-7

General Page 3-7

Channel Switch IC Page 3-8

Digital Logic Switching Logic Flip-Flops Page 3-8
Digital logic technigues are used to perform many 1(;\::2 MBeI%izier:tz,t\cr;OCI;‘ier izgz g:g
functions within this instrument. The function and opera- Chapnel 2 5 gnal Oput Ut Amolifie Page 2.9
tion of the logic circuits are described using logic Norfrr]1al Trig;;;ger P%cko?f Amp%ipf%:egrr Page a.g
symboiogy and terminoclogy. All logic functions are Scale-Factor Switching Circuits Page 3-0

described using the positive logic convention. Positive
logic is a system of notation where the more positive of
two levels (HI) is calied the true or 1 state; the more VERTICAL OQUTPUT AMPLIFIER
negative level (LO) is called the false or U state. The Hi-LO

method of notation is used in this logic description. The Genera N Page 3-8
specific voltages that constitute a Hi or LO siate vary First 1C Amptifier Page 3-8
between individual devices. Second 1C Ampiifier Page 3-10
NOTE A TRIGGER GENERATOR @
General Page 3-1
The HI-{.O logic notation can be conveniently converted Trigger Source nge 3-?2
to 1-0 notation by disregarding the first fetter of each step. Trigger Coupling Page 3-11
Thus: Input Source Follower Page 3-11
H = Paraphase Amplifier Page 3-11
LOf Tunnel Diode Driver Page 3-11
Trigger View Amplifier Page 3-11

it should be noted that not all of the integrated circuit
devices In this instrument are digital logic devices. The B TRIGGER GENERATOR @

function of non-digital devices are described individuaily, General Page 3-12
using operating waveforms or other technicues to il- Trigger Source Page 3-12
lustrate their function.

SWEEP AND Z-AXIS LOGIC @

OUTLINE FOR CIRCUIT DESCRIPTION General Page 3-12
Sweep Control integrated Circuit Page 3-13
BLOCK DIAGRAM Main Gate Comparator Page 3-14
Delayed Gate Comparator Page 3-14
General Page 3-2 A Trigger TD Reset Circuit Page 3-14
Hoidoff Start Circuit Page 3-14
CHANNEL 1 PREAMP @ Z Axis Logic Muitivibrator Page 3-14
General Page 3-4 Delaying Sweep Latch Circuit Page 3-15
input Coupling Page 3-8 B Trigger TD Reset Circuit Page 3-15
input Attenuator Page 3-5 Main Sweep Holdoff Gate and
First Cascode Amplifier Page 3-5 Delayed Sweep Cverride Amplifier Page 3-15
Second Cascode Amplifier Page 3-8 A +GATE And B ~GATE Amplifiers Page 3-15
Third Cascode Amplifier Page 3-8 LOW LiINE Indicator Circuit Page 3-15
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SWEEP GENERATORS
TIMING AND HORIZONTAL DISPLAY SWITCHEI\%G

General Page 3-16
Detaying Sweep Generator Page 3-17
Main Gate Amplifier Page 3-17
Sweep Disconnect Amplifier Page 3-17
Sawtooth Sweep Generator Page 3-18
Sweep Start Amplifier Page 3-18
Output Buffer Amplifier Page 3-18
Delaying Sweep End Difference
Amplifier Page 3-18
Delay Pickoff Comparator Page 3-18
Non-Delaying Sweep Generators Page 3-19
"B" Gate Amplifier Page 3-19
Non-Delaying Sweep Generator
Differences Page 3-19
Mixed Mode Operation Page 3-19
Non-Delaying Sweep End Difference
Ampiifier Page 3-19
TIME/DIV Functions (Knobs Unlocked) Page 3-20
HORIZONTAL AMPLIFIER @
General Page 3-20
Input Paraphase Amplifier Page 3-21
Gain Setting Amplifier Page 3-21
Cutput Amplifier Page 3-21
LOW-VOLTAGE POWER SUPPLY @
General Page 3-21
Power Input Page 3-23
Secondary Circuit Page 3-23
+50-Velt Supply Page 3-23
+110-Voit Supply Page 3-24
+15-Volt Supply Page 3-24
+5-Volt Supply Page 3-24
—8-Volt Supply Page 3-24
—15-Volt Supply Page 3-24
cRT ciRcuT
General Page 3-24
High-Voitage Osciilator Page 3-25
High-Voltage Reguiator Page 3-25
High-Voltage Rectifiers and Output Page 3-26
Control-Grid DC Restorer Page 3-26
CRT Control Circuits Page 3-26
Z-Axis Amplifier Page 3-26
CALIBRATOR @
General Page 3-27
Multivibrator Page 3-27
Output Amplifier Page 3-27
FAN MOTOR CIRCUIT @
General Page 3-27
32

BLOCK DIAGRAM

General

The foliowing discussion is provided to aid in un-
derstanding the overall concept of the 475A Oscilloscope
before the individual circuits are discussed in detail. A
basic block diagram of the 475A Oscilloscope is shown in
Fig. 3-1. Only the basic interconnections between the
individual hlocks are shown on this diagram. Each biock
represents a major circuit within the instrument. The
numbered diamond in each block refers {0 the complete
circuit diagram of that major circuit and this diagram can
be found in the Diagrams Section of this manual.

A complete block diagram is located in the Diagrams
Section of this manual. This block diagram shows the
overall retationship between aill of the circuits. Complete
schematics of each clrcuit are also given in the Diagrams
Section. Refer to these diagrams throughout the following
circuit description for electrical values, waveforms and
relationships of the front panel controls to the individual
stages.

Signals to be displayed on the CRT are applied to the
CH 1 OR Xor CH 2 CRY connectors. The Input signais are
then amplified by the Preamplifier circuits. Each
Preamplifier circuit includes separate vertical deflection
factor, inputcoupling, balance, gain, and variable attenua-
tion controls. The Channel 2 Preamplifier circuit also
contains an INVERT feature to invert the Channe! 2 signal
as displayed on the CRT.

The cutput of each Vertical Preamplifier circuit con-
necis to the Vertical Channel Switching circuit. This
circuit selects the channel(s) to be displayed. An output
signal from this circuit connects to the Z Axis Amplifier
circuit to blank oui the switching transients between
channels when in the chopped mode of operation. The
Vertical Channel Switching circuit also provides the
Channel 2 VERT SiG QUT signal (available on the
instrument rear panel) as well as the signals used for
sweep triggering in the NORM, CH 1, and CH 2 positions
of the trigger SOURCE switches and the signal used for X-
axis deflection in the X-Y mode of horizontal operation.

The output of the Vertical Channel Switching circuit
connects to the Vertical Output Amplifier through the
Celay Line. The Delay Line provides a fixed amount of
signal delay through the vertical defiection system to
allow viewing the leading edge of a triggering waveform.
The Vertical Output Ampliifier 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 limits the vertical and
harizontal deflection to within the viewing area, and sets
the display brightness to a normal viewing level to aid in
iocating an off-screen display.

@
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CHZ VERT J435
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Fig. 3-1. Basic block diagram of the 475A.
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The A and B Trigger Generator circuits produce an
output puise that initiates generation of the sawtooth
sweep signals produced by the A or B Sweep Generator
circuits. The input signal to the Trigger Generalor circuits
can be individually selected from the Channel 1 signal,
Channel 2 signal, the signal{s) displayed on the CRT
{NORM}, a signal connected to the external trigger input
connectors, or a sample of the line voltage applied 1o the
instrument. Each trigger circuit contains separate level,
slope, coupling, and source controls.

There are three sweep generator circuits in the 475A.
For purposes of explanation, they are called Delaying,
Slow Non-Delaying, and Fast Non-Delaying. The Delay-
ing Sweep generates a range of sweep rates from 0.5
second to 0.05 microsecond/division. The Slow Non-
Delaying Sweep generator provides the 0.5 second
through 1 microsecond/division sweep rates and the Fast
Non-Delaying Sweep Generator provides the sweep rates
of 0.5 through 0.01 microsecond/division.

The Delaying Sweep runs when the instrument is
operated in a delayed-sweep mode (MIX, A INTEN or B
DLY'D} and is displayed as the A portion of a MIX or A
INTEN dispiay. In B DLY'D mode the Delaying Sweep is
used 1o delay the Non-Delaying Sweep, which is displayed
on the CRT. The sweep rate for the Delaying-Sweep
Generator is selected by the A TIME/DIV switeh (skirt
knob). One of the Non-Delaying Sweeps (depending on
the sweep rate selected) will run and may be displayed in
all modes of the HORIZ DISPLAY switch. in the A mode
(knobs locked) the Non-Delaying Sweep is displayed as
the A Sweep and in the MIX mode, displayed as the B
DLY'D Sweep. In the A INTEN mode, the Non-Delaying
Sweep is dispiayed as the intensified portion and inthe B
DLY'D mode is dispiayed as the B DLY'D Sweep. The
sweep rate for the Non-Delaying Sweep Generator is
selected by the B TIME/DIV switch (DLY'D SWEEP knob),
It may be helpful to see Table 3-2, found later in this
section.

The TRIG MODE switch controis the mode of operation
of the sweep generator deriving the A portion of adisplay.
In the AUTO position, the absence of an adequate trigger
signal causes the sweep to free run. In the NORM position,
a horizontal sweep is presented only when correctly
triggered by an adeguate trigger signal. Pushing the
SINGL SWP pushbutton allows one (and enly one) sweep
to be presented. The Z Axis Logic circuit produces an
unblanking gate signal to unblank the CRT so that the
display can be presented. This gate signal is coincident
with the sawtooth produced by the sweep generator. The
Z Axis Logic Circuit also produces, at the end of each
sweep, a gale signal that is supplied to the Vertical
Channel Switching circuit. This puise switchesthe display
between channels at the end of each sweep when the
Vertical Deflection System is operating in the ALT mode.

3-4

The cutputs of the sweep generators are amplified by
the Horizontal Amplifier to produce horizontal deflection
for the CRT except in the fully counterclockwise (X-Y) -
position of the TIME/DIV switch. The Horizontal Amplifier
contalns a 16X magnifier to increase the sweep rate by a
factor of 10 in any A or B TIME/DIV switch position. Other
horizontal deflection signals can be connected to the
Horizontal Amplifier by using the X-Y mode of operation.
When the TIME/DIV switch is set to X-Y, the X-axis signal
is connected to the Horizontal Amplifier circuit through
the Channel 1 Vertical Preamplifier circuit.

The Z Axis Amplifier circuit determines the CRT
intensity and blanking. The Z Axis Amplifier circuit sums
the current inpuis from the INTENSITY control, the
Vertical Channel Switching circuit {chopped blanking),
the Z Axis Logic circuit (unblanking), and the external Z
AXIS INPUT connector. The output fevel of the Z Axis
Amplifier circuit controis the trace intensity through the
CRT circuit, The CRT circuit provides the voltages and
contains the controls necessary for operation of the
cathode-ray tube.

The Power Supply circuit provides the low voltage
power necessary for operation of this instrument. This
voltage isdistributed to all of the circuits inthe instrument.

The Calibrator circuit provides a square-wave ouiput
with accurate voltage and current amplitudes, which can
be used to check the calibration of the instrument and the
compensation of probes. The CALIBRATOR current loop
provides an accurate current source for calibration of
current measuring probe systems.

CHANNEL 1 PREAMP

General

Input signais for vertical deflection on the CRT can be
connected to the CH 1 OR X input connector. In the X-Y
mode of operation, the input signal connected tothe CH 1
OR X connector provides the horizontal (X-axis) defiec-
tion (TIME/DIV switch setto X-Y, VERT MODE switch set
to CH 2 OR X-Y). The Channe! 1 Preamp circuit provides
control of input coupling, vertical deflection factor, gain,
and DC balance. Fig. 3-2 shows a detailed block diagram
ofthe Channe! 1 Preamp circuit, A schematic of this circuit
is shown on Diagram 1 at the rear of this manual.
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GH 1
VOLTS/BIV by e — = — —
- 1 15T
s208 \ CASCODE
B2 |
i
|
1
G2 INPUT
. 1 | ATTENUATORS

X2, %5, X18,
; OJ X100

3

!

INPUT
- COUPLING
S20A

TO SCALE FACTOR
SWITCHING CIRCUIT

IOLTSIDIV)

VOLTS/DIV
BAL
CH 1 VERTICAL
135 SIGNAL TO
3RD VERTICAL CHANNEL
______ N CABCODE SWITCHING CIRCUIT
| AMPL
[ IND Q172, Q178,
! CASCODE Q82 1184
; AMPL Q188
; U140

=

+
R164 R170
Rig5 @ R185
A i
wmv g
POSITION
GAIN R180 o8

(1862) 2162-03

Fig. 3-2. Detailed block diagram of the Channe! 1 Vertical Preamplifier circuit.

input Coupling

Signals applied to the input connector can be AC
coupled, DC coupled, or internally disconnected from the
input to the Vertical Input Amplifier circuit. When Input
Coupling switch S20A is set for DC coupling, the input
signal is coupled directly to the Input Attenuator stage.
When AC coupled, the input signal passes through
capacitor C12. This capacitor prevents the DC component
of the signal from passing to the amplifier. In the GND
position, $S20A opens the signal path and connects the
input of the amplifier to ground through R24. This
provides a ground reference without the need to dis-
connect the applied signal from the input connector.
Resistor R22, connected across the inputcoupling switch,
aliows C12 1o be pre-charged in the ground position,
which prevents generation of large voltage transients at
the input to the amplifier and allows the trace to remain on
screen when switched to the AC position.

Input Attenuator

The effective overall deflection factor of each channel
of the 475A is determined by the appropriate VOLTS/DIV
swiich setting. The basic defiection factor of the Vertical
Deflection System is 10 millivolts/division of CRT deflec-
tion. To achieve the deflection factor values indicated on
the front panel, precision attenuators are switched into the
circuit and, in the 5 mV position, the gain of the Second
Cascode Amplifier stage is increased.

@

For the VOLTS/DIV switch positions above 10 mV,
attenuators are switched into the circuit singly or in pairs
to help produce the vertical defiection factors indicated.
These attenuators are frequency-compensated voltage
dividers. In addition to providing constant attenuation at
all frequencies within the bandwidth of the instrument, the
Input Aftenuators are designed to maintain the same input
RC characteristics for each setting of the VOLTS/DIV
switch. Each attenuator contains an adjustable series
capacitor to provide correct attenuation at high frequen-
cies and an adjustable shunt capacitor to provide correct
input capacitance.

NOTE

Each attenuator is a hybrid encapsulated plug-in
assembly; therefore, replacement of individual com-
ponents within the attenuator arg not possible.
Stiould defecis occur, the attenuator must be replac-
ed as a unif,

First Cascode Amplifier

The first ampiifier stage in the Channel 1 Preamplifier
circuit is hybrid circuit U120, U120 basically consists of an
integrated emiiter-coupled, push-puil, cascode amplifier
and two discrete field-effect transistors (FET) mounted on
a ceramic substrate with the thick-film resistors. The stage
is a paraphase amplifier and converts the single-ended
input signal to push-pull output signals. CR104 and
CR107 provide protection for the input to U120 if large
negative-going signals or DC levels are applied to the CH
1 OR X input connector.
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This input amplifier stage contains the CH 1 VAR
VOLTS/CIV control. This controf provides continuously
variable (uncalibrated) vertical deflection factors between
the calibrated positions of the VOLTS/DV switch, With
the VAR control in its calibrated detent (wiper at ground),
the output transistors of U120, whose coliectors connect
to pins 5 and 9, are conducting; the output transistors
whose collectors connect {o pins 6 and 8 are biased off.
Thus, the current availabie to the following amplifier stage
is that flowing from pins 5 and 9.

When the VAR controf is rotated out of its calibrated
detent, the transistors whose collectors connectto pins 6
and 8 begin to conduct. The current they conduct is
robbed from the other output transistors. This causes two
things to occur:

1. The current flowing in the coilectors of the tran-
sistors connected to pins 5 and 9is less now than when the
VAR control was in its calibrated detent.

2. The current available to the following amplifier stage
is the algebraic sum of the currents in the collectors tied
together (i.e., pins 8 and 9 and pins 5 and 8). Since the fwo
collectors tied together have signals of opposite polarity,
the signal available to the following amplifier stage is less
than that when the VAR conirol was in its calibrated
detent. The component vailues selected for the variable
function provide a variable attenuation ratio of ap-
proximately 2.5 to 1. The Channel 1 Variable Balance
adjustment R110 adjusts for no trace shift in the display
when rotating the VAR control. The Channet 1 UNCAL
light indicates when the Channei1 VAR contrelis out of its
calibrated detent. The components connected between
pins 2 and 3 of U120 provide high-frequency compensa-
tion for the stage.

Second Cascode Amplifier

The second amplifier stage in the Channel 1
Preamplifier circuit is U140. U140 is an integrated emitter-
coupled, push-pull, cascode ampiifier similar to that used
in U12G. It is used as a push-pull amplifier and has 5 mV
and 10 mV gain adjustments that determine the overall
gain of the Channel 1 Preamplifier circuit. The output
signals available to the next stage for amplification are
taken from pins 5 and 9 of U140.
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The gain of U140 is determined by biasing the output

transistors connected to pins 6 and 8 to conduct morg or .

less current. As more current is conducted through the -
transistors connecied to pins 6 and 8, that much less is
conducted through the transistors connected to pins &
and 8. The current conducted by the transistors con-
nected to pins 5 and 9 in the 5 mV position of the
VOLTS/DIV switch is approximately 2.5 times the current
conducted by the same transistors in all of the other
VOLTS/DIV switch positions. This results in increased
gain and a DC levei shift at the signal output terminals of
L140. The VOLTS/DIV switch compensates for a shift in
the DC level by shorting out part of the common-mode
resistance (R157) when operating with 8§ mV sensitivity.
Gain Switch Balance adjustment R135 adjusts the DC
balance of the stage, so there is no baseline shift in the
CRT display when switching between the 5 mVand 10 mv
positions of the CH 1 VOLTS/DIV switch. The remainder
of the components connected between pins 2 and 3 of
U140 provide high-freguency compensation for the stage.

Third Cascode Amplifier

The third amplifier stage in the Channel 1 Preamplifier
circuit is adiscrete component cascode amplifier made up
0fQ172,Q178, Q182, 0184, and 188. Q184 is a relatively
constant current source for Q172 and Q182. Q172 and
Q182 convert the inputvoltage signals into current signals
which are in turn converted back to voitage signals by
Q178 and Q188 respectively. R172 and R182 provide
thermal compensation and C172 and C182 AC-couple the
signal around R172 and R182 to reduce Milier effect. C175
and R175 are variable high-frequency compensation
adjustments while CR170, CR174, and RT170 offset com-
pensation changes associated with variations in ambient
temperature. As temperature increases, the value of
RT170 decreases. This results in a decrease in voltage
across CR170 and CR174. CR170 and CR174 are voliage-
variabie capacitance semiconductors whose capacitance
increases with a decrease in reverse voltage across them.
Thus, CR170 and CR174 will provide more peaking at
higher temperatures. T178 is a torcid inductor that
cancels high-frequency common-mode signals
generated by the previous stages. The Channel 1 Vertical
Position Centering adjusiment centers the range of
control of the Channel 1 POSITION controf,

CHANNEL 2 PREAMP

General

The Channet 2 Preamp circuit is virtually the same as
the Channel 1 Preamp circuit. 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 Channe! 1 Preamp
circuit. Fig. 3-3 shows a detailed block diagram of the
Channel 2 Preamp circuit. A schematic of this circuit is
shown on Diagram 2, at the rear of this manual.
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Fig. 3-3. Detailed block diagram of the Channel 2 Vertical Preamplifier circuit,

First Cascode Ampilifier

Basically, the First Cascode Amplifierstage in Channel
2 operates as described for the First Cascode Amplifier
stage in Channel 1. However, the Channel 2 First Cascode
Amplifier alsc contains the INVERT switching function.
This allows the Channel 2 signal to be inverted as
displayed on the CRT. The INVERT switch, when pushed,
changes the biasing on the output transistors of U220 so
that the normally inactive transistors are now carrying the
signal. Since their outputs are cross-coupied from side to
side the output signal is of opposite polarity to that
available in the normal {(button out) position of the
INVERT switch. The Channel 2 invert Balance adjustment
R215 agjusts the DC balance of the stage to eliminate
basetine shiftin the display when switching from anormai
1o an inverted display.

@

VERTICAL CHANNEL SWITCHING

General

The Vertical Channel Switching circuit determines
whether the Channel 1 or the Channel 2 Preamp signal or
both wiHl be 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.
The Vertical Channel Switching circuit also provides
several internal trigger signals to the Trigger Generator
circuits, the Channel 2 VERT SIGNAL OUT signal to a
connector on the rear panel, and the chopped blanking
signal to the 2 Axis Amplifier. Fig. 3-4 shows a detailed
block diagram of the Vertical Channel Switching circuit. A
schematic of this circuit is shown on Diagram 3 atthe rear
of this manual.
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Fig. 3-4. Detailed block diagram of the Vertical Channel Switching circuit.

Channel Swiich IC

The Channel Switch IC U370 determines which of the
Preamp signals will be passed to the Vertical Cutput
Amplifier. The push-pull Preamp signals connect between
pins 2 and 3 (Channel 2} and between pins 10 and 11
(Channel 1) of U370. The logic levels connected to pins 1,
12, 13, and 16 determine what signals are presented at
output pins 14 and 15. The following fogic truth table
(Table 3-1} defines the switching function of U370.

TABLE 3-1 1862-85
Input/Output Logic for U370
Pin Pin Pin Pin Qutput Signal
1 12 13 16 Pins 14, 15
H 0 1 ] Channel 2
0] 1 G 1 Channel 1
Add (Algebraic sum
1 L 0 0 of Channel 1 and 2)
3-8

U370 also makes available sampies of the Channel 1
signal at pins 8 and 9 and samples of the Channel 2 signal
at pins 4 and 5. The output signais at pins 4,5, 8, and 9 are
always present when signals are applied to the channel
inputs regardless of the switching logic levels applied to
U376. The Channel 1 signal present at pin S provides drive
to the Horizontal Amplifier in the X-Y mode of horizontal
operation. The Channel 1 signal atpin 8 and the Channel 2
signal at pin4 are used by the Trigger Generator circuits in
the appropriate positions of the Trigger SOURCE
switches, The Channel 2 signal at pin 5 connects to the
Channel 2 Vertical Signal Out Amplifier,

Switching Logic Flip-Flops

U350A and U3508B are edge-triggered flip-flops that
derive the switching logic for the Channel Switch 1C U370,
In the CH 1, CH 2, and ADD positions of the VERT MODE
switch the output logic from U350A and U350B is
determined by the voltage levels applied to the clear {pins
1 and 13) and preset {(pins 4 and 10) inputs. in the ALT
mode of operation the flip-flops are switched by the
alternate-trace sync pulse applied to their ¢lock inputs
through Q338 and U3308. In the CHOP mode, the clock
puise generated by U330C and U3300D switch the flip-flops
at a one-megahertz rate.

@




Two Megahertz Clock

L330C and U3300 form an astable multivibrator having
a repetition rate of two megahertz. The rectanguiaroutput
waveform connects o the Switching Logic Flip-Fiops
through nand gate U330B. Only in the CHOP position of
the VERT MODE switchisa LO level applied to the inputof
inverter U330A. This puts a logical HI in pin 13 of U330D,
which permits the astabte muitivibrator to free-run, At the
same time, Q338 is biased on, which puts a logical Hl on
pin 5 0f U330B. Thus, the signal present at pin 6 of U3308
will be the two-megahertz clock signal.

Chop Blanking Amplifier

The Chop Blanking Amplifier G348 provides an ouiput
puise to the Z Axis Amplifier circuit, which bianks out the
transitions between the Channel 1 and Channe! 2 traces
when operaling in the CHOP mode. The inherent
propogation delay of inverters U340A, U3408, and U340C
are used to provide some signal delay 1o the chop bianking
signal. This allows the blanking signal and the channel
switching transient to arrive in the CRT simultaneously.

Channel 2 Signal Qutput Amplifier

Q420 and Q430 compose the Channel 2 Vertical Signal
Output Amplifier. A sample of the Channel 2 signal from
pin 5 of Channel Switch [C U370 is amplified and inverted
by Q420. CR422 provides thermal compensation for the
base-emitter junction of Q420. Common-base amplifier
Q430 provides the final amplification and isolates the
output from the internal amplifier circuitry. QOuiput im-
pedance of the amplifier is equzl to the parallel combina-
tion of R431 and R432 (approximately 50 chms).

Normal Trigger Pickoff Amplifier

The trigger signal for NORBM trigger operation is
obtained from a sample of the vertical deflection signal
that is available from pin 15 of U370. Normal Trigger DG
Center Adjustment R425 sets the DC level of the normal
trigger output signal so that the sweep istriggered atthe
levet of the displayed signal when the Triggering LEVEL
controiis set to 0. Q390 and Q396 are connected asanon-
inverting feedback amplifier. Gain of the stage is ap-
proximately 2.75.

Scale-Factor Switching Circuits

The vertical defiection factor for each channel is
indicated by back-lighting the appropriate figures im-
printed on the flange of each YOLTS/DIV knob. For
purpeses of explanation, only the circuit action of the
Channel 1 Scale-Factor Switching circuit is discussed.
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With a cable oran X1 probe connectedtothe CH10OR X
input connector, the probe coding ring terminal on the
connector is not contacted, and therefore presents an
open to the base of Q312, This causes Q312 to be biased
off and the X10 display factor bulb to be off. The base level
of 314 is held iow by this action, thus Q314 is biased on
and conducts current to light the X1 display factor buib.

When an X10 probe with a scale-factor switching
connector is attached to the CH 1 OR X input connector,
the probe coding ring terminal on the connector is
contacted,; the base of Q312 is connected through R311,
B310 and an 11,000-chm resisior (within the probe) to
ground. Now, Q312 conducts through X10 display-factor
bulb DS312. The positive lavel at the coliector of Q312
turns Q314 off the X10 display factorbulbison, and the X1
display factor bulb is off.

VERTICAL OUTPUT AMPLIFIER o

General

The Vertical OQOutput Amplifier provides the final
ampltfication for the vertical defigction signal. This circuit
includes the BEAM FINDER function. The BEAMFINDER
pushbutton, when pressed, limits the vertical and horizon-
tal detlection to within the viewing area and sets the trace
intensity to a normal viewing fevel to aid in locating an off-
screen display. A schematic of the Vertical Output
Amplifieris shown on Diagram 4 atthe rear of this manual.

First 1C Amplifier

The first amplifier stage in the Vertical Qutput Amplifier
is integrated circuit U450. U450 is basically an emitter-
coupled, push-pull, cascode amplifier cell. Biasing is
arranged so that there is no phase-inversion through the
stage. The signal from the delay line is applied o the
amplifier through C441, L441, 1442, C445, and L1444,
These inductances and capacitances are part of the
etched runs of the circuit board and provide some high-
frequency peaking by forming a T-coil circuit without
mutuai coupling. Most of the remaining external com-
ponents connected between pins 2 and 3 of U450 provide
high-frequency compensation for the delay line.
Connected between pins 2 and 3 of U450, internally, a
resistor (approximately 33 ohms} has a large effect on the
gain of the stage.

RT452 changes in value with variations in ambient
temperature to compensate for temperature-associated
changes in amplifier gain. The BEAM FINDER pushbut-
ton, when pressed, removes —8 volts from the top of R459,
This reduces the dynamic swing capabilities of the stage
to limit the display on the CRT to within the viewing area,
The gain of the Vertical Output Amplifier section is
adjusted in this stage by adjusting Vertical Qutput Gain
R449.
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Second IC Amplifier

The second amplifier stage in the Vertical Ouiput
Amplifler is integrated circuit U470. U470 is a multi-stage
cascode ampiifier cell. The inputsignalis appliedto pins1
and 5 with the inverted output signal taken from pins 9 and
12. Pins 2 and 4 are emitter connections. Some of the
components connected between pins 2 and 4 provide
siower time constants to compensate for signal rolloff that
occurs in the delay line, while the remaining components
compensate for thermal considerations in the stage. The
Cutput Bias adjust (R487} sets the DC ievels within the
stage to optimize the operating performance 0fLi470. The
output signal from U470 connects directly to the deflec-
tion piates of the CRT.

A TRIGGER GENERATOR @

General

The A Trigger Generator circuit produces the trigger
pulse used to start the Sweep Generator circuit that
provides the A portion of the CRT display. The trigger
pulse is derived from the internal trigger signal from the
vertical deflection system, an external signal connected to
the external irigger input connector, ora sample of the line
voltage connected to the instrument. Controls are provid-
ed to select trigger ievel, slope, coupling, and source. Fig.
3-5 shows a detailed block diagram of the A Trigger
Generator circuit. A schematic of this circuit is shown on
Diagram 5 at the rear of this manual.

S5
u5 5375
"A’ SOURCE THIG
CH 1 EMITTER i z?éﬁ;am VIEW
FOLLOWER H
Q502 iy L
CH 1 0662, 0664
TRIG — - 0672, Q674
SIGNAL CH 2 EMITTER TO VERTICAL
CH 2 G504 5508 INPUT SOURCE CIRCUIT
TRIG ———»f A COUPLING FOLLOWER
SIGNAL QB22, Q524 PARAPHASE
NORM EMITTER ! Q526 AMPL
FOLLOWER 1 Us20
NORMMAL - 506 | source 1 T couruing . CRSe8  Ros /A" TD RESET
SWITCHING [T SWITCHING i AND HOLDGFE
SIGNAL / +
RE30 Sebm A TD GATE
LiNg —)R TD DRIVERS
TRIG -
SIGNAL LEVEL Q552, Q6ES
A TRIGGER) Q562, Q566
EXTERNAL Ao1t (+
TRIG 8530
SIGNAL =9
RS12 -1 Ro3s
"
SLOPE
A’ TRIGGER)
1882-68
Fig. 3-5. Detailed block diagram of the A Trigger Generator circuit.
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Trigger Scurce

Trigger SOURCE switch 8505 selects the source of the
trigger signal. The sources available to the A Trigger
Generator circuit are the signal being displayed (NORM),
Channel 1 (CH 1}, Channei 2 {CH 2}, the instrument line
voitage (LINE}, and external signals (EXT and EXT +10).
Emitter followers Q502, Q504, and Q506 provide isolation
between the input to the A Trigger Circuit and the output
of the Vertical Channel Switching Circuit.

In the LINE mode of triggering, a sample of the power
line frequency is obtained from the secondary of the
power transformer T1400 in the Low Voltage Power
Suppiy circuit. The Trigger COUPLING switches should
not bein the LF REJ mode when using the instrument line
voltage as a trigger signal source.

Trigger Coupling

The Trigger COUPLING switches offer a means of
accepting or rejecting certain componenis of the trigger
signai. In the AC, LF REJ, and HF REJ mode of trigger
coupiing, the DC component of the trigger signal is
blocked by coupling capacitors C515 or C516. Frequency
components below about 60 Mz are altenuated when
using AC or HF REJ coupling and below about 50 kHz
when using LF REJ coupling. The higher frequency
components of the trigger signal are passed without

s attenuation. In the HF REJ mode of trigger coupling, the

high frequency components of the trigger signal {above
about 50 kMz) are atienuated, while the lower frequency
components (between about 80 Hz and 50 kHz) are
passed without attenuation. The DC mode of trigger
coupling passes unattenuated aill signals from DC to
250 MHz and above.

input Source Foliower

Transistor 3522 is a FET (field-effect transistor) con-
nected as a source follower. It provides a high input
impedance (set primarily by R517) for the trigger signal; it
also provides isolation between the Trigger Generalor
circuit and the trigger signal sources. CR519 provides
input protection for Q522 if excessively high amplitude
negative-going input signals are present. Q524 is a high-
impedance, relatively constant current source for Q522
and provides a measure of temperature compensation for
G522, The output signal from the Source Foliower is taken
from Emitter Follower Q526.

Paraphase Amplifier

U520 is a paraphase amplifier stage that converts the
single-ended input from Emitter Follower Q528 into a
dual-ended push-pull output, which is applied to one of
the Tunnel Diode Driver stages. Trigger Centering adjust-
ment R534 sets the level atpin 14 0f US20 (through emitter
follower QQ532) so that the display is correctly triggered
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when the LEVEL control is centered. The 1L.LEVEL controt
varies the level at pin 14 of U520 to select the point on a
trigger signal where triggering occurs.

The siope of the input signal that triggers the Sweep
Generator circuit is determined by the setting of the
SLOPE switch 5530, When the SLOPE switch is set to the
+ position, the output signal at pin 8 of U520 is inverted
with respect to the input signal, and the output signal at
pin 9is in phase with respect to the input signal. When the
SLOPE switch is set to the — position, the output signal at
pin § is in phase with respect to the input signal, and the
ouiput signal at pin 9 is inverted with respect to the input
signal. ‘

Tunnel Diode Driver

Q552, G556, (1562 and Q586 are common-emitter
amplifier stages that provide the signal currents necessary
to switch the triggering tunne! diodes. CRE56 and CR566
are ten-milliampere tunnel diodes, Quiescently, CR5586
and CR568 are biased into their low voltage states and
Q566 cannot provide sufficient current 1o switch CR566 to
its high voitage state. When the input signal increases the
current in Q556 slightly above its quiescent state, this
current and the current through R555 is sufficient to biag
CR556 into its high voltage state. The anode of CR556
steps positive to an approximately +0.5 voit level. Since
less current is required to maintain a tunnel diode in its
high voltage state than is required to switch it to its high
voltage state, approximately 6 mA of current is additionai-
ly available to switch CR566 to its high voltage state. Thus,
the next time 1566 conducts signal current, CR566 steps
to its high voltage state sending & positive pulse to the
logic circuit to initiate sweep action. The A Trig Sensitivity
adjustment, R565, adjusts the tunnel diode bias fo the
proper level that will not allow CR566 to be switched to his
high voltage state until CR556 has been switched to its
high voitage state. Atthe end of the sweep time and during
holdoff, a negative level is appiied to the junction of R558
and R566, thereby resetting both CR556 and CR566 io
their low voltage states. The reset level remains during
holdoff time to ensure that a sweep gating signal is not
generated until the sweep circuit has returned to its
guiescent state.

Trigger View Ampiifier

The Trigger View Amplifier circuitamplifies asample of
the signal present in the A Trigger Generator circuit and
passes it on to the Vertical Gutput Amplifier for display on
the CRT when the TRIG VIEW pushbutton is pressed. This
provides a method of making a guick and convenient
check of the signal being used to trigger the oscilloscope
and is intended primarily to be used to check the timing
difference between the trigger signal and the vertical
deflection signal,
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The amplifier consisis of two emitter-coupied push-
puli amplifier stages. The emitter source voltage for Q662
and Q672 is switched on and off by the TRIG ViEW
pushbutton. With the TRIG VIEW bushbutton not pushed,
the emitters of Q662 and Q872 are returned to ground
through RB65. This reverse-biases the base-emitter junc-
tions of the transistors, preventing any loading of the A
Trigger Generator circuit. When the TRiG VIEW pushbut-
ton is pushed, the emitters are now returned to +15 voits
through R663 and R&679. This forward biases Q862 and
Q672 to allow signal amplification. Trigger View Centering
adjustment R673 adjusts for correct DC balance in the
circuit.

Normally, the output of the Vertical Channel Switching
circuit is appiied to the input of the Delay Line. When the
TRIG VIEW pushbutton is pushed, the signal from the
Vertical Channel Switching circuit is removed and the
output from the Trigger View Amplifier is appiied in its
place.

B TRIGGER GENERATOR

General

The B Trigger Generator circuit produces the trigger
pulse used to start the Sweep Gensrator circuit that
provides the B portion of the CRT display. The B Trigger
Generator circuit is virtually the same as the A Trigger
Generator circuit and only the differences between the
two are discribed here. A schematic of this circuitis shown
on Diagram 6 at the rear of this manual.

Trigger Source

The B Trigger Generator circuit has no LINE or EXT
10 positions on i#ts Trigger SOURCE switch. if the
Generator is to be triggered from a iine voltage signal or
the external trigger signal is to be attenuated, it must be
accomplished in some other manner. The B Trigger
SOURCE switch does have a STARTS AFTER DELAY
position, however, the A Trigger SOURCE switch does
not. This position allows the B portion of a display to start
immediately after the selected delay time without waiting
for a friggering signal.

SWEEP AND Zz-AXis LoGIC {7

General

The Sweep and Z Axis Logic Circuit derives the logic
levels necessary fo control the sequence of events
associated with sweep generation and CRT unblanking.
The +A and +B GATE signais are also generated in this
circuit, Positive logic terminologies and symbologies are
used in the foliowing expianation of circuit operation. Fig.
3-6 shows a detailed biock diagram of the Sweep and Z-
Axis Logic circuits. A schematic of this circuitis shown on
Diagram 7 at the rear of this manual.



Circuit Description—4754 Service

COMPARATOR ™ AMPLIFIER
Q572, 0574, Q1338 T——
0588 7-AXIS
LOGIC 'B' GATE
A Qes0 - 10
TUNNEL 0B8S 0996
DIODES 0698 DELAYED
GATE
4 ? COMPARATOR
QB0Z Q804 (0826
e FAST
R’;Sg BLANKING
AND EROM Q946
HO FF 1s
-DO DELAYING BTD
0512 SWEEP SEEP .
0628 CONTROL RESET B
I.C. EATCH . AND o I TUNNEL
UB0G MAIN GATE Q788 1 HOLDOFF | | DIODES
HORIZONTAL ol HOLDOFF Q794 Q780
DISPLAY LOGIC et 0644 - Q796 Q792
] Q1002
; 01008 T
HOLDOEFF
START NON-DELAYING
Q594 END-OF-SWEEP
Q596 PULSE FROM Q1034
a
SWEEP GENERATORS
53&222‘%5’?? PICKC'}:?E ?Dﬁo?\nE?L}\ARYATOR
CR1037 AND CR945 OB A
AND HOLDOFE START ;
PULSE
1862-67

Fig. 3-6. Detailed block diagram of the Sweep and Z-Axis Logic circuits,

Sweep Control Integrated Circuit

U600 is the Sweep Control Integrated Circuit. Several
functions are performed in this stage, depending on the
mode ¢of operation of the instrument sweep generators,
The following is a brief explanation of the function
associated with each pin of the iC.

Pin 1. Thisis the positive tunnel diode input. The signal
connected here comes from the A Firing TD in the A
Trigger Generator circuit. The voltage level switches from
0 to +0.5 volts and is compared with pin 2 internally.

Pin 2. This is the negative tunne! dicde inpul. A fixed
DC level established by R602 and R603 provides the
reference for comparison with pin 1.

Pin 3. This is the positive tunnel diode output terminal.
in the AUTQO mode of operation (TRIG MODE set to
AUTO) at the end of the holdotf time period, pin 1, pin 16
and pin 19 are LO, and pin 8 is HI. This causes the gate
level at pin 3 to step LO to turn Q574 on, which initiates a
sweep.
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Pin 4. This is the negative tunnel diode cutputterminal;
connected to +5 volts in this application.

Pin 5. Input terminal for a negative 5 volis through
VRB08 from the —8-volt supply.

Pin 6. This is the auto RC timing terminal. R609 and
C6B092 determine the amountoftime between loss of trigger
signal and the generation of an auto gate at pin 3 when
TRIG MODE is set to AUTO.

Pin 7. This terminal lights the TRIG light when a
triggering gate has occurred, causing pin 1 to go HI.

Pin 8. This is the holdeff timing terminal. The time
between the end of an individual sweep and the startofthe
next sweep is determined by RC components that affect
the time constant of voltage of pin 8. The TIME/DIV
control selects fixed components in the holdoff timing
circuit andthe ATRIG HOLDOFF controlallows a variabie
holdoff setiing in each position of the TIME/DIV control.
When pin 8 goes HI, pin 17 will go LO and altow the trigger
tunnel diedes to fire on an incoming signal or generate an
aute gate in the Auto mode if pin 8 is HI.
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Pin 9. Ground terminal.

Pin 10. This is the holdoff output; connacted to ground
in this application.

Pin 11. This terminal lights the READY light when
operating in the single sweep mode.

Pin 12. This is the single sweep mode terminal. When
+5 volts is connected to this terminal, the sweep operates
in the single sweep mode; when the terminalis left open or
grounded, the sweep operates in the repetitive mode.,

Pin 13. Connected to ground in this application.

Pins 14 and 15, Single Sweep reset terminals. Pressing
the SINGL SWP pushbutton prepares the single sweep
circuitry to respond to the next triggering event. Also, this
action causes the READY light to be iit.

Pin 16. This is the holdoff start input terminal. A Hi on
this pin resets the sweep and starts the holdoff period.
This sets pin 17 Hi to reset and hold the trigger tunnel
diodes LO and allows pin 3 to go HI.

Pin 17. This is the sweep disable output terminal. The
gate level at this terminal is HI during holdoff and LO
otherwise.

Pin 18. This is the lockout input terminal; +5 volts
appiied to this terminal disabies all sweep action.

Pin 19. This is the auto mode terminal, Grounding this
terminal enables auio sweep operation.

Pin 20. Input terminal for the +5-volt supply.

Main Gate Comparator

Q572 and Q574 form the Main Gate Comparator and
are connected as a voltage comparator, where both

transistors do not conduct at the same time. The input»

signal to the stage is the positive-going trigger signal from
the A Firing Trigger TD in the A Trigger Generator circuit.
The signal at the collector of Q574 is inverted by Q588 is
connected to the 2 Axis Logic Multivibrator to control
CRT bianking, and to Q584 to generate the A -+ GATE
output signai. The signalatthe collector of G572 connects
t0 the base of the Main Gate Amplifier stage {Q902) in the
Sweep Generators circuit to initiate sweep generation.
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Delayed Gate Comparator

Q802 and Q804 form the Delayed Gate Comparator and
are connected as a volitage comparator where both
transistors do not conduct at the same time. The input
signal to the stage is the positive-going trigger signal from
the B Firing Trigger TD in the B Trigger Generator circuit.
The signal at the collector of Q804 is inverted by Q826 and
is connected to the Z Axis Logic Multivibrator to control
CRT blanking and to Q824 to generate the B + GATE
output signal. The signal at the cellector of Q802 connects
to the base of the Delayed Gate Amplifier stage {Q998) in
the Sweep Generators circuit to initiate sweep generation.

A Trigger TD Reset Circuit

Transistors G612 and Q628 are connected as a Schmitt
Trigger circuit and form the A Trigger TD Reset Circuit. (A
Schmitt Trigger circuit is a bistable pulse generator in
which an output pulse of constant amplitude exists only as
long as the input voltage exceeds a certain dc vaiue.)

At the start of hoidoff, pin 17 of UB00 steps HI. This
turns on G612 and turns Q628 off. The collector signal of
Q612 connects to the Trigger Tunnel Diodes in the A
Trigger Generator circuit and resets them to their LO
state. At the end of holdoff pin 17 steps LO, Q812 turns off,
and Q628 turns on to allow the funnel diodes to fire on the
next trigger signal.

Holdoff Start Circuit

Q594 and Q596 form the Holdoff Start Circuit. The
input signal to the stage is a momentary positive-going
end-of-sweep signal from the Sweep Generators circuitor
from the Delayed Latch circuit. The positive-going signal
turns Q584 on which in turn turns on Q596. The positive-
going signal atthecollector of Q596 is connected to pin 16
of U600 to reset the sweep and start the holdoff period.
This signalis also used in the Vertical Switching Circuit to
switch between channels in the ALT mode of operation.

Z Axis Logic Multivibrator

Q688 and Q1698 are basically a Schmitt Trigger circuit
and form the Z Axis Logic Multivibrator. Quiescently, with
the CRT display blanked, Q688 is on and Q698 is off. The
signal to switch states of the multivibrator {and thereby
unbiank the CRT) can come from the Main Gate Com-
parator {via Q588 and CR681) or from the Delayed Gate
Comparator {via Q826 and C684). The negative going
signals turn off Q688 and cause Q698 to turn on. The
positive going signals that return the multivibrator to its
origina! state {thereby blanking the CRT display) come
from Q588 via CRE82 and CRB83, or from Q680 via CR680
and CR683. Q680 is used primarily to ensure proper early
turn-off of the CRT display at faster sweep rates. in the
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MIX or A INTEN positions of the HORIZ DISPLAY swiich,

some additive unblanking s accomplished to slightly
' increase the intensity of the B portion of the display. In

these positions of the switch, —8 voits is connected to the
cathodes of CR693 and CR694 through R692. Now, when
the Z-Axis signal from the collector of Q826 steps negative
at the beginning of the B portion of the display, CR693 is
made to conduct less current, which makes a slight
amount of additional unblanking current avaitable to the
Z-Axis Amplifier through CRG24 and R692.

Deiaying Sweep Latch Circuit

788, Q794, and Q796 form the Delaying Sweep Latch
Circuit. The circuit function is used during the three
delayed sweep modes of operation that the instrument is
capable of (MIX, A INTEN, and B DLY'D). Q938A, inthe
Delay Pickoff Comparator of the Delaying Sweep
Generator, is the current source for the emitters of Q794
and Q796. Prior to the end of the delay time selected by the
A TIME/DIV switch and DELAY TIME POSITION control,
Q838A is off, thereby causing both Q784 and (3796 to be
off also. The base level of Q794 sits at a more negative level
than doss the base of Q796 so that when Q938A turns on,
at the delay pickoff point, Q784 will turn on and Q796 will
remain off. The resultant positive movement at the
collector of Q794 is connected to the B Trigger TD Reset
Circuit.

The end-of-sweep puise from the Non-Delaying Sweep
Generators connects to the emitter of Q788. When this
pulse steps positive at the end of a delayed sweep, Q788
turns off and the current through R788 pulls the base of
Q794 positive. This turns off Q794 and causes Q796 1o turn
on. The circuit remains in this state until the Delaying
Sweep Generator ends iis sweep and resets the Delay
Pickoff Comparator. in the B ENDS A position of the A
TRIG HOLDOFF control, +5 velts is connected to R798.
This enables the diode gate composed of CR789 and
CR582. Now, when the end-of-sweep pulse signals the
end of a delayed sweep, the positive movement at the
collector of Q796 is connected to the base of Q594 and
ends the delayed sweep instead of waiting until the end of
the delaying sweep. This mode of cperation gives the
fastest possibie sweep repetition rate when operating in
the delayed sweep mode.

B Trigger TD Resei Circuit

Q790 and 3792 are connected as a Schmitt Triggerand
form the B Trigger TD Reset Circuit. Atall imes otherthan
when the Non-Deiaying Sweep Generators are running,
Q790 is on, which holds the trigger tunnel diodes inthe B
Trigger Generator circuit in their LO states. At the end of
the delay time selected by the A TIME/DIV switch and
CELAY TIME POSITION control, the positive movement
at the collector of Q794 turns on Q792 and causes Q790 to
turn off. The tunnel dicdes in the B Trigger Generator are
capable of being biased into their Hi states. Also, if the B
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Triggering SOURCE switch is in the STARTS AFTER
DELAY TIME position, the negative movement at the
cotlector of Q792 reverse biases CRB11, letting the ~8 volt
supply pull down on the base of Q804 in the Delayed Gate
Comparator, This turns on Q804 and causes Q802 to turn
off, which initiates a delayed sweep.

Main Sweep Holdoff Gate and Delayed Sweep Qver-
ride Amplifier

During the interval of the main gate, Q798 functions as
a holdoff gate and is biased off to provide aforward bias on
Q1002 (Q1002 is located on diagram 89). This turns on
Q1002, discharges the holdoff capacitors and maintains a
current path to keep the capacitors discharged.

During the delayed sweep, Q798 functions as an
override amplifier. It is possible, with the right combina-
tion of control settings, to achieve a delayed sweep
presentation where the delayed sweep would normally
want to continue running after the end of the delaying
sweep. For instance, if the TIME/DIV controls are set only
1 or 2 ranges apart and the DELAY TIME POSITION
controf is set to a 8.50 setting. Under these conditions the
delaying sweep end-of-sweep pulse occurs before the
delayed sweep end-of-pulse. The positive movement on
the coliector of Q588 at the time of the delaying sweep
end-of-sweep pulse turns Q798 on. The negative move-
ment on the collector of Q798 pulis down on the collectors
of Q794 and 786, through CR793 and CR792 respective-
Iy, which in turn pulis down on the base of Q792. This turns
off Q792 and causes Q790 to turn on, which resets the B
Trigger Tunnel Diodes io their LO states, thereby ter-
minating the delayed sweep.

A +GATE And B +GATE Amplifiers

584 and Q824 are the A +GATE and B +GATE
amplifiers respectively. They provide the --GATE output
signals available at the instrument rear panel. These
output gate signals are positive-going rectangular
waveforms, approximately 5volis in amplitude, coincident
with their respective sweep waveforms.

L.OW LINE Indicator Circuit

Q1492 01498, and their associated circuitry monitor
the unreguiated voltage in the 50 volt supply and provide
a visual indication (via the LOW LINE indicator on the
front panel) when the applied line voltage falls below the
lower regulating limit selected by the Regulating Range
Selector assembly. Q1482 provides operating power to
the CRT graticule lights that is adjustable via the SCALE
ILLUM control R1480.
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SWEEP GENERATORS (8>
TIMING AND HORIZONTAL DISPLAY
SWITCHING  {&)

General

The Sweep Generators provide several sweep display
modes, dependent upon the horizontal mode selacted by
the HORIZ DISPLAY switch, One sweep generator may be
employed as a delay circuit for a second sweep generator,
permitting a variety of useful display modes. Before the
discussion of sweep generation, it is helpful to become
familiar with each principle mods of horizontal display
and its associated sweep generator, sweep gate and
sweep display labeling. See Table 3-2 for a list of sweep
generator, sweep gate and sweep display terminclogy
whenever needed throughout the following sweep
generators discussion.

The Sweep Generators produce the sawlooth voitages

that are amplified by the Horizontal Amplifier to provide
horizontal deflection on the CRT. These sawicoth -

voltages are produced oncommand {irigger pulses) from
the Trigger Generator circuits. The Sweep Generator
circuits also produce gate waveforms that are used by the
Z Axis Logic circuit to unblank the CRT during swesp
time, and by the Sweep Logic circuit 1o terminate swesp
generation. There are three Sweep Generator circuits in
the instrument. Cperation of all three is very similar;
therefore only the operation of the Delaying Sweep
Generator and the differences in operation of the three
generators is discussed. Fig. 3-7 shows a detailed block
diagram of the Sweep Generaiors. A schematic of the
Sweep Generators is shown on Diagram 8 and a schematic
of the Timing And Horizontal Display Switching is shown
on Diagram 9 at the rear of this manual.

TABLE 3.2 1862-86
Horizontal Display Sweep Generator Terminology
ispd
HORIZ DISPLAY CRT Display Gate that
Switch Setting Portion of Sweep Sweep Generator Initiates Sweep
Bisplayed on CRT Used for Display
A (TIME/DIV Knobs Locked) A Non-Delaying Main
A (TIME/DIV Knobs Unlocked) A Delaying Main
A (First Portion) Delaying Main
MIX
B (Last Portion) Nen-Delaying Delayed
A Delaying Main
AINTEN B (Intensified Non-Delaying Delayed
Portion)
Non-Delaying
BDLY'D 3] {After being delayed Delayed
by Delaying Sweep)
3-16 @
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Fig. 3-7. Detailed block diagram of the Sweep Generator circuits,

Delaying Sweep Generator

Basically the Delaying Sweep Generator is composed
of Q904, Q920, 0922, and Q914. This generatorrunsinthe
A INTEN, MiIX, and B DLY'D positions of the HORIZ
DISPLAY switch and generates the A portion of the
display. In these modes the sweep rate is selected by the A
TIME/DIV switch {skirt knob).

Main Gate Amplifier

G902 is the Main Gate Amplifier stage. The negative-
going Main Gate waveform from the Sweep L.ogic circuitis
applied to the base of Q802. The amplified and inverted
waveform at the coliector of Q902 is applied to the
Delaying Sweep Generator {through CR803}, orto both of
the Non-Delaying Sweep Generators {through Q882] in
the A sweep mode. This initiates sweep generation,

@

Sweep Disconnect Amplifier

Q904 is the Sweep Disconnect Amplifier. The biasing
on the base of this stage determines whether the Delaying
Sweep Generator will run. In the A position of the HORIZ
DISPLAY switch, the anode of CR907 is connected to +5
voits through RB908 and the HORIZ DISPLAY switch
circuit. This biases the base of Q904 far enough positive
that the positive-going gates on the emitter cannot turn off
Q904. Q804 therefore conducts all of the iming current
through R905, B804, and timing resistor R, charging
timing capacitance C,. When the HORIZ DISPLAY switch
is in any position other than A, CRB07 is reverse-biased,
which lets the base of Q904 be biased at a level that will
allow the positive-going gates on the emitter of Q904 to
interrupt the current flow through G804, When Q904 turns
off, the timing current starts to discharge timing
capacitance C..
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Sawtooth Sweep Generalor

Q920 and Q922 form a Miller Integrator circuit. When
the current through the Sweep Disconnect Amplifier Q904
is interrupted, timing capacitance C, begins to discharge
through timing resistor R, The timing resistor and
capacitance are selected by the A TIME/DIV switch to
provide the various sweep rates listed on the instrument
front panel. The ocutput signal at the collectorof Q922 s a
negative-going sawtooth voltage waveform.

Sweep Start Amplifier

Just before the sweep starts to run down, the leveis at
ithe bases of Q914 are approximately egual. When the
sweep starts to run down, the base of Q914B goes
negative, which increases the forward bias on CHRS14B.
This inturn decreases the forward bias on CR814A, which
very shortly after the start of the sweep, becomes reverse
biased to interrupt the current through Q814A. The
circuit remains in this condition until after the sweep
retrace is complete. When the circuit returns to
quiescence, Q914A begins to conduct through R804. This
sets the current through Q804 which in turn establishes
the DC level starting point for the sweep.

Ouiput Buffer Amplifier

Q940 and G956 form the Cutput Buffer Amplifier. Q840
is an emitter follower and (856 is a common-base
amplitier whose emitter is current-driven by the signal.
The Cutput Buffer Amplifier provides the outpui sawtooth
signai current to the Horizontal Amplifier and provides a
measure of isolation between the Sawtooth Generatorand
the Horizontal Amplifier. Intensified Gain adjustment
R950 adjusts the gain of the stage to match the output
signal amplitude with that of the Non-Delaying Sweep
Generators.

The Delaying Sweep Cutput Buffer Amplifier passes
the signal to the Horizontal Amptifier when the HORIZ
DISPLAY switch is in the A INTEN position and the
TIME/DIV switches are not in the X-Y position. When the
TIME/DIV switches are in the X-Y position the anode of

at a positive enough level to reverse bias Q856 and prevent
passage of the Delaying Sweep signal fo the Horizontal
Amplifier. With the TIME/DIV switches not in the X-Y
position and the HORIZ DISPLAY switch in the A INTEN
position, R955 is connected to —8 volts {through Q1099in
the Herizontal Display Switching circuit) and the anode of
CR956 is not connected to any voltage. This forward
biases CR955 and sets the base of Q956 at a DC ievel of
approximately +4.3volts. Now (1956 is forward biased and
the Delaying Sweep signal is passed to the Horizontal
Amplifier.
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Delaying Sweep End Difference Amplifier

Q944 and Q946 are connected as avoltage comparator
and generate the logic pulses that signatf the end of sweep
and blank the CRT dispiay at theend of the sweep. Prior to
the generation of a sawtooth voltage waveform by the
Delaying Sweep Generator, the base of Q944 is at an
approximate 1.6 volt level. The base of Q946 is held at
about —3 volis by the divider made up of 8948 and R949.
Therefore, Q946 is reversed biased and not conducting
and Q944 is forward biased and is conducting. When the
sweep voliage at the emitter of (0940 begins to go in a
negative direction, the base of Q944 foliows until the base
of Q944 goes more negative than the base of Q946. Q%44
turns off and Q946 turns on, generating a positive puise at
the collector of Q944 and a negalive pulse at the collector
of Q946: The positive pulse at the colisctor of Q944 signals
the end of sweep and starts the holdoff period. The
negative pulse at the collector of Q946 signals the Z-Axis
Logic cireuit to blank the CRT and prevent any further
display.

Delay Pickoff Comparator

The Delay Pickoff Comparator stage aliows selection
of the amount of delay from the start of the Delaying
Sweep Generator before one of the Non-Delaying Sweep
Generators is turned on. The amount of delay available is
variable from 0.00 to 10.00 times the setting of the A
TIME/DIV switch. The sweep rate of the Delayed (non-
delaying) Sweep Generator is determined by the setting of
the B TIME/DIV switch.

Q926A and Q9268 are connected as a veltage com-
parator. Q928 is a relatively constant current source for
Q926. Q838 is also connected as a voltage comparator
circuit and is used to improve the switching capabilities of
the stage. The reference volage for the Delay Pickoff
Comparator stage is provided by DELAY TIMEPOSITION
control R930. U330 is an integrated circuit containing two
high-gain amplifier cells used in a feedback amplifier
configuration. They provide accurate fixed voltages
{determined by settings of Delay Start, R938, and Delay
Stop, R936) connected to the DELAY TIME POSITION
control to allow precise delay pickoff. The instrument is
calibrated so that the major dial divisions of the DELAY
TIME POSITION control correspond to major divisions of
horizontal deflection on the CRT graticule. Forexample, if
the DELAY TIME POSITION controlis setto 5.060, the Non-
Delaying Sweep Generaior is delayed five divisions of the
Delaying Sweep time before it can produce a sweep,




The sawtooth voltage waveform from the Delaying
Sweep Generator is connected to the gate of Q926B. The
quiescent level of the delaying sawtooth biases Q9288 on
and its drain is negative enough to bias G8388 on. Q826A
and QB38A are off and not conducting. As the Delaying
Sweep sawtooth voltage goes down, the gate of Q9268
also goes down. When it goes more negative than the leve|
at the gate of Q926A (established by the DELAY TIME
POSITION control}, Q926A conducts and Q9268 turns
off. This also switches the states of Q838A and B and
produces a positive-going rectangutlar current pulse at the
collector of Q938A. This initiates the B sweep when B
TRIG SCURCE is set to STARTS AFTER DELAY or
enables the B Trigger Tunnel Diodes in all other positions
of B TRIG SOURCE switch. When the Delaying Sweep
resets, Q9268 again conducis and Q928A is turned off.
This switches Q938A and B back to their original states.

Non-Delaying Sweep Generaiors

There are two Non-Delaying Sweep Generators, Inany
position of the HORIZ DISPLAY switch, one of these
generators will be running. They generate the displayed
sweep in the A position of the MORIZ DISPLAY switch and
the B portion of adisplay in the remaining positions. The B
TIME/DIV switch (DLY'D SWEEP knob) selecis the sweep
rate for these generators. One generator provides the 0.5

' . second through 1 microsecond sweep rates, while the

other generator provides the 0.5 microsecond through
G.01 microsecond sweep rates.

Either the "Main” Gate or the Delayed Gate can initiate
sweep generation by the Non-Delaying Sweep
Generators. When the HORIZ DISPLAY switch isin the A
position and the TIME/DIV knobs are locked, a positive
voltage is applied to the emitter of Q992 through R922 and
Q1062. Q992 is forward biased, and the "Main” Gate is
passed on to the Non-Delaying Sweep Generators
through CR822 and CR97% or CR1001. In ali the other
positions of the HORIZ DISPLAY switch and when the
TIME/DIV knobs are unlocked, a negative voltage is
applied to the emitter of Q822 fo reverse bias Q992 and
prevent the "Main” Gate from reaching the generators.
Now, only the "B" Gate can initiate sweep action in the
Non-Delaying Sweep Generators.

"B" Gate Amplifier

(2996 is the "B" Gate Amplifier stage. The negative-
going waveform from the Sweep Logic circuitis appliedto
the base of Q996. The amplified and inverted waveform at
. the collector of Q996 is applied to the Non-Delaying
Sweep Generators through CR298 and CR971 or CR1001
to initiate sweep generation,
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Mon-Delaying Sweep Generator Diflerences

Basically the Non-Delaying Sweep Generators operate
in the same manner as the Delaying Sweep Generator.
The "fast” generator (Q1004, Q1010, Q1014, and Q1018)
has only one timing capacitance (the paralleicombination
of C1008 and C1009). The capacitance is variable to
achieve precise timing accuracy. Timing resistors are
selected by the B TIME/DIV switch to provide the fastest
six sweep speeds listed on the front panel.

Q988 and Q1018 are Sweep Start Amplifiers and
astablish the DC level starting points for the sweeps. The
"slow" generator (3974, Q980, 0984, Q988, and Q872)
has an additional emitter follower (Q972). This emitter
follower increases the current-gain of the icop to speed up
the retrace time of the generator {determined by the time
required to discharge the timing capacitor),

Mixed Mode Operation

Normally, Q1088 is an emitter follower with a fixed dc
level at its base established by R1094 and R1095. The fixed
level at the emitter of Q1086 inturn, is appliedto the bases
of G1018 and Q988 through CR1017 and CR987 respec-
tively. This sets the quiescent current Hlow through Q988
and Q1018 to establish the dc level starting points for the
sSweeps as previously expiained. However, when the
HORIZ DISPLAY switch is in the MIX position, the fixed
level at the base of Q1088 is replaced by the sawiooth
voitage waveform being generated by the Delaying Sweep
Generator. Now, the dc level starting point of the Non-
Delaying Generator that is running is constantly being
changed by the Delaying Sweep sawtooth until the
Delaying Sweep runs down to a veltage determined by the
setting of the DELAY TIME PQOSITION control. At this
time, one of the disconnect transistors {Q974 in the "slow”
Non-Delaying Generator, or Q1064 in the "fast” Non-
Delaying Generator, depending on the settings of the
TIME/DIV controls) is turned off, allowing the appropriate
Non-Delaying Generator to begin a ramp waveform
determined by the setting of B DLY'D conirol. The ouiput
waveform from the Non-Delaying Sweep Generator that is
running will be a composite sawtooth waveform with the
first and last parts occurring at a rate determined by the
Delaying Sweep Generator {last part blanked cut of CRT
display) and the middle part occurring at a rate deter-
mined by one of the Non-Delaying Sweep Generators.

Non-Delaying Sweep End Difference Amplifier

Q1044 and Q1034 are connected as a voltage com-
parator, and generate the same sort of logic puises as the
Logic Comparator in the Delaying Sweep Generator
circuit. The positive-going pulse at the collector of Q1034
signals the end of the Non-Delaying Sweep, and the
negative-going pulse at the collector of Q1044 bianks the
display at the end of the Non-Delaying Sweep. However,
the logic pulses from this comparator are not aiways
allowed to pass to the Sweep and Z-Axis Logic circuits.
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in the A INTEN position of the HORIZ DISPLAY switch,
+5 voits is connecied to the ancde of CR1049. This
forward biases CR1044, which sets the collector of Q1044
at approximately 0.7 volts. This keeps CR1046 reversed
biased and prevents completely blanking the CRT at the
end of the Non-Delaying Sweep portion of the display. In
the A INTEN, MiX, and B DLY'D positions of the HORiIZ
DISPLAY switch, —8 volts is connected to the anode of
CR1036 through R1090. This turns off the dicde gate
(CR1034 and CR1037) preventing a Non-Detaying Sweep
end-of-sweep pulse output from Q1034 collector which
would terminate the Delaying Sweep. This pulse is
allowed to reset the Non-Delaying Sweep through Q788.
In the A position of the MORIZ DISPLAY switch (knobs
locked), a more positive voltage is connscted to the ancde
of CR1036. This enables CR1034 and CR1037, thus
allowing the Main Sweep end-of-sweep puise to pass to
the Sweep Logic circuit. The logic levels are generated by
the HORIZ DISPLAY switch, Q1062, Q1066 and Q1089.

TIME/D1Y Functions (Knobs Uniocked)

Normally, when the HORIZ DISPLAY switch is setio A,
the Non-Delaying Sweep Generator is being used to
display A Sweep. When the DLY'D SWEEP control {inner

knok of TIME/DIV) is unlocked and set to a faster sweep
rate, the Non-Delaying Sweep Generator is then being
used to display A Sweep. In this mode, the A TIME/DIV
{skirt knob) must be used to controt A Sweep rates.

HORIZONTAL AMPLIFIER

General

The Horizontal Amplifier circuit provides the output
signals to the CRT horizontal deflection plates, The sighal
applied o the input of the Horizontal Amplifier is deter-
mined by the TIME/DIV switch. The signal can be a
sawiooth waveform generated within the instrument, or
some external signal applied to the CH 1 OR X input
connector (X-Y mode of operation). The Horizontal
Amplifier also contains the X10 magnifier, horizontal
positioning controls, and some beam finder circuitry. Fig.
3-8 shows a detailed block diagram of the Herizontal
Amplifier circuit. A schematic of this circuit is shown on
Diagram 10 at the rear of this manual.
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Fig. 3-8. Detailed block diagram of the Horizontal Amplifier circuit,
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input Paraphase Ampiitier
Q1424 and Q1134 form the Input Paraphase Amplifier.

" This is an emitter-coupled amplifier stage that converts

the single-ended input signal to a push-puitoutputsignal.
The X10 Magnifier circuitry is in this stage and consists of
a divide-by-ten attenuator R11068-R1107-R1108. When the
X10 Magnifier is on, the input signal is applied un-
attenuated to the Input Paraphase Amplifier. When the
X10 Magnifier is off, the input signal is applied to the Input
Paraphase Amplifier through the attenuator. X10 MAG
indicator DS1110 lights when the X10 Magnifier is being
used. CR1121 and CR1122 iimit signal amplitudes at the
input tothe amplifier to prevent amplifier overdrive. Q1140
is a relatively constant current source for Q1124 and
Q1134. CR1140 provides temperature compensation for
the base-emitter junction of Q1140. Magnifier Registra-
tion adjustment R1130 balances quiescent DC current in
Q1124 and Q1134 so that a center screen display does not
change position when the X10 Magnifier is turned on.

Q1112 and Q1114 together form a temperature com-
pensated current source that is an interruptable path for
the horizontal positioning currents. When the TIME/DIV
switch is in any position other than X-Y, the anodes of
CR1103, CR1104, and CR1111 are connected to —8 volts
through R1104, which reverse-biases them. In the X-Y
position of the TIME/DIV switch, -+5 volts is connected
directly to the anodes of CR1103, CR1104, and CR1111.
This accomplishes three things. First, the emilter-base
junction of Q1114 is reverse biased, which prevents the
Horizontal POSITION and FINE controls from having any
effect on the display. Second, refay K1103 is energized,
which connects the X-axis signal from the Channel 1
Preamplifier to the input to the Horizontal Amplifier. Third,
+5 volts is connected to the Channel 1 Scale Factor
Switching cirguit so that both deflection factor indicators
are gperating. When operating in the X-Y mode, R1102
adjusts for correct X-axis gain and L1103 adjusts to reduce
the phase differences between the horizontal {X) and
vertical (Y) signhal paths.

Gain Setling Amplitier

Q1152 and Q1162 are an emitter-coupied push-puil
amplifier stage. The gain of this stage is adjusted to match
the CRT sensitivity. When the BEAM FINDER pushbutton
is pushed, R1168 is switched inio the circuit, This reduces
the current through this stage, thereby limiting horizontal
defiection to within the limits of the CRT viewing area.
Q1152 and Q1182 operate in an overdriven mode. This
means at the extremes of signal amplitude, one side wili be
turned off while the other side is still conducting. This
condition generates some common-mode  signat
differences between Q1152 and Q1162 Q1164 monitors
any common-mode signal differences {through R1165
and R1167) and conducts to minimize them.
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Cutput Amplifier

The push-pull signal from the Gain Setting Amplifier is
connected to the Output Amplifier. Each half of the Output
Amplifier can be considerad as a single-ended feedback
amplifier, which ampiifies the signal atits inputto produce
a voltage output to drive one of the horizontal deflection
piates of the CRT. Both halves of the Output Amplifier are
basically the same with only minor differences; therefore,
only the upper amplifier (drives the + horizontal deflection
plate) and the differences will be explained.

Q1172 and Q1174 are connected in a Darlington
configuration. Q1234 is a feedback amplifier in the
teedback path for the output amplifier. Q1234 sets DC
levels and reduces the impedance of the feedback path.
1202 and Q1204 form a complementary ampiifier that
provides the output signal to drive the + deflection plate of
the CRT. CR1173 clips excessive signal amplitudes and
sets a sweep start voltage leve! for the positive deflection
plate. R1178, C1233, and C1179 are high-frequency
compensation adjustmenis. R1256 centers the output
signal swing within the dynamic swing capabilities of the
output amplifier.

There are two signal paths through each half of the
Qutput Amplifiers, Siow signal transitions are applied to
the CRY through Q1172, Q1174, and 1204 with feedback
via R1233 and R1235. 1235, C1233, and C1178-C1179
compensate the amplifier and provide a fast AC signal
path from one side of the amplifier to the other. The lower
amplifier (drives the - horizontal deflection plate) is
basically the same as the upper except for two things.
Q1188 is a relatively constant current source for Q1182
and Q1184, VR1216 shifts the DC level of the signal from
the collectors of (31182 and 1184 to the emitter level of
Q1214.

LOW-VOLTAGE POWER SUPPLY

General

The Low-Voliage Power Supply circuit provides the
operating power for this instrument from six regulated
power supplies and one unregulated power supply.
Electronic regulation is used to provide stable, low-ripple
output voltages. Fig. 3-8 shows a detailed biock diagram
of the Power Supply circuit. A schematic of this circuit is
shown on Diagram 11 at the rear of this manual.
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Fig. 3-8. Detailed block diagram of the Power Supply circuit.



Power Input

Power is applied to the primary of transformer T1400

" through Line Fuse F1401, POWER switch $1401, Thermal
Cutout 51402, Line Voltage Selector switch 351403, and
the Reguiating Range Selector. Line Voltage Selector
switch $1403 connects the split primaries of T1400 in
paralietfor 115-volt nominai operation, orin serigs for 230-
volt nominal operation. Line Fuse F1401 should be
changed for each nominal line voltage (current rating of
fuse for 230-volt operation must be G.75A fast; for 115-volt
operation current rating of fuse must be 1.5A fast}.

Thermal cutout 51402 provides thermal protection for
this instrument. If the internal temperature of the instru-
ment exceeds a safe operating level, 51402 opens to
interruptthe applied power. When thetemperature returns
to a safe level, 81402 automatically closes to reapply the
power,

The vacant windings between pins 10, 10A, 11,12, and
12A of T1400 are intended for use with the optional
Inverter Circuit Board {Option 7) or for use with a 475A
QOscilioscope modification, a Power Supply Board {475A
DM44).

Secondary Circuit

The —8 volt, —15 volt, 5 voli, -+15 volt, +50 volt, and
+110 volt supplies are series-regulated supplies. U1418,
U1454A and B, and U1464A and B are high-gain amplifier
cells with differential inputs. These amplifiers monitor
variations in the ouiput voltages and generate error
signals to maintain reiatively constant output levels, Each
regulated supply contains & current-limiting circuit that
provides short circuit protection to prevent instrument
damage if a supply is inadvertently shorted to ground.
Additionally, unregulated voltages are used from the +15
volt and +50 volt supplies.

+50-Volt Supply. The +50-Volt Power Supply provides
the reference voltage for all remaining regulated supplies
in the instrument, The following discussion includes the
description of the +50-Voit Series Reguiator, +50-Volt
Feedback Amplifier, +50-Voit Reference, and +50-Volt
Current Limiting stages. Since these stages are closely
related in the production of the +50-volt reguiated output
voltage, their operation is most easily understood when
discussed as a unit.
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CR1412 functions as a full-wave, center-tapped, bridge
rectifier and provides an unregulated output voltage
(approximately +65 volts) for the +50-Voit Power Supply.
This voliage is filtered by C1414 and is connected to the
+50-Voit Series Regulator, Q1426, to provide a sufficient
collector supply for stable reguiation over a wide range of
ac power line voltages. Zener diode VR1416 sets a
reference level of about +9 volts at the positive input of
Feedback Amplifier U1418. A sample of the cuiput voltage
from the +50-Volt Supply is connected to the negative
input of U418 through divider R1430-R1431-R1432.
R1430C.in this divider is adjustable to set the output level of
the +50-Volt Supply. The 2 input voltages at Feedback
Amplifier U1418 are compared and any error beiween the
2 inputs is amplified. The ampiified error output from
U1418 drives Q1424 and Q1426 and controis the output
voltage of the power supply.

Regulation occurs as follows: If the output level of this
supply decreases (due to anincrease in load, for example)
the voltage across divider R1430-R1431-R1432 decreases
also. This results in 2 more negative feedback level atpin 2
of U1418 than that established by the reference voitage at
pin 3. The difference in voltage levels is amplified and
polarity is inverted by U1418. The result is that voltage
increases at pin 1 of Ut418. This increase in voliage
causes a more positive voltage at the base of Q1424. More
current is allowed to flow through Q1424 to result in
increased conduction of the +50-volt Series Regulator
Q1428. The ouiput voltage increases, thereby achieving
regulation of the +50-volt power supply.

The -+50-volt Current Limiting stage, Q1432, protecis
the +50-Volt Series Regulator if excess currentis demand-
ed from this supply. Since the load is connected to this
supply through R1426, all current must flow through this
resistor. When excess current is demanded from the -+50-
Volt Series Regulator, due to a short circuit or similar
malfunction at the output of this supply, the voltage drop
across R1426 increases, causing a higher positive voltage
at the emitter of Q1426 than the supply output voltage.
This increased voltage is coupled through the emitter-to-
base junction of Q1426 to voltage divider R1424 and
R1425. Under normal conditions, this divider setsthe base
level of Q1432 for a biased-off condition. However, when
the power supply load increases beyond preset limits, or
the supply outpui becomes short circuited, the positive
going change across the divider R1424-R1425 causes
Q1432 to hecome biased on. The collector current of
1432 reduces the voltage at the base of Q1424 1o limit the
conduction of current through Q1426 and R1426 fo a
preset value. This mode of operation is called foldback
because both the supply voitage and current are reduced
during overload. The supply automatically returns to
normal operation when the overlcad is removed.
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+110-Volt Supply. CR1412 functions as a full-wave
center-tapped rectifier and provides an unregulated cut-
put voltage (approximately +136 volts) for the +110-Volt
Power Supply. This voltage is filtered by C1412 and is
connected to the +110-Voit Series Regulator, Q1486, to
provide sufficient collector supply for stable regulation
over a wide range of ac power line voltages. Transistors
Q1480 and Q1494 are connecled as a comparator. A
sample of the output voltage from the -+110-Volt Supply,
through divider R1486, R1487, is connected to the base of
Q1480. The base of Q1494 is connected to the +50-Volt
Supply to provide a reference voltage. The error output at
the collector of Q1494 refiects the difference, if any,
between these 2 inputs. This error cutput drives Q1496
and controls the outputi voftage of the power supply.

Regulation occurs as follows: If the output ievei of this
supply decreases (due to anincreaseinload, forexample)
the voltage at the base of Q1490 decreases also. This
decreased voltage when compared to the reference
voltage at the base of Q1494 results in a decreased voitage
at the coliector of Q1494. A portion of this decreased
voltage is connected to the base of Q1496 causing
increased conduction. The ouiput voltage increases,
thereby achieving regulation of the -+110-volt power
supply.

