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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary
is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the
manual where they apply, but may not appear in this
summary.

Terms In This Manual

CAUTION statements identify conditions or practices that
couldresultin damagetothe equipment or other property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

Terms As Marked on Equipment

CAUTION indicates a personal injury hazard not im-
mediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

Symbols In This Manual

This symbol indicates where applicable
cautionary or other information is to be
found.

Symbols As Marked on Equipment
DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.

REV A MAY 1980

Grounding the Product

This product is grounded through the grounding conduc-
tor of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptacle before
connecting to the product input or output terminals. A
protective ground connection by way of the grounding
conductor in the power cord is essential for safe opera-
tion.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (including knobs and con-
trols that may appear to be insulating) can render an
electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for your
product.

Use only a power cord that is in good condition.

For detailed information on power cords and connectors,
see Operating Instructions section.

Refer cord and connector changes to qualified service
personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type,
voltage rating and current rating as specified in the parts
list for your product.

Refer fuse reptacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an
explosive atmosphere unless it has been specifically
certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product without the
covers and panels properly installed.
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several pointsin this product.
To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

REV A MAY 1980

Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.

vii
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442 Oscilloscope.
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Section 1—442 Service

SPECIFICATION

This manual contains a specification, operating in-
structions, and service information pertaining to the
TEKTRONIX 442 Oscilloscope. The 442 is a portable,
35 MHz, dual traceinstrument with a choice of alternate or
chop sweep presentation on a single time base. The
Vertical Amplifier provides calibrated deflection factors
from 2 mV to 10 V/div. The Time Base provides stable
triggering over the full bandwidth of the Vertical Amplifier
and provides calibrated sweep rates from 0.5 s/div to
0.1 us/div. A X10 magnifier switch extends the fastest
sweep rate to 10 ns/div.

The following instrument specification applies over an
ambient temperature range of —15° to +55°C for in-
struments that have been calibrated at an ambient
temperature between +20° C and +30° C unless otherwise
indicated when the instrument has had a warmup period of
about 20 minutes. The adjustment procedure in Section 4,
when performed completely, allows the 442 to meet the
electrical specification listed in Table 1-1.

Table 1-1
ELECTRICAL CHARACTERISTICS

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM

Deflection Factor

Calibrated Range

2 mV to 10 V/div; 12 steps,
in a 1-2-5 sequence.

Accuracy

+20°C to +30°C Within 3%.

Gain adjusted with VOLTS/DIV
switch set to 2 m.

—15°C to +55°C

Within 4%.

Uncalibrated (VAR)
Range

Continuously variable between
settings. Increases deflection factor
by approximately 2.5:1.

Extends maximum deflection factor
to at least 25 V/div.

Frequency Response
Bandwidth
2mtol1V

Dc to at least 35 MHz.

5-division reference signal
centered vertically from a

25 Q sourse with VOLTS/DIV
VAR control in calibrated detent.

2V,5V,& 10V

Dc to at least 25 MHz.

Chopped Mode Repetition Rate

Approximately 250 kHz.

Input Resistance

Approximately 1 MQ.

Input Capacitance

Approximately 30 pF.

Maximum Input Voltage

400 V (dc + peak ac).
800 V p-p ac at 1 kHz or less.

REV A MAY 1980
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

CMRR (DIFF Mode)

At least 10:1 at 1 MHz in

10 mV/div (1X window) position
for common mode signals of

8 divisions or less with gain
adjusted for best CMRR at

50 kHz.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate

Calibrated Range

0.5 s to 0.1 us/div; 21 steps
in a 1-2-5 sequence.

Uncalibrated (VAR)
Range

Continuously variable between
calibrated settings. Decreases
sweep rate by at least 2.5:1.

Extends slowest sweep rate to
at least 1.25 sec/div.

Accuracy

+20°C to +30°C

Unmagnified

Within 3%.

Sweep accuracy applies over the
center 8 divisions. Exclude the first
50 ns of sweep for both magnified
and unmagnified sweep rates as well
as anything beyond the 100th
magnified division.

Magnified

Within 5%.

—15°C to +55°C

Unmagnified

Within 4%.

Magnified

Within 6%.

X10 Magnifier

Extends fastest sweep rate
to 10 ns/div.

10:1 (in X10 position—

with button pressed in— the sweep
rate is one tenth of that indicated
for the SEC/DIV switch setting).

X-Y Operation
X-Axis Deflection
Accuracy

+20°C to +30°C

+5% (MAGNIFIER in X1 only).

5-division reference signal.

—15°C to +55°C

6% (MAGNIFIER in X1 onty).

Sensitivity

Same as for Channel 1 and
Channel 2 Calibrated Deflection
Factor Range (MAGNIFIER in X1
only).
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Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

X-Axis Bandwidth

Dc to at least 2 MHz.

5-division reference signal.

Input Resistance

Approximately 1 MQ.

Input Capacitance

Approximately 30 pF.

Maximum {nput Voltage

400 V (dc + peak ac).

800 V p-p ac at 1 kHz or less.

TRIGGERING SYSTEM

Sensitivity

AC CPLG
(AUTO & NORM)

0.5 div internal or 100 mV
external from 60 Hz to 2 MHz,
increasing to 1.5 div internal
or 150 mV external at 35 MHz.

EXT/10 requirements are approxi-
mately ten times the values
listed for EXT.

DC CPLG
(AUTO & NORM)

0.5 div internal or 100 mV
external from dc to 2 MHz,
increasing to 1.5 div internal
or 150 mV external at 35 MHz.

TV Sync

Compoaosite sync 1 div internal
or 100 mV external. Composite
video approximately 2.3 div
internal or 230 mV external.

External Trigger Input
(EXT & EXT/10)

Maximum Input Voltage

400 V (dc + peak ac).
800 V p-p ac (1 kHz or less).

Input Resistance

Approximately 1 MQ.

Input Capacitance

Approximately 30 pF.

LEVEL Range
EXT

—0.5Vto+05V.

EXT/10

—5Vto+5V.

PROBE ADJUST SIGNAL

Output Voltage

Approximately 0.5 V.

Repetition Rate

Approximately 1 kHz.

Z-AXIS INPUT

Sensitivity

5 volts causes noticeable
modulation.

REV A MAY 1980
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

Z-AXIS INPUT (cont)

Usabie Frequency Range

Dc to 5 MHz.

Maximum Input Voltage

30 V (d¢c + peak ac). 30 V p-p
ac at 1 kHz or less.

Input Impedance

Approximately 10 kQ.

DISPLAY

Display Area

8 X 10 cm.

Trace Rotation Range

Adequate to align trace with
center horizontal graticule line.

Standard crt Phosphor

P31.

Nominal Anode Voitage

Approximately +10 kV.

POWER SOURCE

Line Voltage Ranges, ac

120 V Range HI—110 to 132 V rms.
LO—92 to 110 V rms.
240 V Range HI—220 to 250 V rms.

LO—202 to 242 V rms.

120 V/240 V & HI/LO switches
are accessible externally.

Line Frequency

48 to 62 Hz.

Power Consumption

-~ -

Table 1-2

36 watts (max); 0.35 amps (max)
at 120 V, 60 Hz.

ENVIRONMENTAL CHARACTERISTICS

Characteristics

Description

Temperature

Operating

—15°C to +55°C.

Non-operating

—55°C to +75°C.

Altitude
Operating

To 15,000 feet. Maximum operating temperature decreased 1°C/1000 feet

above 5000 feet.

Non-operating

To 50,000 feet.

1-4
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Table 1-2 (cont)

Characteristics

Description

Humidity

Operating and Non-operating

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

Vibration (Operating)

15 min along each of 3 major axes at a total displacement of 0.025" p-p
(4 g's at 55 Hz) with frequency varied from 10 Hz to 55 Hz to 10 Hz in

one minute sweeps. Hold for three minutes at 55 Hz. All major resonances
must be above 55 Hz.

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.

Table 1-3
PHYSICAL CHARACTERISTICS

Characteristics

Description

Weight

Accessories Pouch

With Panel Cover, Accessories, and

22.5 pounds (10.1 kilograms).

and Accessory Pouch

Without Panel Cover, Accessories,

18.0 pounds (8.1 kilograms).

Domestic Shipping Weight

28.5 pounds (12.95 kilograms).

Dimensions
—

Refer to Figure 1-1.

ACCESSORIES
NOTE
Refer to the Accessoriestab pageinthe Replaceable

Mechanical Parts list for further information about
accessories listed here.

Standard Accessories Optional Accessories
1 Operators Manual Protective Waterproof Cover
1 Service Manual Clear Light Filter

REV A MAY 1980

2 10X Probes
1 Front Cover

1 Accessory Pouch
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FRONT
VIEW

SIDE
VIEW

6.85 INCHES
(17.39 cm)

5.60 INCHES
(14.22 cm)

11.25 INCHES
(28.57 cm)

12.95 INCHES
(32.89 cm) ?|

19.65 INCHES -
(49.91 cm)

L 19.90 INCHES -
(50.54 cm)
22,00 INCHES -
(55.88 cm)

2374-2A

Figure 1-1. 442 Oscilloscope dimensions.
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OPERATING INSTRUCTIONS

INTRODUCTION

The TEKTRONIX 442 Oscilloscope is a 35 MHz maximum bandwidth instrument with dual trace capability. A dual
trace dc to 35 MHz vertical system provides calibrated deflection factors from 2 mV/div to 10 V/div. Triggering circuits
provide stable triggering over the full vertical bandwidth. A horizontal deflection system provides calibrated sweep rates
from 0.5 s/div to 0.1 us/div. A X10 magnifier circuit (push-button switch) extends maximum sweep to 10 ns/div. In X-Y
mode of operation, vertical and horizontal deflection factors are the same as for the vertical amplifiers.

INSTALLATION

Unpacking

The 442 is shipped in its carton with the standard
accessories listed on the Accessories tab page at the end
of this manual. At installation time, save the shipping
carton and packaging materials for repackaging. Refer to
the end of this section for repackaging information.

Safety Considerations

CAUTION

This instrument may be damaged if operated with
the Line Voltage Selector switch or the Regulating
Range Selector switch set for the wrong appliedline
voltage or if the wrong line fuse js used.

Refer to the Safety Summary in the front of this manual
for power source, grounding, and other safety con-
siderations pertaining to use of the instrument. Before
connecting the instrument to a power source, verify that
the Line Voltage Selector switch and the Regulating
Range Selector switch are both set for the line voltage
being used, that the proper line fuse is installed, and that
the line cord plug matches the power source to be used.

The 442 is designed to be used with a three-wire ac
power system. If a three-to-two wire adapter is used to
connect this instrument to a two-wire ac power system, be
sure to connect the ground lead of the adapter to earth
(ground). Failure to complete the ground system may
allow the chassis of this instrument to be elevated above
ground potential, thus posing a shock hazard.

REV A MAY 1980

Line Voltage Selection

This instrument is designed for operation from a
power source with its neutral at or near earth
(ground) potential with a separate safety-earth
conductor.

The power cord plug may require replacement with a
type matching the power source. If necessary, changethe
line cord plug. Refer to Table 2-1 for power cord conduc-
tor identification and to Figure 2-1 for illustrations of
commonly-used power plugs.

Table 2-1
POWER CORD CONDUCTOR IDENTIFICATION

_—

Alternate
Conductor Color Color
Ungrounded (Line) Brown Black
Grounded (Neutral) Blue White

Green-Yellow | Green-Yellow

Grounding (Earthing)

The 442 operates from either 92to 132 V or 202t0 250 V
ac input at 48 to 62 Hz. A 120 or 240 V Line Voltage
Selection switch and aHI/LO Regulating Range switch are
located on the bottom of the instrument and are screw-
driver actuated through openings in the cabinet.
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NORTH AMERICAN
120 VOLT/60 Hz
RATED 15 AMPERE
{12 AMP MAX.; NEC)

UNIVERSAL EURC
220 VOLT/50 Hz
RATED 16 AMPERE

)
NORTH AMERICAN
240 VOLT/60 Hz
RATED 15 AMPERE
(12 AMP MAX.; NEC)

U.K.
240 VOLT/50 Hz
RATED 13 AMPERE

AUSTRALIAN
240 VOLT/50 Hz
RATED 10 AMPERE

(2389-76)2757-66

. ACLUINEVOLTAGE  HI/LO
SELECTION (120 V/240V) |

9374.60°

Figure 2-2. Power switch locations on bottom of the 442,

Table 2-2
AC REGULATING RANGES

HI/LO
Switch 120 V/240 V Setting
Position 120V 240V

Hi 11010 132V rms 22010 250V rms

LO 92 to 110V rms 202 to 240 V rms

Figure 2-1. Commonly used power plugs.

Set the AC Line Voltage Selection switchto the nominal
line voltage available (see Table 2-2). The fuse value must
be changed when a different Line Voltage range is
selected (see Table 2-3).