Acurrent fimiting stage, Q1497, protects the +110-Volt
Supply if excess current is demanded fromthis supply. All
output current from the +110-Volt Supply must flow
through R1488. Transistor Q1497 senses the voitage drop
across R1489. Under normal operating conditions, Q1497
is biased off. However, when excess current is demanded
from the +110-Volt Series Reguiator due to a short circuit
or similar malfunction at the cutput of this supply, the
voltage drop across R1489 increases untli it is sufficient to
forward bias Q11497. The collector current of Q1497 pulls
the base of Series Regulator Q1486 positive and turns it
off. The output current from the supply is then limited by
R1488 and the +110-Volt Supply is thereby protected.

+15-Yolt Supply. Basic operation of all stages in the
+15-Volt Supply is the same as for the +56-Volt Supply.
The +15 volt reference for this supply is established by
divider R1444-R1445 between -+50 volts and ground. Any
change in the output leve! of the supply is compared at
Feedback Amplifier U1454A, which produces a signal of
inverted polarity at its output {pin 1). This change is
coupled to +15-Volt Series Regulator Q1448 through
Q1448 to correct the change in output voitage. Transistor
Q1444 provides current limiting {(foldback operation) if the
supply load increases beyond preset limits or becomes
shorted to ground.

3-24

+&-Voli Supply. Basic operation of all stages in the +5-

Volt Supply is the same as described in the +50-volt ~

Supply and the +15-Voit Supply. The -5 voitreference for
this supply is established by divider R1454-R1455 between
+50 voits and ground. Any change in the output leve] of
the supply is compared at Feedback Amplifier LJ14548
which produces a signal of inverted polarity at its output
{pin 7). This change is coupled to +5-Volt Series
Regulator Q1456 to correct the change in the output
voitage. Transistor Q1454 provides current limiting (foid-
back operation) if the supply load increases beyond preset
limits or becomes shorted to ground.

—B-Volt Supply. Basic operation of ali stages in the 8-
Voit Supply is the same as described in previous supplies.
The reference level for this supply {0 voit} is established by
the ground connection through R1463 to pin 2 of Feed-
back Amplifier U1464A. Feedback voliage to pin 3 of
U1464A is provided by divider R1464-R1465 between +50
volts and the —B-Volt Supply output. The divider ratio of
R1464-R14865 is 10:1 so the level at pin 3 is 0 volt when the
supply is operating properly. Any change in the output
level of the supply is compared at LH484A which
produces a correction signal of the same polarity as its
output (pin 1). This changeis coupled to the —8-volt Series
Regulator, Q1488, through Q1466 to correct the changein
output voltage. Transistor Q1464 provides current Himiting
{foldback operation) if the supply load increases beyond
preset limits or secomes shorted o ground.

—15-Voit Supply. Basic operation of all stages in the
-------- 15-Volt Supply is the same as described in the —8-Volt
Supply. The reference level for this supply {0 volt) is
established by the ground connection through R1473 to
pin6of Feedback Amplifier U1464B. The feedback voltage
{0 volt) to pin 5 of 14648 is provided by divider R1474-
R1475 between +50 voits and the —15-Volt Supply output.
Any change in the output voltage of the suppily is
compared at U14848, which produces a correction signal
of the same polarity at its output (pin 7). This change is
coupled to the base of —15-Volt Series Regulator Q1478 to
correct the change in output voitage. Transistor Q1474
provides current limiting (foldback operation) if the
supply load increases beyond preset limits or becomes
shorted to ground.

CRT CIRCUIT

General

The CRT Circuit provides the voltage levels and control
circuits necessary for operation of the cathode-ray tube
(CRT}. Fig. 3-10 shows a detailed block diagram of the
CRT Circuit. A schematic of this circuit is shown on
Diagram 12 at the rear of this manual.
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Fig. 3-10. Defailed block diagram of the CRT circuit.

High-Volitage Oscillator

Q1318 and associated circuitry compose the high-
voitage oscillator that produces the drive for high-voltage
fransformer T1320. When the instrument is turned on,
current through Q316 provides forward bias for Q1318.
Q1318 conducts and the collector current increases,
which develops a voltage across the collector winding of
T1320. This produces a corresponding voltage increase in
the feedback winding of T1320, which is connected to the
base of Q1318, and Q1318 conducts even harder. Even-
tually the rate of collector current increase in Q1318
becomes less than that required to maintain the voltage
across the collector winding and the output voltage drops.
This turns Q1318 off by way of the feedback voltage to the
base. The voltage waveform at the coflectorof Q1318isa
sine wave at the resonant frequency of T1320. Q1318
remains off during the negative haif cycle while the field
collapses in the primary of T1320. When the fleld is
collapsed sufficiently, the base of Q1318 bscomes
forward biased into conduction again and the cycle
begins anew. The amplitude of sustained oscillation
depends upeon the average current delivered to the base of
{31318, The frequency of oscillation is approximately 50
kilohertz. Fuse F1318 protects the unregulated +15-volts
supply in the event the High-Voltage Oscillator stage
becomesshorted, C1318and L1318 decouple the +15-volt
supply line and prevent the currentchanges presentin the
circuit from affecting the +15-volt regulated supply.

@

High-Voltage Regulator

Feedback from the CRT cathode —2450 volt supply is
applied to the base of Q1306 through R1303A. Any change
inthelevel at the base of Q1306 produces an error signal at
the collector of Q1306, which is amplified by Q1308 and
Q1316 and applied to the base of Q1318 through the
feedback winding of T1320. Regutation occurs as follows.

If the output voltage at the —2450 volt test point starts to
go positive (less negative), this positive-going change is
applied to the base of Q1306. Q1306 conducts harder,
which in turn causes Q1308 and Q1316 to conduct harder.
This results in greater bias current to the base of Q1318
through the feedback winding of T1320, Now, Q1318 is
biased closer to its conduction level so that it comes into
conduction sooner to produce a larger induced voliage in
the secondary winding or T1320, This increased voltage
appears as a more negative voltage at the —2450 volt test
point to correct the original positive-going change. By
sampling the output from the CRT cathode supply in this
manner, the total output of the High-Voltage Supply is
held relatively constant,
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Q1312 and Q1310 compose an overvoitage protection
circuit. In the event the regulating action of the circuit
should cause the CRT cathode supply to approach
approximately —3000 volts, the voltage level at the emitter
of Q1316 will be very close to —6 volts. Normaily Q1312
and Q1310 are biased off and do not conduct. When the
voltage level at the emitter of Q1316 reaches approximate-
ty —6 voits, Q1312 is biased into conduction, which inturn
biases Q1310 on. Q1310 now starts to reduce the base
drive applied to Q1318 and prevents the amplitude of
oscillations from increasing. This prevents the CRT
cathode supply from going more negative than ap-
proximately —3300 voits.

High-Voltage Rectifiers and Quiput

The high-voitage transformer T1320 has two output
windings. One winding provides filtament voliage for the
cathode-ray tube. The filament voltage can be supplied
from the High-Voltage Supply, since the cathode-ray tube
has & very low filament current drain. The filament of the
cathode-ray tube is elevated to the cathode level to
prevent cathode-to-filament arcing. The other winding of
T1320 is used to derive both the negative cathode
potential and the positive anode accelerating potential.

The positive accelerating potential is supplied by High
Voltage Multiplier 11321, Regulsted ouiput voltage is
approximately +15,500 volis. The negative cathode poten-
tialis supplied by a voltage doubler circuit, C1320, CR1320
and CR1321. Voitage ouiput is —2450 volts. Variations in
supply voltage are monitored by the High-Voliage
Regulator circuit to provide a regulated high-voliage
output.

Control-Grid DC Restorer

The Control-Grid DC Restorer couples dc and low
frequency components of the Z-Axis Amplifier signal to
the CRT control grid. This allows the Z-Axis Amplifier to
control the CRT beam current {intensity). The potential
difference between the Z-Axis Amplifier cutput and the
control grid {about 2450 volts} prohibits direct coupling.

The dc restorer is actually a cathode-referenced bias
supply for the CRT contro! grid. Quiescently, its output
voltage is more negative than the CRT cathode by an
amount set by the voltage level across VR1374, the setting
of Grid Bias adjustment R1375, and the voltage at the
output of the Z-Axis Amplifier.

When the secondary-winding cutput of T1320 swings
positive, C1372 charges through C1326, R1326, R1372,
CR1379, and R1379 to a voltage level that equals the
voltage determined by VR1374 and the setting of Grid Bias
adjustment R1375. At this voltage ievel, (approximately
+15 volts) CR1373 turns on, preventing any additional
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increase in positive voltage. When the secondary-winding
output swings negative, CR1373 turns off, then CR1371
turns on and clamps the iess positive voltage swing at
C1372 to the voltage level of the Z-Axis Amplifier. During
this less positive voltage swing, C1372 discharges through
CR1377 into C1371. Capacitor ©1371 holds the voltage
constant at the CRT control grid; it aise provides a path for
the fast rising and faliing portions of the Z-Axis Amplifier
output to be coupled to the CRT control grid for blanking
and unblanking.

CRT Control Circuils

fFocus of the CRT display is controlled by FOCUS
control R1380. The Focus Tracking control, R1335B,
located in a series resistor network with the FOCUS
controi, is ganged with the INTENSITY controi to reduce
focus variations when changing the INTENSITY setting.
The ASTIG adjustment R1397 which is used in conjunc-
tion with the FOCUS contro! to provide a well-defined
display, varies the positive level on the astigmatism grid.
Geometry adjustment R1390 varies the positive level on
the horizontal deflection plate shields to control the
overall geometry of the display.

Two adjustments control the trace alignment by vary-
ing the magnetic field around the CRT. Y Align adjustment
R1385 controls the current through L1385, which affects
the CRT beam after vertical deflection butbefore horizon-
tal deflection. Therefore, it affects only the vertical (Y)
components of the display. TRACE ROTATION adjust-
ment R1388 controls the current through L1386 and
affects both vertical and horizontal rotation of the beam.

Z-Axis Amplifier

The Z-Axis 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 dispiay. The input
transistor, Q1338, is a curreni-driven, low input im-
pedance amplifier. 1t provides termination for the input
signais as well as isolation between the input signals and
the following stages. The current signals from the various
controf sources are connected to the emitier of Q1338 and
the algebraic sum of the signals determines the collector
conduction level,

Q1344, Q1352, Q1354, Q1358, and Q1362 compose a
feedback amplifier stage. R1369 is the feedback resistor
and C1352 provides high-frequency compensation.
Q1344 is an emitter follower that provides drive to the
output complementary ampiifier made up of Q1352
Q1354, and (G1358. Q1358 is a device with higher frequen-
cy characteristics than Q1354 and is used to improve the
overall frequency capabilities of the Z-Axis Amptifier. On
the fast positive-going output signal peaks, Q1358
depletes the charge on C1358. Then, on the negative-
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going signal peaks, Q1362 is pulsed on to renew the
charge on C1358. CR1367 provides protection to the Z-
Axis Amplifier circuitry in the event of short duration
arcing in the CRT High-Voitage Power Supplies.

In the 0.1 s, 0.2 5, 0.5 5, and X-Y positions of the
TIME/DIV switch, the anode of CR1337 is connected to
ground. This limits how negative the operating level atthe
emitter of Q1338 can go to reduce the unblanking
capabilities of the amplifier, thereby reducing the
possibility of inadvertently burning the CRT phosphor,
When the BEAM FINDER pushbutton is pressed, —8 volts
is connected to the junction of B1342 and R1346. This
biases Q1338 off which in turn causes CR1343 to be
reverse biased. Now the output of the Z-Axis Amplifier is
Isolated from all of the circuit's normal signal inputs, The
cutput level of the amplifier is set at a nearly fixed levei
(approximately +25 voits) determined by the parallet value
of R1343 and R1346 divided into the feedback resistance
of the ampilifier. This sets the sweep intensity to a normal
viewing level.

CALIBRATOR

General

The Calibrator circuit produces a square-wave output
signal with accurate voltage and current amplitudes. This
output is available as a voltage or current at the
CALIBRATOR current loop on the instrument front panel.
Fig. 3-11 shows a detailed block diagram of the Cailbrator
circuit, A schematic of this circuit is shown on Diagram 13
at the rear of this manual.

MULTIVIBRATOR
Q1502
504

1862-72

Fig. 3-11. Detailed block diagram of the Calibrator circuit.
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Multivibrator

Q1502 and Q1504 along with their associated circuitry
compose an astable multivibrator. The basic frequency of
the multivibrator is approximately one kilchertz and is
essentially determined by the RC combination of C1505,
R15602, and R1504. Q1502 and Q1504 alternately conduct,
producing & square-wave signal that is taken from the
coliector of Q1504.

Output Amplifier

The output signal from the Multivibrator overdrives
Output Amplifier Q1512 to produce a sguare wave at the
cutput. When the base of Q1512 goes positive, Q1512 is
cut off and the collector levei drops down to ground. When
the base goes negative, Q1512 biased into saturation and
the collector of Q1512 rises positive to about +5 volts.
Amplifude adjustment R1515 adjusts the resistance
between the collector of Q1512 and ground to determine
the amount of current allowed to flow, which in turn
determines the voltage developed across R1517.

FAN MOTOR CIRCUIT

General

The fan motor used inthe 475A is a brushless DC motor
using Hall Effect devices. The fan motor control circuitry
varigs the rotational speed of the fan as the operating
temperature changes.

Two Halil Effect devices inside the motor, and 4
transistors U169CA, B, C, and D compose a sine-wave
generator to drive the motor windings. Each of the 4
transistors is controlled by 1/2 of a Hall element to
generate 1/4 of the sine-wave cycle.

As the ambient temperature increases, the value of
thermistor RT16926 decreases. This biases Q1698 on
harder to conduct more current through the Hal! devices
and turn the motor winding control transistor on harder.
The harder the transistor is conducting, the faster the fan
rotates.

Typical fan speed variation with ambient temperature
is:
~156°C, approx. 800 RPM

+25°C, approx. 2000 RPM
+85°C, approx. 3100 RPM

3-27






Section 4—475A Service

MAINTENANCE

This section of the manual contains directions for

cabinet removal, preventive maintenance,

frouble-

shooting and corrective maintenance of the 475A.

MAINTENANCE SECTION OUTLINE
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CABINET AND RACK ADAPTER
REMOVAL

Standard Cabinet Bemoval

The standard instrument cabinet can be removed inthe
foliowing manner:

1. Disconnect the Iinstrument power cord from the
power source.

2. Install the front-panel cover and set the instrument
face on a flat surface,

3. Unwrap the power cord from the instrument feet.

4. Remove the 6 screws indicated in Fig. 4-1 and
reamove the rear cabinet frame with feet and screws from
the instrument as an intact assembly.

Fig. 4-1. Removing the standard cabinet,
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5. Lift the cabinet up until it is separated from the
instrument and power cord.

| WARNING |

Dangerous potentials exist at several poinis
throughout this instrument. When the instrument is
operated with the cabinent removed, do not touch
exposed connections or components. Some tran-
sistors may have elevated cases. Disconnect power
before cleaning the insfrument or replacing parts.

Standard Cabinet Installation

The standard instrument cabinet should be instailed in
the following manner:

1. Disconnect the instrument power cord from the
power source,

2. i the Vertical Qutput circuit-board cover is not in
place, instali the cover on the top of main chassis. Where
parts were removed or replaced check all sections of the
instrument for proper assembly. |t may by helpful to use
the diagrams in Section 9, Mechanical Parts List, for the
locations of parts.

3. 475A DM44—If the DM44 main circuit-board is not
in place, instali the board on the main chassis.

4. Install the front-panel cover and set the instrument
face on a flat surface.

5. Place the cabinet handle against the botiom of the
cabinet {bottom of cabinet is nearest the carrying handle
pivot points).

6. Pull the power cable through the cabinet and slide
the cabinet over the instrument using care to avoid
pinching cables or damaging components that protrude
from circuit boards.

7. Using both hands, press lightly on the top and
bottom sides of the cabinet until the front edge of the
cabinet is inserted into the braided gasket groove around
the full periphery of the front cabinet frame.

8. Pull the power cord through the rear cabinet frame,
align a cutout portion in the frame for proper fit at the
regulating-range selector cover and work the frame into
place.
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9. Set the feet and screws in place and exert a light
downward pressure on the rear cabinet frame with 1 hand
and arm. Press lightly on the top and bottom sides of
cabinet with the other hand, checking that cabinet edgeis
properly seated in the gasket groove of both front and rear
frames. Continue to exert a downward pressure and
tighten the 6 screws of the rear frame to a snug fit. Do not
over-tighten these screws.

The standard cabinet protects this instrument from
dust in the interior and also provides protection to
personnel from the operating potentials present. In addi-
tion, the cabinet reduces the emi {(electromagnetic in-
terference) radiation from the instrumentand interference
to the display due to other equipment.

The front-panel cover provides a dust-tight seal around
the front panel and protects the front panel when storing
or transporting the instrument.

Rack Adapier Removal

The Rack Adapter can be removed from the instrument
in the following manner:

1. Remove the hardware that fastens the Rack Adapter
te the rack and pull the adapter partially out. Disconnect
the instrument power cord from the power source and
remove any interconnecting cabies.

NOTE

Ifitisdesired to tiltthe Rack Adapterand instrument,
remove a screw from the rear of each slide section
mounted to the Rack Adapter. These securing
screws are an important part of the mounting and
should be installed when filt operation is not
necessary.

2. RemovetheRack Adapter, with instrument, from the
rack and set the bottom of the complete assembly on a flat
surface.

3. Remove 2 setscrews from the top, front of Rack
Adapter chassis, (A (0.125-inch Allen wrenchis required to
remove the setscrews.) it may be helpful to use the
diagrams in Section 8 Mechanical Parts List for the
iocations of parts.

4. Remove 10screws that hold the rearsupport plateto
an angle bracket on one side, to the Rack Adapter chassis
on the opposite side, and to the rear of the instrument.
Remove the rear support-plate and blue-plastic rear
frame.
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5. Slide the instrument forward through the adapter
cabinet, using both hands (front and rear) to liftand guide
the instrument until separated from the Rack Adapter.

WARNING

Cangerous poteritials exist at several points
throughout this insfrument. When the instrument is
operated with the Rack Adapfer removsd, do not
touch exposed connections or components, Some
fransistors may have elevated cases. Disconnect
power before cleaning the instrument or replacing
parts.

Rack Adapter Installation

The Rack Adapter should be installed in the following
manner:

1. Disconnect the instrument power cord from the
pOWEr source.

2. i the Vertical Output circuit-board cover is not in
place, install the cover on the top of the 475A main chassis,
Check all sections of the instrument where parts were
removed or replaced for proper assembly. It may be
heipful o use the diagrams in Section 9, Replaceable
Mechanical Parts for the locations of parts.

3. Setthe bottom of the Rack Adapteronaflatsurface,
puil the power cord through the cabinet portion of the
Rack Adapter and slide the instrument rearward using
both hands (front and rear) to lift and guide the insirument
until fuily inserted. Use care to avoid pinching cables or
damaging components that protrude from circuit boards.

4. Check that the front ecge of the cabinet portion of
the Rack Adapter is inserted into the braided gasket
groove around the full periphery of the instrument front-
frame. Pull the power cord through the blue-plastic rear
frame, align a cutout portion in the plastic frame for proper
fit at the regulating-range selector cover, and work the
frame into place.

5. Apply the rear support bracket to the rear of the
Rack Adapter. Install, without tightening, § screws that
secure the rear support bracket through the blue-plastic
frame to the rear of the instrument and 4 screws that
secure the rear support bracket to an angle bracketand to
the Rack Adapter chassis.

6. Check that all paris of the complets assembly are
properly seated, then tighten to asnug fitthe screws atthe
rear of the instrument and the screws at the adapter
chassis. Do not overtighten these screws.
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7. Instali 2 setscrews at the fop-front of the Rack
Adapter chassis. (A 0.125-inch Allen wrench is requred to
instail the setscrews )

8. Mount the Rack Adapter slide sections to the rack
slide assemblies, connect the power cord, connect any
interconnecting cables, push the Rack Adapter into final
operating position, and install the adapter-to-rack
hardware.

The Rack Adapter cabinet (Part No. 016-0556-00) for
the 475A provides the proper eiactrical environment for
the instrument, reduces dust collection, reduces handiing
damage toaminimum, and provides a means for mounting
the instrument solidly to a surface such as a rack or
console.

PREVENTIVE MAINTENANCE
introduction

Preventive maintenance consists primarily of cieaning
and visual inspection. When performed on aregular basis,
preventive maintenace can prevent instrument break-
down and improves the reliabifity of this instrument. The
severity of the environment te which the 475A is subjected
will determine the fregquency of maintenance. A con-
venient time to perform preventive maintenance is just
prior 1o recalibration of the instrument,

Cieaning

The cabinet provides protection against dust in the
interior of the instrument. Operation without the cabinetin
place necessitates more frequent cleaning. The front
cover provides a measure of dust protection for the front
panel and the c¢rt face. The front-panel cover should be
instalied when storing or transporting the instrument.

T a VPN

2 CAUTION é

SV NP S P

The volts/division attenuators use a plastic material
{polyphenylene oxide} that is easily damaged by the
use of carbon-based solfvents., Avoid the use of
chemical cleaning agents which might damage the
plastics wused in this Instrument, Do not use
chemicals that corttain acetone, bshzane, toluene,
xylene, petroleum ether, white kerosene, carbon
tetrachloride, methvlene chloride, trichloroethane,
trichlorotriflucroethane (freon 113, -tf, -ta, -tme) and
trichliorethylene. Recommended cleaning agents for
general intericr cleaning, except switch contacts,
are isopropyi alcohol, kefite (1 part kelite, 20 parts
water), and a solution of 1% miid detergent and 99%
water. (Read the information under Cleaning,
Switch Contacts, before attempting to clean in the
area of the volis/division attenuators}. As a second
choice, in the absence of these cleaners, it is safe 1o
use athyl alcoho! {fotocol, ethanol) and methyi
alcohol {methanol).
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Most spray circuit-cooiants contain freon 12 as a
propellant. Because many freons adversely affect
swifch contacts, check the contents and brand name
before using a spray coolant. Use the following
brand names for an acceptable coolant in areas
other than the volts/division attenuators: Arctic
Freeze, Quik-Freeze. and Can-0-Gas. Do nol use
Zero Mist brand of circuit coolant. The recommend-
ed circuit coolants for the volts/division attenuators
are dry ice (COy) or isopropyl alcohol,

Switch Contacts. Most of the switching in the 4754 is
accomplished with circuit-board mounted, cam-actuated
contacts, Care must be exercised to preserve the high-
frequency characteristics of these switches. Seldom is
switch cleaning necessary, butifitis required, observe the
following precautions.

For cleaning the switch contacts, isopropyl alcohol is
the recommended scivent to use. Apply the isopropyt
alcohol with a camel-hair brush. Do not use cotton swabs
as they iend 10 snag on contacts, possibly causing
damage, and leave strands of cotton, causing intermittant
electrical contact,

General Interior. Dust in the interior of the instrument
should be removed occasionally due to its electrical
conductivity under high-humidity conditions. Ac-
cumulations of dirt shouid be removed as often as
operating conditions reguire because dirt can cause
overheating and component breakdown. Dirt on com-
ponents acis as an insufating blanket and prevenis
efficient heat dissipation. It also provides an electrical
conduction path that can result in instrument failure. The
best way to clean the interior is to blow off the ac-
cumulated dust with dry, low-pressure air (approximatety
9 In/in’). Remove any dirt that remains with a soft brush or
acloth damped with amild detergentand water solution. A
cotton-tipped applicator is useful for cleaning in narrow
spaces or for cleaning ceramic terminal sirips and circuit
boards.

Exterior. Loose dust accumutated on the outside of the
475A can be removed with a softcioth or small paint brush.
The paint brush is particularly useful for dislodging dirton
and around the froni-panel controls. Dirt that remains can
be removed with a sofi cloth dampened in a mild detergent
and waier soiution, Abrasive cleaners should not be used.

CRT Face, Filter and Shields. Clean the individual blue
or clear plastic impiosion shields and the crt face with a
soft, lint-free cioth dampened with denatured alcohol
{ethyi alcohol) or a mild detergent and water solution.
install only one imptosion shield between the bezeland ort
face. The optional crt mesh filter can be cleaned in the
following manner:

@
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1. Hold thefilter in a vertical position and brush lightly
with a soft 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. Hany lint or dirt remains, use clean low-pressure air
{approximatety 9 1b/in’} to remove. Do not use tweezers or
other hard cieaning toois on the filier as the special finish
may be damaged.

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

Air Filter. The air filtershould be visually checked every
few weeks and cleaned or repiaced it dirty. More frequent
inspections are required under severe operating con-
ditions. The following procedure is suggested for cleaning
the filter. 1f the filter is to be replaced, order new air filters
from your local Tektronix Field Office or representative;
aorder by Tektronix Part Ng, 378-0044-01.

1. Remove the filtar by pulling it out of the retaining
frame on the rear panel. Be careful not to drop any of the
accumuiated dirt into the instrument.

2. Flush the loose dirt from the filter with a stream of
hot water.

3. Place the filter in a solution of mild detergent and
hot water and let it scak for several minutes.

4. Squeeze the filter to wash out any dirt which
remains.

5. Rinse the filter in clear water and aliow it to dry.

6. Coat the dry filter with an air-filter adhesive
(available from air conditioner suppliers, or order
Tektronix FPart No. 008-06580-00).

7. Let the adhesive dry thoroughly.

8. Install the filter in the retaining frame.
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Visual Inspection

The instrument should be inspected occasionally for
such defects as broken connections, broken or damaged
ceramic strips, improperly seated semiconductors,
damaged or improperly instalied circuit boards, and heat-
damaged parts.

The corrective procedure for most visible defects is
cbvious; however, particular care must be taken i heat-
damaged componenis are found. Overheating usually
indicates other trouble in the instrument; tharefore, it is
important that the cause of overheating be corrected to
prevent recurrence of the damage.

Lubrication

The fan motor and most of the potentiometers used in
the 475A are permanently sealed and generally do not
reguire periedic lubrication. The switches used in the
475A, both cam- and lever-type, are instalied with proper
tubrication appiied where necessary and will only rarely
require any additional iubrication. It is recommended that
a regular periodic lubrication program not be performed
on any of the components used in the 475A,

Semiconductor Checks

Periodic checks of the transistors and other semicon-
ductorsin the 475A are not recommended. The best check
of semiconductor performance is actual operation in the
instrument.

Recalibration

To ensure accurate measurements, check the calibra-
tion of this instrument after each 1000 hours of operation
or every six months if used infrequently. In addition,
replacement of component may necessitate recalibration
of the affected circuits. The calibration procedure can alsc
be helpful in localizing certain troubles in the instrument.
In some cases, minor troubles may be revealed and/or
corrected by recalibration. Compiete calibration instruc-
tions are given in the Calibration section.

TROUBLESHOOTING

Introduction

The following information is provided to facilitate
troubleshooting of the 475A. Information contained in
other sections of this manual should be used along with
the foliowing information to aid in locating the defective
component. An understanding of the circuit operation is
helpful in locating troubles, particularly where integrated
circuits are used. See the Circuit Description section for
this information.
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Troubleshooting Aids

Diagrams. Complete circuit diagrams are given on
foldout pages in the Diagram section. The component
number and electrical vatue of each component in this
instrument are shown on the diagrams (see first page of
the Diagrams section for definition of the reference
designators and symbols used to identify components in
this instrument}). Each main circuit is assigned a series of
component numbers. Table 4-1 lists the main circuits in
the 475A and the series of component numbers assigned
toeach. Importantvoitages and waveforms are aiso shown
on the diagrams. The portions of the circuit mounted on
circuit boards are enclosed with biue lines.

Chreuit Board lllustrations. T¢ aid in locating circuit
boards in the instrument, a circuit board location illustra-
tion is placed on the back of the pulicut page preceding
the circuit diagram. An illustration of the circuit board,
with circuit components of the following circuit diagram
identified, is alscinciuded on this page. Each circuit board
Hiustration is arranged {o facilitate rapid physical location
of components listed on the schematic diagrams.

Adjusiment Locations Hustrations. To aid in locating
test points and adjustable components, the Adjustment
Locations pullout pages {normally used with the calibra-~
tion procedure) permit very rapid iocation of {est points
and adjustments because only these components are
identified. The Adjustment Location illustrations will be
found following the Calibration Procedure (Section 6 of
this manual}.

Resistor Color-Code. In addition to the brown com-
position resistors, some metal-film resistors and some
wire-wound resistors are used in the 475A. The resistance
values of wire-wound resistors are usually printed on the
body of the component. The resistance values of composi-
tion resistors and metal-film resistors are celor-coded on
the componenis with EIA 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 of two significant figures, amultiplier,and a
telerance value {see Fig. 4-2). Metal-film resistors have
five stripes consisting of three significant figures, a
multiplier, and a tolerance value.

Capacitor Color-Code. The capacitance values of
common disc capacitors and small electroliytics are
marked on the side of the component body. The white
ceramic and epoxy-coaied tantalum capacitors used in
the 475A are color-coded, using a modified EIA code (see
Fig. 4-2}.
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TABLE 4-1

Circuit Number-to-Diagram Locator

Circuit Number Diagram
Series Name of Circuit Number
10 — 48 CH 1 ATTENUATORS
100 - 199 CH 1 VERTICAL PREAMP
10 — 68 CH 2 ATTENUATORS
200 — 299 CH 2 VERTICAL PREAMP
300 — 439 VERTICAL CHANNEL SWITCHING
440 — 499 VERTICAL QUTRPUT AMPLIFIER

500G - 570, R579

{See LV POWER SUPPLY

for more 500-series numbers)
660 — 679

700 — 709

A TRIGGER GENERATOR

710 - 786, R789

B TRIGGER GENERATOR

571 — 629
BAD — B4D
680 — 699
787 - 829

1492 — 1499 {See LV
POWER SUPPLY for more
149C-series numbers)

SWEEP AND Z AXIS LOGIC

800 — 1049 SWEEP GENERATCORS
1050 - 1089 TIMING AND HORIZONTAL DISPLAY SWITCHING
1100 — 1269 HORIZONTAL AMPLIFIER

C507, R507, CB08. R508. R529
C1335, LR1335 1338, LR1336

LV POWER SUPPLY

1400 — 1480
R1495, Q1494 Q1496 Q1497

1300 — 1399 CRT CIRCUIT
1500 — 1519 CALIBRATOR
1690 — 1689 FAN CIRCUIT

QSO PO O O O OO0

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 stripes, the color-code identifies the three
significant digits of the Tektronix Part Number using the
resistor color-code system (e.g., a diode color-coded pink
~ or -~ blue —, brown — gray - green indicates Tekironix
Part No. 152-0185-00). The cathode and anode ends of
metal-encased diodes can be identified by the diode
symbol marked on the body.

@

Semiconductor Lead Configuration. Fig. 4-3shows the
lead configuration for the semiconductors used in this
instrument, as viewed from the bottom of the semiconduc-
tors.

Troubleshooting Equipment

The following squipment is useful for iroubleshooting
in the 475A.

4-7



Maintenance—475A Service

COMPOSITION
RESISTORS

METAL-FILM
RESISTORS

@ (@ and(@)- 15T, 28D, AND 3RD SIGNI FICANT FIGS.
M - muLTIPLIER (T) - TOLERANCE:
(® - TEMPERATURE COEFFICIENT.

COLOR CODE

1862-74

CERAMIC
CAPACITORS

DiPPED
TANTALUM

+ ~  ELECTROLYTICS

SMALL DISC
CAPACITORS

() AnD/OR @ COLOR CODE MAY NOT
BE PRESENT ON SOME CAPACITORS;
() - POLARITY AND VOLTAGE RATING

RESISTORS CAPACITORS DIPPED
COLOR | SIGNIFICANT TANTALUM
FIGURES [MULTIPLIER|TOLERANCE | MULTIPLIER TOLERANCE vg’g&%&
{OHMSE) {pF) OVER 10pF | UNDER 10pF
BLACK 0 1 i e 1 £20% * 2pF 4vDC
BROWN 1 10 +4% 10 £1% 0.1pF 6VDC
RED 2 102 ar 100 +29 1026r 100 1%, - 10VDC
ORANGE 3 10%0r 1K 3% 103 or 1800 +3% P 15VDC
+100%
YELLOW 4 104 or 10K T4y, 104 or 10,000 0o R - 20VDE
- Q
5 B 1D%0r
GREEN 5 105 or 100 K, £1/2% 100 060 5% *0.5pF 2VDC
5 + 1080r 4 , S
RLUE 6 0% or 1 M +1/4% 1,000,000 36VDC
— 7
VIOLET 7 S £1710% oot os 1 - - 50VDC
+80%
aAY — _ 10°2 or 0, I0.28pF -
G 8 or0.01 1 ooe p
WHITE 9 - ——— 102 or 0.1 +10% HpF 3VDC
GOLD e e 10-1 or 0.1 59 P _ J— .
SILVER i 1077 or 0,01 0% —— R R S — -
NONE _— — +20% — £10% H1pE N

Fig. 4-2. Color codes for resisters and capacitors.
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1862-75

SINGLE

N @/
A
1
cl || e
8
E
I METALCASE ! ! FLAT PACK !
TRANSISTGR 7 TRANSISTCR

L easticcase_ ] | PLASTIC CASE | | pualL METAL _|

TRANSISTOR FETS CASE FEY

INTEGRATED CIRCUITS

Fig. 4-3. Lead configurations ot semiconductors used in this instrument.
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1. Semiconductor Tester

Description: Dynamic — type taster. Must be capable of
measuring reverse breakdown voitages of at least
400 voits.

Purpose: To test the semiconductors used in this
instrument.

Recommended type: Tektronix 576 Curve Tracer or
Tektronix 577 (D1 or D2} Curve Tracer with 177 Test
Fixture.

2. Test Oscilloscope

Description: Frequency response, dc to 75 megahertz
or greater; deflection factor, 1 millivolt to 5 volts/division;
Input impedance, 1 megohm, 20 picofarads: sweep rate,
0.5 second/division to 50 nanoseconds/division. A 10X,
10-megohm voltage probe should be used to reduce
circuit loading for waveform measurements. A 1X, 1-
megohm voltage probe should be used for power supply
rippie checks.

Purpose: To check operating waveforms in this instru-
ment.

Recommended type: Tektronix 7603 Oscilloscope with
TA13 Amplifier and 7B50 Time-Base units. Use a PA053
10X probe and a P6011 1X probe.

3. Multimeter

Description: Non-loading Digital Multimeter.
Voltmeter, 10 megohm input impedance and 0 to 150 volts
range; dc voltage accuracy, within 0.15%; display, 4-1/2
digits. Ohmmeter, 0 to 20 megohms.

Purpose: To check wvoltages and for general
troubleshooting in this instrument.

Recommended type: Tektronix DM 501 Digital Multi-
meter (requires a TM 500-series power moduie),

4. Varable Autotransformer

Description: Output variable from 0 to 140 volts, 1.2
amperes minimum rating. Must have 3-wire power cord,
plug, and receptacle.

Purpose: To vary the input fine voltage when
troubleshooting in the power supply.
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Recommended type: General Radio WBMT3VM or
WI10MT3W Metered Variac Autctransformer.

Troubleshooting Techniques

This troubleshooting procedure is arranged inan order
which checks the simple trouble possibilities before
proceeding with extensive troubleshooting. The first few
checks ensure proper connection, operation and calibra-
tion. If the trouble is not located by these checks, the
remaining steps aid in iocating the defective component.
When the defective component is located, it should be
replaced following the replacement procedure given
under Corrective 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 of this
manual.

2. Check Associated Equipment. Before proceeding
with troubleshooting of the 475A. check that the equip-
ment used with this instrument Is operating correctly,
Check that the signai is properly connected and that the
interconnecting cables are not defective. Also, check the
power source.

3. Check Instrurment Calibration. Check the calibra-
tion of this instrument, or the affected circuit if the trouble
exists in only one circuit. The apparent trouble may oniy
be a result of misadjustment and may be corrected by
calibration. Complete calibration instructions are given in
the Catibration section of this manual.

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

5. Isolate Trouble to a Circuit. To isolate trouble to a
particular circuit, note the trouble symptom. Thesymptom
often identifies the circuit in which the trouble is located.
When trouble symptoms appear in more than one circuit,
check affected circuits by taking voltage and waveform
readings. Typical voltages and waveforms are given on the
schematics in the Diagrams section.

6. Clrcuit Troubleshooting Sequence. If the instru-
ment is found to have inoperative functions in more than
one area of the main oscilloscope circuits, repair the
circuits in the order specified in the following list:

a. LV, POWER SUPPLY {(Check +50V, 4110V,
H15V, 45V, 15 V and -8 V supplies.}

@



b. HIGH VOLTAGE {Check cscillator and regulator,
over-voltage protection circuit and secondary load.)

c. A SWEEP (Set TRIG MCODE to AUTO; repair until
sweep Is repetitive.)

d. HORIZONTAL AMPLIFIER (Turn horizontal POSI-
TiON; repair until each defiection plate cutput has proper
voltage swing.)

e. VERTICAL QUTPUT AMPLIFIER (Turn vertical
POSITION; repair until each deflection plate output has
proper voltage swing.)

f. Z AXIS (set TRIG MODE to SINGL SWP; repair unti
spot display is controlled by INTENSITY )

g. All remaining inoperative functions.

The preceding recommended troubleshooting se-
quence is intended o be a guick approach to circuit
troubleshooting. See Special Troubleshooting Informa-
tion listing in this section for detailed troubleshooting
instructions.

Fig. 4-4 provides a guide in locating a defective circuit.
This chart may not inciude checks for all possible defects;
use steps 7 through 9 in such cases. Start from the top of
the chart and perform the given checks on the left side of
the page until a step is found which does not produce the
indicated results. Further checks and/or the circuit in
which the trouble is probably located are listed to the right
of this step.

After the defective circuit has been located, it may be
helpiul to read the applicabte part of the Circuit Descrip-
tion section and Special Troubleshooting Information part
of this section to aid in locating defective components.
After doing this, see steps 7 through 9 for additional
information.

7. Check Circuit Board Interconnections. After the
trouble has been isolated to a particular circuit, check for
loose or broken connections atcircuit-board interconnec-
ting pins, plugs and end-lead connectors.

8. Check Yoltages and Waveforms. Often the defective
component can be located by checking for the correct
voltage or waveform in the circuit. Typical voltages and
waveforms are given on the diagrams.

el
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NOTE

Voltages and waveforms given on the diagrams are
not absolute and may vary stightly between in-
struments. To obtain operating conditions similar to
those used to take these readings, see the voltage
and waveforms page with each schematic diagram.
On this page, note the recommended test eguip-
ment, front-panel control seitings, voltage and
waveform conditions, and test equipment cable
connection instructions. Voltages and waveforms
given on the schematics should be checked against
each instrument while it is operating properly.
Deviations should be noted on the schematics for
later reference,

9. Check Individual Ceomponents. The foilowing
procedures describe methods of checking individual
componenis. Components which are soldered in place
should be checked after disconnecting one end from the
circuit. This isolates the measurement from the effects of
surrounding circuitry.

a. SEMICONDUCTCRS.

i B
WARNING §

Power switch must be turned off before removing or
repfacing components.

A good check of transistor operation is actual in-circuit
performance under operating conditions and most tran-
sistors in the 475A can be checked this way. A transistor
can be most effectively checked by substituting a new
component for it {or one which has been checked
previousiy). However, be sure that circuit conditions are
not such that a replacement transistor might aiso pe
damaged. If substitute transistors are not available, use a
dynamic tester. Static-type testers are not recommended,
since they do not check operation under simulated
operating conditions.

When troubleshootling iransistors with a voltmeter,
measure the emitter-to-base and emitter-to-collector
voltages to determine if the voltages are consistent with
normal circuit voltage. Voltages across a transistor vary
with the type of device and Hs circuit function. Some of
these voltages are predictable. The emitter-to-base
voltage of a conducting silicon transistor will normally be
06 to 08 volts. The emitter-to-collector voltage of
saturated transistors is approximately 0.2 volts. Because
these values are small, the best way to check them is by
connecting the voltmeter across the junction and using a
sensitive voltmeter setting, rather than by comparing 2
voltages taken with respect to ground {both leads of the
voltmeter must be isolated from ground if this method is
used.
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If values less than these are obtained, either the device
is short-circuited or no current is flowing in the circuit. If
values are in excess of the base-emitter values given, the
junction is back-biased or the device is defective. Values in
excess of those given for emitter-collector could indicate
either a non-saturated device operating normally, or a
defective (open-circuited) transistor. if the device is
conducting, voitage will be developed across resistances
in series with it; if it is open, no voltage will be developed
across resistances in series with it uniess currentis being
supplied by a paraliel path.

When troubleshoocting field-effect transistors, the
voltage across its elements can be checked in the same
manner as fransistors. However, it should be remembered
that usual operation has the gate-to-source junction
reverse biased, or 0 biased, as is used in many circuiis in
the 475A.

IC's {integrated circuiis) can be checked with a
voitmeter, test oscilloscope, or by direct substitution. A
good understanding of circuit operation is essential to
troubleshooting circuits using |C's. Use care when check-
ing voitages and waveforms around the IC's so that
adiacent leads are not shorted together. A convenient
means of clipping a test probe to the 14- and 16-pin IC's is
with an 1C test clip. This device also doubles as an
extraction tool. The fead configuration for the semicon-
ductors used in this instrument are shown on Fig. 4-3,

b. DIODES. A diode can he checked for an open or
shorted condition by measuring the resistance between
terminals after disconnecting cne end from the clrcuit.
With an ohmmeter set to the R X 1k scale, the resistance
should be very high in one direction and very low when the
leads are reversed.

VSO S A S

Yy CAUTION «

L SN SN SN SV SNV S A
Do not measure tunnelf diodes with an ochmmelter,
use a dynamic tester (such as a Tektronix Type 576
Transistor-Curve Tracer).

Voltmeter checks on dicdes can be performed in much
the same manner as on transistor emitter-to-base junc-
tions. Siticon dicdes should have 0.6 t0 0.8 volis across the
junction when conducting. Higher readings indicate that
they are either back biased or defective, depending on
polarity.

¢. RESISTORS. Check the resistars with an ohmmeter
after disconnecting one end from the circuit. Check the
Eiectrical Parts List for the tolerance of the resistors used
in this instrument. Resistors normally do not need to be
replaced unless the measured value varies widely fromthe
specified value.
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d. INDUCTORS. Check for open inductors by check-
ing continuity with an ohmmeter. {It may be helpful to
disconnect one end of the inductor when checking
continuity.) Shorted or partially shorted inductors can
also be found by checking the waveform response when
high-frequency signals are passed through the circuit.
Partial shorting often reduces high-frequency response
{increases rol-off).

e. CAPACITORS. A leaky orshorted capacitor can be
detected by checking resistance with an chmmeter, on the
highest scate, after disconnecting one end from the
circuit. Do not exceed the voltage rating of the capacitor
{some ohmmeters use 30 volis as source voitage). The
resistance reading should be high after initial charge of
the capacitor. An open capacitor can alsoc be detected with
a capacitance meter or by checking whether the capacitor
passes ac¢ signals.

f. ATTENUATORS. The thick fiim attenuatcrs are best
checked by substitution. If only cne channel ofthe 475A s
not operating properly, and there is reason to believe an
attenuator is defective, replace the suspected atienuator
with the same atienuaior from the other channel and
check instrument operation. If proper operation results,
order a new attenuator. {See ComponentReplacement for
replacement instructions.)

10. Repair and Readjust the Circuit. |f any defective
parts are located, foliow 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. Recalibration of the
affected circuit may be necessary.

Special Troubleshooting Information

General. The foliowing information provides a
procedure for troubleshooting some of the more complex
circuits in the 475A. A thorough understanding of the
circuit operation is essential before troubleshooting in
these areas. Read the applicable portions of the Circuit
Description in Section 3 before proceeding. This
troubleshooting procedure refers 1o the diagrams,
operating voltages, and waveforms given in Section 8,
Specifications  for the equipment necessary 1o
troubleshoot in these procedures are given earlier in this
section under Troubleshooting Equipment.
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Troubieshooting the L.V. Power Supplies. incorrect
operation of all circuits often indicates trouble in the
power supply. Check first for correct voltage of the
individual supplies. A defective component elsewhers 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 instru-
ment. Check or repair the power supplies in the sequence
specified in Table 4-2. These voltages are measured
between the power-supply test points and ground. i a
power-supply voltage Is within the listed tolerance, the
supply can be assumed to be working correctly. If outside
the tolerance, the +50-volt supply may be misadjusted or
other suppiies may by operating incorrectly. Use the
procedure given in the Calibration section io adjust the
+50-volt supply if adjustment is necessary. Use Adjust-
ment Locations 1 pullout page in the Calibration section to
locate power-supply test points.

TABLE 4-2
Power Supply Tolerance and Ripple

Typical Ripple

Power Supply Tolerance (peak-to-peak)
B0V 0.5% (250 mV) 2mv

110V 3% {3.3 V) 1V

P15V 1.5% (225 mV) 2 my
H5 W 1.5% (75 mV}) 2mv
15V 1.5% {225 mV) 2mv
-8V 1.5% {120 mV) 2mv

Connect the 475A to a variable autctransformer. Then,
check each power supply for correct ripple with a test
oscilloscope, while varying the autotransformer
throughout the regulating range of this instrument (see
rear panel regulating range selector cover for regulating
range). Table 4-2 lists the typical ripple of the power
supplies in this instrument. Measure the rippie betwesn
the power supply test points and ground.

A malfunction in the power supply can be caused by
one or more supplies being shorted to ground. Check the
resistance of the individual supplies to ground against the
typical resistances listed in Table 4-3. Be sure the instru-
ment is not connected to a power source when making
these measurements to prevent error in resistance
readings and to prevent possible meter damage.

@
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TABLE 4-3

Power Supply Resistance Check'

Typical Resistance
To Ground’
Ohmmeter + Lead - Lead
Supply Scale’ At Supply | At Supply

+110 VvV 20 K 11 k2 9.3 kQ

+50 V 20K 2.7 k{2 2.7 kKO
+15 V 2K 83 Q2 63 Q
+5 Y 2K 46 0) 468 Q
2K 480 Q) —m———

mis 20K | e 10 kO
"""" 8V 2K 32 Q 320
UNREG 20 K 14xQ | -
+50 vV 2K e 500
=105/ 20 K 12k | e

160V 2K | e 1 k2

If any of the supplies are shorted to ground, repair them
untit normal resistance readings are obtained. Connect
the instrument to the correct power scurce and check the
supplies for proper voltages listed in Table 4-2. If two or
more of the individuza! supplies have incorrect voltages,
repair them in the order listed in Table 4-2.

The +50 voit supply is the reference for all other
supplies and must be repaired first. The +15 volt supply
and the +5 volt supply should be working properly before
repair on the ~8 volt supply or the —15 voit supply is
attempied.

When repairing a power supply in the 475A the
following information may be helpful. The +50-voltsupply
is used as an example 1o identify companent functions.

1. Check for proper voltage and ripple from the diode
bridge rectifier {CR1412 in the +50-volt supply; check at
collector of the series regulator for any supply).

‘Instrument power cord should be removed from power source.

’Readings taken with a digital chmmeter (see item 3 under
Troubleshooting Equipment in this section).

’Readings are normal it within 50% of listed value.
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2. Check that the current-limiting transistor is off
Q1432 in the -850 volt supply) by measuring base-to-
emitter voltage. If the supply is current limiting, remove
the power from circuit boards, individually, until the
supply voltage returns to normal and the circuit board
drawing excess power is identified. To remove power to
circuit boards, disconnect plugs, or desolder and lift one
end of decoupling networks, or move circuit boards
enough to ctear interconnecting pins.

3. Measure the reference voltage at the supply
operational ampilifier and check for proper voltage (pin 3
of U1418 of +50 volt supply; negative input of the
operational amplifier of any supply).

Troubleshooting the High-Voltage Circuit. There are 3
major areas of concern when troubleshooting this cir-
cuitry; the high-voltage oscillator and reguilator, the over-
voltage protection circuit, and the secondary load in-
cluding the crt and the high-voltage multiplier. By dis-
connecting the appropriate circuit, the high veltage
should come up. It may be helpful to use the {oliowing
information, in seguence, te troubleshoot an inoperative
high-voltage circuit.

1. Check the coillector of Q13168 for approximately
0.7 volts to approximately +1.6 voits.

2. Check the positive end of C1318 for approximately
+21 volts.

3. Check the collector of Q1318 for approximately
21 volts.

4. Disconnect and |ift one end of CR1329.

5. Disconnect the crt base socket to eliminale crt
loading.

6. Check or repiace C1316.

7. I the oscillator still does not come up, the high-
voitage multiplier could be defective. Remove the Vertical
Preamp board to expose the multiplier and disconnect the
center tap of the high-volitage transformer from the
multiplier tie point.
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Troubleshooting the Sweep Circuils. The sweep cir-
cuits should be repaired in the following order:

A {Sweep)

A INTEN {(Intensified Sweep)
B DLY'D (Sweep)

MIX (Sweep)

A Sweep and Logic

1. Remove all external signals to the instrument, set
TIME/DIV to 1 ms (lock knobs), set HORIZ DISPLAY o A
and set TRIG MGDE to AUTO.

2. Remove Q572 from its socket. This will cause only
the Slow Non-Delaying Sweep Generator {A Sweep),
which normally should be in operation, 1o stay at a low
voltage level. Check the collector of Q984 for ap-
proximately +0.3 voit. Check the collector of Q1014 for
approximately +16.4 volts. Check the collector of Q922
for approximately +14.6 volts.

Set TIME/DIV to 0.5 us or faster. This should cause the
Siow-Non-Delaying Sweep Generator to run up and the
Fast Non-Delaying Sweep Generator to run down. Check
the collector of Q984 for approximately +16.4 volts and
check the collector of Q1014 for approximately +0.3 volt.

At this point, the A Sweep holdoff should be in a reset
condition. Check TP588 for approximately —4 volts.
Check the emitter of Q644 for approximately 0 volt.

When Q572 was removed from its socket, pin 16 of UBGG
went positive, which is the equivalent of a hoidoff start
pulse. Check pin 16 of UBGG for approximately 2.5 volts.
Check pin 17 of UB00 for approximately +1.7 volts. Check
TP572 for approximately 0 volt. Check pin 3 of Ug00 for
approximately +0.2 volit.

3. Install Q572 and remove Q574 from its socket. This
will cause only the Fast Non-Delaying Sweep Generator,
which normally should be in operation, to stay at a start
{(high) voltage level. Check the collector of Q1014 for
approximately +14 volts. Set TIME/DIV to 1 ms. Check
the collector of Q884 for approximately +14 volts.

At this point the A Sweep holdoff should be at a high
level. Check 9588 for approximately -+2 volts. Check the
emitter of Q644 for approximately +4.3 volis,

@



Now, pin 3 of US00 should have alow auto gate voltage.

-.. Check TP572 for approximately 0 volt. Check pin 16 of
1 UB00 for approximately 0 velt, Check pin 17 of UB00 for

approximately —0.7 volt. Check pin 6 of U800 for ap-
proximately +4.8 volts. Check pin 3 of UB00 for ap-
proximately —0.2 volt. Install Q574 and check the collec-
tor of Q984 for a repstitive sweep waveform.

A INTEN Sweep and Logic

Remove all external signais to the instrument, sel
TIME/DiV to 1 ms (lock knobs}, set HORIZ DISPLAY to A
INTEN and set TRIG MODE to AUTO.

1. Remove Q572 from its socket. This will cause the A
intensified Sweepn Generator (A Sweep), which normally
should be in operation, to stay at alow voltage level. Check
the collector of Q922 for approximately +0.3 voit. Check
the collecter of Q1014 for approximately +16.4 volts.
Check the coliector of Q984 for approximately 14 volts.

The A Sweep holdoff should now be in a reset
condition. Check TP588 for approximately -4 voits,
Check the emitter of Q644 for approximately 0 volt.

When G572 was removed from its socket, pin 16 of UGG0O
went positive, which is the equivalent of a holdoff start
puise. Check pin 16 of U600 for approximately +2.5 volts.
Check pin 17 of UB0D for approximately +1.7 volis. Check
TP572 for approximately 0 voit. Check pin 3 of UBCC for
approximately -+0.2 voli.

2. instalt Q572 and remove Q574 from its socket. This
will cause only the A Intensified Sweep Generator, (which
normally should be in operation) to stay at a start (high)
voltage ievel. Check the collector of Q922 for ap-
proximately +13.9 voits.

At this point, the A Sweep holdoff should be at a high
voltage level. Check TP588 for approximately +2 volts.
Check the emitter of Q644 for approximately +4.3 volis.

Pin 3 of UB00 should now have a low auto gate voltage.
Check TP572 for approximately 0 volt. Check pin 16 of
UB00 for approximately G volt. Check pin 17 of UB00 for
approximately —0.7 voit. Check pin 6 of Us00 for ap-
proximately +4.8 volts. Check pin 3 of UBCC for ap-~
proximately —0.2 volt. Install Q574 and check the collector
of Q922 for a repetitive sweep waveform.

@
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B DLY'D Sweep and Logic

The A Sweep and A INTEN sweep should be working
properly before starting this procedure. Remove all exter-
nal signats to the instrument, set TIME/DIV to 1 ms (lock
knobs), set HORIZ DISPLAY to B OLY'D and set TRIG
MODE to AUTO.

1. Remove Q574 from iis socket. Check the collector of
Q922 for approximately -+14.5 volts. Check the base of
Q792 for approximately —5 volts. Check the collector of
Q792 for approximately +1.2 volts. Check TP802 for
approximately 0 velt. Check TP826 for approximately

1.8 volts. Check TP896 for approximately 3.7 volis.
Check the collector of Q984 for approximately +14 volts.

2. install Q574 and remove Q572. Check the collector
of Q922 tor approximately -+0.2 volt. Check the base of
Q792 for approximately —2 volts. Check the collector of
Q782 for approximately ~0.7 volt. Check TP802 for ap-
proximately O volt. Check TP826 for approximately
~3.8 volts. Check TP996 for approximately —1.7 volts.
Check the collector of Q884 for approximately 0.2 volt.
install Q572 and check the collector of Q984 for a
repetitive sweep waveform.

MiX Sweep and Logic

The A Sweep, A INTEN Sweep and B DLY'D Sweep
should be working properly before starting this
procedure. Remove all external signals to the instrument,
set A TIME/DIV to 1 ms, unlcckknobsand set B TIME/DIV
10 0.1 ms, set HORIZ DISPLAY to MIX, set TRIG MODE to
AUTO and set B TRIGGER SOURCE to STARTS AFTER
DELAY.

Compare the waveform obtained at pin 10 of J5 against
the waveform at the collector of Q922 and check for
similarity. Check TP998 for a delayed gate, with an
amplitude of approximately —1.7 volts, that occursduring
the run down ramp on the collector of Q922. The time
position of the delayed gate can be controlled with DELAY
TIME POSITION. Check the collector of (3984 for a fast
ramp waveform that occurs during aslow ramp waveform.
The fast ramp waveform runs down at arate set by the B
TIME/DIV control and is positioned in time by the DELAY
TIME POSITION control.
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Troubleshooling the HMorizontal Amplifier. The
Horizontal Amplifier contains push-pull circuitry that can
be checked in the following manner:

SetTIME/DIVto 1 ms {lock knobs) and set TRIG MODE
10 SINGL SWP. Remove Q1114, Q856 and Q1026 from
their sockets. Connect a voltmeter between the base of
Q1152 and the base of Q1162; adjust R1130 for 0 volt.
Check the voltages in the amplifier against the voltages
listed on the Horizontal Amplifier schematic diagram.
Check the voltage at the bases of Q1124 and Q1134 for
balance and apply this balance check procedure to each
stage, proceeding toward the amplifier cutput.

install Qt114, Q956 and Q1026 in their sockets and
check for a repetitive sweep.

Troubleshooting the Vertical System. The instrument
tront panel TRIG VIEW control provides a quick way to
tind trouble in this circuitry. Press the TRIG VIEW
pushbutton and adjust A TRIGGER LEVEL contro! to
bring the trace to the criviewing area. Ifunableto obtaina
trace, look for a problem in the Vertical Output Amplfier. If
a trace can be oblained, look for a problem in the Channel
1 or Channel 2 Preamplifier or the Vertical Channel
Switching circuitry.

When troubleshooting the vertical deflection system,
the best procedure is to start from the input and work to
the output of the problem-circuit area {determined by
previous checks using TRIG VIEW pushbution).

FPreampiifier Troubleshooting

The following procedure can be used for Channel 1 or
Channel 2 Preamplifier. Channel 1 is described as an
example to identify circuit functions.

Remove any external signal from the instrument input.
Check the input of U120 (pin 13) for 0 voit. Connect a
voltmeter between pins 5 and 9 of U120 and adjust CH 1
VAR BAL (R110) for 0 volt. Measure frompin 8 or9of U120
to ground and check for the recommended voltage listed
on the appropriate Vertical Preamp schematic diagram.

Connect the volimeter between pins 5 and 9 of U140
and adjust CH 1 VOLTS/DIV BAL (R135) for 0 volt
Measure from pin 5 or 8 of U140 to ground and check for
the recommended voltage on the diagram. Check the
collectors of Q172 and Q182 for voltages Histed on the
diagram. :

Connect the voltmeter between the collectors of Q178
and Q188 and adjust the vertical POSITION controt for
0 volt. Measure from the collector of Q178 or Q188 to
ground and check for voltages listed on the diagram.
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Vertical Channel Switch Troubleshooting

The collector voltages of Q178 and Q188 must by
balanced as detailed in the preceding steps before starting -
this procedure,

Set VERT MODE to CH 1 and check the dc voltages in
the channel switching circuitry for the voltages listed on
the Vertical Channe! Switching schematic diagram. Do
not check waveforms until dc operation is normat.

Vertical Gutput Amplifier Troubleshooting

Disconnect the deiay line connection on the Vertical
Preamp board. This requires the use of a soldering iron (a
40 to 60 Watt iron works best) to unsolder the delay line
ground connection.

Check for the recommended voitages listed on the
Vertical Output Amplitier diagram.

Troubleshooting the Z-Axis Circuit {CRT Circuit). Set
TIME/DIV to 1 ms (lock knobs) and set TRIG MODE to
SINGL SWP. Disconnect and IHt one end of CR1343.
Check the voitage at TP1364 for approximately +6 voits.
Press the BEAM FINDER pushbutton and check the
voltage at TP1384 for approximately -+25 volis. If these |
voltages cannot be obtained, check the voltage across |
VR1362 for approximately +6.2 volts. Remove Q1362 from
its socket and check the voltage at the base of Q1352 for
approximatelty +1.3 volts. Check the base of Q1344 for
approximately +0.6 volt.

if the above-mentioned voitages can be obtained,
disconnect and Iift one end of CR1341. Check the voltage
swing at the collector of Q1338 for approximately
£7.8 volts to —1.3 volts while turning INTENSITY control
from full counterclockwise to full clockwise. |f these
voltages cannot be obtained, check the voltage at the base
of Q1338 for —1.75 volts. Remove Q1332 from its socket.
Disconnect J1333 and J1334 {coaxial-type end-lead con-
nectors) from their sockets. Repeat the voltage swing
check at the collector of Q11338 as performed previously.

Connect J1333, J1334, CR1343 and CR1341 to the
circuit board. Install Q1362 and Q1332 in their sockets.

CORRECTIVE MAINTENANCE

introduction

Corrective mainfenance consists of component
replacement and instrument repair. Special technigues
required to replace components in this instrument are
given here.

@



Obtaining Replacement Parts

Standard Parts. All electrical and mechanical parts
replacements for the 475A can be obiainad through your
iocal 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
replacement parts, check the parts list for value, tolerance,
rating and description.

NOTE

Physical size and shape of a component may affect
instrument performance, particularly at high fre-
quencies. Always use direct-replacement com-
ponents, unless it is known that a substitute will not
degrade instrument performance.

Special Parts. in addition to the standard electronic
components, some special compeonents are used in the
475A. These components are manufactured or selected by
Tektronix, Inc. to meet specific performance require-
ments, or are manufactured for Tektronix, Inc. in accor-
dance with our specifications. Most of the mechanical
parts used in this instrument have been manufactured by
Tektronix, inc. Order all special parts directly from your
local Tektronix Field Office or representative.

Ordering Parts. When ¢rdering replacement parts from
Tektronix, Inc., it is imperative that all of the following
information be inciuded in the order to ensure receiving
the proper paris.

1. Instrument type (include modification or option
numbers).

2. instrument serial number.

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

4. Tektronix Part number,

Soldering Techniques

WARNING

Always disconnect the instrument from the power
source before attempting to solder in the instrument,

Maintenance—475A Service

Ordinary 60/40 solder and a 15- to 40-watt pencil-type
soldering iron can be used to accomplish the majority of
the soldering to be done in the 475A. |f a higher wattage-
rating soldering iron is used on the etched circuit boards,
excessive heat can cause the etched circuit wiring to
separate from the board base material.

B TR Y A

S CAUTION é

(AW W A A

The Vertical Preamplifisr Attenuator circuit boards
are tmade of material easily damaged by excessive
heat, When soidering fo these boards, do not use a
soldering iron with a rating of more than ap-
proximately 15 watts. Aveld prolonged appiications
of heat to circuit-board connections. Use only
isoproplyl alcohol when cleaning this circuit board.

The following technigue should be used to replace a
component on a circuit board. Most components can be
replaced without removing the boards from the instru-
ment.

1. Grip the component lead with long-nose pliers.
Touch the soldering iron to the lead at the solder
connection. 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. If unable fo pull the lead without using force, try
removing the other end of component as it may remove
easier.

NOTE

The reason that some componen! leads seem
troublesome to remove Iis due to a bend placed on
each lead during machine insertion of the compo-
nent in the circuit-board manufacturing process.
The purpose of the beni leads s to hold the
component in place during a flow-soldering,
manufacturing process that solders aif components
at once.

¥ a component lead is extremely difficult to remove, it
may be helpful to straighten the leads on the back side of
the board with a small screwdriver or pliers while heating
the soldered connection.

Desolder the component from the circuit board using
heat on the component lead so that the solder will stay
behind on the board. If itis desired to remove solderfroma
circuit board hole for easier instaliation of a new compo-
nent, a vacuum-type desoldering tool or a solder-
removing wick should be used for this purpose.
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3. Bend the leads of the new componeantto fit the holes
in the board. If the component is replaced while the hoard
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 o the connection and apply a small
amount of solder to make a firm solder icint. To protect
heat-sensitive components, hold the lead between the
component body and the solder joint with a pair of long-
nose pliers or gther 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 sclvent. Be careful not to remove informa-
tion printed on the board.

When soldering to the ceramic strips in the instrument a
slightly larger soldering iron can be used. It is
recommended that a selder containing about 3% silver be
used when soldering to these strips to avoid destroying
the bond to the ceramic material. This bond can be broken
by repeated use of ordinary tin-lead solder or by the
application of too much heat; however, occasional use of
ordinary solder will not break the bond if excessive heatis
rot applied.

Qbserve the following precautions when soldering to a
ceramic terminal strip:

1. Use a hot iron for a short time. Apply only enough
heat to make the solder flow freely.

2. Maintain a clean, properly tinned tip.

3. Avoid putting pressure on the ceramic terminal
strip.

4. Do not attempt to fili the terminal-strip notch with
solder; use only enough solder to cover the wires ade-
guately.

5. Clean the flux from the terminal strip with a flux-
remover solfvent.
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It it becomes necessary to solder in the general area of
any of the high-frequency contacts in the instrument,
clean the contacts immediately upon completion of the
soidering, Refer to Cleaning—Switch Contacts under
PREVENTIVE MAINTENANCE for recommended
cleaners and procedures.

Small Component Replacement

 WARNING
Always disconnect the instrument from the power
source before attempling to replace components.

General. The exploded-view drawings associated with
the Mechanical Parts List {located at rear of manual} may
be helpful in the removal or disassembly of individual
components or sub-assemblies.

Transistor and IC Heplacement, Transistors and 1C's
(integrated circuits) should not be replaced unless they
are actually defective. if removed from their sockets
during routine maintenance return them to their original
sockets. Unnecessary replacement or switching of
semiconductor devices may affect the calibration of the
instrument. When a transistor is replaced, check the
operation of the part of the instrument that may be
affected.

Any replacement component should be of the original
type or a direct replacement. Bend the leads to fit the
socket and cut the leads to the same length as on the
component being replaced. See Fig. 4-3 for lead con-
figurations and basing used in this instrument.

If a replacement transistor is made by a different
manufacturer than the original, check the manufacturer's
basing diagram for correct basing. Afl transistor sockets in
this instrument are wired for the standard basing as used
for metai-cased transistors.

The chassis-mounted power supply transistors and
their mounting boits are insulated from the chassis. in
addition, silicone grease is used to increase heat transfer
capabilities. install the insulators and replace the silicone
grease when replacing these transistors. The ¢grease
should be applied to both sides of the mica insulators, and
should be applied to the bottom side of the transistor
wherg it comes in contact with the insulator.

 WARNING

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

@



NOTE

Alter replacing a power transistor, check that the
collector Is not shorted to ground before applying
power.

e

| WARNING

VYoltages are prasent on the exterior surface of the
chassis-mourited power supply transistors if the
power is applied fo the instrument and the POWER
switch (s on. Also, voltages may be present severgl
minutes after the instrument is turned off,

Interconnecting Pin Replacement. Two methods of
interconnection are used in this instrumentto connect the
circuit boards with other boards and components. When
the interconnection is made with a coaxial cable, a special
end-lead connector plugs into a socket on the board.
Other interconnections are made with a pin soldered onto
the board. Two types of mating connections are used for
these interconnecting pins. If the mating connectoris on
the end of a lead, an end-lead pin connector is used which
mates with the interconnecting pin. The following infor-
mation provides the replacement procedure for the
various types of interconnecting methods.

i a COAXIAL-TYPE END-LEAD CONNECTORS.

Replacement of the coaxial-type end-lead connectors
requires special tools and techniques; only experienced
maintenance personnel should attempt replacement of
these connectors. It is recommended that the cable or
wiring harness be repiaced as a unii. For cable or wiring
harness part numbers, see the Mechanical Parts List. An
alternative solution is to refer the replacement of the
defective connector to your local Tektronix Field Cffice or
representative.

b. CIRCUIT-BOARD PINS.
NOTE

A circuit-board pin replacement kit including
necessary tcols, instructions, and replacement pins
is available from Tekironix, inc. Order Tektronix Part
No. 040-0542-00.

To replace a pin which is mounted on a circuit board,
first disconnect any pin connectors. Then, unsolder the
damaged pin and pull it out of the circuit board with a pair
of pliers. Be careful not to damage the wiring on the board
with too much heat. Remove the ferrule from the new
interconnecting pin and press the new pin into the hole in
. the circuit board. Position the pin in the same manner as

¢ the old pin. Then, solder the pin on both sides of the circuit
board. if the old pin was bent at an angle to mate with a
connector, bend the new pinto match the assoicated pins.

@
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c. CIRCUIT-BOARD PIN SOCKETS.

The pin sockets on the circuit boards are soldered to
the rear of the board. To replace one of these sockets, first
unsolder the pin (use a vacuum-type desoidering tool ora
solder-removing wick 1o remove excess solder). Then
straighten the tabs on the socket and remove it from the
hoie in the board. Place the new socket in the circuit board
hole and press the tabs down against the board. Solder the
tabs of the socket to the circuit board; be carefui not to get
solder into the socket.

NOTE

The spring tension 0fthe pin sockets ensures a good
connection between the circuit board and the pin.
This spring tension can be destroyed by using the
pin sockets as a connecting point for spring-icaded
probe tips, alligator clips, ete.

e. END-LEAD PIN CONNECTORS.

The pin connectors used to connect the wires to the
interconnecting pins are clamped to the ends of the
associated leads. To replace damaged end-lead pin
connectors, remove the oid pin connector from the end of
thetead and clamp the replacement connector to the lead.

Some of the pin connectors are grouped together and
mounted in a plastic holder; the overail result is that these
connectors are removed and installed as a muiti-pin
connector, To provide correct orientation of this muiti-pin
connector when itis replaced, an arrow is stamped on the
circuit board and a matching arrow is molded into the
plastic housing of the multi-pin connector. Be sure these
arrows are aligned as the multi-pin connector is replaced.
If the individual end-lead pin connectors are removed
from the plastic holder, note the color of the individual
wires for replacement.

Ceramic Terminal Strip Replacement. Repiacement
strips (including studs) and spacers are supplied under
separate part numbers. However, the old spacers may be
re-used if they are not damaged. The applicable Tektronix
Part Numbers for the ceramic strips and spacers used in
this instrument are given in the Mechanical Parts List.

To replace a ceramic terminal strip, use the following
procedure.

REMOVAL:

1. Unsolder all componenis and connections on the
strip. To aid in replacing the strip, it may be advisable to
mark each iead or draw a sketch to show location of the
components and connections.

2. Pry or pull the damaged strip from the chassis.
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3. I the spacers come out with the strip, remove them
from the stud pins for use onthe new strip (spacers should
be replaced if they are damaged).

REPLACEMENT:

1. Place the spacers in the chassis holes.

2. Carefully press the studs of the strip into the spacers
untii they are completely seated. If necessary, use a sofi

mallet and tap very lightly, directly over the stud, to seat
the strip completely.

3. if the stud extends through the spacers, cut off the
excess.

4. Replace all components and connections. Observe
the soldering precautions given under Soldering Techni-
gues in this section,

Fuse Replacement. Table 4-4 gives the rating, location,
and functions of the fuses used in this instrument.

TABLE 4-4

Fuse Rating, Location and Functions

Circuit
Number Rating Location Function
F1401 1.5 A Fast Rear Panel |115-voli line
F1401 0.75 A Fast | Rear Panel |230-volt line
F1318 1.5 A Fast Rear of Mzain|High
Interface Voltage
Board
F1601 15 A Fast Front of Inverter
Inverter Input
Chassis (Option 7
Only)

Cam Switch Replacement. A complete cam switch is
actually a cam switch assembiy. Each assembly consists
of a delrin-material cam that is rotated by a front-panel
knob and a set of contacts {mounted on an adiacent circuit
board) that are actuated by the lobes on the cam.

R AT v AW o L

; CAUTION

R N L L S S S
Repair of cam-type swifches should be undertaken
only by experienced maintenance personnel, Switch
alignment and spring tension of the contacts must
be carefully maintained for proper operation of the
switch. For this reason, it is recommended that the
switch assembly be replaced as a unit. For
assistance in maintenance of cam-type switches,
contact your local Tekironix Field Office or
representative.
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If a cam switch must be removed from a circuit board
the circuit board containing the cam switch must be
remaved from the instrument. See the circuit-board
replacement part of this section for ¢ircuit board removal
instructions.

Disconnect the flexible coupling between cam switch
and variable controls. Remove two connecting screws
from each support block that holds the cam to the circuit
board. Carefully lift the cam assembly from the circuit
board and perform an inspection, cleaning or replacement
as intended.

Reassemble the cam-switch assembly by reversing the
previous process. Give careful attention to alignment and
spacing of support blocks as the cam is mated to its circuit
board. Do not bend circuit boards at any fime in
reassembily and use a very low torque to tighten the
mounting screws (two fingers on the screwdriver is
enough torque).

Circuit Board Replacement

Occasionaily it may be necessary to gain access to the
reverse side of a circuit board or to remove one circuit
board to gain access to another. The following procedures
outline the necessary steps to facilitate instrument dis-
assembly. Most of the connections to the circuit boardsin
the instrument are made with pin connectors. However,
some connections are soidered to the board. Observe the
soldering precautions given under Soldering Technigues
given in this section.

o :
WARNING §

Atways disconnect the instrument from the power
source before attemmpting to remove circuit beards.

To aid in identifying and locating c¢ircuit boards in the
instrument, see Fig. 4-5 for the iocations of circuit beards.
In the following circuit-board replacement procedure,
determine the circuit board to be removed or replaced,
find the name of the board listed within this procedure,
and follow the removal or instaliation instructions. To aid
in identifying small components described in this
procedure, use the diagrams in Section 9, Mechanical
Parts List, in this manual.
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GAIN SWITCH
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Fig. 4-5. Locations of circuit boards in the 475A Oscilloscope.
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Vertical Preamp Board Removal. Remove the board as
follows:

1. 475A DM44 only—Disconnect five muiti-conductor
ribbon-cables and one single conductor from the DM55
Main circuit board. Remove the screws from the rear of the
Main circuit board chassis and separate the board and
chassis assembiy from the instrument chassis.

2. Remove both vertical POSITION control shafts.
This requires a 0.050-inch Alien wrench to toosen the front
setscrew in each coupling.

3. Remove the TRIG VIEW, 100 CR 20 MHz BW control
shaff. L.oosen the coupling setscrew with a 0.050-inch
Allen wrench.

4. Remove the INVERT controi extension shaft. Insert
a scribe or smali screwdriver between the end of the white
plastic swiich-shaft and the inside end of the black plastic
extension-shaft and pry gently.

5. Disconnect eight coaxial cables from the front and
back sides of the board and confirm color coding of each
cable with its jack number in the fellowing list. Record any
exceptiocns to this procedure for reference when
reassembling.

a. Cableto J380 is white with black and brown siripes.

b. Cable to J385 is white with black and red stripes.

c. Cable to J399 is white with a ysllow stripe.

d. Cable to J430 is white with a violet stripe,

e. Cable to J405 is white with a blue stripe.

f. Cable to J410 is white with a green stripe.

g. Cable to J400 {back of board) is white with a brown
stripe.

h. Cable to J349 (bottom, back of board, rear of
INVERT switch) is white with a red stripe.

8. Disconnect the delay-fine connection on the Ver-
tical Preamp board. This requires the use of a soldering
iron (a 40 to 60-Watt iron works best) to unsolder the
delay-line ground connection.
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7. Unsolder the capacitor lead at the Vertical Preamp
bhoard (bottom, back of board, between the rear of the
INVERT switch and J349) using a 15-Watt soldering iron.

8. Atthe Vertical Preamp board unsolderone end ofa
wire braid that connects between the bottom of the
Vertical Preamp and the Main Interface board under the
high-voltage shield.

9. Disconnect three ribbon-cables from the Vertica!
Mode-Gain Switch board and confirm the number of wires
in each cable with its plug number in the following list.
Note locations of cables to facilitate correct reinstallation.

a. Disconnect a six-wire cable from P328.

b. Disconnect a seven-wire cable from P160,

¢. Disconnect a ten-wire cable from P260.

10. At a feed-through terminal near U120 and U220,
unsolder two 3C-chm resistors that connect each
attenuator to the Vertical Preamp bpoard. Loosen
attenuator screws for clearance if necessary.

1. Remove the Vertical Preamp board mounting-
hardware at eight locations described in the following list.
A small Phillips screwdriver is required.

a. Remove t_he screw, cabinet-ground spring, and
hexagonal post at center of the board.

b. Remove two screws that mount the board to two
tong posts on the main chassis near top and bottom center
of the Vertical Preamp board.

¢. Remove three screws that mount the board to the
rear preamp bracket {at left edge of beard).

d. Remove two screws at the right edge of the board
{one screw mounts each attenuator chassis to the board).

12. Remove the Vertical Preamp circuit-beard, using
care to prevent damage to any of the components as the
board is removed.

To instali the Vertical Preamp circuit-board, reverse the
removal procedure.
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Vertical Mode-Gain Switch Board Removail. The Ver-
. tical Mode-Gain Switch board and the Channel 1 and
- Channel 2 attenuators are removed as a unit.