Setthe HI/LO Regulating Range switch (see Figure 2-¢
s0 the expected line-voltage fluctuations remain within
the range selected (see Table 2-2).

Fuse Information

The 442 power input fuse islocated in a fuse holder on
the back pane! of the 442. See Figure 2-3.

Table 2-3
POWER INPUT FUSE VALUES

Applied Vollage F700 Value

120 V ac 0.75 A Fast Blow

240 V ac 0.30 A Slow Blow

REV A MAY 1980
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LINE FUSE
(HOLDER

2374-61

Figure 2-3. Power input fuse location on the 442 back panel.

CONTROLS, CONNECTORS, AND
INDICATORS

Introduction

The following information will familiarize an operator
with the location and operation of external controls,
connectors, and indicators. These controls, connectors,
andindicators are accessible from outside the instrument
with its cabinet in place. Internal controls should not be
adjusted except during instrument calibration and ser-
vice. Calibration and service procedures must be referred
to qualified personnel.

Crt Display and Power
(Front Panel. See Figure 2-4.)

ASTIGmatism

Recessed screwdriver control used in conjunc-
tion with the FOCUS control to obtain a well-
defined display. It does not require readjustment
during normal operation of the 442.

INTENSITY

Turn control clockwise to increase display
brightness. Set for lowest visible display to
prolong crt life.

FOCUS

Provides adjustment for optimum display defini-
tion when INTENSITY and sweep speed settings
are changed signiticantly (also see ASTIG).

REV A MAY 1980

Figure 2-4. Crt Display and Power front panel controls and
connectors.

BEAM FINDER

Spring-loaded push-button switch to locate off-
screen displays. When the BEAM FINDER button
is pressed in, the crt display is electrically com-
pressed to within the graticule area, independent
of position control settings or applied signals. To
locate an off-screen display:

a. Set vertical POSITION and INTENSITY con-
trols to midrange and rotate the horizontal
POSITION control fully clockwise.

b. If a display or dot still is not visible, press
BEAM FINDER and hold in. A compressed dis-
play or dot should appear. If not, increase
INTENSITY until a dot or display appears.

If a dot or vertical line appears, the sweep is not
triggered. Set trigger MODE switchto AUTO and
obtain a display. Center the display with vertical
and horizontal POSITION controfs. Release
BEAM FINDER push button and adjust trigger
LEVEL control for a stable display.

After releasing BEAM FINDER, adjust INTENSI-
TY, FOCUS, VOLTS/DIV switch, horizontal, and
vertical POSITION controls for a viewable stable
display.

@ TRACE ROTation

Recessed screwdriver adjustment aligns crttrace
with horizontal graticule fines.
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®

@

ON Indicator (LED)

Lights when power is applied to the 442 and the
POWER ON/OFF button is pressed in.

ON/OFF Push Button Switch
Turns instrument ON (in) and OFF (out).

internal Graticule

Eliminates parallax. Risetime amplitude and
measurement points are marked on theleft edge
of the graticule. VOLTS/DIV and SEC/DIV set-
tings are calibrated to the graticule scale
divisions.

PROBE ADJust

Pin connector supplies internally generated
square wave of approximately 0.5V at ap-
proximately 1 kHz for use in checking attenua-
tion factors and compensation of probes.

Z AXIS INPUT
(Rear Panel. See Figure 2-5.)

External 2 AXIS INPUT Connector

Bnc connector accepts signals from external
sources for modulating intensity of crt display.
Signals must be time-related to the display for
stability. Positive signals decrease intensity. In-
put specification at connector is 30 V peak max-
imum input and 10,000 Q input impedance.

2374-63

Figure 2-5. External Z AXIS INPUT connecior on the back panel

of the 442,

2-4

POWER INPUT SELECTOR SWITCHES and DC
BALANCE CONTROLS

(Bottom of Cabinet. See Figure 2-6.)

O

; cnunowj

(oW W NV W

Before operating or changing settings of Power
Input Selector switches, verify that the 442 power
cord is unplugged from the power source and that
the correct value of fuse is installed for the available
power input voltage (see Table 2-3, and Figures 2-3
and 2-6).

Vertical

120 V/240 V {Ac Power Input Selector Switch)

Two-position, screwdriver actuated slide switch,
which can be set to allow operation from an ac
source of either 120V or 240 V. Positions are
marked on the cabinet.

HI/LO (Regulating Range Selector Switch)

Two-paosition, screwdriver actuated slide switch
which can be set to allow operation from one of
two ac ranges (see Table 2-2). Positions are
marked on the cabinet.

CH 1 DC BAL (Channel 1 Dc Balance Controf)

Screwdriver adjustment {through cabinet). When
properly adjusted, prevents trace shift when
switching between adjacent positions of channel
1 VOLTS/DIV switch.

CH 2 DC BAL (Channel 2 Dc Balance Control)

Screwdriver adjustment (through cabinet). When
properly adjusted, prevenis trace shift when
switching between adjacent positions of channel
2 VOLTS/DIV switch.

(Front Panel. See Figure 2-7.)

®

CH 1 {(X) (Channel 1 or X-axis input)

Activated when the VERT MODE CH 1 button is
pressed in. Bnec connector for the application of
external signals to the channel 1 vertical deflec-
tion system. For X-Y operation, this connector is
the horizontal (X-axis) signal input (see Note).
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NOTE

Channel 1 (X} is the horizontal (X-axis) signal input
and Channel 2 (Y} isthevertical ( Y-axis)signal input
when the 442 js set for X-Y operation. The
TRIGGERING SOURCE switch must be set to X-Y
and the VERT MODE CH 2 button must be pressedin
for X-Y operation. The horizontal POSITION control
determinesthe X-axis signal display position andthe
channel 2 POSITION control determines the Y-axis
signal display position when operating in the X-Y

mode.

CH 2 (Y} (Channel 2 or Y-axis Input)

Activated when the VERT MODE CH 2 button is
pressed in. Bn¢ connector for the application of
external signals to the channel 2 vertical deflec-
tion system (see Note for X-Y operation).

VOLTS/DIV (Channel 1 and Channel 2)

Switches that select the vertical deflection factors
in a 1-2-5 sequence. The item 18 VAR controls
must be in the calibrated (detent) position 1o
obtain the deflection factors indicated by the
switch settings. The correct deflection factor
when using a 1X probe or cable is read from the
1X (left) knob skirt window position, and the
correct deflection factor when using a 10X probe
is read from the 10X (right) knob skirt window
position.

Operating Instructions—442 Service

VAR (Variable volts/division controls for Channel

1 and Channel 2)

When rotated out of the calibrated (fully
clockwise detent) position, these controls
provide continuously variable (uncalibrated)
deflection factors between the calibrated
positions of the VOLTS/DIV switches. Extends
maximum deflection factors to 25 V/div with
VOLTS/DIV switches set to 10 (volt) position and
VAR rotated fully counterclockwise. VAR con-
trols must be set to the detent position for
calibrated deflection factors.

AC-GND-DC (Input coupling switches tor

Channel 1 and Channel 2)

Three-position lever switches that select the
method of internally coupling the vertical input
signals to the vertical amplifier input.

AC: Signals are coupled capacitively. Any dc
signal component is blocked. Low fre-
quencies are attenuated (3 dB down at
about 1 Hz using a 10X probe). Ac
coupling causes tilting of square waves
below 1 kHz.

GND: Grounds the input of the vertical
amplifier to provide a ground reference
display. Connects the applied signat to
ground through the input coupling
capacitor and a 1 MQ resistor to allow
the input coupling capacitor to be
precharged by the input signal.

DC: All frequency components of the input
signal are passed to the vertical
amplifier.

2374.64 1

Figure 2-6. Controls and swiiches accessible through the
bottom of the 442 cabinetl.
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Figure 2-7. Yertical sysiem controls.
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POSITION (Vertical Position Conirols for

26

Channel 1 and Channel 2)

These controis determine the vertical position of
the display for each channel. See preceding Note
for X-Y positioning.

Ground Symbol {(Exiernal Ground Jack)

Banana jack electrically and mechanically con-
nected to front panel andinternal chassisto allow
grounding the 442 to an external ground.

VERT MODE (Vertical Display Mode Swiiches)

Five push-button switches that determine the
vertical display signal source and operating
mode. With TRIGGERING SOURCE switchsetto
CH1/CH?2 the triggering signals are derived from
the Channel 1 input signal except when CH 2
button alone or CH 2 button and one of DIFF,
ALT, or CHOP buttons are latched-in simul-
taneously; then Channelf 2 will be the triggering
source.

CH 1. Displays only the signals applied to the
Channel 1 input connector. Triggering
signal is derived from the channel 1

signal when SOURCE issetto CH1/CH2.

DIFF:  Provides a display of the algebraic
difference between signals applied to
the channel 1 and channel 2 inputs.
Triggering signal is derived from the
channel 1 signal unless CH 2 and DIFF
are both fatched in; then Channel 2isthe
triggering signal source if SOURCE is
set to CH1/CH2.

ALT: Display alternates between the Channel
1 and Channel 2 signals at the end of
each sweep. If SOURCE is set to
CH1/CH2 the channel 1 signal will
provide the triggering signal unless CH 2
and ALT buttons are latched in; then
Channel 2 will provide the triggering

signal.

Display switches from Channel 1 signal
to Channel 2 signal at a rate of ap-
proximately 250 kHz. If SOURCE switch
is set to CH1/CH2 the Channel 1 signal
will provide the triggering signal unless
CH 2 and CHOP buttons are both latch-
ed in; then Channel 2 will provide the
triggering signal.

CHOP:

CH 2: Displays only the signals applied to the
Channel 2 input connector. If SOURCE
is set to CH1/CH2, Channel 2 will
provide the triggering signal. For X-Y
operation, the CH 2 button must be
tatched in and the SOURCE switch must

be set to X-Y.

Figure 2-8. Horizontal system controls.

Horizontal

(Front Panel. See Figure 2-8.)

@

D,

SEC/DIV

Switch selects calibrated sweep rates (when
SEC/DIV VAR controlisin fully clockwise detent
position) from 0.5 second/division to 0.1
microsecond/division in a 1-2-5 sequence.

VAR
Control, concentric with SEC/DIV  switch,
provides continuously variable uncalibrated

sweep rates to at least 2.5 times the calibrated
setting (extends the slowest sweeprateto atleast
1.25 seconds/division).

MAGHNIFIER X10-X1

Push-button switch, when latched in to the X10
position, increases each sweep rate by afactor of
10. Extends the fastest sweep rate to 10
nanoseconds/division.

<+—» POSITION

Determines the horizontal position of the signal
disptay in the graticule area.
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. 237467

Figure 2-9. Triggering system controis.

Triggering

(Front Panel,

See Figure 2-9.)

SOURCE

A six~position switch that, along with associated
circuitry, determines the source of the signal that
is supplied to the trigger input amplifier toinitiate
a sweep.

COMP:

CH 1/
CH 2:

REV A MAY 1980

{Composite Triggering): In this position
the trigger signal is derived from the
signal(s) displayed on the crt. This
source does not show the time
relationship of Channel 1 and Channel 2
signals when ALTernate vertical modeis
selected. COMP shouid not be used in
conjunction with CHOP vertical mode
because the sweep will betriggered from
switching transients instead of the
desired signal.

{Internal Triggering): Inthis source posi-
tion, the trigger signal is a sample of the
signal disptayed on the crt—Channel 1
or Channel 2 when cnly one channel is
selected by the veriical mode switch.
When the CHOP, ALT, or DIFF veriiza!
mode is selected, the trigger signal is
derived from the signal applied to the
Channel 1input unless the CH 2 Vertical
Mode button is latched in along with
either the CHOP, ALT, or DIFF button;
then the trigger signal is derived from
channel 2.

Operating Instructions—442 Service

LINE: In this position, the trigger signal is
derived from a sample of the line voltage
applied to the instrument.

EXT: (External Triggering): This position per-
mits triggering from signals applied to
the external trigger input connector
(item 28).

EXT/10: Trigger signals applied to the external
trigger input connector are attenuated
by a factor of ten before being appliedto
the trigger circuitry.

X-Y: This position permits X-Y displays if the
CH 2 VERT MODE button is latched in.
During X-Y operation, X deflection is
obtained from the signal applied to the
channel 1input connector, and Y deflec-
tion is obtained from the signal applied
to the channel 2 input connector.

NOTE

X-Y deflectionfactors are determined by the channel
1 and channel 2 VOLTS/DIV switch settings when
the MAGNIFIER switch is in the X1 (out) position.
Read the 1X probe windows for direct input. In X-Y
operation, the X (Channel 1 signal) position is
determined by the horizontal POSITION control,
and the Y (Channel 2 signal} position is determined
by the Channel 2 vertical POSITION control. The X
and Y deflection can also be attenuated (un-
calibrated) by the Channel 1 and Channel 2
VOLTS/DIV VAR conirofs.