1. Remove the Vertical Preamp circuit-board as outlin-
ed previously.

2. Remove the two UNCAL light lenses {VAR
VOLTS/DIV UNCAL). Pry them away from front panel with
a fingernail and pull them straight out.

3. Remove the VAR and VOLTS/DIV knobs. Set these
knobs fully clockwise and loosen their setscrews. This
requires a 1/18-inch Allen wrench.

4. Remove the AC-GND-DC switch knobs by pulling
the knobs away from the switch, using a tight finger-grip.

5. Bemove both attenuator shields, using a small
Philtips screwdriver (each is held with five screws and
washers).

6. Disconnect four ribbon-cables from the Vertical
Mode-Gain Swiich board and confirm the number of wires
in each cable with its plug number in the following list.
Note the locations of cables to facilitate correct reinstalla-
tion.

a. Disconnectafive-wire cable from the Main Interface
board at P300,

b. Disconnect a one-wire cable from the Main Inter-
face beard at P128.

c. Disconnect two three-wire cabies from the
VOLTS/DIV sensitivity indicater-lights at P310 and P320.

7. Unsolder the braid connecting the CH 2 attenuator
to the Main Interface, at the Main Interface board.

8. Remove the four nuts that secure the attenuators to
the front casting and remove the two screws that mount
the board to two posts on the main chassis.

9. Remove the Vertical Mode-Gain Switch circuit-
board and attenuator assembly from the instrument, using
care to prevent damage to any of the components as the
board is removed.

-
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To install the Vertical Mode-Gain Switch circuit-board
and attenuator assembly, reverse the removal procedure.
To zlign the VERT MODE switch pushbuttons, hold the
assembly in place with a slight forward pressureandusea
small tool to reach through the front panel to align the
buttons. Do not tighten the circuit-board securing screws
untit the securing nuts at the front of the attenuator
chassis are tight and the circuit board is aligned properly.,

Trigger Generator and £-Axis Logic Board Removal.
Remove the board as foliows:

1. 475A DM44 onty—Disconnect five multi-conductor
ribbon-cabies and one singie conductor from the DM44
Main circuit board. Remove two screws from the rear of
the main circuit-board chassis and separate the board
chassis from the instrument chassis.

2. Remove the LOW LINE, READY, and TRIG light
lenses. Pry them away from the front panel with a
fingernail and pull them straight out.

3. Remove the POWER extension shaft from the
power-switch plastic actuator. Use a smali flat-blade
screwdriver to pry apart the coupling of the shaft and
actuator, using caution to prevent damage to the coupling.

4. Disconnect four ribbon-cables from the board as
directed in the following list.

a. Disconnect a four-wire cable near Q752 atthe top of
the board {cable from B TRIGGER LEVEL control).

b. Disconnect a four-wire cable near J706, located two
inches below the cable previously removed (cable from A
TRIGGER LEVEL control}.

c. Disconnect one-wire cable near the leftend of J3 at
the bottom of the board.

d. Disconnect a five-wire cable from P8644 at the
bottom, back of the board (cabie from ATRIGHOLDOFF
cantrol).

5. Disconnect eight coaxial cables from the front and
back sides of the board and contirm color coding of each
cable with its jack number in the following list. Record any
exceptions to this procedure for reference when
reassembling.

a. Cable to J704 is white with a blue stripe.

b. Cable to J702 is white with a green stripe.
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c. Cabile to J706 is white with a vellow stripe.

d. Cableto J664 is white with biack and brown stripes.

e. Cable to J874 is white with black and red stripes,

—_

Cable to 4694 is white with black and orange stripes.
g. Cable to J824 is white with an orange stripe.
h. Cable to J584 is white with a red siripe.

6. Unsoider the 33-chm resistors from the external
frigger input connectors.

7. Remove the POWER switch mounting-bracket from
the board. A 3/16-inch nut driver will be required to
remove a mounting nut.

8. Remove five board-mounting screws (two each at
left and right edges, and one screw at the top center of the
board).

9. Remove the Trigger Generator and Z-Axis Logic
circuit-board from the instrument.

To install the Trigger Generator and Z-Axis Logic
board, reverse the removal procedure,

Timing Board Removal. Remove the board as foliows:

1. Remove the Trigger Generator and Z-Axis Logic
circuit-board as outlined previously.

2. Remove the X10 MAG and UNCAL light lenses. Pry
them away from the front panel with a fingernail and pull
them straight out.

3. Remove the VAR and TIME/DIV knobs. Set these
knobs fully clockwise and loosen their seiscrews. A 1/16-
inch Allen wrench is required,

4. Remove the hexagonal post and the board
mounting-screws.
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5 Remove the Timing circuit-board from the instru-
ment. Use caution to prevent damage to the connecting
pins on bottom of the board.

To install the Timing circuit-board, reverse the removal
procedure.

Vertical Quiput Board Removal. Remove the board as
foliows:

1. Remove the Vertical Qutput ¢ircuit-board shield (if
instalied).

2. Disconnect the three-wire cable from the {op-front
of the Vertical Cutput board.,

3. Disconnect two wires from the board at the crt neck
pins.

4. Unsolder the delay-line ground terminal at the
delay-line connection with the board (a 40 to 60-Watt
soldering iron works best), Disconnect and dress the
delay iline away from the board,

5. Unsolder the flexible grounding braid from the case
of integrated circuit U470 using a 40 to 60-Watt soldering
iron,

6. Remove the integrated-circuit mounting-nut from
the main chassis. A 1/4-inch open-end wrench may be
necessary to remove the nut.

7. Remove the two circuit-board screws along the top
edge of the board and remove the Vertical Qutput circuit-
board.

To install the Vertical Quiput circuii-board, reverse the
removal procedure.

Fan Motor Board Removal. Remove the board as
follows:

1. Remove the Vertical Preamp circuit-board as outiin-
ed previously.

2. Disconnect a iwo-wire ribbon-cable at the Fan
Motor board.

3. Loosen the setscrew in the fan impeller coupling
with a 0.050-inch Allen wrench.
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4. Remove two thread-forming screws nearest the Fan
Motor circuit-hoard, that hold the fan motor mount o the
main chassis.

5. Remove the fan motor and Fan Motor circuit-board
as a unit.

To install the Fan Motor circuit-board, reverse the
removal procedure.

Inverter Board Removal (Option 7 only). Remove the
board as follows:

1. Remove the Vertical Qutput circuit-board shield {if
instailed).

2. Unsolder five wires from the power-transformer
terminals and confirm each wire color with its iocation in
the following list.

a. Wire to terminal 10 is white with a brown stripe.
b. Wire to terminat 10A is white with a red stripe.

c. Wire to terminal 11 is white with a gray stripe.

d. Wire to terminal 12A is white with an orange stripe.

e. Wie to terminal 12 is white with a yellow stripe.

3. Remove two screws from the inverter chassis (one
screw at the front and one at the rear of the inverter
chassis, near the top of the instrument main chassis).
Remove one remaining screw fromthe main chassis to the
inverter chassis, accessible through the space along the
bottom of the power transformer. A tong Phillips screw-
driver is necessary to remove all three screws,

4, Remove the Inverter chassis from the instrument,
using care to prevent damage to interconnecting wires
that pass through the hole in the main chassis,

5. Remove the screws holding the Inverier circuit-
board to the Inverter chassis.

Te install the Inverter circuii-board, reverse the
removal procedure.

Power Supply Board Remova! {475A DM44 only).
Remove the board as follows:

1. Remove the Vertical Cutput circuit-board shieid (if
installed).
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2. Disconnect one ripbon-cable from the rear of the
475A DM44 Main circuit-board and guide the plug through
a slotted opening in the main circuit-board chassis.

3. Unsolder five-wires from the power transformerand
confirm each wire color with its iocation in the following
list.

a. Wire to terminal 10 is white with a brown stripe.
b. Wire to terminal 10A is white with a red stripe.

¢. Wire to terminal 11 is white with an orange stripe.
d. Wire to terminal 12A is whiie with a yellow stripe.
e. Wire to terminai 12 is white with a green siripe.

4. Remove two screws from the Power Supply beard
chassis (one screw each at the front and rear of the Power
Supply board chassis near the top of the 475A main
chassis}. Remove one remaining screw from the main
chassis o the power supply chassis {(accessible through
the space along the bottom of power transformer). A long
Phillips screwdriver is necessary to remove ali three
SCrews.

5. Remove the power supply chassis from the instru-
ment, using care to prevent damage to interconnecting
wires that pass through the hole in the main chassis.

6. Remove a piece of tape from the insulation-wrap to
gain access to the board components.

7. Remove the two screws holding the Power Supply
circuit-board to the power supply chassis.

8. Remove three Keps nuts and a plastic barthatholda
transistor and two integrated circuits to the power supply
chassis.

9. Unsoldertwo ribbon-cables, noting the color codes
and wire positicns. if board replacement is intended,
connect the wires to the new board.

To install the Power Supply circuit-board, reverse the
removal procedure.
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fain Interface Board Removal. |f repairis necessary on
the reverse side of the Main Interface circuit-board, itmay
be possibleto gain access to that area by removal of one or
two circuit boards as outlined previously. Consider this
first or proceed with the Main Interface board removal
procedure.

CAUTION ;

it the Main Interface board becomes defective, it is

recommended that your local Tekironix Field Office

Or representative be contacted to arrange instru-

ment repair at a Tektronix Service Center.

The Main Interface circuit-board can be removed as
foilows:

1. Bemove the Vertical Preamp circuit-board as outlin-
ed previously.

2. Remove the Trigger Generator and Z-Axis Logic
board as outlined previously.

3. Remove the high-voltage shield and remove the
Vertical Output circuit-board shield (if instalied).

4. HRemove the BEAM FINDER and X10 MAG pushbut-
ton extension-shafts. Insert a scribe or small screwdriver
between the end of the white plastic switch-shaft and the
inside end of the black plastic extension-shaft and pry
gently.

5. Remove the INTENSITY, FOCUS, SCALE 1LLUM,
ASTIG and TRACE ROTATION conirol extension-shafts,
Loosen the front setscrew in each coupling with a 0.050-
inch Allen wrench.

6. Disconnnect twelve ribbon or wire cable-
connectors from the Main Interface circuit-board and
confirm the number and color of wires for each plug and
its location in the following list,

a. Disconnectone-wire from pin E at the top-leftofthe
board.

b. Disconnect a two-wire cable from pins B and C at
the top-left of the board.

c. Disconnect a two-wire cable near the rear of the
INTENSITY control (cabie from the y-axis alignment coil).

d. Disconnect a twe-wire cabie near Q1482 (cable
from the graticule lamps).
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2. Disconnect a four-wire cable at the right-center of
the board (cable from POSITION and FiNE controls).

f. Disconnect a four-wire cable at the rear of the A
TRIG HOLDOFF control (cable from the DELAY TIME
POSITION control).

d. Disconnect a two-wire cable from the

CALIBRATOR current loop.

h. Disconnect four, two-wire cables near F1318 at the
hottom-left of the board. The cable wires to +15 are red
with abrown stripe. The cable wires to —15 are violet with a
brown stripe. Cable wires to the pins nearest the fuse
(GNDj} are black. Cable wires to the remaining pins are red
with a black stripe.

7. Disconnect two coaxial-cables from the left-center
of the board. The cable to J1302 is white with a gray stripe
and the cable to J1334 is white with biack and orangs
stripes.

8. Disconnect the horizontal deflection plate igads at
the ¢rt. This requires a pair of long-nose pliers ortweezers
for best removal or reinstallation.

9. Disconnect a three-wire cable from the Vertical
QOutput board.

10. Disconnect a two-wire cable from the Fan Motor
bhoard.

11. Unsoider a 10-ohm, 1/2 watt resistor from the
center-tap terminal of the ceramic thick-film resistor
mounted near the Vertical Output circuit-board.

12. Unsolder ten wires from the Main Interface circuit-
board and confirm each wire color with its location in the
following list {ail wires from crt socket).

a. Wire to pad 5 is white with a green stripe.

b. Wireto pad 10is white with black and brown stripes.
¢c. Wire to pad 7 is white with a violet stripe.

d. Wire to pad 8 is white with a gray s?zipe_

e. Wire to the one-notch ceramic-strip is white with a
yeliow stripe.



f. Wire to the —2450 test point is sclid red.

g. Wire to the righi-hand notch on the three-noich
ceramic-strip is white with an crange stripe.

h. Wire to pad 14 (lowest of a pair of wires between the
large high-voitage capacitors) is white with brown and
yellow stripes.

i. Wire to pad 1 {upper pad between the large high-
voitage capacitors) is white with a brown stripe.

j. Wireto second notch on the five-notch ceramic-strip
{notch containing junction of a 0.0 microfarad capacitor,
a 10-megohm resistor, and a diode) is white with brown
and red stripes.

13. Remove the three power transistor mounting-
screws from 1468, Q1426, and Q1448 on the rear
subpanel bracket.

4. Remove the mounting screw from transistor Q1456
near the lower-rear corner of the board.

15. Remove the mounting screw from transistor Q1482
near the top-right corner of the board.

16. Remove the four hexagonal posts that mount the
high-voitage shield. Use a 3/16-inch nut driver.

17. Remove seven Main Interface board mounting-
SCTews.

18. Disconnect the crt anode-fead plug from the high-
voltage multipiier jack. Ground this lead to the instrument
main-chassis to remove any stored charge. Pry the
muitiplier jack from its mounting ¢lip with a medium-size
screwdriver.,

19. Separate the Main Interface circuit-board from the
instrument chassis, using care to prevent damage o
components and wiring. Carefully thread the interconnec-
ting cables through the board and chassis, as necessary,
to avoid strain on any cabile. Let the board pivot on the
power-transformer leads still connected to the board.
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Perform repairs on the reverse side of the Main
Interface board, if repair is intended. To reinstali the
board, reverse the removal procedure. H intentions are to
replace the Main Interface circuii-board, continue with
this procedure.

20. Unsolder the power-transformer wires from the
Main Interface board and confirm each wire color with its
location in Fig. 4-6. Record any exceptions to this
procedure to facilitate reassembly.

WHITE

VIOLET

ORANGE

1862-78

Fig. 4-6. Locations of power transformer secondary wires.

21. Remove the Main Interface circuit-board, using
care to prevent strain on any of the wirgs,

22. Remove the solder from the holes in the circuit-
board wire-terminal pads, where wires were removed in
this procedure, to facilitate instailation.

To install the Main Interface circuit-board, reverse the
removal procedure.

Power Transformer Removal

R T T A LW

; CAUTION

FNPNPNPPRPNPP,
{t the Power Transformer becomes defective, it is
recommended that your focal Tektronix Field Office
or representative be contacted to arrange instru-
ment repair at a Tektronix Service Center. If the
Power Transformer is to be replaced, he sure to
repface only with a direct replacement Tektronix
fransformer.
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The Power Transformer can be removed as follows:

-

1. Remove the Trigger Generator and Z£-Axis Logic
circuit-board as cutlined previousty.

2. Remove the regulating-range selector cover and the
blue rear-panel of the instrument.

3. Option 4 only—Remove the power line input filter
{emi filter).

4. Remove the transformer feads from the regulating-
range selector body. it will be necessary to use a special
pin removing tool avallable from Tektronix (Part Number
003-0707-00). it is only necessary to use this tool {o
remove the transformer leads from the regulating-range
seiector body. The leads may be installed by simply
pushing them into place. Record the color and location of
each wire 1o facititate correct reassembly.

5. Option 7 only—Unsolder five wires from the
transformer terminals and confirm each wire colorwith its
location in the following list.

a. Wire to terminal 10 is white with a brown stripe.
b. Wire to terminal 10A is white with a red stripe.

c. Wire to terminal 11 is white with a gray stripe.

d. Wire to terminal 12A is white with an orange stripe,
e. Wire to terminal 12 is white with a ye%low stripe.

6. 475A DM44 only—Unsolder five wires from the
transformer terminals and confirm each wire color with its
focation in the following list.

a. Wire to terminal 10 is white with a brown stripe.
b. Wire to terminal 10A is white with a red stripe.

c. Wire to terminai 11 is white with an orange stripe.
d. Wire to terminal 12A is white with a yellow stripe.
e. Wireto terminalr 12 is white with a green stripe.
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7. Remove two screws and Keps nuis that hold the
transformer bracket to the rear of the main chassis,
Remove two Keps nuts that hold the transformer bracket
{0 the main chassis and the transformer electrical shisld. A
5/16-inch, nut-driver wrench is helpful for easiest removal
of these nuis.

8. Unsolder the wires from the thermat cutout on the
transformer bracket and note the wire colors.

9. Unscider the transformer wires from the Main
Interface board as directed in the Main Interface board
removal procedure, part 20,

10. Remove the transformer from the instrument.

11. Remove the solder from the holes in the circuit-
board wire-terminal pads, where wires were removed in
this procedure, to facilitate instaliation.

To install a new Power Transformer, reverse this
removal procedure,

Cathode-ray Tube Removal

| WARNING |

Use care when handling a cri. Protective clothing
and safety glasses should be worn. Avoid striking it
on any object which might cause it fo crack or
implode. When storing a crt, place it in a protective
carton or set it face down on a smooth surface in a
protected focation with a soft mal under the
taceplate to protect it from scratches.

1. 475A DM4a4 only-Disconnect three ribbon-cabies
from the DM44 main circuit-board. Remove two screws
from the rear of the main circuit-board chassis and
separate the board and chassis assembly from the instru-
ment chassis,

2. Remove the Vertical Qutput circuit-board shield (if
instailed).

3. Remove two flat-head screws from the biue-plastic
cover at the rear of the instrument. Carefully position the
blue-plastic cover to aliow access to the screws holding
the crt rear cover, then remove the crt rear cover.

4. Disconnectthecrtanode plug from the high-volitage
jack and touch the lead to the chassis to remove any stored
charge.
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5. Disconnect the crt base socket from the rear of the

. Crt,

6. Disconnect the four vertical deflection plate leads
from the Vertical Output board at the crt neck pins.

7. Disconnect the two horizontal deflection plate leads
from the Main Interface board at the crt neck pins
(accessibie through an opening at center of the Main
Interface board}.

8. Remove the ort bezel and implosion shisld.

9. Hold one hand on the crt base and slowly push the
crt forward, guiding the crt face with the other hand. Guide
the anode plug through the crt shield opening while stowly
puiling the crt out of the instrument. The plastic corner-
pads may fall loose when the crt is removed; save themfor
reinstailation. Set the crt on a soft material to prevent
scratching.

Cathode-ray Tube Installation

1. Position the crt rear-support (plastic centering
bracket) inside the crt shleid approximately 1-1/2-inches
from the rear of the shield,

2. Check that the plastic corner-pads are in place and
seated at the front corners of the crt opening.

3. Insert the crt into the shield. Guide the c¢rt anode
lead through the hole in the shield.

4, Slowly push the crt the rest of the way into the crt
shield. If the crt does not go inall the way, pull it part way
outand find the reason for binding. K may be necessary to
reposition the rear-supportbracket or a plastic corner-pad
for best instailation.

5. Clean the crt faceplate, implosion shield and bezel
as directed under Cleaning—Exterior information at the
beginning of this section and install the parts. Lightly
tighten the four bezel screws (approximately 5-inch
pounds}.

6. Connectthecrtbasesocket, install the crirear cover
with two round-head screws and install the blug-piastic
cover on the rear of the instrument with two flat-head
SCIews.
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7. Connect the crt anode lead and carefully connect
the deflection plate leads. After each lead is connected,
lightly pulton the lead to be sure that it will remain in piace.

8. 475A DM44 only—Instail the DM44 main circuit-
board chassis on the 475A chassis. Install two screws at
the rear of the main circuit-board chassis and connect
three ribbon-cables o the board.

9. If the crt was replaced, part of the 475A calibration
will need to be checked or adjusted. See Table 4-5 under
Recalibration After Repair (later in this section) for a
listing of calibration checks and adjustments that need to
be checked after ¢crt replacement.

High-Voltage Multiptier Removal

1. Remove the Vertical Preamp circuit-board as outlin-
ed previously.

2. Remove the cathode-ray tube as cutlined previous-
by,

3. Remove the high-voliage shield from the Main
Intertace circuit-hoard and remove one screw near the
INTENSITY potentiometer,

4. Remove four hexagonal posts, used to mount the
high-voliage shield, from the Main Interface board with a
3/16-inch nut-driver.

5. Remove the two nylon nuts from the Main Interface
board near C1328.

6. Remove three screws holding the multiplier shisld
to the main chassis and remove the shield.

7. Unsolder the black wire from the Multiplier at the
Main Interface board.

8. Unsolder one wire from a post on the High-Voliage
Multiplier.

9. Unsolder the flexibie grounding-braid {from the case
of integrated circuit U470 (on the Vertical Cutput board),
using a 40 to 60-Watt soldering iron.

10. Remove one screw that holds the crt neck shield to
the black-plastic rear bracket.
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11. Hold the c¢rt base socket away from the neck shield
and slide the shield to the rear of the instrument aboui
2 inches.

12. Pry the Multiplier jack from its mounting clip en the
main chassis.

13. Remove the High-Voltage Multiplier. If necessary,
carefully pry the Main Interface board away for easier
removal and guide the Multiplier jack through the main
chassis.

14. To install the High-Voltage Multiplier, reverse the
removal procedure. Use the Cathode-ray Tube Installa-
tion procedure for installing the cri.

Delay Line Removal

1. Remove the cathode-ray tube as outlined previous-
Iy,

2. Disconnect a two-wire cable near the reér of the
INTENSITY control {cable from y-axis alignment coil).

3. Remove a screw connecting a solder lJug and heavy
braid from the Vertical Output board at the crtneck shield,

4. Remove one screw that holds the crt neck shield {o
the black-plastic rear bracket.

5. Hold the cri base socket away from the neck shield
and remove the crt neck shield through the main chassis
rear opening, using care to guide the y-axis coil cable
through the board and chassis holes.

6. Remove the Keps nut and delay-line bracket holding
the Delay Line to the main chassis.

7. Disconnect the Delay Line ends at the Vertical
Preamp and Vertical Qutput boards. This may require the
use of a soldering iron (a 40 to 60-Walit iron works best),

8. Remove the Delay Line, using care to guide the
Delay Line ends through the main chassis holes without
causing sharp bends in the line,

To install the Delay Line, reverse the removal
procedure. Use the Cathode-ray Tube Instaliation
procedure for installing the cri.

4-32

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.
Table 4-5 lists the adjustments that may interact with a
repair in a particular circuit. The table is also useful as a list
of calibration adjustments that should be checked if an
adjustment is made when performing the Calibration
procedure. Perform a calibration ¢heck of each interac-
tion, wusing the appropriate step in the Calibration
procedure found in Section B of this manual.

instrument Repackaging

If the Tekironix instrument is to be shipped to a Tekironix
Service Center for service or repair, attach a tag showing:
owner {with address) and the name of an individual at your
firm that can be contacted, complete instrument serial
number and a description of the service required.

Save and re-use the package in which your instrument was
shipped. f the original packaging is unfit for use or not
available, repackage the instrument as follows:

1. Obtain a carton of corrugated cardboard having inside
dimensions of no less than six inches more than the
instrument dimensions; this will allow for cushioning.
Refer to the following table for carton test strength
requirements.

2. Surround the instrument with polyethyiene sheeting to
protect the finish of the instrument.

3. Cushion the instrument on all sides by tightly packing
dunnage or urethane foam between carton and instru-
ment, allowing three inches on all sides.

4. Seal carton with shipping tape or industrial stapler.

SHIPPING CARTON TEST STRENGTH

Gross Weight (b} Carton Test Strength {ib}
0-10 200
10-30 275
30-120 375
120-140 500
140-160 600

REV. A, SEPT. 1976
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TABLE 45 1862-84

CALIBRATION INTERACTION AFTER REPAIR OR ADJUSTMENT

2 2o

CALIBRATICN PROCEDURE
ADJUSTMENTS TO BE
MADE FOR INTERACTION

NG

AREA
REPAIRED OR
ADJIUSTED

CH 1 ORCH 2 VAR VOLTS/DIV BALANCE

CH 1 OR CH 2 VOLTS/DIV BALANCE
CH 1 OR CH 2 POSITION CENTERING

VERTICAL QUTPUT GAIN

CH 1 0ORCH 2 GAIN
{(VERTICAL) HIGH-FREQ. COMPENSATION

VERTICAL TRANSIENT RESPONSE

A OR B TRIGGER SENS, SYMM AND CTRG
A TRIGGER DC CENTERING

TRIGGER VIEW CENTER!

HORIZONTAL GAIN
CALIBRATOR QUTPUY AMPLITUDE

HiGH VOLTAGE POWER SUPPLY
CRYT GRID BIAS

DELAY START AND DELAY STOP
MAGNIFIED REGISTRATION

A TIMING

VERTICAL SHIELD VOLTAGE
X GAIN

POWER SUPPLY DC LEVELS

CRT TRACE ROTATION

CRT Y-AXIS ALIGNMENT

GEOMETRY

Z-AX15 COMPENSATION

VERTICAL QUTPUT BIAS

DELAY-LINE DC CENTER
NTENSIFIED GAIN

X-Y PHASE DIFFERENCE

LOW VOLTAGE POWER SUPPLY
HIGH VOLTAGE POWER SUPPLY

Z-AXIS AMPLIFIER CIRCUIT

TRACE ROTATION

CRT Y-AXIS ALIGN

GEOMETRY

VERTICAL PREAMP CIRCUIT

VERTICAL OUTPUT AMPLIFIER CIRCUIT
VERTICAL CHANNEL SWITCHING CIRCUIT
VERTICAL QUTPUT BIAS

VERTICAL SHIELD VOLTAGE
DELAY-LINE DC CENTER

CH 10ORCH 2 VAR VOLTS/DIV BALANCE
CH 1 OR CH 2 VOLTS/DIV BALANCE
VERTICAL QUTPUT GAIN

CH 1 0R CH 2 GAIN

VERTICAL TRANSIENT RESPONSE
TRIGGER GENERATOR CIRCUIT

A OR B TRIGGER SENS, SYMM AND CTRG
A TRIGGER DC CENTERING

HORIZONTAL AMPLIFIER CIRCUIT
HORIZONTAL GAIN

SWEEP GENERATORS CIRCUIT

SWEEP AND Z-AXIS LOGIC CIRCUIT ﬂ
A TIMENG
X GAIN

X-Y PHASE DIFFERENCE
CRT CHANGE
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PERFORMANCE CHECK

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

Introduction

The following procedure is intended to be used for
incoming inspection to determine the acceptability of
newly purchased or recently recalibrated instruments.
This procedure does not check every facet of the in-
strument’s calibration; rather it is concerned primarily
with those portions of the instrument that are essential to
measurement accuracy and correct operation. Removing
the instrument cabinet is not necessary to perform this
procedure. All checks are made from the front panel. This
procedure is also useful as an aid in froubleshooting and
preventive maintenance.

Using This Procedure

Outline. To aid in locating a step in the Performance
Check, an outiine is given preceding the Performance
Check procedure.,

Partial Procedures. A partial check of performance is
often desirable after replacing components or to verify
performance of a portion of the instrument betwen major
recalibrations. To check only part of the Instrument, set
the controls as given under the nearest preceding Control
Settings and use the Equipment Required list preceding
the desired portion of the procedure.

TEST EQUIPMENT REQUIRED

General

The following test equipment and accessories, or iis
equivalent, is required for a complete performance check
of the 475A. Specifications given for the test equipment
are the minimum necessary for accurate calibration.
Therefore, some of the specifications listed here may
differ from the actual performance capabilities of the test
oquipment. All test equipment is assumed to be correctly

calibrated and operating within the listed specifications.
Detailed operating instructions for the test equipment are
not given in this procedure. Refer to the instructicn
manual for the test eguipment if more information is
needed.

Special Calibration Fixtures

Special Tektronix calibration fixtures are used only
where they facilitate checking instrument performance.
These special calibration fixiures are available from
Tektronix, Inc. Order by part number through your local
Tektronix Field Office or representative.

Performance Check Equipment Allernatives

All of the listed testequipmentis required to completely
check this instrument. However, complete checking may
not always be necessary or desirable. The user may be
satisfied with checking only selected characieristics,
thereby reducing the amount of test equipment actually
required.

The equipment listed in the Performance Check
Procedure is based on the first item of equipment given as
an example of appiicable equipment. When other equip-
ment is substituted, control settings or equipment setups
may need to be altered to meet the requirements of the
substitute equipment. If the exact item of test equipment
given as an exampte 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
itern is used for. if used for a check or adjustment thatis of
little or no importance to your measurement re-
quirements, the item and corresponding step(s} can be
deleted,
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TABLE 5-1

Test Equipment Required For Performance Check

Description

Minimum
Specifications

Usage

Examples

1. Amplitude Calibrator

Amplitude accuracy, within
(.25%: signal amplitude, 2
miltivolts to 20 volts; output
signal, 1 kilohertz square
wave.

Vertical checks. Trigger view
gain check; External Z-Axis
check.

a. Tekironix PG 506 Cali-
bration Generator.'

bh. Tektronix 087-0502-01
calibration fixture.

2. Sing-Wave Generator

Freguency, 350 kilohertz to
above 250 megaheriz; output
amplitude, variable from 15
millivoits to 4 volts peak-to-
peak; output impedance, 50
ohms; reference frequency,
50 to 350 kilohertz; ampli-
tude accuracy, constant with-
in 3% of reference frequency
as outputfrequency changes.

Vertical centering, bandwidth
and isolation checks; Trigger
checks; X handwidth check.

a. Tekironix SG 503 Leveled

Sine-Wave Generator.! (Use
for ali frequencies.}

b. Tektronix Type 191
Constant-Amplitude Signal
Generator. (Use at fre-
quencies of 100 megahertz
and below).

AND
Wavetek Model 1001A (use
only for checking 250 mega-
hertz bandwidth and trig-
gering).

3. Time-Mark Generato

Marker outputs, 2 nano-
seconds to 0.5 second:
marker accuracy, within
0.1%; trigger output, 1 milli-
second to 0.1 microsecond,

time coincident with markers,

Horizontal timing checks.

a. Tektronix TG 501 Time-
Mark Generator.’

bh. Tekironix 2801 Time-
Mark Generator.

4. Low-Frequency
Generator

Freguency, 10 Hertz to 50
kilohertz: cutput amplitude,
variable from 10 millivolis to
4 volts peak-to-peak.

Low-frequency trigger checks

a. Tekironix SG 502 Oscil-
lator.}

b. General Radio 1310 B Os-
cillator with a binding post to
BNC adapter.

5. Cable (2 required)

Impedance, 50 chms; iength,
42 inches,; connectors, BNC,

Used throughout prbcedure
for signal interconnection.

a. Tekirgnix Part Number
012-0057-01.

6. Cable {2 required)

Impedance, 50 ohms; length
18 inches; connectors, BNC.

Used throughout procedure
for signal interconnection.

a. Tektronix Part Number
G12-0076-00.

7. 50-Ohm Signal

Frequency response, 50 kilo-

Trigger checks.

a. Tektronix CT-3 Signal

Pickoff hertz tc 875 megahertz; im- Pickoff. Part Number
pedance, 50 ohms for signal 017-0081-00.
inpui, signal output and trig-
ger output.

8. Adapter Connectors, BNC Female to | Used throughout procedure  |a. Tektronix Part Number

BNC Female,

for signal interconnection.

103-0028-0C.

'Requires a TM 500-Series Power Module.
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TABLE 5-1 (cont)

Minimum
Description Specifications Usage Examples
9. Adapter Connectors, GR874 to BNC | Trigger checks. a. Tektronix Part Number
Female. 017-0063-00.
10. Adapter Connectors, GR874 to BNC | Used in Trigger System a. Tektronix Part Number

Male.

procedure for signal intercon-
nection.

017-0064-00.

11. Elbow Adapter

Connectors, BNC Male to
BNC Femaie.

Used in Trigger System pro-
cedure for signal intercon-
nection.

a. Tekironix Part Number
103-0031-00.

12. T-Connector

Connectors, BNC

Used throughout procedure
for signal interconnection.

a. Tektronix Part Number
103-00306-00.

13. 10X Attenuator

Ratio, 10X; impedance, 50
ohms; connectors, BNC

Vertical bandwidth check.
Trigger checks,

a. Tektronix Part Number
011-0059-02

14, 5X Attenuator

Ratio, 5X; impedance, 50
ohms; connectors, BNC

Trigger checks.

a. Tekironix Part Number
011-0060-02

15. Termination
(2 required)

Impedance, 50 ohms; con-
neciors, BNC.

Used throughout procedure
for proper signal termination,

a. Tekironix Part Number
011-0048-01,

16. 10X Probe

Scale-factor switching: con-
nector, BNC.

Scale factor check. Cali-
brator check.

a. Tektronix P6075 Probe
(supplied with 475A oscil-
loscope),

b. Tektronix PB065 Probe.

17. 500 MHz Filter

impedance, 50 chms; fre-
guency, adjustable; con-
nectors, BNC,

Used for High-Speed Timing
checks.

a. Tektronix 500 MHz Filter
calibration fixture. Part
Number 067-0684-00,

18. Screwdriver

Length, three-inch shaft; bit
size, 3/32 inch,

Used to adjust TRACE
ROTATION, ASTIG, GAIN.

a. Xcelite R-3323.

OUTLINE FOR PERFORMANCE CHECK

DISPLAY AND VERTICAL SYSTEM CHECK

1. Check Display Controls

2. Check Vertical input Functions

3. Check CH 1 and CH 2 Gain

Page 5-5

5-6

5-6

4. Check CH 2 and CH 1 VARVOLTS/DIV

Range

@

5-7

5, Check ADD Mode Operation

6. Check ALT Mode Operation

7. Check CHOP Mode Qperation

8. Check Vertical Ampiifier Bandwidth
9. Check Bandwidth Limit Operation

10, Check Cascaded Bandwidth

5-8

5-8

5-3
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TRIGGER SYSTEM CHECK

11. Check A Low-Frequency Triggering FPage 5-9

12. Check B Low-Frequency Triggering 5-11

13. Check B 40 Megahertz Triggering 5-12

14. Check A 40 Megahertz Triggering 5-12

15. Check A 250 Megahertz Triggering 5-13

16, Check B 250 Megahertz Triggering 5-13

17. Check TRIG MODE NORM Operstion 5-14

18. Check TRIG MODE SINGL SWP

Cperation 5-14

19. Check TRIG VIEW QOperation 5-14

DM44 DIGITAL MULTIMETER

INSTRUCTIONS 5-15
HORIZONTAL SYSTEM CHECK

20. Check VAR TIME/DIV RANGE 5-15

21. Check Sweep lLength and Horizontal

POSITION Rangs 5-16

22. Check A Timing Accuracy 5-16

23. Check A INTEN Timing Accuracy Page 5-16
24. Check A INTEN Magnified Timing Ac-
curacy 5-16
25. Check A Magnified Timing Accuracy 5-186
26. Check Differential Delay Time Ac-
curacy 5-17
27. Check Delay Time Jitter 5-18
28. Check MiX (Mixed Sweep) Timing Ac-
curacy 5-18
29. Check X Gain 5-19
30. Check X Bandwidth 5-19
GATE OUTPUTS, EXTERNAL Z-AXIS
AND CALIBRATOR CHECKS
31. Check A and B +GATE Cutpuis 5-15
32. Check CH 2 VERT SIGNAL (}Ku”i“ 5-20
33. Check EXT Z-Axis Operation 5-20
34. Check CALIBRATGR Operation 5-20

PRELIMINARY PROCEDURE
FOR PERFORMANCE CHECK

Operating Yoitage

Before applying power to the instrument, check that the
line voltage selector and the regulating range seleclor are
in the correct positions for the line voltage the instrument
will be operated on.

Power Source

Connect the 475A to a power source that meets the
voltage and freguency reguirements of this instrument.

5-4

Warm Up

Turn on the 475A and allow at least 20 minutes before
starting the Performance Check procedure.

Operating Temperature

The performance of this instrument can be checked at
an ambient temperature within —15°C to +55°C unless

stated otherwise in the procedure. Thisinstrumentshould '

be checked at an ambient temperature o +20°Cto +30°C
for best overall accuracy. :
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DISPLAY AND VERTICAL SYSTEM
CHECK

Equipment Required
1. Ampiitude Calibrator

2. Sine-Wave Generator
3. 42-inch 50-Ohm BNC Cable (2 required)
4. 18~inch 50-Ohm BNC Cable (2 required)

5. 10X Probe {see Table 5-1, 10X Probe examples)

&. 10X BNC Attenuator

7. 50-Ohm BNC Termination (2 required)

8. BNC Female-to-BNC Female Adapter

9. BNC T-Cecnnecior

10. Screwdriver

Control Settings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Vertical (CH 1 and CH 2)

POSITION Midrange
VOLTS/DiV 10 mV
VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC
INVERT Off {button out)
VERT MODE CH 1
100 or 20 MHz BW 20

Trigger {A and B)
COUPLING AC
LEVEL o
SLOPE “+

A TRIGGER SOURCE NORM
B TRIGGER SOURCE STARTS AFTER DELAY
TRIG MODE AUTO
A TRIGGER HOLDOFF NORM

Sweep

A TIME/DIV 1 ms
B TIME/DIV 1 ms
VAR TIME/DIV Calibrated detent
DELAY TiME POSITION Fully counterclockwise
HORIZ DISPLAY A
X10 MAG Off {button out)
POSITION (Horiz} Midrange

FINE Midrange

1. Check Display Controls

a. Turn the INTENSITY control through its range and
return to a normal intensity setting.

b, CHECK—For control of trace intensity from
minimum to maximum intensity.

¢. Turn CH 1 POSITION through its range and return
to a midrange setting.

d. CHECK-—That the trace can be positioned over the
entire graticule area.

e. Set VERT MODE to CH 2, turn CH 2 POSITION
through its range and return to a midrange setting.

f. CHECK—That the trace can be positioned over the
entire graticule area.

g. Return VERT MODE to CH 1 and position the trace
to the center horizontal graticule line.

h. CHECK-—That the trace is aligned with the center
horizontal graticule line.

i. ADJUST—TRACE RCTATICN (front panel screw-
driver adjustment) to align the trace with the center
horizontal graticule line,

j. Turn the SCALE ILLUM controf through its range.
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k. CHECK—For control of graticule illumination from
minimum to maximum settings.

I. Set the amplitude calibrator for a 50 mitlivolt output
and cennect to CH 1 input through a 42-inch 50-ohm BNC
cable.

m. Set A TRIGGER LEVEL for a stable dispiay.

n. CHECK-—For well-defined focusing on front cor-
ners of the displayed waveform.

0. ADJUST-—FOCUS control and ASTIG (front panel
screwdriver adjustment) together for the best-defined
front corners on the displayed waveform,

p. Turn INTENSITY fully counterclockwise and press
BEAM FINDER pushbutton.

g. CHECK—For a compressed waveform of normal
intensity. within graticule area.

r. Release BEAM FINDER pushbutton and return
INTENSITY to a normal setting.

2. Check Vertical Input Functions

a. Position the bottom of CH 1 display to the center
horizontal graticule line.

b. Set CH 1 AC-GND-DC switch to GND,

¢. CHECK—For no vertical deflection and that trace is
at center horizontal graticule line,

d. Set CH 1 AC-GND-DC switch to AC.
e. CHECK—Thatdisplay is centered in graticule area,

f. Move test signal cable to CH 2 input and set VERT
MODE to CH 2,

g. Position the bottom of CH 2 display to the center
horizonta!l graticule line.

h. Set CH 2 AC-GND-DC switch to GND.
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i, CHECK—For no vertical deflection and that trace is
at center horizontal graticule line,

j. Set CH 2 AC-GND-DC switch to AC.

K. CHECK—Thatdisplay is ceniered in graticule area.

I. Disconnect all test equipment.

m, CHECK—That the light under 10mV of CH 2
VOLTS/DIV knob is on.

n. Connect a 10X probe with a scale-factor switching
connector to CH 2 input.

NOTE

Use a probe listed in test equipment required, Table
&5-1, under 10X Probe examples.

0. CHECK~—That the light under 10 mV is ex-
tinguished and the light under .1 V comes on.

p. Set VERT MODE to CH 1.

q. CHECK—That the light under 10 mV of CH 1
VOLTS/DIV knob is on,

r. Move the 10X probe to CH 1 input.

s. CHECK—That the light under 10mV is ex-
tinguished and the light under .1 V comes on.

{. Remove the 10X probe.

3. Check CH 1 and CH 2 GAIN

a. Set the amplitude calibrator for a 50 millivolt output
and connect to CH 1 input through a 42-inch 50-0hm BNC
cable.

b. Set CH 1 and CH 2 AC-GND-DGC switches to DC.

c. CHECK—The display for 5 divisions of amplitude,

@



d. ADJUST—CH 1 GAIN, 10 mV adjustment, through
. the upper 10 mV access hole at left side of cabinet for 8
¢ divisions of amplitude,

g. CHECK—AIll settings of CH 1 VOLTS/DIV for ac-
curacy, within 3%, using the settings listed in Table 5-2.

TABLE 5-2
Veriical Deflection Accuracy
VOLTS/DIV | Amplilude Vertical Maximum
Switch Calibrator Deflection | Error for 3%
Setting Output in Divisions | Accuracy
5mV 20 millivolts 4 Previously set
10 my 50 millivolts 5 +0.15 div
20 mvV 0.1 volt 5 4015 div
50 mV 0.2 voit 4 012 div
01V 0.5 volt 5 +0.18 div
02V 1 volt 5 +0.15 div
05V 2 volts 4 +0.12 div
1V 5 volis 5 =015 div
2V 10 voits 5 4+0.15 div
5V 20 volts 4 40.12 div
10V 50 volts 5 +0.15 div

f. SetVERT MODEto CH 2, setamplitude calibrator for
a 50 milfivolt cutput and move signal cable to CH 2 input.

g. CHECK-—The dispiay for 5 divisions of amplitude.

h. ADJUST—CH 2 GAIN, 10 mV adjustment, through
the lower 10 mV access hole at ieft side of cabinet for 5
divisiocns of amplitude.

. CHECK—AIl saftings of CH 2 VOLTS/DIV for ac-
curacy, within 3%, using the settings listed in Table 5-2.

4, CHECK CH2and CH 1 VAR YOLTS/DIV Range

a. Set the amplitude catibrator to 50 millivolts and set
CH 1 and CH 2 VOLTS/DIV to 10 mV.

b. Turn CH2VARVOLTS/DIV fully counterclockwise.

¢. CHECK—Thatthe CH 2 UNCAL lightturns on when
the CH 2 VAR VOLTS/DIV control is out of calibrated
detent.

d. CHECK—That reduces 1o

2 divisions or less.

display amplitude

@
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e. Return CH 2 VAR VOLTS/DiV to calibrated detent.

f. Set VERT MODE to CH 1 and move signal cable {o
CH 1 input.

g. Turn CH1VARVOLTS/DW fully counterclockwise.

h. CHECK-—That the CH 1 UNCAL lightturnson when
the CH 1 VAR VOLTS/DIV control is out of calibrated
detent,

i. CHECK—That reduces to

2 divisions or less.

display amplitude

j. Return CH 1 VAR VOLTS/DIV to calibrated detent.

5. Check ADD Mode Operation

a. Set VERT MODE o ADD and set CH 1 and CH 2
VOLTS/DIV to 10 mV.

b. Remgve the iest signal cable from CH 1 input.
Connect to the cable: a BNC female-to-BNC female
adapter, a BNC T-connector, two 18-inch 50-ohm BNC
cables and connect the cables to CH 1 and CH 2 inputs.

¢. Set the amplitude calibrator fora 20 miilivolt output
and center the display on graticule using equal settings of
CiH 1 and CH 2 POSITION controls.

d. CHECK—For a display of 4 divisions, within 3%
(0.12 division}.

e. Press INVERT pushbutton.

f. CHECK-That display amplitude reduces to ap-
proximately 0.

g. Return INVERT pushbutton to normal (button out),

h. Disconnect all test equipment.

6. Check ALT Mode Operation

a. Set VERAT MODE to ALT, set 100 OR 20 MHz Bw
contro! to full bandwidth position and set A TRIGGER
LEVEL fully clockwise,
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b. Position the 2 traces approximately 4 divisions
apart.

¢. CHECK—That the traces alternate at all settings of
TIME/DIV except X-Y.

7. Check CHOP Mode Operation

4. Set VERT MODE to CHOP, set TIME/DIV to 1 us, set
CH 1and CH2AC-GND-DC switches to GND and adjust A
TRIGGER LEVEL for a stable display.

b. CHECK-For complete blanking of switching tran-
sienis between chopped segments.

¢. CHECK—That the duration of 1 cycle is ap-
proximately 1 division.

8. Check Vertical Amplifier Bandwidih

a. Set VERT MODE to CH 1, set TIME/DIV to 0.5 ms
and set CH 1 and CH 2 AC-GND-DC switches to DC.

NOTE

See test equipment required. Table 5-1, for selection
of sine-wave generator with a 250 megahertz output.

b. Connect the sine-wave generator output cable to a
10X BNC attenuator, to a 50-ohm termination, to CH 1
input.

¢. Set the sine-wave generator for a6 division display
of reference frequency. (It may be necessary to insert
more attenuation to reduce display amplitude.)

NOTE

If generator has no reference frequency setting, set
for 5 megahertz.

d. Without changing the generator output amplitude,
increase the output frequency untii the display is reduced
to 4.2 divisions,

e. CHECK—For a generator frequency reading of 250
megahertz or more.

f. Set VERT MODE to CH 2 and move test signa! setup
to CH 2 input.

g. CHECK-—Repeat the bandwidth check procedure,
parts ¢, d and e.
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8. Check Bandwidth Limit Operation
a. Set 100 OR 20 MHz BW control to 100

NOTE

't may be necessary o change sine-wave
generafors. See test equipment required, Table 5-1
for selection of generafor with an output of
100 megahertz and below.

b. Set the sine-wave generator for a 6 division display
of reference frequency.

c. Without changing the generator output amplitude,
increase the output frequency until the display is reduced
to 4.2 divisions.

d. CHECK-—For a generator reading of approximatety
100 megaheriz.

e. Set 100 OR 20 MHz BW control to 20,

f. Set the sine-wave generator for a 6 division display
of reference frequency.

g. Without changing the generator output amplitude,
increase the output frequency until the display is reduced
to 4.2 divisions,

h. CHECK—For a generator reading of approximately
20 megahertz.

i. Return 100 OR 20 MHz BW controttofull bandwidth.

10. Check Cascaded Bandwidth
a. Set VERT MODE to CH 1.

b. Connect CH 2 VERT SIGNAL OUT {outpui connec-
tor on rear panel) through a42-inch 50-0hm BNC cable, to
a 50-ohm termination and connect to CH 1 input.

c. Setthe sine-wave generator for a 6 division display
of reference frequency.

d. Without changing the generator output amplitude,
increase the output frequency until the display is reduced
{0 4.2 divisions.

€. CHECK—For a reading of 50 megahertz or more.

f. Disconnect ali test equipment.
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TRIGGER SYSTEM CHECK

Equipment Required
1. Sine-Wave Generator

2. Low-Frequency Generator

3. Amplitude Calibrator

4. 50-Ohm Signal Pickoff

5. 42-inch 50-Ohm BNC Cable

6. 18-inch 50-Ohm BNC Cabie (2 required}

7. GR-To-BNC Female Adapter

8. GR-To-BNC Male Adapter

9. BNC Female-To-BNC Female Adapler
10. BNC Elbow

11. BNC T-Connector

12. 10X BNC Attenuator

13, 5X BNC Attenuator

14. 50-Ohm 8NC Termination (2 required)

Control Settings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Vertical (CH 1 and CH 2)

POSITION Midrange
VOLTS/DIV 5 mV

VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC

INVERT Off (button out}
VERT MODE CH 1

100 OR 20 MHz BW Full bandwidth (push in,

then release)

Trigger {A and B)

COUPLING AC

LEVEL 0

SLOPE

A TRIGGER SOURCE NORM

B TRIGGER SOURCE NORM (new setting)

TRIG MODE AUTO
A TRIGGER HOLDOFF NORM

Sweep

A TIME/DIV 50 us (new setting)
B TIME/DIY 50 us {new setting)
VAR TIiME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterclockwise
HORIZ DISPLAY A
X10 MAG Off (button out}
POSITION {Horiz) Midrange

FINE Midrange

11. Check A Low-Frequency Triggering

a. Connect the iow-frequency generator cutput to a
42-inch 50-ohm BNC cable, to a BNC female-tc-BNC
termale adapter, to a BNC T-connector, to two 18-inch 50-
ohm BNC cables, to CH 1 inputand A TRIGGER external
nput.

b. Set the low-frequency generator for a 5 division,
50 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.

c. CHECK—That a stable triggered display can be
obtained in AC, LF REJ, HF REJ and DC positions of A
TRIGGER COUPLING with adjustment of A TRIGGER
LEVEL.

d. Set CH 1 VOLTS/DIV to 5 mV.

e. Set the low-frequency generator for a 3 division,
50 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.
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f. CHECK-That a siable triggered dispiay can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

g. Set the low-frequency generator for a 2 division,
50 kilohertz display, then set A TRIGGER SCURCE to
EXT (100 millivolts at external input),

h. CHECK—Repeat part ¢.

i. Set CH 1 VOLTS/DIV to 0.1 V and set A TRIGGER
SOURCE to EXT + 10.

j. Set the iow-frequency generator for a 5 division,
50 kilohertz display (500 millivolts at inputs), then set CH
1 VOLTS/DIVio 05 V.

k. CHECK—Repeat part f.

[. Set CH 1 VOLTS/DIV to 10 mV and set A TRIGGER
SOURCE to EXT.

m. Set the low-frequency generator for a 5 division,
50 kilohertz dispiay {50 millivolis at external input), then
set CH 1 VOLTS/DIV to 50 mV.

n. CHECK—Repeat part f.

o. Set A TRIGGER SOQURCE to NORM, set CH 1
VOLTS/DIV to 5 mV, set TIME/DIV to 10 ms and set 100
OR 20 MHz BW control to 20.

p. Set the low-frequency generator for a 5 division,
80 Hertz display, then set CH 1 VOLTS/DIV to 50 mV.

q. CHECK—That a stable triggered display can be
obtained in DC, HF REJ and AC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

r. Set A TRIGGER COUPLING to LF REJ.

s. CHECK—That a stable triggered dispiay cannot be
obtained with adjustment of A TRIGGER LEVEL.

t. Set CH + VOLTS/DIV to 5 mV and set A TRIGGER
COUPLING to AC.

510

u. Set the low-freguency generator for a 3 division,
80 Hertz display, then set CH 1 VOLTS/DIV to 50 mV.

v. CHECK—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

w. Set the low-frequency generator for a 2 division,
60 Hertz display, then set A TRIGGER SQURCE to EXT
(160 miliivolts at external input).

X. CHECK-—-Repeat part a.

y. Set A TRIGGER COUPLING to LF REJ.
2z, CHECK—Repeat par.t S.

aa, Set A TRIGGER COUPLING to AC.

ab. Set the low-freguency generator for a 1 division,
60 Hertz dispiay {50 millivolts at external input).

ac. CHECK—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL,

ad. Disconnect all test equipment.

NOCTE

Use a sine-wave generator with an oulput of
100 megahertz and below for the following parts.

ae. Connectthe sine-wave generator output cabletoa
BNC female-10o-BNC femsale adapter, to a BNC T-
connector, to two 18-inch 50-ohm BNC cables. Connect
an 18-inch cable through a 50-chm termination to CH 1
input and connect the other 18-inch cable through a 50-
chm termination to A TRIGGER exiernal input.

af. Set TIME/DIV to 0.5 us.

ag. Set the sine-wave generator for a 2 division,
3 megahertz display (100 millivolis at external input).

ah. Set A TRIGGER COUPLING tg HF REJ.

&



al. CHECK—Thatastable triggered display cannot be

. obtained with adjustment of A TRIGGER LEVEL.

aj. S5etCH1VOLTS/DIVto 5 mV,set TIME/DIVio2 us
and set A TRIGGER SOURCE to NORM.

ak. Set the sine-wave generator for a 5 division,
1 megahertz display, then set CH 1 VOLTS/DIV to 50 mV.

al. CHECK—Repeat part ai.

am. Return A TRIGGER COUPLING to AC.

an. Disconnect all test equipment.

12. Check B Low-Frequency Triggering

a. Set TIME/DIVio50 us,set CH1VOLTS/DIVies myY
and set HORIZ DISPLAY 1o B DLY'D. (B DLY'D sweep will
not appear when not {riggered).

bh. Connect the low-frequency generator output {o a

T 42-inch 50-ohm BNG cable, 10 a BNC femate-to-BNC

female adapter, to a BNC T-connector, o two 18-inch 50~
ohm BNC cables, to CH 1 input and 8 TRIGGER external
input.

c. Set the low-frequency generator for 50 kiichertz,
then set the generator for a 5 division display andset CH 1
VOLTS/DIV to 50 mV.

d. CHECK—That a stable triggered display can be
obtained in AC, LF REJ, HF BREJ and DC pesitions 0of B
TRIGGER COUPLING with adjustment of B TRIGGER
LEVEL.

e. Set CH 1 VOLTS/DiV to 5 mV,

f. Set the low-frequency generaior for a 3 division,
50 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.

g. CHECK—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

h. Set the low-frequency generator for a 2 division,
50 kilchertz display, then set B TRIGGER SQURCE to
EXT {100 millivolts at external input).

@
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i. CHECK—Repeat part d of this step.

j. Set CH 1 VOLTS/DIV to 16 mV.

k. Set the low-frequency generator for a & division,
50 kilohertz display (50 millivolts at external input}, then
set CH 1 VOLTS/DIV to 50 mV.

I, CHECK—Repeasat part g.

m. Set B TRIGGER SOURCE to NORM, set CH 1
VOLTS/DIV to 5 mV and set TIME/DIV to 10 ms.

n. Set the low-frequency generator for a 5 division,
80 Hertz display, then set CH 1 VOLTS/DIV to 50 mV.

0. CHECK—That a stable triggered display can be
obtained in MF REJ, DC and AC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

p. Set B TRIGGER COUPLING to LF REJ.

g. CHECK—That a stable triggered display cannot be
obtained with adjustment of B TRIGGER LEVEL.

r. Set CH 1 VOLTS/DIV to 5 mV and set B TRIGGER
CCUPLING to AC.

s. Set the low-frequency generator for a 3 division,
60 hertz display, then set CH 1 VOLTS/DIV to 50 mV.

t. CHECK—That a stable triggered dispiay can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

u. Set the low-frequency generator for a 2 division,
60 hertz display, then set B TRIGGER SOURCE to EXT
(100 millivelis at external input).

v. CHECK-—Repeat part o.

Set B TRIGGER COUPLING to LF REJ.

£

x. CHECK--Repeat part g.

Set B TRIGGER COUPLING to AC.

=
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z. Set the low-frequency generator for a 1 divisicn,
60 Hertz display (50 millivolts atexternal input). {{tmay be
riecessary to maintaintriggering as amplitude is reduced.}

aa. CHECKX—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

ab. Disconnect all test equipment.

NOTE

Use a sine-wave generator with an output of
160 megahertz and below for the following parts.

ac. Connectthe sine-wave generator output cabletoa
BNC female-to-BNC female adapter, to a BNC T-
connector, to two 18-inch 5G-ohm BNC cables. Connect
an 18-inch cable through a 50-ohm termination to CH 1
input and connect the other 18-inch cable through a 50-
ohm termination to B TRIGGER external input.

ad. Set TIME/DIV to 0.5 us and set B TRIGGER
SCURCE to STARTS AFTER DELAY.

ae. Set the sine-wave generator for a 2 division,
3 megahertz display {100 millivolts at external input).

af. Set B TRIGGER COUPLING to HF REJ and set B
TRIGGER SOURCE to EXT.

ag. CHECK—Thatastable triggered display cannot be
obtained with adjustment of B TRIGGER LEVEL.

ah. SetCHI1VOLTS/DIVioS mV set TIME/DIVto 2 us
andsetBTRIGGERSOURCEto STARTSAFTERDELAY.

ai. Set the sine-wave generator for a 5 division,
1 megahertz display, then set CH 1 VOLTS/DIV to 50 mV,
and set B TRIGGER SOURCE to NORM.

aj. CHECK--Repeat part ag.

ak. Set B TRIGGER COUPLING to AC and set B
TRIGGER SOURCE to STARTS AFTER DELAY.

13. Check B 40 Megaheriz Triggering

a. Set TIME/DIV t0 0.05 us and set 100 OR 20 MHz BW
to tuil bandwidth (push in, then release).
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b. Set the sine-wave generator for a 1 division,
40 megahertz display, then set B TRIGGER SOURCE to -~
EXT (50 millivolts at external input). '

¢. CHECK--That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adiustment of B TRIGGER LEVEL.

d. Set B TRIGGER SOURCE to NORM, set CH 1
VOLTS/DIV to 5 mV, set CH 2 VOLTS/DIV to 50 mV and
move signal cable setup from B TRIGGER external input
{o CH 2 input.

e. Set the sine-wave generator for a 3 division,
40 megahertz display, set CH 1 VOLTS/DIV to 50 mV,
retrigger if necessary, then set the display to graticule
centar with CH 1 POSITION,

f. Set VERT MODE io CH 2 and move the display to
graticule center with CH 2 POSITION. {Retrigger i
necessary.)

g. Return VERT MODE to CH 1.

h. CHECK-—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of 8 TRIGGER LEVEL.

i, Return B TRIGGER COUPLING to AC.

j. CHECK-~That a stable triggered display can be
obtained in NORM, CH 1 and CH 2 posiiions of B
TRIGGER SOURCE with adjustment of B TRIGGER
LEVEL.

k. Return B TRIGGER SOURCE to NORM.

14. Check A 40 Megaheriz Triggering

a. Set HORIZ DISPLAY to A and check that A
TRIGGER SQOURCE is in NOBRM and A TRIGGER
CCUPLING is in AC.

b, CHECK—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

¢c. Return A TRIGGER COUPLING to AC.



d. CHECK—That a stable triggered display can be
obtained in CH 1 and CH 2 positions of A TRIGGER

: SOURCE with adjustment of A TRIGGER LEVEL.

e. Return A TRIGGER SOURCE to NORM and move
test signal cable from CH 2 input to A TRIGGER external
input.

f. Set the sine-wave generator for a 1 division,
40 megahertz display, then set A TRIGGER SQURCE io
EXT.

g. CHECK-—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

h. Return A TRIGGER SOURCE to NORM and A
TRIGGER COUPLING {0 AC.

i. Bisconnect all test equipment,

15. Check A 250 Megaheriz Triggering

NQTE

it may be necessary to change fo a sine-wave
generator with a 250 megaheriz output.

Trigger jitter is measured horizorital trace excursion
minus normal horizontal trace width cbserved at low
frequency.

a&. Connect the sine-wave generator output cable
through a GR-to-BNC female adapter to the through
signal input of the 50-chm signal pickoff, Connect the
through signal outpuiofthe signal pickoffto a GR-to-BNC
male adapter, to 2 10X BNC attenuator, to g 50-chm BNC
termination, to a BNC elbow, to A TRIGGER external
input,

b. Connect the 10% signal output of the signal pickoff
to an 18-inch 50-ohm BNC cabile, to a 5G-ohm termination,
to CH 1 input.

c. Set the sine-wave generator for a 2.0 division,
250 megahertz display.

d. Set TIME/DiV t0 0.01 us and press X10MAG to on.
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e. CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained in AC, LF
REJ and DC positions of A TRIGGER COUPLING with
adiusiment of A TRIGGER LEVEL.

f. Set TIME/DIV to 0.1 ms and set A TRIGGER
SOURCE to EXT.

g. Set the sine-wave generator for a § division display
of reference frequency {250 millivolts at external input),
then set to 250 megahertz.

NOTE

It generator has no reference frequency setting, set
for 5 megahertz.

h. Set TIME/DIV to 0.07 us.

i. CHECK—That a stable triggered display, with no
more than 0.2 division of itter, can be obtained in AC and
DC positions of ATRIGGER COUPLING with adjustment
of A TRIGGER LEVEL.

i. Repiace the 10X BNC attenuator in test signai setup
with a 5X BNC attenuator (500 millivolts at external input)
and set A TRIGGER COUPLING to LF REJ.

k. CHECK--That a stable triggered display, with no

more than 0.2 division of {itter, can be obtained with
adjustment of A TRIGGER LEVEL.

16. Check B 250 Megahertz Triggering

a. Move tesi signal setup from A TRIGGER external
input to B TRIGGER external input,

b. Set A TRIGGER SCURCE to NORM, set A
TRIGGER COUPLING to AC, set HORIZ DISPLAY to B
DLY'2, set B TRIGGER SOURCE to EXT and set B
TRIGGER COUPLING to LF REJ.

c. CHECK~—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained with
adjustment of A and B TRIGGER LEVEL controis.

d. Replace the 5X BNC attenuator with a 10X BNC
attenuator (250 millivolts at external input).

e. CHECK—That a stable triggered dispiay, with no
more than 0.2 division of jitter, can be obtained in AC and
DC positions of B TRIGGER COUPLING with adjustment
of A and B TRIGGER LEVEL controls.
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f. Set B TRIGGER SOURCE to STARTS AFTER
DELAY and set TIME/DIV {0 1 us.

g. Set the sine-wave generaior for a 2.0 division,
250 megahertz display.

k. Set B TRIGGER SOURCE to NORM and set
TIME/DIV to 0.01 us.

i. CHECK~—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained in AC, LF
REJ, and DC positions of B TRIGGER COUPLING with
adjustment of A and B TRIGGER LEVEL controls.

j. Disconnect all test equipment.

17. Check TRIG MODE NORM Operation

a. Set HORIZ DISPLAY to A, set TIME/DIVto 1 ms, set
X10 MAG to off (button out), set INTENSITY, if necessary,
for a convenient trace intensily and set B TRIGGER
COUPLING to AC.

b, Setthe amplitude calibrator for a 50 mitlivolt output
and connect to CH 1 input through a 42-inch 50-chm BNC
cable.

c. Set A TRIGGER LEVEL for a stable triggered
display.

d. Set TRIG MODE to NCGRM.

e. CHECK—For a stable triggered display.

f. Remove the test signal from CH 1 input.

g. CHECK-—For no visibie trace.
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18. Check TRIG MODE SINGL SWP Operation

a. Return the test signal cable to CH 1 input.

b. Press and release SINGL SWP pushbutton.

¢. Remove the test signal cable from CH 1 input.

d. Press and releass SINGL SWP pushbutton.

g. CHECK~—That READY light turns on.

f. Return the test signal cable to CH 1 input.

¢. CHECK-—That READY light is extinguished.

h. Press and release SINGL SWP pushbutton.

i. CHECK—Forasingle-sweep dispiay (1sweep only).

i Set TRIG MODE to AUTO.

19. Check TRIG VIEW Operation

a. Move signal cable from CH 1 input to A TRIGGER
external input and set A TRIGGER SOURCE to EXT.

b. Set the amplitude calibrator for a 200 miltivoll
output.

¢. Press TRIG VIEW and hold it in.

d. Position the waveform for a maximum amplitude
display with A TRIGGER LEVEL control.

e. CHECK-~For approximately 4 divisions of display.
f. Release TRIG VIEW.

g. Disconnect all test equipment.
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NOTE

FOR OSCILLOSCOPES WITH DIGITAL MULTIMETERS ATTACHED, REFER TO THE DIGITAL MULTIMETER
MANUAL AT THIS POINT. CONTINUE WITH 475A DM44 HORIZONTAL SYSTEM PERFORMANCE CHECK, THEN
RETURN TO GATE QUTPUTS, EXTERNAL Z-AXIS AND CALIBRATOR CHECKS SECT/ON IN THIS PERFOR-

MANCE CHECK PROCEDURE.

FOR OSCILLOSCOPES WITHOUT DIGITAL MULTIMETERS, CONTINUE WITH HORIZONTAL SYSTEM CHECHK.

HORIZONTAL SYSTEM CHECK

Equipment Required
1. Time-Mark Generator
2. Sine-Wave Generator

3. Amplitude Calibraior

4. 500 MHz Filter
5. 42-inch §0-Chm BNC Cable (2 required)
6. 50-Ohm BNC Termination {2 required)

7. 10X Probe {see Table 5-1, 10X Probe examples}

Control Seltings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Yertical (CH 1 and CH 2)

POSITION Midrange
VOLTS/DIY 0.5 Y {(new setting)
VAR VOLTS/DIV Calibraied detent
AC-GND-DC DC

INVERT Oft (button out)
VERT MODE CH 1

100 OR 20 MHz BW Full bandwidth {push in,

then release)

Trigger {A and B)

COUPLING AC
LEVEL 0
SLOPE +

A TRIGGER SOURCE
B TRIGGER SOURCE

NOBRM (new setling)

STARTS AFTER DELAY
{new setting)

TRIG MODE AUTO

A TRIGGER HOLDCFF NORM

Sweep

A TIME/DIV 1ms
B TIME/DIV 1ms
VAR TIME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterciockwise
HORIZ DISPLAY A
X10 MAG Off (button out}
POSITION (Horiz) Midrange

FINE Midrange

20. Check VAR TIME/DIY Range

a. Set the time-mark generator for 5 millisecond time
marks and connect through a 42-inch 50-ohm BNC cable,
to a 50-chm BNC termination, to CH 1 input.

b. Set A TRIGGER LEVEL for a stable triggered
display, then set VAR TIME/DIV fully counterclockwise.

¢. CHECK—That VAR TIME/DIV UNCAL light is il-
luminated.

d. CHECK-For at least 6 time marks between firstand
last graticule lines.

e. Return VAR TIME/DIV control to calibrated detent.
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21. Check Sweep Length and Horizontal
POSITION Range

a. Set time-mark generator for 1 millisecond time
marks.

b. CHECK—Sweep length for approximately
10.1 divisions.

¢. Turn POSITION and FINE (Horiz) controls fully
clockwise. (Aiso check that each control will position the
trace.)

¢. CHECK--That the start of sweep is to the right of
graticule center.

e. Turn POSITION and FINE {Horiz} controls fully
counterciockwise.

f. CHECK-—That the end of sweep is to the left of
graticule center.

g. Recenter POSITION and FINE (Horiz) controls.

22. Check A Timing Accuracy

a. Set TIME/DIV to 001 us, set the time-mark
generator for 10 nanosecond time marks, set TRIG MODE
to NORM, and set A TRIGGER LEVEL for a stabie
triggered display.

NOTE

Uniless otherwise stated, set POSITION and FINE
(Horizj controls so first time mark will coincide with
tirst graticule line and check that a time mark will
coincide with last vertical graticule line.

b, CHECK—TIME/DIV settings from 0.01us to
5 ms/division foraccuracy, atfirstand 11th graticule lines,
within 1%, from +20°C to +30°C; within 3%, from —15°C
to +55°C.

NOTE

Turn INTENSITY full on, note the start of sweep and
exclude the first 25 nanoseconds from start of
sweep when checking 0.01 and 0.02 us/division. Set
fime-rmark generator, as necessary, to provide 1 or
more time marks/division as each TIME/DIV setting
is selected, throughout the horizontal check
procedure.
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¢. CHECK—TIME/DIV settings from 10ms to
0.5 s/division for accuracy, atfirstand 11th graticule fines, -
within 2%, from -+20°C to +30°C; within 3%, from —15°¢
to +55°C.

23. Check A INTEN Timing Accuracy

4. Set HORIZ DISPLAY to A INTEN, set TIME/DIV to
0.05 us and set time-mark generator for 50 nanosecond
time marks (DELAY TIME POSITION should be fully
counterclockwise).

b. CHECK—TIME/DIV settings from 005us to
0.5 s/division for accuracy, atfirstand 11th graticule lines.
within 2%, from +20° C tg +30°C; within 3%, from —15°C
to +55°C.

24. Check A INTEN Magnified Timing Accuracy

a. Set TIME/DIV to 0.06 us, set time-mark generator
for 5 nanosecond time marks and press X10 MAG to on.

b. CHECK—TIME/DIV settings .from 005 us to
0.5 s/division for accuracy, atfirst and 11th graticule lines,

to +55°C (see following note).

NOTE

Turn INTENSITY fully on, note the start of sweep
and exclude the first 25 nanoseconds from start of
sweep or first 2 major unblanked divisions at normal
intensity (whichever is greater} and all beyond the
100th division.

25, Check A Magnified Timing Accuracy

a. Set TIME/DIV 10 0.01 us, set A TRIGGER SCURCE
to EXT and set A TRIGGER COUPLING to LF REJ.

b. Set the time-mark generator for 2 nanosecond time
marks and connect trigger output through a 42-inch 50-
ohm BNC cable, to a 50-ohm BNC termination, to A
TRIGGER external input (if a 2901 time-mark generator is
used, set trigger selector for 0.1 microsecond triggers).

insert a 500 megahertz filter between the 50-ohm BNC
termination and CH 1 input. Adjust the fiiter for minimum
unwanted modulation from the time mark generator, as
necessary, whenever 2 or 5 nanosecgnd time marks are
used in this step.



¢. Set CH 1 VOLTS/DIV to maintain a convenient

display amplitude and set A TRIGGER LEVEL for a stable

dispiay. (It may be necessary to adjust A TRIGGER
HOLDOFF for best triggered display through this step).

d. CHECK--TIME/DIV  settings from 001 to
0.05 ps/division for accuracy, at first and 11th graticule
lines, within 2%, from + 20°C to +30°C; within 4%, from
-=15°C to +65°C.

e. CHECK—That accuracy is within 5% (0.1 division)
over any 2 division interval at all TIME/DIV setlings (see
following note).

NOTE

if waveform has modulation, check 2 division ac-
curacy between adjacent time marks of equal
amplituds,

Turn INTENSITY full on, note the start of sweep and
exclude the first 25 nanoseconds from start of
sweap or first 2 major unblanked divisions at normal
intensity {whichever is greater) and all beyond the
106th division.

f. Remove the trigger cable setup from A TRIGGER
external input, set ATRIGGER SOURCE to NORM and set
A TRIGGER COUPLING to AC. Remove the
500 megahertz filter.

g. SetTIME/DIV to G.1 us, set time-mark generator for
0.1 microsecond time marks and set CH 1 VOLTS/DIV to
maintain a convenient display amplitude.

h. CHECK—TIME/DIV  settings from 01us to
5 ms/division foraccuracy, atfirstand 11th graticule lines,
within 2%, from +20°C to +30°C, within 4%, from —15°C
to +55°C.

26. Check Differential Delay Time Accuracy

a. Set HORIZ DISPLAY to B DLY'D and set TIME/DIV
to 0.05 us. Pull and unlock DLY' D SWP knob,sett00.01 us
and set X10 MAG to off.

b. Set time-mark generator for 50 nancsecond time
marks.

@
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¢c. Turn DELAY TIMEZ POSITION to set time mark
nearest 1.000 on dial to coincide with graticule center and
note reading.

d. Turm DELAY TIME POSITION to set time mark
nearest 2.000 on dial to coincide with graticule center and
note reading.

e. CHECK—For a difference in readings of 1.000,
within 0.010, from +15°C to +35°C; within 0.020, from
—15°C to -+55°C. ‘

f. Turn DELAY TIME POSITION t¢ set every adjacent
time-mark to coincide with graticule center and note
reading.

g. CHECK—Each reading between any 2 adjacent
fime-marks for 1.000, within 0.G10G, from +15°C to +35°C;
within 0.020, from ~15°C to +55°C. Also, check the
difference between any time marks separated by more
than 1 major dial division not to exceed maximum erroras
listed in Table 5-3.

TABLE 5-3
Differential Delay Time Accuracy
Difference Maximum Maximum
in Major Error Error
Dial Divisions | +15°C to +35°C | —15°C to +55°C
1.000 +0.010 +0.020
2.000 +0.019 40,029
3.000 +0.627 +0.042
4.000 40.033 +=0.053
5.000 +0.639 £0.064
6.000 +0.043 +0.073
7.000 +0.047 +0.082
8.000 +0.049 +£0.089
§.000 £0.050 +0.085

h. CHECK—Display time accuracy as directed in part
g. at all settings listed in Table 5-4 nottc exceed maximum
error listed in Tabie 5-3.
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TABLE 5-4
Delay Time Seitings
DELAY TIME A TIME/DIV B TIME/DIV Time-Mark
POSITION Swiich Switch Gieneralor
Exclusions Setting Seiting Setting
Exclude dial 0.05 us 0.01 s 50 nanosecond
settings of 01 us 0.01 us 0.1 microsecond
0.004G through 0.2 us .02 us 0.2 microsecond
1.000 05 us 0.05 us .5 microsecond
1 us 0.1 us 1 microsecond
2 us 0.2 us 2 microsecond
5 us 0.5 us 5 microsecond
10 us 1 us 10 microsecond
20 s 2 us 20 microsecond
Exclude dial 50 us 5 s 50 microsecond
settings of 0.1 ms 10 us 0.1 millisecond
0.000 through 0.2 ms 20 us 0.2 millisecond
0.050 0.5 ms 50 us 0.5 millisecond
1ms 0.1 ms 1 millisecond
2 ms 0.2 ms 2 millisecond
5ms 0.5 ms 5 millisecond
10 ms 1 ms 10 miltisecond
20 ms 2 ms 20 millisecond
50 ms 5 ms 50 millisecond
01s 10 ms 0.1 second
02s 20 ms C.2 second
05s 50 ms G.5 second

'H the time-mark generator being used does not have a 1-2-5 sequence, sef for 1 or more time marks/division on

DELAY TIME POSITION dial

27. Check Delay Time Jitter

& Set DLY'D SWP to 0.2 us, set A TIME/DIV to 1 ms
and settime-mark generatorfor 1 millisecond time marks.

b. Set DELAY TIME POSITION to 1.000 on dial and
position nearest time-mark to graticule center.

¢. CHECK—That jitter on the leading edge of the time

mark does not exceed 1 division (80 Hertz iine) or
2.5 division (80 Hertz ine).

d. SetDELAY TIME POSITION to view each time-mark
from 2.000 to 8.000 on dial and cheack delay time jitter for
limits stated in part c.

28. Check MiX (Mized Sweep) Timing Accuracy

a. Set DLY'D SWP to 0.02 us, A TIME/DIV to 0.05 us,

HORIZ DISPLAY to MIX and DELAY TIME POSITION fuily
clockwise,

b. Set time-mark generator for 50 nanosecond time-
marks.
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¢, CHECK—A TIME/DIV settings from 0.02 us to
0.5 s/division for accuracy at 2nd and 10th graticule lines
(8 division timing), within 3%. Exclude the first 0.5 division
from start of sweep when checking A sweep. Set DLY'D
SWP at least 1 sweep setling faster than A sweep setting
on all ranges. Set time-mark gensrator to maintain
appropriate time marks.

d. Set DELAY TIME POSITION fully coun-
terclockwise, DLY'D SWP to 0.05 us, ATIME/DIVio 0.1 us
and set time-mark generator for 50 nanosecond time
marks.

e. CHECK—DLY'D SWFP settings from 005 us to
0.5 s/division for accuracy at 2nd and 10th graticule fines
(8 division timing), within 3%. Exciude the first 0.2 division
or 0.1 microsecond (whichever is greater) after the transi-
tion of A fo B. Set DLY'D SWP at least 1 sweep setting
faster than A sweep setting on all ranges. Set time-mark
generator to maintain appropriate time marks.

f. Disconnect all test equipment.