EXT

Bnc connector for connecting external signals to
permit triggering the sweep from an external
source when TRIGGERING SOURCE switch is
set to EXT or EXT/10 positions.

MODE

A three-position switch for selecting the trigger-
ing mode.

AUTO: With proper signal amplitudeand LEVEL
control setting, a sweep will betriggered
by input signals that have repetition
rates above 20 Hz and are within the
frequency range determined by the
TRIGGERING CPLG (coupling) switch.
In the absence of an adequate trigger
signal, or when TRIGGERING controls
are misadjustéed, the sweep free-runs to
provide a reference display (baseline).
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NORM: In this mode, with proper signal
amplitude and LEVEL control setting, a
triggered sweep is initiated by input
signals that are within the frequency
range determined by the TRIGGERING
CPLG (coupling) switch. Inthe absence
of an adequate trigger signal, or when
triggering controls are misadjusted, the
sweep does not run and there is no
display on the crt.

TV: This mode allows triggering on televi-
sion signals. Triggering is atthe TV field
rate when SEC/DIV switchis setat.1 ms
or slower. Triggeringisatthe TVlinerate
when SEC/DIV is set at 50 us or faster.
Set SLOPE switch to+ (out) for sync-
positive input signals, and to — (in) for
sync-negative input signals.

SLOPE

This push-button switch selects either the
positive-going or negative-going slope of the
trigger signal waveform.

+ (out): Alilows triggering from the positive-
going slope of the trigger signal.

— (in): Allows triggering from the negative-
going slope of a trigger signal.

@ LEVEL

Control that selects the amplitude point on the
trigger signal at which the sweep is triggered.
Usually adjusted for the desired display after the
trigger SOURCE and SLOPE settings have been
selected.

(32) cPLG (Coupling)

Push-button switch that allows a choice of
capacitive or direct coupling to trigger input
circuits.

AC: Push-button switch (out) provides cir-
cuitry to block the dc component of the
triggering signal and allows triggering
only on the ac portion. Signals below
approximately 60 Hz are attenuated.

2-8

DC: Push-button switch (in) provides direct
coupling so triggering signal frequency
components from dc to above 35 MHz
are seen at the trigger input circuit.

@ HOLD OFF

A control that permits varying the amount of
hold-off time between sweeps. Provides stable
triggering on low repetition-rate pulses or
aperiodic signals. To obtain the best display, set
or adjust all other triggering controls before
adjusting the HOLD OFF control. For normal
operation, setthis control fully counterclockwise.
Hold off increases to MAXimum as the control is
rotated fully clockwise.

BASIC OSCILLOSCOPE
OPERATION

The following procedures are intended to familiarize
the operator with the basic operation of the 442
Oscilloscope.

PRELIMINARY

Signal Ground

The most reliable signal measurements are made when
the 442 and the unit under test are connectedtogether by a
common reference (ground) lead in addition to the signal
lead or probe. The probe ground strap may be used for this
purpose, or a separate ground lead may be connected
from the ground connector on the 442 front panel (item
21) to the ground reference on the unit under test.

Input Coupling Capacitor Precharging

In AC positions of the AC-GND-DC switches, voltage
transients exceeding the 400 V maximum allowable input
voltage can be generated if successive measurements are
taken on two signals with different levels (even though
both dc levels are within the maximum input voltage
specification). For example, after measuring ripple on a
+300 V dc supply, if the probe is then connected to a
—250 V dc supply, the resultant transient amplitude is
550 V.

Use of the GND position of the AC-GND-DC switch
before each voitage measurement can eliminate the
above-mentioned problem. In the GND position, the
vertical preamplifier input circuit is grounded and the
applied input signal is connected to ground through the
input coupling capacitor in series with a 1 MQ) resistor.
This allows the input coupling capacitor to precharge to
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the average dc level of the signal appliedtothe probe. The
following procedure will prevent accidentally generated
voltage transients from being applied to the preamplifier
circuit and also reduce the amount of charging current
drawn from the circuit under test.

1. Before connecting the probe tip to a signal source,
set the AC-GND-DC switchto GND in order to establish a
reference.

2. Touch the probe tip to the 442 front panel ground.
Wait several seconds for the input coupling capacitor to
discharge.

3. Connect the probe tip to the test signal source.

4. Wait several seconds for the coupling capacitor to
charge.

5. Set the AC-GND-DC switch to AC. The display will
remain on the screen so the ac component of the signal
can be measured in the normal manner.

Operator’'s Adjustments and Checks

To verify basic accuracy of the 442, make the following
checks and adjustments. See Calibration section of this
Service manual for calibration information.

NOTE

When a 10X probe is used for making voltage
measurements, the deflection factor must be read
from the 10X window on the VOLTS/DIV knob skirt.

Probe Compensation

Improper probe compensation is a common source of
operator error. Probe compensation should berechecked
when moving the probe from one oscilloscope to another
or when transferring the probe from one vertical input
channel to another on the same oscilloscope.

To compensate a 10X probe, connectits bnc connector
to either the channel 1 or channel 2 input connector and
touch the probe tip to the 442 front panel PROBE ADJ pin
connector. Set the appropriate VOLTS/DIV switch for a
displayed signal amplitude of 2 to 4 divisions. Set the
SEC/DIV switch to .1 m, and adjust TRIGGERING con-
trols for atriggered display. Adjust the probe compensa-
tion for aflat-top waveform (see Figure 2-10). Refertothe
appropriate probe data sheet or manual for the specific
method for compensating the probe in use.
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11 PROPERLY
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(1942-5)2374-68

Figure 2-10. Probe compensation.

Vertical Gain Check

Obtain a display of the PROBE ADJ signal. Set the
VOLTS/DIV switch to .1 (the VOLTS/DIV VAR control
must be in the fully clockwise calibrated detent position).
Check that the amplitude of the displayed signal is about 5
divisions.

Basic Timing Check

With the SEC/DIV VAR controf in the fully clockwise
calibrated detent position, obtain a normal sweep display
of a signal with a known frequency. Using the previous
setup for Vertical Gain Check, the PROBE ADJ signal
should display approximately one complete square-wave
cycle per graticule division with the SEC/DIV switch setto

1m.

To prevent possible cross grounding if the power
input voltage is used as a signal source, do not
attach the probe ground clip to either side of theline
voltage source. The 442 chassis ground provides an
adequate ground reference.

To use the power line frequency for a basic timing
check, lay the 10X probe tip near the power cord and
adjust the VOLTS/DIV switch for a vertical display
amplitude of several divisions. Set the SEC/DIV switch to
display one complete cycle over several horizontal
graticule divisions. Duration = 1/frequency. If a 60 Hz
power line frequency is being used, check that the
duration of one complete cycle is 8.35 divisions with the
SEC/DIV switch set to 2 m; and if the SEC/DIV switch is
setto 10 m, six cycles of signal should be disptayed within
the graticule area (adjust LEVEL and other TRIGGERING
controls as required to provide a stable triggered display
of the signal being used).
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Normal Sweep Operation

1. Preset the 442 controls as follows:

NOTE

See Location and Operation of External Controls,
Connectors, and Indicators for detailed instructions
concerning control operation. When using a 10X
probe, use the 10X window on the VOLTS/DIV knob
skirt. For direct input, use the 1X window.

VERT MODE
VOLTS/DIV (both)
VAR (all)

CH 1
.1 (10X window)
Calibrated (cw)

2373-11 (1942-6)

POSITION (all) Midrange
SEC/DIV 1m
MAGNIFIER X1 (button out)
POWER ON
INTENSITY As desired
FOCUS As desired
HOLDOFF ccw
SLOPE +OUT
LEVEL ccw
SOURCE CH 1/CH 2
CPLG AC (out)
MODE AUTO

2. Connect the PROBE ADJ signal (via the probe
supplied with the 442) to the Channel 1 or X input
connector.

3. Setthe Channel 1 AC-GND-DC switch to select the
desired method of coupling the input signal to the
preamplifier circuit. With the PROBE ADJ output signal
use DC. AC coupling will cause tilting of square waves
below about 1 kHz (100 Hz with a 10X probe).

4. Adjust the Channel 1. VOLTS/DIV switch to obtain
the desired display amplitude while adjusting the Channel
1 POSITION control to iocate the display within the crt
viewing area.

5. Adjust the LEVEL control for a stable display.

6. Adjust the SEC/DIV switch to obtain the desired
display. Using the PROBE ADJ output signal, the display
should appear as illustrated in Figure 2-11 (use a 10X
probe with a VOLTS/DIV switch setting of .1 and a
SEC/DIV switch setting of .5 m).

NOTE

Verify correct probe compensation (see beginning
of Operator’s Adjustments and Checks).

2-10

Figure 2-11. Display of 0.5 V PROBE ADJ output signal.

Applications
Peak-to-Peak Voltage Measurements

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

1. Connect atest signaltoeither Channel 1 or Channel
2 input connector.

2. Set VERT MODE switches to display the channel
selected.

3. Set the VOLTS/DIV switch to display about 5
divisions of waveform amplitude.

4. Set the Triggering controls to obtain a stable
triggered display. Set the SEC/DIV switch to a position
that dispiays several cycles of the waveform.

5. Turn the vertical POSITION control so the lower
portion of the waveform coincides with one of the
graticule lines below the center horizontal line andthetop
of the waveform is in the viewing area. Use the horizontal
POSITION control to move one of the upper peaks in
alignment with the center vertical graticule line (see
Figure 2-12).

6. Measure divisions of vertical deflection from peak-
to-peak. Verify that the VOLTS/DIV VAR control is in the
fully clockwise calibrated detent position.

NOTE
This procedure may also be used to meausre

between two points on the waveform rather than
peak-to-peak.
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7. Multiply the distance measured in step 6 by the
VOLTS/DIV switch reading.

EXAMPLE: Assume a peak-to-peak vertical deflection
of 4.6 divisions (see Figure 2-12) and a VOLTS/DIV switch
setting of 5. Using the formula (read the appropriate
VOLTS/DIV knob skirt window for the probe or cable in
use):

Vertical VOLTS/DIV
Volts = deflection X i
Peak-to-Peak L setting
(divisions)

Substituting the given values:

Volts Peak-to-Peak = 46 X5V

The peak-to-peak voltage is 23 volts.

POSITION TO
CENTE\R LINE

1A

VERTICAL
DEFLECTION

(2373-12)2374-69

Figure 2-12. Measuring peak-to-peak voltage of a waveform.

Instantaneous Voltage Measurements—Dc

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

1. Connect the test signal to either the Channel 1 or
Channel 2 input connector.

2. Set the VERT MODE switches to display the
selected channel.

3. Set the VOLTS/DIV switch to display about 5
divisions of waveform.

4. Set the AC-GND-DC switch to GND.

5. Set the TRIGGERING MODE switch to AUTO.
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6. Position the trace to the bottom line of the graticule
or other reference line. If the voltage to be measured is
negative with respect to ground, position the trace to the
top line of the graticule. Do not change the vertical
POSITION control setting after this reference line has
been established.

NOTE

To measure a voltage level with respect to a voltage
other than ground, make the following changes in
step 6: Set the AC-GND-DC switch to DC and apply
a reference voltage to the selected channel input
connector. Then position the trace to the reference
line.

7. Set the AC-GND-DC switch to DC. The ground
reference line can be checked at any time by switchingthe
AC-GND-DC switch to the GND position.

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

9. Measure the distance in divisions between the
reference line and the point on the waveform at which the
dc level isto be measured. For example, in Figure 2-13the
measurement is made between the reference line and
point A.

10. Establish the polarity of the signal. If the waveform
is above the reference line, the voltage is positive; below
the ling, it is negative. :

11. Multiply the distance measured in step 9 by the
VOLTS/DIV switch reading of step 3.

| 1

L

e

[ — e o v e o wn g hd
. T

AR B e o S R e
¥

VERTICAL
DISTANCE

REFERENCE LINE

(2373-13)2374-70

Figure 2-13. Measuring instantaneous dc voltage withrespectto
a reference voltage.
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EXAMPLE: Assume that the vertical distance
measured is 4.6 divisions (see Figure 2-13), the waveform
is above the reference line, and the VOLTS/DIV switch
reads 2 (read the appropriate VOLTS/DIV window for the
probe or cable being used).

Using the formula:

Instantaneous
Voltage
vertical
VOLTS/DIV
distance X polarity X )
S setting
(divisions)

Substituting the given values:

Instantaneous

Voltage =46X+1X2V

The instantaneous voltage is 9.2 volts.

DIFF Mode Operation

With the VERT MODE DIFF button pressed in, the
displayed waveform is the difference between the signals
applied tothe Channel 1and Channel 2inputs (CH1— CH
2).

The following general precautions should be observed
when using the DIFF mode:

1. Do not exceed the input voltage rating of the
oscilloscope.

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

Comparison Measurements

In some applications it may be desirable to establish
arbitrary units of measurement other than thoseindicated
by the VOLTS/DIV switch or SEC/DIV switch. This is
particularly useful when comparing unknown signalsto a
reference amplitude or repetition rate. One use for the
comparison-measurement techniqué is to facilitate
calibration of equipment (e.g., on an assembly-line test)
where the desired amplitude or repetition rate does not
produce an exact number of divisions of deflection. The
adjustment will be easier and more accurate if arbitrary
units of measurement are established so the correct
adjustmentis indicated by an exact number of divisions of
deflection. Arbitrary sweep rates can be useful for com-

paring harmonic signals to a fundamental frequency, or
for comparing the repetition rate of input and output
pulses in a digital count-down circuit. The following
procedure describes how to establish arbitrary units of
measure for comparison measurements. Although the
procedure for establishing vertical and horizontal ar-
bitrary units of measurement is much the same, both
processes are described in detail.

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

1. Connect a reference signal to the Channel 1 or
Channel 2 input connector. Set the SEC/DIV switch to
display several cycles of the signal.

2. Set the VERT MODE switches to display the
selected channel, and set the VOLTS/DIV switchand VAR
control for that channel to produce a display of an exact
number of graticule divisions in amplitude. Do not change
the VAR control setting after obtaining the desired
deflection. This display can be used as a reference for
amplitude comparison measurements.

3. Toestablish anarbitrary vertical deflection factor so
the unknown amplitude of a signal can be measured
accurately at any setting of the VOLTS/D!V switch, the
amplitude of the reference signal must be known. If itis not
known, it can be measured before the VAR controlissetin
step 2.

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

reference signal

Vertical amplitude (volts)
Conversion=
Factor vertical VOLTS/DIV
deflection X  switch
(divisions) setting

5. To measure the amplitude of an unknown signal,
disconnect the reference signal and connect the unknown
signal to the selected channel input connector. Set the
VOLTS/DIV switch to a setting that provides sufficient
vertical deflection to make an accurate measurement. Do
not readjust the VAR control.
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6. Measure the vertical deflection in divisions, and
calculate the amplitude of the unknown signal using the
following formula:

S | VOLTS/DIV vertical vertical
A '%’,nad = switch X conversion X deflection
mplitude setting factor (divisions)

EXAMPLE: Assume a reference signal amplitude of
30V, a VOLTS/DIV switch setting of 5, and the VAR
control is adjusted to provide a vertical deflection of 4
divisions.

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

Vertical
oS80V
Conversion = X5V 1.5
Factor

Then with a VOLTS/DIV switch setting of 1, the peak-
to-peak amplitude of an unknown signal which produces a
vertical deflection of 5 divisions can be determined by
using the signal amplitude formula (step 6):

Signal = {1V X1.5X5=7.5volts
Amplitude

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

1. Set the VERT MODE switches to display the
selected channel and connect a reference signal to the
selected channel input connector. Set the VOLTS/DIV
switch for 4 or 5 divisions of vertical defiection.

2. Set the SEC/DIV switch and VAR control so one
cycle of signal covers an exact number of horizontal
divisions. Do not change the VAR control setting after
obtaining the desired deflection. This display can be used
as a reference for frequency comparison measurements.

3. To establish an arbitrary sweepratesothe unknown
period of a signal can be measured accurately at any
setting of the SEC/DIV switch, the period of the reference
signal must be known. If it is not known, it can be
measured before the VAR control is set in step 2.

4. Divide the period of the reference signal (seconds)
by the product of the horizontal deflection established in
step 2 (divisions) and the setting of the SEC/DIV switch.
This is the horizontal conversion factor:

erorlzon'tal __reference signal period (seconds)
OnVersion = A rizontal deflection (divisions)
Factor

X SEC/DIV switch setting
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5. To measure the period of a signal, disconnect the
reference signal and connect the questioned signal tothe
selected channelinput connector. Setthe SEC/DIV switch
to a setting that provides a sufficient horizontal display to
make an accurate measurement (at least one full cycle).
Do not readjust the VAR control.

6. Measure one full cycle of the horizontal display in
divisions and calculate the period of the unknown signal
using the following formula:

SEC/DIV horizontal horizontal
Period = switch X conversion X display
setting factor (divisions)

EXAMPLE: Assume a reference signal frequency of
455 Hz (period 2.19 milliseconds), and a SEC/DIV switch
setting of .2 m, with the VAR control adjusted to provide a
horizontal deflection of eight divisions. Substitutingthese
valuesinthe horizontal conversionfactor formula(step 4):

Horizontal -
) 2.19 milliseconds
Conversion = =137
2X8
Factor

Then, with a SEC/DIV switch setting of 50 u the
unknown period of a signal, which completes one cyclein
7 horizontal divisions, can be determined by using the
period formula (step 6):

Period = 50 us X 1.37 X 7 = 480 us

This answer can be converted to frequency (repetition
rate) by calculating the reciprocal of the period.

Time-Duration measurements

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

1. Connect a signal to either the Channel 1 or the
Channel 2 input connector.

2. Set the VERT MODE switches to display the
selected channel.

3. Set the VOLTS/DIV switch to display about 5
divisions of waveform.

4. Set the Triggering controls to obtain a stable
display.

5. For best accuracy use a SEC/DIV setting that gives
the greatest number of on-screen divisions between time
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measurement points (see Figure 2-14). The MAGNIFIER
may be set to X10 (button in) to expand the display when
measuring portions of more complex waveforms. If this
technique is employed, the final time duration figure in
step 9 must be divided by ten.

6. Adjust the vertical POSITION control to move the
display measurement points to the center horizontal
graticule line.

7. Adjust the horizontal POSITION control to center
the display within the center 8 graticule divisions.

8. Measure the horizontal distance between the time
measurement points. Verify thatthe SEC/DIV VAR control
is set in the calibrated detent (fully cw).

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

EXAMPLE: Assume the distance between time
measurement points is 5 divisions (see Figure 2-14) and
the SEC/DIV switch is set at .1 m.

Using the formula:

horizontal SEC/DIV
Time Duration =  distance X setting
(divisions)

Substitute given values:

Time Duration =5 X 0.1 m

The time duration is 0.5 millisecond.

\\/" . \\/

+
+

| !
t<«— HORIZONTAL __,,,
| DISTANCE i

(2373-14)2374-71

Figure 2-14. Measuring the time duration between points on a
waveform.

Frequency Measurements

The time measurement technique can also be used to
determine the frequency of a signal. The frequency of a
periodically recurrent signal is the reciprocal of the time
duration (period) of one cycle.

Use the following procedure:

1. Measure the time duration of one cycle of waveform
as described in the previous application.

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

EXAMPLE: The frequency of the signal shown in
Figure 2-14, which has a time duration of 0.5 millisecond,
is calculated as follows:

Frequency =

1 . 1 _ 1
time duration 0.5ms 0.5 X 10°*

=2X107 =2kHz

Risetime Measurements

Risetime measurements are made in the same manner
as time duration measurements, except the
measurements are made between the 10% and 90% points
of the waveform amplitude (see percentage markings on
the left edge of the graticule).

Use the following procedure to measure risetime:

1. Adjustthe VOLTS/DIV switch and VAR control fora
display amplitude of exactly 5 divisions.

2. Adjust the vertical POSITION control so that the
display bottom just touches the 0% graticule line and the
display topjusttouchesthe 100% graticuleline (see Figure
2-15).

3. Measure the horizontal distance (divisons) between
the 10% and 90% points on the waveform (point Ato point
B, Figure 2-15).

Use the following formula to find risetime:

hgr|zontal SEC/DIV
distance X )
setting

(divisions)

Risetime =
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Examples:

The horizontal distance between the 10% and 90% point
on the waveform is 5 divisions with a SEC/DIV switch
setting of 1 us.

Substituting the given values:
Risetime = 5 divisions X 1 us/division

Risetime = 5 us

T T
B )
g | :
®— ‘
‘ : | MEASURE
SIGNAL s
" ; TIME FROM
AMPLITUDE i
j /o ATO B
Sy SN
HORIZONTAL
T DISTANCE " ,45500.013

Figure 2-15. Measuring rise time.

Time-Ditfference Measurements

The calibrated sweep rate and dual-trace features of
the 442 allow measurement of time difference between
two separate events. To measure time difference, usethe
following procedure:

1. Set the Input Coupling switches (AC-GND-DC) to
the AC or DC coupling positions depending onthetype of
coupling desired.

2. Set the VERT MODE switches to either CHOP or
ALT. In general, the CHOP modeis more suitable for low-
frequency signals whilethe ALT mode is more suitablefor
high-frequency signals.

3. Connect the reference signal to the Channel 1input
and the comparison signal to the Channe!l 2 input. The
reference signal should precede the comparison signal in
time. Connect the sighalsto the input connectorsthrough
coaxial cables that have equal delay time.

4. Set the VOLTS/DIV switches to produce 4 or 5
divisions of display amplitude.

5. Set the LEVEL control for a stable display.

REV A MAY 1980

Operating Instructions—442 Service

6. f possible, set the SEC/DIV switch for a sweep rate
which shows three or more divisions between the
measurement points for the two waveforms.

7. Set the vertical POSITION controls to center each
waveform (or points on the display between which the
measurement is made) in relation to the center horizontal
graticule line.

8. Set the horizontal POSITION control so the
Channel 1 (reference) waveform crosses the center
horizontal line at a vertical graticuie line.

9. Measure the horizontal difference between the
Channel 1 waveform measurement point and the Channel
2 waveform measurement point (see Figure 2-16).

10. Multiply the measured difference (horizontal
divisions) by the SEC/DIV switch setting reading.

EXAMPLE: Assume the SEC/DIV switchissetto 50 u,
and the horizontal difference between measurement
points on the two waveformsis 4.5 divisions (see Figure 2-
16).

Using the formula:

horizontal

Time Difference = SEC/.DN X difference
setting L

(divisions)

Substituting the given values:

Time Difference = 50 us X 4.5

The time difference is 225 microseconds.

[ 1

|
MEASURE

et TIME FROM
r' \: i ATOB
|

CHANNEL 1 (REFERENCE) /. HANNEL 2
/]

HH

—! HORIZONTAL lww—

i
DIFFERENCE 265/DM-0-14

Figure 2-16. Measuring time difference between two pulses.
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Multi-Trace Phase Difference Measurements

Phase comparison between two signals of the same
frequency can be made using the dual-trace feature of the
442, This method of phase difference measurement can be
used up to the frequency limit of the vertical system. To
make a phase comparison measurement, use the follow-
ing procedure:

1. Set the Input Coupling switches (AC-GND-DC) to
the AC or DC position, depending on the type of coupling
desired.

2. Set the VERT MODE switches to either CHOP or
ALT. In general, the CHOP mode is more suitable for low-
frequency signals while the ALT mode ismore suitablefor
high-frequency signals.

3. Connect thereference signal tothe Channel 1input
connector and the comparison signal to the Channel 2
input connector. The reference signal should precede the
comparison signal in time. Use coaxial cables or probes
that have equal time delay to connect signalsto the input
connectors.

4. Set the VOLTS/DIV switches and VAR controls so
the displays are equal and about 5 divisions in amplitude.

5. Set the Triggering controls to obtain a stable
display.

6. Set the SEC/DIV switch to a sweep rate which
displays about one full cycle of each waveform over 10
graticule divisions.

7. Use the Channel 1 and Channel 2 POSITION
controls to center the waveforms around the center
horizontal graticule line.

8. Turn the SEC/DIV VAR control until one cycle of
reference signal (Channel 1) occupies exactly 8 divisions
between the second and tenth graticule lines (see Figure
2-17). Each division of graticule represents 45° of the
cycle (360° = 8 divisions = 45°/ division). The horizontal
graticule calibration can be stated in terms of degrees as
45°/division.

9. Measure the horizontal difference between the
corresponding points on the waveforms.

10. Multiply the measured distance by 45°/division to
obtain the exact amount of phase difference.
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EXAMPLE: Assume a horizontal difference of 0.6
division with a horizontal graticule calibration of
45°/division as shown in Figure 2-17. Using the formula:

Phase Difference =

h9r|zontal horizontal graticule calibration
difference X (degrees/div)
(divisions) ?

Substituting the given values:

Phase Difference = 0.6 X 45°

The phase difference is 27°.

CHANNEL 1 CHANNEL 2
(REFERENCE) (LAGGING)
\ 1/

) /‘\ L

\ %

X /
+ Al/l — -+ - +
4 -4 ++

™

/ 1 \ /
4 1 4
HORIZONTAL I
DIFFERENCE [ B
1
- 8 D|V|S|ONS.____>
(360°)

(1074-27)2374-72

Figure 2-17. Measuring phase difference.