&



29. Check X Gain

a. Set TRIG MODE to AUTO, set DLY'D SWP to lock
knobs, set TIME/DIV to X-Y, set VERT MODE to CH 2 and
set X (CH 1) VOLTS/DIV to 10 mV.

b. Setamplitude calibrator to 56 millivolts and connect
to X {CH 1) input through a 42-inch 50-ohm BNC cable.

c. SetX{CH1}andY (CH 2) POSITION controlsto set
the 2-dot display at graticule center.

d. CHECK—The deflection between the 2 displayed
dots for 5 divisions within 3%.

g. Disconnect all test eguipment.
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30. Check X Bandwidth
NOTE
See test equipment required, Table 5-1, for selection

of sine-wave generator with an oufput of
100 megahertz and below.

a. Connect the sine-wave generator output cable to a
50-ohm termination, to X input.

b. Setihesine-wavegeneratorfora4 division horizon-
tal display of reference frequency.

c. Increase the frequency of the sine-wave generator
until the display is reduced to 2.8 divisions.

d. CHECK—The sine-wave generator for a reading of
3 megahertz or higher.

e. Disconnect all test equipment.

GATE QUTPUTS,EXTERNAL Z-AXIS AND
CALIBRATOR CHECKS

Equipment Required
1. Amplitude Calibrator

2. 42-Inch 50-ohm BNC Cable (2 reguired)

3. 80-Ohm BNC Termination

4. 10X Probe (see Table 5-1, 10X Probe examples)

Control Settings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Yertical (CH 1 and CH 2)

POSITION Midrange
VOLTS/DIV 2 V (new setting)
VAR VOLTS/DIV Calibrated detent
AC-GND-DC bDC

INVERT Off {button out)
VERT MODE CH 1 (new setling)

100 OR 20 Mz BW 20 {new selling)

=)

Trigger {A and B)

COUPLING AC
LEVEL Fully clockwise

{new setting)
S5LOPE +

A TRIGGER SQURCE NORM
B TRIGGER SOURCE STARTS AFTER DELAY
TRIG MODE AUTO
A TRIG HOLDOFF NORM
Sweep
& TIME/DIV 10 us (new selling)
B THAE/DIYV 10 us (new selting)
VAR TIME/DIV Calibrated detent

DELAY TIME POSITION
HORIZ DISPLAY

Fully counterctockwise
A INTEN (new setting)

X10 MAG Off (button out)
POSITION {Horiz} Midrange
FINE Midrange
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31. Check A and B +GATE Cutpuis

a. Connect A+GATE {cutputconnector on rear panel)
to CH 1 input through a 42-inch 50-ohm BNC cable.

b. CHECK—The display for a positive pulse amplitude
of approximately 5 voits (it may be necessary to increase
INTENSITY to view leading edge of positive pulse).

¢. Move cable from A +GATE to B +GATE {output
connectors on rear panel),

d. CHECK-—Repeat part b,

e. Disconnect the cable between B +GATE and CH 1
conngctors.

32. Check CH 2 YERT SIGNAL OUT

a. Set HORIZ DISPLAY to A, set TIME/DIV to 0.5 ms,
set CH1VOLTS/DiIVic 0.1 Vandset CH2VOLTS/DIV to
5my,

b. Set VERT MODE tc CHOP, set CH 1 and CH 2
PGSITION controls for 2 traces superimposed on center
horizontal graticule line, then set VERT MODE to CH 1.

c. Connect CH 2 VERT SIGNAL OUT {output connec-
tor on rear panel) to CH 1 input through a 42-inch 50-ohm
BNC cable.

d. Setamplitude calibratorfora20 millivoltoutputand
connect to CH 2 input through a 42-inch 50-ohm BNC
cable. '

e Set A TRIGGER LEVEL for a stable triggered
display.

f. CHECK—Thesquare-wavedisplay forapproximate-
ly 1 division of amplitude with the boftom of waveform
near center horizontal graticule line.
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g. Set CH 1 VOLTS/DIV to 50 mV and insert a 50-ohm
termination between CH 1 input and the connected BNC ¢
cable, '

h. CHECK—Repeat part f.

i. Disconnect ali test equipment,

33. Check EXT Z-AXIS Operation

a. Set amplitude calibrator for a 5 volt output and
connect to EXT Z-AXIS (input connector on rear panel)
through a 42-inch 50-chm BNC cable.

b. CHECK--For noticeable moduiation at normail in-
tensity, Adjust VAR TIME/DIV, if necessary to observe
maodulation, then return to calibrated detent,

¢. Disconnect all test equipment.

34. Check CALIBRATOR Operation

a. SetCH1VOLTS/BIVto10 mV and set TIME/DIV {o
1 ms.

b, Connect a 10X probe with a scale-factor switching
connector between CH 1 input and CALIBRATOR current
locp.

NOTE
Use a probe listed in test equipment required, Table

5-1, under 10X Probe examples.

c. CHECK—The square-wave display for 3 divisions
of amplitude and for approximately 1 cycle/division.

d. Disconnect all test equipment.

This completes the performance check procedure for
the 475A. If the instrument has met all performance
requirements given in this procedure, it is currently
calibrated and within specifications.



Section 6—475A Service

CALIBRATION

EMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

Introduction

The following procedure returns the 475A to correct
calibration. Ali limits and tolerances given in this
procedure are calibration guides and should not be
interpreted as instrument specifications except as
specified in the performance requirements portion of the
Specifications section in this Service manual,

Calibration Interval

To ensure instrument accuracy, check the calibration
of the 475A every 1000 hours of operation, or every 6
months i used infrequently. Before complete calibration,
thoroughly clean and inspect this instrument as cutiined
in the Maintenance section of this manual.

Tekironix Field Service

Tekironix, inc. provides complete instrument repair
and recalibration at local Field Service Centers and at the
Factory Service Center. Contact yourlocal Tekironix Field
Office or representative for further information.

Using This Procedure

Gutline. To aid in locating a step in the Calibration
procedure, an outline is given preceding the Caiibration
preocedure.

Calibration Procedure. Completicn of each step inthe
Calibration procedure ensures that this instrument meets
the electrical specifications given in the first section of this
manual. Where possible, instrument performance is
checked before an adjustment is made. For best overall
instrument performance when performing a complete
calibration procedure, make each adjustment to the exact
seiting, even # the CHECK— is within the allowable
tolerance. It will be necessary to remove the cabinet in
order to have full access to the internal adjustments and
test points.

@

Partial Procedures. A partial check or adjustment is
ofien desirabie after replacing components orto touchup
the adjustment of a portion of the instrument between
major recalibrations. To check or adjust only part of the
instrument, set the controls as given under the nearest
preceding Control Settings and use the Equipment Re-
quired list preceding the desired portion of the procedure.
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 readjustment is
necessary, alse check any steps listed in the
INTERACTION— part of the step.

TEST EQUIPMENT REQUIRED

General

The following test equipment and accessories, or its
equivalent, is required for complete calibration of the
475A. Specifications given for the test equipment ars the
minimum necessary for accurate calibration. Therefore,
some of the specifications listed here may differ from the
actual performance capabilities of the test equipment. All
test equipment is assumed o be correctly calibrated and
operating within the listed specifications. Detailed
operating instructions for the test equipment are not given
in this procedure. Refer to the instruction manual for the
test equipment if more information is needed.

Special Calibration Fixiures

Special Tektronix calibration fixtures are used only
where they facilitate instrument calibration. These special
calibration fixiures are available from Tektronix, inc.
Order by part number through your local Tektronix Field
Office or representative.

Calibration Equipment Alternatives

Al of the listed test equipment is required to completely
check and calibrate this instrument. However, complete
checking or calibration may not always be necessary or
desirable. The user may be satisfied with checking only
selected characteristics, thereby reducing the amount of
test equipment actually required.
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The equipment listed in the Calibration procedure is
based on the first item of equipment given as an example
of applicabie equipment. When other eguipment is sub-
stituted, control settings or calibration setup may need to
be altered to meet the requirements of the substitute
equipment. If the exact item of test equipment given as an

example in the Test bquipment list is not avaiible, first
check the Specifications column carefuily to see if any
other equipment is available which might suffice. Then
check the Usage column to see what this item is used for. i
used for a check or adjustment that is of little or no
importance to your measurement reqguirements, the item

and corresponding step(s) can be deleted.

TABLE 8-1

Test Eguipment R

equired For Calibration

Minimum

Description Specifications

Usage

Examples

1. Variable Auto-trans-
former,

Capable of supplying 1.2 am-
peres over a range of 103.5 to
126.5 volts.

Low-voltage power supply
checks.

a. General Radio WaMT3VM
Variac Autotransformer.

2. Digital Voltmeter Range, 0 to 150 volts; dc
voltage accuracy, within

0.15%; display, 4 1/2 digits.

Low-voltage power supply
checks and adjustments; CRT
grid bias check; Vertical and
horizontal centering adjust-
ments; Calibrator output volt-
age adiustment.

a. Tektronix DM £07 Digital
Multimeter.”

b. Any digital voltmeter that
meets minimum specifi-
cations.

3. DC Voltmeter Range, 0 to 2500 volts; cali-
brated fo 1% accuracy at

2450 volis.

High-voltage power supply
check.

a. Triplett Modei 630—NA.

b. Simpson Model 262.

4. Test Oscilioscope
system with 10X probes.

Bandwidth, DC to 100 mega-~
hertz; minimum deflection
factor, 5 mV/division; accu-
racy, within 3%, dual trace.

CRT Z-Axis compensation;
Vertical 2 mV gain adjust-
ment; A Trigger Hold-off
check; High-speed timing ad-
justment; A and B +Gate out-
put signais check.

a. Tektronix 485 Oscilloscope
with 2 10X probes (included).

b. Tektronix 475A Oscilloscope
with 2 10X probes (included).

5. Amplitude Calibrator |Amplitude accuracy, within
G.28%; signal amplitude,

2 miliivolts to 20 volts; out-
put signal, 1 kilohertz square

wave,

Vertical checks and adjust-
ments; Trigger View gain
check; X gain adjustment; Ex-
ternal Z-Axis check.

a. Tektronix PG 506 Cali-
bration Generator.'
b, Tektronix 067-0502-01
calibration fixiure.

6. Sine-Wave Generatori{Frequency, 350 kilohertz o
above 250 megaheriz; output
amplitude, variable from

15 miilivelts to 4 voits peak-
to-peak; output impedance,
50 ohms; reference frequency,
50 to 350 kilohertz; ampli-
tude accuracy, constant with-
in 3% of reference frequency

as cuiput frequency changes.

Vertical centering, bandwidth
and isolation checks: Trigger
checks and adjusiments; X
bandwidth check.

a. tTektronix SG 503 Leveled
Sine-Wave Generator.’ (use
for gll frequencies.)

b. Tektronix Type 191
Constant-Amplitude Signal
Generator. {use at fre-
quencies of 100 megahertz
and below}.

AND
Wavetek Model 1001A {use
only for checking 200 mega-
hertz bandwidth and trig-

gering.)

'Requires a TH 500-Series Power Module.
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TABLE 6-1 {cont)
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Description

Minimum
Specifications

Usage

Examples

7. Time-Mark Generator

Marker outputs, 2 nano-
seconds to 0.5 second;
marker accuracy, within
0.1%; trigger output, 1 milli-
second to 0.1 microsecond,
time coincident with markers.

CRT Y-Axis and geometry
adjustments; Auto trigger
check; Horizontal timing
checks and adjustments.

a, Tektronix TG 501 Time-
Mark Generator.'

b, Tekironix 29G1 Time-
Mark Generator.

8. Low-Freguency
Generator

Frequency, 10 Hertz to

50 kiloheriz; output ampii-
tude, varigbie from 10 milii-
voits fo 4 volis peak-to-
peak.

Low-Frequency trigger
checks.

a. Tektronix SG 502 Oscil-
jator.!

b. Generat Radio 13108 Os-
cillator with a binding post to
BNC adapter.

9. Square-Wave
Generator

Repetition rate, 1 kHz 1o
100 kHz; risetime, 1 nano-
second or less from fast-
rise ouiput; output ampli-
tude at least 60 volt pulse
supplying at least 11
milliamperes from high-
amplitude output; aber-
rations, within 2% from
fast-rise output.

Vertical Systems compensa-
tion adjustments.

a. Tektronix PG 508",

bh. Tektronix Type 106
Square-Wave Generator.

10. Tunned Diode
Puiser

Output amplitude, approxi-
mately 200 millivolts into

50 ohms; risetime, approxi-
mately 100 picoseconds into
50 ohms; aberrations less
than 1% into 50 ohms.

Driven by PG 506 or Type
106 for Vertical transient
response checks and ad-
justments; Trigger View
risetime and delay checks.

a. Tektronix Tunnel Diode
Pulser calibration fixture.
Part Number 067-0681-01.

11. 56-Ohm Signat
Pickoff

Frequency response, 50 kilo-
hertz to 875 megahertz; im-
pedance, 50 chms for signal
input, signal output and trig-
ger output.

Trigger checks and adjust-
ments,

a. Tektronix GT-3 Signal
Pickoff. Part Number
017-0061-00.

12. Current Probe

Sensitivity, 1 milliampere/
millivolt; bandwidth, 8.5 kilo-
hertz to 160 megahertz.

Used for maijor recalibration
of Horizental High-Speed
Timing.

a. Tekironix P6022 AC Cur-
rant Probe with Passive
Termination.

13. Cable impedance, 50 ohms; length, | Used throughout procedure | a. Tektronix Part Number
(2 required) 42 inches; connectors, BNC. | for signal interconnection. 012-6057-01,
14. Cable impedance, 50 ohms: length | Used throughout procedure |a. Tektronix Part Number

{2 required}

18 inches; conneciors, BNC.

for signal interconnection.

012-0076-00.

15. Adapter

Connectors, GR874 to BNC
Female.

Vertical compensation adjust-
ments. Trigger adjustments.

a, Tekironix Part Number
017-0063-00.

'Requires a TM 500-Series Power Module.

@
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TABLE 6-1 {cont}

Minimum
Descriplion Specifications Usage Examples
16. Adapter Connectors, GR874 to BNC | Used in Trigger adjustment  a. Tektronix Part Number
Maie. procedure for signat intercon- 017-0064-00.
nection.
17. Adapter Connectors, BNC Female to | Used throughout procedure | a. Tektronix Part Number

BNC Female.

for signal interconnaction.

103-0028-00.

18. Elbow Adapter

Connectors, BNC Male to
BNC Female,

Used in Trigger system pro-
cedure for signal intercon-
nection.

a. Tekironix Part Number
103-0031-00.

19, T-Connector

Connectors, BNC.

Used throughout procedure
for signal interconnection.

a. Tektronix Part Number
103-6030-00.

20. 10X Attenuator

Ratio, 10X; impedance,
50 ohms; connectors, BNC.

Vertical System compen-
sation adjustments. Vertica!
bandwidth check. Trigger ad-
justments.

a. Tektronix Part Number
011-0059-02.

21. 5X Attenuator

Ratlo, 5X; impedance,
50 ohms; connectors, BNC.

Vertical System compen-
sation adjustments. Trigger
adiustments,

a. Tekironix Part Number
011-0060-02.

22. 2X Attenuator

Ratio, 2X; impedance,
50 ohms; connectors, BNC.

Vertical System compen-
sation adjustments.

a. Tekironix Part Number
011-0069-G2.

23. Termination
{2 required)

Impedance, 5¢ ohms; con-
nectors, BNC.

Used throughout procedure
for proper signal termination.

a. Tektronix Part Number
011-0049-01.

24. 500 MHz Filter

impedance, 50 ohms; fre-
quency, adjustable; con-
nectors, BNC.

Used for High-Speed Timing
checks and adjustments.

a. Tektronix 500 MHz Filter
calibration fixture. Part
Number 067-0684-00.

25, Screwdriver

Length, three-inch shaft; bit
size 3/32 inch.

Used throughout procedure
to adjust variable resistors.

a. Xcelite B-3323.

26. Low-Capacitance
Screwdriver

Length; approximatety
4 inches; bit size 3/32 inch.

Used throughout procedure
to adjust ail variable cap-
acitors.

a. J.F.D. Electronics Adjust-
ment Tool Number 5284,

27. Adapter

Connectors, BNC male
to miniature probe tip.

Used for Vertical System

compensation adjustments.

a. Tektronix Part Number
(13-0084-01.
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OUTLINE FOR CALIBRATION 23. Check ADD MODE Qperation Page 6-16
PROCEDURE )
24. Check Compression and Expansion  Page 6-16
POWER SUPPLY Page 6-7 25. Check Cascaded Gain Page 6-17
1. Adjust Power Supply DC Levels Page 6-8
26. Check ALT Mode Operation Page 6-17
2. Check High Voltage Power Supply Page 6-8
27. Check CHOP Mode Operation Page 6-17
DISPLAY AND Z-AXIS Page 6-8 28. AdjustHigh-Frequency Gompensation Page 6-17
i i i p 6-9
3. Adjust CRT Grid Bias age 29. Adjust CH 1 VOLTS/DIV Compensa-
4. Check Display Controls Page 6-9 tion Page 6-18
5. Adjust CRT Y-Axis Alignment Page 6-10 30. Adjust GH 2 VOLTS/DIV Compensa-
tion Page 6-19
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djust Geometry age 6-10 31. Adjust Vertical Transient Response  Page 6-20
7. Adjust Z-Axis Compensation Page 6-10 32. Gheck Vertical Amplifier Bandwidth  Page 6-21
33, Check Bandwidth Limit Operation Page 6-21
VERTICAL SYSTEM Page 6-11 P ¢
8. Adjust Vertical Qutput Bias Page 6-12 34. Check Cascaded Bandwidth Page 6-22
9. Adjust Vertical Shield Voltage Page 6-12 35. Check Vertical Channei isolation Page 6-22
10. Adjust Delay-Line DC Center Page 6-12
11, Adjust CH 1 VAR VOLTS/DIV Balance Page 6-12
] g TRIGGER SYSTEM Page 6-22
12. Adjust CH 1 VOLTS/DiV Balance Page 6-13 36. Adjust A Trigger Sensitivity, Symmetry
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13. Adjust CH 2 VAR VOLTS/DIV Balance Page 6-13
37. Adjust B Trigger Sensitivity, Symmetry

14. Adjust CH 2 VOLTS/DIV Balance Page 6-13 and Centering Page 6-24
15. Adjust CH 2 INVERT Balance Page 6-13 38. Adiust A Trigger DC Centering Page 6-25
16. Adjust CH 2 POSITION Geniering Page 6-13 38. Check B Trigger DG Centering Page 6-26
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Triggering Page 6-26
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Triggering Page 6-26
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20. Adjust CH 1 Gain and Vertical Output Triggering Page 6-26
Gain Page 6-14 :
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Range Page 6-16 Triggering Page 6-27

@ 6-b




Calibration—4754A Service

45. Check A  External 40 Megahertz 66. Check Sweep Length and Horizontal
Triggering Page 6-27 POSITICN Range Page 6-35
46, Check A External 250 Megahertz 67. Adjust 10 Microsecond Timing Page 6-36
Triggering Page 6-28

688, Adjust 0.1 Microsecond Timing Page 6-36
47, Check B External 250 Megahertz
Triggering Page 6-28 69. Adjust Horizontal Output Centering  Page 6-37
48, Check B LF REJ, HF REJ and Low- 70. Adjust High-Speed Timing (Visual
Frequency Triggering Page 6-28 Method) Page 6-37
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54, Check LINE Triggering Page 6-32
76. Check Differential Delay Time Ac-
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81. Check X Bandwidth Page 6-43
82. Check B ENDS A Operation Page 6-43
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PRELIMINARY PROCEDURE
FOR CALIBRATION

Operating Yoltage

Before applying power to the instrument, check that the
line voliage selector and the regulating range selector are
in the correct positions for the tine voltage the instrument
will be operated on.

Cabinet Removal

Remove the cabinet from the instrument as outlined in
the Maintenance section of this manual. Also, remove the
vertical output circuit board cover from the top of main
chassis. This will allow access to vertical output ad-
justments.

| WARNING |

Power should not be applied to the instrument when
cleaning or replacing parts. When the insfrument is
operated with the cabinet removed, do not touch
exposed connections or components. High voltage
exists at several points and iransistors may have
elevated cases throughout the instrument.

Calibration—475A Service

Power Source

Connect the 475A through the autotransformer to a
power source that meets the voltage and frequency
requirements of this instrument.

Warm Up

Turn on the 475A, set the autoiransformer output
voltage to the center of the voltage range selected by the
line voitage selector and allow atleast 20 minutes warm up
before starting the calibration procedure.

Operating Temperature

This instrument should be calibrated at an ambient
temperature of +20°C to +30°C for bestoverall accuracy.
This instrument can be calibrated within environmental
iimits listed in the Specifications section of this manual to
approximate the expected environmental usage.

Siep Titles

Each procedure step is preceded by a number and geach
procedure part is set in alphabetical order. Steps con-
taining adjustments and checks are titled (Adjust) steps;
steps confaining only checks are titied (Check) steps.
Where possible, the performance requirement is checked
before an adjusiment is made. If a check meetls iis
requirements, H is nol necessary to make the related
adjustment,

POWER SUPPLY

Equipment Required

1. Variable Autotransformer

2. Digital Voltmeter

3. DC Voltmeter

4. Screwdriver

Before you begin, see

Control Settings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE iLLUM Midrange

ADJUSTMENT LOCATIONS 1

in the pullout pages.

Yertical (CH 1 and CH 2)

POSITION Midrange
VOLTS/DIV 10 mV

VAR VOLTS/DIV Calibrated detent
AC-GND-DC DG

INVERT Off (button out)
VERT MODE CHA1

100 OR 20 MHz BW 20
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Trigger {A and B}

COUPLING AC
LEVEL G
SLOPE +
A TRIGGER SOURCE NORM
B TRIGGER SOURCE STARTS AFTER DELAY
TRIG MODE AUTO
A TRIGGER HOLDGFF NORM
Sweep

A TIME/DIV ims
B TIME/DIV Tms
VAR TIME/DI Calibrated detent
DELAY TIME POSITION  Fully counterclockwise
HORIZ DISPLAY A
X10 MAG Off (button out)
POSITION (Horiz) Midrange

FINE Midrange

1. Adjust Power Supply DC Levels

a. Connect the digital voltmeter between test points
listed in Table 6-2 and ground on main interface board.
See ADJUSTMENT LOCATIONS 1.

TABLE 6-2

Power Supply Accuracy

Power Supply | Test Point | Tolerance | Heading
+50 volt +50 V 0.5% +49.75to +50.25
+15 volt +15 V 1.5% +14.77 to +15.23
=15 voit | - 15V 1.5% —14.77t0 —~15.23
+5 volt +5 Y 1.5% +4.921t0 15,08
-8 voit -8V 1.5% —7.88t0-8.12
+110 volt +110V 3% +106.7to-+113.3

NOTE

{f 450 volt supply is within specified tolerance,
proceed with part ¢, If +50 volf adjustment is o be
made, the accuracy of all circuits will be affecited.
The entire calibration procedure should be per-
tormed to verify instrument performance.

b, ADJUST—+50 voit supply. R1430, for +50 volts
within 50 millivolts. See ADJUSTMENT LOCATIONS 1.

c. Decrease line voliage with the variable
autotransformer until the LOW LINE indicatar light starts
to blink.

d. CHECK—The variable autotransformer ac
veltmeter for approximately 104 voits ac or less.

o. Return the variable autotransformer to 115 voits ac.

2. Check High Voltage Power Supply
a. Set the POWER switch to off.

b, Connect the dc voltmeter positive lead to ground
and connect negative leads to TP2450. See ADJUST-
MENT LOCATIONS 1.

c. Set the POWER switch to ON.

d. CHECK—For a reading of —2450 volts within
49 volts.

e. Set the POWER switch to off and disconnect the d¢
voltmeter. Return the POWER switch to ON.

DISPLAY AND Z AXIS

Equipment Required
1. Digital Voltmeter

2. Amplitude Calibrator
3. Time-Mark Generator

4. Test Oscilioscope With 10X Probe

5, 42-inch 50-0Ohm BNC Cable

- 6. 53-Ohm BNC Termination

7. Screwdriver

8. Low-Capacitance Screwdriver

Before you begin, see

6-8
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Control Settings

POWER ON
Display
INTENSITY Fully counterclockwise

{new setting)

FOCUS Midrange
SCALE ILLUM Midrange

Vertical {CH 1 and CH 2}
POSITION Midrange
VOLTS/DIV 10 mV
VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC
INVERT Off {button out)
VERT MODE CH 1
106 OR 20 MHz BW 20

Trigger (A and B)

COUPLING AC
L.LEVEL G
SLOPE e

A TRIGGER SOURCE
B TRIGGER SOURCE
TRIG MODE

NORM
STARTS AFTER DELAY
SINGL SWP (new setting)

A TRIGGER HOLDOFF NORM
Sweep

A TIME/DIV 1 ms

B TIME/DIV 1 ms

VAR TIME/DIV
DELAY TIME POSITION

Calibrated detent
Fully counterclockwise

HORIZ DISPLAY A
X10 MAG Qff (button out)
POSITION {Horiz) Midrange

FINE Midrange

3. Adjust CBT Grid Bias
a. Connect the digital voltmeter between TP1364 and
ground. See ADJUSTMENT LOCATIONS 1.

b. Set INTENSITY control for a reading of +15 voits.

_ ¢. CHECK—The display for a well-defined spot of low
" intensity near left vertical graticule line. Adjust FOCUS
and POSITION (Horiz} if necessary.

Calibration—475A Service

d. ADJUST—CRT Grid Bias, R1375, for the dimmest,
visible spot. See ADJUSTMENT LOCATIONS 1.

e. Turn CH 1 POSITION, FOCUS and INTENSITY
controls fully clockwise.

f. CHECK—For a reading of -+20 voits 1o +30 volis.

g. Press BEAM FINDER pushbutton,

h. CHECK—Forareading of approximately +25 volis.

i. Release BEAM FINDER pushbution and disconnect
all test equipment.

j. Set INTENSITY, FOGCUS and CH 1 POSITION
controls to midrange. Set TRIG MODE to AUTO.

k. Adjust FOCUS and INTENSITY contrels for a weli-
defined trace of normal intensity.

4, Chechk Display Conirols

a. Turn the INTENSITY control from fully
counterclockwise to fully clockwise and return to normal
intensity.

b. CHECK-~For trace intensity {0 increase smoothly
from minimum to maximum intensity.

c. Turn the FOCUS control through its range and
return to focused trace,

d. CHECK-—For trace defocus at each extreme posi-
tion of the FOCUS control.

e, Turn ASTIG control {frontpanel screwdriver adjust-
ment) through its range.

f. CHECK—For control of trace focus.

g. Setthe amplitude calibrator for a 20 millivolt output
and connect to CH 1 through a 42-inch 50-ohm BNC
cabie.

h. Adjust A TRIGGER LEVEL for a stable display.
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i. ADJUST—FOCUS and ASTIG controls for well-
defined front corners on the displayed waveform.

j. Turn INTENSITY controt fully counterclockwise and
press BEAM FINDER pushbutton,

k. CHECK-——For a compressed waveform of normal
intensity.

. Release BEAM FINDER pushbutton, return INTEN-
SITY to a normal setting and disconnect all test equip-
ment.

m. Turn the SCALE ILLUM control through its range.

n. CHECK--For a smooth increase in illumination.

0, Position the trace to the center horizontal graticule
line,

p. CHECK—That the trace is aligned with the center
harizontal graticuie line.

a. ADJUST—TRACE ROTATION (front pane! screw-
driver adjustment} to align the trace with the center
horizontal graticuie line.

5. Adjust CRT Y-Axis Alignment

a. Connect 1 millisecond time marks from the time-
mark generator through a 42-inch 50-ohm BNC cable and
a 50-chm termination to the CH 1 input.

b. Set CH 1 VOLTS/DIV 1o 50 mV. Pasition the display
baseline below crt viewing area.

¢. AdjustATRIGGERLEVEL, FOCUS and INTENSITY
controls for a well-defined, stable display.

d. Adjust the TIME/DIV and VAR TIME/DIV controls
for exactiy 1 time mark/division with coincidence of time
marks on each major vertical graticule line.

. CHECK—Forno more than 0.1 division of tilt when
comparing the center time mark to the center vertical
graticule ling.
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i. ADJUST —Y-Axis Alignment, R1385, to align ihe
center time mark with the center vertical graticule line. See
ADJUSTMENT LOCATIONS 1.

g. INTERACTION-—Between Y-Axis Alignment and
TRACE ROTATION adiustment. Repeat both adjustments
for best display.

6. Adjust Geometry

a. CHECK—The display for ng more than 0.1 division
of vertical bowing of the time marks at left and right edges
of the graticule.

b. ADJSUST—Geometry, R1380, for minimum bowing
of the time marks at left and right edges of the graticule.
See ADJUSTMENT LLOCATIONS 1.

c. INTERACTION—Between Geometry adjustment
and Y-Axis Alignment. Repeat hoth adjustments for best
display.

d. Remove the time-mark signal cable and 50-ohm
termination from CH 1 input. Return VAR TIME/DIV to
calibrated detent.

¢. CHECK—For no mere than 0.1 division of trace
curvature when trace is positioned to the top and bottom
graticule lines.

7. Adjusi Z-Axis Compensation

NOTE

Any reference to 475A through the calibration
procedure refers to the instrument under calibra-
tion.

a. Connect a 10X probe from the test oscilloscope to
the 475A Z-Axis fast-rise test point, TP1366. See ADJUST-
MENT LOCATIONS 1.

b. Connecta 42-inch 50-ohm BNC cable from the test
oscilloscope external trigger input to the 475A A +GATE
output connector (on rear panel} and set the 475A
TIME/DIV to G.05 us.

c. Set test oscilloscope: time/division to
0.2 microsecond, volts/division to 0.2, trigger source to
external and adjust trigger level to view the positive step of
the Z-Axis waveform.



d. Adjust 475A [INTENSITY for a positive step
amplitude of 1 volt (5 divisions} on test oscilloscope

| gisplay. See Figure 6-1.

g. CHECK—For a flat-top waveform in the first
20 nanoseconds from front corner. See Figure 6-1.

f. ADJUST—Z-Axis Compensation, C1352, using a
low-capacitance screwdriver, for the best fiat-top
waveform in the firsi 20 nanoseconds from front corner.
See ADJUSTMENT LOCATIONS 1.

g. Disconnect all test equipment.

Catibration—4754A Service
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Fig. 6-1. Typical display when Z-Axis Compensation is properly
adjusted. Circle surrounds compensated portion of waveform.

VERTICAL SYSTEM

Equipment Required
1. Sine-Wave Generator
2. 'D%gital Voitmeter
3. Ampiitude Calibrator
4. Sguare-Wave Generator
5. Test Oscilloscope With 10X Probes
6. Tunnei-Diode Pulser Calibration Fixture
7. GR-To-BNC Female Adapter

8. BNC Female-To-BNC Female Adapter

9. BNC T-Connector

10, 42-Inch 50-Ohm BNC Cable {2 required)
11. 18-Inch 50-Ohm BNC Cable {2 required)
12. 10X BNC Attenuator

13. 5X BNC Attenuator

14. 50-Ohm BNC Termination (2 required;
15. Screwdriver

16. Low-Capacitance Screwdriver

17. BNC Male-to-Probe tip adapter

Before you begin, see

Control Setlings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE 1LLUM Midrange

ADJUSTMENT LOCATIONS 182

in the puflouf pages.

Vertical (CH 1 and CH 2}

POSITION Midrange
VYOLTS/DIV 10 mV (new seiting)
VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC

INVERT Off (button out}
VERT MODE CH1

100 OR 20 MHz BW 20
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Trigger {A and B)

COUPLING AC
LEVEL 0
SLOPE
A TRIGGER SOURCE NORM
B TRIGGER SCURCE STARTS AFTER DELAY
TRIG MODE AUTO
A TRIGGER HOLDOQFF NORM
Sweep

A TIME/DIY 1 ms (new setting)
B TIME/DIV 1 ms {new setiing)
VAR TIME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterclockwise
HORIZ DISPLAY A
X10 MAG Off {button out)
POSITION {Horiz) Midrange

FINE Midrange

8. Adjust Vertical Ouiput Bias

a. Setthe amplitude calibrator for a 20 millivelt cutput
and connect to CH 1input through a 42-inch 50-0hm BNC
cable.

b. ADJUST—Verticai Output Bias, 488, for maximum
amplitude of the display. See ADJUSTMENT
LOCATIONS 2-B.

¢. Disconnect all test squipment.

9. Adjust Vertical Shield Yoltage

a. Measure the voltage on each vertical deflection
piate with the digital voltmeter. {Take readings at the
terminais of the ceramic thick-film resistor mounted near
the Vertical Output circuil board.) See ADJUSTMENT
LOCATIONS 2-8.

b. While measuring voltage level at the resistor ter-
minals (approximately +34 volts}, check the display fora
trace and note the voltage on each deflection plate.

NOTE

I trace disappears during voltage measurement, the
vertical output circuitry is oscillating with the
measuring equipment, To stop the oscillation, con-
nect a small 1,000-0hm resistor between the positive
fead of the digital voltmeter and the point being
measured.
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c. Adjust CH 1 POSITION control for equal voltage on
both vertical defiection plates and note the final reading.

d. Remove the 1,000-0hm resistor if used, and connect
the digitai volimeter positive lead to TP1385. See AD-
JUSTMENT LOCATIONS 1.

e. CHECK-For a reading within 0.5 volts of final
reading noted in part ¢.

f. ADJUST—Vertical Shield Volts, R1395, for a reading
equal to the final reading noted in part c. See ADJUST-
MENT LOCATIONS 1.

NOTE

The preceding procedure is intended to initially set
the vertical shield voltage. If the best crit focus is
required, readjust Vertical Shield Volts, R1395,
FOCUS and ASTIG together for best overali focus.

g. Disconnect all test equipment.

10. Adjust Delay-Line DC Center

a. Connect the digital voltmeter across the delay-line
end pins on the vertical preamp circuit board. See
ADJUSTMENT LOCATIONS 2-A.

b. Adjust the CH 1 POSITION control for a reading of
0 volts.

¢. Connect the digital voltmeier between chassis
ground and one of the delay-line end pins.

d. CHECK—For a reading of 0 voits.

e. ADJUST-—Delay-Line DC Ceniering, R385, for a
reading of O volts. See ADJUSTMENT LCCATIONS 2-A.

f. Disconnect all test equipment,

11. Adjust CH 1 VAR YOLTS/DIV Balance

a. Set CH 1 POSITION for a trace on the center
horizontal graticule line.



b. CHECK-Thatthe CH 1 UNCAL lightturns onwhen

T the CH 1 VAR VOLTS/DIV conirol is out of calibrated

; detent.

¢c. CHECK-The display for 2 divisions or less of trace
shift when turning the CH 1 VAR VOLTS/DIV control
through its range.

d. ADJUST—CH 1 Variabie Balance, R110, for
minimum shift when turning the CH 1 VAR VOLTS/DIV
controi  through its range. See ADJUSTMENT
LOCATIONS 2-A,

e. Return CH 1 VAR VOLTS/DIV control to calibrated
detent.

12. Adjust CH 1 VOLTS/DIV Balance

a. CHECK—The display for 0.5 division or less of trace
shift when switching CH 1 VOLTS/DIV from 10 mV to
5 mV.

h. ADJUST—CH 1 VOLTS/DIV Balance, R135, for
" minimum trace shift when switching CH 1 VOLTS/DIV
from 10 mV to 5 mV. See ADJUSTMENT LOCATIONS
2-A.

13. Adjust CH 2 VAR VOLTS/DIV Balance

a. Set VERT MODE to CH 2, set CH 2 VOLTS/DIV to
10 mV and adjust CH 2 POSITION foratrace onthe center
norizontal graticule line.

b. CHECK—That the CH 2 UNCAL lightturns on when
the CH 2 VAR VOLTS/DIV control is out of calibrated
detent.

c. CHECK—The display for 2 divisions or less of trace
shift when turning the CH 2 VAR VOLTS/DIV control
through its range.

d. ADJUST—-CH 2 Variable Balance, R210, for
minimum trace shift when tuming the CH 2 VAR
VOLTS/DIV controf through its range. See ADJUSTMENT
LOCATIONS 2-A.

e. Return the CH 2 VAR VOLTS/DIV conirol to
calibrated detent.

@
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14. Adjust CH 2 VOLTS/DIV Balance

a. CHECK—The display for 0.5 division orless oftrace
shift when switching CH 2 VOLTS/BIV from 10 mV to
5mV. .

b, ADJUST—CH 2 VOLTS/DIV Balance, R235, for
minimum trace shift when switching CH 2 YOLTS/DIV
from 10 mV to 5 mV. See ADJUSTMENT LOCATIONS
2-A.

15. Adjust CH 2 INVERT Balance

a. Set CH 2 VOLTS/DIV to 10 mV and adjust CH 2
POSITION for a trace on the center horizental graticule
tHine.

b. CHECK—The display for 1 division or less of trace
shift when INVERT pushbutton is pressed from normal to
inverted.

¢. ADJUST--Invert Balance, R215, for minimum trace
shift when INVERT pushbutton is pressed from normal to
inverted. See ADJUSTMENT LOCATIONS 2-A.

d. Return INVERT pushbuiton to normai (bution out).

16. Adjust CH 2 POSITION Centering

a. Set CH2VOLTS/DIVio20 mVandset AC-GND-DC
switch to AC.

NOTE

See test equipment required, Table 6-1, for selection
of  sine-wave generator with an output of
100 megahertz and belfow.

b. Connect the sine-wave generator output cable
through a 50-0hm termination to CH 2 input.

¢. Set the sine-wave generator for a 8 division, 350-
kilohertz display, then set CH 2 VOLTS/DIV to 5 mV.

d. CHECK-That top of display can be positioned at
least to the center harizontal graticule line and that botiom
of display can be positioned at least to the center
norizental graticule fine.

e. ADJUST—CH 2 Position Centering, R276, so the
top and bottom of disptay can be positioned through the
center horizonial graticule line an equal amount. See
ADJUSTMENT LOCATIONS 2-A,
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17. Adjust CH 1 Position Centering

a, Set VERT MODE to CH 1, set CH 1 VOLTS/DIV to
20 mV and AC-GND-DC switch to AC.

b. Move test signal cable to CH 1 input.

c. Set the sine-wave generator for a 8 division dispiay,
then set CH 1 VOLTS/DIV to 10 mV.

d. CHECK—That top of display can be positioned at
least to the center horizontal graticule line and that bottom
of display can be positioned at least o the center
horizontal graticule line.

e. ADJUST-—CH 1 Position Centering, R176, so the
top and bottom of display can be positioned through the
center horizontal graticule line an equal amouni, See
ADJUSTMENT LOCATIONS 2-A.

f. Disconnect all test equipment.

18, Check CH 1 and CH 2 AC-GND-DC Funclions

a. SetCH1and CH 2 AC-GND-DC switchestc DC, set
amplitude calibrator for a 20 milivolt output and connect
to CH 1 input through a 42-inch 50-0hm BNC cable.

b. Position the bottom of CH 1 display to the center
horizontal graticule line.

c. Set CH 1 AC-GND-DC switch to GND,

d. CHECK—For no vertical deflection and that trace is
at center horizontal graticule line,

e. Set CH 1 AC-GND-DC switch to AC,

f. CHECK—That display is centered in graticule area.

g. Move test signa! cable to CH 2 input and set VERT
MODE to CH 2.

h. Position the bottom of CH 2 display to the center
horizontal graticule line.

i. Set CH 2 AC-GND-DC switch to GND.
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j. CHECK—For no vertical deflection and that trace is
at center horizontal graticule line.

k. Set CH 2 AC-GND-DC switch to AC.

I, CHECK-—That display is centered in graticuie area.

m. Disconnect all test equipment.

19. Check Scale-Factor Indicator Lights

a. CHECK—That the light under 10 mV of CH 2
VOLTS/DIV knob is on.

b. Connect a 10X probe with a scale-factor switching
connector to CH 2 input.

NOTE
Use a probe listed in test equipment required, Table

6-1, under test oscilloscope examples.

¢. CHECK~—That the light under 10mV is ex-
tinguished and the light under .1 V comes on.

d. Set VERT MODE to CH 1.

e. CHECK—That the light under 10 mV of CH 1
VOLTS/DIV knob is on.

f. Move the 10X probe to CH 1 input,

9. CHECK-—That the light under 10mV is ex-
tinguished and the light under .1 V comes on.

h. Remove the 10X probe.

20. Adjust CH 1 Gain and Vertical Qutput Gain

a. Set VERT MODE to CH 1, set CH 1 VOLTS/DIV to
5 mV and set CH 1 AC-GND-DC switch 1o DC.

b. Set the amptitude calibrator for a 20 milliveit cutput
and connectio CH 1 input through a 42-inch 50-chim BNC
cable.



c. Set the test oscilloscope: time/div 1o 1 millisecond,

. both volts/div to 10 miliivoits, verticai mode to add,

! Channel 2 to invert and trigger scurce to normal,

d. Connect both 10X probes from the test osciiloscope
to the delay-line end pins on the Vertical Preamp circuit
board. See ADJUSTMENT LOCATIONS 2-A.

e. ADJUST—CH 15 mV Gain, R195, for 200 millivolts
peak-tuo-peak (4 divisions of display) on the test os-
cilloscope. See ADJUSTMENT LOCATIONS 2-A.

f. Disconnect the 10X probes from delay line.
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g. ADJUST—Vertical Qutput Gain, R449, for exactly 4
divisions of amplitude. See ADJUSTMENT LOCATIONS
2-B.

h, Set CH 1 VOLTS/DIV to 10mV and set the
amplitude calibrator for a 50 millivolt output.

i. ADJUST-—CH 1 10 mV Gain, R165, for exactly 5
divisions of amptitude, See ADJUSTMENT LOCATIONS
2-A.

j. CHECK-AIl settings of CH 1 VOLTS/DIV for ac-
curacy, within 3%, using the settings listed in Table 6-3.

TABLE 6-3
Vertical Deflection Accuracy
YOLTS/DIV Switch Amplitude Calibrator Yertical Deflection Maximum Error for
Setting Cuiput in Divisions 3% Accuracy
5mV 20 millivolts 4 Previously set
10 mv 50 miliivolts 5 Previcusly set
20 mV 0.1 volts 5 $0.15 div
50 mV (.2 volts 4 40,12 div
G.1V 0.5 voits 5 4015 div
G2V 1 volts 5 +0.15 div
0.5V 2 volts 4 =012 div
1V 5 volis 5 20156 div
2V 10 voits 5 +0.15 div
5V 20 volts 4 012 div
0V 50 volts 5 +0.15 div
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21. Adjust CH 2 Gain

a. Set VERT MODE to CH 2, set CH 2 VOLTS/DIV o
5 mV and set CH 2 AC-GND-DC swiich {o DC,

b. Set the amplitude calibrator for a 20 millivolt output
and move signal cable to CH 2 input.

¢. ADJUST—CH 2, 5 mV Gain, R295, for exactly 4
divisions of amplitude. See ADJUSTMENT LOCATIONS
2-A.

d. Set CH 2 VOLTS/DIV to 10 mV and set the
ampiifude calibrator for a 50 miliivolt cutput.

e. ADJUST—CH 2, 10 mVY Gain, R265, for exactly &
divisions of amplitude. See ADJUSTMENT LOCATIONS
2-A. ‘

f. Press CH 2 INVERT pushbutton to invert CH 2
display.

g. CHECK—That inverted gain is equal to normal gain
within 1% (0.04 division).

h, Return CH 2 INVERT pushbutton to normat (button
out).

i. CHECK—AIl settings of CH 2 VOLTS/DIV for ac-
curacy within 3% using the settings listed in Table 6-3.

22. Check CH 1 and CH 2 VAR VYOLTS/DIV Range

a. Set the ampiitude calibrator to 50 millivolts and set
CH 1 and CH 2 VOLTS/DIV to 10 mV.

b. Turn CH2VARVOLTS/DiV fully counterclockwise.

¢. CHECK—That display
2 divisions of amplitude.

reduces o less than

d. Beturn CH 2 VAR VOLTS/DIV to calibrated detent.

e. Set VERT MODE to CH 1 and move signal cable to
CH 1 input.

£, Turn CH 1 VAR VOLTS/DIV fully counterclockwise.
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g. CHECK--That display reduces to less than

2 divisions of amplitude.

h. Return CH 1 VAR VOLTS/DIV to calibrated detent.

23. Check ADD Mode Operation

a. Set VERT MODE to ADD and set CH 1 and CH 2
VOLTS/DIV to 10 mV.

b. Remove the test signal cable from CH 1 input.
Connect to the cable; a BNC female-to-BNC female
adapter, & BNC T-connecter, two 18-inch 50-ohm BNC
cables, then the CH 1 and CH 2 inputs.

¢. Set the amplitude calibrator for a 20 millivolt output
and center display on graticule using egual settings of
CH 1 and CH 2 POSITION controis.

d. CHECK—For a display of 4 divisions within 3%
{0.12 division).

e. Remove the test signal cables.

24. Check Compression and Expansion
a. Set VERT MODE to CH 1.

b. Connect 20 millivoits of outpul from amplitude
calibrator to CH 1 input through a 42-inch 50-ohm BNC
cable and note exact amplitude of the display at graticuie
center.

c. Position top of display to the {op graticuie line.

d. CHECK-—The display for 0.1 division or less of
compression or expansion.

e. Position bottom of display to the bottom graticule
line.

f. CHECK—The display for 0.1 division or less of
compression or expansion,

g. Move the test signal cable to CH 2 input, set VERT ;
MODE to CH 2 and note exact amplitude of the 2 division
display at graticule center.

)



h. Position top of display to the top graticule line.

i. CHECK-The display for 0.1 division or less of
compression or expansion.

i. Position bottom of display to the botiom graticule
line.

k. CHECK-The display for 0.1 division or less of
compression or expansion.

25. Check Cascaded Gain

a. Set VERT MODE to CH 1 and set CH 1 and ChH 2
VOLTS/DIV to 5 mV.

b. Set the amplitude calibrator for an output of 10
millivolts into CH 2 input.

c. Connect a 42-inch 50-chm BNC cable from CH 2
VERT SIGNAL OUT (on rear pansel), through a 50-chm
termination to CH 1 input.

‘ d. CHECK—For a display of 4 divisions within 1
* division.

e. Disconnect all test equipment.

26. Check ALT Mode Operation

a. Set VERT MODE to ALT, set 100 OR 20 MHz BW
control {0 full bandwidth position and set A TRIGGER
LEVEL fuilly clockwise.

b. Position the 2 traces approximately 4 divisions
apart.

¢. CHECK—That the sweeps alternate atall settings of
TIME/DIV except X-Y.

27. Check CHOP Mode Operation

a. SetVERT MODE to CHOP,set TIME/DIVto 1 us, set
CH 1and CH2AC-GND-DC switches to GND and adjust A
TRIGGER LEVEL for a stable dispiay.

b. CHECK-For complete blanking of switching tran-
sients between chopped segments.,
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c. CHECK—That the duration of one cycle is ap-
proximately 1 division.

28. Adjust High-Freguency Compensation

a. Set CH 1 and CH 2 VOLTS/DIV 1o 10 mV, set VERT
MODE 10 CH 1, set TIME/DIV 1o 20 us and set CH 1 and
CH 2 AC-GND-DC switches to DC,

b. Connect the square-wave generator fast-rise -+
output through a GR-to-BNC female adapter, 1o a 42-inch
50-chm BNC cable, to a 10X BNC atienuator, to a 50-ohm
termination, to CH 1 input.

c. Set the square-wave generator for a 5 division,
10 kilohertz display.

d. CHECK—The display for a flat-top waveform within
+4%, —4%, or a total of 4% aberrations.

e. ADJUST—R108 for the best flat-top waveform in the
first 20 microseconds from front corner. See ADJUST-
MENT LOCATIONS 2-A.

f. ADJUST—R494B for the best flat-top wavelorm in
the first 15 microseconds (approximately) from front
corner. See ADJUSTMENT LOCATIONS 2-B.

NOTE

R4948 is a factory optional component and may not
appear in your instrument.

g. Set TIME/DIV to 10 us.

h. ADJUST—R138 for a flat-top waveform in the first5
microseconds from front corner. See ADJUSTMENT
LOCATIONS 2-A,

i, Set TIME/DIV to 5 us.

j. ADJUST--R475 for a flat-top waveform in the first 2
microseconds from front corner. See ADJUSTMENT
LOCATIONS 2-B.

k. Set the square-wave generator repetition rate to
100 kiloheriz,

I. Set TIME/DIV to 0.5 us.
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m. CHECK—The display for a flat-top waveform
within +4%, —4%, or a total of 4% aberrations.

n. ADJUST—C471, for a flat-top waveform in the first
200 nanoseconds from front corner. See ADJUSTMENT
LOCATIONS 2-B.

0. Set TIME/DIV 10 0.1 us.

p. ADJUST—C477 for a flat-top waveform in the first
50 nanoseconds from front corner. See ADJUSTMENT
LOCATIONS 2-B.

q. Set VERT MODE to CH 2, set TIME/DIV to 20 us,
and move test signal from CH 1 input to CH 2 input.

r. Adjust the square-wave generator for a § division,
10 kilohertz display.

5. CHECK--The display for a flat-top waveform within
+4%, 4%, or a total of 4% aberrations.

t. ADJUST—R209 for the best {lat-top waveform in the
first 20 microseconds from front corner. See ADJUST-
MENT LOCATIONS 2-A.

u. Set TIME/DIV to 10 us.

v. ADJUST—R239 for a fiat-top waveform in the first 5
microseconds from front corner. See ADJUSTMENT
L.OCATIONS 2-A,

w. Set TIME/DIV to b us.

x. ADJUST—R475 for the best flat-top waveform in
both CH 1 and CH 2 in the first 2 microseconds from front
corner. See ADRDJUSTMENT LOCATIONS 2-B.

y. Set the sguare-wave generator repetition rate to
100 kiiohertz,

z. Set TIME/DIV to 0.5 us.

aa. CHECK—The display for a flat-top waveform
within +4%, —4%, or a total of 4% aberrations.

ab. ADJUST—C471 for the best flat-top waveform in
both CH1and CH 2 inthe first 200 nanoseconds from front
corner. See ADJUSTMENT LOCATIONS 2-B.
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ac. Set TIME/DIV to 0.1 us.

ad. ADJUST—C477 for the best flat-iop waveform in
both CH 1 and CH 2 in the first 50 nanoseconds from front
corner. See ADJUSTMENT LOCATIONS 2-B.

ae. Repeat parts u through ad if necessary for the best
fiat-top waveform in both CH 1 and CH 2.

af. Disconnect ali test equipment.

29. Adjust CH 1 VOLTS/DIV Compensation
NOTE

C10, in the CM 1 Preamp, is set at the factory to give
C80, in the CH 2 Preamp, enough range to match CH
2 input capacitance with CH 1 input capacitance.
Unless there is a circuit malfunction, C10 should not
need readjusiment,

a. Set VERT MODE to CH 1, TIME/DIV to 0.2 ms and
100 or 20 MHz BW contirol to 20.

b, Connect a 10X probe to the CH 1 input.

c. Connectthesquare-wave generator high-amplitude
output through a GR to BNC female adapter, to a 5X BNC
attenuator, o a 50  BNC termination, to a BNC-to-
probetip adapter, to the tip of the 10X probe.

d. Adjust the sguare-wave generator for a & division, 1
kilohertz display and add crremove attenuators as needed
to mdintain a 5 division display throughout steps 28 and
30.

e. Adjust the probe compensation adjustment for the
best flat-top waveform. Do not readjust probe compensa-
tion throughout the remainder of steps 29 and 30.

i Set CH 1 VOLTS/DIVio 5 mV.

g. CHECK-—The display for a flat-top waveform within
2%.

h. Set CH 1 VOLTS/DIV to 20 mV.

i. CHECK-The display for a flat-top waveform within :
2%.



j. ADJUST—C36 and C37 in Channel 1 for the best

-, flat-top waveform.

k., Set CH 1 VOLTS/DIV to 50 mV.

I, CHECK-—The display for a Hai-top waveform within
2%.

m. ADJUST—G34 and €35 in Channel 1 for the best
fiat-top waveform.

n. Set CH 1 VOLTS/DIV io 1 V.

0. CHECK-The display for a flat-top waveform within
2%.

p. ADJUST-—(C32 and C33 in Channet 1 for the best
fiat-top waveform.

g. Set CH 1 VOLTS/DIVio 2V,

r. CHECK—The display for a flat-top waveform within

2%,

s. SetCH 1 VOLTS/Divio 5V,

t. CHECK—The display for a flat-top waveform within
2%.

u. Set CH 1 VOLTS/DIVie 1 V.

v. CHECK—The display for a flat-top waveform within
2%.

w. ADJUST—C30 and C31 in Channel 1 for the best
flat-top waveform.

x. CHECK—The display in the 1V, 2V and 5V
positions of CH 1 VOLTS/DIV for a flat-top waveform
within 2%,

30. Adiust CH 2 VOLTS/DIV Compensation

a. Set VERT MODE to CH 2, assemble the test signal
setup as called for in pari 29-b and connect to CH 2 input,
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b. Adjust the square-wave generator for a 5 division,
1 kilohertz display and add or remove atienuators as
necessary to maintain a 5 division display throughout this
step.

c. CHECK~--The display for a flat-top waveform within
2%.

¢. ADJUST—C5B0 in Channel 2 for the best flat-top
waveform using a low-capacitance screwdriver. See AD-
JUSTMENT LOCATIONS 2-A,

e. Set CH 2 VOLTS/DIV to 5 mV.

f. CHECK-—The display for a flat-top waveform within
2%.

g. Set CH 2 VOLTS/DIV to 20 mV.

h, CHECK—The display for a flat-top waveform within
2%.

i. ADJUST—LC26 and C37 in Channel 2 for the best
flat-top waveform.

j- Set CH 2 VOLTS/DIV to 50 mV.

k. CHECK—The dispiay for a flat-top waveform within
2%.

. ADJUST—C34 and C35 in Channel 2 for the best
flat-top waveform.

m. Set CH 2 VOLTS/DIVic .1V,

n. CHECK--The display for a flat-top waveform within
2%.

0. ADJUST—C32 and C33 in Channel 2 for the best
flat-top waveform.

p. Set CH 2 VOLTS/DIV to 2 V.

q. CHECK—The display for a fat-top waveform within
2%.

519



Calibration—475A Service

r. Set CH 2 VOLTS/DIV to 5 V.

s. CHECK--The dispiay for a flat-top wavetorm within
2%.

t. Set CH 2 VOLTS/DIVto 1 V.

u. CHECK—The display for a fiat-top waveform within
2%.

v. ADJUST—C30 and C31 in Channel 2 for the best
fiat-top waveform.

w. CHECK—The display in the 1V, 2V and 5V
positions of CH 2 VOLTS/DIV for a flat-top waveform
within 2%.

x. Disconnect all test equipment.

31. Adjust Verlical Transient Response

a. SetCH 1 and CH 2 VOLTS/DIV to 10 mV, set VERT
MODE te CH 1 and TIME/DIV to 0.01 us and set 100 OR
20 MHz BW control to full bandwidth position.

b. Connect a 100 kilohertz signal from the square-
wave generator high amplitude output through a GR-to-
BNC female adapter and a 42-inch 50-ohm BNC cable to
the input of the tunnel diode pulser calibration fixture.
Connect the output of the tunnel diode pulser through a
5X BNC attenuator and a 50-0hm termination to the CH 1
input.

¢. Increase the square-wave generator amplitude and
adjust the pulser triggered level untii the display suddenly
increases to about 4.6 divisions of amplitude; do not
overdrive. Use the resultant positive-step amplitude to
check or adjust vertical response. Keep VAR VOLTS/DIV
in calibrated detent.

d. CHECK—The display for flat-top and aberrations
within -+4%, —4%, or a total of 4% in the first
10 nanoseconds from front corner.

e. ADJUST—R450, C450, R470, C470, R175, G175,
R112, C112, R466, C466, R133 and C133 for a flat-top
waveform and aberrations within 4%, in the first 20
nancseconds from front corner. See ADJUSTMENT
LOCATIONS 2. Use the low capacitance screwdriver to
adjust variable capacitors.
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NOTE

The following part f, is intended as a guide to return a
greally misadjusted vertical to proper caiibration.

f. CALIBRATION AID—Set R450 for minimum
resistance (fully counterclockwise). Adjust C450 for
minimum aberrations with a fast leading edge. Set R470
near maximum resistance (near clockwise stop). Adjust
C470 for the best fiai-top dispiay, 5 to 10 nanoseconds
from front corner. Set R175 near maximum resistance
{near clockwise stop}. Adjust C175 for the best flat-top
display 10 to 20 nanoseconds from front corner. Set R112
near minimum resistance {near counterclockwise stop).
Adjust C112 for uniform aberrations. Adjust R466, C466,
R133 and C133 for best aberrations and flat-top display.
Adjust C450 for a fast leading edge and best response.

g. INTERACTION—AIl  transient response ad-
justments interact in this step. Repeai the adjustment
procedure in part e, as necessary 1o obtain optimum
response.

h. Set CH 1 VOLTS/DiV to 50 mV and remove the 5X
atienuator from the test signal setup. Note the slope, if
slope exists, in the first 2 nanoseconds from the front
corner. :

i ADJUST—C104 for the same slope between the
10 mV and 50 mV positions of the CH 1 VOLTS/DiV in the
first 2 nanoseconds from the front corner. See ADJUST-
MENT LOCATIONS 2-A,

j. Set CH 1 VOLTS to 10 mV and replace the 5X
attenuator in the tesi-signal setup.

K. ADJUST—C175 for a fiat-top waveform in the first
2 nanoseconds from front corner. See ADJUSTMENT
LOCATIONS 2-A.

I. Set VERT MODE to CH 2 and move test signal setup
to CH 2 input.

m. CHECK—The display for flat-top and aberrations
within 4%, —4%, or a total of 4% in the first
10 nanoseconds from front corner.

n. ADJUST—R275, C275, R212, C212, R233 and G233
for a flat-top waveform and aberrations within 4%, in the
first 20 nanoseconds from front corner. See ADJUST-
MENT LOCATIONS 2-A.



0. CALIBRATION AID—Set R275 near maximum

. resistance (near clockwise stop}. Adjust C275 tor the best

' flat-top disptay, 10 to 20 nanoseconds from front corner,
Set R212 near minimum resistance {near
counterclockwise stop). Adjust C212 for uniform
aberrations. Adjust R233 and C233 for the best aberrations
and flat-top display.

p. INTERACTION—AIl transient response ad-
justments interactin this step. Repeatpartn, as necessary,
to obtain optimum response,

gq. CALIBRATION AID—I1t may be necessary to read-
just R450, C450, R470, C470, R466 and C466 for a flat-top
display and aberrations within 4% in both CH 1 and CH 2.
Readjust as necessary, using part f calibration aid.

r. Set CH 2 VOLTS/DIV to 50 mV and remove the 5X
attenuator in the test-signal setup. Note the slope, if slope
exists, in the first 2 nanoseconds from the front corner.

s. ADJUST—C204 for the same slope between 10 mV
and 50 mV positions of CH 2 VOLTS/DIV in the first 2
nanoseconds from the front corner. See ADJUSTMENT
LOCATIONS 2-A.

t. Set CH 2 VOLTS/DIV to 10 mV and replace the 5X
attenuator in the test-signal setup.

u. ADJUST-—C275 for a fiat-top waveform in the first
2 panoseconds from front corner. See ADJUSTMENT
LOCATIONS 2-A.

v. Disconnect all test equipment.

32. Check Vertical Amplifier Bandwidih

a. Set CH 1 and CH 2 VOLTS/DIV to 10 mV, set VERT
MODE to CH 1 and TIME/DIV to 0.5 ms.

NOTE

- See test equipment required, Tabie 6-1, for sefection
of sine-wave generator with a 250 megahertz output.

k. Connect the sine-wave generator cutput cable to a
5X BNC attenuator, to a 50 ohm termination, to CH 1 input.
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c. Setthe sine-wave generator for a 6 division display
of reference frequency.

NOTE

If generator has no reference frequency setting, set
for 5 megahertz, If generator being used fs other
than the generators listed in Test Equipment re-
quired, Table 6-1, more atteniuation may be needed
to reduce amplitude.

d. Increase frequency until the display is reduced to
4.2 divisions.,

. CHECK—For a reading of 250 megahertz or more.

f. Set VERT MODE to CH 2 and move test signal setup
to CH 2 input.

g. Repeat the bandwidth check procedure, parts ¢, d
and e.

33. Check Bandwidth Limit Operation
a. Set 100 OR 20 MHz BW control to 100.

NOTE

it may be necessary to change sing-wave
generators. See Table 6-1 for selection of generator
with an output of 100 megahertz and below.

b, Setthe sine-wave generator fora 6 division display
of reference frequency.

c. Increase frequency until the display is reduced to
4.2 divisions.

d, CHECK—For a
100 megahertz.

reading of approximately

e. Set 100 OR 20 MHz BW control to 20.

f. Set the sine-wave generator for a 6 division display
of reference freguency.

g. Increase frequency until the display is reduced to
4.2 divisions.
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h. CHECK—For a
20 megahertz.

reading of approximately

i. Return 100 OR 20 MHz BW conirolto full bandwidth.

34. Check Cascaded Bandwidth
a. Set VERT MODE to CH 1.

b. Connect CH 2 VERT SIGNAL OUT (output connec-
tor on rear panel) through a42-inch 80-ohm BNC cable, o
a 50-ohm termination and connect to CH 1 input.

¢. Set the sine-wave generator for a 6 division display
of reference frequency.

d. increase frequency until the display is reduced to
4.2 divisions,

e, CHECK—For a reading of 50 megahertz or more,

f. Disconnect cable and termination from CH 2 VERT
SIGNAL OUT and CH 1 input. Remove 5X attenuator from
test signal setup.

35. Check Vertical Channel Isolation

a. Set CH 2 VOLTS/DIV to 0.2 V and CH 1 AG-GND-
DC switch to GND.

b. Set the sine-wave generalor for a 4 division,
50 megsahertz display.

¢c. Set CH 1 and CH 2 VOLTS/DIV to 20 mY and set
VERT MODE to CH 1.

d. CHECK—The display amplitude for 0.4 division or
less.

e. Set CH 1 AC-GND-DC switch to DC, set CH 2 AC-
GND-DC switch to GND and set VERT MODE to CH 2.

f. Move test signal setup to CH 1.

g. CHECK—The display amplitude for 0.4 division or
less.

k. Disconnect all test equipment.

TRIGGER SYSTEM

Equipment Required

1. Sine-Wave Generator

2. Low-Frequency Generator

3. Amplitude Calibrator

4. Square-Wave Generaior

5. Time-Mark Generator

8. Tunnel-Diode Pulser Calibration Fixture
7. 50-Ohrm: Signal Pickoft

8. 42-Inch 50-Ohm BNC Cable

9. 18-Inch 50-Ohm BNC Cable (2 required)

10, GR-TO—BN_C Female Adapter

11. GR-To-BNC Mate Adapter

12. BNC Female-To-BNC Female Adapter
13. BNC Elbow

14. BNC T-Connector

15. 10X BNC Attenuator

16. 5X BNC Attenuator

17. 50-Ohm BNC Termination (2 required)

18. Screwdriver

Betore you begin, see
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a. Connect the sine-wave generator output cable
through a GR-to-BNC female adapter to the through

POWER ON signal input of the 50-ohm signal pickoff. Connect the
ihrough signal output ofthe signaipickoffto a GR-10-BNC
male adapter, to a 10X BNC attenuator, to a 50-ohm BNC

Display termination, to a BNC elbow, to A TRIGGER external

INTENSITY Midrange Input.

FOCUS Midrange

SCALE ILLUM Midrange b. Connect the 10% signal cutput of the signal pickoff
to an 18-inch 50-ohm BNC cable, to a 50~-chm termination,
to CH 1 input.

Vertical (CH 1 and CH 2)
. c. Set the sine-wave generator for a 3.5 division,

POSITION Midrange . . . .

350 kilghert lay. Ilivol t ext I t}.

VOLTS/DIV 10 mV (new setting) 50 kilohertz display. (35 millivolts at external input)

VAR VOLTS/DiV Calibrated detent

AC-GND-DC DC (new setling) d. Set CH 1 VOLTS/DIV to 20 mV and position the

INVERT Oft (button out) dispiay start to graticule center with POSITION (Horiz).

VERT MODE CH 1 (new setting)

100 OR 20 MHz BW

Full bandwidth {push in,

then releass)

Trigger {A and B)

e. Turn A TRIGGER LEVEL slowly counterclockwise
through the range of stable triggering and note maximum
amplitude of positive siope before the first peak of
dispiayed waveform. See Figure 6-2.

COUPLING AGC f. CHECK—The triggered display foran amplitude of 0
LEVEL 0 to 0.2 division of positive slope before the first peak of
SLOPE + dispiayed waveform when turning A TRIGGER LEVEL

A TRIGGER SOURCE
B TRIGGER SOURCE

EXT (new setting)
STARTS AFTER DELAY

slowly counterciockwise through the range of stable
triggering. See Figure 6-2.

TRIG MODE AUTO
A TRIGGER HOLDOFF  NORM NOTE
The preceding check is for calibration purposes
crily, If unable fc obtain a proper display {(as
described in part f}, check frigger operation as
Sweep directed in performance check section to defermine

A TIME/DIV 2 us (new setling)
B TIME/DIV 2 us {new setting)
VAR TIME/DIV Calibrated detent r

DELAY TIME POSITION
HORIZ DISPLAY

X10 MAG O (button out) 20 +-
POSITION (Horiz) Midrange i o
FINE Midrange 'f: :h
AL LR B L] IG-I2 Dl;\;"l —ir T T L3 Ll |
{MAXIMUM)

Fully counterclockwise
A

36. Adjust A Trigger Sensitivity, Symmetry and
Centering

if trigger sensitivity needs adjustment.

100 -|- FIRST PEAK -~

bdiuded
Ty

Ll il i1l

TTTE] YT 1Y

NOTE

L1 1] Liid
LI BEEE I LA

See test equipment required, Table 6-1, for selection
of sine-wave generator with an  output of
100 megahertz and below.

{1708) 1862-80

Fig. 6-2. Typical display when checking Trigger Sensiivity.
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g. ADJUST—A Trigger Sensitivity, R565, for a max-
imum ampiitude of 0.2 division of positive slope before the
first peak of displayed waveform when turning A
TRIGGER LEVEL siowly counterclockwise through the
range of stable ftriggering. See ADJUSTMENT
LOCATIONS 3.

h. Set CH 1 VOLTS/DIV to 56 mV.

i. Set the sine-wave generator for a 4 division,
350 kilohertz display {200 millivolts at external input) and
center the display on center horizontal graticule line.

i. Set A TRIGGER SLOPE to — and set A TRIGGER
LEVEL for a triggered display.

NOTE

The following parts k, | and m require that a short
circuit be placed between the 2 terminals at the rear
of A TRIGGER SLOPE/LEVEL control. {A short
circuit aliows viewing of + and — siope wifhout
disturbing A TRIGGER LEVEL. Any convenient way
ol shorting the terminals may be used, screwdriver
tip, alligator clip, etc).

k. Note where the display starts on first negative slope,
short together the rear terminals of A TRIGGER
S1.OPE/LEVEL control and note where the display starts
on first positive slope.

|. CHECK—For a 0.5 division of overlap to 2 divisions
of space between the start of negative slope and the start
of positive slope. See Figure 6-3.

WOt optt ool FIRST

T S RAANA
ﬁﬁi}—.fj:::v :Yz: va ” V:::\
- )\ W

FIAsT : \
" NEGATIVE -~

4t SPACE

i

I}

|1
DOUBLE EXPOSURE SHOWING (1708)
POSITIVE AND NEGATIVE SLOPES 186.28‘5

b
¥

Fig. 8-3. Typical display when checking Trigger Symmelry.
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m. ADJUST—A Trigger Symmetry, R547, for 0.7 divi-
sion of space between the start of negative siope and the .
start of positive slope. {Apply and remove the short circuit
between the terminals several times while making adjust-
ment.) See ADJUSTMENT LOCATIONS 3.

n. Set CH 1 VOLTS/DIV to 0.5V, set A TRIGGER
SLOPEto -+, set ATRIGGER SOURCEto NORM and set A
TRIGGER LEVEL for a stable triggered display.

0. CHECK-—TRIG light for an on indication.

p. CHECK—That A TRIGGER LEVEL knob index is
approximately aligned with 0 on front panel.

NOTE

It A TRIGGER LEVEL knob index is aligned with 0,
preceed with part s.

g. Set A TRIGGER LEVEL knob index to O.

r. ADJUST—A Trigger Centering, R534, for a stable
triggered dispiay. See ADJUSTMENT LOCATIONS 3.

s. INTERACTION—Between A Trigger Sensitivity, A |

Trigger Symmetry and A Trigger Centering adjustments,
Repeat the adjustments as necessary.

37. Adiust B Trigger Sensitivity, Symmetry and
Centering

a. Disconnect the test signal setup from A TRIGGER
external input and connect to B TRIGGER external input.

b. Set CH 1 VOLTS/DIV 1o 10 mV, set B TRIGGER
SCURCE to EXT and set HORIZ DISPLAY to B DLY'D.

c. Set the sine-wave generator for a 3.5 division,
350 kilohertz display (35 millivoits at external input}, then
set CH 1 VOLTS/DIV o 20 mV.

d. Turn B TRIGGER LEVEL slowly counterciockwise
through the range of stable triggering and note maximum
amplitude of positive slope before the first peak of
displayed waveform. See Figure B6-2.

e, CHECK—The triggered dispiay for a full length
sweep and for an amplitude of 0 to 0.2 division of positive
slope betfore the first peak of dispiayed waveform when :

turhing B TRIGGER LEVEL slowly counterclockwise °

through the range of stable triggering. See Figure 6-2.,



NOTE

The preceding check is for calibration purposes
only. f unable to obtain a proper display (as
described in part &}, check trigger operation as
directed in performance check sectior to determine
it trigger sensitivity needs adjustment.

f. ADJUST—B Trigger Sensitivity, R785, for a max-
imum amplitude 0f 0.2 division of positive siope before the
first peak of displayed waveform and for a full length
sweep, when turning B TRIGGER LEVEL siowly
counterclockwise through the range of stable triggering.
See ADJUSTMENT LOCATIONS 3.

g. Set CH 1 VOLTS/DIV to 50 mV.

h. Set the sine-wave generator for a 4 division,
350 kilohertz display {200 millivoits at external input} and
center the display on center horizontal graticule line.

i. Set B TRIGGER SLOPE to — and set B TRIGGER
LEVEL for a triggered display.

NOTE

The following parts j, k and ! require that a short
circuit be placed between the 2 terminals at the rear
of B TRIGGER SLOPE/LEVEL control. (A short
clircuit allows viewing of + and — slope without
disturbing B TRIGGER LEVEL. Any convenient way
of shorting the terminals may be used, screwdriver
tip, alligator clip, etc. ).

j. Note where the dispiay starts on first negative slope,
short together the rear terminals of B TRIGGER
SLOPE/LEVEL contro! and note where the display starts
on first positive slope.

k. CHECK—For 0.5 division of overlap to 2 divisions
of space between the start of negative slope and the start
of positive slope. See Figure 8-3.

L ADJUST--8 Trigger Symmetry, R767, for 0.7 divi~
sion of space between the start of negative slope and the
start of positive siope. (Apply and remove the short circuit
between the terminais several times while making adjust-
ment.) See ADJUSTMENT LOCATIONS 3.

m. Set CH 1 VOLTS/DIV to G5V, set B TRIGGER
+ SLOPEto +, set B TRIGGER SOURCE to NORM and set B
TRIGGER LEVEL for a stable triggered display.

@
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n. CHECK—That B TRIGGER LEVEL knob index is
approximately aligned with 0 on front panel.

NOTE

it B TRIGGER LEVEL knob index is aligned with 0,
proceed with part g.

0. Set B TRIGGER LEVEL knob index to 0.

p. ADJUST—B Trigger Centering, R745, for a stable
triggered display. See ADJUSTMENT LOCATIONS 3.

¢. INTERACTION—Between B Trigger Sensitivity, B
Trigger Symmetry and B Trigger Centering adjustments.
Repeat the adiustments as necessary.

38. Adjust A Trigger DC Centering

a. SetHORIZDISPLAY to A, set ATRIGGER SOURCE
to NORM, set A TRIGGER CCOUPLING to DC and set A
TRIGGER LEVEL t0 0.

b. Set CH 1 POSITION 1o obtain a stable triggered
display.

¢. CHECK-—That entire display is within the graticule
area.

d. Set the display to graticule center with CH 1
POSITION.

e. ADJUST—Normal Trigger DC Centering, R425, for
a stable triggered display. See ADJUSTMENT
LOCATIONS 2-A.

f. Set A TRIGGER SOURCE to CH 1.

g. Set CH 1 POSITION to obtain a stable triggered
display.

h. CHECK—That entire display is within the graticule
area.

i. Set the display to graticule center with CH 1
POSITION.
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i, ADJUST—Channel 1 DC Trigger Centering, R403,
for a stable triggered dispiay. See ADJUSTMENT
LOCATIONS 2-A.

k. Set VERT MODE to CH 2, set A TRIGGER SOURCE
to CH 2, set CH2VOLTS/DIV1o 6.5 Vand move test signal
setup from CH 1 input to CH 2 input.

. Set CH 2 POSITION to obtain a stable triggered
dispiay.

m. CHECK-—That display is within the graticute area.

39. Check B Trigger DC Centering

a, Set HORIZ DISPLAY to B DLY'D, set B TRIGGER
SOURCE to NORM, set B TRIGGER COUPLING to DC
and set B TRIGGER LEVEL to 0.

b. Set CH 2 POSITION to obiain a stable triggered
display.

c. CHECK—That entire display is within the graticule
area.

¢. et B TRIGGER SCOURCE to CH 2.

e. Set CH 2 POSITION to obtain a stable triggered
display.

{. CHECK—That entire display is within the graticule
area.

g. SetVERT MODE to CH 1, set B TRIGGER SOURCE
to CH 1 and move testsignalsetup from CH 2 inputto CH 1
input,

h. Set CH 1 POSITION to obtain a stable triggered
display.

i. CHECK-—That entire display is within the gralicule
area.

40. Check B Internal 40 Megahertz Triggering

a. Set TIME/DIV to 0.05 us, set CH 1 VOLTS/DIV to
8 mV, set Aand B TRIGGER SOURCE to NORM and set A
and B TRIGGER COUPLING to AG.
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b. Move test signal setup from B TRIGGER externat
input to CH 2 input.

c. Set the sine-wave generator for a 3 division,
4G megahertz display.

d. Set CH 1and CH 2 VOLTS/DIV to 50 mV and move
the display to graticule center with CH 1 POSITION.

e. Set VERT MODE to CH 2 and move the display to
graticule center with CH 2 POSITION,

f. Return VERT MODE to CH 1.

g. CHECK-—That a stable triggered display can be
obtained in AC and DC positions of B8 TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

h. Return 8 TRIGGER COUPLING to AC.

i. CHECK—That a stable triggered display can be
obtained in NOBM, CH 1 and CH 2 positions of B
TRIGGER SCOURCE with adjustment of B TRIGGER
LEVEL.

j. Return B TRIGGER SOURCE to NORM.

41. Check A internal 40 Megaheriz Triggering

a. Set HORIZ DISPLAY to A, set ATRIGGER SOURCE
to NORM and set A TRIGGER COUPLING 1o AC.

b. CHECK-That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

c. Return A TRIGGER COUPLING to AC,

d. CHECK—That & stable triggered display can be
obtained in NORM, CH 1 and CH 2 positions of A
TRIGGER SOURCE with adjustment of A TRIGGER
LEVEL.

g, Return A TRIGGER SOURCE 1o NORM.,

42. Check A Internal 250 Megahertz Triggering

a. Set the sine-wave generator for a 2.0 division,
250 megahertz display.



NOTE

It may be necessary to change to a sine-wave
generator with a 250 megahertz output.

Trigger jitier is measured horizontal trace excursion
minus normal horizontal trace width observed at low
frequency.

b. Set TIME/DIVt00.01 us and press X10 MAG to on,

¢. CHECK--That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained in AC, LF
REJ and DC positions of A TRIGGER COUPLING with

adiustments of A TRIGGER LEVEL.

d. Return A TRIGGER COUPLING to AC and set A

TRIGGER SCGURCE to CH 1.

e, CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained with
adjustment of A TRIGGER LEVEL.

f. Set VERT MODE to CH 2 and set sine-wave
generator for a 2.0 division, 250 megaheriz display.

g. Set ATRIGGER SOURCE to CH 2.

h. CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained with
adjustment of A TRIGGER LEVEL.

i, Return A TRIGGER SOURCE to NORM.

43. Check B Internal 250 Meagahertz Triggering
a. Set HORIZ DISPLAY to B DLY'D.

b. CHECK—That a stable triggered dispiay, with no
more than 0.2 division of jitter, can be obtained in AC, LF
REJ, and DC positions of B TRIGGER COUPLING with
adjustment of A and B TRIGGER LEVEL controls,

c. Return B TRIGGER COUPLING to AC and set B
TRIGGER SCURCE to CH 2.

d, CHECK—That a stable triggered display, with no
more than 0.2 divisicn of jitter, can be obtained with
adjustment of A and B TRIGGER LEVEL controls.

@
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e. Set VERT MODE to CH 1 and set B TRIGGER
SOURCE o CH 1.

f. Set the sine-wave generator for a 2.0 division,
250 megahertz display.

g. CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obiained with
adjustment of A and 8 TRIGGER LEVEL controls.

44, Check B External 40 Megaheriz Triggering

NOTE

it may be necessary to change (¢ a sine-wave
generator with an oulput of 100 megahertz and
below.

a. Move test signal setup from CH 2 to B TRIGGER
external input.

b. Set TIME/DIV to 0.05 us, set CH 1 VOLTS/DIV to
10 mV and return X106 MAG to off (hutton out).

¢. Set the sine-wave generator for a 5 division,
40 megahertz display. (50 miilivolts at external input).

d. Set CH 1 VOLTS/DIVte 50 mV and set B TRIGGER
SCURCE to EXT.

e. CHECK—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adiustment of B TRIGGER LEVEL.

45, Check A External 40 Megaheriz Triggering

a. Move test signal setup from B TRIGGER external
input to A TRIGGER external input.

b. Set HORIZ DISPLAY to A and set A TRIGGER
SQURCE to EXT.

¢. CHECK—That a stable iriggered display can be
obtained In AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.
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46. Check A External 250 Megaheriz Triggering
NOTE

It may be necessary to change to a sine-wave
generator with a 260 megaheriz output.

a. Setthe sine-wave generator for a 5 division display
of reference frequency {250 millivoits at external input},
then set to 250 megahertz.

NOTE

I genierator has no reference frequency setting, set
for 5 megahertz.

b. SetTIME/DIV to 0.01 us and press X10 MAG to on.

c. CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained in AC and
DC positions of A TRIGGER COUPLING with adjustment
of A TRIGGER LEVEL.

d. Replace the X10 BNC attenuator with a 68X BNC
attenuator (500 millivelts at external input) and set A
TRIGGER COUPLING to LF REJ.

e. CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained with
adjustmeni of A TRIGGER LEVEL.

47. Check B External 250 Megahertz Triggering

a. Replace the 5X BNC attenuator with a 10X BNC
attenuator and move test signal setup from A TRIGGER
external input to B TRIGGER external input (250 millivolts
at external input).

b. Set A TRIGGER SOURCE tc NORM, set A
TRIGGER COUPLING to AC and set HORIZ DISPLAY to
B DLY'D.

¢, CHECK—That a stable triggered display, with no
more than 0.2 division of jitter, can be obtained in AC and
BC positions of B TRIGGER COUPLING with adjustment
of A and B TRIGGER LEVEL controls.

d. Replace the 10X BNC attenuator with a 5X BNC
attenuator (500 millivelts at external input) and set B
TRIGGER CCUPLING to LF REJ,
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e. CHECK—That a stable triggered display, with no

more than 0.2 division of jitier, can be obtained with

adjustment of A and B TRIGGER LEVEL controls.

f. Disconnect ail test equipment.

48. Check B L.F REJ, HF REJ and Low-Frequency
Triggering
a. Beturn X10 MAG to off (bution out), set B TRIGGER

SOURCE to NORM, set TIME/DIV to 50 us and set CH 1
VOLTS/DIV to 5 mV.

b. Connect the low-frequency generator output to a
42-inch 50-ohm BNC cable, to a2 BNC female-to-BNC
female adapter, to a BNC T-connector, to two 18-inch 50-
ohm BNC cables, to CH 1 inputand B TRIGGER external
input.

¢. Set the low-frequency generator for a 5 division,
50 kiloheriz display, then set CH 1 VOLTS/DIV 10 50 mV.

d. CHECK-—That a stable triggered display can be
obtained in LF REJ, HF REJ, DC and AC positions of B
TRIGGER COUPLING with adjustment of B TRIGGER
LEVEL.

e. Set CH 1 VOLTS/DIV to 5 mV.

f. Set the low-frequency generator for a 3 division,
50 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.

g. CHECK—That a stable triggered display can be
obtained in AC and DC positions of 8 TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

h. Set the low-frequency generator for a 2 division,
50 kilohertz display, then set B TRIGGER SOURCE to
EXT {100 miilivolts at external input).

i. CHECK—Repeat part d of this step.

j- Set CH 1 VOLTS/DIV to 10 mV.

k. Set the low-frequency generator for & 5 division,
50 kilohertz display (5C millivolts at external input), then
set CH 1 VOLTS/DIV to 50 mV.

I, CHECK—Repeat part g.



m. Set B TRIGGER SOURCE to NORM, set CH 1
VOLTS/DIV to 5 mV, set TIME/DIV to 20 ms and set 100
i OR 20 MHz BW control to 20,

n. Set the low-frequency generator for a 5 division,
60 Hertz disptay, then set CH 1 VOLTS/DIV to 50 mV,

0. CHECK-—That a stable triggered display can be
obtained in HF REJ, DC and AC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

p. Set CH 1 VOLTS/DIV to 5§ mV,

g. Set the low-frequency generator for a 3 division,
80 Hertz display, then set CH 1 VOLTS/DIV to 50 mV.

r. CHECK—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

s. Set B TRIGGER COUPLING to LF REJ.

t. CHECK—That a siable triggered display cannot be
obtained with adjustment of B TRIGGER LEVEL.

u. Set the low-frequency generator for a 2 division,
60 Hertz display, then set B TRIGGER SOURCE to EXT
(100 millivolts at external input).

v. CHECK-—Repeat part o.

w. Set the low-frequency generator for a 1 division,
80 Hertz display (50 millivolts at external input).

x. CHECK—That a stable triggered display can be
obtained in AC and DC positions of B TRIGGER
COUPLING with adjustment of B TRIGGER LEVEL.

y. Set B TRIGGER COUPLING to LF REJ.
z. CHECK—Repeat part &.

aa. Disconnect all test equipment.

NOTE

Use a sine-wave generator with an output of
100 megahertz anid below for the following parts.
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ab. Connect the sine-wave generator outputcabletoa
BNC female-to-BNC femaie adapter, to a BNC T-
connector, to two 18-inch 50-ohm BNC cables. Connect
an 18-inch cable through a 50-ohm termination o CH 1
input and connect the other 18-inch cable through a 50-
ohm termination to B TRIGGER external input.

ac. Set TIME/DIV to 0.5 us.

ad. Sei the sine-wave generator for a 2 division,
3 megahertz display (100 millivolis at external input).

ae. Set B TRIGGER COUPLING to HF REJ.

af. CHECK—Thata stable triggered display cannotbe
obtained with adjustment of B TRIGGER LEVEL.

ag. SetCHI1VOLTS/DIVto5s mV,setTIME/DIVio2 us
and set B TRIGGER SCURCE to NORM.

ah. Set the sine-wave generator for a 5 division,
1 megaheriz display, then set CH 1 VOLTS/DIV to 50 mV.

ai. CHECK—Repeat part af.

aj. Disconnect all test equipment,

49, Check A L¥ REJ, HF REJ and Low-Frequency
Triggering

a. Set HORIZ DISPLAY to A, set TIME/DIV to 50 us
and set CH 1 to 5 mV,

b. Connect the low-frequency generator output to a
42-inch 50-ohm BNG cable, to a BNC female-to-BNC
female adapter, to a BNC T-connector, to two 18-inch 50-
ohm BNC cables, to CH 1 inputand A TRIGGER external
input.

¢. Set the low-frequency generator for a 5 division,
50 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.

d. CHECK-—That a stable triggered display can be
obtained in LF REJ, HF REJ, DC and AC positions of A
TRIGGER COUPLING with adjustment of A TRIGGER
LEVEL.

e. Set CH 1 VOLTS/DIV to 5 mV.
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f. Set the low-frequency gensrator for a 3 division,
50 kilohertz display, ther set CH 1 VOLTS/DIV to 50 mV.

g. CHECK—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

h, Set the low-frequency generator for a 2 division,
50 kilohertz display, then set A TRIGGER SOURCE to
EXT (100 millivolts at external input).

i. CHECK-—Repeat part d.

| Set CH 1 VOLTS/DIV to 0.1 V and set A TRIGGER
SOURCE to EXT + 10.

k. Set the low-frequency generator for a 5 divisien, 50
kilohertz display {500 miltivolts at external input}, then set
CH 1 VOLTS/DiVio 05 V.

I, CHECK-—Repeat part g.

m. SetCH1VOLTS/DIVto 10 mV andset ATRIGGER
SOURCE to EXT.

n. Set the low-frequency generator for a 5 division,
50 kitohertz display {50 millivolts at external input), then
set CH 1 VOLTS/DIV to 50 mv,

0. CHECK—Repeat part g.

p. Set A TRIGGER SOURCE to NORM, set CH 1
VOLTS/DIV to 5 mV and set TIME/DIV to 20 ms.

G. Set the low-frequency generator for a 5 division,
60 Hertz display. then set CH 1 VOLTS/DIV to 50 mV.

r. CHECK—That a stable triggered display can be
obtained in HF REJ, DC and AC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

s. Set CH 1 VOLTS/DIV to 5 mV.

t. Set the low-frequency generator for a 3 division,
80 Hertz display, then set CH 1 VOLTS/DIV to 50 mV.
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u. CHECK~That a stable triggered display can be

obtained in AC and DC positions of A TRIGGER -

COUPLING with adjustment of A TRIGGER LEVEL.

v. Set A TRIGGER COUPLING to LF REJ.

w. CHECK—That a stable triggered display cannct be
obtained with adiustment of A TRIGGER LEVEL.

x. Set the low-frequency generator for a 2 division,
60 Hertz dispiay, then set A TRIGGER SOURCE 10 EXT
(100 miliivolts at external input).

y. CHECK—Repeat part r.

Z. Set the low-frequency generator for a 1 division,
60 Hertz display (50 millivolts at external input).

aa. CHECK—That a stable triggered display can be
obtained in AC and DC positions of A TRIGGER
COUPLING with adjustment of A TRIGGER LEVEL.

ab. Set A TRIGGER COUPLING to LF REJ.

ac. CHECK—Repeat part w.

ad. Disconnect aill test equipment.

NOTE

Use a sine-wave generator with an output of
100 megahertz and below for the following.

ae. Connectthe sine-wave generator output cabletoa
BNC female-to-BNC female adapter, to a BNC T-
connector, to two 18-inch 50-ohm BNC cables. Connect
an 18-inch cable through a 50-chm termination to CH 1
input and connect the other 18-inch cabie through a 50-
ohm termination to A TRIGGER external input.

af. Set TIME/DIV to .5 us.

ag. Set the sine-wave generator for a 2 division,
3 megahertz display (100 millivolts at external input).

agh. Set A TRIGGER COUPLING to HF REJ.



ai. CHECK—That a stable triggered display cannot be
obtained with adjustment of A TRIGGER LEVEL.

aj. SetCH1VOLTS/DIVio S5 mV, set TIME/DIVio2 us
and set A TRIGGER SOURCE to NORM.

ak, Set the sine-wave generator for a Sdivésion,
1 megahertz display, then set CH1 VOLTS/DIV to 50 mV.

al. CHECK—Repesat part ai.

50. Adjust TRIGGER VIEW Centering

a. Set A TRIGGER COUPLING to AC and set A
TRIGGER SQURCE to EXT.

b. Set the sine-wave generator for a 1 division,
1 megahertz display {50 miilivoits at external input) and
adjust A TRIGGER LEVEL for a stable triggered display.

¢. Press TRIG VIEW and hold it in.

d. CHECK-—That display center is within 1 division of

" the center horizontal graticule line.

e. ADJUST—Trigger View Centering, RE73, to center
the display on the center horizontai graticule line. See
ADJUSTMENT LOCATIONS 3.

f. Release TRIG VIEW.

g. Disconnect ail test equipment.

51. Check TRIG VIEW Deflection Factor
a. Set TIME/DIV to 1 ms.

b. Set the amplitude calibrator for a 200 miliivolt
cutput and connect to A TRIGGER external input through
& 42-inch 50-chm BNC cable.

¢. Press TRIG VIEW and hold it in.

d. Position the display to graticuie center with A
TRIGGER LEVEL.

e. CHECK—For approximately 4 divisions of display.

®
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f. Release TRIG VIEW.

g. Disconnect ail fest equipment.

52. Check TRIG VIEW Risetime
a. Set TIME/DIV to 5 us.

b. Connect a 100 kilohertz signal from the square-
wave generator high amplitude output through a GR-to-
BNC female adapter and a 42-inch 50-ohm BNC cable o
the input of the tunnel dicde pulser calibration fixture.
Connect the output of the tunnel diode pulser through a
50-ohm termination to A TRIGGER external input.

c. Press TRIG VIEW and hold it in.

d. Adjust A TRIGGER LEVEL to set the display to
graticule center.

e. Increase the square-wave generator amplitude and
adjust the pulser triggered level until the display suddenly
increases 1o about 5 divisions of amplitude.

f. Set TIME/DIV to 0.01 us, set X10 MAG to on and set
leading edge of waveform to graticule center.

g. CHECK—The display between the 10% and 90%
points on the leading edge of waveform for 4 horizontal
divisions or less (4 nanoseconds or less, risetime).

h. Release TRIG VIEW.,

53. Check TRIG VIEW Delay Difference

a. Remove the test signal setup from A TRIGGER
external input and disconnect the 50-ohm termination
from the puiser. Connect the ouiput of the tunnel dicde
puiser to a BNC female-to-BNC female adapter, to a BNC
T-connector, to two 18-inch BNC cables, Connect acable
through a 50-ohm termination to CH 1 input and connect
other cable through a 50-chm termination to A TRIGGER
external input,

b, Set TIME/DHV to 0.05 us, set X10 MAG to off and set
CH 1 VOLTS/DIV to 20 mV.

c. Adjust the puiser triggered tevetl until the display
suddenly increases. ‘
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d. Press and hold TRIG VIEW, and adjust A TRIGGER
LEVEL to set the cenler of overall display amplitude 1o
graticule center and note ampliiude of the display.

e. Release TRIG VIEW, set CH 1 VAR VOLTS/DCIV for
same amplitude noted in part d and set the center of
overall display amplitude to graticule center with CH 1
POSITION,

f. Set TIME/DIV to 0.01 us, set X10 MAG to on and sst
leading edge of waveform 1o graticule center with
POSITION (Horiz}.

g. Press TRIG VIEW and note difference in horizontal
position from graticule center.

h. CHECK—For 2.5divisions or less
(2.5 nanoseconds or less of difference).

i. Release TRIG VIEW,

i. Disconnect ali test equipment.

54. Check LINE Triggering

a, Set CH 1 VAR VOLTS/DIV to calibrated detent, set
X10 MAG to off, set A TRIGGER SOURCE to LiNE and set
TIME/DIV to 5 ms.

b. Press and hold TRIG VIEW.,

c. CHECK—For a triggered display siarting on the
siope selected by A TRIGGER SLOPE.

d. Belease TRIG VIEW,

55. Check A TRIGGER LEVEL Control External
Range

a. Set TIME/DiV to 1 ms, set CH 1 VOLTS/BIVto1 V
and set A TRIGGER SOURCE to EXT.

b. Connect the low-frequency generator ouiput to a
42-inch 50-ohm BNC cable, to a BNC fematle-to-BNC
female adapter, to a BNC T-connector, to two 18-inch 50-
ohm BNC cables, to CH 1 input and A TRIGGER external
input.
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¢. Set the low-frequency generator for a 4 division,
1 kilohertz dispiay.

d. CHECK--That display is triggered through
midrange and not triggered at both stops of A TRIGGER
LEVEL in + and — positions of A TRIGGER SLOPE.

56. Check B TRIGGER LEVEL Control External
Range

a. Set HORIZ DISPLAY to B DLY'D, set B TRIGGER
SOURCEtoc EXT andset A TRIGGER SOURCE to NORM.

b. Move test signal cable from A TRIGGER external
input to B TRIGGER external input.

¢, CHECK—That display is triggered through
midrange and not triggered at both stops of B TRIGGER
LEVEL in + and — positions of B TRIGGER SLOPE.

§57. Check SINGL SWP Triggering

a. Set HORIZ DISPLAY to A and set CH 1 VOLTS/DIV
to 5 mV.

b. Set the low-frequency generator for a 5 division,
1 kilohertz display, then set CH 1 VOLTS/DIV to 50 mV.

c. Set A TRIGGER LEVEL for stable triggering with
display start at top of first positive peak.

d. Set CH 1 AC-GND-DC switch to GND and momean-
tarily press SINGL SWP pushbutton of TRIG MODE.

e. CHECK-—~That READY light turns on.
f. Set CH 1 AC-GND-DC switch to DC.

g. CHECK—For a display of 1 sweep and that READY
light is extinguished.

58. Check TRIG MODE NORM Triggering

a. Set TRIG MODE to NCORM and set A TRIGGER
LEVEL for a stable triggered display.

b. Set CH 1 AC-GND-DC switch to GND.

¢. CHECK—For no visible trace.

@



d. Disconnect ali test equipment.

59. Check TRIG MODE AUTO Triggering

a. Set TRIG MODE to AUTO, set TIME/DIV to 10 ms,
CH 1 VOLTS/DIV to 0.5V and set CH 1 AC-GND-DC
switch to DC.

b. Setthe time-mark generator for 10 millisecond time
marks and connect through a 42-inch 50-ohm BNC cable,
to a 50-ohm BNC termination, to CH 1 input.
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¢. CHECK—That a stable triggered display can be
obtained with adjustment of A TRIGGER LEVEL.

d. Set TIME/DIV o G.1s and set the time-mark
generator for 0.1 second time marks.

e. CHECK—That a stable triggered display cannot be
obtained with adjustment of A TRIGGER LEVEL.

HORIZONTAL SYSTEM

Equipment Required
1. Time-Mark Generator

2. Sing-Wave Generator
3. Digital Voltmeter

4. Amplitude Calibrator
5. Test Oscilloscope

6. Current Probe

7. 42-inch 50-Chm BNC Cable (2 required)

8. 18-Inch 50-Ohm BNC Cable {2 required)
9. 50-Ohm BNC Termination (2 reqguired)
10. BNC Female-To-BNC Female Adapter
11, BNC T-Connector

12. 500 MHz Filter

13. Screwdriver

t4. Low-Capacitance Screwdriver {use for ail variable
capacitance adjustments)

Betfore you begin, see

Control Setiings

POWER ON
Display
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Vertical (CH 1 and CH 2}

POSITION Midrange
VOLTS/DIV 05V

VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC

INVERT Off (hutton out)
VERT MODE CH 1

100 OR 20 MHz BW Full bandwidth (push in,

then release)

ADJUSTMENT LOCATIONS 4

in the pullout pages.,

Trigger (A and B}

COUPLING AC {new setting)
LEVEL 0
SL.OPE +

NORM
STARTS AFTER DELAY
{new setlting}

A TRIGGER SOURCE
B TRIGGER SOURCE

TRIG MODE AUTO
A TRIGGER HOLDOFF NORM
Sweep

A TIME/DIV 1 ms {new setting)
B TIME/DIV {1 ms new setting)
VAR TIME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterciockwise
HORIZ DISPLAY A
X310 MAG Off (button out}
POSITION (Horiz} Midrange

FINE Midrange
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DM44 DIGITAL MULTIMETERS.

NOTE

FOR OSCILLOSCOPES WITH DIGITAL MULTIMETERS ATTACHED, REFER TQ THE DIGITAL MULTIMETER
MANUAL AT THIS POINT. CONTINUE WITH THE 475A DM44 HORIZONTAL SYSTEM CALIBRATION
PROCEDURE, THEN RETURN TO GATE OUTPUTS, EXTERNAL Z-AXIS AND CALIBRATOR SECTION IN THIS

CALIBRATION PROCEDURE.

FOR OSCILLOSCOPES WITHOUT DIGITAL MULTIMETERS, CONTINUE WITH HORIZONTAL SYSTEM

CALIBRATION.

60. Adjust Horizontal Gain

a. Set the time-mark generator for 1 millisecond time
marks and connect through & 42-inch 50~ohm BNC cable
and 50-chm BNC termination to CH 1 input.

b. Set A TRIGGER LEVEL for a stabie triggered
display.

NOTE

Unless otherwise stated, set POSITION and FINE
(Horiz) controls so first time mark will coincide with
Hirstvertical graticule line and check that a time mark
will coincide with fast vertical graticule line.

¢. CHECK—That first and 11th time marks coincide
with graticule lines, within 1%, from +20°C to +30°C;
within 3%, from —15°C to +55°C.

d. ADJUST-—Horizontal Gain, R1155, for 1 time-
mark/division. See ADJUSTMENT LOCATIONS 4-B.

NOTE
Effective range of R1155 is determined by the

selected value of R1154. The value of 1154 may be
altered to obtain necessary range for R1155.

e. Press X110 MAG pushbutton and set time-mark
generator for 0.1 millisecond time marks.

f. CHECK--That X10 MAG light is illuminated.

g. CHECK—That first and 11th time marks coincide
with graticule lines, within 2%, from +20°C to +30°C;
within 4%, from —15°C to +55°C.

h. Set X10 MAG pushbutton to off and set the time-
mark generator for 1 millisecond time marks.
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61. Adjust Intensified Gain
a. Set HORIZ DISPLAY to A INTEN.

b. CHECK--That first and 11th time marks coincide
with graticuie lines, within 2%, from +20°C to +30°C;
within 3%, from —15°C t¢ +55°C.

¢. ADJUST—Intensified Gain, R950, for 1 time-
mark/division. See ADJUSTMENT LOCATIONS 4-B,

62, Adjust Delay Start and Delay Stop

& Pulland unlock DLY'DSWPknob (B TIME/DIV) and
set to 10 us. Set HORIZ DISPLAY to B DLY'D and set
DELAY TIME POSITION to 1.000 on dial.

b. CHECK—That the start of displayed time mark is
near beginning of sweep.

c. ADJUST—Delay Start, R938, so that the start of
displayed time mark starts at beginning of sweep. See
ADJUSTMENT LOCATIONS 4-8.

d. Turn DELAY TIME POSITION to set the start of
displayed time mark to coincide with graticule center and
note reading on dial.

e. Turn DELAY TIME POSITION to set time mark
nearest 9.000 on dial to coincide with graticule center and
note reading.

f. CHECK—Foradifference in readings, noted in parts
d and e, of 8.000, within 0.049, from +15°C to +35°C;
within 0.089, from —15°C {0 +55°C.

NOTE

H the difference in readings in part { was within
specifications, proceed with part i,



g. Add ithe dial reading noted in part d, to 8.000 and set

. DELAY TIME POSITION dial to indicate the sum.

h. ADJUST—Delay Stop, R936, to set the start of
displayed time mark o coincide with graticule center. See
ADJUSTMENT LOCATIONS 4-B.

i. INTERACTION—Between Delay Start and Delay
Stop adjustments. Repeat parts a through h as necessary.

63. Check 1 Millisecond Differential Delay Time
Accuracy

a. Turn DELAY TIME POSITION to set time mark
nearest 1.000 on dial to graticule center and note reading.

b, Turn DELAY TIME POSITION to set time mark
nearest 2.000 on dial to graticule center and note reading.

¢. CHECK—For a difference in readings of 1.000,
within 0.010, from +15°C to +35°C; within 0.020, from
--------- 15°C to +55°C.

_ d. Turn DELAY TIME POSITION to set every adjacent
i time mark to graticule center and note reading.

e. CHECK—Each reading between any 2 adjacent
time marks for 1.000, within 0.010, from +15°C to +35°C;
within 0.020, from —15°C o +55°C. Also, check the
difference bhetween any time marks separated by more
than 1 major dial division for maximum error as listed in
Table 6-4,

TABLE 6-4

1 Millisecond Differential Delay Time Accuracy

Difference Maximum Error | Maximum Error
in Major +15°C ~15°C
Dial Divisions to +35°C to +85°C
1.000 £0.010 +0.020
2.000 +0.019 +0.029
3.000 0,027 +0.042
4.000 40,033 +0.053
5.000 +0.039 +0.064
6,000 +0.043 +0.073
7.000 +0.047 +0.082
8.000 +0.049 +0.089
9.000 +0.050 +0.095

64. Adjust Magnified Registration

a. SetDLY'D SWP 1o 1 ms {lock knobs) and set HORIZ
DISPLAY to A.

@
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-b. Set the time-mark generator for 5 millisecond time
marks.

c. Press X10 MAG pushbutton, set the center time
mark of the display to graticule center with POSITION
{Horiz}, then set X10 MAG pushbutton to off,

d. CHECK-—That center time mark is
0.5 division of graticule center.

within

e. ADJUST—Magnified Registration, R1130, to set
center mark to graticule center. See ADJUSTMENT
LOCATIONS 4-B.

{. Repeat parts ¢ through e, as necessary, for minimum
shift when switching from magnified to unmagnified.

85. Check VAR TIME/DIV Range
a. Set VAR TIME/DIV {fully counterclockwise.

b. CHECK—That TIME/DIV UNCAL light s il-
luminated.

¢. CHECK—For at least 6 tima marks in 10 divisions.

d. Return VAR TIME/DIV control to calibrated detent.

6. Check Sweep Length and Horizontal
POSITION Range

a. Set time-mark generator for 1 millisecond time
marks.

b. CHECK—Sweep length for at least 10.7 divisions.

¢. Turn POSITICN and FINE (Horiz) controls fully
clockwise. (Also check that each control will position the
trace).

d. CHECK—That the start of sweep is to the right of
graticule center.

e. Turn POSITION and FINE (Heriz) controls fully
counterclockwise.

{. CHECK-—That the end of sweep is to the left of
graticuie center.
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g. Recenter POSITION and FINE (Horiz) controls.

67. Adjust 10 Microsecond Timing

a. Set TIME/DIV to 10 us, set time-mark generator for
10 microsecond time marks and align the first time mark
with first graticule line using POSITION and FINE {Moriz}
controls,

b. CHECK—That the first and 11th time marks coin-
cide with graticule lines, within 1%, from +20° Cto +30°C;
within 3%, from —15°C to +55°C.

c. ADJUST—C1064 for 1 time-mark/division. See AD-
JUSTMENT LOCATIONS 4-A,

d. Set HORIZ DISPLAY to B DLY'D, pull and unlock
DLY'D SWP knob and set to 6.2 us.

e. Turn DELAY TIME POSITION to set time mark
nearest 1.000 on dial to coincide with graticute center and
note reading.

f. Turn DELAY TIME POSITION 1o set time mark
nearest 8.000 on dialto coincide with graticule center and
note reading.

g. CHECK—For a difference in readings, noted in
parts e and f, of 8.000, within 0.049, from +15°C to +35°C;
within 0.089, from —15°C to +55°C.

NOTE

It the difference in readings in part g was within
specificafions, proceed with step 68. Otherwise
proceed with part h.

h. Add the dial reading noted in part e, 10 8,000 and set
DELAY TIME POSITION to indicate the sum,

i. ADJUST—C1023 to set the start of displayed fime
mark to coincide with graticule center. See ADJUST-
MENT LOCATIONS 4-A.

j- INTERACTION—Between setting of DELAY TIME
FPOSITION at 1.000and adjustment of C1023. Repeat parts
e through i as necessary to obtain a difference in readings
of 8.000, within limits specified in part g.

5-36

68. Adjust 0.1 Microsecond Timing

a. Set HORIZ DISPLAY to A, set DLY'D SWP to 10 us
{lock knobs) and set TIME/DIV {0 0.1 us.

b. Set time-mark generator for 0.1 microsecond time
marks.

c. CHECK—That first and 11th time marks coincide
with graticule lines, within 1%, from -+20°C to +30°C;
within 3%, from —15°C to +55°C.

d. ADJUST-C1008 for 1 time mark/division. See
ADJUSTMENT LOCATIONS 4-B,

e. Set HORIZ DISPLAY to B DLY'D, pull and unlock
DLY'D SWP knob and set to 0.01 us.

f. Turn DELAY TIME POSITION to set time mark
nearest 1.000 on dial to coincide with graticule center and
note reading.

g. Turn DELAY TIME POSITION to set time mark
nearest 9.000 on dial to coincide with graticuie cenier and
note reading.

h. CHECK—For a difference in readings of 8.000,
within 0.049, from +15°C to +35°C: within 0.089 from
~15°C to +558°C.

NOTE

It the difference In readings in part h was within
specifications, proceed with step 68. Otherwise
proceed with part L.

i. Add the dial reading noted in part f, to 8,000 and set
DELAY TiME POSITION to indicate the sum.

;. ADJUST—C1025 to set the start of display time mark
te coincide with graticule center. See ADJUSTMENT
LOCATIONS 4-A.

K. INTERACTION—REetween setting of DELAY TIME
POSITION at 1.000 and adjustment of 51025, Repeat parts
fthrough | as necessary to obtain a difference in readings
of 8.000, within limits specified in part h.



69. Adjust Horizontal Output Centering

| a. Set HORIZ DISPLAY to A, set DLY'D SWPto 0.1 us
" (lock knobs), set TIME/DIV to X-Y, set VERT MODE to CH
2 and set CH 1 AC-GND-DC swiich to GND.

b. Setthe dotdisplay to graticule center with X (CH 1)
and Y {CH 2) POSITION controls.

¢. Connect the digital voltmeter {set to read at least 50
volts) negative lead to GND test point on main interface
circuit board and compare readings between the collec-
tors (transistor cases} of Q1204 and Q1214. See ADJUST-
MENT LOCATIONS 4-B.

d. Set POSITION {HORIZ) forequal readings between
the transistor coliectors of Q1204 and Q1214 and note the
final reading.

e. CHECK—For areading of approximatety +50 voits,

f. ADJUST—Horizontal DC Centering R1256, for a
reading of +50 volts. Ses ADJUSTMENT LOCATIONS 4-
& .

g. Disconnect the digital voltmeter.

NOTE

The preceding procedure is intended to initially set
the Horizontal Output Centering. ltmay be helpfultc
readjust Morizontal DC Centering, R1256, later in
this procedure if step 77 must be performed.

70. Adjust High-Speed Timing (Visual Method)

NOTE

This step is intended to check high-speed timing
and, it necessary, perform minor recalibration. If
timing cannot be adjusted to within specified ac-
curacy, major recalibration will be performed in step
71.

a. Set TIME/DIV 1o 0.05 us, set VERT/MCDE to CH 1,
press X10 MAG to on, set A TRIGGER SOURCE to EXT
and set A TRIGGER COUPLING to LF REJ.

b. Set the time-mark generator for 5 nanosecond time
marks and connect trigger output through a 42-inch 50-
ohm BNC cable to a 50-0hm BNC termination, to A
TRIGGER external input. (If 22901 time-mark generatoris
used, set trigger selector for 0.1 microsecond triggers).

)
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insert a 500 megahertz filter between the 50-ohm BNC
termination and CH 1 input. Adiust the filter for minimum
unwanted modulation from the lime-mark generator, as
necessary, through the high-speed timing procedure,

c. Set CH 1 VOLTS/DIV to maintain a convenient
display amplitude in this step. Set ATRIGGER LEVEL fora
stable triggered display through the high-speed timing
procedure.

d. CHECK-That first and 11th time marks coincide
with graticute lines, within 2%, from +20°C to +30°C;
within 4%, from —15°C to +55°C.

e. CHECK—That accuracy is within 5% (0.1 division)
over any 2 division interval. (See following note).

NOTE

(1} 1 waveform has modulation, check 2 division
accuracy between adjacent time marks of equal
amplitude.

(2) Turn INTENSITY fuilt or and position the spot at
start of the sweep to graticule area with POSITION
{Horiz).

Exclude the first 25 nanoseconds from start of
sweep or first 2 major unblanked divisions at normal
intensity (whichever is greater} and all beyond the
100th division.

f. ADJUST—C1253 and C1233, in equai amounts, for 1
cycle/division. See ADJUSTMENT LOCATIONS 4-B.

g. Set TIME/DIV to 0.02ps and set time-mark
generator for 2 nanosecond time-marks.

NOTE

It may bhe necessary to adjust A TRIGGER
HOLDOFF for best triggered display through this
step.

h. CHECK-—That first and 11th time marks coincide
with graticule lines, within 2%, from +20°C to +30°C;
within 4%, from —15°C to +565°C,

i. CHECK—That accuracy is within 5% {G.1 division)
over any 2 division interval,
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§. ADJUST—C1179 for 1 cycle/division. See ADJUST-
MENT LOCATIONS 4-B,

k. INTERACTION—Between 0.05 and
0.02 microsecond magnified timing. Set TIME/DIV to
0.05 ps, set time-mark generator for 5 nanosecond time
marks and repeat parts d through i as necessary for best
timing accuracy.

I. Set TIME/DIV 1o .01 us.

m. CHECK—That first and 6th cycles coincide with
graticuie lines, within 2%, from +20°C 1o +30°C; within
4%, from —15°C 1o +55°C.

n. CHECK-~That accuracy Is within 5% (0.1 division)
over any 2 division interval.

o. ADJUST—1 Nangosecond Timing, R1075, for 1
cycie/2 divisions. See ADJUSTMENT LOCATIONS 4-A,

NOTE

If timing cannot be adjusted to within specified
accuracy, proceed with step 71, If timing is within
specified accuracy, proceed with step 72,

71. Adjust High-Speed Timing (Currenl Probe
Method)

NOTE

This step is intended only for major recalibration of
high-speed timing. Any reference to 475A through
the calibration procedure refers to the instrument
under calibration.

a. Set TIME/DIV to 0.02 us, center the dispiay on
graticule with POSITION (Horiz) and press X10 MAG to
on.

b. Set time-mark generator for 2 nanosecond time
marks and set CH 1 VOLTS/DIV to maintain a convenient
display amplitude through this step.

¢. Connect the current probe with passive termination
to channel 1 of test osciiloscope. Set passive termination
1o 1 mA/mV.
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d. Connect the probe head around the crossed
horizontal deflection plate leads. See ADJUSTMENT
LOCATIONS 4-B. See Figure 6-4 for proper probe con-
nection.

HORIZONTAL DEFLECTION
PLATE LEADS

P8022 CURRENT
PROBE

(1708} 1862-82

Fig. 6-4. Proper connection of current probe to horizontal
deflection plate teads for High-Speed Timing calibration.

e. Setthetestoscilloscope: vertical mode to channel 1,
time/division to 0.2 microseconds, X10 magnifier to on
and channel 1 volis/division to 20 millviolts. Position
current pulse at beginning of sweep 1o graticule center.

f. CHECK—Test oscilioscope display for a
symmetrical, flat-top current waveform similar {o that in
Figure 6-5.
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Fig. 6-5. Typical display on test oscilloscope when High-Speed
Timing is properly adjusted, {475 set at 2 nanoseconds/division).

g. ADJUST— C1253,C1233,C1179, Rt185 and R1175
for a symmetrical, flat-top current waveform. See AD-
JUSTMENT LOCATIONS 4-B.



h. CALIBRATION AID—Pregset C1253 and C1233 for
approximately 1/4 of maximum capacitance, preset C1179
! near maximum capacitance (near clockwise stop) and
preset R1185 near maximum resistance (near clockwise
stop).

Adjust R1175 for a fiat top and fast leading edge on
current waveform at 475A TIME/DIV seitings of 0.062 us
and 0.01 us. Adjust R1185 for best overall fiat top on
current waveform at 475A TIME/DIV setting of 0.02 us.
1253 and C1233 may be adjusted individually for a
symmetrical current waveform with a fast trailing edge.

NOTE

It may be helpiul to readjust Morizontal DC Center-
ing, R1256, for best symmetrical current waveform.
See ADJUSTMENT LOCATIONS 4-B.

i. INTERACTION-—Between all adjustments in this
step. Repeat the adjustment procedure in part g, as
necessary, to obtain the best symmetrical, flat-top current
waveform.

i Set 475A TIME/DIV to 0.05 us and set time-mark
generator for 5 nanosecond time marks.

k. CHECK—That first and 11th cycles coincide with
graticule lines, within 2%, from +20°C to +30°C; within
4%, from —15°C to +585°C,

{. CHECK—That accuracy is within 5% (0.1 division)
over any 2 division interval. {See following note.

NOTE

(1} If waveform has amplitude moduliation, check
2 division accuracy between adjacent time marks of
equal amplitude.

(2) Turn INTENSITY full on and position the spot at
start of the sweep to graticule area with POSITION
{Horiz).

Exclude the first 25 nanoseconds from start of
sweep or first 2 major unblanked divisions at normal
intensity (whichever is greater) and all beyond the
1G0th division.

m. ADJUST—C1253 and C1233, in equal amounts, for
1 cycle/division. See ADJUSTMENT LOCATIONS 4-B.
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n. Set TIME/DIVY to 002 us and set time-mark
generator for 2 nanosecond time marks.

NOTE

in the foliowing parts, it may be necessary to adjust
R1185 and R1175 to maintain a symmeirical, flat-top
current waveform.

0. CHECK-—That first and 11th cycles coincide with
graticule lines, within 2%, from +20°C o +30°C; within
4%, from —15°C to +55°C.

p. CHECK~That accuracy is within 5% (0.1 division}
over any 2 division interval.

q. ADJUST—C1178 for 1 cycle/division. See AD-
JUSTMENT L.OCATIONS 4-B.

r. INTERACTION-—-Between 0.05 and
0.02 microsecond magnified timing. Repeat parts |
through p, as necessary for best timing accuracy.

5. Set TIME/DIV to 9.01 us.

t. CHECK-—That first and 8th cycles coincide with
graticule lines, within 2%, from +20°C to +30°C; within
4%, from —15°C to +585°C.

1. CHECK-—That accuracy is within 5% (0.1 division)
over any 2 division interval.

v. ADJUST—1 Nanosecond Timing, R1075, for 1
cycie/2 divisions. See ADJUSTMENT LOCATIONS 4-A,

w. Disconnect the current probe without disturbing
the deflection plate leads.

X. INTERACTION-—Between timing with current
probe connected and timing without current probe.
Repeat parts | through u for best timing accuracy,
{Disregard note between n and o).

y. Set X10 MAG fo off, TIME/DIV to 0.1 us, set CH 1
AC-GND-DC switch to DG and set time-mark generator
for 0.1 microsecond time marks.
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z. CHECK—That first and 11th time marks coincide
with graticule fines, within 1%, from +20°C to +30°C;
within 3%, from —15°C to +55°C.

aa, ADJUST—C1008 for 1 time mark/division. See
ADJUSTMENT LOCATIONS 4-B.

ab. INTERACTION—Between adjustment of C1009
and high-speed timing. If adjustment was made in partaa,
press X10 MAG to on and repeat parts j through v for best
timing accuracy.

ac. Remove the trigger cable setup from A TRIGGER
external input, set ATRIGGER SOURCE to NORM and set
A TRIGGER COUPLING to AC.

72. Check A Timing Accuracy

a. Set CH 1 AC-GND-DC switch to DC, set CH 1
VOLTS/DIV t0 0.5 V and set TRIG MODE to NORM.

b, CHECK—TIME/DIV settings from 00t us to
5 ms/division for accuracy, atfirstand 11th graticule lines,
within 1%, from +20°C to +30°C; within 3%, from —15°C
to +55°C. Set time-mark generator to maintain ap-
propriate time marks through this step. Exclude the first
25 nanoseconds from start of sweep when checking 0.01
and 0.02 us/divisian.

¢. CHECK—TIME/DIV settings from 10 ms to
0.5 s/division for accuracy, atfirstand 11th graticule tines,
within 2%, from +20°C to +30°C; within 3%, from —15°C
to +55°C.

73. Check A INTEN Timing Accuracy

a. Set HORIZ DISPLAY to A INTEN and set DELAY
TIME POSITION fully counterclockwise.

b. CHECK—TIME/DIV settings from 005 us to
0.5 s/division for accuracy, atfirstand 11th graticule lines,
within 2%, from +20°C to +30°C; within 3%, from —15°C
to +55°C. Set time-mark generator to maintain ap-
propriate time marks.
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74, Check A INTEN Magnified Timing Accuracy
a. Press X10 MAG to on.

b, CHECK-TIME/DIV settings from 0.05us to
0.5 s/division for accuracy, at first and 11th graticule lines,
within 3%, from +20°C to +30°C; within 4%, from —15°C
to +55°C. Set time-mark generator to maintain ap-
propriate time marks. See NOTE following step 71, part |

75. Check A Magnified Timing Accuracy
a. Set HORIZ DISPLAY (0 A.

b. CHECK—TIME/DIV settings from 001us to
5 ms/division for accuracy, at firstand 11th graticule lines,
within 2%, from -+20°C to +30° C; within 4%, from —15°C
to -+55°C. Set time-mark generator to maintain ap-
propriate time marks through this step. See NOTE follow-
ing step 71, part i,

¢. CHECK—TIME/DIV  settings from 10ms to
0.5 s/division for accuracy, at firstand 11th graticule lines,
within 3%, frem -+20°C to +30° C; within 4%, from —15°C
to +55°C.

d. CHECK—That accuracy is within 5% (0.1 division)
over any 2 division interval at all TIME/DiV settings.

76. Check Differential Delay Time Accuracy

a. Set HORIZ DISPLAY to B DLY'D and set TIME/DV
10 0.05 ws. Puli and uniock DLY'D SWP knob, settc0.01 us
and set X10 MAG to off.

b. Set time-mark generator for 50 nanosecond tims
marks. '

¢. Turn DELAY TIME POSITICN to set time mark
nearest 1.000 on dial to coincide with graticule center and
note reading.

d. Turn DELAY TIME POSITION to set time mark

nearest 2.000 on dial to coincide with graticule center and
note reading.
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e. CHECK-For a difference in readings of 1.000, TABLE 6-5
- within 0.010, from +15°C to 135°C; within 0.020, from . .
L —1B°C 1o +55°C, Differentiat Delay Time Accuracy
Difterence in MajorMaximum Error | Maximum Error
Dial Divisions -15°C to +35°C 4 ~15°C 1o +55°C
1.000 +0.010 +=0.020
2.000 4+0.019 +0.029
f. Turn DELAY TIME POSITION to set every adjacent 3.000 T0.027 30.042
time.mark to coincide with graticule center and note 2.000 10,033 10053
reading. 5.000 £0.039 +0.064
6.000 +0.043 +0.073
7.000 0,047 +0.082
8.000 +0.049 +0.088
9.000 +0.050 £0.095
g. CHECK—Each reading between any 2 adjacent
time marks for 1.000, within 0.010, from +15°C to +35°C;
within 0.020, from -15°C to +55°C. Also, check the n. CHECK—Differentiai delay time accuracy as
difference between any time marks separated by more directed in part g, at all settings listed in Table 6-6 notto
than 1 major dial division for maximum error as listed in exceed maximum error listed in Table 6-5.
Table 6-5.
TABLE 6-6
Delay Time Settings
DELAY TIME POSITION A TIME/DIV B TIME/DIV “Time-Mark
Exclusions Switch Setting Switch Setting Generator Setting
Exciude dial settings of 0.05 us 0.0% us 50 nanosecond
G.000G through 1.000 C.1us 0.01 us 0.1 microsecond
0.2 us 0.02 us 0.2 microsecond
0.5 us 0.05 us 0.5 microsecond
1 us 0.1 us 1 microsecond
2 us 0.2 us 2 microsecond
5 us 0.5 us 5 microsecond
16 us 1 us 16 microsecond
20 us 2 us 20 microsecond
Exclude dial settings of 50 us 5 us 50 microsecond
0.G00 through 0.050 0.1 ms 16 us 0.1 millisecond
0.2 ms 20 us 0.2 miilisecond
0.5 ms 50 us 0.5 mitlisecond
1ms 0.1 ms 1 millisecond
2 ms 0.2 ms 2 millisecond
5 ms 0.5 ms 5 millisecond
10 ms 1 ms : 10 millisecond
20 ms 2 ms 20 millisecond
50 ms 5 ms 50 millisecond
G.1s 10 ms 0.1 second
02s 20 ms 0.2 second
053 50 ms 0.5 second

" i the time-mark generator being used does nothave a 1-2-5 sequence, set for 1 or more time marks per divisionon DELAY TIME
POSITION dial.
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77. Check Delay Time Jitler

a. Set DALY D SWP to 0.2 us, set A TIME/DIV 1o 1 ms
and set time-mark generator for 1 millisecond time marks.

b, Set DELAY TIME POSITION to 1.000 on dial and
position nearest time mark to graticule center.

¢. CHECK—That jitter on the leading edge of the time
mark does not exceed 1 division (60 Hertz line) or
2.5 division (50 Hertz line}.

d. Set DELAY TIME POSITION to view each time mark
from 2.000 to 9.000 on dial and check delay time jitter for
limits stated in part c.

78. Check MIX (Mixed Sweep) Timing Accuracy

a. Set DLY'D SWP to 0.02 us, A TIME/DIV 10 0.05 us,
HORIZ DISPLAY to MIX and DELAY TIME POSITION fully
clockwise,

b. Set time-mark generator for 50 nanosecond time
marks.

¢. CHECK—A TIME/DIV settings from 0.02 us to
0.5 s/division for accuracy at 2nd and 10th graticule lines,
(8 division timing), within 3%. Exclude the first 0.5 division
from start of sweep when checking A sweep. Set DLY'D
SWP at least 1 sweep setting faster than A sweep setting
on all ranges. Set time-mark generator to maintain
appropriate time marks.

d. Set DELAY TIME POSITION fully coun-
terclockwise, DLY'D SWP t¢ 0.05 us, ATIME/DIVIo 0.1 us
anc¢ set time-mark generator for 50 nanosecond time
marks.

e. CHECK—DLY'D SWP settings from 005 us to
C.5 s/division for accuracy at 2nd and 10th graticuie lines,
(8 division timing), within 3%. Exclude the first 0.2 division
or 0.1 microsecond (whichever is greater) after the transi-
tion of A to B. Set DLY'D SWP at least 1 sweep setting
faster than A sweep setiing on all ranges. Set time-mark
generator to maintain appropriate time marks.

f. Disconnect all test equipment.
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79. Adjust X Gain

a. Set TRIG MODE to AUTO, set DLY'D SWP to lock
knobs and set TIME/DIV to X-Y. Set VERT MODE to CH 2,
set X (CH 1} VOLTS/DIV to 5 mV, and set X (CH 1) AC-
GND-DC switch to DC.

b. Set amplitude calibrator to 20 millivolts and con-
nect to X (CH 1) input through a 42-inch 50-ochm BNC
cable.

¢c. Set X and Y POSITION controls to set the 2-dot
display at graticuie center.

d. CHECK—The deflection between the 2 displayed
dots for 4 divisions within 3%,

e. ADJUST—X Gain, R1102, for 4 divisions of deflec-
tion between the 2 displayed dots. See ADJUSTMENT
L.OCATIONS 4-B.

f. Adjust X VAR VOLTS/DIV and X POSITION for
exactly 2 divisions between the displayed dots atgraticule
center.

g. Position right dot of display to extreme right
graticule line.

n. CHECK—The display for 0.2 division or less of
compression or expansion.

i. Position left dot of display to extreme left graticuie
line.

j. CHECK—The display for 0.2 divisions or less of
COMpression or expansion.

k. Disconnect all test equipment.

80. Adjust X-Y Phase Difference

a. Return X VAR VOLTS/DIV to calibrated detent and
set X AC-GND-DC switch to GND.

b. Set ¥ VOLTS/DIV to & mV.



NOTE

See test equipment required, Table 6-1, for selection
of sine-wave generator with an output of
100 megahertz and below.

¢. Connect the sine-wave generator output cableto a
BNC {emale-to-BNC female adapter, to a BNC T~
connector, to two 18-inch 50-ohm BNC cabiles. Connect
the 18-inch cables through 50-chm terminations to X and
Y inpuis.

d. Setthe sine-wave generatorforan 8 division display
of reference frequency, then set X AC-GND-DC switch fo
DG,

e. Center the lissajous display on graticule with X and
Y POSITION controis,

f. CHECK—For C.14 division or less of opening at
center of the lissajous display. {Measure horizontally).

g. ADJUST—L1103 for minimum opening of the lissa-
jous dispiay. See ADJUSTMENT LOCATIONS 4-B.

h. Increase the frequency of the sine-wave generator
{0 2 megaheriz.

i. CHECK—For 0.42 division or less of opening at
cenier of the lissajous display. (Measure horizontally).

i, Disconnect all test equipment,

81. Check X Bandwidth

a. Connect the sine-wave generator output cable to a
50-ohm termination, to X input.

b. Setthesine-wave generatorforad division horizon-
tal dispiay of reference frequency.

c. increase the frequency of the sine-wave generator
until the display is reduced to 2.8 divisions.

d. CHECK—The sine-wave generator for a reading of
3 megahertz or higher.

. Disconnect all test equipment.

Calibration—475A Service

82, Check B ENDS A Operation

a. Set TIME/DIV to 1 ms, pull and unlock DLY'D SWP
knob and set to 0.1 ms, set VERT MODE to CH 1, set
HORIZ DISPLAY to AINTEN and set ATRIGHOLDOFFto
B ends A detent,

b. Increase INTENSITY until A sweep is visible.

¢. Turn DELAY TIME POSITION through its range.

d. CHECK—That A sweep ends after the intensified
portion at all settings of DELAY TIME POSITION dial.

83. Check A TRIG HOLDOFF Operation

a. Set HORIZ DISPLAY to A, set ATRIGHOLDOFF fo
NORM and set DLY'D SWP (B TIME/DIV) to 1 ms (iock
knobs}.

b. Connect A +GATE {output connector on rear
panel} to channel 1 of test oscilioscope through a 42-inch
50-ohm BNC cable.

¢. Settestoscilloscope: time/divisionto 1 millisecond,
X10 magnifier to off, channel 1 volis/division to 2 voits and
trigger siope to negative.

d. Adjust A TRIG HOLDOFF for maximum time of
negative pulse on test oscilioscope display. {Avoid setting
near B ENDS A detentwhere negative portion decreases).

e. CHECK—That maximum holdoff time is 2 or more
times the TIME/DIV setting on the 475A.

f. CHECK-—475A TIME/DIV settings from 0.01 us o
0.5 s for maximum hoidoff time of 9 or more times the
TIME/DIV setting on the 475A,
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GATE OUTPUTS, EXTERNAL Z AXIS AND CALIBRATOR

Equipment Reguired
1. Test Oscilioscope With 10X Probe

2. Digital Voltmeter

3. Amplitude Calibrator

4. 42-inch 50-chm BNC Cable

Betore you begin, see

Control Settings

POWER ON
Dispiay
INTENSITY Midrange
FOCUS Midrange
SCALE ILLUM Midrange

Vertical {CH 1 and CH 2}

POSITION Midrange
VOLTS/DY 5 mvy

VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC

INVERT Off (button out}
VERT MCDE CH 1

100 OR 20 MMz BW 20 {new selting}

Trigger (A and 8)

COUPLING AC
LEVEL 0
SLCPE

A TRIGGER SOURCE NORM

B TRIGGER SOURCE STARTS AFTER DELAY
TRIG MGDE AUTO

A TRIG HOLDOFF NORM (new selting)

Sweep
A TIME/DY 0.2 ms {new selling)
B TIME/DY 0.2 ms (new selting)
VAR TIME/DIV Calibrated detent

DELAY TIME POSITION  Fully counterclockwise

{new setting)

HORIZ DISPLAY A
X10 MAG Gff {button out)
POSITION (Horiz) Midrange
FINE Midrange
G-44

ADJUSTMENT LOCATIONS 4

in the pullout pages,

84. Check A and B ~GATE Qutiputs

a. Connect A +GATE (outputconnectoronrear panel)
to channel 1 of test oscilloscope through a42-inch 50-ohm
BNC cable.

b. Set test oscilloscope: time/div to 1 millisecond,
channel 1 for 2 volts/division and trigger slope to positive.

¢. CHECK--Test oscilloscope display for a positive
puise amplitude of approximately 5 volts.

d. Set HORIZ DISPLAY to A INTEN and move cabie
from A +GATE connector to B +GATE connector.

e. CHECK-—Repeat part c.

f. Disconnect all test equipment.

85. Check EXT Z-Axis Operation
a. SetHORIZDISPLAY o Aandset TIME/DIVto 1 ms.

b. Set amplitude calibrator for a 5 voit output and
connect to EXT Z-AXIS (input connector on rear panel)
through a 50-ohm BNC cable.

¢. CHECK—For noticeable modulation at normal in-
tensity. Adjust VAR TIME/DIV, if necessary, 10 observe
modulation, then return to calibrated detent.

d. Disconnect all test equipment.

86. Adjust CALIBRATOR Output Amplitude

a. Connect the digital voltmeter between the
CALIBRATOR current loop and ground test point. See
ADJUSTMENT LOCATIONS 4-B.

b. Apply a short circuit between the calibrator test
points, TP1503 and TP1504. See ADJUSTMENT
LOCATIONS 4-B.



c. CHECK—For a reading of 0.3 volis, within

. 3 millivolts, from 0%°C to +40°C; within 4.5 millivolis,

from —15°C to +55°C.

d. ADJUST—Calibrator Amplitude, R1515, for a
reading of 0.3 voit. See ARJUSTMENT LOCATIONS 4-B.

e. Remove the short circuit between calibrator test
points and disconnect all test equipment.

Calibration—475A Service

87. Check CALIBRATOR Frequency

a. SetCH 1 VOLTS/DIV to 10 mV and set TIME/DiV to
1 ms.

b. Connect a 10X probe from CALIBRATOR current
foop to CH 1 input.

¢. CHECK-—For approximately 1 cycle/division.

This completes the calibration procedure for the 475A.
Disconnect all test equipment, replace the vertical output
circuit board cover and replace the cabinet. See Cabinet
Instaliation instructions in the Maintenance Section of this
manual for important installation information.
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REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tekironix, Inc. Field Office
or representative.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest. cirguit
improvernents 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 number, and modification number if applicable.

i a part you have ordered has been replaced with a new or improved part, your local
Tektronix, inc. Field Office or representative will contact you concerning any change in part
number.

Change information, it any, is located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part rermnoved after this serlal number

ITEM NAME

In the Parts List, an Iter Name is separated from the description by a colon (2).
Because of space limitations, an ftem Name may sometimes appear as incomplete. For
further tem Name identification, the U.S. Federal Cataloging Handbook H6-1 can be
utilized where possibie.

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY Qrz QUARTZ
CAP CAPACITCR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIC FREQUENCY
COoMP COMPOSITION SEL SELECTED
CONN CONNECYOR SEMICOND  SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND INCANDESCENT Ww WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR  NON WIREWOUND XTAL CRYSTAL
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CROSS INDEX—MFR. CODE NUMBER 70 MANUFACTURER

Mir. Code Manufacturer Address City, State, Zip
50853 SANGAMO ELECTRIC CO., 8. CAROLINA DIV. P ¢ BOX 128 PICKENS, SC 29671
01121 ALLEN-BRADLEY COMPANY 1201 2ZND STREET SOUTH MIIWAUKEE, WI 33204
01281 TRW ELECTRONIC COMPONENTS, SEMICONDUCTOR

OPERATIONS 14520 AVIATION BLVD. LAWNDALE, CA 90260
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR

GROUP ) P O ROX 5012, 13500 N CENTRAL

EXPRESSWAY DALLAS, TX 75222

01963 CHERRY ELECTRICAL PRODUCTS CORPORATION 3600 SUNSET AVENUD WAUREGAN, IL 60085
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
03508 GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR

PRODUCTS DEPARTMENT ELECTRONICS PARX SYRACUSE, NUY 13201
04222 AVX CERAMICS., DIVISION OF AVX CORP. P O ROX 867, 19TH AVE. SQUTH MURTLE BEACH, 8C 29577
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV, 500% E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
07263 PATRCEILED SEMICONDUCTOR, A DIV, CF

FATRCHTLD CAMERA AND INSTRUMENT CORP. 464 ELLIS STRERT MOUNTAIN VIEW, CA 94040
Q7910 TELEDYNE SEMICONDUCTOR 1251% CHADRON AVE. HAWTHORNE, CA 90250
08806 GENERAL BLECTRIC CO., MINIATURE

LAMP PRODUCTYS DEPT. NELA PX, CLEVELAND, OH 44112
09353 C AND K COMPONENTS, INC, 103 MORSE STRERT WATERTOWHN, MA 02172
12637 FLEET PRODUCTS COMPANY, INC. 1920 E POMONA STREET SANTA ANA, CA 92705
12697 CLAROSTAT MFG. CO., INC, LOWER WASHINGTON ST. DOVER, NWH 03820
12969 UNITRODE CORFP. 580 PLEASANT ST. WATERTOWN, MA 02172
14099 SEMTECH CORP. 652 MITCHELL RD. NEWBURY PARK, CA 91320
15454 RODAN INDUSTRIES, INC, 2905 BLUE STAR ST. ANAHEIM, CA 92806
15818 TELEDYNE SEMICONDUCTOR 1300 TERRA BELLA AVE. MOUNTAIN VIEW, CA 94040
24211 GRIGEBY-BARTON INC. 3800 INDUSTRIAL DRIVE ROLLING MEADOWS, 1L 60008
24831 SPECIALTY CONNECTOR CO., INC, 31560 MADISON AVE. INDIANAPOLIS, IN 46227
25088 SIEMENS CORP. 186 WOODh AVE. 8 ISTELIN, WJ 08830
27014 MATIONAL SEMI-COMDUCTOR CORP, 2900 SAN YSIDRO WAY SANTA CLARA, CA 235051
28480 EEWLETT-PACKARD 0., CORPORATE HO. 1501 PAGE MILL RD. PALO ALTO, CAR 94304
32997 BOURNS, INC., TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507
50157 N. L. INDUSTRIES, INC., ELECTRONICS

DEPT. P. O, BOX 787 MUSKEGON, MI 49443
56289 SPRAGUE FLECTRIC CO. NORTH ADAMS, MA 01247
71400 BUSSMAN MPG., DIVISION OF MCGRAW

EDISON CO. 2536 W. UNIVERSITY S&T. $T. LOUIS, MO 63107
72136 ELECTRO MOTIVE MFG, CO., INC., THE SOUTH PARK AND JOHN STREETS WILLIMANTIC, CT 06226
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W, 12TH 8T. ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV: 2500 HARBOR B1VD. FULLERTON, CA 92634
74970 JOHNSON, E. 7., CO. 299 10TH AVE. 3. W. WASECA, MM 56093
75042 TRW FLECTRONIC COMPONENTS, IRC FIXED

RESISTORS, PHILADELPHIA DIVISION 401 M. BROAD 57. PHILADFLPHIA, PA 19108
76493 BELL INDUSTRIES, INC.,

MILLER, J., W., DIV. P. 0. BOX 5825 COMPTON, CA %0224
78488 STACKPOLE CARBON CO. 5T, MARYS, PA 15857
80C0S TERTROMIX, INC. P. 0. BOX 500 BEAVERTON, OR 97005
80740 BECKMAN INSTRUMENTS, INC. 2500 HARBOR B1VD. FULLERTON, CA 92634
81483 INTERNATIONAL RECTIFIER CORP. $220 SUNSET BLlVD. 108 ANGELES, CR 90069
82389 SWITCHCRART, INC, 5555 N. ELSTON AVE. CHICAGC, I 60830
20201 MALLORY CAPACITOR CCG., DIV, OF

P. R. MALLORY CO., INC. 3029 E. WASHINGTON ST, INDIANAPOLIS, IN 46206
91637 DALE ELECTRONICS, INC. F. 0. BOX 60% COLUMBUS, NB 68601
93410 ESSEX INTERMATIONAL, INC., CONTROLS DIV.

MANSETIELD PLANT

P, ©. BOX 1007

MANSFIELD, OH 44903
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Tektronix  Serial/Model No. Mfr
Cki No. Part No.  Eff Dscont Name & Description Code  Mir Part Number
Al 670~3120-01 CRT CARD ASSY:CH 1 ATTENUATOR 80009 670-3120-01
AZ &70-3120-01 CRT CARD ASSY:CH 2 ATTENUATOR 80008 B670-3120-01
a3, 670-2240-03 CKT CARD ASSY:VERT PERAMPL 80009 670-2240-03
a3 £70-2240-04 CK'? CARD ASSY:VERT PREAMPL _ 80009  670-2240-04
ad 670=2243=-01 CKT CARD ASSY:VERT MODE GAIN SW 80009 670-2243-01
AD 670~2242~02 CKT CARD ASSY :VERT OQUFIPUT 80C09 670-2242-02
A8 £70-2245-00 CKT CARD ASSY:FAN MOTOR 80009 670-2245-00
a7 670-3468-01 CKT CARD ASSY:TIMING 80009 670~3468~01
A8 670-2241-02 T CARD ASSY:TRIGGER GEN AND Z-AXIS LOGIC 0009 670-2241-02
a9 §70~2239-04 CRT CARD ASSY : INTERFACE 80009 670~2239-04
ALO 670=2279-00 CKT CARD ASSY:GRATICULE ILEUM 80009 670227900
81630  147-0035-00 MOTOR , DC : BRUSHLESS , L0~ 15VDC , 145HA 25088 1AD3001-0A
€10 281-0064-00 CAF. ,VAR,PISTC:0.25-1.55F, 600V 72982 530-002
cll 283-0000-00 CAP. ,FXD,CER DT :0.00LUF ,+100-0%, 500V 72082 831-516E102P
clz 285-0816-01 CAP. ,FXD,PISTC: 0. 01SUF , 108,600V 80009 285~0816-01
cl3 283-0000-00 CAP. ,FXD,CER DT :0.0CLUF ,+100-0%, 500V 72982 B831-%16E1l{2P
©30(2)  307-1014-01 ATTENUATOR,FXD : 100X 80009 307-1014-01
cal
©32(2)  307-1013-01 ATTENUATOR,FXD:10% 80009 307-1013-01
€33
C24(2)  307-1012-C0 ATTINUATOR,FED: 5% 80009 307-1012-00
cas
€36(2)  307-1010-01 ATTENUATOR,FXD:2X 80008 307-1010-01
c37
c41 283-0156-00 CAP. ,FXD,CER DI:LOOOPF,+100-0%,200V 72982 8111B213Z5U0102%
C50 281-0064-00 CAP. ,VAR,PLETC:0.25~1,5BF , 600V 72982 530-002
€51 283-0000-00 CAP. ,F¥D,CER DI:0.001UF,+100-0%, 500V 72982 8§31-516E102F
€52 285-0816-01 CAP. ,F¥D,PLSTC: 0. 0L9UF, 10%,600V 80009  285-0816-01
c52 283-0000~00 CAP. ,FXD,CER DI :0.00LUF,+100-0%,500V 72982 831-516E102p
cel 283-0156-00 CAP, ,FXD,CER DIL:1000PF,+100-0%,200v 72982 8111B2132Z5U0102%
C104 281-0064-00 CRP.,VAR,PLSTC:0.25-1.5PF, 600V 92082  530-002
c10% 283-0080-00 CAP. ,FXD,CER DI:0.022UF ,+80-20%,25V 56289 190611
€107 283-0111-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 720982 8131N075651104H
€109 283-0191-00 CAP. ,FXD,CER DIL:0.022UF,20%,50V 72982 B8121N063 E223M
c112 281-0122-00 CAP. ,VAR,CER DI:2.5-9PF,Ll00V 72982 518-000A2.5-9
€113 283-0156-00 CAP. ,FXD,CER DI :1O00PF ,+100-0%, 200V 72982 811lB213Z500102%
€119 283-0191-00 cap. ,FXD,CER DI:0.02208,20%,50V 72082 BL21NO63 E223M
£123 283-0080-00 CAP, ,FXD,CER DI:0.022UF,+80-20%,25V 56289 190611
cl27 283-0086-00 CAP.,FXD,CER DI:0.022UF,+B0-20%,25V 56285 190611
€133 281-0123~00 CAP.,VAR,CER DI:5-25PF,100V 72982 518-000A5-25
c136 283021300 Cab. FXD,CER DY :300PF,5%,100V 72982 8Ll2LNL30 A 30LJ
£137 283-0178-00 CAP. ,FXD,CER DI:0.1UF,+80-20%,100v 72082 8131N145 E 104%
c13e 283-0177-00 CAP. ;FXD,CER DI:1UF,+80~20%,25V 72982 B131N039 E 1052
c1392 283-0238~00 CAP. ,FXD,CER DI:0.01UF,10%,50V 72982 B121NO7LWRS103K
c142
cl44 290~0534-00 CAP. ,FXD,ELCTLT : LUF , 20%, 35V 56289 196DLO5X0035HAL
c1472
ClBlg
C152
C157 290-0534-00 CAP. ,[FXD,ELCTLT : 1UF, 20% ,35V 56289 196DLO5X0035HAL
c158 283-0156-C0 CAP. F¥D,CER DI:1000PF,+100-0%,200V 72982 S1118213%5001022

loption 7 only.
Zpart of Circuit Card.
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Tektronix  Serial/Model No. Mfr
Ckt No.  Part No. Name & Description Code  Mir Part Number
ci72 283-0103~00C CAP. ,BXD,CER DI:180PF,5%,500V 56289 40C638
cl75 281-0123-00 CAP. ,VAR,CER DI:5~25PF,100V 72982 518~000A5-25
c1l82 283-0103-00 CaP. ,FXD,CER DI :180PF,5%,500V 562892 40(¢638
204 281-0064-00 CAP. ,VAR,PLSTC:0.25~1,5PF, 600V 72982 530-002
C205 283-0080~-00 ChP, ,FXD,CER DI :0.022UF ,4+80~20%,25V 56282  19C6Ll
cz207 283-0111-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 81l31N075651104M
209 283-0191-00 CAP, ,FXD,CER DI :0.022UF,20%,50V 72982 81l21N063 E223M
Cc2l2 281-0122~00 CAP.,VAR,CER DI:2,5-9PF,100V 72982 518-000a2.5-9
C213 283-0156=00 CAP. ,FXD,CER DI :1000PF,+100-0%,200V 72982 BLlilB213Z5U01027
c2le 283-0191-00 CAP. ,FXD,CER DI:0.022UF,20%,50V 72982 8121N063 EZ23M
223 283-0080-00 CAP. ,FXD,CER DI:0.022UF,+80~20%,25V 56289 190611
227 283~0080~00 CAP.,F'XD,CER DI:0.022UF,+80~-20%,25V 56289 19cell
£233 281-0123~00 CAP. ,VAR,CER DI:5-25PF, 100V 72982 518-000A5-25
0236 283~0213~C0 CAP.,FXD,CER DI:300PF,5%,100V 72982 8121MI30 A 30LJ
c237 283-0178-00 CAP. ,FXD,CER DI:0.1UF,+80~20%,100V 72982 BL31NWi1A5 B 10432
C238 283-0177-00 cap, FRB,CER DI:LUF ,+80~20%,25V 72982 8131N039 B 1052
C239l 283-0238-00 CAP. ,FXD,CER DI:0.01lUF,10%,50V 72682 B81ZINOTIWRSLQ3K
€242
c244 280=0534~G0 CAP.,FXD,ELCTLT :1UF ,20%,35V 562829 196D10S5X0035HAL
C247
ces51d
c25z2 4
o257 290-0534-00 CAP. ,FXD,ELCTLT:1UF,20%,35V 56289 196D105X0035HAL
258 283015600 CAP. FYED,CER DI:1000pF,+100~0%,200V 72982 8l11B2123Z5001022
C27z2 283~0103-00 CAP. ,FXD,CER DI:180PF,5%,500V 56289 400638
c275 281~0123-00 CaP. ,VAR,CER DI :5-25PF, 100V 72982 518-000Aa5-25
C282 283~-0103~-00 CAP. ,FXD,CER DI:180PF,5%,500V 56289 40C638
G2l 290~-0525-00 CAP, FXD,BLCTLT: 4.70UF, 20%, 50V 56289 196D475X0050KAL
€292 290-0523=00 CAP. ,FXD,ELCTLT:2.2UF ,20%,20V 56289 196D225X0025HAL
Cc297- 290-0523-00 CAP. ,BXD,ELOTLT : 2. 2UF, 20%, 20V 56289 196D225X0625HAL
C31i0 283-0000-00 CAP. ,F¥D,CER DI:0.0010F,+100-0%,500V 72482 831-516E102P
320 283-0000~00 CAP. ,FXD,CER DI:0.001UF,+100-0%,500V 72982 831-516E102P
326 283-0024~00 CAP, ,FXD,CER DI:0.1UF,+80-20%,30V 72982 B13IN039Z5U-1047
{335 283-0677-00 CAP, ,FXD,MICA D:82PF,1%,500V 00853 DLLSEBZ0FO
C336 283-0677T-00 CaP, ,FXD,MICA D:82PF,1%,500V 00853 DLSSEGROFQ
C3382 281050400 CAP. ,FXD,CER DI;10PF,+/-1PF,500V 72982 301-055C0GOLO0F
343 281-0549~00 CAP.,FXD,CER DI:68PF,10%,500V 72982  301-000U2J0680K
C346 281~0543=-00 CAP. ,FXD,CER DI :270PF,10%,500V 12982 3C0L055X5P271K
c377 281~0564-00 CARP, ,FPHD,CBR DI:24PF,5%,500V 72982 301-000C0G0240J0
Cc378 283-0640-00 cap, ,FXD,MICA D:160PF,1%,100V 00853 DLSLEIGBLFO
€393 281065900 Cap. ,FXD,CER DI:4.3PF,+/-0.25PF,500V 72982 301L-000COHO43eC
€394 281-0547-00 CAP. ,F¥D,CER DI:2.7PF,10%, 500V 72982 301-000C0J027%C
€396 290-0534-00C CAP. ,FXD,ELCTLT : LUF , 20%,35V 56289 196D105X0035HAl
C398 281-0628-00 CAP. ,FXD,CER DIL:15PF,5%,500V 72982 301-000C0GOL150J
399 281-0508-00 car, ,FXD,CER DI:12PF ,+/~0.62F , 500V 72982 301-000C0G0O120J0
C403 290~0534-00 CAP. ,FXD,ELOTLT : 1UF, 20%, 35V 56289 196D105X0035HA)
C420 281-0547-00 CAP. ,FXD,CER DI:2.7PF,10%,500V 72982 301-000C0J0279C
C430 290-0534-00 CAP. ,FXD,ELCTLT: LUF ,20%, 35V 56289 196D105X0035HAL
C436 283-0080-00 CAP. ,FXD,CER DI:0.022UF ,+80-20%,25V 56289 locell
c437 283-0080-0£0 CAP.,FXD,CER DL:0.022UF,+80-20%,25V 26289 180611
438 290~-0534-00 CAP, ,FXD,FLCTLT:1UF ,20%,35V 56289 196DLO5X0035HAL
438 290-0534~00 CAP. ,FXD,ELCTLT:1UF, 20%,35V 56285  196D105X0035HAL

lpart of Circuit Board.
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Replaceable Electrical Paris—475A Service

Tektronix  Serial/Mode! No. _ Mir
CktNo. PartNo.  Eff -Dscont Name & Description Code  Mir Part Number
caqr t
caast
C4a50 2B1~-0122-00 CAP. ,VAR,CER DI:2.5-9PF,100V 72982 518-000A2.5~9
C454 283~0058~00 CAP.,FXD,CER DI:0.027UF,10%,100V 732982 8131NI4TWSR273K
C455 2B3-0180-00 CAP. ,B'XD,CER DI:53600PF,20%,200v 72982 B121N204 B 562M
C460 283-0111-00 CAP. ,FED,CER DI:0.1UF,20%,50V 72882 B8131NO075651104M
C466 2B1-0122-00 CAP. ,VAR,CER DI:2.5~9FF,100V 72982 518-00042.5-9
c4a70 281~03122-00 CAP. ,VAR,CER DI:2.5-9PF,]00V 72982 518-000A2.5-9
471 281~0097-00 ) CAP., VAR,CER DL:9-35PF, 200V 72982 538-006E2ZP0%24R
Cavz 281-0613-00 CAP. ,FXD,CER DI:10PF,+/-1PF,200V 72982 374-001COGOL0O0F
c475, 283-0116~-00 CAP.,FXD,&ER DI:820PF,5%,500V 72982 801~-547BB2LJ
C476 283~0139-00 CAP. ,F¥D,CER DI:150PF,20%,50v 72982 8i01Aa058B 151M
cary 281-0123-00 CAP. ,VAR,CER DI:5-25pF, 100V 72982 518~000A5-25
485 283~0111-00 CAP. ,F¥D,CER DIL:0. 108, 20%,50V 72982 B1l31N0T5651104M
c486 281-0523~00 CAP. ,FXD,CER DI:100PF,+/~20PF,500V 72982 301-000U2M0LO01IM
C491 283=-0067-00 CAP. ,FED,CER DI:0.001UF,10% 200V 72982 835-515B102K
C4g4a 283~-01%8-00 CAP. ,FXD,CER DI:0.22UF,20%,50V 72982 B8131N075 E224M
C494Bl 283-0341~00 CAP. ,FXD,CER DI:0.047UF,10%,100V 72882 B131N145W5R4AT3IK
c498 283-0111-00 Cap. F¥XD,CER DI:0.10F,20%,50V 72982 8131N075651104M
C49%9 283-0111-00 CAP. ,FXD,CER DI:0.1UF,20%,50v 72982 8L31N075651104M
C500 281-0511-00 CAP. ,FXD,CER DI:22PF,+/~2.2PF,500V 72982  301-000C0GC220K
C504 290~ 052400 CAP. ,FXD,ELCTLT : 4. 7UF, 20%, 1.0V 90201  TDC475MOLOEL
C506 283-0081-00 CAP. ,FED,CER DI :0.10F ,+80-20%,25V 56289 360600
C507 2B1-03546-00 CAP. F{B,CER DI :330PF,10%,500v 04222 7001-1380
C508 283~0081~00 CAP. ,FXD,CER DI:0.1UF,+80-20%,25V 36289  36C600
€509 281-0511~00 CAP., ,FY{D,CER DL:22PF ,+/-2.2pF , 500V 72982 301-000C0GO220K
C510 281-0505-00 CAP. ,FED,CER DI:12BF . +/-1.2PF, 500V 72982 301-012C0G012CK
C5112 2B1-0662-00 CAP. ,FXD,CER DI:lOPF,+/~0.5PF,500V 72982 301~000H3MO100D
C513
C51s 281-0605-00 CAP. ,FXD,CER DI:200PF,10%,500V 04222 7001~1375
5l 283~0003-00 CAP. ,¥¥D,CER DI:0.01UF,+80~20%,150V 72982 85553825U001038%
C519 290-0524-00 ChP. ,FXD,ELCTLT :14.70F ,20%,10V 90201 TDC475MOLOEL
C520 281~0511-00 CAP. ,FXD,CER DI:22PF,+/~2.2PF,500V 72982 301-000C0GO220K
C521 283-0003-00 CAP. ,FXD,CER DI:0.ClUF,+B80-20%,150V 72982 855558Z5U01032
Ch24 283-0003-00 CAP. ,FXD,CER DI :0.01UF ,+B0-20%, L50V 72982 B5555BFZ500103%
C525 283-0003-00 CAP. ,F'XD,CER DI :0.01UF +80-20%, 150V 72982 855558Z5U01032
C526 281-0601-00 . CAP. ,FXD,CER DI:7.5PF, 500V 72882  301-000COHOT759D
C543 283-0003-00 CAp. ,FED,CER DI:0.01UF,+80-20%, 150V 72982 85555B75U0103%
€546 283-0003~00 CAP. ,FXD,CER DI:0.C1UF,+80-20%,150vV 72982 85555825U01037
554 281-0508-00 CAP.,FXD,CER DI:12PF,+/-0.6PF,500V 72982 301-000C0G0120T
C555 290~0524~00 CaP. ,FXD,ELCTLT : 4. 7UF, 20%, 10V 90201 TDC475MOL0EL
€556 281-0523-00 CAP. ,FXD,CER DT:1008F,+/-20PF, 500V 72982 301-000UIMOL0OIM
C557 283-0003-00 CAP.,FXD,CER DI:0.01UF ,+80-20%,150V 72982 BLEB58FE5001032
ch562 283-0003-00 CRP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 8555582500103%
€565 290-0524-00 CAP. ,FED,ELCTLT : 4,708, 20%, 10V 90201 TDC475MOL0EL
C576 290-0525-00 CAP. ,FXD,ELCTLT :4.7UF,20%, 50V 56289 196D475X0050KA1
£571 290~-0524~00 CAP. FRD,BLCTLY 4, 7UF , 20%, 10V 90201 TDC47S5MOLOEL
583 281-0543-00 CAP. ,PXD,CER DI:1G0PF,+/-20PF,500V 72982 301-000U2MOl0olM
584 281-0617-00 CAP. ,FXD,CER DI:15PF,10%,200V 72982 374-001C0GO150%
€593 281-0524-00 CAP. ,FXD,CER DI:150PF,+/-30PF , 500V 04222 7001-1381
0596 290-~0524~00 CAP. ,FXD,ELCTLT :4.7UF, 20%, 10V 90201 TDC475MOLORL
599 281-0519-00 CARP. FXD,CER DI:4TPF,+/-4.7TPF , 500V 72982 30B-0Q00COG0470K
00 290-0524~00 CAP. ,FXD,ELCTLT :4.7UF ,20%,10V 90201 TDC475MOLOEL

lselected and added if necessary.
Bhort adjustable wire.