X-Y Phase Measurement

The X-Y phase measurement method can be used to
measure the phase difference between two signals of the
same frequency. This method provides an alternate
method of measurement for signal frequencies up to
2 MHz. However, above this frequency the inherent phase
difference between vertical and horizontal systems makes
accurate phase measurement difficult. In this mode, one
of the sinewave signals provides the horizontal deflection
(X) while the other signal provides the vertical deflection
(Y). The phase angle between the two signals can be
determined from the lissajous pattern as follows:

1. Connect one of the sinewave signaistothe Channel
1 or Xconnector; andthe other signaltothe Channel 2or Y
input connector.

2. Set the TRIGGERING SOURCE switch to X-Y and
the VERT MODE switch to CH 2 or X-Y.
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3. Position the display to the center of the crt graticule
area and adjust the Channel 1 and Channel 2 VOLTS/DIV
switches to produce a display amplitude of less than 6
divisions vertically (Y) and less than 10 divisions horizon-
tally (X). The Channel 1 VOLTS/DIV switch controls the
horizontal deflection (X) and the Channel 2 VOLTS/DIV
switch controls the vertical deflection (Y).

4. Center the display around the center graticulelines.
Measure the distance A and B as shown in Figure 2-18.
Distance A is the horizontal measurement between two
points where the trace crosses the center horizontal line.
Distance B is the maximum horizontal width of display.

5. Divide A by B to obtain the sine of the phase angle
(¢) between the two signals. The angle can then be
obtained from a trigonometric table.

6. If the display appears as a diagonal straightline, the
two signals are either in phase (tilted upper right to lower
left) or 180° out of phase (tilted upper lefttolower right). If
the display is a circle, the signals are 90° out of phase.

EXAMPLE: To measure the phase of the dispiay
shown in Figure 2-18 where A is 5 divisions and B is 10
divisions, use the formula:

Substituting the given values:

- A
Sinegp = .
B

Substituting the given values:

. - 5 _
Sineg = 2 =05
10

From trigonometric tables:

¢ = 30°
e
//
// .
A -+ o alid

| r 1

: 7// ]

| |

I 1

1 I

: 1

| !

]
:4—— A — =
- B —p-{

2373-18 (1331-13)

Figure 2-18. Phase difference measurement with an X-Y display.

REV A MAY 1980

Operating Instructions—442 Service

Oscilloscope Light Filter and Graticule lllumination
Photography Effects

The 442 Oscilloscope contains a factory instalied
colored (blue) plastic lightfilterinfront of the crt faceplate
to improve general purpose viewing contrast in ambient
lighting conditions. This device also functions as an
implosion shield.

The internal crt graticule lines in the 442 are not
illuminated, and may not be visible on a photograph of the
crt display when using ordinary photographictechniques.
If the user wishes to produce oscilloscope photographsin
which the graticule lines are visible along with the signal
display, a special oscilloscope camera such as the
TEKTRONIX C5C or C5C Option 3 is recommended.
These cameras provide an external flash illumination for
the crt graticule. Effectiveness of the external flash
illumination is somewhat degraded when used with the
blue crt light filter. A clear light filter is available as an
optional accessory for the 442 (refer to the Accessories
tab page at the back of this manual for part number and
description of the clear filter) to be instaliedin place of the
blue filter during oscilloscope photography.

The clear filter may also provide improved photograph
definition and contrast with reduced oscilloscope display
intensity settings (some colored filters reduce effective
display intensity as much as 75%). Under no cir-
cumstances should the oscilloscope be operated without
either a clear or colored light filter when no other
implosion shield is provided (optional accessory mesh
filters are not intended for implosion protection and must
be removed when using an oscilloscope camera).

To order the optional clear light filter accessory,
contact your tocal Tektronix Field Office.

To change light filters (implosion shields): Press down
on the bottom of the black plastic light filter frame and tilt
the top of the frame away from the crt face. Pressthefront
of the existing filter to remove it from the frame and press
the new filter into the frame. Reinstall the frame and filter
on the oscilloscope by pressing the bottom of the frame
down into the bezel channel; then tilt the top of the frame
inward toward the crt face and the spring onthe bottom of
the frame will push the frame assembly up into the
operating position.

Instrument Repackaging

Should reshipment become necessary, reuse the car-
ton in which your instrument was shipped. If the original
packaging is unfitfor use oris not available, repackage the
instrument as follows:

1. Obtain a carton of corrugated cardboard having
inside dimensions of no less than sixinches morethanthe
instrument dimensions; this will allow for cushioning. Use
a carton having a test strength of at least 275 pounds.
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2. Surround the instrument with polyethylene sheet-
ing to protect the finish and prevent packing material from
entering the instrument.

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

4. Seal carton with shipping tape or industrial stapler.

Required Reshipment Information

If the instrument is to be shippedtoa Tektronix Service
Center for service or repair, attach a tag containing the
following information:

1. Owner's name and address, with the name of an
individual at your firm who can be contacted.

2. Complete instrument serial number.

3. Description of the services required.
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Section 3—442 Service

THEORY OF OPERATION

GENERAL

This section describes circuitry used in the 442
Oscilloscope. The description begins with a discussion of
operation using the block diagram shownin Diagrams and
Circuit Board lllustrations (Section 7).

Next, each circuit is described in detail.

Refer to the schematic diagrams (in Section 7)
throughout the following discussions for specific elec-
trical values and relationships.

BLOCK DIAGRAM DESCRIPTION

The following discussion is provided to aid in un-
derstanding the overall concept of the 442 Oscilloscope
before individual circuits are discussed in detail.

VERTICAL INPUT

Signals to be displayed on the crt screen are applied to
either (or both) Channel 1 (X) and Channel 2 (Y) input
connectors. Input signals are amplified by Channel 1 or
Channel 2 preamplifier circuits as appropriate. Each
preamplifier circuit includes separate input coupling
switches, attenuators, gain switching, variable atten-
uators, balance, and gain adjustments.

A Trigger Pickoff circuit in each vertical channel
supplies a sample of the input signal to the Trigger Input
Amplifier via the Trigger Switching circuit and the
SOURCE switch.

When the SOURCE switch is in the X-Y position,
triggering is disabled and Channel 1 signals are con-
nected to the Horizontal Output Amplifier through the X
Buffer Amplifier. Channel 2 signals are connected through
regular Channel 2 vertical circuitry. Channel 1 provides X-
Axis deflection and Channel 2 provides Y-Axis deflection.
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VERTICAL SWITCHING

The Vertical Mode switches select the desired channel
presentation and an appropriatetrigger signal. The output
of each Preamplifier is connected to the Delay Line Driver
through a corresponding Input Buffer and a Diode Gate.
The Diode Gates are controlled by the Vertical Switching
circuit (as determined by the Vertical Mode switch) to
select the channel(s) for display. An output from the
Vertical Switching circuit is connected through the Chop
Blanking Pulse Generator to the Z Axis Amplifier to blank
switching transientsinthe CHOP mode. A sync pulse from
the sweep, via the Alternate Sync Pulse Amplifier,
switches the display between channels at the end of each
sweep in ALTernate mode. A DIFFerential function allows
a display of the difference between the two input signals
using circuitry thatinvertsthe Channel 2 signal and adds it
algebraically to the Channel 1 signal.

VERTICAL AMPLIFIER

The vertical input signals go from the Delay Line Driver
through the Delay Line to the Vertical Output Ampilifier.
The Delay Line provides approximately 140 ns delay in
vertical signal transfer. This allows the sweep generator
circuit time to initiate a sweep before the vertical signal
reaches the crt vertical deflection plates. One section of
the BEAM FINDER switch affects the Vertical Output
Amplifier circuitry. When the BEAM FINDER button is
pressed in, this section compresses the display vertically
to within the graticule area (another section affects the
Horizontal Amplifier circuitry and causes the display to
compress horizontally whenthe buttonis pressedin). This
aids in locating off-screen displays. The vertical output
amplifier provides final amplification of the signal to drive
the crt vertical deflection plates.

TRIGGER

The Trigger circuits produce timed logic signals to
trigger the sweep. Trigger signals are selected by the
SOURCE switch from four different sources: From the
Composite Pick-off for COMP; from the Int Trigger
Switching and the Int Trigger Buffer Amplifier for CH
1/CH2; from the secondary of T700 (line voltage) for LINE;
and from the EXT input connector for the EXT trigger
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function. The trigger SOURCE, EXT/10, uses the same
signal as EXT but the signal is attenuated by afactor of ten
for user convenience.

A selected trigger signal is amplified and inverted by
the Trigger Input Amplifier. The trigger signal passes
through a resistor network to the Trigger Level Com-
parator, which determines the voltage level (onthetrigger
waveform) at which triggering occurs. The SLOPE switch
selects the slope or sync (TV) polarity. The Trigger Level
Comparator also supplies a signal to the TV Sync
Separator circuit.

Two Schmitt trigger circuits produce a logic trigger
signal: one is for normal trigger signals and the other is for
TV signals. The MODE switch selects which Schmitt
trigger circuit will operate.

SWEEP AND HORIZONTAL AMPLIFIER

The Sweep circuit, when triggered by the Trigger
circuit, produces a linear sawtooth output signal for the
Horizontal Amplifier to produce a sweep. The slope of the
sawtooth signal is controlled by the SEC/DIV switch,
which determines the time period and frequency. When
the sawtooth output reaches a predetermined level, the
Holdoff circuit resets the Sweep circuit, blanks the crt
(through the Z Axis Amplifier) and prevents subsequent
triggers from initiating another sweep until sweep reset is
completed. The HOLDOFF control can be adjusted for low
frequency stability.

CRT CIRCUIT

The Z Axis Amplifier determines the crt intensity and
blanking. It sums the current inputs from several sources:
INTENSITY control; X-Y intensity limit; unblanking
signals from the sweep circuit; chop blanking signals from
the Vertical Switching circuit; and signals from the
External Z AXIS INPUT connector, J419.

Qutput from the Z Axis circuit controls the trace
intensity through the HV circuit. The HV circuit provides
the voltages (greater than 100 V) necessary for operation
of the crt.

PROBE ADJ

The Probe Adjust Generator provides a square-wave
voltage output for checking and adjusting the compensa-
tion of voltage probes.
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POWER SUPPLY

The Power Supply circuits provide low-voltage power
necessary for operation of the instrument.

DETAILED CIRCUIT DESCRIPTION

The operation of circuits unique to this instrument is
described in detail in this discussion. Circuits commonly
usedinthe electronicsindustry are not describedin detail.

The following circuit analysis gives names of individual
stages, and describes how they are connected to form
major circuits. The detailed circuit diagrams are shown in
Section 7.

VERTICAL INPUT
(Diagram 1)

Since the Channel 1 and Channel 2 input circuits are
electrically nearly identical, only Channel 1is discussedin
detail. The 4100 series circuit numbers identify the
Channe! 1 components and 4200 series numbers identify
the Channel 2 components.

Input Switching

Input Coupling Switch—AC-GND-DC. The vertical
input signal is ac-coupled, dc-coupled, or grounded by
S4100. With the coupling switch inthe DC position, input
signals are coupled directly to the VOLTS/DIV switch
attenuator. With the coupling switch in the AC position,
input signals pass through C4102 to the attenuator. With
the coupling switch in the GND position, the input to the
attenuator is grounded. This provides a ground reference
without disconnecting the signal from the input connec-
tor. In the GND position, C4102is charged to the average
signal level through R4102 so that a trace remains on the
crt when S4100 is changed to the AC position.

'VOLTS/DIV Switch. The VOLTS/DIV switch selects
the attenuator ratio and the preamplifier gainto determine
the deflection factor. The basic deflection factor of the
vertical deflection system is 2 mV/division. At this setting,
no attenuators are switched into the system and the gain
switch circuit sets the preamplifier gain to maximum.
Precision attenuators are switched in and out of the
attenuator and gain switching circuits to provide a com-
plete range of deflection factors as indicated on the front
panel.

Attenuators are frequency compensated voltage
dividers that provide constant attenuation at all frequen-
cies within the bandwidth of the 442. Input RC
characteristics (approximately 1 MQ times approximately
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30 pF) are maintained for each setting of the VOLTS/DIV
switch. The attenuator circuit consists of a10Xand a 100X
attenuator. 1000X is obtained when the 10X and 100X
attenuators are cascaded.

The gain switching circuit consists of R4143 through
R4147 and three VOLTS/DIV switch contacts. Three
preamplifier gains are selected: 1X (maximum), 2.5X
reduction, and 5X reduction. Refer to Table 3-1 for the
attenuator and gain switching sequence.

Table 3-1
ATTENUATOR AND GAIN SWITCHING SEQUENCE
Gain Switch
VOLTS/DiV Attenuator (preamp gain
Setting (signal attenuation) reduction)
2m X 1X
5m 1X 2.5X
10 m 1X 5X
20m 10X 1X
50 m 10X 2.5X
A 10X 5X
2 100X 1X
5 100X 2.5X
1 100X 5X
2 1000X 1X
5 1000X 2.5X
10 1000X 5X

Preamplifier

Input. Signals from the attenuator are connected to
source follower Q4122 via C4122 and R4122. Resistor
R4121 determines the 1 MQ input resistance, and R4122
limits the current drive to the gate of Q4122A. Diode
CR4122 protects the circuit from high negative-going
input signals by limiting voltages at the gate of Q4122A to
about —8 volts. Field effect transistor Q41228 provides a
constant-current source for Q4122A.