Replaceabie Eleclrical Parls—475A Service

Tekironix  Serial/Mode! No. Mir
Gkt No.  Part No, Name & Description Code  Mir Part Number
C606 290~0526~00 CAP. ,FXD,BLCTLT :6.8UF,20%,6V 90201 TDCEB5MOOGEL
c¢e07 290-05%24-00 CAP. FXD,BLCTL 4. 70F , 20% , 10V 0201 TDCL7E5MOL0EL
ceos 290~0524-00 CAP. ,FXD,ELCTLT:4.7UF, 20%,10V 20201 TDC475M010EL
ce09 290~-0%34~00 CAP. ,F¥D,ELCTLT : 1UF, 20%, 35V 546289  1965105X0035HAL
C610 290-0524-40 CAP. FXD,ELCTLT:4.7UF,20%,10V 90201 TDC475MOL0EL
61l 281-0592-00 CAP. ,FXD,CER DI :4.7PF ,+/~0.5PF, 00V 72982 301-023COHD479D
622 290-0524~00 CaP. PXED,ERCTLT : 4, 7UF ,20%,10V 80201 1TDC475MOL0EL
ce27 283-0000-00 CAP. ,F'XD,CER DI:0.001UF,+100-0%,500V 72982 831-518E102P
C644 283-0003-00 cap, ,FXD,CER DI:0.0LUF,+80-20%,150V 72982 855558z500103%
ce47 281~05%23~-00 CAP. ,FYXD,CER DI:100pF,+/-20PF , 500V 72982 301=-000U2MOLOIM
Ce68 2B83-~-0D003-00 CAP. ,FXD,CER DI:0.0lUF,+80~20%,150V 72682 B5555825001032
C669 SELECTED
CH70 283-0000-00 CAP. ,FXD,CER DI:0.00LUF,+100-0%,300V 72982 831-516E102pP
C673 281-~0832-00 CAP. ,FXD,CER DI:35FF,1%,500V 72982 308~000C0GO3A50F
Ce75 283~0003-00 CAP. ,FXD,CER DI:0.01UF,480~20%,150V .72982 85555875001 03%
679 283~0003~00 CAP. ,FXD,CBR DI:0,0LUF ,+80~20%,150vV 72982 B85555855U0103%
C583 281-0628-00 CAP. ,FXD,CER DI:33PF,5%,600V 72982  308-000C0G03307
C684 281-0519~00 CAP. ,FXD,CER DI:47PF,+/~4.7PF,500V 72982  30B-000C0GO4T0OK
693 281-0528-00 CAP. ,FXD,CER DL:B2PF,+/-8.2PF,500V 72982 301-000UZMO820K
695 281-0503-00 CAP. ,FXD,CER DI:8PF ,+/~0.5PF,500V 72982  301-00CCOHOBG9D
698 290-0523-00 CAP. ,FXD,FLCTLT:2 . 2UF ,20%, 20V 56289 196D225X0025HAL
(o 290-0524-00 CAP. ,FXD,ELCTLT 4. 7UF,20%, 10V Q0201 IDRC4AT5MOLOEL
C712 260-0524-00 CAP, FXD,ELCTIT:4.70F , 20%, 10V 90201 1TDC47EMOLCEL
€713 290~-0524~-00 CAP. ,FXD,ELCTLT:4,70F ,20%,10V 90201 TDC4TSMOLOEL
Cc714 283-0003~00 CAP. ,FXD,CER DI:0,0lUF,+80-20%, 150V 72982 B85555885U01033
<718 283-0003-00 CAP. ,FXD,CER DI:0.01UF ,+80~20%,150V 72082 85555825U0103%
L7317 281~0511-00 CAP. PR, CER DI 1 22PF,+/=2.28F 500V 72982 301-000COGO220K
c718 281-0511-00 CAP. ,FXD,CER DI:22PF,+/-2.2PF,500V 72982 3QL-000C0GO220K
719 281-0511~00 CAP. ,FXD,CER DI:22PF,+/-2.2PF,500V 72982  301-000C0GQ220K
721 281~0505-00 CAL, ,FYD,CFPR DI :12PF,+/~1.2PF,500V 72882 301-012C0GOL20K
22 281-0662-00 cap, ,FXD,CER DI:10PF ,+/~0.5PF, 500V 72982 301-000H3MC1O0D
c72% 283-0003-00 CAP. ,BXD,CER DI:0,0lUF,+80-20%,150V 72982 B555582z5U01032
C735 281-0605-00 CAP. ,FXD,CER DI:200PF,10%,500V 04222 T001-1375
C736 283-0003-80 CAP. ,PXD,CER DL:0.0LUF ,+80-20%, 150V 72982 BS550875U01032
C739 290-0524~00 CAP. ,FXD,ELCTLT:4.70F ,20%,10V 90201 TDC475MOL0EL
Cc741 283-0003-00 CAP. ,FED,CER DI:0.QLUF,+80-20%,150V 72982 85555875U01032
C744 283~0003~G0 CAP. ,FXD,CER BI:0.01UF,+B0~-20%,150v 72982 B5555855001032
C745 283-0003-00 CAP. ,FXD,CER DI :0.0LlUF,+80-20%,150V 72982 8555587501032
C746 281-0601-00 CAP. ,FXD,CER DI:7.5FF,500V 72982  301-000C0HOT59D
c752 290-0524~00 CAP. ,FXD,ELCTLT ;4. 7UF , 20% , 10V 90201 TDC4ATSMOLORL
C763 283-0003-00 CRP. ,FXD,CER DI:0.010F,+80-20%,150V 72582 83555875701032
764 290-05%24-00 Car. FED,BLCTLT :4.7UF, 20%, 10V 90201 TDC475MOL0EL
C766 283~0003-00 CAP. ,FXD,CER DI:0.010F,+80-20%,150V 72982 855558%75001032
[o¥ira N 283-0003-00 CAP., FXD,CFR DI:0.01UF,+80-20%,150V 72982 85555845001037
CT74 281-~-0508~-00 C3P. ,FXD,CER DI :12PF,+/-0.6PF, 500V 72882  301-000C0G0120J
C775 290-0524-00 CAP. ,FXD,ELCOTLY 4. TUF,20%, 20V S0201 TDC475MOLOEL
c776 281~0523-00 CAP. ,F'XD,CER DI:100PF,+/~20PF ,500V 72982  301-000U2M0L01M
[orarr] 283-0003-00 CAR. L PRD,CER DI:t0.0LUF,+80-20%,150V 72982 85555825U0103%
783 283~0003~00 CAP. ,FYXD,CER DI:0.0LUF,+80-20%, 150V 72982 B5555825U0103%Z
cigs 290-0524-00 CAP. ,FXD,ELCTI}T:ZE LTUF ,20%, 10V 903201  "TDC475MOL0EL
c795 283~0001-00 CLP. ,FXD,CER DI:0.005UF,+100~0%, 500V 72982 831-559E502P
C798 260-0523~00 CAP. ,FXD,BELCTLT: 2. 208 ,20%,20V 56289 196D225X0025HAL
c799 283-00C0~-00 Cap. ,FXD,CER DI:0.001UF,+100-0%, 500V 72982 B31-516E1i02P

7-G



Hepiaceable Electrical Parts—475A Service

Tektronix  Serial/Model No. . Mfr
Ckt No.  PartNo.  Eft Dscont Name & Description Code  Mir Part Number
€803 200-0523-00 CiiP. ,FXD,ELCTLT: 2. 2UF, 20% , 20V 56289 196D225X0025HAL
c8il 281-0509-00 CaP. ,FXD,CER DI:159F ,+/-1.50PF, 500V 72982  301~0C0COGOL50K
B1o 290-0524~00 CAP. ,F¥D,BLCOTLT: 4., 7UF ,20%, 10V 90201 TDC475MOLOEL
c823 281-0523-00 CAP. ,FXD,CER DI :100PF ,+/-20PF , 500V 72982  301-000U2MO10LM
cB24 281-0617-00 CAP. ,FXD,CER DI:158F,10%,200V 72982 374-001C0G0150K
c825 290-0524-00 CAP. ,FXD,ELCTLT :4.7UF , 20%, 10V 90201 'TDC4A75MOLOEL
C826 290-0523-00 CRP. ,FXD,ELCTLT 2, 2UF, 20%, 20V 56289 196D225X0025HAL
€905 290~0523-00 CAP. B XD, BLCTLT : 2. 2UF , 208, 20V 56289 196D225%0025HAL
co13 290-0525-00 CAP. ,FXD,ELCTLT : 4. TUF, 20%, 50V 56289 196D4A75X0050KAL
917 281-0525-00 CAP. ,FXD,CER DI :470P¥,+/-94PF,500V 04222 7001-1364
cu22 281-0509-00 CAP. ,F¥D,CER DI:15PF,+/-1.5PF,500V 72982 301-000C0GOL50K
c923 283-0059-00 CAP. ,FXD,CER DI:lUF,+80=20%,325V ' 72982 8141N02725U0105%
£33 290-0523-00 CAP. FXD,ELCTLT : 2. 2UF ,20%, 20V | 56289 196D225X0025HAL
947 283=0000-00 CAP. ,#XD,CER DI:0.001UF,+100~0%,500V 72982 831-516E102P
o6l 260-0523~00 CRP. FXD,ELCTLT: 2. 208, 20%, 20V 56280 196D225X0025HAL
C963 290-0523-00 CBP. [FXD,ELCTLY : 2. 2UF, 20%, 20V 56289 196D225X0025HAL
C965 290~0523-00 CAP. ,FXD,ELCTLT: 2. 2UF,20%, 20V 562B9 196D225%0025HAL
967 290-0524-00 CAP. ,FXD,ELCTLT:4 . 7UF,20%, 10V 90201 TDC475MG10EL
968 290-0523-00 CAP. ,FXD,ELCTLT: 2., 208, 20%, 20V 56280 196D225X0025EA1
976 281-0579-00 ¢aP. ,FXD,CER DI:121PF,5%,500V 72982  301-050C0G02107
o84 281-0658-00 CAP. ,FXD,CER DI:6.20F,+/~0.250F 500V 72682  301-000COHOB29C
1007 283~0000-00 CAP. ,FXD,CER DI:0.001UF,+100~0%,500v 72982 831-516E102P
C1008 283-0157-00 CaP. ,FXD,CER DI:7PF,5%,500V 72982 8111BCO64COHOT09T
1609 281-0168-00 CAP.,VAR,AIR DI:1.3-5,4PF,250V 74970 187-0103-035
c1010 283-0003-00 CAP. ,FXO,CER DI :0.01UF,+80-20%, 150V 72982 8555585001033
cl023 281-0096-00 CAP. ,VAR,AIR DL:5.5-18PF,350v 72982 538-006D9-35
€1025 281-0096-00 CAP. ,VAR,AIR DI:5.5-18PF,350V 72982  53B8-006D9-35
c1033 281~0549-00 CAP. FXD,CER DI:68FF,10%,500v 72982  301-000U2J0680K
clo4s 283-0000-00 CAP. ,F¥D,CER DI:0.001UF,+100-0%,500v 72982 831-316E102P
c1050 283-0003-00 CAP. ,FXD,CER DI :0.01UF,+80-20%,150v 72982 B55558Z5U0103%
C10s2 281-0589-00 CAP. ,FXD,CER DI:17CPF,5%,500V 72982 3010002501717
C1054 290-0525-00 CAP. ,FXD, ELOTLT 1 4. TUF ,20% , 50V 56289 1%6D475XC050KAL
Clo56 283-0341-00 . CAP. FXD,CER DI:0.C47UF,10%,100v 72982 S8131N145W5R4T3K
€1058 281-0543~00 CRP. ,F¥D,CER DI:270PF,10%,500V 72982 301055X5P271K
C105% 290-0392-00 CAP. ,FXD,ELCTLT: 3.6UF , 10%, 125V 90201  TLS365KLZ5BLA
Cl062 283~0003-00 CAP. ,FXD,CER DI :0.01UF,+80-20%,150V 72982 8555582500103z
Cl064 281-0096-00 ' CAP. ,VAR,AIR DI:5.5-18PF,350V 72982 538-006D9-35
clo71l CAP. ,MATCHED:L0UF
clor2 1 295-0163-00 CAP. ,MATCHED: 10UF ,0. 1UF, 0. 00 1UF B0OGS  295-0163-00
cio73 1 CAP. ,MATCHED : 98 5PF
CLo75 283-0144-00 CAP. ,FXD,CER DI:33PF,1%,500V 72982 B801~457P2G330F
¢1081 281-0523-00 CAP. ,F¥D,CER DI :100RF,+/-20PF 500V 72982  301~-000UZMOLOIM
closz 1 CAP. MATCHED: 10UF .
cio83 1 2935-0163-00 CAP. ,MATCHED : 10UF, 0. 1UF , 0. 00 1UF BOOOS  295-0163~00
cioss 1 CAP. ,MATCHED: 985PF
C1L091 296-0523-00 CAP. ,FXD,ELCTLT: 2.20F, 20%, 20V 56289 196D225X0025HAL
c1093 296-0523-00 CAP. ,FXD,ELCTLT:2. 2UF ,20%, 20V 56289 196D225%00254A1
1103 283067000 CAP. ,FXD,MICA D:375PF,1%,500V 00853 D155F3750F0
11072 . 281-0547-00 CAP. ,FXD,CER DI:2.7PF,10%,500V 72082  301-000C0J0279C
clila 283-0016-00 CPP. ,FXD,CER DI :0.050F ,+100-20%,50V 56289 79688-001
¢1124 283-0116-00 CAP. ,FXD,CER DI :820PF,5%,500V 72982 B0L-547B821J
c1134 283~0116-00 CAP. ,F¥D,CER DI :820PF,5%,500V 72982 801-547B821J
C1140 263-0010-00 CAP. ,FED,CER DI :0.050F,+100-20%,50v 56283 79688-001

lIndividual timing capacitors in this assembly must be ordered by the 9-digit part number,
letter suffix and tolerance printed on the timing capacitor to be replaced. The letter
suffix and the tolerance should be the same for all of the timing capacitors in the assem-
bly.

EXAMPIE: 285~ XAXX~ XX B

Z2gelected and added if necessary.
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Tektronix  Seriai/Mode! No. Mifr
Ckt No. Part No. Name & Description Code  Mir Part Number
£1142 283-0111-00 cAP. ,FXD,CER DI:0.1lUF,20%,50v 72082 BL3INOT5651104M
cllsz 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 85555825001032
1162 283-0003-00 CAP. ,FXD,CER DI:0.01UF ,+80~20%,150v 72982 855558Z5U01032
cli7e 283-0644-00 CAP. ,PXD,MICA D:150PF,1%,500V 00853 DISLEL51FO
cli7e 281-0118=00 CAP. ,VAR,MICA D:8~90PF,750V 72136 T50417-6
1187 283~0010-0C CAP. ,FXD,CER DI:0.05GF,+100-20%,50V 56289 79688-001
c120l1 283-0005-00 CAP. ,PXD,CER DI:0.0lUF ,+100=0%,250V 72982 8131N300Z500103P
£31205 283-0005~00 CAP. ,FXD,CER DI:0.0LUF,+100-0%,250V 72982 8131N3002500103P
cl211 283-0005-00 CAP. ,FXD,CER DI:0.01UF ,+100-0%,250V 72982 8131N30025U0103P
cizlz 283-0005-00 CAP. ,FXD,CER DI:0.0LUF,+100-0%,250V 72982 8131N3002Z5U0103P
c1216 283-0010-00 CAP. ,FXD,CER DI:0.050¥,+100-20%,50V 5628¢ 79688-001
c1231 283063800 CAP. ,FXD,MICA D:130PF,1%,100V 00853 DISLEI31FO
C1233 281-0153-00 CAP. ,VAR,AIR DI:l.7-10PF,250V 44970  187-0106-005
clzsst
©1251 283-0638-00 Cap. FXD,MICA D:130PF,1%,100v 00853 DLBIE13IFC
1253 281-0153-00 CAP. ,VAR,AIR DI:l.7-10PF,250V 74570 187-0106-005
c1z551
1261 290-0536-00 CAP. ,FXD,ELCTLT: 10UF,20%, 25V 90201 TDC1O6MOZSFL
cl263 290-0536-00 CAP. ,FXD,ELCTLT: LOUF,20%, 25V 90201  TDC106MO257L
L2865 290-0536~00 CAP. ,FXD,ELCTLT : LOGF ,20%,25V 80201 TDCLO6MO25FL
cl267 283-0092-00 CAP. ,FXD,CER DI:0.03UF ,+B0-20%,200V 72682 845-534E303%
€1302 290-0534-00 CAF. ,FXD, ELCTLT: LUF , 20%, 35V 56289 196DL0SX003SHAL
C1304 290-0573-00 CRP. ,FRD, ELCTET: 2. TUF, 20%, 50V 56289 196D275X0050JAL
C1305 290-0572-00 CAP. ,FXD,ELCTLT:0.1UF,20%, 50V 56289 196D104X0050HAL
C1316 290-0534-00 CAP. ,FXD,ELCTLT:1UF, 20%,35V 56289 196D105X0035HAL
c1317 290~ 0536~ 00 CAF. ,FXD,ELCTLT : LOUF, 20%, 25V 90201 TDCLOEMO2SFL
cl31s 290-0312-00 CAP. ,FXD,ELCTLT :47UF , 10%, 35V 56289 1B0DAT6EXS03552
£1320 283-0011-00 CAP. ,¥XD,CER DI:0.0LUF,2000V 72982 3878012Z5U0103%
cl3zz 283-0071-00 CAF. ,FXD,CER DI:0.C068UF,+80-30%,5000V 56289 45¢C10A1
clazs 283-0071-00 CAP. ,FXD,CER DI:0.0068UF,+80-30%, 5000V 56289 45CL10AL
€1326 281-0519-00 CaP. ,FED,CER DI:47PF,4/4.7PF 500V 72982  308-000C0G0470K
c13az8 283-0071~00 CAF.,FXD,CER DI:0.0068UF ,+80~30%,5000V 56289 45C10AL
c1329 283-00062-00 CAP. ,FXD,CER DI:0.01lUF,+80-20%,500v 72982 811-546E103%
C1330 290-0524-00 CAP. ,FXD,ELCTLT:4.7UF,20%, 10V 90201 TDCA75MOL0EL
C1335 283~0078-00 CAP. ,FXD,CER DI:0.001UF,20%,500V 56289 20C114A8
cl336 2834007800 CAP. ,FXD,CER DI:0.001UF,20%,500V 56289 20C1L4AB
cl346 283-0002-00 CAP. ,FXD,CER DI:0,QLUF,+80-20%,500V 72982 B8li-546EL027
C1348 283-0005-00 CAP. ,FXD,CER DI:0.0LlUF,+100-0%,250v 72982 8L31N300Z5UCL03P
c1352 2B1-0064-00 CAP. ,VAR,PLSTC:0.25~1.5PF 600V 72982 530-002
CL354 283-0005-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,250V 72982 8L31N300Z5U0L02P
C1358 283-0057=00 CAF. ,FXD,CER DI:0.LlUF,+80-20%,200V 56289 274CL0
C1363 283-0057-00 CAP. ,FXD,CER DT:0.1UF,+80-20%,200V 56289 274CL0
C1366 281-0627-00 CAP. ,FXD,CER DI:1PF ,+/-G.25PF ,500V 72982 301-000COKOL08C
€1371 285-1040-00 CAP. ,FXD,PLSTC:0.00120F  10%, 4000V 56289 4309522
c1372 285-1040=00 CAP. ,FXD,PLSTC: 0. 00120F ,10%, 4000V 56289 430P522
c1373 283-0178-00 CAP. ,FXD,CER DI:0.1UF ,+80-20%,100V 72982 8131N145 E 104%
c1374 290-0164-00 CAP. ,FXD,ELCTLT: 1UF ,+50=10% , 150V 56289 30DLOSF150BAZ
cliso 285-1040-00 CAP. ,FXD,PLETC: 0. 00120F,10%,4000V 56289 430P522
€13a7 200-0523=00 CAP. FXD, ELCTLT 12 . 2UF , 20% , 20V 56289 196D225X0025HAL
cliss 290-0523-00 CAP. ,FXD, ELCTLE:2 . 2UF, 20%, 20V 56289 196D225X0025HAL
£1390 283-0001-00 CAP.,FXD,CER DI:0.005UF ,+100~0%, 500V 72982 §31-559E502P
C1394 283-0051-00 CAP. ,FXD,CER DI:0.005UF,+100-0%,500v 72082 831-559E502P
1397 283-0001-00 CAP. ,FXD,CER DI:0.0050F,+100-0%, 3500V 72982 831-559E502P

lpart of circuit card.
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Tektronix  Serial/Maodef No. Mfr
Ckt No. PartNo. Eff Dscont Name & Description Code  Mfr Part Number
1399 283-0178-00 CAP. ,FXD,CER DI:0.10F,+B80=20%,100V 72982 81l31N145 E 104%
©1412 290-0585-00 CAP. FXD,ELCTLT: 350UF ,+75-10%, 75V 90201  20-36095
cl414 290~0586-00 CAP. ,FXD,ELCTLT : LOOOUF ,+75-10%, 75V 90201 20-36096
C1416  283-0004-00 CAP. ,FXD,CER DI:0.02UF,+80-20%,150v 72982 855-558~Z5V0203%
c1428 290-0525-00 CAP. ,¥XD,ELCTLT :4.7UF ,20%, 50V 56289  196D475X0050KAL
cl431 281~ 0546-00 CAP. ,FXD,CER DI:330PF,10%,500V 04222 7001-1380
cl442 290-0584-00 CAP. ,FXD,ELCTLA : 5500UF , +100~10% , 30V 90201  20-36094
cl1448 290-0536-00 CAP. ,FXD, ELCTLT: 10UF, 20% , 25V 90201  TDCLOSMO2SFL
1452 290~0571-00 CAP. ,FXD,ELCTLT : 5000UF ,+100~0% , 25V 902C1 PFP20-36043
c1455 283-0004-00 CAP. ,FXD,CER DI:0.C2UF,+80~20%, 150V 72982 855-558-Z5V02032
<1458 290-0535-00 CAP. ,FXD,ELCTLT : 13UF, 20%, 10V 56289 196D336X0010KAL
cl4sz 290-0584-00 CAP. ,FXD, ELCTLT : 5500UF ,+100-10% , 30V 90201  20-36094
1468 290-0535-00 CAP. ,FXD,ELCTLT: 3308 ,20%,10V 56289 196D336X0010KAl
c1472 290-0583-00 CAP. ,FXD, ELCTLT : 3000UF ,+100-10% , 35V 56289 68D10430
01478 290-0536-00 CBP. ,FXD,ELCTLT:10UF, 20%, 25V 90201 THCLOBMOZSFL
£1483 283-0178-00 CAP. ,FXD,CER DI:0.1UF,+B0-20%,100V 72982 B8131N145 E 1047
C1489  283-0092-00 CAP. FXD,CER DI:0.03UF,+80~20%, 200V 72982 845-534E303%
ci4ez 290-0523-00 CAP. ,FXD,ELCTLT:2. 2UF , 20%, 20V 56289 196D225X6025HAL
C1504 281-0551-00 CAP. ,FXD,CER DI:390PF,10%,500V 04222 T001-1363
C1505 285-0686~00 CAP. ,FXD,PLSTC:0.068UF ,10%, 100V 56289 410P108
C15%1 290-0532~00 CAP. ,FXD, BLCTET | 1500F , 20% , 6V 90201  TDCL57MODECL
€1512 281~ 0512-00 CAP. ,FXD,CER DI:27PF,+/-2.70F,500V 72982 308-000C0G0270K
C1698 290-0536-00 CAP. ,FXD,ELCTLT:LOGF,20%,25V 90201 TDCLOGMO2SFL
CR1LO3 152-0323~01 SEMICOND DEVICE:SILICON,35V,100MA 80009 152-0323~01
CR104 152-0323-01 SEMICOND DEVICE:SILICON,35V,100MA 80009  152~0323-01
CR105 152-0323~01 SEMICOND BEVICE:SILICON,35V,100MA B000Y 152-0323-01
CR1O7 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRIT7Q 152~0422-00 SEMICORD DEVICE:SILICON,4V,7PF 01281 PpGlis4
CR174 152-0422-00 SEMICOND DEVICE:SILICON,4V,7PF 01281 PGl0B4
CR182 152~0141-02 SEMICOND DEVICE :SILICON,30V,150MA 07910 14152
CR203 152-0323-01 SEMICOND DEVICE:SILICON,35Y,100MA 80009 152-0323-01
CRrR264 152-0323-01 SEMICONMD DEVICE:SILICON,35v,100MA 80009 152-0323-01
CR205 152-0323-01 SEMTCOHD DEVICE:SILICON,35V,100MA 80009 152-0323-C1
CR207 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRrR2T0 152+0422-00 SEMICOND DEVICE:SILICON,4V,7PR cl28l PGlos4
CR274 152-0422-00 SEMICOND DEVICE:SILICON,4V,7PF 01281 PGlo84
CR282 152-0141-02 SEMICOND DEVICE:SILICON,3G0V,150MA 07910 1M4152
CR290 152-0141-02 SEMICOND DEVICE:SILICON,3GV,150MA 67910 1m4152
CR301 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR306  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR312 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR322 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA Q7910 1w41s2
CR336  152~0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR351L 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR352 152-0141-02 SEMICONE DEVICE:SILICOK,30V,150Ma 07910 1mn4152
CR359 152-0141-02 SEMTCOND DEVICE:SILICON,30V,L150MA 07910 1N4152
CR361L 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR368 152-0141=02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1wN4152
CR369 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRr422 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRABO 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07810 1N4132
CR31% 152-0246-00 SHMICOND DEVICE:SILICON,400PIV,200MA 07310 ¢€bD12676
CR556 152~0140-01 SEMICOND DEVICE:TUNNEL,1OMA,BPF 03508 sSMTD995
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CR566 152-0140-01 SEMICOND DEVICE:TUNNEL,10Ma 8PF {3508 sMTD9%5
CRr582 152-0141-02 SEMICOND DEVICE :STLICON,30V,150MA 07910 1nN4152
CR584 152~0141-02 SFEMICOND DEVICE:SILICON,30V,150MA 07910 1n41b2
CR5G2 152-0141-02 SEMICOND DEVICE:SILICON,30v,150MA 07910  1N4152
CR60L 132-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1w4is2
CRG47 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA Q07210 1nN4152
CROO4 i52-0141-02 SEMICOND DEVICE:SILICON,30V,150MA Q7210 1nN4152
CR605  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CREBO 152~-0141-02 SEMICOND DEVICE:8ILICOWN,30V,150MA 07910 1m4152
CREG81 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA Q7910 1N4152
CREB2 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07210 w4152
CREB3 152-0141-02 SEMICOND DEVICE:SILICON,30V,130MA 07210 1N4152
CRE83 152-0141-02 SEMICOND DEVICE :3ILICON,30V,150MA £7%10 1n4l52
CR682 152-0141-02 SEMICOND DEVICE:STLICON,30V,150MA Q7910 1N4152
CRB93 152.0141=02 SEMICOND DEVICE:SILICON,30V,150Ma 07910 1M4152
CRE24 182-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRES9 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07210 1M4i52
CR701 152-0141-02 SEMICOND BEVICH :SILICON,30V,150MA 07910 1N41B2
CRTQ3 152-0)41-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRTV5 152-0141-02 SEMICOND DEVICE:S8ILICON,30V,150MA 07910 1N4152
CR739 152-0246~-00 SEMICOND DEVICE:SIIICON,400PIV,200M8 07910 CDi267¢C
CR176 152~0140~-0L SEMICCND DEVICE:TUNNEL,10MA,BPF 03508 SMTDYSS
CR786 152~0140~01 SEMICOND DEVICE:TUNNEL,10MA,8PF 03508 SMTD995
CR787 152~0141-02 SEMICOND DEVICE:STLICON,30V,150MA 07910 1N4152
CR788 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR792 152~0141-02 SEMICOND DEVICE ::2ILICON,30V,150MA 07916 1N4152
CR7¢3 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 07910 1nN4152
CR794 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1nN41i52
CR795 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 0791¢ 1Nn4152
CR796 182-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR797  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910  1m4152
CR799 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1m41s2
CRBOL 152-0141-02 SEMICOND DEVICE:STLICON,30V,150MA 07910  1N4152
CR8U2 152~0141-02 SFMICOND DEVICE:SILICON,30V,150MA Q7210 1N4152
CR8O6 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1nNg4l52
CR811 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1m4l52
CRB12 152-0141-02 SEMTCOND DEVICE:SILICON,30V,150MA C7910 inNd152
CREL14 152-0143-02 SEMICOKD DEVICE:SILICON,30V,150MA §7910 1n4152
CRB22 152-0341-02 SEMICOND DEVICE:SILICON,30V,150MA 07210 1IN4152
CRB24 152-0141~02 SEMICOND DEVICE :8ILICON,3C0V,150MA G7910 IN4152
CRY0Z 152-0141~02 SEMTCOND DEVICE:B8ILICON,30V,150MA 07910 1N4152
CRO07 152~0141~02 SEMICOND DEVICR:STILICON,30V,150MA 07910 1n4152
CR910 152~0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRO1L4 152-08501-00 SEMICOND DEVICR:STLICON, 70V, 200MA 04713 MSD6LSO
CRO22 152-0141~02 SEMICOND DEVICE :STILICON, 30V, 150MR 07910 1N4152
CR923 152-01431~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1mM4152
CR226 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 28480 5082-2672
CR927 152-0322~00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 28480 5082~2872
CR40 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07610 1N4152
CR943 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CRrR944 152-0141-02 SEMTICOND DEVICE :8TLICON,30V,150MA 07910 1n4152
CR245 152~0141-C2 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CRS52 152~-0141~02 SEMTCOND DEVICE :SILICON,30V,150MA 07910 1n4152
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CR955 152-0141~02 SEMICOND DEVICE:SILICON,30V,3150MA 07910 1nN41i52
CR956 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA G79310 IN4ls2
CR971 152-0141-02 SEMICOND DEVICE :SILICON,30V,I50MA 07910 1N4132
CR976 152-0141-02 SEMICOND DEVICHE :S5TLICON,30V,150MA 07910 1InN4ib2
CR985 152-0141~02 SEMICOND DEVICE:SILICOW,30v,150MA G7910 1N4152
CR987 152~0141~02 SEMICOND DEVICE:SILICON,30V,15CMA 07910 1nN4152
CR2B8 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4lbz
CRIVE 152-0141-02 SEMICOND DEVICE:SILICONW,30V,150MA 07910 1pn4dlsz
CR10GL 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4i52
CR1LOGE 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1m4ls2
CR10LS 153-0141-02 SEMICOND DEVICE:SILICON,30V,150MA g7910 im4ls2
CRLOL7 152-0141-02 SEMICOND DEVICE:SILICON,30v,150Ma 07910 1n4152
CrR1018 152014102 SEMICOND DEVICE:SILICCON,30V,150MA 07810 1n4152
CR1023  152-0141-02 SENICOND DEVICE :SILICON,30V,150MA 07910 1N4152
CRrR1026 152-0141-02 SEMICONR DEVICE:SILICON,30V,150MA 07910 1n4152
CR1028 152=-0141~02 SEMICOND DEVICE:SILICCN,30V,150MA 07910 1N4152
CrLOR29 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1x¥4152
CR1034 152-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA- 07910 1N4152
CR1036 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1wn4152
CR1037 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1R4152
CR1044 152~0141~-02 SEMICOND DEVICE:SILICON,30V,I50MA 07910 1m4152
CR1046 152-0141-02 SEMICONE DEVICE:SILICON,30V,150MA 07910 1n4152
CR1049 152-0141-02 SEMICOND DEVICE :SILICON,30V ,150MA 07910 1n4152
CR1052 152~0141~02 SEMICOND DEVICE :S5ILICON,30V,150MA 07910 1N4152
CR1054 152-0081-00 SEMICOND DEVICE :STLICON,175V,100MA 80009 152-0061-00
CR1056 152«0061~00 SEMICOND DEVICE:SILICON,L175V,L100MA 80009 152-0061-00
CRLIO58 152-0061~00 SEMICONE DEVICE:SILICOWN,175V,100MA 80009 152-0061-00
CRLOGO 152-0061-00 SEMICOND DEVICE:SILICON,175V,100MA 80008 152-0061-00
CR1061 152~0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 IN4152
CR1062 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MD 07910 1n4is2
CrR1102 152=-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR1103 152-0141-02 SEMICOND DEVICE:STLICON,30V,150MA 07910 1N4152
CR1104 152-0141-02 - SEMICOND DEVICE:BILICON,30V,150MA 07910 1n4152
CR1111 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1m4ls52
CR1121 152~0322-00 SEMICOND DEVICE:SILICON,15V ,BOT CARRIER 28480 5082-2672
Cr1i22 152-0322-00 SEMICOND DEVICE:SILICON, 15V HOT CARRIER 28480 5082-2672
CR1140 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07310 1N4152
CR1164 152«0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR1173 152-0322-00 SEMICOND DEVICH:STLICON,15V,HOT CARRIER 28480 508B2-2672
CRr1183 152~0322~00 SEMICOND DEVICE:SILICON,15V,H(QT CARRIER 28480 5082-2672
CR1237 152-0141-02 SEMICOND DEVICE:S8ILICON,30V,150MA 07810 1N4152
CR1304 1%2~0333-00 SEMICOND DEVICE:SILICON,35V,200MA BOGO9  152-0333-00
CR1310 152~0141-02 SEMICOND DEVICE:STLICON,30V,150MA 07210 1N4152
CR1312 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 07210 1N4152
CRL314 152-0141-02 SEMICOND DEVICE :STLICON,30V,150MA 07910 1N4152
CR131e 1%2-0333-Q0 SEMICOND DEVICE:SILICON,55V,200MA BOOOS  152~0333-00
CRr1317 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07210 1N4152
CR1320 152042900 SEMICOND DEVICE:SILICON,5000V,10MA 14099 s8h3282
CRrL321 1582-0429-00 SEMICCND DEVICE :SILICON,S5000V,10MA 14099 SA3282
CR1329 182~0107-00 SEMICOND DEVICE:SILICON,375vV,400MA BQO092 152-0107-0C
CR1331 152-0153-00 SEMICOND DEVICE:STLICON,15V,50MA Q7263 FRYOL3
CR1337 152-0141-02 SEMICOND DEVICE:STLICON,30V,150MA oT910  1N41s2
CR1341 152~0153-00 SEMICOND DEVICE:SILICON,15V,50MA 07263 FDT003
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CR1342 152-0141-02 SEMICOND DEVICE:SILICON,30V,L150MA 07910 1n4152
CR1343 152~0153-00 SEMICOND DEVICE:SILICON,15V,50MA 07263 FD7003
CR1344 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR1345 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR1352 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 0791l 1n4l52
CR1353 152-0061~00 SEMICOND DEVICE:SILICON,175V,100MA 80009  152-0061-00
CR1354 152-0141-02 SEMICOND DEVICE:SILICON,30V,Ll50MA 07910 1n4l52
CR1358 152-0141~-G2 SEMICOND DEVICE:SILICON,30V,150MA 07210 1n4ls2
CR1360C 152010700 SEMICOND DEVICE:SILICON,375V,400MA 80009 152-0107-00
CR1366 152-0141-02 SEMICOND DEVICE:SILICON, 30V ,150Ma 07910 1w4is2
CR1367 152-0061-00 SEMICOND PEVICR:SILICON,173V,100MA 8000% 152-0081-00
CR1368 152-0061-00 SEMICOND DEVICE:SILICON,175V,100MA 80009 152~0061~00
CRrRL371 152-0061-00 SEMICOND DEVICE:SILICON,175V,100MA 80008  152-0061-00
CR1373 152-0061-00 SEMICOND DEVICE:SILICON,175v,100MA 80009 152~0061-00
CR1377 152~-0242-00 SEMICOND DEVICE:SILICON,Z25V,200MA 12968 NDP341
CR1379 152-0242-00 SEMICOND DEVICE:SILICON,225V,200MA 12969 NDP341
CR1412 152-0488~-00 SEMICORD DEVICE:SILICON,200v,1500MA 80009 152-0488-00
CR1415 152-0107-00 SEMICOND DEVICE:SILICON,375V,400MA 80008 152-0107-00
CR1421 152~0141-02 SEMICOND DEVICE:STLICON,30V,150MA 07410 14152
CRrRL422 152-0061-00 SEMICOND DEVICE:SILICON,175v,100MA 80009  152-0061~00
CRi424 152~-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N41582
CR1426 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 80008 152-0066-0C
CR1428 152-0066~00 SEMICOND DEVICE:SILICON,400V,750MA 80009 152~0066-00
CRrRY432 152-0141-02 SEMICOND DEVICE:SITICON,30V,150MA 07910 1m4152
CRL442 152-0556-00 SEMICOND DEVICE:RBRIDGE,50V,2.5A 04713 MDA9GO-1
Cr1448 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 800089 152-0066-00
CR1452 152~0488-00 SEMICOND DEVICE:SILICGN,200v,1500MA 80008 152-0488-00
CR1456 - 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1n4152
CR1458 152-0066-00 SEMICOND DEVICE:SILICON,400v,750MA 8O009  152-0066-00
CRLl462 152~0462~00 SEMICOND DEVICE:SILICON,200V,2.54 04713 sDalo228
CR1466 152-0141-02 SEMICOND DEVICE:SILICON, 30V ,150MA 07910 1N4152
CR1468 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 80002 152-0066-00
CR1472 152-0488-00 SEMICOND DEVICE:STLICON,200V,1500MA 80009 152-0488-00
CR1478 152-0066~00 SEMICOND DEVICE:SILICON,400v,750MA 80009 152~0066~00
CR1489 152-0107-00 SEMICOND DEVICE:SILICON,375V,400MA 80002 152-0107-00
CR1502 152~0141-02 SEMICOND DEVICE:SILICON,30V,150Ma 07910 1N4152
CRrRL512 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1m4152
CR1691 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA - 07910 1N4152
CRr1692 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA ) Q7910 1n4152
CR1694 152-0141-02 SEMICOND DEVICE :SILICON,30V,150M3 07910 1m4ls2
CR1696 152-0141~02 SEMICOND DEVICE:SILICON,30V,150MA 074810  1m4l52
CR1698 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
D380 118-0388-00 DELAY LINE,ELEC: 80009 119-0388-00
pslasg 150~0035-00 LAMP ,GLOW: 90V, 0.3MA Q8806 A1D-T
Ds228 150-0035-00 LAMP ,GIOW: 20V, (. 3MA Q8806 AlD-T
ps3l2 150-0130-00 TAME , INCAND 1 5V, 60OMA 08806 2200DX
Ne3ls 150-01305-00 LAMP , INCAND: 3V, 60MA 08806 2200DX
Ds3z2 L50-013C-00 LaMp , INCAND: 5V, 60MA Q8806 2200DX
pe3z4 150~0130-00 LAMP , INCAND : 5V, 60MA 08806 2200DX
DSB08 150-0130-00 LAMP , INCAND : 5V, 6OMA 0B806  Z2200DX
DSE10 150-013¢~00 LAMP , INCAND : 5V, 60MA 08806 2200DX
DS1091 150=0035-00 LAMP ,GLOW: 90V, 0. 3MA 08808 AlD=T
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DS1110  130-0035-00 LAMP ,GLOW: 90V, 0. IMA 08806 AID-T
DS1382  150-0002-~00 LAMP ,GLOW:0.5 MA 60/125V 0B806 NE2T-ALAT
DS1383  150-0002-00 LAMP ,GLCW:0.5 MA 60/125V OBROG NE2T-ALAT
DS1482  150-0129-00 LAMP , TNCAND : 6.3V, 200MA 0E806 2112D
DS1483  150-0129-00 LAMP , ENCAND: 6. 3V, 200MA 0BSGE  2112D
DS1492  150-0130-00 LAMP , INCAND : 5V, 60MA 08806 2200DX
F1318  159-0016-00 FUSE,CARTRIDGE : 3AG, 1. 54, 250V ,FAST-BON 71400 AGC 1 1/2
F1401%  159-0016~00 FUSE, CARTRIDGE: 3AG , 1. 54, 250V, AST-BLOW 71400 AGC 1 1/2
F14012  159-0042-00 FUSE,CARTRIDGE:3AG,0. 755, 250V , FAST-BLOW 71400 AGC 3/4
J10 131~0679-02 CONNECTOR, RCPT, :BNC W/HARDWARE 24931 28JR270-1
F50 131-0679-02 CONNECTOR,RCPT, :BNC W/HARDWARE 24931  28JR270-1
J349 131-1003-00 CONNECTOR BODRY, :CKT BD MT,3 PRONG 80002 131~-1003-00
3380 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
J385 131-1003-0Q0 CONRKECTOR BODY,:CKT BD MT,3 PRONG 80009 131-1003-00
7399 131-1003~00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
J400 131~1003-00 CONNECTOR BODY, :CXT BD MT,3 DRONG 80009 131-1003-00
J405 131-1003-60 CONNECTOR BODY , :CKT BD MT,3 PRONG 80009 L31-1003-08
J410 131-1003-00 COMNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
J430 131-1003-C0 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-0¢
J435 131-6955-00 CONNECTOR, RCET :BNC , FEMALE 24931 28JR200-1
JF510 131-0955-00 CONNECTOR, RCEPT: BNC , FEMALE 24931 28JR200-1
7584 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 800G9  131-1003-00
JEB9 131~0955-00 CONNECTOR, RCET :BNC ,FEMALE 24931 28JR200-1
664 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
Je74 131-1003-00 CONNECTOR BODY, :CXT BD MT,3 PRONG 80002 131~-1003~00
J694 121~1003-00 CONNECTOR BODY, :CKT ED MT,3 DRONG 80002 131-1003~00
a702 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 50009 131~1003-00
I704 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
J706 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-31003-00
J720 131095500 CONNECTOR , ROPT :BNC , FEMALE 24931 28JR200-1
824 131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
7929 131-0955~00 CONNECTOR , RCPT :BNC , FEMALE 74931 28JR200-1
J1103  13t-1003-00 COMNECTOR BODY,:CKT BD MT,? PRONG BOOOY  131-1003-00
J1302  131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-00
J1330 131~0955-00 CONNECTOR, RCPT : BNC,FEMALE 24931 2BJR200-1
1333 131~1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009 131-1003-GO
J1334  131-1003-00 CONNECTOR BODY, :CKT BD MT,3 PRONG 80009  131-1003-00
J1478  131-0771-00 CONWECTOR, RCPT, :4 CONT,OULCK DISCONNECT 80002  131-0771-G0
J14%9 131-0771-00 CONNECTOR,RCPT, :4 CONT,QUICK DISCONNECT 80009 131-0771-00
K1103  146-0076-00 RELAY ,REED:1 FORM A,5V,0.25A,100V 24211 GBB31A-22
1413
11423
11473
r148>
11514
L1524
1170 108-0440-00 COIL,R¥:8UH, TOROIDAL INDUCTCR £0009 108-0440-00
171 276-0528-00 SHIELDING BEAD, :0. LUM 80009 276-0528-00
Ll72 276-0507-00 SHIELDING BEAD,:0.6UH 78488 57-0180-7D 500B
174 276-0528~00 SHIELDING BEAD,:0.1uH 80009 276~0528-00
L178%  276-0543-00 SHIELDING BEAD,: 80009 276-0543-00
1180 108-0440-00 COIL,RF:8UH, TOROIDAL INDUCTOR 80009  108-0440-00
1182 276-0507-00 SHIELDING BEAD, :0.6UH 78468 57-0180-7D 5008

 For use at 115v operation.
“For use at 230V operation.
Part of Circuit Card.

4426 Wire acting as inductance.
Sgelected.
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Llssl Z76-0543-00 SHIELDING BEAD, : BOOGE  276~0543-00
L2412
L2422
1,2472
L2482
12513
12523
LZ70 108~0440-00 COIL,RF :8UH, TOROIDAL INDUCTOR 80009  108~0440-00
1271 276-0528-00 SHIELDING BEAD,:0.1UH 80009  276~0528=00
1272 276-0507~00 SHIELDING BEAD, :0.6UH 78488 57-0180-70 500B
1274 276-0528-00 SHIELOTNG BEAD,:0.1UH BOOOY  276~0528-00
1278k 276-0543-00 SHIBLDING BUAD,: 80009 276054300
L280 108044000 COTL, KF :8UH , TOROIDAL INDUCTOR 80009  108-0440~00
1282 276-0507~00 SHIELDING BEAD,:0.6UH 78488 57-0180-7D 5008
L_QBB]- 276~0543-00 SHIEIDING BEAD,: 80009 276-0543-00
1291 108~0440~00 0T, RF :8UH, TOROIDAL INDUCTOR 80009 L0B-0440-00
1292 108-0440-00 oL, RF 1 BUH , TOROIDAL INDUCTOR 80009 10B-0440~00
1297 108-0440-00 COTL, RF :8UH, TOROIDAL INDUCTOR 80009 108-0440-00
1375 108-0182-00 COIL, RF:0. 308 80003, 108-0182-00
1376 108-0182-00 COTL, ]F: 0. 30K 80003 108-0182-00
1435 276-0588-00 CORE,FERRITE: 78488 57-3114
1439 108-0440-00 COTL, RF : 8UH, TOROIDAL INDUCTOR 80009  108-0440-00
14432
14422
TA44%
14452
L4890 276-0528~00 SHIELDING BEAD, :0.1UH B0CO9 276~0528-00
7498 108-0440-00 COIL,RF:8UH, TORDIDAL INDUCTOR 80009 108-0440-00
1499 108-0440~00 COIL,RF:8UH, TOROIDAL INDUCTOR 80009 108-0440-00
15064 276-0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180-7D 5008
L546 108-0433-00 COIL,RE :0.09UE 80009 108~0433~-00
L551 108-0433-00 COIL, RF 0, 09UH 80009 108-0433-00
1572 276~0507-00 SHIELDING BEAD,:0.6UH 78488 57-0180-7D 500B
L574 276-0507-00 SHIFLDING READ, :0.6UH 78488 57-0180-7D 500B
1588 276~0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180-7D 500B
1600 120-0402-00 XFMR,TOROID:3 TURNS SINGLE 80009 120-0402-00
16594 276-0507-00 SHIELDING BEAD, :0.60H 78488 57-0180-7D 500B
L7164 276050700 SHTELDING BEAD, :0.6UH 78488 57-0180-7D 500B
L7464 276-0507-00 SHIELDING BEAD, :0,6UH 78488 57-0180-7D 500B
L771 106-0433-00 COIL,RF:0.09UH 80009  108-0433-00
L7172 276-0528-00 SHIBLDING BEAD,:0.1UH 80009 276-0528-00
1781 108-0433-00 COIL,RF:0.09UH 80009 108-0433-00
1782 276-0528-00 SHIELDING BFAD, :0.1UH 80008 276-0528-00
1802 276-0507-00 SHIELDING BEAD, :0.8UH 78488 57-0180~7D 500B
1804 276~0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180-75 500B
1826 276-0507=00 SHIFLDING BEAD, :0.6UH 78488 57-0180-7D S00B
1917 108-0750-00 COEL,R¥:9.30H 80002 108075000
1922 276-0507-00 SHTIELDING BEAD, :0.8UH 78488 57-0186-7D 500B
1984 276-0507-00 SHIELDING BEAD, :0.6UH 768488 57-0180-7D 5008
11018 120-0407-00 KFMR, TOROID: 5 TURNS SINGLE 80009 120-0407-00
1lgol 276-0507-00 SHIELDING BEAD, :0.6UH 78488 57-0lBO-T7D 500B
11093 276-0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180~7D 500B
11102 108053800 COIL,RF:2.7UK 76493 TOF276al
11103 114-0278-00 COIL, RF :4.6=16., 701 ,CORE 276~0568=00 80009 114-0278~00
11231 276-0507-00 SHIEZLDING BEAD,:0.6UH 78488 537-0180-7D 500B
lselected.

2part of Circuit Card.
3#26 Wire acting as inductance.
4gelected and added if necessary.

7-14

REV. A OCT. 1976



Replaceable Electrical Parts—4754 Service

. Tektronix  Serial/Model No. Mir
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r1z3al 276-0507-00 . SHIELDING BEAD, :0.6UH 78488 57-0180~70 S00B
L1251 276-0507-00 SHIELDING BEAD, :0.6UH 78488 57-0180~7D 500B
L3.2521 276-0507-00 SHIELDING BEAD,:0.6UH 78488 57-0180-7D 500B
11281 108-0245-00 COIL, RF:3.8UH BOOO9 108-0245-00C
L1263 108-0245~00 COTL,RF:3.9UH 80009 108-0245-00
L1265 108~0245-00 COLIL,RF:3.9UH 80009 108-0245~00
11318 108-0422-00 COIL,RF: 82U 8000% 108~0422-00
L1330 108~0440-00 COIL,RF:8UH,T0ROIDAL IRDUCTOR 80009 108-0440-00
1385 108-0714-00 COLL,TUBE DEFLE:Y AXIS ALIGNMENT B8000%  108-0714~00
11386 108-G713-00 COIL,TUBE DEFLE:TRACE ROTATION 80009 108-0713-00
TL387 108~03245-00 COIL,R¥:3.9UH 80009 108-0245-00
11388 108-0245-00 COLIL,R¥F:3,9UH 50009  108-0245-00
L1394 276-0541~00 SHIELDING BEAD,: 80009 276~0541-00
L1511 108-0245-00 COIL,RF:3.9UH BO00Y® 108~0245~00
LR377 10B~GT60~00 COTL, FF: 6 7TMHE 80002 108~0760~00
IR378 108-0760~00 COLL,RE:67MH 80009 108-0760-00
LRr467 108-0328~00 COTLL,RF :0.3UH 80009 108-0328-00
LR496 108-0685-00 COLL, RF :BONH 80009 108-0685«00
LRASY 108-0685-00 COIL,RF:BONH 80009 108-0685-00
LRL335 108-0537-G0 COIL, RF:200UH 80009 108~0537-00
TR1336 108-0537-00 COIL,RF:200UH 80009 108-0537-0C
Q172 181~0271~00 TRANSISTOR:SILICON, PNP BOG09 151-0271-00
Q178 151-0434-00 TRANSISTOR:SILECON,PNP 80009 151-0434-00
Q182 151-0271-00 TRANGISTOR:SILICON , PNP BODO9 151-0271-00
Q184 151-0188-00 TRANSTSTOR:SILICON,PWR 01295 2N3906
Q188 151-0434~00 TRANSISTOR:SILICON,PNP 80009 151-0434-00
Q272 151-0271~00 TRANSISTORISILICON, PNP B8OOGS 151-0271-00
Q378 151-0434-00 TRANSISTOR :SILICON,PNP 80009 151-0434-00
0282 151-0271-00 TRANSISTOR:SILICON,PNP 80009 151-0271-00
0284 151-0188-00 TRANSISTOR::STLICON, PRP 01295 2ZN3906
Q288 151-0434~00 TRANSISTCOR:SILICON,PNP 80009 151-0434-00
0312 151-0435-00 TRANSISTOR: STLICON, PNP 04713 MPS-AES
0314 151-0435-00 TRANSISTOR:SILICON,PNP 04713 MPS-RAG5
Q322 151«0435=00 TRANSISTOR:SILICON,PNP 04713 MPS-AGS
0324 151~-0301~00 TRANSISTOR:SILICON,PNP 04713 2ZN29207A
Q338 151~0301~00 TRANSISTOR:SILICON,PNP 04713 2N2807A
Q348 151-0301-00 TRANSISTOR:SILICON, PP 04713 2N2907A
0390 151-0441~00 TRANSISTOR:SILICON, NPN 80008 151-0441~00
0396 151~0271-00 TRANSISTOR:STLICON , PNP 80009 151-0271-00
0420 151-0223-00 TRANSISTOR:SILICON ,NPN 86009  151-0223~00
0430 151~0188-00 TRANSISTOR: SITICON , PNP 01295 2N3906
Q444 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2H2907R
o502 151-0387-00 TRANSTSTOR: SILICON,NPN,SEL FROM 357171P 80009 151-0367-~00
0504 151-0367~00 TRANSISTOR:8ILICON,NPN,SEL FROM 3571TP 80009 151-0367-00
Q506 151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 35717TP 80009 151-0367-00
Q522 151-1042-00 SEMICOND DVC SE:MATCHED PATR FET B0CO9 151-1042-00
0524
526 151-0221-00 TRANSISTOR:SILICON,PNP 80009 151-0221-00
Qh32 151-0188~00 TRANSTSTCOR ::STILICON , PHP 01295 2N3906
0552 151-0434-00 TRANSISTCOR:SILICON,PNP 80009 151-0434-00
05586 151~0221~00 TRANSISTOR:SILICON,PNP - 80009 151~0221-00
Q562 151~-0434~00 TRANSISTOR:STLICON,PNP 80009 151-0434-00

lgeiected and added if necessary.
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0566 151-0221-00 TRANSISTOR:SILICON, PNP 80009 151-0221~00
2572 151019900 TRAMSISTOR:SILICON,PNP 27014 MP53640
0574 151-0199-00 TRANSISTOR: 5ILICON,PNP 27014 MPS3640
0584 151-0190-00 TRANSISTOR:STLICON,NPN 8000% 151-0190-00
Q588 151-01%9-00 TRANSISTORSILICON , PNP 27014 MPS3640
0594 151~-01%0~-00C TRANSISTOR:SILICON,NPN 80009 151-03190-00
o896 151-0188-00 TRANSISTOR:SILICON,PNP 01295 2N3906
Q613 151-0G223-00 TRANSISTOR :STILICON,NPN 80008 151-0223-00
Q628 151-0223~00 TRANSISTOR :SILICON,NPN 80009 151-0223-~00
0644 151~0350-00 TRANSISTOR:SILICON,PNP 07263 35036521
Q662 153-0221~00 TRANSISTOR:SILICON,PNP 80009 151-0221-00
2664 1531-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 84002 151-0367-00
Q672 151~0221-00 TRANSTSTOR:5ILICON ,PNP 80009 151-0221-00
674 151-0387-00 TRANSISTOR:SILICON,NPN,SEL FROM 35717P 80009 151-03867-00
Ce80 151~0188-00 TRANSISTOR:SILICON,PRP 01295 2N3906
o688 151~0367~00 TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 80009 151-0367-00
0698 1531~0367-00 TRANSISTOR:SILICOM,NPN,SEL FROM 3571TP 80009 151-0367-00
9712 151~0367-00 TRANS IS TOR :$ILICON, NPN , SEL FROM 3571TP 80009  151-0367-00
Q714 151-0367-00 TRANSISTCOR:SILICON,NPN,SEL FROM 35711TF ‘80009 151-0367-00
Q716 151036700 TRANSISTOR:SILICON,NPN,SEL FPROM 35717P 80009 151-0367-0G0
Q742 151 =1042=00 SEMICOND DVC ST:MATCHED PAIR FET 280009 131-1042-00
Q744
0746 151-022i-00 TRANSISTCR:SILICON,PNP 80009 151-0221~00
0752 151~0188-00 TRANSISTOR:SILICON,PNP 01295 2N3906
Q772 151-0434-00 PTRANSISTOR:SILICON,PNP 80009 151-0434-00
Q776 151-0221-00 TRANSISTOR:SILICON,DNP 80009 131-0221~00
Q782 151~-0434-00 TRANSISTOR:SILICON,PNP BOOO9 151-0434-00
Q786 151=~0221=00 TRANSISTOR:SILICON,PNP 80009 151-0221-00
Q788 151-0190~00 TRANSLSTOR:SILICON,NPN BOGO9  151-0190-00
Q790 151022300 TRANSISTOR:SILICON, NFN 80009  151-0223-00
Q782 151-0223-00 TRANSISTOR:SILICON,NPN 80009 151-0223-00
0794 151-0188-00 TRANSTSTOR: STLICON, PNP 01295 2N39066
Q796 151-0188-00C TRANSISTOR:SILICON,PNP 01295 2N39%06
0798 151=~0130=00 TRANSISTOR:SILICON,NPN 80009 151-01%0-00
QBOZ 151-0199-00 TRANSESTOR::SILLCON,PNP 27014 MPS3640
Q804 151-03199-00 TRANSTSTOR:STLICON, PNP 27014 MPS3640
824 151-0180=-G0 TRANSISTOR:SILICON,NPN 80009 151=~0120~00
Q826 151-0199-00 TRANSTISTOR :STLICON, PNP 27014 MPS3640
Q202 151-0199-00 TRANSISTOR:SILICON,PNP 27014 MPS3640
Q904 151-0180-01 TRANSTSTOR:5ILICON, NPN 07910 TE23652
0814 151~0261-00 TRANS ISTOR:SILICON,PNP ,DUAL 04713 8p44l
0920 151~1025-00 TRANSISTOR:SILICON,JFE , N-CHANNEL BOOO9  151-1025~00
Q922 151~0127-00 TRANSISTOR:SILICON,NPN 07263 86075
09262,8 151-1036-00 TRANSTSTOR:SILICON,JFE, N-CHANNEL ,DUAL 80009 151-1036-00
Q928 1531-0190-00 TRANSISTOR:SILICON,NPN BO00% 151013000
2938 151-0281-00 TRANSISTCOR:S1ILICON,PHNP,DUAL 04713 SD441
Q940 151-0223-00 TRANSISTOR:SILICON, MPN 80C09 151-0223-00C
Q944 151~0190~00 TRANSISTOR:SILICON,NPN 80009 151~0190~00C
0946 151-0190-00 TRANSISTOR:SILICON,NPN 80009 151-01%G~00
Q956 151-0188~00 TRANSISTCR:STLICON,PNP 01295 2N3906
0972 151~0188~-00 TRANSISTOR:SILICON,PNP 01295  2N3906
2974 151-01%0-01 TRANSISTOR:STLICON, NPN 07910 TEZ3652
0980 151-1025-00 TRANSISTOR:STLICON,JFE , N~CHANNEL BOOGY9 151-1025-00
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0984 151-0127-00 TRANSISTOR:SILICON ,NPN 07263 86075
Q988 151-0188~00 TRANSISTOR:SILICON,PNP 01295 2N3906
Q982 151-0188~00 TRANSISTOR: SILICON,PNP 01295 2RN3906
Q996 151-01988~00 TRANSISTOR:SILICON,PNR 27014 MPS3640
Q1002 151-0347-00 TRANSISTOR:SILICON,NPN 80009 151-0347-00
Q1004 151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 35717TP 80009 151-Q367~00
QL008 151-0347-00 TRANSISTOR:SILICON,NPN 80009 151~0347-00
QL1010 151-1025-00 TRANSISTOR:SILICON,JFE,N~CHANKEL 80009 151-1025~00
01014 151-0127-060 TRANSISTOR:SILICON,NPN 07263 86075
glois 151-0188-00 TRANSISTOR:S8ILICON,PNP 01295 2N3906
Qloz22 151-0223-00 TRAMSISTOR:SILICON, NPN 80002 151-0223~-00
Q1026 151~-0188-00 TRANSISTCR:SILICON,PNP 8L29% 283906
01034 151~0190-00 TRANSISTOR:SILTCON,NPN 80008 151-0190-00
Qlo44 151-0190-00 TRANSISTOR :STLICON  NPN 80009 151-0190-00
Q1052 1531-0350~00 TRANSTISTOR: SILICON,PNE 07263 5036521
01054 151-0350-00 TRANSTSTOR:SILICON, PNP Q7263 8036521
01056 151~0350-00 TRANSESTOR:1STLICON, PP 07263 5036521
21058 151-0350-00 TRANSISTOR:SILICON,PNP 07263 8036521
01062 151-0188-00 TRANSISTOR:SILICON,PNP 01295 2N3906
01066 151-0188-00 TRANSISTOR:SILICON,PNP 01295 2K3%06
01086 151-0190-00 TRANSISTOR:SILICON,NPN 80009 151-0190-00
01099 151-0190~00 TRANSISTCOR:SILICON,NPN 80009 151-0190-00C
pliliz 151-0302-00 TRANSISTOR:SILICON,NPN 04713 2m222217
01114 131-0127-00 TRANSISTOR:SILICON, NPN 07263 86075
Q1124 151-0212~00 TRANSISTOR:SILICON,NPN 8000¢ 151-0212-00
Q1134 151-0212-00 TRANSTSTOR:SILICON, NPN 80009 151-0212-00
Q1140 151-0223~00 TRANSISTOR:STLICON, NPN 80008 151-0223-00
QLL52 151-0325-00 TRANSISTOR:SILICON,PNP ,SEL FROM 2N4258 8000¢ 151~0325-00
01162 151i~0325-00 TRANSISTOR:SILICON,PNP,SEL FROM 2N4258 80009 151-0325-00
Qll64 151-0188-00 TRANSISTOR:STLICON,PNP QL295  2N3%06
1172 1531-0325-00 TRANSISTOR :SITLICON,PNP,SEL FROM 2N4258 80009 151-0325-40
QL1174 153-0325-00 TRANSISTOR:SILICON,PNP,SEL FROM 2N4258 80009 151-0325-00
1182 151~0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 35717TP 80009 151~0367-00
Qligg 151-0127-00 TRANSISTOR:SILICON, NPN 07263 86075
01188 151~0302-00 TRANSISTOR:5ILICON, RPN 4713 2M222238
01252 151-0270-00 TRANSISTOR:SILICON,PNP,SEL FROM 2N3495 80609 151-0270-00
01204 151-0124-00 TRANSTSTOR:SILICON,NPN,SEL FROM 2N3501 80009 151-0124-00
Q1212 151~0270~-00 TRANSISTOR:SILICON,PNP,SEL FROM 2N3495 80009 151-0270-00
Ql214 151-0124-00 TRANSISTOR:SILICON,NPN,SEL FROM 2NMN3501 80009 151-0124~00
01234 '151~-0188-G0 TRANSISTOR:SILICON,PNP 01295 2N3906
gl254 181~-0188~-00 TRANSISTOR:STLICON,PNP 01295 283906
1306 151-0126~00 TRANSTSTOR:SILICON, NPH 15818 282484
Q1308 151-0301-00 TRANSISTOR :SITICON,PNP 04713 2N2907A
Q1310 151-0190-00 TRANSISTOR :STLICON,NPN 80009 151-0190-80
Q1312 151-0188-00 TRANSISTOR:SILICON,PNP 01295  2N3906
Q1316 151-0136~00 TRANSISTOR: STLICON, PN 02735 35485
01318 151~-0140~00 TRANSISTOR:SILICON, NPN 80009 151-0140-80
01332 151-01%9-00 TRANSISTOR:BILICON,PNP 27014 MPS3640
1338 151-0367-00 TRANSISTCR:SILICON,NPN,SEL FROM 3571TP 80009 151-0367-0C
01344 151-018B-00 TRANSISTOR:SILICON, PNE 01295 2K3806
Ql352 151-0407-00 TRANSISTOR:SILICON, NPN 80009  151-0407-00
01354 151-0406-00 TRANSISTOR:SILICON,PNP 07263 8037880
21358 151-0199-00 TRANSISTOR:SILICON,PNP 27014 MPS3640
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01362 151-0188~00 TRANSISTOR:SILICON,PNP 01295 2ZN3906
Q1424 151~0347~00 TRANSISTOR:SILICON, NPN 80009 151-0347-00
1426 151~-0349~00 TRANSISTOR:SILICON,NPN,SEL FROM MJIEZ2801 80009 151-0349-00
Pl4a32 151-0347-00 TRANSISTOR:SILICON,NPN 80002 151-0347-80
Ql44d4d 151-0302-~00 TRANSISTOR: SILICON, NPN 04713 2N2222a
01446 151-0302-00 TRANSISTOR 5 ILECON, NPN 04713 2N2222A
01448 151-0349-00 TRANSISTOR: SILICON,NPN,SEL FROM MJE2801 80009 151~0349~00
21454 151~0302~00 TRANSISTOR:S5ITICON, NPN 04713 2M2222A
pl4se 151-0390-00 TRANSISTCR:8TLICON,NPN 80009 151-~0390-00
01464 151~0302~00 TRANSISTOR::SILICON, NPN 04713 2N2222n
01466 151-0302-00 TRANSISTOR: 5ITICON, NPN Q4713  2N2222n
01468 151-0349-00 TRANSISTOR: SILICON , NPN,SEL FROM MJIE2801 280009 151-0349-00
21474 151-0302-00 TRANSISTOR:STLICON, NPN Q4713 2N2222A
01478 151-0260-02 TRANSISTOR:STLICON, NPN 04713 2ZN5859
01482 151~03%0~00 TRANSISTOR :SILICON, NPN 0009 151-0390-00
Q1490 151-0190-00 TRANSISTOR:STLICON, NPN 80008 151-~0190-00
01492 151-0302-00 TRANSISTOR :SILICON, NPN 04713 2n§22223
Q1494 151-0347-00 TRANSISTOR :SILICON,NPN 80009 151-0347~00
01496 151-0280-00 TRANSTSTOR :STLICON, PNP 30002  151-0280-00
Q1497 181-0301-00 TRANSISTOR: SILICON, PMP 04713  2N2907A
01498 151-0302~00 TRANSTSTOR:SILICON, NPN 04713 2N2222A
Q1502 151-0342-00 TRANSISTOR:SILICON,PNP 80009 151-0342-00
Q1504 151«0342-00 TRANSISTOR:SILICON,PNP 806009  151-0342-00
Q1512 151-0164~00 TRANSISTOR:SILICON,PNP 80009 151~0164-00
01698 151-0301-00¢ TRANSISTOR:STLICON,PNP 04713 2N2907A
RO 3315~0430-00 RES. ,FXD,CMPSN:43 CHM,5%,0.25W 01121 C©B4305
R13 316-0101~00C RES. ,FRD,CMPSN:100 OHM,10%,0.25W 01121 (BlOil
R22(2} 316-0105-00 RES. ,FXD,CMPSH:1M COHM,10%,0.25% 01121 CRLlOS%
R24(2} 315-0510-00 RES. ,FXD,CMPSN:51 CHM,5%,0.25W 01121 CB5105
R31{2)l .
R32(2) 317-0082-G0 RES.,FXD,CMPSN:8.2 OHM, (NOM VALUR),SEL 0Ll2i BB82GS
R33(2) 315-0360-00 RES, FXD,CMPSN:36 OHM,5%,0.25W 01121 CB3605
R34{2) 317=0300~00 RESB. FAD,CMPSN:30 OpM, {(NOM VALUE) ,SEL 01121 BB300S
R35{2) 317~0390~-00 RES. ,FXD,CMPEN:39 OHM,5%,0.125W 01121 BB3905
R36(2)1 317-0330-00 RES. ,FXD,CMPSN:33 OHM, (NOM VALUE},SEL 011l2%i pRp3305
R37(2} :
®39{2} 321~0481-00 RES. ,FXD,FILM:IM OEM,1%,0.125W 91637 MFF1816GLO003F
R41 317-0474-00 RES . ,FXD,CMPSN:470K CHM,5%,0.125W 01121 BB4745
R42 315051000 RES. ,FXD,CMPSN:83 OHM,{MOM VALUE},SEL 41121 BB5105
R61 317-0474-00 RES. ,FXD,CMPSN:47TOK CHM,5%,0.125W 01121 EBB4T4LS
RG2 315~05106~00C RES. ,FXD,CMPSN:51 OHM,{NOM VALUE),SEL 01121 BB5H1OS
R103 2 317-0120-00 RES. ,FXD,CMPSN:12 OHM,5%,0.125W ’ 01121 BB1205
R104 317=0391-00 RES. ,PXD,CMPSN: 390 OHM,5%,0. 1250 01121 BB391S
R105 315~0470-00 RES, ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB47T03
R107 317~0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.125%W 01121 BB1lO15
R108 317-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.125%W 01121 BBLOLS
R109 311-1268~00 RES . ,VAR,NONWIR: 10K CHM,10%,0.50W 32897 3329p-L58-103
R110 311i-3228-00 RES. , VAR, NONWIR:10K OHM,20%,0.50W 32997 3386F~T04-103
RL1L 315-0103-00 RES, ,P'XD,CMPSN: 10K CHM,5%,0.25% 01121 <(Bl0O3S

R112 311-1259-00 RES. , VAR, NONWIR: 100 OHM,10%,0.50W 328%7 3329P-L58-101
Rll? 317-0681-00 RES, ,F'XD,CMPSN:680 OHM,5%,0.125W 01121 BB6B1S
R114 315~0151~00 RES. ,FXD,CMPSN:150 OHM,5%,0.25W 01121 <CBIL51S
R119 315-0300-00 RES. ,FXD,CMPSN:30 OHM,5%,0.25W 01121 <CR3005
RL20 315-0154-00 RES. ,PXD,CMPSN: 150K OHM,5%,0.25W 01121 (B1545
R122 321-0239-00 RES. ,FXD,FIILM:3.01K OHM,1%,0.125W 81637 MFFL8Ll6G30100F
lSelected.

“pdded if necessary.
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RI23 31e~0L0i~00 RES. FXD,CMPSN:100 OHM,10%,0.25W 01121 ¢BlOl:i
R124 321-G307-00 RES.,FXD,FIIM:15.4K OHM,1%,0.125w 91637 MFFLB1l6G1l5401F
R125 315-6222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25¢W 01121 (B2225
r12& 321-0277-00 FES. ,FXD,FILM:7.5K OHM,1%,0.125%W 91637 MFFPL1816GT5000F
R127 316~0101~00 RES . ,FXD,CMPEN:100 OMM,10%,0.25W 01121 (CB1l011
R1283~ 311~-1403-00 RES. , VAR, NONWIR ;5K OHM,20%,0.50W 01121 1oMe22
R129 315-0105-00 REES. ,FXD,CMPSN:1M CHM,5%,0.25W 01121 (CB1OGKS
R130 321-0133-00 RES. ,FXD,FIIM:237 OHM,1%,0.125W 91637 MFFLI81EG23TROF
R13} 321-0132~00 RES. ,F¥D,FIL#:237 OHM,1%,0.125W 81637 MFPIBl6G237ROF
R132 317-01C1-00 RES. ,FXD,CMPSN:100 OHM,5%,0.125%W 1121 BBLO1S
R133 311-1259-00 RES. ,VAR,NONWIR:3100 OHM,10%,0.50W 32997 3329p-L58-101
R134 317-0101-00 RES. FXD,CMPSN:106 OHM,5%,0.125¢ 01121 BB10O1S
R135 331-1222-00 RES. ,VAR,NONWIR:100 OHM,20%,0.50W 32997 3386r-T04-101
R136 317-0101-00 RES. ,FXD,CMPSN:100 OMM,5%,0.125W 01121 BBLO1S
Ri137 317-0242-00 RES. ,FXD,CMPSN:2.4K QHM,5%,0.125W 01121 BB2425
Rr138 317-0202-00 RES. ,FXD,CMPSN:2K CHM,5%,0.125W 01121 BB2G25
R139 311-0635-00 RES. VAR, NOMWIR:1K OBM,10%,0.50W 80740 H2-56-3
7141 317-0120-00 EES. ,FXD,CMPSN:12 OHM, (NOM VALUR) ,SEL 91121 BB1I20S
R142 321-0072~00 RES. ,FED,FIIM:54.9 OHM, (NOM VALUE) ,SEL 91637 MNFFIB1L6GSARIOF
R143 321-0072~00 RES. ,FEDL,FILM:54.9 OHM, (NOM VALUE},SEL 31637 MFF1816GB4R90P
R144 317-0120~-00 RES. ,FXD,CMPEN:12 OHM,{NOM VALUE),SEL 01121 EBB1205
R145 315-0620-00 RES. ,FXD,CMPSN:62 OHM,5%,0.25W 01121l CB620S
R151 321-0076-00 RES. ,FXD,FIIM:60.4 COHM,1%,0.125W 91637 MFFI816GEORA0F
R152 321-0076-00 RES. FXD,FIiM:60.4 OHM,1%,0.120W 91637 MFF1818G60OR40E
R1L53 317~0220~-00 RES. ([FZD,CHMPEN 22 OBM, (KOM VALUK) ,8E%L 01121 BB2205
R154 321-0076~-00 RES. ,FXD,FLI13:60.4 OHM,1%,0.125W 931637 MFPLB16GEGOR40F
R155 321-0076~00 RES. ,FED,FILM:60.4 OHM,1%,0.1250 91637 VFFLB816GHEOR4A0E
R156 321-0081-00 RES. ,FXD,FIIM:68.1 OHM,1%,0.125W 21637 MFP181GG68RI0OF
RIE7 321~0018-00 RES. ,FXD,FIIM:15 OHM,1%,0.125W 91637 MFF18186Gl5R00P
R158 317-0220-00 RES. ,FXD,CMPSN:22 OHM, {NCM VALUE},SEL 0lizl BE2203
R1G1 315-0511~00 RES. ,FXD,CMPSN:510 OHM,5%,0.25%W 01121 Bbh1ls
R1G&2 321-0172-00 RES. ,FXD,FLIM:604 OHM,1%,0.125W 91637 MFF1816G604R0F
R163 321-0201-00 RES, ,FXD,FIIM:1.21K OHM,1%,0.125W 91637 MFFI816G12100F
R164 321~0179-00 RES. ,FXD,FIIM:715 OHM,1%,0.125W 91637 MFFi816G715R0F
R165 313~3225~00 RES. ,VAR,NONWIR:1K OHM,20%,0.50W 32997 33B6F-T04-102
rlg8 315-0222-00 RES. ,FXD,CMPSN:2.2K (HM,5%,0.25W 01121 <(B2225
RL70 315«0122-00 RES. ,FRD,CMPSN:1.2K CHM,5%,0.25W 01121 ¢Bl225
R172 315-0331~00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W G112l (B3315
R173 321-0053-00 RES. ,FXD,FIIM:34.8 OM,1%,0.125W 91637 MFF1B1l6G34RBOF
R174 315~0154-00 RES. ,FXI,CMPSN:150K OHM,5%,0,25W 01121 (B1545
R17% 311~1260~00 RES. ,VAR,NONWIR:250 OHM,10%,0.50W 32997 3329P-~L58~231
R176 311~1226-00 RES. ,VAR,NONWIR:2.5K COHM,20%,0.50W 32997 33BE&F-T04~252
R177 317-0100-00 RES. FXD,CMPSN:10 OMM,5%,0.125W 01121 BBIOOS
R178 315-0391-00 RES. ,FXD,CMPSN:390 OHM,5%,0.25W Q1121 (CB39215
Rl 321-0164~00 RES. ,FXD,FILM:4%9 OHM,1%,0.125%W 91637 MFFLB8LOC499R0F
R18G 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 (CB1225
R181 315-0181~00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBIOLS
R182 315~0331-00 RES. ,FXD,CMPSN:330 OHM,5%,0.25%W 01121 CB3315
R183 321~0053~00 RES. ,FXD,FIIM:34.8 OHM,1%,0.125% 51637 MFF18l6G34R80F
R1B4 3231~0051-00 RES. ,FXD,FIIM:33.2 OBM,1%,0.125%® 75042 CEATO~33R20F
R1BS 311-1397-00 RES. VAR, NONWIR:2 X 5K CHM,20%,0.50W 01121 12M940
R1i86& 321-G1z27-00 RES. ,FXD,FILM:205 OHM,1%,0.125¢W 21637 MFP1816G205ROF

lPurnished as a unit with S128.
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R187 321-0233-00 RES. ,FXD,FIIM:2.49K OHM,1%,0.125W 91637 MFF1816G24900F
Rigg 315-0381-00 RES, ,FXD,CMPSN:390 OHM,5%,0.25W 0il2l (B3915

R1B9 321-0164-00 RES. ,PXD,FILM:499 OHM,1%,0.125W 91637 MFF1816G499R0OF
R1G3 321-0078-00 RES. ,FXD,FILM:63.4 CHM,1%,0.125W 91637 MFF1816GG3R4QF
RiG4 321-0078-00 RES. ,FXD,FIIM:63.4 OHM,1%,0.125W 91637 MFF18l6G63R40F
Rr185 311-1225-00 RES. ,VAR,NONWIR:1K OHM,20%,0.50¥ 32997 3386F-T04-102
196 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.256 01121 CB1825

R198 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W ©1123 cCBis2S

R203 317-0120-0¢ RES.,FXD,CMPSN:12 0HM,5%,0.125W 01121 BB120S -

R204 317-0391-00 RES. ,FXD,CMPSN:390 OHM,5%,0.125W C1Ll21 BB3915

R205 315-0470~00 RES., ,FXD,CMPSN:47 OHM,5%,0.25W 0ll2L CB470%

Rr207 317-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.125W 01121 BB1O1S

R208% 317-0101~00 RES.,F¥D,CMPSN:100 OHM,5%,0.12%W 01121 BB1O1S

R209 3131-1268-00 BES. ,VAR,NONWIR: LOK OHM,10%,0.50W 32997  3329pP-158-103
R210 311-1228-00 RES. VAR, NONWIR:10K OHM,20%,0.50W 32997 3386F-T04-103
R211 315-0103-00 RES. ,FXD,CMPSN:10X OHM,5%,0.25W 01121 (CB1O3S

R212 311-1259-00 RES. VAR, NONWIR:100 OHM,10%,0.50W 32997 3329p-L58~101
R213 317-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.125( 01121 BB681S

R214 315-0151-00 RES. ,FXD,CMPSN: 150 OHM,5%,0.25W gil2i CB1515

RZ15 311-1268-00 RES. ,VAR,NONWIR:10K OHM,10%,0.50W 32997 3329P-L58-103
R216 315-0103~00 RES. ,FXD,CMPSN: 10K COHM,5%,0.25W 01121 CB1033

R217 321~0277-00 RES. ,F¥D,FPIIM:7.5K OHM,1%,0.125W 91637 MPFLB1EG75000F
R2Z18 321-0277-00 RES. ,PXD,FILM:7.5K OHM,1l%,0.L125W 91637 MFF181eG75000F
R219 315~0300-00 RES, ,FXD,CMPSN:30 OHM,5%,0.25%W 01121 CB3005

R220 315-0154-00 RES. ,FXD,CMPSN:150K OHM,5%,0.25W 01121 CB1345

R221 321~0307-00 RES, ,FXD,FPILM:15.4K OHM,L1%,0.125¢4 91637 MFF1816GL5401F
R222 321-0253-00 RES.,FXD,FILM:4.22K CHM,1%,0.125W 91637 MFF1BlEBG42200F
R223 316~0101~00 RES. ,FXD,CMPSN:100 OHM,10%,0.25W 01121 (¢BI1OLL

R224 321-0307-00 RES. ,FXD,FLEM:15.4K OHM,1%,0.125¢W 91637 MFF1816GLl5401F
R225 315-0222~00 RES. ,FXD,CMPSN:2.2K OEM,5%,0.25W 01121 CB2225

R226 321~0253-00 RES. ,FXD,FILM:4.22K OHM,L1%,0.125W 91637 MFF1l816G42200F
R227 316~0101-00 RES. ,FXD,CMPEN:100 CBEM,10%,0.25W 01121 (¢B1O11

Rr2282 311-1403-00 RES. VAR, NONWIR:5K OBEM,20%,0.50W 01121 10M922

R229 315-0105-00 HES, ,FXD,CMPSN:1M OHM,S5%,0.25W 011zl CB1OSS

R230 321-0133-00 RES. ,FXD,PILM:237 COHM,1%,0.125W 91637 MFFi8l6G237ROF
R231 321~0133~00 RES. ,F¥D,FIIM:237 OHM,1%,0.125W 91637 MFFI816G237ROF
R232 317-0101~G0 RES.,FXD,CMPSK:100 CHM,5%,0.125W 01121 BB1Q1S

R233 311-31259-Q0 RES, VAR, NOMWIR:100 OHM,10%,0.50W 32997 3329P-158-101
R234 317-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.125W 01121 BB1O1S

R235 311-1222-00C RES. VAR, NONWIR:100 OHM,20%,0.50W 32997 3386F-TO4-101
R236 317-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.125W 01121 BBLO1lS

R237 317-0242-00 RES, XD, CMPSN:2.4R OHM,5%,0.125W 01121 BB2425

R238 317-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.125%W 01121 BB2025

R239 311-0635-00 RES. VAR, NONWIR:1K CHM,10%,0.50W 80740 62-56-3

R241 317-0120-00 RES. ,FPXD,CMPSN:12 OHM, (NOM VALUE)},SEL 0l12l BB1205

R242 321-0072-00 RES. ,FXD,FIIM:54.9 COHM, (NOM VALUE),SEL 91637 MFF1816G54RO0F
R243 321-0072-00 RES. ,FXD,FIL:54.9 OHM, (WOM VALUE) ,SEL 91637 MFFLBLEGS4RI0F
R244 317-0120-00 RES. ,FXD,CMPSN:12 OHM, {NOM VALUE),SEL 01121 BB1l205S

R245 315-0620~00 RES. ,FXD,CMPSN:62 OHM,5%.0.25%W 0Ll21 (B6205

RZ51 321-0076~00 RES. ,FXD,FIIM:60.4 OHM,1%,0.125% 21637 MFF1816GE0R4QE
R252 321-0076~00 RES. PXD,FPI12:60.4 OHM,1%,0.125W 91637 NMFFLBl6GEOR4CF
R253 317-0220-00 RES. ,FXD,CMPSN:22 OHM, (NOM VAIUE) ,SEL 01121 BB2205

R254 321-0076-0C RES. ,FXD,FILM:6G.4 OHM,1%,0.325¢W 91637 MFF181l6GEOR4A0F

Lrdded if necessary.
2Furnished as a unit with 5228.
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R255% 321-0076~00 RES. ,PXD,FILM:60.4 OHM,1%,0.125W 91637 MFFIB1EG60ORAOE
R256 321-0081~00 RES. ,FXD,FILM:68.1 CHM,1%,0.125W 81637 MFFL816G68RILOF
R257 321-0018-00 RES. ,FXD,FIIM:15 CHM,1%,0.125W 91637 MFPFIB16GISROOF
R258 317-0220=-00 RES. ,FXD,CMPSH:22 OHM, {NOM VALUE) ,SEL 01121 RBB220E
R261 315~-0511-00 RES. ,FXD,CMPSN:510 OnM,5%,0.25W 01121 CB5B1LS
R262 321-0172-0C RES. ,FXD,FILM:604 OHM,1%,0.125W 21637 MFFi8l6G604R0OTF
R263 321-0201-00C RES. ,F¥D,FILM:1.21K OHM,1%,0.125W 21637 MFFI81l6G12100F
R264 322017900 RES. ,FXD,FPIIM:715 OHM,1%,0.125W 91637 MFF181leG7L15R0F
H265 311-1225-00 RES, , VAR, NOMWIR:1K OHM,20%,0.50W 32997 3386F-T04-102
R268 315-0222-00 RES. ,FXD,CMPSN:2.2K OEM,5%,0.25W 011zl cCmzazs
R270Q 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CBl225%
L]
R272 315~0331~00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W 01121 CRr331i5
R273 321-0053-60 RES. ,FED,FITM:34.8 OHM,1%,0.125¢ 91637 MFFLB16G3I4RB0F
Rr274 315« 015400 RES. ,FXD,CHMPSN 150K OHM,5%,0.250 01121 CB1545
R275 311-1260-00C RES. ,VAR,NONWIR:250 OEM,10%,0.50W 32997 3329p-L538-251
R2Z76 311~1226~00 RES, , VAR, NONWIR:2.5K OHM,20%,0.50W 32997 3386F-T04~252
R277 317-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.125W 01121 BB1005
R278 315-0391-00 RES. ,FXD,CMPSN:390 OHM,5%,0.25W 01121 CB3915
R279 321-0164-00 RES. ,FXD,FIIM:499 OHM,1%,0.125W 91637 MFFLB16G499R0OF
R280 315012200 RES, ,FXD,CMPSN: L. 2K OHM,5%,0.25W 01121 ¢B122%
Rr281 315-0L101~-00C RES, ,FXD,CMPSN:100 OHM,5%,0.25W 0il21 -CBIOLS
R2B82 315-0331-00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W Qllz2l (B3315
R283 321-0053-00 RES. ,FXD,PIIM:34.8 OHM,1%,0.125W 91637 MFF1816G34RE0F
R284 321-0051-00 RES. ,FXD,FILM:33.2 OHM,1%,0.125W 75042 CEATO-33R20F
R285 311-1397-00 RES.,VAR,NONWIR:2 X 5X OHM,20%,0.50W 01121 12M940
R286 321-0127-50 RES.,PXD,FIIM:205 OHM,1%,0.125W 931637 MFFL8l6G205ROF
R287 321-0231-00 RES. ,FXD,FYILM:2.49K OHM,L1%,0.125wW 91637 MFF1B16G24900F
R288 315-0391~00 RES. ,FXD,(MPSN: 380 OHM,5%,0.25W 01121 (CB3915
R289 321-0164=00 RES. ,FXD,FILM:499 OHM,1%,0.125wW 91637 MFFLBLEG4AQOROT
R291 207-0106~00 RES, ,F4D,CMPSN:4.7 OHM,5%,0.25w 01121 (B47G5
R292 307-0106-00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25W 01121 cCr47GS
R293 321-0078-00 RES. ,FXD,FIlM:63.4 OHM,1%,0.125%W 21637 MPF1816G63R40F
R294 321-0078-00 RES.,PXD,FIIM:63.4 OHM,1%,0.1259 21637 MFPIBlEGE3R40F
R295 311-1225-00 RES. ,VAR,NONWIR:1X OHM,20%,0.50W 32997 33B6F-T04-102
R296 315~0182~00 RES. ,FXD,CMPSN:L.8K OHM,5%,0.25W 01121 (¢B1825
R297 307-3106-00 ' RES.,FXD,(MPSN:4.7 (#HM,5%,0.25W 01121 CB47GS
R298 3315-0182-00 : RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 ¢B18BZ2S
R301 321-0164-~00 RES. ,FXD,FILM:499 OHM,1%,0.125W 91637 MFF1BLlEGA99ROF
R302 321-0131-00 RES.,FXD,FILM:226 OHM,1%,0.125W 21637 MEFF1B816G226R0F
R304 315~0102-00 RES. ,FXD,CMPEN: 1K OBM,5%,0.25W . 5ll2l  CBlo2S
R3ICH 315-0121-00 RES. ,FXD,CMPSN:120 OHM,5%,0.25W 01121 (¢B1215
R3LO 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 (B1O1lS
R311 315~0152-00 RES.  FXD,CMPSN:1. 5K OHM,5%,0.25%W 01121 CBL1B25
R312 315-0120~-00 RES. ,FXD,CMPSN:12 OHM,5%,0.25W 0ll21 CB1205
R313 315-0222-00 RES. ,FXD,CMPSN:2.2K OEM,5%,0.25W 81121 (B2225
R314 315-0822-00 REg, FRD,CMPSN:B.2K CHM,5%,0.25W 01121 CBB225
R315 315-0473~00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 ©B4735
R320 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 (CBlO1S
R3Z1 3315-0152-00 RES., ,FXD,CMPSN:L.5K OHM,5%,0.25W 01121 (B1525
R322 315«0120~00 RES. ,FXD,(MPSN:12 OHM,0%,0.25W 0L1l2F CBI20S
R323 315-0222-00 RES. XD, CMPSN:2.2K OHM,5%,0.25%W 01121 CB222%
R324 315-0822-00 RES. ,FXD,CMPSN:B.2K OHM,5%,0.25W 01121 CB8225
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R325 315~-0473~00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 (CB4735
R331 315-0102~00 RES. ,PRD,CHMPSN: 1K OHM,5%,0.25W 01121 CBlO25
R332 315-0123~00 RES. ,FXD,CMPSN 12K OFM,5%,0.25W €11zl (B1235
R333 315«-0182-00 RES. ,FXD,CMPSN:1,.8K OHM,5%,0.25%W 01121 <(BLl825
R3I35 315-0123-00 RES. ,FXD,CMPSN:12K OHM,5%,0.25W 01121 <Bl235
R336 315-0182~-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 cBi8sz23
R338 315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W Gl1l21 (¢B2035
R332 315-0222-00 RES. ,FXD,(MPSN:2.2K OHM,5%,0.25W 01121 B2225
R341 315-0102~00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 ¢BlG26
R342 315-0132-00 RES, ,FXD,CMPSN:1.3K OHM,5%,0.25W Gll2)l Cmpilzs
R343 315~0511~00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 0l121 CB511S
R346 315~G102-00 RES. ,FXD,CMPSN: 1K CHM,5%,0.250 01i21 (¢BiO025
R347 315~0102-00 RES.,FXD,CMPEN:1K OEM,5%,0.25W 0ll2i CBIOZ25
K348 315~-0331~00 RES.,FXD,CMPSN:330 OHM,5%,0.25 oli2l CB3ILS
R351 315-5202-00 RES. ,FXD,CMPSI:2K OHM,5%,0.25W 01121 (CB2025
R353 321-0152-00 RES. ,FXD,FIIM:374 OHM,1%,0.125W 81637 MFF1B8l6G374R0OF
R354 321-0114-00 RES, ,FXD,FIIM:150 OHM,1%,0.125W 91637 MFF1816G1l50ROF
R355 321=0174=00 RES. ,FXD,PILM:634 OHM,1%,0.125W 91637 MFFP1816G634ROF
R356 321-0114~00 RES. FXD,FPILM:150 OHM,1l%,0.125W 9le37 MFF1l816G150R0F
R3BT 321~0174-00 RES, ,FXD,FIIM:634 OHM,1%,0.125W 91637 MFFLB16G634R0OF
R358 32i=0152=00 RES. ,FXD,PIIM:374 OHM,1%,0.125% 91637 MFFl81l6G374R0F
R359 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 (B2025
R361 - 315-0202-00 FES. ,FXD,CMPSN: 2K OHM,5%,0.25%W gll21  CB202%
R363 321-015%2-00 RES. ,PXD,FIIM:374 OHM,1%,0.125W 91637 MFF1816G374R0OF
R364 321~-0114~-090 RES, ,FXD,FIIM:150 OHM,1%,0.125W 931637 MFF1816G1lROROF
R3GS 321~8174~00 RES. ,FXD,FIIM:634 OHM,1%,0.125W 91637 MFF1816G634R0OF
R3IB6 321i~4114-00C RES. ,FXD,FILM:150 OHM,1%,0.125W 21637 MFFiBLOEGLS0ROF
R367 321~0174-00 RES. ,FXD,FPIIM:634 OHM,1%,0.125%W 91637 HMFPl816G634R05
R368 321-0152-00 RES, ,FXD,FIIM:374 OHM,1%,0.125W 91637 MFFIBLEG374ROF
R3I6S 315«0202«00 RES. FXD,CMPSM: 2K OHM,5%,0.25W 01121 cB2025
R371 315~-0470~00 RES, ,FXD,CMPSN:47 OHM,5%,0.25W 01121 {B470%
R372 315-0470-00 RES.,F¥D,CMPSN:47 OHM,5%,0.250 01121 CB4705
R373 315-0470-00 RES. ,FYD,CHMPSN:47 OHM,5%,0.25W 0112l (¢B4705
R374 315~-0470-00 RES. ,FXD,CMPSH:47 OHM,5%,0.25W 01121 CB4705
R380 321-0078-00 RES. ,FXD,FILM:63.4 OHM,1%,0.125W 91637 MEF181l6GE3R40F
R3B1 321~0078-00 RES. ,FXD,PI1M:63.4 OHM,1%,0.125W 91637 MPELIBLEGHIR4AOF
R382 323-0130-00 RES. ,FXD,FIIM:221 OHM,1%,.0.50W 91637 MFF1226G221R0F
R383 323~0130-00 RES. ,FXD,FIIM:221 OHM,1%,0.50W 91637 MFFL226G2ZLROF
R384 322-0107-00 RES. ,FED,FIIM:127 OHM,1%,0.25W 75042 CERTO-12708
R385 311~1221-00 RES. , VAR, NONWIR:50 OHM,20%,0.50%W 32997 3386F~T04-500
R3B88 315-0270-00 RES. ,FXD,CMPSN:27 OHM,5%,0.25%W 0Lizi CB2705
R391A 321-0163-00 RES. ,FXD,PILIM:487 OHM,1%,0.125W 91637 MFF181leG487ROF
R391B 315-0182-00 RES. ,FXD,CMPSN:1.8K CHM,5%,0.25%W 0ll2l CB1825
R392 321-0122-00 RES. FXD,PILM:)82 OHM,1%,0.125W 91637 MPF1Bl6G182ROF
R393 315~-0271~00 RES. ,FXD,CMPSN:270 OHM,5%,0.25%W 01121 (BR715
R394 321-0146~-00 RES. ,FXD,FILM:324 OHM,1%,0.125W 91637 MFFl816G324R0OF
R395 322-0156-00 RES. FXD,PIIM: 412 OBM,1%,0.25W 73042 CEBTO=4120F
R396 307-0106-00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25W Qlizl CB47GS
Rr397 315~0471=00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R398 317-0430-00 RES. ,B'XD,CMPSN:43 OHM,5%,0.125# 01121 BB4305
R399 315«0330-00 RES, ,FXD,CMPSN:33 CHM,5%,0.25W 01121 CB3305
R4 321~0132-00 RES. ,FXD,FIIM:232 OBM,1%,0.125W 91637 MFF1BLEGI3ZROF
R402 321-0078~-00 RES. ,FEXD,FILM:53.4 OHM,1%,0.125W 91637 MFFLB16GG3R40F
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R4G3 311-1221-00 RES. ,VAR,NONWIR:50 OHM,20%,0.50W 32997  3386F-T04-500
r404 321~0132-GC RES. ,FXD,FIIM:232 (CHM,1%,0.125W 91637 MFP1816G232ROF
R405 321~0078-00 RES. ,FXD,FILIM:63.4 OHM,1%,0.120y 91637 MFF18l6G63R40F
R4LL 321~0132~00 RES. ,FXD,FIIM:232 OMM,1%,0.125%W 91637 MFF1816GZ32ROFP
R412 321~0078-00 RES. ,I'¥D,FIiM:63.4 OuM,1%,0.1250W 91637 MFF1816GE3R4ACT
R414 321~0132-00 RES. ,F'XD,FIIM:232 OHM,1%,0.125W 91637 MFF1816G232ROF
R415 321-0078-00 RES. ,FXD,FILM:63.4 CHM,1%,0.125§ 91637 MFF1816G63R4NF
R419 321~0068~00 RES. ,FXD,FYIM:49.9 OHM,1%,0.125W 91637 MFF1B81l6G49R0F
R420 315-0200~00 RES. ,PED,{MPSH:20 OHM,5%,0.25W 01121 CB2005
R421 321~0151~00 RES. ,FXD,FIIM:365 OomMd,1%,0.1256W 91637 MFF1BlEG3I65ROF
R422 321-0210~00 RES. ,FXD,FILM:).5K OHM,1%,0.125W 21637 MWFF1816GL5000F
R423 321-0076~00 RES., ,FED,PILM:60.4 OHM,L1%,0.125W 91637 MFFLB816GEQR40F
R425 311-1227-00 RES. , VAR, NONWIR:5K OHM,20%,0.50W 32997  3386F-T04~502
R4ZE 322~0161-00 RES, ,FXD,FIIM:464 OHM,1%,0.25W 75042 CEBTO=4640F
R427 315-0271-00 RES. ,FXD,CMPEN:270 OHM, 5% ,0.25W 01121 Cma7L1s
R430 315047100 RES. ,FXD,CMPEN:470 GHM,S'%,O.ESW 01121 CB4715
R431 321~-0071-00 RES. ,FXD,FILM:53.6 OHM,1%,0.125%W 91637 MFF1816GH3R60F
R432 321~0184~00 RES. ,FXD,FIIM:806 OHM,1%,0.125W 81637 MFF181l6GRBOGROF
R436 315-0100-00 RES. FXD, CMPSN: 10 OHM,5%,0.25¢W 01121 cmrloes
R437 315-0100-00 RES. ,FXD,CMPSN: 10 OHM,5%,0.25W 01121 <CB1OOS
R438 307~0106-00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25W 01121 <(B47GS
R441 321006800 RES. ,FXD,FI1iM:49.9 OHM,1%,0.125% 91637 MFF1Bl6GA9RIOF
R443 317~0510-00 RES. ,FXD,CMPSN:51 OHM,5%,0.125W 01121 BB5IOS
R445 321~0068-00 RES. ,FED,FIIM:49.9 OBM,1%,0.125w 91637 MFFLBl6G49RI0F
RA4G 317-0510-00 RES. ,FXD,CMPSM:51 OHM,5%,0.125W 01121 BB51GS
R447 321-0201-00 RES. ,FXD,FIEM:1.21K OHM,1%,0.120W 91637 MFF1816G1l2100F
R448 321-0135-00 RES. ,FXD,FILM:;249 OHM,1%,0.125W 91637 MFFlB816G249R0F
R449 3131-1238~00Q RES. ,VAR,NONWIR:5K CHM,10%,0.50W 73138 72%X~27-0.502ZK
R450 31i~-1260-00 RES. ,VAR,NONWIR:250 OHM,10%,0.350W 32997  3329p-L58-251
R451 317-0750~00 RES. ,FXD,COMP:75 OHM,5%,0.125W 01121 BBYS55
R45H2 317-0200-00 RES. ,FAD,CMPSN:20 OHM,5%,0. L25W 01121 BB20GS
R453 317-0200-00 BES. ,FXD,CMPEN:20 OHM,5%,0.125%W 01121 BB200S
R454 317-0681-00 RES. ,FXD,CMPSN:6B0 OHM,5%,0.120W 01121 BBO8LS
R455 317~-G102-00 RES, ,FPXD,CHMPSN:1K OHM,5%,0.125%W 01121 BB1GZS
R456 315+0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 (CB2205
R457 3231-03163-00 RES. FXD,FILM:487 OMEM,1%,0.1250 91637 MPFL81EG48TR0OF
R458 321-0163-00 RES. ,FXD,FI1¥:487 OHM,1%,0.125W 91637 MFF1816G487ROF
k459 315-0102-00 RES, [FHD,CMPSN:1X OHM,5%,0.25W 01121 cBploezs
R4AGO 315-0270~00 RES. XD, CMPSN: 27 OHM,5%,0.25W 01121 (¢B2705
R4G1L 321-0198-00 RES. ,FXD,FIli:1.13K OMM,1%,0.125W 91637 MFF1816G11300F
R4B2 323-0147-G0 RES. ,FXD,PIIM:332 OHM,1%,0.50W 75042 CECTO=3320F
R4B3 315-0561-00 RES. ,FXD,CMPSN:560 OHM,5%,0.25W 01121 (85615
R4 64 323~0147-00 RES. ,F'XD,FITM:332 OHM,1%,0.50W 75042 CECTO-3320F
RAGS 315~0561~00 RES. ,FXD,CMPSN:560 CHM,5%,0.25%W 01121 (CBbels
R465 311-1278-00 RES. , VAR, NONWIR:250 OQHM,10%,0.5W 32997 3329W-L58-251
RaG7 317-0240-00 R&g. ,FXD,CMPEN:24 OHM,5%,0.125W 01121 BB2405
R4G8 321-0061~00 RES. ,FXD,FIIM:42.2 OHM,1%,0.125W 91637 HNEF181l6G42R20F
R4A69 321-0061~-00 RES. ,FXD,FIIM:42.2 OHM,1%,0.125W 91637 MFF1B16G42R20F
R4TO 311-1279-00 RES, ,VAR, NONWIR:500 OHM,10%,0.50W 32987 3329W-L58-501
R4T71 315-3102-00 RES. ,FXD,CHMPSN:1X OHM,5%,0.25%W 01121 CBRl0O25
R472 315-G200-00 BES. [JFED,CMPSMN:20 OHM,5%,0.25W 01121 (¢B20GOS
R473 315-0200-00 RES. ,FXD,CMPSN:20 OHM,5%,0.25W QL121 <CB2005
R474 317-0240-00 RES. ,FXD,CMPSN:24 OHM,5%,0.125W 01121 BB2405
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R4TS 311-1245-00 RES. VAR, NONWIR:10K CHM,10%,0.50W T3138 72%-28-0-103K
RATE 317-0182-0C RES. ,FXD,CMPSN:1.8K CHM,5%,0.125W 01121 BB182ZS
RAT7 315-0821~00 RES. ,FXD,CMPSN:820 CHM,5%,0.25W 01121 CR8B215
R478 321-0164-00 RES. ,FXD,FIIM:499 OEM,1%,0.125%W 91637 MFFlB8i6G499ROF
R479 321-0164-00 RES, FXD,FPITM:499 OHM,1%,0.125W 91637 MNMFFl816G429ROF
R48B1L 321-0039-00 RES., ,FXD,F1iM:24.9 OHM,1%,0.125W 91637 MFF1B1l6G24R90F
R4AB2 321-0039-00 RES. ,FXD,FIIM:24.9 OHM,1%,0.125W 91637 MFF1Bl6G24R90F
R4B3 322-0137-0C RES. ,FXD,FIIM:422 OHM,1%,0.25W 75042 CEBTO-4220F
R4B4 322~0157-00 RES. ,FXD,FIIM:422 OHM,1%,0.25W 75042 CEBTQ~4220F
R48BS5 315-0560~00 RES. FXD,CMPSN:56 CHM,5%,0.25W 01121 CB3605
RABG 315~0100~00 RES. ,FXD,CMPSN:10 OBEM,5%,0.25W 01121 CB1GOS
RABT7 315-0301~00 RES. ,FXD,CMPEN:300 OHM,5%,0.25W 01121 CB3015
Rr4g8 311-1236-00 RES. ,VAR, NONWIR:250 OHM,10%,0.50W 73138 72X-22-0-251K
R48G 315-0911-00 RES. ,FXD,CMPSN:$10 OHM,5%,0.25W 01121 ¢m9lls
R4 S0 315-01G3-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 (BLlO3S
R421 301-0100~00 RES. ,FED,CMPSN:10 OHM,5%,0.50W 01121 EBLOOS
RA9Z 323-0134-00 RES. ,FXD,FILM:243 OHM,1%,0.50W 91637 MFF1226G243R0OF
R493 323-0134-00 RES. ,FXD,FPIIM:243 OHM,1%,0.50W 91637 MFF1226GZ43ROF
R494A 317-0621-00 RES. ,FXD,CMPEN:620 OHM,5%,0.125W 01121 BBG6215
R494B + 311-0633-00 RES. , VAR, NONWIR:5K CHM,10%,0.50W 80740 62-58-3
R495 323-G134~-C0 RES. ,FEZD,FITM:243 OHM,1%,0.50W 91637 MFF1226G243R0F
R4GE 323~0134~00 RES. FXD,FPIIM:243 OHM,1%,0.50W 91637 MFF1l226G243R0T
R497 307-0292-00 RES. ,FXD,FIIM:182.5 OHM 80002 307-0292-00
R498 307-0106-00 RES, FPXD,CMPSN:4.7 OHM,5%,0.25W 01121 CB47GH
RADY 307-0106~00 RES. ,FXD,CMPSN:4.7 OHM,5%,C.25W 01121 CB47GS
R500 315~0560~00 RES. FXD,CMPSN:56 OEM,5%,0.25W 01121 CB5E0S
R501 316~0221-00 RES. ,FXD,CMPSN:220 OMM,10%,0.25%W 01121 ¢B2211
R502 316~0152-40 RES. FXD,CMPSN:1.5K COBM,10%,0.25W 01121 ¢B1521
R503 316-0221-Q0 RES. ,FPXD,(MPSN:220 OFM,10%,0.25%W 01121 CB22311
R504 316~0152-00C RES. ,FXD,CMPSN:1.5K OHM,10%,0.25wW 01121 <CBib2l
R305 316~-0470~00 RES. ,FXD,CMPSN:47 OHM,10%,0.25%W Cli2l (B4701
R506 316-0152«0C RES. ,F'XD,CMPSN:1.5K OHM,10%,0.25W 01121 BiB21
RE07 315-0103-00 RES, ,FXD,CMPSN:L0K OHM,5%,0.25W 01121 CB1O35
R508 316~0274-00 RES. ,FXD,CMPSN: 270K OHM,10%,0.25W 01121 (B2741
R509 315-0560-00 RES. FXD,CMPEN:56 OHM,5%,0.25W 01121 CB5605
R510 316-0330-00 RES. ,FXD,CMPSN:33 OHM,10%,0.25W 01121 CB3301L
R511 315-0824-00 RES. ,FXD,CMPSN:820K OHM,5%,0.25W 01121 CRB245
R512 315-0514-00 RES. ,FXD,CMPSN:510K OHM,5%,0.25W 01121 (B5145
R5i3 315~-0475-00 RES. ,F¥D,CMPSN:4.7M CHM,5%,0.25W 01121 CB4755
R514 315~0184~00 RES. ,FXD,CMPSN: 180K CHM,5%,0.25W 01121 CB1845
R515 316-0104~00 RES. ,FXD,CMPSN: 100K OHM,10%,0.25%W 013121 CBlO41
R316 316-0563-00 RES. ,FXD,(MPSN:56K OHM,10%,0.25W 01121 (B5631
R5L7 315-0105-00 RES. ,F¥D,CMPSN :1M OHM,5%,0.25W 01121 CBlOS5
R518 316~0180-00 RES. ,FXD,CMPSN:10 OHM,10%,0.25W 01121 CBlOO1
R519 316-0101-00 RES. ,FXD,CMPSN:100 OHM,10%,0.25W 01121 CBlO1l
R520 315-03560~00 RES. ,FXb,CMPSN:56 OHM,5%,0.25W 01121 (CB5605
R521 316-0101-00 RES. ,FXD,CMPSN:100 OHM,10%,0.25W 01121 CBlO1l
R522 316~0150~00 RES. ,FXD,CMPEN:15 OHM,10%,0.25W 61121 CB1501
R523 316-0150-00 RES, [FXD,CMPSN:15 OHM,10%,0.25W 01121 cCr1501
R524 316~G101-00 RES. ,F'XD,CMPSN:100 OHM,10%,0.23W 01121 CBlOll
R525 316~0821~00 RES. FXD,CMPSN:820 OHM,10%,0.25W 01121 CBB21l
RE26 315~0220~00 RES. FXD,CMPSN:22 OHM,5%,0.25W 01121 (CR2205
R527 3122-0178-0C0 RES, ,FXD,FIIM:698 OHM,1%,0.25W 75042 CEBTO~69B0F

lrdged if necessary.
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R528 315~0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 (CR220%
R529 315-0103-00 RES. ,FXP,CMPSN:10K OHM,5%,0.20W €1121 (B1033
r5301 311-1192~00 RES. ,VAR,NONWIR: 10X CHM,20%,1W 12637 3Bi-CM39695
Rrb3z 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 0lizl CBiz225
R533 316-0821-00 RES, ,FXD,CMPSK:820 OHM,10%,0.25W £1121 ¢BB21l
R534 311-1230-00C RES. ,VAR, NONWIR:20K OHM,20%,0.50W 32997  3386¥-104~203
R535 315-0302-00 RES. ,FXD,CMPSN:3K CHM,5%,0.25W 01121 CB302%
R536 315-0131-05 RES. ,FXD,CMPSN:130 OHM,5%,0.25W 01121 ©Bl315
R537 316~0152~00 RES. ,FXD,CMPSN:1.5K 0#M,10%,0.25W 01121 CB1521
R538 316-0332-0G RES. ,FXD,CMPSN:3.3K 0BM,10%,0.25W 01121 (¢m33z21
R541 316~-0682-00 RES. ,F'XD,CMPSN:6.8K OHM,10%,0,25W 01121 CBG821
R542 316-0392-00 RES. ,FXD,CMPSN:3.9K CHM,10%,025wW 01121 CB3921
RE43 316-0221~00 RES. ,FXD,CMPSN:220 OHM, 10%,0.25%W $1121 Cmz2zlil
R544 315-0302-00 RES. ,FXD,CMPSN:3X CHM,5%,G.25W 01121l CB3025
R545 315-0242-00 RES. FXD,MPSN:2.4K OmM,5%,0.25W 01121 C(B2425
R546 316~-0476~00 RES. ,FXD,CMPSN:47 O8M,10%,0.259 Gil2l CB4701L
E547 311=~1238-00 RES. VAR, NONWIR:20K OHM,20%,0.,50W 32997 33BEF-T04-203
R550 317-C560-0G0 RES. ,FXD,CMPSN:56 (OBM,5%,0.125W 01121 BB5605
R551 321-0082-00 RES. ,FXD,FILM:69.8 CHM,1%,0.125W 91637 MFF1816G69REOF
R552 322-0283~00 RES., ,FXD,FIIM:8.66K OHM,1%,0,25W 75042 CEBTO-8661F
R553 321-0082-00 RES. ,FRL,FIIM:69.8 OMM,1%,0.125W 91637 MFF1816G6I9RBOF
R554 321~0059=00 RES. ,FXD,FITM:40.,2 OHM,1%,0.125W 91637 MIF1I816G40R20F
R555 321-0185-00 RES. ,FXD,FIIM:825 OHM, 1%,0.120W 91637 MFF1816GB2SROF
RE56 321-0047-00 RES.  FXD,FIIM:30.1 OHM,1%,0.125W 21637 MFF1816G3CRIOF
R557 321~0224-00 RES. ,FAD,FITM:2.1XK OHM,1%,0.125W 91637 MFF1816G21000F
R558 321~-0044-00 RES. ,FXD,FI1M:28 OHM,1%,0.125W 91637 MFF1B816GZBRO0OF
RG59 321~0259-00 RES. ,FXD,FIIM:4.87K OHM,1%,0.125%W 918637 MFF1816G48700F
R560 317~-0560~-00 RES. ,FXD,CHMPSN:56 OHM,5%,0, 125W 01121 BB560S
R561 321-0082-60 RES. ,FXD,FILM:69.8 OHM,1%,0.125W 91637 NFF1lB1l6GH69ROF
R562 322-0283-00 RES. ,FXD,FIiM:8.66K OHM,1%,0.25W 75042 CEBTO-BE6L1F
R563 321-0082-00 RES. ,FXD,FTILM:69.8 OHM,1%,0.125W 91637 MFF1B1EGHIRBOF
R564 315-0242-00 RES. ,FXD,CMPSN:2.4K OMM,5%,0.25W 01121 (BZ425
RE65 311~1228«00 RES. VAR, NOWWIR:10K OHM,20%,0.50W 32997 3386F-T04-103
R566 321-~0044~00 RES. ,FXD,FILM:28 OHM,1%,0.125W 91637 MFF1816G28RO0F
R567 321-0224-00 RES, ,FRD,PILM:2.1K 08M,1%,0.125W 91637 MFF181eG21000F
R568 316~0101-00 RES. ,FXD,CMPSN:100 OHM,10%,0,25wW 01121 <{B10O11l
R569 321~0279~00 RES. ,FPXD,FIIM:7.87K OHM,1%,0.325%W 91637 MFF1BL6GT78700F
R570 301-0181-00 RES. ,FXD,CMPSN:180 OHM,5%,0.50W 01121 EB181iS
RETL 315-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 CBlOOS
RB72 321-0187-00 RES. ,FXD,FILM:866 OHM,1%,0.125W 91637 MFF1816GBE6GR0OF
R374 315-0432-00 RES. ,FPXD,CMPSN:4.,3K OHM,5%,0.25%W 01121 C©B4325
RB75 315~0351-00 RES. ,FXD,CMPSN:150 OHM,5%,0.25W 01l12: {B151S
R577 3231-0246-00 RES. ,FXD,FIiM:3.57K OOM,1%,0. 125 91637 MFF1B16G337008
R578 321-0164-00 RES. ,FXD,FILM:499 OHM,1%,0.125W 91637 MFFPi1816G499R0F
R57% 301-0201-00 RES. ,FXD,CMPSN:200 ©HM,5%,0.50W 01121 FEB20L%
R580 316-0220-00 RES. ,F'XD,CMPSN:22 OHM,10%,0.25% 01121 CB2201
R581 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0,25W 01121 CB1OLS
R382 315-0471-0G RES, ,FXD,CMPSN:470 OEM,5%,0.250 01121 Cp4715
RS83 315=0331-00 RES. ,FXD,CMPSN:330 ORM,5%,0.25W 01121 CB3315
R584 316~Q0220-00 RES. ,FXD,CMPSN:22 OHM,10%,0.25W 61121 ¢B220}
R5B8 301-0121~00 RES. ,PXD,CMPSN:120 OHM,5%,0.350W 01121 EB1Z15
R590 315~0102~-00 RES. ,FXD,CMPSN:1K OHM,5%,0.20W 01121 CBiO25
REO1 3231-0242-00 RES. XD, FIIM:3.24K OHM,1%,0.125W 91637 MFF1816G32400F

lpurnished as a unit with 8530.
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R592 321-0222-00 RES, ,FXD,FIIM:2K OMM,1%,0.125W 91637 MFF1816G20000F
R593 316-0103-00 RES. ,FXD,CMPSN:10K OHM,10%,0.25W 01121 CBlG31
R594 315~0162~00 RES. ,FXD,CMPSN:1.6K COHM,5%,0.25W 01121 CB1625
R585 315-0102-00 RES. ,FXD,CHMPSN:1K OHM,5%,0.25¢ 01121 CBlO25
R596 307-0106-00 RES. ,FRD,CMPSN:4.7 OHM,5%,0.25W 01121  CB47GS
R587 315~0221-00 RES. ,FXD,CMPSN:220 OBM,5%,0.25%W 0lizl CB2215
R598 315-0221-00 RES. ,FAD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R589 321-0338~00 RES. ,FXD,FTIM:20K OHM,1%,0.125W 91637 MFP1B16GI000LEF
R600 307-0106~00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25¢W 01121 cCm47G5
R601 315-0472-00 RES. ,FXD,CMPSN:4.7K CHM,5%,0.25W 01121 <CB4725.
REG2 315-0472~00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25%W 01121 CB4725
REO3 315-0241~-00 RES. ,FXD,CMPSN:240 COHM,5%,0.25W 01121 CB2415
RE04 316-0393-00 RES. ,FXD,CMPSN:39K OHM,10%,0,25W 01121 CB393.L
R07 315-G101-00 RES. ,FXD,CMPSN:10C COBM,5%,0.25%W 01121 CB1lO15
REOB 315-0100~00 RES. ,FXD,CMPSN:10 OHM,5%,0.25¢ 01121 CBLOOS
R60S 315-0104-00 RES. F'XD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
RE1G 315-0300-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 (CBLOOS
RG1L1 321~0174-00 RES. FXD,FILM:634 OHM,1%,0.0225W 91637 MEFF1816G634R0OF
R612 321-0190-0G0 RES. ,FXD,FILM:931 OHM,1%,0.1235W 91637 MFF1B16GE31ROF
Re13 315~-0101-00 RES. FXD,CMPSN:100 OHM,5%,0.25W 0L1z1 (CB1OLS
R622 307-0103-CC RES. ,FXD,CMPEN:2.7 OHM,5%,0.25W 01121 <CB27GS
R626 315-0201-00C RES. FXD,CMPSN:200 CHM,5%,0.25W 01121 (B2015
R627 315-0401-00 RES, ,FXD,CMPSN:100 OEM,5%,0.25W 01121 CBlols
R628 321018400 RES.  FXD,FIIM:806 CHM,1%,0.125W 91637 MFF1B81l6GBOGROT
RE29 321-0205-00 RES. ,FXD,FIlM:1.33K OHM,1%,0.125% 91637 MFF1816GL3300F
RE4 1L 321-0222-00 RES. ,FXD,FIIM:2K OHM,1%,0.125@ 21637 MEF1816G20000F
Re4z 321-0275-00 RES. ,FXD,FIIM:7.15K OHM,1%,0.125%W 91637 MFF1816G71500F
re44 1 311-1401-00 RES. ,VAR,NONWIR:100K OHM,20%,0.50%W 01121 10M220
r647 315-0473-00 RES. ,FXD,CMPSN 147K OHM,5%,0.25W 01121 CB4735
RE61 315-0430-00 RES. ,PXD,CMPSN:42 OHM,3%,0.25W 01121 Cp4305
Re62 315-0150-0C RES. ,FXD,CMPSN:15 OHM,5%,0.25W 01121 CR1505
R663 322-0207-00 RES. FED,FIIM:1.4X OHM,1%,0.25W 75042 CEBTO-1401F
R6G4 315-0510-00 RES. ,FXD,CMPSN:51 OHM,5%,0,25W 01121 CB5105
RE65 316-0103-00 RES, ,FXD,CMPSN: LOX CHM,10%,0.25W 01121 CB1O3L
RGEE 315-0102~00 RES. ,FXD,CMPSN:1K CHM,5%,0.25W 01121 (B1O25
R&667 315-0510-00 RES. FXD,CMPSN:5L OHM,5%,0.25W 01121 CBSL0S
RE68 321-0178-00 RES. ,FXD,FIILM:698 O#HM,1%,0.125W 91637 MFF1816G698ROF
R669 315-0160-00 RES. ,FXD,CMPSN:16 OHM,5%,0.25W 01121 CRle05
RE70 316-0470~00 RES. ,FXD,CMPSN:47 OHM,10%,0.25W 01121 CB4701
RE71 315-0436-00 RES. ,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305
Re72 315-0150-00 RES. ,F¥D,CMPSN:15 OHM,5%,0.25W 01121 CBL305
R673 311-3223-00 RES. , VAR, NONWIR:250 OHM,10%,0.50W 32997  33868'-T04~251
Ro74 315-0510-00 RES. ,FXD,CMPSN:51 OHM,3%,0.25W 1121 <CB3305
R&T5 321-0155-00 RES. ,FXD,FIIM:402 OHM,1%,0.3125W 91637 MFF1816G402ROF
R676 315-0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 ¢B1025
RE77 315-0510-00 RES. ,FXD,CMPSN:51 OHM,5%,0.25W Qlizl  CB510S
RO78 321-0178-00 RES. ,FXD,FILM:698 OHM,)1%,0.125W 91637 MFF1BlOGGSEROF
R679 316-0220-00 RES. VXD, CMPSN:22 OHM,10%,0.25W Gli2l  CBR2201
R6B0O 321-0225-00 RES. ,FXD,FPELM:2.15K OHM,1%,0.125W 91637 . MFF1B18G21500F
REBL 321-0209-00 RES. FXD,FILM:1.47K OHM,1%,0.125W 91637 MFE181l6G14700F
R682 315-0102~00 RES ., ,F¥D,CMPSN:1XK OHM,5%,0.25W 01121 (B1025
REE3 3315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
REB4 321-0248-00 RES. ,FXD,FIIM:3.74K OBM,1%,0.125% 91637 MFF1816G37400F

Irarnished as a unit with $644.
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REBE 3231-0248-00 RES. ,FXD,FIIM:3.74K OHM,1%,0.125W 91637 MFF1B16G37400F
RE36 321-0210-00 RES, ,FEXD,FTIM:1.5K OHM,1%,0.125W 91637 MPF1816Gl5C00F
RGBT 321-0209-00 RES. ,FXD,FIiM:1.47K OHM,1%,0.1250W 91637 MFF1816G1l4700F
R6BB 321-0141-00 RES. FXD,FILM:287 OHM,1%,0.125W 91637 MFF1B16G287ROEF
REBY 315-0432~0C RES. ,FXD,CMPEN:4. 3K OHM,5%,0.25W 01121 <CB4325
RE9QZ 315-0472-G0 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
RE93 315-0471~00 RES.,FXD,CMPSN:470 COHM,5%,0.25W 01121 ¢B4715
RrROG4 315047000 RES. ,FXD,CMPEN:47 OHM,5%,0.25W 01121 CB47065
RE9S 321-0204~00 RES, ,FXD,FIIM:1.3K OHM,1%,0.125W 91637 MFF1816G13000F
R696 321-0222~00 RES. ,FXD,FILM:2K OHM,1%,0.125%W 21637 MFF1816G20000F
R&S7 321-0178-00 RES. ,JFXD,FI1M:698 OHM,1%,0.125W 61637 MFF1816G69BROF
RESE 315010000 REG., ,FXD,CMPSN: 10 OBM,5%,0.25% 01121 <CBlOOS
RO9G 315-~0472~00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 0l121 <Cm4725
RT01 315~0152-00 RES. ,FXD,(MPSN:1.5K OHM,5%,0.25%W 01121 ¢B1525
R702 315-0162-00 RES. FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CBlezS
RT03 315-0152-00 RES. FXD,CMPSN:1.5K OHM,5%,0.25W gli21 (C¢Bl525
R704 315~0162-00 RES, ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
R705 315~0152~-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25%W 01121 CBiB25
R706 315-0162-00 RES. ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CBlezs
R71LL 316-0152-00 RES. FXD,CMPSN:1.5X OHM,10%,0.25%W 01121 ¢Bl521
R712 316~0221-00 RES. ,FXD,CMPSN:220 OaM,10%,0.25W ¢li2i1 (w2211
R713 316-0152-00 RES. ,FXD,CMPSN:1.5K OHM,10%,0, 257 01121 CBi521
R714 316~0221-00 RES. ,FXD,CMPSN:220 OHM,10%,0.25W 013121 CB2211
R7L8 316~-0151-00 RES. (FXD,CMPEN:150 OHM,10%,0.25%W 01121 CBIS511
R716 316-0152-00 RES. ,FXD,CMPSN:1.5K CHM,10%,0,25W 01121 CB1521
R7L7 315~-0620~00 RES. ,FXD,MPSN:62 OHM,5%,0.25w 01121 ¢BE20O5S
R71B 315-0620~00 RES. ,FXD,CMPSN:62 CHM,5%,0.25W 01121 CB6205
R719 315062000 RES. ,FXD,CMPSN:62 OBEM,5%,0.25W Gliz2l CBG2OS
R721 316-0330-00 RES. ,FXD,CMPSN:33 OHM,10%,0.25% 01121 CmB3301
R722 315-0684~00C RES, ,FXD,CMPSN:680K CHM,5%,0.25%W 01121 CR684S
R723 315-0474~00 RES. ,FXD,CMPSN:470K OHM,5%,0.25%W 01121 CBAT45
R72% 316~0101-0C RES. ,FXD,(MPSN: 100 CHM,10%,0.25W 01121 <Bi0ll
R731 316-0332-00 RES., ;FXDL,CMPSN:3.3K CHM,10%,0.25W 01121 (B332%
R735 316-0104-00 BES, ,FXD,CMPSN: 100K COHM,10%,0.25W $1121 CBlo4l
R736 316~0563~00 RES. ,FXD,(CMPSN:56K OHM,10%,0.25% G112l CB5631
R737 3315-0105-G0 RES, ,FXD,CMPSN:1M OHM,5%,0.25W £1121 CRBR1055
R738 316~0100-00 RES, ,FXD,CMPSN:10 OHM,10%,0.25W $1121 (CB1lOO1
R739 316~-0101-00 RES. ,FXD,(MPSN:160 OHM,10%,0.25w 01121 B1G1l
R741 316~0101-00 RES. ,FXD,CMPESN:100 OHM,10%,0.25%W 01121 ¢BlOLL
RIM42 336-0130-00 RES,. ,FXD,CMPSN:15 OHM,10%,0.25W §1121 CR13501
R743 316~0150~00 RES. ,FXD,CMPSN:15 OHM,10%,0.25W 01121 cCBls0L
R744 316~-0101-00 RES. I'XD,(MPSN:100 OHM,10%,0.25W 01121 CBRiOl:i
R745 316-0821-00 RES., ,FXD,CMPSN:820 OHM,10%,0.25W 01121 CBB21)
R746 315~-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.254W 01121 (B2205
R747 322~G178-00 RES. ,FXD,FIIM:698 OBM,1%,0.25W 75042 CEBTO-6980F
R748 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
r7501 311-1192~00 RES. , VAR, NONWIR: 10K OHM,20%,1W 12637  381-CM39695
R752 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1l225
R753 316~-0821-00 RES. ,FXD,CMPSN:820 OHM,10%,0.25W 01121 cB82ll
R754 311-1230-00 RES.,VAR,NOMNWIR: 20K OHM,20%,0.50W 32997 3386F-T04-203
R755 315~0362~00 RES. ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3Q253
R7586 315-0131~00 RES. ,FI'XD,CMPSN:130 OHM,5%,0.25W 01121 CB1315
R758 316~0152-00 RES. ,FXD,CMPSN:1.5K OHM,10%,G.25W 011zl (B)521

lrurnished as a unit with §750.
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R759 321~0259~00 RES. ,FXD,FIIM:4.87K CHM, 1%,0.125W 91637 MFF1816G48700F
R761 316-0682-00 RES. ,FXD,MPSN:6.8K OHM,10%,0.25W 01121 C(B6B2L
R762 316-0392~00 RES. ,FXD,CMPSN:3.9K OHM,10%,025W 01121 CB3921
R763 316-0221-00 RES. ,FXD, (MPSW:220 OHM,10%,0.25¢ 031121 cCB2211
R764 315-4302-00 RES. ,FED,CMPSH:3K OHM,5%,0.20W 01121 (CB3025
R765 315-0242~00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 ¢B2425
k766 316-0470-00 RES. ,FXD,CMPSN:47 COHM,10%,0.25W 01121 CB4701
R767 331123000 RES. , VAR, NONWIR:20K OHM,20%,0.50W 32997 3386F-T04-203
R768 321-0279-00 RES. ,FXD,FPILM:7.87K OHM,1%,0.1250W 91637 MFF1816G78700F
R771 321~0082~00 RES. ,FXD,FIIM:69.8 OHM,1%,0.125W 91637 MFF1Bi6GEIRS0Y
R772 322-0283-00 RES. ,FXD,FIiM:8.66K OHM,1%,0.25%W 75042 CEBTO-8661F
R773 321-0082-00 RES. ,FXD,FILM:69.8 OHM,I%,0.3125W 91637 MPFLBleG6SRB0F
R774 321-0059-00 RES. ,FXL,FILM:40.2 OHM,1%,0.1250 91637 MFFP1816G40R20F
RITS 321-0185~00 RES. ,FXD,FILM:825 CHM,1%,0.12%W 91637 MFF1816GB25R0OF
R776 321~0047-00 RES. ,FUD,FIIM:30.1 OHM,1%,0.125% 91637 MFF1816G30R10OF
R777 321-0224~00 RES. ,FXD,FIIM:2.1K OuM,1%,0.125W 91637 MFF1816G21000F
R778 321-0044-00 RES. ,FXD,FIIM:28 OHM,1%,0.12GR 291637 MFF1B16G28ROGE
Rr7B1 321-0082-00 RES. ,FXD,FILM:69.8 OHM,1%,0.125W 91637 MFF1816G69RECF
R7B2 322-0283-00 RES. ,FXD,FIIM:8.66K COHM,1%,0.25W 75042 CEBTO-B66LF
R783 321~0082-00 RES. FXD, Pr1M:69.8 ©OHM,1%,0.325W 21637 MFF1Bl6GEIRBOF
R784 315-0242-00 RES . FXD,CMPSR:2 . 4K OBM,5%,0.25W 01121 (B2425
R785 311~1228~00 RES. ,VAR,NONWIR:10K OHM,20%,0.50W 32997 3386F-104-103
R786 3231-0044-00C RES. ,F¥D,FILM:28 OHM,1%,0.125W 91637 MFF1816G28RO0F
R787 321-0224-00 RES. JFXD ,FILM:2.1K OHM,1%,0.125%W 91637 MFF1Bl6G2L000F
R788 3315-0472~00 RES. ,FXD,(MPSN:4.7K OHM,E%,0.25W 01121 CB4725
R789 3316~0221-00 RES. ,FXD,CMPSN:220 OHM,10%,0.25%W 01121 cB2211
R792 316-022G6~00 RES. ,FXD,CMPSN:22 OHM,10%,0.25w 011231 (B2201
R793 321-0289-00 RES. ,FXD,FIIM:10K OHM,1%,0.125W 91637 MPF1816Gl0OQ0LF
R794 323-0260-G0 RES. ,FED,FIIM:4.99K OHM,1%,0.125W 91637 MFF1816G49900F
R795 323022500 RES. ,FXD,FIIM:2.15K OHM,1%,0.125W 91637 MFFLBI6G21500F
R796 323-0227-00 RES. FXD FIIM:2.26K OHM,1%,0.2250W 91637 MFFIBLEGZ2600F
R797 315-0101-0C RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 <{B1O15
R798 321-0249-00 RES. FXD,FILM:3.83K OHM,1%,0.125%W 91637 MFFP1B16G38300F
R799 316-0102-00 RES. ,FXD,CMPSN:1K OHM,10%,0.25W 01121 <CBlO21
R801 315-0332~00 REZ, ,FXL, CMPSN:3.3K OBM,5%,0.25W 01121 (B3325
RBG2 315-0221-00 RES. FXD,CMPSN:220 OHM,3%,0.25%W 01121 (CB2215
RBO3 307-01.03-00 RES. ,FXD,MPSN:2.7 OM,5%,0.25W 01121 {B27G5
RB04 321-0166—-00 RES. ,FXD,FILM:523 OHM,1%,0.125W 21637 MFF1Bl6G523R0OF
RBOS 321-0193-00 RES. ,FXD,FTIIM:1K OHM,1%,0.125W 91637 MFF1816G10000F
RBOE 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 013121 <Be8liSs
R837 323025400 RES. ,FXD,FILM:4.32K OHM,1%,0.125%W 91637 MFF1Bl6G43200F
RE08 321-0250~00 RZS.,FXD,FILM:3.22K OHM,1%,0.125W 91637 MFF1816G3%200F
k209 315-0101~00 RES. ,FXD,MPSN:100 OHM,5%,0.25W 01121 CpiQls
RBLO 315-0201-00 RES.  #XD,CMPSN: 200 OHM,5%,0.25%W 01121 CB201S
RBil 315-0202-00 RES. ,FXD,CMPSN:2K OBM,5%,0.25W 01121 (B2025
RE12 315-0332-00 RES. ,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 ©B3325
RB13 315-0154~00 RES. ,FXD,CMPSN:150 OBM,5%,0.25%W 0l12i CB1515
R814 315-0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 (®BlO25
RB15 321-0232~00 RES. ,FXD,FILM:2.55K OHM,1%,0.125%W 91637 MFF1816G25500F
R8l6 321~0355-00 RES. ,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402R0F
RB17 315~-0221-00 RES. ,FXD,CMPSN: 220 OHM,5%,0.25%W ¢ll21 CB2215
RE18 321-0187-00Q RES, ,PXD,FILM:866 CHM,1%,0.125W 91637 MFP1816GBGGROF
RB19 316-0100~00 RES.  FAD, CMPSN:10 CHM,10%,0.25% 01121 CBlOQ1
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RB21 315-0101-00 RES, FXD,(MPSN:I00 OHM,5%,0.25W $1i21 CB1OL1S

RB22 315~-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 ¢CB4715

k823 315~0331-00 RES. ,FXD,CMPSN 330 OHM,5%,0.25W 01121 (B3315

RB24 316-0220-00 RES. ,FXD,CMPSN:22 OHM,10%,0.25W 01121 ¢B2201

RB25 307-0106-00 RES. [FXD,CMPSN:4.7 OHM,S%,O.ZSW Q3121 CB47GS

RB26 307-0106~00 RES. ,FXD,CMPSN:4.7 OHM,5%,0,25W 01121 CB47GS

RA00 321~0225~00 RES. ,FED,FIIM:2.15K OmM,1%,0.1250 91637 MFF1816G21500F

R202 321~0155-00 RES. ,FXD,FIIM:402 OHM,1%,0.125w 91637 MFFIS16G402R0F

RY03 315~-0223~0C RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 ¢B2215

BI04 321-0168-00 RES.,FXD,FILM:549 OHM,1%,0.125W 91637 MFF1816G549RO0F

RG0S 307-0106-00 REG. ,FED,CMPSN:4.7 OHM,5%,0.25W 31121 Bd47G5

R906 321~0268-00 RES. \FXD,FITM:6.04K CHM,1%,0.125W 91637 MFF1B16G60400F

RG7 321-0289-00 RES. ,FXD ,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F

R308 321~0294~00 RES. ,FXD,FIIM:11.3K CHM,1%,0.125W 21637 MFF1816G11301F

915 321-0220-00 RES.,FXD,FIIM:I.91K OHM,1%,0.125W 91637 MFF1816Gl9100F

ROl 321-0314-Q0 RES. ,FXD,FIIM:18,2K OHM,1%,0.125W 91637 MFF1BI6G1B201F

ROL2 321~-0263~00C RES. ,FXD,FIIM:5.11K OHM,1%,0.125%W 91637 MFF1816G51100F

R913 316=0100~00 RES. ,FXD,CMPSN:10 OHM,10%,0.25¢ 01121 B1001

R916 ' 308-0539-00 RES. ,FXD,WW:2.25K OHM,0.5%,3W 21637 RS2B~B22500D

R917 315-0471-00 RES. ,FXD,(MPSN:470 OHM,5%,0.25W 01121 <CB4715

RG18 316~0220-00 RES. ,FXD,CMPSN:22 OHM,10%,0.25W G112l ¢B2201

RG21 315-0182-00 RES. ,FXD,CMPSKN:1.8K OHM,5%,0.25%W 01121 <CR1825

R$22 315-6471-00 RES. PXD,CMPSN:47C OHM,5%,0.25W 01121 ¢B4TLE

RO23 316-01C0~00 RES. FXD,CMPSN:10 OHM,10%,0.25W 01121 CB1OO1

R924 301-0682-00 RES. ,FED, CMPSN 6. 80K OHM,5%,0.50%W 01l12%i EBGS25

RO25 321-0218-00 RES. ,FiL,PILM:1.82K OHM,1%,0.125W 91637 MFPFIBLGG1B200F

R226 321~-0193-00 RES. ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFFL1B16G10O000F

R927 321-0238-00 RES. ,FXD,FIIM:2.%4K OBM,1%,0.125W 21637 MPR1816G29400F

RY28 321-0193-00 RES. ,FXD,FIim:1K OHM,1%,0.125W 91637 MFF1816G1l0000F

RS29 316~0123-00 RES.,FXD,CMPSN:12K OHM,10%,0.25W 01121l (CB1231

R930 311-1458-C0 RES.,VAR,WW:50K OHM,5% 73138 7266-322-0

ro30l 311~1709-00 REG. ,VAR,WW:20K CHM,10%,2W 73138 8136-22-0

RO31 316-(382-00 RES. ,FXD,CMPSN:3.9K OHM,10%,025W G1121 CB3%:21

F932 316~0102-00 RES. ,FXD,CMPSN:1K OHM,10%,0.259W 01121 CBiOZ1

R933 321-0338-00 RES. ,FXD,FIIM:32,4K OHM,1%,0.125W 91637 MFFiBleG32401F

RU34 321-0193-00 RES. ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFFIB1BGLO0GOF

R&35 321-0274-00 RES.,FXD,FITM:6.98K OHM,1%,0.125W 91637 MFF1B1l6G69BOCF

R936 311-1226~00 RES. VAR, NONWIR:2.5K OHM,20%,0.50W 32997  3386P-T04-252

RI37 321-01%6~00 RES. ,FXD,FIIM:1.07K OHM,1%,0.125W 91637 MFF1816GLl0O700F

R938 311~31225-00 RES. ,VAR,NONWIR:1K OHM,26%,0,.50W 32997 3386F-T04~102

R239 321-0258-00 RES. ,FXDFILM:4.75K OHM,1%,0.125%W 91637 MFF1816G47500F

R940 315-0153~00 RES. ,FXD,CHMPSN: 15K CHM,5%,0.25W 01121 (¢B1535

R4l 321-0193-00 RES. FXD,FIIM:1K OBM,3%,0.125W $1637 MFF1B16GIC000F

k942 321-0145~00 RES.,FXD,FIIM:316 OHM,1%,0.125W 91637 MFF1BlEG31EROF

R943 321-0152-00 RES. ;FED, FI1M:374 OHM,1%,0.125W 21637 MFPIB816G3IT4ROF

R9O44 32i-0231-00 RES. ,FXD,FILM:2.49K OHM,1%,0.125w 91637 MFF1816G24900F

R946 32i-0216-00 RES. ,FXD,FTIM:I.74X OHM,1%,0,125W 91637 MFF1B8L6G1T7400F

R947 315022000 RES. ,FXD,(MPSN:22 OHM,5%,0.25W 01121 (BR2205

R948 321~-0239-00 RES. ,FXD,FIIM:3,01K OHEM,1%,0.125%W 91637 MFF1816G30100¥

R249 321-0260-00 RES. FXD,FIIM:4.99K OHM,1%,0.125W 91637 MPF1816G493900F

RG50 311-1222-00 RES. ,VAR,NONWIR:100 OHM,20%,0.50W 32997 3386F-T04~101

RY51 321-0183~00 RES. ,FXD,FIIM:787 OHM,1%,0.125W 91637 MFF1816G787ROF

R952 321-0188-00 RES. ,FAD,FIIM:1.13K onM,1%,0. 1289 21637 MFF1816G11300F
...... 1

DM43~DM40 version only.
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R955 315-0272-00 RES. ,FXD,CMPSN:2. 7K OHM,5%,0.25% 01121 CB2725
R956 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.254 01121 ¢B1035
ROGL 315-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB10OS
RO63 315-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25H 01121 CB1GOS
R965 315-0106=00 RES. ,FXD,CMPSN:10 OHM,5%,0.25% 01121 CB10O5
ROHT 307-0106—-00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25%W Q1121 CE%?GS
R969 307-01C6=00 RES. ,FXD,CMPSN:4.7 OHM,5%,0.25H 01121 C€B47GS
ROTL 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4T25
R972 321-0287-00 RES. ,F¥D,FIIM:9.53K OHM,1%,0.125W 91637 MFFLB16GR5300F
R973 321-0155-00 RES. ,FXD,FILM:402 OHM,1%,0.125W 81637 MPF1816GAQ2ROF
R974 321-0268~-00 RES. FXD,FIIM:6.04K OHM,1%,0.125¥ 91637 MFF1816G60400F
R975 321-0354=00 RUS. ,FXD,FIIM147.5K CHM,1%,0.125¥ 91637 MFF1816G47501F
n976 315~0562-00 RES. ,FXD,CMPSN:5.6K OHM,5%,0.25% 01121 CB5625
rogl 315-0182-00 RES.,FXD,CMBSN:1.BK OEM,5%,0.25W 01121 CBiB2S
R9B2 316-0101~00 RES. ,FED,CMPSN:100 OHM,10%,0.25W 01121 C©B1G1L
RO85 3061-0622-00 RES. ,FXD,CMPSN:6.2K OHM,5%,0.50HW 01121 EB6225
R9SG 316~0103~00 RES.,FXD,MPSN:10K OHM,10%,0,250 01121 CB1G33
ROST 316-0332~00 RES. ,FXD,CMPSN:3.3K OiM,10%,0.25W 01121 cB332l
R988 315-0680=00 RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CBEBOS
ROD4 321-0225-00 RES. ,FXD,FIIM:2, 15K OHM,1%,0.125W 91637 MFFLlB16GZ1500F
R995 321-0155-00 RES. ,FXD,FII#4:402 OHM,1%,0.125W 91637 MFFL816G402R0F
RA96 315022100 RES. ,FXD,CMPSN:220 OHM,5%,0.256 01121 cB2215
/001 315-0382-00 RES. ,F'XD,CMPSN:3.9K OHM,5%,0.25W 01121 CB3925
RLO02 315-0332-00 RES. ,FXD,CMPSN:3.3X OBM,5%,0.25w 01121 C€B3325
R1004 321-0268~00 RES. ,FXD,FILM:6.04K OHM,1%,0.125W 91637 MEF18186G60400F
RLO05 321-0354-00 RES. ,FXD,FIIM:47.5K OHM,1%,0.125W 91637 MFF18L6GATSOLF
R1LO06 321-0287-00 RES. ,FXD,FILM:9.53K OBM,1%,0.1250 91637 MFF1816G95300F
R1007 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 0liz2l CB2205
RLOLO 321-0414~00 RES. ,FRD,FPILM: 200K OHM,1%,0.1250 91637 MFF1B16G20002F
RI0LZ 315-0182-00 RES. ,FXD,(MPSN:1.8K OHM,5%,0.25¢ 01121 CB1825
ri012}  SELECTED
R1OLS 301-0682~00 RES. ,FYD,CMPSN:6.8K OHM,5%,0.50W 01121 EBB825
RLOLE 316010300 RES. ,FED;CMPSN: 10K OHM,10%,0.25W 01121 CB1O31
R1017 316-0332-00 RES. ,I'XD,CMPSN:3. 3K OHM,10%,0.25W olLl21  ©B3s2l
R1G1E 315-0330-60 RES. ,FXD,CMPSN:33 OHM,5%,0.25W 01121 CB3305
R1022 315-0153-00 RES. ,FXD,CMPSN:15% OHM,5%,0.25W 01121 CB1535
RLOZ3 321-0185-G0 RES.,FXD,FIIM:825 OHM,1%,0.125W 91637 MFF1816GB25ROF
RLO24 321-0197-G0 RES. ,FXD,FIIM:1.1K OHM,1%,0,125W 91637 MPF1B816GLL0G0F
RLO28 315-0103-G0 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CBLO3S
R1029 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 0llzl C€B2723
R1031 321-0193-00 RES. ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFF1BLEGLOCOOF
R1032 321-0145-00 RES. ,FXD,FILM:316 CHM,1%,0.325W 91637 MFF1B816G316ROF
RLO33 321-0149~00 RES. ,FXD,FILM:348 OEM,1%,0.125W 91637 MFFL816G34BROF
R1036 321-0222-00 RES. ,FXD,FILM:2K OBM,1%,0.125W 91637 MFFLlE16G20000F
RL042 321-0208-00 RES. ,FXD,FITM:1.43K OHM,1%,0.125W 91637 MPF1816G14300F
R1045 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 C©B2205
RLO46 321-0239-00 RES. ,PRD,FIIM:3.01K OHM,1%,0, 1250 91637 MFF1816G30100F
R1G47 321-0260~00 RES. ,FXD,FILM:4.99K OHM,1%,0.125W 51637 MFFIB16G49900F
RI049 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25% - 01121 CBl025
R1050 315~0220~00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 0112) CB2205
R1051 315-0101~00 RES. ,FXD,CMPSN:100 GHM,5%,0.25% 01121 CBLGLS
RLO52 315-0563-00 RES. ,FXD,CMPSN:56K OHM,5%,0.25W 01121 CB5635
R1053 315~0432-00 RES, ,FXD,CMPSN:4.3K OHM,5%,0.25%W 01121 C€B4323

lndded if necessary.
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R1G56 321~0352-00C RES, ,FXD,PITM:45,3K OHM,1%,0.125% 91637 MFF1816G45301F
R1GB7 315-0204~00 RES. FRD,CMPSN: 200K OFM,5%,0.25%W 41121 (B2045
RICER 315-0505-00 RES. FXD,CMPSN:IM OHM,5%,0.25W 01123 (CB1lO55
R1G59 316-0103-00 RES. ,FXD,CMPSN:10K CHM,10%,0.25W 01121 Crl1o3l
RLOGO 315-0561-00 : RES. ,FXD,CMPSN;:560 OHM,5%,0.25%W 01121 CBS61%
R1061L 315-0102-00 RES. ,FXD,CMPSN:1X OHM,5%,0.25W 01121 CBLO2Z5
R1062 315-0472-00C RES. ,FXD,0MPSN:4, 7K OHM,5%,0.25W 01121 CB4725
RiC64 315047200 RES. ,FXD,(MPSN:4.7K OHM,5%,0.25%W 01121 CB4725
R10E6 315-0432-00 RES., F'XD,(MPSN:4.3K OHM,5%,0.254 0lil21 CB4325
R1067 315-0133-G0 RES. ,FXD,CMPSN: 13K OHM,5%,0.25W 01121 CB1335
ri0701 3311-1702~00 RES. VAR, NONWIR:20K OHM,20%,1¥W 01121 13M214
R1LOTL 321-0472-04 RES, ,FXD,FI1M:BO6K OHM,0.1%,0.125W 91637 MFF1816D80602B
R1Q72 321-0481-04 RES. ,FXD,FLIM:1M OBM,0.1%,0.125W ) 21637 MFFLB16D10003B
RIQT3 321-8976-04 RES. ,FXD,FIIM:602 OHM,0.1%,0.125W 91637 MFFl816De0202B
R1074 321-0431~04 RES, ,FXD,FTIIM:301K 0HM,0.1%,0.125%9 91637 MFF1816D30102B
RL07S5 311-1246-00 RES. VAR, NOWWIR: 5K OHM,10%,0.5% 73138 72X-31-0-503K
R1076 321-~0873-04 RES, ,FXD,FILM:60.2K OHM,0.1%,0.125W 91637 MPFIBIEDE0Z201E
K077 321-0977-04 RES. ,FXD,FIIM:120.4K OHM,0.1%,0.125W 91637 MFF1816D12042B
rRic78 321-0973-04 RES, ,FXD,FYIM:60,.2K OHM,0.1%,0.125W 91637 MFF1S16D60201R
RIG79 321~0973-04 RES. ,F'XD,FIIM:60.2K OHM,0.1%,0.125W 91637 MFF1816D60201B
K081 316-0101-00 R¥S, ,FXD,CMPSN:100 OHM,10%,0.25W 01121 CBLOLY
R1082 . 321-0973-04 RES. ,FXB,FILM:60.2K OHM,D.1%,0.125W 91637 MFF1IBI6DG0OZOLR
R1083 321-0472-04 RES. ,FXD,FIIM:806K OHM,0.1%,0.125W 91637 MFF1816DBC602B
R1084 321-0481-04 RES, ,FRD,FIIM: 1M OBM,0,1%,0.125W 91637 WMFF1816D10003B
R1085 - 321-0976-04 RES. ,FXD,FIIM: 602 OHM,0.1%,0.125w 91637 MFPPLB16D60202B
R1086 321-0431-~04 RES . ,FXD,FIIM:301K OHM,0.1%,0.125w 91637 MFF1816D30102B
R1087 321-0975-04 RES, ,FXD,FILM;180.86K OHM,0.1%,0.125W 91637 MFFi816D180628
R1OB8 321-0973-04 REG. ,FXD,FIIMN:160,2K OHM,0.1%,0.125%W 91637 MFF1816D60201EB
R1OBS 321-0973~04 RES. ,FED,FIIM:60.2K O8M,0.1%,0.125%W 91637 MEFPIB1eD6O20LB
R1LO90 315-0472-00 RES, ,FXD,CMPSN:4.,7K OHM,5%,0.25W 01121 (CB4725
R1D91 316-0105-00 RES. FXD,UMPSN: 1M OHM,10%,0.25W 01121 CB10O51
R1092 316-0154-00 RES. ,FXD,CMPSN: 150K OHM,10%,0.25W 01121 CB1541
RLOS3 316=0101-00 RES. ,FXD,CMPSN:100 OHM, 10%,0.25¢ ’ " 0ilzl ¢B1G1l
R1L094 321~0164-00 RES. ,FXD,FIIM:49% OHM,1%,0.125W 91637 MFF1BlE6G499R0OF
RLODS 321027400 RES, ,FXD,FIIM:6.98K OHM,1%,0.125W 91637 MFFL816GE9B00F
R1096 316-0220-00 RES. ,FXD,CMPSN:22 OHM,10%,0.25W 01121 CB2201
R1098 315-0511-00 RES. ,FXD,(MPSN:510 OBM,5%,0.25W 01121 (B5115
R1099 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 (CBa2425
R1101 321-0068-00 RES, FXD,FIIM:49.9 OHM,1%,0.125W 91637 MFP1816G49R90OF
R1102 311-1223-00 RES, VAR, NONWIR:250 OHM,10%,0.30W 32997 3386FP-T04-251
RI103 315-0272~-00 RES. ,PXD, CMPEN:2 . TK OHM,5%.0.25W 01121 CB2725
R1104 315-0103-00 RES. ,FRD,CMPSN:10K OHM,.5%,0.25W 01121 (B1l0O35
RLIGS 315-0510~-00 RES. ,FXD,CMPSN: 51 OBM,5%,0.25W 01121 CBBLOS
R11086 321-0118~04 RES, ,FXD,FIIM: 165 OHM,0.1%,0.125%W 91637 NMFF1816D165R0OB
R11G7 321-0738-04 RES. ,FXD,FILM:1.485K OHM,0.1%,0.125W 91637 MFF1816D14850B
R1LGE 321-0118-04 RES. ,FXD,FILM:165 ©OEM,0.1%,0.125W 91637 MNFF18l6DLE5ROB
RI109 316-0154-00 RES. ,FXD,CMPSN: 150K OHM,10%,0.25W 01121 (B1i541
RLILO 315-0105-00 RES., FXD,MPSN: 1M OHM,5%,0.25% 0)l12% CBlO55
R1111 315-0201-00 RES. ,FXD,CMPSN:200 OHM,.5%,0.25W 01121 CB2015
Riilza 316-0180-00 RES. ,FXD,CMPSN:10 OHM,10%,0.25W 01121 CB1lOOL
R1112B 321-0212-G0 RES. ,FXD,FILM:1.58K OHM,1%,0.125W 91637 MFF1816G1l5B00F
R1113A 316~0100-00 RES. ,FXD,CMPSN:10 OHM,10%,0.25W 01121 CBIOOL
R1113B 321-0300-00 RES. ,FXD,FTIM: 13K OHM,1%,0.125W 91637  MFFPL816GL3001F

lpyrnished as a unit with S10704,B.