Transistors Q4132 and Q4134 are emitter followers.
The signal at the emitter of Q4132 follows the signal at the
gate of Q4122A. Divider network R4143 through R4147
attenuates the signat from Q4132 which drives the base of
Q4158. DC Bal R4130 adjusts for zero current in R4244,
R4245, or R4246 providing minimum trace shift when
switching between these resistors.

First Cascode Amplifier. The paraphase amplifier
stage (Q4168, Q4158, and associated circuitry) converts
the single-ended signal atthe base of Q4158to a push-pull
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current signal. Capacitors C4158 and C4168 minimize the
Miller effect through Q4158 and Q4168. Components
C4154, C4156, R4156, R4166 and C4166 (connected
between emitters of Q4158 and Q4168) compensate for
high-frequency losses in the preamplifier. VAR control
R4152 provides uncalibrated deflection factors between
VOLTS/DIV switch settings by attenuating signals applied
to the base of Q4158. Transistors Q4174, Q4184, and
associated circuitry compose a common base amplifier
stage.

Second Cascode Amplifier. Transistors Q4176-Q4186
and Q4344-Q4346 (on diagram 2) compose the second
cascode amplifier. Capacitors C4177 and C4187 minimize
the Miller effect through Q4176 and Q4186. POSITION
control R4346 (on diagram 2) establishes the vertical
position of the display on the crt.

A sample of the vertical voltage signal from the emitters
of Q4176 and Q4186 is applied to Q4194 and Q4196 where
it is converted to a current signal. This current signal is
applied to the trigger input amplifier to provide a trigger-
ing signal (see diagram 4) via diode switching circuitry
(see diagram 2). See circuit descriptions for diagrams 2
and 4 for further details.

Channel 2 operates the same as Channel 1 except for
an inverting pair of transistors that invert the Channel 2
signal during DIFF mode operation.

An additional potentiometer R4265 (SN B010409 and
above) or R4280 (serial numbers below B010409) is
included in Channel 2 to provide an invert balance
adjustment for Channel 2.

VERTICAL SWITCHING
(Diagram 2)

Digital logic devices are used in the 442 to perform
some functions. L.LO and HI designations are used in this
description to indicate the states of the digital circuitry. HI
indicatesthe more positive of two levels. Specific voltages,
which constitute LO or HI logic states, may vary between
individual devices.

Delay Line Driver

The delay line driver is a push-pull feedback amplifier
stage composed of Q4386, Q4376, and associated cir-
cuitry. A sample of the output of Q4386 and Q4376 is fed
back through R4383 and R4373 to the bases of Q4386 and
Q4376. Dueto this feedback, this stage forms aninverting
operational amplifier with a virtual ground at the bases of
Q4386 and Q4376. Any current into these virtual ground
null points causes an output voltagethatis proportional to
the feedback resistance.
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Components C4396, R4396, C4397, C4395, R4397,
C4398, and R4398 provide compensation (peaking) to
correct for delay line losses.

Delay Line

Delay Line DL4380 provides approximately 140 ns
delay for the vertical signals. This allows the sweep
generator circuit to initiate a sweep before any vertical
signal reaches the crt vertical deflection plates.

Vertical Switching

The Vertical Switching circuit determines when
Channel 1 or Channel 2is connectedtothevertical output
amplifier. In ALTernate or CHOPped mode, both channels
are displayed on a time shared basis.

Diode gates, consisting of four diodes each, act as
switches that allow either of the vertical preamplifier
signals to be coupled to the delay line driver. Diodes
CR4346, CR4347, CR4348, and CR4349 control the
Channel 1 output while CR4356, CR4357, CR4358, and
CR4359 control the Channel 2 output. These diodes are
controlled by flip-flop U4324A, which inturnis controlled
by the Vertical Mode switch (five push-buttons), S4320.

When the Vertical Mode switch is set for CH 1 (CH 1
pushbutton in), pin 4 of U4324A is held LO. Since pin 1is
Hi, this causes pin5togoHI. AHl at pin 5 (avoltage higher
than at the bases of Q4386 and Q4376) reverse biases
CR4347 and CR4348 and forward biases CR4346 and
CR4349. This allows Channel 1signalsto passtothe delay
line driver. When pin 5 is HI, pin 6 is LO causing the
cathodes of CR4357 and CR4358 to connect to a voltage
much lower than on the bases of Q4386 and Q4376.
Diodes CR4357 and CR4348 are now forward biased and
diodes CR4356 and CR4359 are reverse biased, preven-
ting Channel 2 signals from passing through to the delay
line driver.

In Channel 2 mode, the above conditions are reversed.

With Vertical Mode in DIFFerential, the inputs from
both channels are added at the delay line driver. The DIFF
push-button switch inverts Channel 2 by removing
forward bias voltage from the bases of Q4354 and Q4356
and applying ittothe bases of Q4350 and Q4352. The DIFF
mode switch also sets pin 1 and 4 of U4324A low, causing
pins 5and 6to go high, thusturning on both Channel 1and
Channel 2. Channel 1 and the inverted Channel 2 signal
currents arethen added attheinputtothe delayline driver.
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In ALTernate or CHOPped Vertical Mode, Channel 1
and Channel 2 are alternately connected to the delay line
driver. The setting of the SEC/DIV switch should be
considered when selection of ALT or CHOP mode is
made. CHOP should be used with sweep speeds of 1 ms
and slower and ALT should be used with sweep speeds of
.5 ms and faster.

In the chopped mode, pin 2 of U4306A is ungrounded
by the Vertical Mode push-button switching, allowing the
multivibrator (U4306A and U4306D) to free run at about
250 kHz. The output at pin 8 of U4306C serves as a clock
pulse for U4324A, which in turn switches the channel
diode gates at the 250 kHz rate. Theclock pulseis alsofed
to U4324B, which provides an output pulse to the Z-axis
amplifier to blank out the transition between Channel 1
and Channel 2 traces. If pin 13 of U4324B goes LO, the
output (pin 9) is set LO, causing pin 6 of U4306Bto go HI.
This causes pin 13 of U4324A to go HI after being delayed
by C4315 charging through R4315. The clock pulse
appliedto pin 11 of U4324B causes pin 9to go HI which, in
turn (through the inverter and after some delay), sets pin
13 LO again. This causes pin 9 to go LO again. The
positive-going voltage pulse (whose width is determined
by R4315 and C4315) is convertedto current by R4318 and
sent to the Z-axis amplifier to blank out switching
transients.

In the alternate mode, pin 2 of U4306A is grounded by
the Vertical Mode push-button switching, preventing
multivibrator operation and keeping pin 10 of U4306C Hi.
At the end of each sweep, the base of Q4302 receives a
current pulse that drives it into saturation. The resulting
negative-going pulse at the collector isfed through C4302
to pin 9 of U4306C, causing pin 8 to go Hi. This, inturn,
switches U4324A to pass either Channel 1 or Channel 2to
the delay line driver at the end of each sweep. Pin 12 of

" U4324B is grounded through the Vertical Mode switching

and prevents any output at pin 9.

The Vertical Mode switching also selects appropriate
triggering sources for Channel 1 and Channel 2. With the
Vertical Mode switching set to CH 1, ALT, or CHOP,
CR4335 is forward biased and signals from Channel 1
trigger pickoff go to the sweep circuit. In these modes,
CR4331 is connected to +8 volts, thus reverse biasing
CR4336 and preventing Channel 2 trigger signals from
entering the trigger input amplifier. With the Vertical Mode
switching set to CH 2, CR4336 becomes forward biased
while CR4331 is reverse biased because CR4332 is now
connected to +8 volts. Channel 2 triggering may be used
with ALT, CHOP, or DIFF by pressing CH 2 and ALT,
CHOP, or DIFF push-buttons simultaneously.
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VERT OUTPUT AMPL, CRT, AND PROBE
ADJ
(Diagram 3)

Vertical Output Amplifier

The Vertical Output Amplifier circuit provides final
amplification of the Channel 1 and Channel 2 signals to
drive the crt vertical deflection plates.

Q112, Q122, Q134, Q136, Q144, and Q146 form a
common-emitter shunt-feedback amplifier. Shunt-
feedback transistors Q134, Q136, Q144, and Q146 are
stacked. Resistors R118K, R118L, R118H, and R118J
provide the feedback. The output voltage at the collectors
of Q136 and Q146 is proportional to the collector current
of Q112 and Q122 through feedback resistors R118K-
R118L and R118H-R118J.

When BEAM FINDER button (section S410A) is press-
ed, R117 is placed in series with R118B and R118C,
limiting Q112 and Q122 emitter current. This limits the
maximum vertical deflection to within the crt graticule
area. Another section of the BEAM FINDER switch limits
the horizontal deflection.

Z-Axis Circuit

The Z Axis Amplifier controlsthe crtintensity level from
several inputs; the INTENSITY control, unblanking signal
from the sweep circuit, chop blanking signal from the
vertical amplifier, and external signals from the Z AXIS
INPUT connector (also intensity {imit signal during X-Y
operation). INTENSITY control R412 varies the trace
intensity from off to maximum brightness, overriding all
other inputs tothe Z Axis Amplifier. The unblanking signal
from the sweep circuit (through S2100) btanks the signal
during retrace and holdoff. The chop blanking signal {with
the vertical in the CHOP mode) blanks the crt during the
channel switching interval to eliminate vertical chopping
noise from appearing on the display. The Z AXIS INPUT
connector, through J419, allows control of the trace
intensity from an external source.

The current signals from the various inputs are con-
nected to the emitter of Q416. The algebraic sum of the
signals determines the collector conduction level. In case
of overdrive from any input, Q416 cuts off and CR416
conducts the excess current to ground thereby preventing
the output stage from saturating.

Transistors Q424, Q426, Q434, and associated circuitry
form aninverting operational amplifier. Components R423
and C423 are the feedback elements. Any currentintothe
input summing point (the base of Q424) resuits in an
output voltage at the collectors of Q426 and Q434. This
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output voltage controls the display intensity leve!l by
changing the dc volitage level at the junction of R462,
C463, and C464.

Crt Circuit

High Voltage Oscillator. Transistor Q458 and
associated circuitry make up the high-voltage oscillator
that produces the drive for high-voltage transformer T460.
When the instrument is turned on, current through Q454
provides forward bias for Q458. Transistor Q458 conducts
and the collector current increases, which develops a
voltage across the primary (Q458 collector) winding of
T460. This produces a corresponding voltage increase in
the feedback winding of T460that is connectedtothe base
of Q458 and Q458 conducts even harder. Eventually, the
rate of collector current increase in Q458 becomes less
than that required to maintain the voltage across the
collector winding, and the output voltage drops. This
turns off Q458 by way of the feedback voltage to the base.
The voltage waveform at the collector of Q458 is a sine
wave at the resonant frequency of T460. During the
negative half cycle, Q458 remains off and the field
collapses in the primary of T460. When the field is
collapsed sufficiently, the base of Q458 becomes forward
biased into conduction again and the cycle begins anew.
The amplitude of sustained osciliation depends upon the
average current delivered to the base of Q458 by the
regulator circuitry. The frequency of oscillation is ap-
proximately 50 kHz. Components C458 and R458 decou-
ple the unregulated +100 V supply line.

High Voltage Regulator. Transistors Q446-Q454 and
associated circuitry controi the output voltage of the High
Voltage supply. Components R443 and C443 provide a
slow start up for the high-voltage oscillator. When the
instrument is turned on, the +100 V supply charges C443
through R443. The voltage increases until itis sufficientto
forward bias CR443, holding the voltage at slightly above
+8 volts. This forms the reference for the high-voltage
regulator.

The resulting current in R444A (100 pA) turns on Q446
and Q454, providing base current for Q458. This startsthe
high voltage oscillator, causing a negative voltage to
develop at the crt cathode.

Resistors R4448, C, D, and R468 sample the cathode
voltage. The high voltage increases until the cathode
voltage is —2000 V. At this point the current in R444B is
approximately the same as the currentin R444A with Q446
barely conducting.

Any change inthelevel atthe base of Q446 produces an
error signal at the collector of Q446, which is amptified by
Q454 and applied to the base of Q458 through the
feedback winding of T460. Regulation occurs as follows:
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If the cathode voltage at the —2000 V point starts to go
positive (less negative), this positive-going change is
applied to the base of Q446. Q446 conducts harder, which
in turn causes Q454 to conduct harder. This results in
greater bias current to the base of Q458 through the
feedback winding of T460. Now Q458is biased closertoits
conduction level so that it comes into conduction sooner
to produce a larger induced voltage in the secondary of
T460. This increased voltage appears as a more negative
voltage at the crt cathode to correct the original positive-
going change. By sampling the output from the crt
cathode supply inthis manner, thetotal output of the high-
voltage supply is held relatively constant.