@ 7-31



Reblaceable Electrical Parts—475A Service

Serial/Moded No,

) Tektronix Mfr
Ckt No.  Part No. Eff Dscont Nama & Dascription Code  Mfr Part Number
R:114 321-0126~00 RES. FXD,FILM:200 OHM,1%,0.1259W 91637 MFF1B1l6G2Z0GROF
Rille 315~0182-00 RES. ,F'¥D,CMPSH:1.8K CHM,5%,0.25W 01121 CB18:25
Ri117  315-0303-00 RES . ,FXD,CMPSN:30K OHM,5%,0.25¢ 01121 CB3035
R1l1se 315-015%-00 RES. ,FXD,(MPSN:150 OHM,5%,0.25W 01121 ¢BL51S
R111%A,B 311-1411-00 RES. , VAR, NONWIR:1K OHM X 10K OHM,20%,0.50% 01121 10M924
riizol 315-0433-00 RES. ,FXD,CMPSN:43K OEM,5%,0.25W 01121 CB4335
R1124 315-036]1-00 RES. ,FXD,CMPEN:360 CHM,5%,0.25W 01121 C(B3615
R1125 321-0134~00 RES. ,FXD,FIIM:243 OHM,1%,0.125W 91637 MPFIB16G243R0OF
rll26 321-0108-00 REG. ,FXD,PYIM:130 OHM,1%,0.125W 91637 MFF1B816GL30ROF
R1128 321-0045-00 RES. ,FXD,FILM:28.7 OHM,1%,0.125wW 75042 CERTO-28RIF
R1130 311-1230-00 RES. VAR, NOWWIR: 20K OHM,20%,0.50W 32997  3386F-T04-203
R1131 315-0273-00 RES. ,FXD,CMPSN:27K OHM,5%,0.25% 01121 CB2735
R1132  315=0151=00 RES. ,FXD,CMPSN:150 OHM,5%,0.25W 01121 (¢B1515
R1133 321-0193-07 RES., ,FXD,FTIM:1X OHM,0.1%,0.125%W 91637 MFF1816Cl0000B
R1134 315-0431-00 RES. FRD,(MPSN:430 OHM,5%,0.25%W 01121 CB4315%
R1135 321-0134-00 RES. ,FXD,FIiM:243 OHM,1%,0.125W 91637 MFF1B1I6G243R0OF
R1136 323022207 RES. FXD,FIIM:2¥ OHM,0.1%,0.125W $1637 MFPIS816C20000B
R1137 321-0193-07 RES.,FXD,FItM:1K OHM,0.1%,0,125W 21637 MFF1816C10000B
R1138 321-0045-C0 RES. ,FXD,FTIM:28.7 OBHM,1%,0.125W 75042 CEATG-28RIFP
R1140 321-0097~00 RES. ,FXD,FILM:100 OHM,1%,0.125W 21637 MPF1BI6G1lO0ROF
R1i4i 321-0193-0G0 RES, ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFF1816G100Q0F
R1142  321-0164-00 RES. ,FiD,FIIN:499 OHM,1%,0.125¢ 91637 MFF1816G4A99ROF
R1152 315-0121-0C RES. ,FXD,CMPSN:120 OHM,5%,0.25W 01121 ¢B1215
R1153 321~0147-00 RES. ,FXD,FIIM:332 OBM,1%,0.125W 91637 MFF1BIGG332R0OF
R1154 321-0106-00 RES. ,FXD,FIIM:124 OHM,1%,0.125W 91637 MPF1BI16G124R0OF
R1L155 311-1258-00 RES. ,VAR,NONWIR:5(0 OHM,10%,0.50W 32997  3329Pp-158-500
R1156 321-0159~00 RES. ,FXD,FIIM:442 OHM,1%,0.125W 91637 MFFL816G442R0OF
R1159 321-0159-00 RES, ,FXD,FILM:442 OHM,1%,0.125%W 91637 MFF18L6G442R0F
R1162  315-0121-00 RES. ,FXD,CMPSN:120 OHM,5%,0.25W 01121 CBL215
R1163 321-0147-00 RES. ,FXD,FI1:332 OHM,1%,0.125W 91637 MFFI1B8LEG332R0F
Riled 315-0223~00 RES, FXD,CMPSN:22K OHM,5%,0.25W 01121 ¢B2235
R1165 321-0193-00 RES. ,FXD,FILM:1X OHM,1%,0.125W 91637 MFF1816G1l0000GF
R1166 315«0513-00 RES. ,FXD,CMPSN:S1K OHM,5%,0.25W 01121 CB5135
R1167 321-0183-00 RES. ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFFI816Gl0000F
R1168 315~0102-00 RES. ,FXD,(MPEN:1¥K OHM,5%,0.25W 011zl CBLOZ2S
R1189 315«0161-00 RES. ,FXD,CMPSN:160 OHM,5%,0.25W 031121 CBlE1lS .
r1172 321~-0157-00 RES. ,FXD,FIIM:422 OHM,1%,0.125W 31637 MFF1816G422R0F
R1173 321-0157-00 RES, ,FXD,FIiM:422 OHM,1%,0.125W 91637 IjIE‘F1816G422ROP
R1i74 315-0751-00 RES. ,FXD,MPSN:750 OHM,5%,0.25W 01121 CB7515
R1175 311-1258~G0 RES. ,VAR,NONWIR:50Q OHM,10%,0.50% 32997 3329p-158-500
R11iB2 321-0145-00 RES. ,FXD,FIIM: 316 OHM,1%,0.1250%W 81637 MFFIBLleG316R0F
R1183 32)=~$131-00 RES,. ,F'XD,FIIM:226 OHM,1%,0.125W 91637 MFFLBi&6GZ26R0OF
R1184  315-0751-00 RES. ,FXD,CMPSN:750 CHM,5%,0.25W 01121 CB751S
R1185 311-1258-00C RES. VAR, NONWIR:50 OBM,10%,0.50W 32987  3329P-I158-500
R1186 321-0182~00 RES. ,FXD,FIIM:768 CHM,1%,0.125W 21637 MPFIBIEGTEEROF
RrRLLBY 323~0162~00 RES. ,FXD,FLIM:475 OHM,1%,0.125W 91637 MFF1B16G475ROF
riigs 321-G114-00 RES.  FXL,FTIM: 150 CHM,1%,0.125W $1637 MFF1816G1l50R0F
R1189 315-0102-00 RES. ,FXD,CMPSN: 1K OBM,5%,0.25%W 01121 ¢Blo25
R1201 315-0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 ©B1O2S
RrR1202 3231-0218=00 RES. ,FXD,FEIM:I.82K OHM,1%,0.125W 91637 MFFlB81l6Gl8Z00F
R1203 321~0234~00 RES.,FXD,FILM:2.67K OHM,1%,0.125W 91637 MPF1B1EG26700F
R1204 321~0213-00 kES. ,FXD,FIIM:1. 62K OHM,1%,0.125W 91637 MFF1816GLG200F
R1209 321~03123~00 RES. ,FXD,FILM:178 OHM,1%,0.125W 91637 MFF1B16GLl78ROF

ladgeda if nEcessary.
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R121% 315=-0102~00 RES. ,FXD,CMPSN:1K OBM,5%,0.25W 01121 CBlOo2%
Ri1212 321-0218-00 : RES. ,FXD,#1IM:31.82K OHM,1%,0.125W 91637 MFF18leG18200F
R1216 321-0153=-00 RES. ,FXD,FIIM:383 CBM,1%,0.125%W 91637 MFF1B1eG383RIF
Rlz232 317-0621~00 RES. ,FXD,CMPSN:620 OHM,5%,0.125W Q1121 BBE21S
K1233 321-02606-00 | RES, ,FXD,FIIM:4.99% OHM,1%,0.125W 91637 MFF1816G42900F
R1234 3150310000 RES. ,FXD,CMPSN:1G OHM,5%,0.25W 01121 CBLOGE
R1235 321-0385-0¢ RES. ,FXD,FIiM:100K OHM,1%,0.125W 91637 MFF1B816GLl0O002F
R1237 321-0193-00 RES. ,FXD,FIIM:1K OHM,1%,0.125W 91637 MFF1816GLO000F
RrR1239 321-0365-00 RES. ,FXD,FIIM:61.9K CHM,1%,0.125W 91637 MFF1Bl6G6L1901F
Ri252 317-0621-00 RES. ,FXD,(qPSN:620 OHM,5%,0.125W 01121 BB6215
RI253  321-0260-00 RES. ,FXD,FIIM:4,99K OHM,1%,0.125W 91637 MPF1816G49900F
R1254 315-0100-00C RES. ,FXD,CMPSN:10 OHM,5%,0.25W 0lizl CBlOGS
RI1255 323-0385-00 RES. ,FXD,FIIM:100K OHM,1%,0.3125W 91637 MFF1BleGlOQ02F
R1256 311~-123¢-00 RES . VAR, NONWIR:20K OHM,20%,0.50% 32997  3386F-T04-203
RI257 323~0385-00 RES, ,FXD,FIIM:100K OHM,1%,0.125W 91637 MFF1Bl6eGli002F
Rr1258 321-0202-00 RES, ,F¥D,FITM: 1. 24K OEM,1%,0.125% 91637 MFF1BleGL2400F
R1259 321-0287-00 RES,. FXD,FTIM:9.53K OHM,1%,0.125W 91637 MFF1BLl6GO5300F
S RL267 315-0101~00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB101S
R1268 315=0473-00 RES, ,FXD,CMPEN:4TK OHM,5%,0.25%W 01121 (B4735
R1302 315-0203-00 RES. ,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035
R1303a RES. ,FXD,FI1M:24.5M OHM
R1303B RES. ,FXD,FILM:500K OHM
K1303¢( 307-0290-03 RES. FPXD,FILM:23.4M OHM 80009 307-0290-03
R1303D RES. ,FXD,FIIM:6.57M QM
. R1304 315-0244-00 RES. FXD,CMPSN: 240K OHM,5%,0.25W 01121 (B2445
R1305 315082200 KRS, ,FRD,CMPSN:8.2K CHM,5%,0.25W 0lizy CBB22%
R1306 315-0123~00 RES. ,FXD,CMPSN:12K CHM,5%,0.25W 01121 CB1235
R1307 315-0683-00 RES. ,FXD,MPSN:68K OHM,5%,0.25W 01123 (CB6835
R1308 315~-0102~-00 RES. ,FXD,CMPSN:1X OHM,5%,0.25W 01121 BlO2S
R1310  316~0392-00 BES. FPXD,CHMPSN: 3. 9K OHM,10%,0256 01121 CB3921
RIZEZ 315-0242-00 RES. ,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
Ri313 321-0327-00 RES, [FXD,FIIM:24,9K OHM,1%,0.125W 91637 MFFl816G24901F
R1314 316-0103-00 RES. ,FXD,CMPSN:10K OHM,10%,0.25W 01121 ¢B1O31
R1313 316-0473~00 RES. ,FXD,CMPSN:47K OHM,10%,0.25W 01121 ¢B4731
Ki316  316-0472-00 RES. FXD,CMPSN:4.7K OHM,10%,0.25W 01121 4721
R1317 321-0329-00 RES. ,FXD,FILM:26,1K OHM,1%,0,125%W 91637 MFF1816GR610IF
R1322 316-0103-00 RES. ,FXD,CMPSN: 10K OHM,10%,0.25W 01121 c©Blo3l
R1326 315-0394-0Q RES. ,FXD,CMPSN:390K OHM,5%,0.25W 01121 (¢B3945
R1328 321-0157-00 RES,. FXD,FI1M:1422 OHM,1%,0.125W 91637 MFF1816G422ROF
Rl1329 316-0106~00 RES. ,FXD,CMPSN:10M OHM,10%,0.25W 01121 ¢B1lO61
R1330 315~0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 ¢B1B25
R133) 301~0153-00 RES. ,F2Z0,MPSH: 15K OHM,5%,0.50W 01121 EB1G35
R1133 3231~0193~07 RES, ,FXD,FIIM: 1K OHM,0.1%,0.125W 21637 MFF1816Cl0000R
Ri333 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 (CB2215
Ri3354,B 311-1533~-00 RES. VAR, NONWIR:BX OHM X 2.5M CHM,10% . Gllzl  1zM70l
R1136 321-0222~07 RES. ,FXD,FIIM:2K OHM,0.1%,0.125W 91637 MFF181i6C20000R
R1137 321-G153=-07 RES. ,FXD,FIIM:1K OEM,0.1%,0.125W 91637 MFF1816C10000B
R1336 321~0206-00 RES. ,FXD,FIIM: L. 37K OHM,)%,0.125% 21637 MFF1816G1l3700F
R1337 321-0206~00 RES. ,FXD,FIIM:1.37X OHM,1%,0.125W 91637 MFF1816G1l3700F
R1339 321-0174=-00 RES. ,FXD,FILM:634 OHM,1%,0.125W 91637 MFF1B16GG34R0OF
R1340 321-0120~00 RES. ,FXD,FILM:174 OHM,1%,0.125%W 21637 MFF181i6GL74R0OF
R1i341 322-0197-00 RES. ,FXD,FIIM:1.1K OHM,1%,0.25%W 75042 CEBTO-1101F
RL342  315-0331-00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W 01121 C€B3315
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Ri343 321~0322-006 RES. ,FXD,FIIM:22.1K OHM,1%,0.125% 91637 MFFIB16G22101F
R1344 316-0102-Q00 RES. ,FXD,CHMPSN: 1K OBM,10%,0.25W 01121 (¢Bl021
R1345 315-0203~00 RES. ,FXD,CMPEN:200 OHM,5%,0.25W 01121 ¢R2015
R1346 315-0682~00 RES. ,FXD,CMPSN:6.8X CHHM,5%,0.25W 01121 (B6825
R1352 315«0911-00 RES. ,FED,CMPSN:910 OHM,5%,0.25W 01121 (89115
R1354 301-0752~00 RES. . FXD,(MPSN:7.5K OHM,5%,0.50W (L121  EB7525
R1353% 302-0273-00 RES. ,FXD,CMPSN:27K OHM,10%,0.50W 0llzl EB2731
R1356 301-0752-G0 RES. ,FXD,CMPSH:7.5K OHM,5%,0.50W ©1121 EB7525
R1358 315-0241-00 RES. ,FXD,CMPSN:240 OHM,5%,0.25% G112l Cp2415
R1362 315~0332-00 RES. ,FXD,CMPSN:3,3K OHM,5%,0.25W 01121 (CB3325
R1363 315-0332-00 RES. ,FXD,CMPEN:3. 3K OHM,5%,0.25W 01121 (¢B3325
R1364 315~-0470~-00 RES. ,FXD,CMPEN:47 OHM,5%,0.25W 0112) <BATOS
R1368 315-0271-00 RES. ,FXD,CMPSN:270 OHM,5%,0.25W ©1121 (CB2715
R1369 323-0307-00 RES. FXD,FIIM:15.4K OHM,1%,0.50W 75042 CECTO-1542F
rRi371 315-0102~00 RES. ,FRD,CMPSN:1K OHM,5%,0.25W 01121 CB1025
R1372 315~0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 <CB1G25
R1373 315-0102~00 RES. ,FXD,CMPSN:1K OEM,5%,0.25W 01121 ¢B1O2S
R1375 311-1231-00 RES. ,VAR, NOMWIR: 25K COHM,20%,0.50W 32997 3386P-T04-253
RrR137e 316-0103~-00 RES . XD, CMPSN: 10K CHM,10%,0.25W 01121 CRiO3L |
RL378 315-0226-00 RES. ,FXD,CMPEN:22M OEM,5%,0.25% 01121 CB22E5
r1379 316~-0103~00 RES. . f'XD,CMPSN:10K OHM,10%,0.25W 01121 B1031
R1380 311-0075-00 RES. ,VAR,NONWIR:5M OHM,20% 12637 381-CM16993
R1384 302-0121~00 RES. ,FXD,CMPSN: 120 OHM,10%,.0.50W 01121 EBl2ll
R1385% 311-1227~00 RES. VAR, NONWIR:5K CHM,20%,0.50W 32997 3380F-T04-502
R1386 311-1373-00 RES. , VAR, NONWIR:5K OHM,20%,1W 01121 10MB836
R13%90 311-1235-00 RES. ,VAR,NONWIR:100K OHM,20%,0.50W 32997 3386F-704-104
R1391 316-0470-00 RES. ,T¥D,CMPSN:47 OHM,10%,0.25W 01121 CB4701
R1393 321-0231-00 RES. ,FXD,FILM:2.49K OHM,1%,0.125W 21637 MFP1B16G24900F
k1394 321~0248-00 RES. ,FXD,FIIM:3.74K OBHM,1%,0.125W 91637 MFFLB16G37400F
R1395 311-1226~-00 RES. VAR, NONWIR:2.5K OHM,20%,0.50W 32997 3386F-104-252
R139%6 316~0101-00 RES. ,FXD,CMPSH:10Q0 OHM,10%,0.25W 01121 ©Bi1011
R1397 3131-1372-00 RES. VAR, NONWIR:100K OHM,20%,1% 01121 10MB35
R1398 316-0100~00 RES. ,FXD,CMPSN: 10 OHM,10%,0,25W Q1121 (B1OGL
R1399 316~0470-00 RES. ,FXD,CMPSN:47 OHM,10%,0.25W 01121 (B4701
Ri416 323=0265~00 RES. ,FXD,FIIM:5.62K OHM,1%,0.50W 75042 CECTO-5621F
R1417 321~0282-00 RES. ,FXD,FPIIM:8.45K OHM,1%,0.125W 91637 MFF1816GB4500F
R1418 315-0181-00 RES . ,FXD,CMPSN:180 OHM,5%,0.25W 01121 CBl815
R1422 315-0682-00 RES. ,FXD,(MPSN:6.8K OHM,5%,0.25W 01121 (B682S
r1423 303-0822-00 RES, ,FXD,CMPSN:B.2K CHM,5%,1W 01121 GBB225
R1424 315-0122-00 RES. ,FXD,CMPSN:1.2K CHM,5%,0.25%W 01121 (¢B122%
R1425 315-0563-00 RES. ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CB563%
R1426 307-0052-00 RES. ,FXD,CMPSK:3 OFM,5%,0.50W 01121 EB30GSE
R1430 311-1226-00 RES. ,VAR ,NONWIR:2.5K OHM,20%,0.50W 32997 3386F-T04-252
R1431 321~0351-00 RES. ,FXD,FTIM:44.2X OHM,1%,0.125W 91637 MFF1BLEG44201F
R1432 321-0284-00 RES. ,FXD,FIIM:8.87K OHM,1%,0.125W 91637 MFF1816GS8700F
rl444 321~0761-~03 REG. ,FXD,FPIIM:35K OHM,0.25%,0.125W T5042 CEATZ-3502C
R1445 321068400 RES. ,FXD,FIIM: 15K OHM,0.5%,0.125w 91637 MFF1816D15001D
R1446 315-0471-00 RES, ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R1447 315-0622-00 RES. FXD,CMPSRN:6.2K OHM,5%,0.25W 01121 CB6225
R1448 308~0245-00 RES. ,FXD,Www:(.6 OHM,5%,2W 91637 ERS2B1E2ERE0OOT
R1454 321-0775-03 RES. ,FXD,FIIM:45K OHM,0.25%,0.125W 91637 MFF1B1l6D45001C
R1455 323-0816~-03 RES., ,FXD,FTIM: 5K OHM,L.25%,0.125W 91637 MFFIBIEDS0Q0IC
R1456 315~0331~00 RES. ,FXD,CMPSN:330 OHM,5%,0.25W 01121 <CB3315
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R1457 315030200 RES . ,FXD,CMPEN: 3K OHM,5%,0.25W 01121 CB3025

R1458 308-0245-00 RES. ,FXD,ww:0.0 OHM,5%,2W 91637 RS2BLEZEREOQQS
R1463 3231~0273-00 RES. ,FXD,FIIM:6.81K OHM,1%,0.125W 91637 MEF1B1I6GES8LO0F
r1464 321-0756-03 RES. ,F¥D,FIIM:S0K OHM,0.25%,0.125%W 75042 CEMAT2-5002C
R1465 321-0962-03 RES. ,FXD,FILM:8K CHM,0.25%,0.135W 91637 MFF1816D80000C
R1466 315-0%61-00 RES. ,FED,CMPEN:560 OHM,5%,0.25W 0L121 CB5613

R1467 315-0432-00 RES. ,FXD,CMPSN:4.3K OHM,5%,0.25% 01121 CB4325

R1468 308-0245-00 RES. ,FXD,Ww:0.6 OHM,5%,2W 91e37 RS2BLGZERGCOCS .
Ri473 321-0287-C0 RES, ,FXD,FILM:9.53K OHM,1%,0.125W 91637 MFF1B16GI5300F
R1474 321075603 RES., ,FXD,FII1M:50K OHM,0.25%,0.125W 75042 CEATZ2~5002C
RL4T7S 321-0684-0G0 RES. ,FXD,FILM:15K OHM,0.5%,0.125%W 91637 MFF1816D15001D
R147¢6 315~0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25% 01121 CB3315

R1477 315-0472-80 RES. ,FXD,CMPSN:4.7X COHM,5%,0.25W 01121 CB4723

R1478 307-0052~00 RES. FXD,(MPSEN:3 OHM,5%,0.50W 01121 EB3ICGS

R148B0 311-1373-08 RES. VAR, NONWIR:5K OHM,20%,1W 01121 10M83é

R14B81 315~0302-00 RES. ,F¥D,CMPSN: 3K OHM,5%,0.25W 0llzl (RB3025

R1483 315-0472-00 RES, ,FXD,(MPEN:4.,7K OHM,5%,0.25%W 01121 (CB472%

r14g84 315«0203~00 RES. ,FXD,CMPSN:20K OHM,5%,0.23W ¢1121 (R2035

R1485 315-0273-00 RES, ,FXD,(MPSN:27K OHM,5%,0.25W 01121 CB2735

R1486 321-G364-00 RES. ,FXD,FILM:60.4K OHM,1%,0.125W 81637 MFFIBLEGE0401F
R1487 321~0356~00 RES. FXD,FIIM:49,.9K OHM,3%,0.125w 91637 MFPIS81eG49901r
R1488 308~0127-00 RES., ,FXD,WW:2,.3K OHM,5%,5W 91637 R§S-B250000
R1489 315018000 RES. ,FXD,(MPSN:18 OHM,5%,0.25%W 01121 ¢BIBOS

R1483 315-0104-00 RES. ,FXD,CMPEN: 100K CHM,5%,0.25%W 0L121 CBLO4S

R1494 315-0104-00 RES. ,FXD,CMPSN:10CK OHM,5%,0.25W 01121 CBl045

RL495 316-0221-00 RES., ,FXD,CMPSN:220 0BM,10%,0.25W 01121 CB221i

R1496 321-0357-00 RES. ,FXD,FIIM:51.1K OHM,1%,0.125W 91637 MFF1816G51101F
R1487 321-0280-00 RES., ,FXD,FILM:8,.06K OHM,1%,0.125W 91637 MFF1Bl6GBOGGOF
R}4E8 315-0153~-00 RES. ,FXD,CMPEN:15K OBM,5%,0.25W 01121 (B1535

R1489 315-0.102-00 RES.,FXD,CMPSN: 1K CHM,5%,0.25W 01121 (CB1lO2S

RiBC1 315-0912-00 RES, ,FXD,MPEN:9. 1K OHM,5%,0.25%W 0l121l  Cpolzs

R15{82 315-0433-00 RES. ,FXD,CMPSN:43K OHM,B%,0.25W 013121 {R4335

R1543 315-0822-00 RES. ,FXD,CMPSN:8.2X OHM,5%,0.25W 01121 (BB225

R150C4 315-0473~G0 RES. ,FXD,CMPSN:47K OHM,5%,0.25W oLizl CB4733

R1L506 315~0512-00 RES, ,F¥D,CMPSN:5,.IK OHM,5%,0.25W 01121 <CBS5125

RISLE 311-1221-0C RES. ,VAR,NONWIR:50 0O#M,20%,0.50W 32997  33B6F~T04-500
RiS516 321-0107-00 RES. ,FXD,FIIM:127 OHM,1%,0.125%W $1637 MFFIBleGl27ROF
R1517 321-0001-0G RES. ,FXD , FIIM:10 OHM,1%,0.125%W 75042 CEATO-10R00F
Rri6O1 303-0150-00 RES. FXD,(MPSN:15 OHM,5%,1W gl121 GRLBOS

R1692 321~0062-00 RES. ,FXD,FIIM:43.2 OBM,1%,0.125W 91637 MFF1816G43R20F
R1693 323-0140-00 RES. ,FXD,FILM:280 OHM,1%,0.50W 75042 CEC;C{’0-2800F
R1694 323-0140-00 RES. [FXD,FI1M:280 OHM,1%,0.50%W ) 75042  CECTO-2800F
"R1695 321-0228~00 RES. ,FXD,FIIM:2.32K OHM,1%,0.125w 91637 MFF1816G23200F
R1697 321-0201-00 RES. ,FXD,FTIM:1.21K OHM,1%.0.125W 91637 MFF1B816G1L2100F
R1698 315-0363-00 HES, FXD,(MPSN:36K OHM,5%,0.25W G1ilz1 (CB3635

RTLTO 307-0181-00 RES. ,THERMAL : 100K OHM,10%,4MW/DEG C 15454 1DE104-X-220EC
RIT270 307-0181-00 RES. ,THERMAL:3100X OEM,10%,4MW/DEG C 15454 1DE104-K-220EC
RT452 307-0125-00 RES., ,THERMAL:500 OHM,10%,25 DEG C 5Q1587  2D159%

Bres59 307-0124~00 RES. ,THERMAL:5K CHM,10% 50157 1pl6ls

RI'759 307~0124-00 RES. ,THERMAL:5K OHM,10% 50157 1Dl61i8

RT1103  307-0125-00 RES. ,THERMAL: 500 OHM,10%,25 DEG C 50157 201595

RT16%6 307~0124-00 RES. ,THERMAL:3X OHM,10% 50157 1Dlels
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Tektronix  Serial/Mode! No. Mir
Ckt No. PartNo.  Eff Dscont Name & Description Code  Mfr Part Number
520A{2) 105-0282~01 DRUM, CAM SWITCH: 80009 105-0282-01
szos&g) 105-03423-01 DRUM, CAM SWITCH: 80009  105-0343-0%
5128
5225 260~1208-00 SWITCH , PUSH :DPDYT 80009 260~-1208-00
g2282 )
5300 260~1424-00 SWITCH,PUSH: 80009 260-1424-00
§3754 263-1019-00 DRUM ASSY,CAM §: 80009 263101900
§375B,C 105-0421-00 BCTUATOR, SWITCH 80009 105-0421-00
§4502,B 260-1310-01 SWITCH,PUSH: BGO0S  260-1310-01
8505 105-0400~00 ACTUATOR, SWITCH: 8000% 105-0400-00
8508 105-0399-00 ACTUATOR, SWITCH: 80009  105-03%99=00
$5303
8600 260-1422-00 SWITCH ,PUSH: 80009 260-1422-00
5644 %
5705 165-0401-00 ACTUATOR, SWITCH : 80009  105-0401-00
5708 105-0399-00 ACTUATOR , SWITCH: BOGO9  105-0399-00
8750
51050 263-10%1-00 DRUM ASSY,CAM 8: BOCOY 263-1091-00
§16704, 8%
51090 260-1423-00 SWITCH,PUSH: 80009 260~1423-00
51099 260-1308-00 SWITCH ,PUSH :4PDT 01963 E63~10H
S1110A,B 260-1209-00 SWITCH ,PUSH : 4PDT 80009 260-1209-00
51401 260~0834-00 SWITCH, TOGGLE :DPDT,5A,125VAC,0.25-40 THD 09353  72018N260-834-1B
§1402 260-0638~-00 SW, THERMOSTATIC: 103,240V ,CPEN 75 DEG C 93410 110-364
51403 260-1300-01 SWITCH,SLIDE :DPDT, 34,125V 82389 1la-1354
TL78 120~0465-00 XFMR,TOROID:3 TURNS BIFILAR 80009  120-0469~00
T278 120~0469-00 XFMR, TCROXD:3 TURNS BIFILAR 80008 120-0469~00
71320 120~0815-01 XFMR,PWR, DN & :HY {MOLDED) BO009  120-0815-01
T1400 120-0799-01 KFMR,PHR, STPDN: LV 80009 120~0799-01
120 155-0085-01 MICROCIRCUIT,LItHYB,DUAL FET INPUT/AMPL,SEL 80009 155-0085-01
U140 155-0078~07 MICROCIRCULT, LT : ML, VER? AMPL,SEL 80009 155-0078-07
U220 155-0085-01 MICROCIRCUTT,LIHYB,DUAL FET INPUT/AMPL,SEL 80009 155-0085-01
U240 155-0078-07 MICROCTIRCUIT,LT :ML,VERT AMPL,SEL 80009 155-0078-07
U330 156-0030-00 MICROCIRCUIT,DI :QUAD 2~INPUT POS NAMD GATE 0129% SNT400M
U340 156=0030=00 MICROCIRCUIT,DI:QUAD 2-INPUT PCS NAND GATE 01295 SN7400N
U350 156~0041~00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP~FLOP 27014 DM7474N
U370 155-0091-00 MICROCIRCUILT, LY :ML, CHANNEL SWITCH 80009 155-0091-00
U450 155-0078-05 MICROCTRCUIT, LI :ML,VERT AMPL,SEL 8000¢  155-0078-05
U470 155-0082-00 MICROCIRCUIT,LI:HYBRID,VERT QUTPUT AMPL 80009 155~-0082-00
U520 155-0032-01 MICROCIRCUTT, LI :MONOLITHIC, INPUT PRE-AMPL 80009 155-0032~01
U600 155-0049-01 MICROCIRCUTT,DI :MONOLITHIC,SWEEP CONTROL 80009  155-0049~01
U720 155-0032-01 MICROCTRCUTIT, LI :MONOLITHIC , INPUT PRE-AMPL 80009  155-0032-01
U920 156-0158-00 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 80009 156~0158-00
vi3zl 152-0552-00 SEMICOND DEVICE:V MULTR,SKV IN,15%KV OUT BOGGY  152-0552-00
Ui418 156-0158-00 MICROCIRCUIT, LI :DUAL CPERATIONAL AMPLIFIER 80009 156~0158-00
Ulds4 156-0158=00 MICROCIRCUIT,LI :DUAL GPERATIONAL AMPLIFIER 80009  156-0158-00
Ul464 156~0158-00 MICROCIRCUIT,LI :DUAL OPERATIONAL BMPLIFIER 80009 156-0158-00
U1690 156-0281=00 MICROCTRCUIT,LT:4 TRANSISTOR ARRAY 80009 156~0281-00
V1380 154-0677-10 ELECTRON TUBE:CRT 80009 154-0677-10
VR144 152=-0166~00 SEMTICOND DEVICE :ZENER,0.4W,6.2V,5% 81483 £9-9035
VR161 152-0166-GC SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 81483 69-9035
VR244 152-0166~00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 81483 69-3035
lpurnished as a unit with RI2B.
Furnished as a unit with R228.
Jrurnished as a unit with RS30.
Furnished as a unit with R644,
Furnished as & unit with R750.
Sparnished as a unit with R1070.
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Tektronix  Serial/Model No. Mir
CktNo. PartNo. Ef - Dscont Name & Description Code  Mir Part Number
VR261 152-0166=-00 SEMICOND DEVICE:ZENER,Q.4W,6.2V,5% 81483 69~9035
VR290 152-0166~00 SEMICOND DEVYICE:ZENER,0.4W,6.2V,5% 81483 69-9035
VR396 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 81483 69~8035
VR4E2 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 81483 6965112
VR464 152-01%5-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 81483 £965112
VR4ABS 152-0149~00 SEMICOND DEVICE:ZENER,O.4W,10V,5% 04713 1IN961B
VRE67T 152~0278-00C SEMICOND DEVICE:ZENER,0.4W,3V,5% 07910 1N4372a
VR482 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 81483 6965112
VR570 152-0217-00 SEMICOND DEVICE:ZENER,C.4W,8.2V,5% 07910 1W756a
VR608 152-0278-00 SEMICOND DEVICE:ZENER,C.4W,3V,5% Q7910 1w4372Aa
VR647 152~0195~00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 81483 6955112
VR796 152-0226-00 SFEMICOND DEVICE:PZENER,0.4W,5.1V,5% 81483 €9-6584
VR798 152~0278-00 SEMICOND DEVICE:ZENER,0.4W,3V,5% 07910 1N4372A
VR930 152~0265-00 SEMYCOND DEVICE:ZENER,0.4W,24V,5% Q4713 1N970B
VR238 152-0304-00 SEMICOND DEVICE:ZENER,0.4W,20V,5% 04713 1N96EBEB
VRE56 152-G278-00 SEMICORD DEVICE:ZENER,Q.4W,3V,5% 07910 1N4372A
VR1026 152-0278~-0C SEMICOND DEVICE:ZENER,0.4W,3V,5% 07910 1IN4372A
VR1124 152-0175-00 SEMICOND DEVICE:ZENER,0.4W,5.6V,5% 04713 INT52A
VR1134 152-0166-00 SEMICOND DEVICE:ZENER,O.4W,6.2V,5% 81483 69-9035
VR12186 152=-0055-00 ) SEMICOND DEVICE:ZENER,0.4W,11V,5% 04713 1N962B
VR1Z267 152~0166-00 SEMICOND DEVICE:ZENER,C.4W,6.2V,5% 81483 69-9035
VR1329 152-0289-00 SEMICOND DEVICE:ZENER,C.4W,180V,5% 04713 T1NS91R
VRI1362 152-0166-0C SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 81483 69-9035
VYR1374 152-0357-00 SEMICOND DEVICE:ZENER,0.4W,82V,5% 04713  1N9B3B
VR1416 152-0411-00 SEMICORD DEVICE:ZENER,0.25W,9V,5% 04713 1nN937
VR1418 152-0022-00 SEMICOND DEVICE:ZENER,IW,25V,5% BOR0Y  152~0022-00
VR1422 152-0283-00 SEMICOND DEVICE:ZENER,0.4W,43V,5% 04713 1N976B
VR1423 152~0304-00 SEMICOND DEVICE:ZENER,Q.4W,20V,5% 04713 1N9G8B
VR1480 152-0127-00 SEMICOND DEVICE:2ENER,CG.4W,7.5V,5% 04713 INV55A
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OPTION 4

This section describes the features of Option 4 as it Cathode ray tube mesh filter instalied to minimize crt
pertains to the 475A Oscilloscope. This circuitry modifies faceplate radiation.
the instrument to meet conducted and radiated in-
terference requirements over the frequency range of
150 kHz to 25 MHz (conducted) and 156 kHz to 1 GHz
{radiated).

Four signal-output bnc connectors on the rear
pienum chamber changed to a type that improves
shielding of the connected signal leads.

The foliowing additions and changes were made to the
standard circuitry to meet the specification requirements:

EMI filter (FL1401) added in series with the input Capacitors added across the transformer secondary
power cord. windings.
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Fig. Oplion 4-1. 475A Option 4 primary winding with power-line filter.
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OPTION 4

REPLACEABLE PARTS LIST

ELECTRICAL

Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Dscont Name & Description Code Mfr Part Number
C1403 283-0000-00 CAP. ,¥XD,CER DI:0.001UF ,+100-0% , 500V 72982 831-516E1Q2P
1404 283~0068-00 CAP, ,FXD,CER DI:0.01UF,+100-0%,500V 56289 196241
C1405 283-0068-00 CA&P. [FXD,CER DI:0.010F,+100-0%,500V 56289 196241
Cl406 283-0068-00 Cap. ,BXD,CER DI:G.010F ,+100-0%,500V 56289 196241
Cl407 283-0068-00 CAP. ,FXD,CER DI:0,01UF,+100-0%,500V 56289 196241
C1408 283-0088~00 CAP., ,FXD,CER DI :0.01Uf,+100-0%,500V 56289 196241
FLi40l 119-0376~01 FILTER,RAD INT:2 X 3A,250V,400 HZ 80008 116-0376-01
J430 131-1315~00 CONNECTOR , RCPT, :BNC ,FEMALE 80009 131-1315-00
J584 131-1315-00 CONNECTOR, RCET, :BNC ,FEMALE 80009 131-1315-00
J529 131~1315-00 CONNECTOR,RCPT, :BNC ,FEMALE 80009 131-1315-00
71330 131-1315-00 CONNECTOR, RCPT, 1 BNC ,FEMALE 80G0% 131-1315-00
MECHANICAL
Fig. &
Index  Tektronix Serial/Mode! No. Qo Mir
No. Part No. EFHf Dscont Y 12345 Name & Description Code Mfr Part Number
119-0376-01 1 FILTER,RAD INT:(SEE FL1401 EPL} 80009 119-0376-01
(APTACHING, PARTS)
211-0038-00 I SUREW, MACHINE :4-40 ¥ C.312"1C0 DEG,PLH STL 83385 OBD
210-0586~00 I NUT,PLAIN,BET W:4~40 X (.25 INCH,STL 78189 OBD
T
131-0707-00 1 CONTACT,ELEC:0,48"L,22-26 AWG WIRE 22526 47439
131-0708~00 1  CONTACT,ELEC:0.48"L,28~32 AWG WIRE 22526 47437
131-1310-00 1 CONTACT,ELEC :MESH FILTER GROUND 80009 131=1310-00
---------- 4 CONMECTOR,RCPT: (SEE J430,3584,0829,01330 EPL)
179-2162-00 1 WIRING,HARNESS: 80009 179-2162-00
210=0774-00 2 EYELET ,METALLIC:0.152 OD X 0.245 TNCH L,BRS 80009 210-0774-00
210077500 2 EYRELET,METALLIC:0,126 OD X 0.23 INCH L,BRS 80009 210-0775-00
378072600 1 FILTER,MESH,CRT: 80009 378-~0726-00
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OPTION 7

Option 7 is a dc to ac inverter that permiis Tektronix
Osciiloscopes to operate on 12 or 24V dc with no
performance deterioration. Circuitry is provided to protect
against damage due 1o connection of 24 V when in the
12 V mode of operation.

The 24-volt external input permits use with conven-
tional dc power (marine and aircraft}.

Option 7 is an integral part of the oscilioscope. The
modified oscilioscope has a three-position voltage input
selection slide switch (visible through the right-hand side
panel) at the rear of the line voltage selector switch. Adc
input connector is located below the fan cover on the rear
panel.

SPECIFICATIONS

AC Reguirements

No increase in ac requirements cver those of os-
cilloscopes not having Option 7.

BC Requirements

11.5 to 14 volts or 22 to 28 voits. 11.5-voit operation
excludes graticule light operation and Option 5. Operating
range may be extended to 15 volts or 30 volts with aseries
dropping resistor. Maximum elevation for + or — power
lead is 60 V with respect 1o oscilloscope chassis ground.

Temperature

The same operating and non-operating range as the
oscilloscope without Option 7.

SAFETY CONSIDERATIONS

Option 7 becomes a part of the modified instrument.
The safety considerations for the unmodified instrument

apply.

FUNCTION OF CONTROLS AND

CONNECTORS
Mode Switch'
AC Applies ac power to the oscilloscope power
switch.

" 'Be sure that the 1106 Line Selector switch is set to the correctiine
vollage for proper battery charging.

@

DC 12 Permits 12 V operation of the instrument from
an exiernal 12 V source.
DC 24 Permits 24 V operation of the instrument from

either an external 24 V power source or from
the 1106 Power Supply, which may be
mechanically attached to the oscilloscope.

Bc input Connector

Option 7 mode switch and dc input connector are
located on the modified oscilloscope,

OPERATION AND INSPECTION

Set the oscilloscope and Option 7 for the power source
available as listed.

TABLE 1
Oscilloscope Option 7
Power Sgurce Line Selecior Mode Swilch
115V AC 115 AC
2306V AC 230 AC
12V DC 12
24V DO 24
1106 24

Turn the oscilloscope on. Check that the osciiloscope
operates properly on any of the listed power sources that
may be available.

Connect the oscilloscope frame to a ground {earth)
reference before using.

CIRCUIT DESCRIPTION

Option 7 is adctoacinverter. ltoperateson 12 0r24 V
dc. The circuit description is for 24 V operation unless
noted ctherwise. Refer to the schematic diagrams (Figs.
Option 7-2 and 7-3} throughout the detailed circuit
description.

The operating frequency of the inverteris approximate-
Iy 400 Hz.
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Simplitied Block Diagram

See Fig. Option 7-1. The dc source is applied to the
turn-off level circuit, the start circuit and the primary of
T1400. #f the de source is above the level set by Turn-Off
Level Adjustment R1613, the turn-off circuit does not
operate.

The start circuit provides a large current surge through
T1631 secondary to the bases of Q1852, Q1662, Q1654
and Q1864. This starts the inverter.

The turn-off circuit is activated in two ways. In 24 V
operation, Q1622 is turned on by the source voltage
dropping betow 22 V. In 12 V mode of operation, Q1628 is
iurned on by the accidental application of 24 V dc.

Turn-Off Level] Circuit

For the following description, refer to Fig. Option 7-2.

The voltage reference for the base of Q1606 is set by
R1604, VR1804 and VR1805 for about 9.1 V. This es-
tablishes the junction of R1607 and the emitters of Q1606
and G608 at about 8.7 V. C1605 helps to hold the 9.1V
lavel, preventing inverter transients from activating the
turn-off circuit and prevents Q1608 from turning on when
the inverteris started. This allows the power source time to
recover after providing the initial-start surge.

Source voltages higher than 22 V de cause increased

current through R1607, Q1606 and R1609. Q1608 is kept ©

cut off by the increased voltage across R1609 and the
resulting change acrossdivider R1611-R1613-R1614. This
permits no current through R1617. Since R1617 furnishes
hias to Q1622 the transistor is cut off. This permits the
collector of Q1622 and the rest of the turn-off circuitto rise
to a voltage determined by the inverter circuit and the do
source voltage. The collector of Q1622 may be about 24 V
{with respectto minusdc) witha12 Vdecsource and about
36 V with a 24 V dc source.

if the dc source voltage drops to less than 22V, the
current through divider R1609, R1811, #1813 and R1614 s
decreased. (1608 conducts, taking current from Q1606,
and causing less drop across R1609. This makes Q1608
conduct more and Q1606 is cut off. Current flow through
R1817 turns Q1622 on. Q1622 saturates, dropping its
collector voltage to about 0.2 V. R1618 limits the max-
imum base current of Q1622,

During 12 V dc operation, there is no current fow
through VR1604 and VR1805, since their series rating,
about 18 volts, exceeds the appiied voltage. The base
current of G1608, through R1605, turns Q1606 on enough
to take all the current through R1607, which causes Q1608 °,
to be cut off.

DCINPUT g ®
120R 24V T
START S16018
Q2642 (START/STOP)
Q1844 :
o5
o T1400
INVERTER
T1631 Q1652 ]
' o—
TURN OFF  © TURN OFF Q1662 ll
LEVEL CIRCUIT |
TURN OFF
Q1622 |
LEVEL
R1613 Q1626 ) 1
Q1606 CR1625 |
Q1608 CR1626 |
- cmgz; INVERTER e ———
CR162 Q1654 t :
R1633 Q1664 |
f
i
INVERTER _# i
BALANCE (POWER MODE)
S1665 (1753)1862-58

Fig. Option 7-1. Option 7 simplified block diagram.
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Turn-Off Circuit

. Q1622 is off under normal operating conditions untit

‘the dc source drops below 22 V and causes Q1622 to
conduct. Q1622 does not conduct during 12 V de opera-
tion, since the turn-off level circuit is disabled, CR1625,
CR16826, CR1627, and CR1828 form a bridge rectifier. The
inverter waveform is rectified to provide operating power
for the turn-off circuit. C1626 filters the inverter spikes to
keep them from firing Q1626 (scr). R1623 prevents C1626
from charging to the peak-to-peak inverter spikes.

Q1622 saturates when it is turned on. C1622 provides
the high current path for feedback current via CR1625 or
CR1626. Once the inverter is shut down, R1622 es-
tablishes a path to discharge C1622,

If 24 V dc is accidentally applied when the mode switch
is in the 12V position, tranformer T1400 attempts o
produce two times the correct feedback. This is sufficient
to cause VR1622 to conduct, VR1622 provides the firing
current for the scr, Q1626. Scr Q1626 fires and shorts out
the bridge rectifier and the primary of T1631, stoppingthe
inverter. R1625 prevents Q1626 from being fired by
inverter noise. R1624 and C1626 provide holding current
for Q1626, keeping it conducting untii the surge current
created by the aver-voltage conditions have terminated.
CR1624 permits rapid charging of C1626.

Options—475A Service

Start Circuit

When S1601 is closed, the external de source is applied
to C1614, VR1641, and R1645. The initial surge is coupled
to Q1642 through C1614, VR1839, and R1641. Transisior
Q1642 saturates until C1614 charges through R1632to the
value determined by VR163% and the base-emitter junc-
tion of Q1642 (about 5.7 volts), then Q1642 is cut off.
R1641 limits the base current in Q1642 Zender diode
VR1639, once C1614 is charged, makes Q1642 insensitive
to input variations. R1642 limits Q1642 collector current.
01644, R1645, and VR15841 provide a constant current
during the time Q1642 is saturated, regardless of the dc
source voitage. CR1643 is reverse biased by this starting
current. The starting current is applied to the inverter
transistors through T1631.

Inverter Circuit

The starting surge is applied to the bases of Q1652,
Q1662 Q1654, and Q1664 trough T1631, R1652, R1662,
R1654, and R1654. Singe the transistors do not have
identical parameters, one pair will conduct before the
other, and start the inverter. Operating base current is
provided through CR1643.

R1626, R1631, and T1631 primary and secondary are
the main freguency-determining components for the
inverter. Four base resistors, R1652, R1662, R1654, and
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R1664, distribute the drive evenly between the four
transistors, C1652, C1662, C1654 and C1664 degenerate
the high frequency response and reduce transients.

Feedback to maintain inverter operation is provided
fromm T1400 primary to T1631 primary through R1628,
R1631, R1633, CR1632 and CR1634. Resistors R1626 and
R1631 provide frequency stability and current limiting.
R1633, CR1832, and CR1634 compensate for differences
in transistors and components. CR1632 and CR1634
conduct during different inverter half-cycles and permit
R1633 to balance the drive to T1400.

1681, C1682, C1683, C1684, £1685 and C1686 are
added 1o the secondary 0f T1400 with Option 7 to provide
optimum reduction ot transients during inverter opera-
fion.

BC input

External power is applied through P1601. CR1601 is
normally reverse biased. |f the wrong polarity external
power is applied, CR1601 becomes forward biased and
biows fuse F1601. Low-pass network T1601, C1€01,
C1603, and C1609 is a filter to reduce transients to the dc
source. '

Siart-Stop Swiich

31601, Secticn A in the off (stop) position discharges
the capacitors in the turn-off and start circuits. This
ensures the correct time constants when $1601 is chang-
ed to the on (start) poesition, in the start position, the de
input is applied to the inverter circutiry by $1801, Section
A. Atthe sametime S1601, section B is closed, completing
the feedback loop for the inverter transistors, 51601,
section B stops the inverter in the off position by epening
the feedback loop between T1400 and T1631.

Power-Mode Switch {518865)

See Fig. Option 7-3. Sections A and F connect filter
C1671 and R1671 to T1400 during 12 or 24 V operation to
reduce converter transients. Sections C and D select
sither transformer terminals 10A and 12A or10and 12, 1o
provide the same secondary output when operating on 12
or24V, Sections B and E connecttransformer terminais 10
and 12 to 51665, C and D, and to the inverter feedback
circuit during both 12 and 24 V operation.
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Fig. Option 7-3. 475A Option 7 primary winding.
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Fig. Optlion 7-4, Partial 475A Sweep Generators diagram 8,
showing modification with Option 7,

MAINTENANCE

Obtaining Replacement Paris

STANDARD PARTS. All electrical and mechanicai part
replacements for Option 7 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 Tekironix, Inc. Before purchasing or ordering
replacement parts, check the parts list for value, tolerance,
rating and description.

SPECIAL PARTS, inaddition to the standard electronic
components, some special components are used in
Option 7. These compenents are manufactured or
selected by Tektronix, inc., to meet specific performance
reguirements, or are manufactured for Tektronix, Inc., in
accordance with our specifications, Most of the
mechanical parts used in this instrument have been
manufactured by Tektronix, In¢. Order all special parts
directly fromyourlocal Tektronix Field Office or represen-
tative.

ORDERING PARTS. When ordering replacement parts
from Tekironix, Inc., include the following information:
1. Instrurment type.
2. Instrument serial number.

3. Adescription of the part {if electrical, include the
circuit number).

4. Tektronix part number.

Dplions—475A Service

Circuit Board Chassis Removal

The circuit board is mounted onasmalichassis located
between the powser transformer and the ¢rt shieid. To
remove the chassis, remove three screws. Two thread-
forming screws are located at the top of the chassis. One
screw is at the bottom of the chassis and is removed from
the right-hand side by going just below the power
transformer.

CALIBRATION

Option 7 may be calibrated withoutremoving it fromthe
osciiloscops.

The reference letters (A), (B), etc., refer to points
indicated on the schematic and circuit board illustrations.

Equipment Required

DC VOLTMETER. 22 V to 28 V.

TEST OSCILLSOCOPE. Used to verify the inverter
balance adjustment. If the instrument under test and
Option 7 are operationa! and the power source has a
negative ground, they may be used as the test os-
cilloscope for this check.

DC POWER SQURCE. Voitage from 22 V to 28 V and
from 11.5 V to 14 V. A source voltage of less than 22 volts
will turn off Option 7 when itis operating inthe 24 Vmode.
Starting current in 24 V mode is approximately 4 to 10 A,
The dc source must be capable of handling this surge
without dropping to 22 V or less. The 12 V starting surge is
approximately 15 A.

NOTE

Option 7 is calibrated at the factory using a power
supply (having the specifications listed first under
the equipment required list}). This permits the most
accurate setting of the turn-off volts and inverter
balance adjusiments. Because this lype of power
supply may not be available, several alternale
possibilities are given. The alternate power supplies
have drawbacks, including voltage stability vs. time
with high discharge rates, see Fig. Option 7-5.

1. Variable power supply with the aformentioned
capabilities.

2. Variable power supply with an adeguate current
rating, in series with items 4 or 5.

Option 7 Page 5



Options—475A Service

3. 1108 Power Supply battery pack.’

4. Two 12-volt wet-gell storage batteries, in series,
tapped at 20, 22, or 24 V.*

5. 18 t0 23 Nj Cd cells, 4.0 amp hr (D cells) or greater,
furnishing 20 to 28 V.’

BATTERY CURRENT

VOLTS

22
\
?5\ OPTION 7 CUT-OFF AND 1106 METER ZERO

~

l ! | | | |

05 1.0 1.5 2.0 2.5 3.0
HOURS 1753-28

Fig. Option 7-5. Typical batlery pack discharge curves.

SN Y S a

e CAUTION

R PN S SN N

This procedure is for an external de source with the
negative lead at ground poleniial (negative ground
systemn).

QOperating Range

a. Connect the de¢ source to the oscilloscope equipped
with Option 7. Operate the oscilloscope in the 24 V mode.
Connect the voltmeter between fuse, F1801 (B) and the
common negative return {A). Vary the desourcefrom 28V
to 22 V.

CHECK--Oscilloscope should operate over the
voltage range.

*To set the turn-off level, the baltery is charged above the cut-off
point {22 V). An oscifloscope is connected and the battery
allowed to discharge white its voltage is being monitored. As it
reaches 22 V the turn-off point is set to cut off Option 7. The turn-
off point on Option 7 approximately coincldes with the meter zero
on the 1106.

*T'his does noi permit accurate adjustment of the turn-off fevel. Ni
Cd batteries can be used, following the technique used foriter 3.

Option 7 Page 6

b, Change the dc source to 12 V. Operate the 0s-

cilloscope in the 12 V mode. Vary the dc source from 14V -

o 11.5 V.

CHECK-—Oscilloscope should operate over the
voltage range.

inverter Balance
NOTE

if the major oscifloscope use is with a 12-volt source,
do this step whiie operating the oscilloscope and de
source on 12 volis.

Operate the oscilloscope in the 24 V mode. Set the dc
source to 24 V. Connect the test oscilioscope between
C1601 (C) and the common negative return (A).

CHECK--Signal should be flat. Ses Fig. Option 7-6.

ADJUST—Inverter Balance (R1833) for the flattest
signal.

..

i ) J
| ! !

A. PROPERLY ADJUSTED

I NSy - S SN

B. IMPROPERLY ADJUSTED

it

J
5

1753-27

Fig. Option 7-6. Inverter Balance.

NOTE

There is a sfow drift (about a second) after the
inverter balance adjustment has beennmoved. Thisis
due fo transistor characteristics and will require a
slight Inverter Balance readjusiment.

Avery close approximation of the preceding method
can be obtained by setting the inverfer balance
controf for the minimum sound coming from the
inverter,

Turn-0ff Level
Set the do source for 21.8 V.

ADJUST—Turn-Off Level {(R1613) slowly until Op-
tion 7 turns off.
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TURN OFF

Semiconductor Electrode Configuration LEVEL Common negetive
INVERTER
Q1626 . BALANCE

n
<

17 23

Q1662

cieor | D)

Q1654

T

Q1 6@2

OO

© Gate

Cathode Anode
Soldered in place-top view

All Others 5\@
Q1664
Collector—" “—Emitter ;
Base %
& B ap
Collector/’ ‘? \Emitter
Base oV 80V oV D7V 235V
Socket-top-view {1753) 2162-28

Fig. Oplion 7-7. Circuit board layout with test vollages.

13V 2 1.3 ms
o5V
% l‘} ; i ; 1 OC LEVEL
-TT J ' a 24 VDC
e ey ey - SIGNAL & VOLTAGE CONDITIONS
45 v The load is an cperating osciioscope.

PP
is the preferred test oscilloscope and volt-

ovC meter ground,
The voltmeter is a 20,000 2/V multimeter,

45 v Mode switch set to 24 V.

P-P . .
Voltages and waveform amplitudes witl vary with

M e OV DC source voltage.

0BV G and P are identical to R and S, respectively,
0V Do during 24 V operation. During 12 V operation the
amplitude at Q and P is reduced by a factor of 2.

|
|

-3.0V

+0.8V
oV DC

©@E B0 VO
|
[

I ' I A —3.0V
1753-25

Fig. Option 7-8. Typical idealized waveforms.
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(1753) 2162-27
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CKT GRID | CKT GRID | CKT GRiD | CKT GRID
NO LOC NG LOC NO LOC NG LOC
Ci601 4B CR1628 1B R1605 2D R1642 3D
C1603 2D CR1632 zA R1607 1C R1645 3C
c1605 2C CR1634 2A R1609 3C R1652 4B
cis09 1B CR1643 3D R1611 3C R1654 4B
cigzz  2C R1613  3A R1662 4C
c1626  1C Q1606 20 R1614 3A R1664 4C
c1641  2C Q1608 26 R1817 2C
C1652 4A Q1622 ¢ Ris18  2C T1601 2A
C1654 4B Q1626 1D R1622 2C Ti631 3B
C1662 4C Q1642 2D B1623 1C
ci664  4C Q1644 3C R1624 2C VR1804 20
Q1652 5A R1625 1D VR1605 20
CR1601 3B 01654 58 R1626 2B VR1622 1C
CR1624 28 Q1662 sC R1631 2B VR1638 3D
CR1625 2C Q1664 5D R1633 3A VR1641 3C
CR1626 2C R1638 3C
CR1627 1B R1604 1c¢ R1841 3D

Fig. Option 7-9. Circuit board layout with component locator grid,
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OPTION 7

REPLACEABLE ELECTRICAL PARTS

ABBREVIATIONS

ACTR ACTUATOR PLSTC PLASTIC

ASSY ASSEMBLY Q7z QUARTZ

CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR

CKT CiRCUIT ar RADIC FREQUENCY
COmMP COMPOSITION SEL SELECTED

CONN CONNECTOR SEMICOND  SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE

ELEC ELECTRICAL VAR VARIABLE
INCAND INCANDESCENT WwW WIREWOUND

LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR  NON WIREWOUND XTAL CRYSTAL

ADDITIONAL PARTS ADDED TO THE STANDARD 475A

Tektronix  Serial/Model No. mrr
Ckt No.  Part No.  Eff Dscont Nome & Description Code Mir Part Number
Cledl 2906~0667-00 CAP. ,FXD,ELCTLT : 3300F,+75-10%, 50V 56289 500D158
Cle7l 283-0032-00 CAP., ,FXD,CER DI:470PF,5%,500V 72982 831-5G0Z5D471T
Cl672 283—0263—001 Car, ,rXD,CER DY:0.00220F,20%, 3000V 56289 33C31¢
Cle74 283-0263-‘001 CAP. ,F3D,CER DX:0.0022UF,20%, 3000V 56289 33C319
Cl681 283-0068-00 CAP., FXD,CER DI:0.01UF,+100-0%,500V 56289 19C241
clesz 283-0000-00 CAp, ,FXD,CER DI:0.C00XUF ,+100-0%,500V 72982 831-516Bl02pP
Cl683 283-0068~00 CAP, ,FXD,CER DI:0,01UF,+100~0%,500V 56289 19C241
Cle8s4 282~0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0% 500V 56289  15C241
Cl685 283~-0068-00 CaP. ,F¥D,CER DI:0.0LUF,+106~-0%,500V 56289 19C241
Clegs 283-0068-00 CAP, ,FXD,CER DI:0.0LUF ,+100-0% 500V 56289 19cz41
F1601  159~0038-00 FUSE, CARTRIDGE : 3AG, 154, 32V, FAST~BLOW 71400 MDL 15A
P10l 131-1333-00 CONNECTOR,RCPT, :POWER 800092 131~-1333-00
Qolesz 151-0436-00 TRANSISTOR:SILICON,NPN 80009  151-0436-0G0
Q1654 151-0436~00 TRANSISTOR :SILICON , NPN 80009  151-0436-00
le62 1531-0436-00 TRANSISTOR:SILICON , NPN 800092 151-0436~00
QlE64 151-0436~00 TRAMNSISTOR:SILICON,NPN BLCOY  151-0436~00
R1671 308-0349-00 RES, ,FXD,WW:3.6K CHM,1%,3W $1637 RS2ZB-B36000Y
S1601A,B 260-0834-00 SWITCH, TOGGLE : LPLT, A, 125VAC, 0. 2540 THD 09353 72018N260-834-1B
51685 105%0478~00 ACTUNTOR, SWITCH: BOOGY  105-0479-00
S1665A 260-0760-00 SWITCH,8ENS:10A,250V,5P0T  SNAP ACTION 01963 E62-10A
816655  260-0760-00 SWITCH, SENS : 10A, 250V, SPDT, SNAP ACTION 01963 ¥62-103
sleesbe 260~0760~00 SWITCH,SENS :10A,250V ,SPDT,SNAP ACTION 01963 E62-10A
516650 260-0760-00 SWITCH ,SENS : 10A,250V,8PDT , SNAY ACTION 01863 E62-10A
S1665E 260~0760~00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E&€Z2-10A
S1665F 260-0760~-00 SWITCH,SENS:10A,250V,8SPDT,SHAP ACTION 01963 ERE62~10A

Lycunted on 475A Rear Panel.
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Tektronix  Serial/Model No. Mir
Ckt No.  Part No. Eff Dscont Name & Description Code  Mfr Part Number
670-2240-04 CKT BOARD ASSY:VERTICAL PRREAMP 80009 8&70-2240-04
H70=2744-01 CKT BOARD ASSY:DC INVERTER 80009 ©670-2744-01
c338} 281-0504-00 CaP. ,F'XD,CER DI:10PF,+/~1PF,500V 72982  301-055C0G0L100F
10262 290~0524-00 CAP. FXD,BLCTLT::4.70F,20%, 10V 90201 TDC4ATEMOLO0EL
Cle03 283~0178-00 CAP. ,F¥D,CER DI:0.1U0F,+B0~20%,100V 72982 8L3LNI45 B 1047
CLe05 290-0531-00 CAP. ,FXD,BLCTLT : 100UF, 20%, 10V 90201 TDCLO7MOLOWLC
ClLe09 283-0178-00 CaP. ,FXD,CER DI:0.1UF,+80~20%,100V 72982 8131N145 E 104Z
Cloi4 290-0573-00 CAP. ,FXD,ELCTLT:2.70F,20%,50V 56289  196D275X00500a1
clgaz 290-0533-00 CAP. ,FXD,ELCPLT: 330UF,20%, ,0V S6289  196D33TXO06MA3
Cle26 290-0528-00 CAP. FXD,ELCTLT::15UF,20% ,50V Q201 PDCISEMOS0WLC
cl652 283~-0110~00 CAF. ,¥XD,CER DIL:0,005U¥ ,+80~20%,150V 56289 19C242B
Clé54 283-0110~00 CAP. ,FXD,CER DI:0,C05UF,4+80-20%, 150V 56289 1902428
Clesz 283-0310-00 CAYP, ,FXD,CER DI:(.005UF ,+80-20%,150V 56289 19C242B
Cles4 283~0110-00 CAP. ,FXD,CER DI :0.0050F,+80-20%,15QV 56289 19C242B
CRIGO) 152-0198~00 SEMICOND DEVICE:SILICON,200V,3A Q4713 w4721
CR1624 152-0333-00 SEMICOND DEVICE:SILICON,BSV,200MA 80009 152~0333-00
CR1625 152«0107-00 SEMICOND DEVICE:SILICON,375V,400MA 80002  152-0107-00
CR1626 152-03107-00 SEMTICOND DEVICE:SILICON,375V,400MA 80009 152-01C7-00
CR1627 152-0307-00 SEMICOND DEVICE:SILICON,375V,400MA 80009 152-0107-00
CR1628 152-03107-00 SEMICOND DEVICE:STILICON,375V,400MR g000¢  152-0107-00
CR1632 152-0333-00 SEMICOND DEVICE:STLICON,S55V,200MA 80008 152-0333-00
CR1634 152-0333-00 SEMICOND DEVICE:SILICON,55V,200MA 80009 152~0333-00
CR1643 152-0198~00 SEMICOND DEVICE:SILICON,200V,3A 04713 1N4721
210263 108~-0245-00 COIL, R :3.9UH 80008  108-0245-00
01606 151-03C1-00 TRANSTSTOR:8ITICON, PNE 04713 282907A
01608 151030100 TRANSISTOR::SILICON ,PNP G4713  2N2907A
1622 151-0302~-00 TRANSISTOR: SILICON, NPN 04713 2N2222A
Q1626 151-0506~00 TRANKSISTOR: SITICON, CONTROLLED RECTIFIER Q3308 CLl06R2
01642 151~0302-00 FRANGISTOR: SILICON , NPN Q4713 2M2222A
0l644 151-0335-00 TRANSISTOR::SILICON,PNP 80008 151~-0335+00
R1G04 315-0202~00 R#ES, ,FXD,CMPEN:2K OHM,5%,0.25W 1121 (B2025
RIBOS 335-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 (¢BY525
R1607 315-0272-00 RESG, ,FXD,CMPSN:2.7K OHM,5%,0.25W Gllzi CB2725
R1IGEY 335-0511-00 RES. ,FXD,OMPEN:510 0BM,5%,0.25W 01121 (®B5115
R1611 315-0513-00 RES, ,FXD,CMPSN:510 CHM,5%,0.25W CL121 Cr5118
RIG13 311-1248-00 RES ., VAR, NONWIR:500 OHM,10%,0.50W 73138 72X-23-0+5301K
R1E14 315-02Gz-00 RES. ,FXD,CMPSN 2K CHM,5%,0.25W 0Ll121 (B202Z2S
R1617 315~0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025
R161B 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 (CBIOLS
Rig22 3315-0102-00 RES,. ,FXD,CMPSN: 1K OEM,5%,0.25W 01121 CB1025
R1623 316-0103-00 RES. ,FED,CMPSN:10K OBEM,10%,0.25W 01121 CBl03l
R1624 315-0302-00 RES. ,F'XD, (MPSN:3K OHM,5%,0.25W GLL21 (¢B3025
R1625 316-0101~00 RES. ,FXD,CMPSN: 100 OHM,10%,0.25W 01121 CB1O11
Rr1626 308~0450-00 RES. ,FXD,wW:70 OHM,1%,3W $1637 RSZB-BTOROOF
R1631 308-0450-00 BES. ,FXD,WW:70 <M, 1%,3W 91637 RSZB-B70ROOF
R1633 311-1501-00 EES. VAR, NOBWIR:20 OBM,10%,0.50W 73138 72¥~37-0-200
R1639 315-0153~00 RES, ,¥¥D,CMPEN:15K OHM,5%,0.25W 01121 <Cm1535
R1640 315-0102-00 RES, ,FXD,CMPSN:1K OFM,5%,0.254 ¢1l21 CBlO2S
Rr1641 315-0153~00 RES, ,FXED,CMPEN:15K OHM,5%,0.25W 01121 (B1535
R1642 315-0470-00 RES. ,FXD,CMPSN:47 CHM,5%,0.25W 01121 CB4705

lsee Diagram 3, €338 is added from base to collector of 0338.
2gee partial schematic in this section or blue line on Diagram 8.
3see partial schematic in this section or Diagram 8,
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Tektronix  Sertal/Model! No. Mfr

{kt No.  Part No. Eff Dscont Name & Description Code  Mfr Part Number
R1645 307-0113~-00 RES., FXD,CMPSN:5.1 OMM,5%,0.25W 01121 (CB51GS

RIBE2 308-0459~00 RES. XD, wW:1.1 OHM,5%,3W 91637 RSIZIB-DIRIO0T
R1654 308-0459-00 RES. ,FXD,WwW:1.1 OHM,5%,3W 91637 RS2ZB-DIRL00JT
R1662 308-0459-00 RES. ,FXD,WW:1.1 OHM,5%,3W 91637 RSZB~DIRIOQT
R1664 308~0458-00 RES, FXD,WW:1.1 OBM,5%,3W 91637 RS28-DIR1COJ
21601 120~0637~00 XFMR,TOROID:S TURNS BIFILAR 8Q009 120-0637~00
T1631 120~0852-00 ZEMR, TOROID:2 WINDINGS 80009 120-0852-00
VR1604 152-0306~00 BEMICONL DEVICE:ZENER,0.4W,9.1V,5% 81483 1IN960RB
VR1IGO5 152-0306~00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 81483 1N960B
VR1E22 152-0241~00 SEMICOND DEVICE:ZENER,(.4W,33V,5% 04713 1N973B
VR1639 152-0279~00 SEMICOND DEVICE :ZENER,Q.4W,5.1V,5% 07910 (CB332305
VR1641 152~-0278-00 SEMICOND DEVICE:ZENER,C.4W,5.1Vv,5% 07910 CD332305

@

Option 7 Page 11



Options-—475A Service

OPTION 7

REPLACEABLE MECHANICAL PARTS

ABBREVIATIONS
BHEB binding head brass h height or high OMB oval head bross
BHS binding head steei hex. hexagonal QOHS oval heod steel
CRT cathode-ray tube HHB hex head bross PHB pan head brass
sk countersunk HHS hex head steel PHS pan head steel
DE dovble end HSB hex socket brass RHS round head steel
FHEB flat head brass HSS hex socket steel SE single end
FHS fiat head steel i} inside diameter THB truss head brass
Fii HB fllister heod bross Ig lengih or long THS truss head steel
Flg S Fil #5 fillister head stee! oD outside diameter W wide or width
Index Tekironix Serial/Model No. Q Mfr
No. Part No. Eff Dscont Y ras s Name & Description Code Mfr Past Number
-1 4431-1171-0C 1 CHAS,ELEK EQUIP:DC INVERTER BOOOY 441-1171-00
(ATTACHING PARTS)
211-0008-00 2 SCREW,MACHINE:4-4C ¥ 0.2% INCH,PNH STL 83385 OBD
210~0938-00 2 WASHER,FraT:0.109 ID ¥ 0.25 INCH OD,STL 75497 AN9GC-3
o m E m —
-2 e e 1 CIRCUIT BORRD ASSY :INVERTER
-3 136~0252-04 15 . CONTACT,ELEC:0.188 INCH LONG 22526 75060
-4 e e 1 . XFMR,TOROID: (SEE T1&01 EPL}
{ATTACHING PARTS)
-5 343m044 300 I . RETAINER,XFMR: 80009 343-0443-00
-6 212-0011-3G0 1, SCREW,MACHINE:8-32 X 0,750 INCH,FLH S7L 83385 OBD
-7 210=0409=00 1 . NUR,PLAIN,HEY.:8-32 ¥ 0,312 INCH,BRS 73743 3046-402
- o K m oo o
{ATTACHING PARTS)
-8 211-0116-00 2  SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH BRS 83385 OBD
e e R o =
. 4 TRANSISTOR: (SEE (01652,01654,01662,0L664 EPL)
{ATTACHING PARTS}
~1G 210-0586-00 3 NUT,PLAIN,EXT W:4-40 ¥ 0.25 INCH,STL 78189 OBD
=11 343045100 1  RETAINER,XSTR: 80009 343-0451-00
-12 342-0195-00 1 INSULATOR,PLATE:0.70 X 3 INCH LONG Q8530  OBD
e o K e
w13 348~0141-00 1 GROMMET ,PLASTIC:U~BHP,0.5625 X0,658 INCH 80009 348-0141-00
-14 348-0055-00 1 GROMMET,PLASTIC:0.25 INCH DI BOGODY  34B8~0055-00
-15 352-0031-0C 1 FUSEHOLDER:3AG FUSE 75915 357001
{ATTACHING BARTS)
~16 211-0507-00 1 SCREW,MACEINE:6-32 X (.312 INCH,PNH STL #3385 OBD
=17 210-0006-00 1 WASHER,LOCK:INTL,0.146 ID X C.283"0D,S8TL 78189 1206-00-00-0541C
-if 210-0407-00 1 NUT,PLAIN,HEX.:6-32 X 0.25 INCH,BRS 73743  3038~0228-402
P .
342-0229-00 1 INSYULATOR,FIIM:1 X 2.5% INCH 80009  342-0229-00
-19 407-1341-00 1 BRACKET,SWITCH:INVERTER 80009 407~1341-00
{ATTACHING PARTS}
=20 211-0101-090 7  BCREW,MACHINE:4-40 X 92.25" 200 DEG,FLHE STL 23385 OBD
e m e * .- =
-21 105-~0479-00 1 ACTUATOR,SWITCH:INVELETER 80009 105-047%~00
-22 260-0760-00 £ SWITCH,SENS:5PDT, 104,250V 01963 E62~10A
(ATTACEING PARTS)
=23 211-0212-00 2 SCREW,MACHINE:2-56 X 1.75 INCH,PNH STL 83385 OBD
w24 210~0405-00 1 WUT,PLAIN,HEX.:2-56 ¥ 0.188 INCH,BRS 73743 2x12157-402
e e K e
=25 386-2649-00 1 PLATE,ACT GUIDE:INVERTER BOO09 386-264%-00
214~1925~00 1 SPRING,SW ACT:POWER SOURCE 80009 214-1925~00
-26 260~0834~00 1 SWITCH,TOGGLE:DPDT,5A,125VAC,0,25-40 THD 09353  7201-8N
(ATTACHING PARTS)
27 210~0562~00 1 NUT,PLAIN,HEX, :0.25-40 ¥ (.312 INCH,BRS 73743 2X20224~402
-28 210-0046-00 1 WASHER,LOCK:INTL,0.26 ID X 0,40" OD,S8TL 78189 1214-05-00-0541C
Lk e
179-1963~00 1 WIRING HARNEES: 80009 179-1963-00
348-0005-00 1 GROMMET,RUBBER:0,50 INCH DIA 70485 230
200-1414-03 1 COVER,OSCP:REAR 80009 200-1414-03
210-0204-090 1  TERMINAL,LUG:
334-2268-D0 1 MARKER,IDENT:
131-1333-00 1 CONNECTOR,RCPT, :PORIER 80009  131-1333-00
{ATTACHING PARTS)
211-0101-00 2 SCREW,MACHINE:4~40 X 0.,25" 100 DEG,FLE STL 83385 ORD
348-0365-00 4  FOOT,CABINET :PLASTIC,W/LATCH GROOVE 80009 34B-0365-00
ACCESSORIES
161-0094-00 1 CABLE,ASSY,PWR:3 WIRE,36 INCHES LONG 16428 Ku7667
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Options—475A Service

OPTION 7 EXPLODED

Fig. Option 7-10
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Options—A75A Service

OPTION 78

This option adds a Type P11 phosphor CRT 10 the i this option is being added to an instrument which is
instrument. already equipped with a different phosphor, or if the
cathode-ray tube requires replacement, use the following
procedure:
Parits List Changes
DELETE: 13 Follow the criremoval and installation procedure

in the maintenance section of this manual.
V1380 154-0877-10 CRT, P31 Phosphor

ADD: 2). After comptieting cri installation, check Table 4-5
{Recalipration After Repair) for calibration ad-
V1380 154-0677-14 CRT, P11 Phosphor justments which may require re-adjustment.
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