Components, R445 and C445, damptheresponse of the
regulator against fast changes in the toad such as when
the crt is unblanked at the beginning of the sweep.

Resistors R446, R453, and R457, help prevent in-
stabilities in the high-voltage oscillator.

High Voltage Rectifiers and Output. High-voltage
transformer T460 has three output windings. One winding
provides about 6.3 Vforthe crtfilament. The crt filamentis
referenced to the cathode voltage (=—2 kV), preventing
cathode-to-filament breakdown. A second winding
provides high ac voltage to multiplier U460 to produce a
10 kV crt anode accelerating voltage. The same winding s
tapped and rectified by CR465 to produce the dc voltage
for the crt cathode. Components C465, R465, and C466
filter the dc voltage.

The third winding is used to control the crt intensity.
Components CR463, C462, C463, C464, R462, and R463
rectify and filter the secondary voltage to provide ap-
proximately —2100 V which is applied to the crt grid. The
entire winding is referenced to the output of the Z axis
amplifier whose output voltage variations are used to
control the crt intensity by varying the grid to cathode
voltage. The dc path for the Z axis signal to the grid is
through R462, CR463, R463, and thetransformer winding.
Resistor R462 isolates the transformer capacitance from
the Z axis Amplifier. Capacitors C463 and C464 provide a
path for fast changes in the Z axis output to the crt grid.
Resistor R464 provides a discharge path for C462, C463,
and C464. Glow lamps DS463 and DS465 prevent the grid-
to-cathode voltage from rising high enough to cause
breakdown within the crt during turn-on or when the
cathode or grid is shorted to ground.

Crt Control Circuits. Crt display focusis controlled by
FOCUS control R468. ASTIG adjustment R477, which is
used in conjunction with the FOCUS control to provide a
well-defined display, varies the voltage onthe astigmatism
grid. Geometry adjustment R473 varies the voltage onthe
horizontal defiection 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 axis adjustment
R474 controls the current through L470, which affects the
crt beam after vertical deflection but before horizontal
deflection. Therefore, it affects only the vertical (Y)
components of the display. Trace Rotation (TRACE ROT)
adjustment R472 controls the current through L472 and
affects both vertical and horizontal rotation of the beam.

R475 and R476 provide the proper voltage for the
vertical plate shield, and R478 and C478 decouplethefirst
accelerator electrode from the +32 V supply.

Probe Adjust

The PROBE ADJust circuit provides a square-wave
output of approximately 0.5 V peak-to-peak negative from
ground at 1 kHz.

U24 is an operational amplifier that functions as a free-
running multivibrator. The frequency determining ele-
ments are as follows:

When the output (pin 1 or 6 depending on serial number
of the 442) of U24 is positive, voltage divider R22-R23 sets
pin 3 at a positive voltage. Feedback through R24 charges
C24 until the pin 2 level reaches the same positive voltage
as pin 3. When pin 3 and pin 2 are atthe samevoltage, U24
output switches from positive to negative. The output of
U24 is about 7.2 V either positive or negative. Then C24
starts charging negative. When pin 2 and pin 3 are at the
same voltage again, U24 output switches positive, andthe
cycle repeats.

During the positive half cycle, CR26 is forward biased
and CR27 is reverse biased, keeping the output at ground
level. During the negative half cycle, CR26 is reverse
biased and CR27 is forward biased, causing current to
flow from ground through R27, CR27 and R26 to —8 V.
This sets the output level to approximately —0.5 V.

TRIGGER
(Diagram 4)

Digital logic devices are used to perform some of the
functions in this instrument. LO and HI designations are
used in this circuit description to indicate the state of the
digital circuit. Hl indicates the more positive of the two
levels. The specific voltages that constitute a LO and Hi
logic state may vary between individual devices.

Input and Switching

SOURCE Switch. SOURCE switch (S2010) selects
trigger signals from COMP (composite), CH 1/CH 2
(internal), LINE, EXT, EXT/10, and X-Y sources.
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COMP. The signal at P2000-1, from the collector of
Q4388 (Vertical Switching diagram), is a portion of the
output of the delay line driver. It is a current that
represents the actual crt display (signal at the vertical
output amplifier input). This composite current signal is
switched on through CR2006 to the emitter of common
base amplifier Q2020 when the SOURCE switch is in
COMP. Follower Q2028 provides a voitage signal, and
R2026 maintains the dc level for coupling at S2030.
CR2002 and CR2005 are switched off in COMP to isolate
the internal trigger signal from amplifier Q2020.

CH 1/CH 2. The internal trigger input for SOURCE
switching is a current signal from CR4335 or CR4336
(Vertical Switching diagram), which is fed through
CR2002 to the common base amplifier, Q2020. The
current output at the Q2020 collector is fed to the base of
follower Q2028 and appears as a voltage signal at its
emitter. Coupling switch S2030 applies the voltage
change to source followers Q2032A and B, which are
common to all trigger signals (see description below in
Trigger Input Amplifier description).

The Foliower stage, a buffer amplifier consisting of
Q2032A and B, provides a high impedance for all trigger
inputs, and C2035 provides peaking for high frequency
signals to ensure stable triggering. Q2038 is a common
base amplifier that provides a current output for the
Trigger Input Amplifier.

LINE. A sample of the line voltage, obtained from the
power transformer, is switched directiy to S2030 and to the
follower stage at the collector of Q2032A.

EXT. Externally applied trigger signals pass through
an attenuator circuit when switched by the SOURCE
switch. Voltages are then converted to current signals, as
with all trigger signals, and fed to the trigger input
amplifier.

EXT/10. R2010, R2011, C2010, and C2011 provide an
attenuator network to divide the EXT signal by a factor of
10.

X-Y. Current signals from the X input are fed to
common base amplifier Q2050; then followed by Q2054
and converted to a voltage output for X gain adjustment.
Q2058 acts as an emitter follower and R2060, R2062,
R2061, and RT2061 convert this signal to a current for
input tothe horizontal amplifier (via CR2183, diagram 5). Y
signals proceed through regular CH 2 circuits.

The SOURCE switch also connects +8 voltsto R2182 to
forward bias CR2183 providing a current to the horizontal
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amplifier to center the crt display. +8 volts is also applied
to CR2182 and R2185 to electrically placethe sweepinthe
NORM mode and to disable the trigger circuit during X-Y
operation.

MODE Switch. MODE switch S2150 selects three
triggering modes: AUTO, NORM and TV.

AUTO. Allows the sweep to free-runinthe absence of
a triggering signal See Sweep and Horizontal Amplifier
description for details.

NORM. Connects +8 volts to R2223 in the sweep
generator circuit. Allows the sweep to run only when a
suitable triggering signal is present.

TV. The trigger signal is applied to the TV sync
separator circuit (Q2164, Q2174, Q2176) and the normal
trigger generator circuit is disabled. In this mode, the
SLOPE switch is used to supply the sync separator with a
signal of the proper polarity. For SEC/DIV settings of
.1 m/div or slower, the sweep is triggered by vertical sync
pulses, which occur at afieldrate. For SEC/DIV settings of
50 pand faster, the sweepistriggered by the TV horizontal
line signals.

CPLG Switch. Coupling switch S2030 provides direct
coupling of triggering signals from the output of the
SOURCE switch to the input of the follower circuit in the
DC position. In the AC position, capacitive coupling is
provided via C2030.

Trigger Input Amplifier

The trigger input amplifier consists of Q2122, Q2124,
Q2128, and associated circuitry. Resistors R2127 and
R2128 set the amplifier input at —4 volits. The inverting
configuration and feedback from the emitter of Q2128
form an inverting operational amplifier with a null point at
the base of Q2122. Any current into the null point
produces a voltage at the output proportional to the
feedback resistor R2116.

Trigger Level Comparator

Differential amplifier Q2134-Q2136 functions as a
comparator. LEVEL control R2138 selectsthe point onthe
waveform that starts a sweep. As the trigger signal at the
base of Q2134 passes through the same voltage level as
the base of Q2136 (set by LEVEL control), the signal atthe
emitter of Q2152 passes through the threshold (about 1
volt) of Schmitt trigger U2156A-U2156B producing alogic
trigger signal. The trigger signals at the collectors of
Q2134 and Q2136 are of opposite polarity. This allows the
SLOPE switch S2140toinvertthesignals appliedtothe TV
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trigger input amplifier Q2164 and the normal trigger input
amplifier (Q2142, Q2144, and Q2152). When the SLOPE
switch isinthe +OUT position, the output at the collector
of Q2142 is in phase with the trigger source signal.
Transistors Q2142, Q2144, and Q2152 convert the current
signal from the collectors of Q2134 or Q2136 to a voltage
signal for triggering the Schmitt trigger.

TV Trigger Circuit

Active devices Q2164, Q2174, Q2176, U2156B, C, D,
and associated circuitry comprise the TV trigger circuit.
When the MODE switch is in TV, R2186 is disconnected
from +8 volts which allows trigger signals from the
collectors of Q2134 and Q2136 to pass through the TV
trigger circuit. (In AUTO and NORM, the +8 voits applied
to R2186 biases Q2164 to saturation.)

Transistor Q2164 is a high gain feedback amplifier. To
achieve stable triggering on TV signals, the LEVEL control
must be set at a point that will allow the sync pulses to
appear within the dynamic range of the amplifier.

The sync separator circuit consists of Q2174 and
associated circuitry. It processes sync-positive pulses
when the SLOPE switchisinthe +OUT position and sync-
negative pulses in the —IN position. Transistor Q2174
produces large positive-going pulses from negative-going
sync signals at the collector of Q2164.

Inthe TV field mode (SEC/DIV switch set for .1 ms or
stower), Q2176 is saturated (since baseis grounded), and
the integrator (composed of C2174, C2176, R2174, and
R2176) is switched into the circuit (effectively connected
to +8 volts through saturated Q2176). The integrator
filters out the horizontal sync pulses, leaving only the
integrated vertical sync pulses, which trigger the TV
Schmitt trigger U2156B and U2156C.

In the TV line mode (SEC/DIV switch set for 50 us or
faster), Q2176 is turned off (base open), disconnecting
C2174 and C2176 from +8 volts. Capacitors C2174 and
C2176 no longer integrate the pulses, thus allowing both
the horizontal and vertical sync pulses to pass through to
the TV Schmitt trigger.

Schmitt Triggers

The Schmitt trigger for the NORM and AUTO triggering
modes consists of U2156A, U2156B, and associated
circuitry. Hysteresis of thistrigger circuitis determined by
R2152, R2153, and R2151.

The Schmitt trigger for the TV triggering mode is
u21568, U2156C, U2156D, and associated circuitry.
Resistors R2154 and R2178 determine the sensitivity.

When the MODE switch S2150isin AUTO or NORM, +8
volts is applied to R2156, which causes pin 1 of U2156A to
go HI enabling Schmitt trigger U2156A-U2156B. At the
same time, pins 12 and 13 of U2156D are also HI, disabling
Schmitt trigger U2156C-U2156B. A Trigger signal from
Q2152 triggers Schmitt trigger U2156A-U2156B to
produce a logic trigger signal at pin 6 of U21568B.

When the MODE switch S2150is in TV, the +8 voits is
removed from R2156 and pin 1 of U2156Ais LO, disabling
Schmitt trigger U2156A-U2156B. Pins 12 and 13 of
U2156D are LO, enabling Schmitt trigger U2156B-
U2156C. The trigger signal from the TV sync separator
triggers Schmitt trigger U2156B-U2156C to produce a
logic trigger signal at pin 6 of U2156B.

SWEEP AND HORIZONTAL AMPLIFIER
(Diagram 5)

Sweep Generator

The sweep is produced by a Miller Integrator circuit
consisting of Q2242, Q2244, and Q2246. A sweepramp is
initiated at the collector of Q2246 when pin 3 of U2234A
goes LO, andisterminated when pin 3 goes Hl {see Timing
diagram, Figure 3-1).

In the NORM triggering mode, pin 2 of U2212A is HI,
allowing a positive-going trigger signal at pin 1 of U2212A
to cause pin 3 of U2234A to go LO (via U2212D and
U2234C). This reverse biases CR2233 and CR2234, and
allows the timing capacitor (selected by SEC/DIV switch
S2550) to charge, producing asweep ramp at the collector
of Q2246. When the sweep ramp reaches about 12 volts,
Q2274 turns on. This causes pin 7 of U2224Atogo LO, pin
8 of U2234Cto go LG, and pin 3 of U2234A togo Hl. When
pin 3 of U2234A goes HI, CR2233 ahd CR2234 areforward
biased, terminating the sweep. Pin 7 of U2224A remains
LO for a length of time (hold-off time) determined by
C2275, C2274, R2271, R2274, and HOLD OFF control
R2272. Three hold-off times are selected by SEC/DIV
switch 82550 and varied by R2272. After the selected hold-
off time, U2224A pin 7 goes HI. Thisallows the nexttrigger
signal to switch pin 3 of U2234A LO and again start the
sweep.

in the AUTO triggering mode, when no trigger signal
occurs at pin 11 of U2224B for about 50 ms, pin 10 of
U2224B goes LO, causing the sweepto start after the hold-
off time ends. This allows the sweep to free run and
provide a reference display. When a trigger signal is
present, pin 11 of U22248 goes HI, then LO (when trigger
signal ends), and the time constant of C2226 and R2226
prevents pin 10 from going LO as long as the repetition
rate of the trigger signal is higher than about 20 Hz.

REV A MAY 1980



L= le— HOLD OFF
SWEEP —», —
| | | [
| t |
| : i i
| ) \
SWEEP VR | |
COLLECTOR , I
OF Q2246 | ! !
HOLD OFF

|
|
PIN 7 ! | I I
U2224A | '
| |
| l 1
TRIGGER Il:ll}ll{ll
PIN 6
U21568 L ! !
|
|
!
t

SWEEP GATE
PIN 3
|

2374-3A

Figure 3-1. Sweep generator and sweep gate timing diagram.

When pin 3 of U2234A goes HI, the current set by
R2236, R2235, and R2237 is sent to the Z Axis Amplifier
Q416 (see diagram 3) to blank the crt during hold off.

Horizontal Amplifier

The horizontal amplifier converts the single-ended
signal to a push-pull signal that drives the crt horizontal
deflection plates. The input of the horizontal amplifier
comes from either the sweep generator or the CH 1
vertical " X" pickoff. Inthe X-Y mode, thetrace isshiftedto
the center of the screen by the current through R2182. In
the AUTO and NORM modes, the input to the horizontal
amplifier is a linear ramp from the sweep generator.

Transistors Q2314, Q2326, and associated circuitry
form an operational amplifier with aswitchable gainrange
of 10 to 1. Gain is set by feedback elements R2321 (X10
Mag Gain adjust), R2322, R2323, and the X1—X10
MAGNIFIER switch, S2312. Thermal resistor RT2310
ensures that there is no gain change with temperature
change. The Horizontal POSITION control, R2316A and
B, positions the crt display horizontally by varying the
current into the base of Q2314. The cascode configuration
of Q2314 and Q2326 preserves adequate high-frequency
response.

When the BEAM FINDER switch, section 84108, is
pressed, the collector of Q2326 is referencedto groundvia
CR2331 and CR2332 and the dynamic range of Q2326 is
decreased. This limits the horizontal deflection to within
the crt graticule area. Section S410A of the BEAM FINDER
switch limits the vertical deflection to within the crt
graticule area.

REV A MAY 1980

Theory of Operation—442 Service

HORIZONTAL OUTPUT AMPLIFIER
(Diagram 6)

Transistors Q2332, Q2334, Q2344, and associated
circuitry form a paraphase amplifier. Transistor Q2332is a
low-impedance input for Q2334. Horiz Gain adjustment
R2332 sets the gain of the paraphase amplifier. When the
current through the collector of Q2334 increases, the
current through the collector of Q2344 decreases and is
180° out of phase-with the current at the collector of
Q2334. The resulting signal to the crt deflection platesisa
push-pull signal. Diode CR2334 prevents Q2334 from
saturating when R2322 is in the X10 position.

Since Q2334 is a shuntfeedback amplifier and Q2344 is
a common base amplifier, any noisein the 100 volt power
supply will appear as a part of the output. To prevent the
noise from appearing on the crt screen, an operational
amplifier, consisting of Q2354 and associated circuitry,
supplies an inverted sample of the power supply noise to
the output. Now, any noise in the 100 volt power supply
appears common modetothe horizontal deflection plates,
preventing horizontal deflection of the noise signal.
Resistor R2354 provides feedback for the operational
amplifier.

POWER SUPPLY
(Diagram 7)

Primary Circuitry

AC power is applied tothe primary of T700throughline
fuse F700, POWER switch S700, Line Selector switch
S701, and Range Selector switch S705.

The ON indicator, LED DS169, derives its power from
the +8 V supply via R169 (located on the Interface board).
Thus, the lack of illumination of DS169 does not
necessarily indicate the absence of applied voltageto the
T700 primary or secondary circuitry.

Switches S700 and S705 are screwdriver actuated slide
switches, and are accessible through openings in the
bottom of the instrument cabinet.

The Line Selection switch, S701, connects the split
primary windings of T700 in parallel for 120 V operation,
or in series for 240 V operation. When changing the
nominal line voltage, the value of line fuse F700 must also
be changed. Refer to the Replaceable Electrical Parts list
for the correct fuse values.

The HI/LO Range Selector switch, S705, allows opera-
tion from either a 92 V to 110V or 202 V to 242 V rms
source in the LO position. In the HI position, the instru-
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ment may be operated from a 110 V to 132 V or 220 V to
250 V rms power input source, depending on the setting of
the 120 V/240 V Line Selector switch, S701.

Secondary Circuitry

The Secondary circuits supply four regulated voltages
and one unregulated voltage: —8 V, +8 V, +32 V, +100 V,
and +100 V unregulated.

Operational amplifiers U742A (+8 V supply) and
U742B (—8 V supply) have differential inputs that monitor
output voltage variations and provide correction signals to
the series-regulating transistors. For example, suppose
the +8 volt supply drops. This negative changeis coupled
to the inverting input of U742A through sense resistor
R756, causing pin 7 to go positive. Since the voltage
across VR746 remains essentially constant, Q754 and
Q756 follow this change and raise the output voltage back
to +8 volts. Inthe +100voltregulated supply, Q726 acts as
the feedback amplifier with its base being the inverting
input. The regulating action is the same as in the +8 and
—8 volt supplies. Zener diode VR762 provides a 5 volt
reference for the —8 volt supply, whichinturn providesthe
reference for the +8 and +100 volt supplies. The series
regulating elements in the +100 volt and +8 volt supplies
are transistors Q734-Q736 and Q754-Q756. The series
regulating element in the —8 volt supply is a modified
Darlington configuration consisting of Q774 and Q776.
Current limiting circuits provide short-circuit protection
for each regulated supply. The following describes the +8
volt current-limiting circuit. The other current-limiting
circuits operate similarly.

In the +8 volt supply, Q752 is normally biased off.
Under normal conditions, the base of Q752 is set at about
+8 V. As the supply current increases, the voltage drop
across R754 increases. Sincethe Q756 emitter-base diode

3-10

voltage difference remains constant, the increasing
voltage on Q756 emitter due to the R754 voltage drop
causes a corresponding increase at the base of Q756. This
voltage is applied to voltage divider R752 and R753,
causing the base of Q752 to go more positive. When the
supply current increases sufficiently beyond the normal
operating current, Q752 turns on. The collector of Q752
moves in the negative direction, which begins turning off
Q754-Q756 and creates a foldback condition (see Figure
3-2). Transistor Q756 continues to conduct some current
when the supply is limited, dropping enough voltage
across R754 to keep Q752 biased on.

The regulated +32 volt supply is derived from the +100
volt supply via Q812. Zener diode VR818 holds the base of
Q812 at +33 volts, providing an output of approximately
+32 volts at the emitter of Q812. CR816 preventsthe Q812
emitter voltage from dropping below +8 volts if a short
should occur on the +32 volt output line.

Divider network R741, R742, and R802 provides a
sample of the line voltage for line triggering.
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Figure 3-2. Foldback circuit action.
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CALIBRATION PROCEDURE

GENERAL

Introduction

This section of the manual is in two parts: Performance
Check and Adjustment Procedure. Each subsection has a
different purpose and important information regarding
their useisincluded at the beginning of both subsections.

Test Equipment Required

The test equipment listed in Table 4-1, or anequivalent
piece of test equipment, is required if the complete
Performance Check and Adjustment Procedure is to be

accomplished on the oscilloscope. A partial list of test
equipment is provided in the Performance Check subsec-
tion to list the required test equipment to complete the
Performance Check only.

In Table 4-1, the specifications given for the equipment
are the minimum necessary to provide accurate results.
Therefore, the equipment used must meet or exceed the
listed specifications. Detailed operating instructions for
the test equipment are not giveninthis procedure. Refer to
the appropriate instruction manual if moretest equipment
operating information is required.

Table 4-1
TEST EQUIPMENT REQUIRED

Description Minimum Specification Usage Examples
1. Amplitude Amplitude accuracy, within Vertical deflection a. TEKTRONIX PG 506
Calibrator 0.25%; signal amplitude, accuracy checks, Calibration Generator.’

10 mV to 10 V; output
signal, 1 kHz square
wave.

X-Axis deflection
check, vertical gain
adjustment.

2. Digital Voltmeter

Range, 0to 9 V;
dc voltage accuracy within
0.3%; display, 4 1/2 digits.

Power supply
adjustment.

a. TEKTRONIX DM 501A
Digital Multimeter.*

3. Leveled Sine-wave
Generator

Frequency, 50 kHz to
above 35 MHz; output
amplitude, variable from
0.5to0 5.5 V p-p; output
impedance, 50 Q; reference
frequency, 50 kHz; ampli-
tude accuracy, constant
within 3% of reference
frequency as output
frequency changes.

Bandwidth checks,
Z-Axis check,
Triggering adjustments,
CMRR check.

a. TEKTRONIX SG 503
Leveled Sine wave
Generator * (with
included precision
cable).

4. Square-wave
Generator

Fast Rise output, 100 kHz
with 2 ns or less risetime,

and amplitude of at least

50 mV into a 50 Q termination;
High Amplitude output

of 1 kHz with amplitude

of at least 5 Vinto a

50 Q termination, and

at least 10 V unterminated.

Vertical high-frequency
compensation and
attenuator adjustment.

a. TEKTRONIX PG 506
Calibration Generator.*
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Table 4-1 (cont)

Description

Minimum Specification

Usage

Examples

5. Time-mark
Generator

Marker outputs, 0.1 us to
0.5 s; marker accuracy,

within 0.1%; trigger out-
put, 0.1 us to 0.5 s, time
coincident with markers.

Timing checks and
adjustments. Y-Axis
alignment, Geometry
adjustment.

a. TEKTRONIX TG 501
Time Mark Generator.?

6. Power Module

Compartments to accommodate
the total number of TM 500
units in use for any portion

of this Performance Check

or Adjustment Procedure.

All checks and adjust-
ments employing TM 500
equipment.

a. TEKTRONIX TM 501,
TM 503, T™M 504, TM 5086,
or TM 515 in any

desired combination.

7. Television
Signal Source

Composite Sync amplitude,
at least 100 mV (or
Composite Video amplitude,
at least 230 mV).

TV Trigger check.

a. Any Television signal
source with the specified
output (such as a
television receiver).

8. Adapter Connectors, bnc female- Signal interconnection. a. Tektronix Part No.
to-bnc female. 013-0028-00.
9. Adapter Probe-tip-to-bnc. Vertical attenuator a. Tektronix Part No.
compensation. 013-0084-02.
10. Alignment Low capacitance. Variable capacitor a. General Cement
Tool adjustment, vertical adjustment tool,

attenuator and high-
frequency compensation
adjustments.

GC 8722.

11. Attenuator

Ratio, 10X; impedance,
50 Q; connectors, bnc.

Signal attenuation.

a. Tektronix Part No.
011-0059-02.

12. Cable (3 required)

Impedance, 50 Q; length,
42 inches; connectors, bnc.

Signal interconnection.

a. Tektronix Part No.
012-0057-01.

13. Dual Input Coupler

Connectors, bnc female-
to-two bnc male.

Signal interconnection.

a. Tektronix Part No.
067-0525-01.

14. Probe Attenuation, 1X; connector, TV Trigger check. a. TEKTRONIX P6101
bnc. 1X probe 010-6101-03.
15. Probe Attenuation, 10X; connector, Vertical attenuator a. TEKTRONIX P6108

bnc; compensation range,
to match the 442 vertical
input characteristics.

compensation, TV trigger
checks. Low-frequency
triggering check.

10X probe 010-6108-03
(standard accessory
for the 442).

16. Screwdriver

Bit, Phillips #1.

Interface board removal.

a. Xcelite, X108.

17. Screwdriver

Bit, Phillips #2.

Cabinet removal, Inter-
face board removal.

a. Xcelite, X102,
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Table 4-1 (cont)

Description Minimum Specification

Usage Examples

18. Screwdriver Bit, 3/32"; shaft, 3".

Variable resistor adjust. a. Xcelite, R3323.

19. Shield Calibration fixture,

vertical.

Vertical Amplifier
adjustment.

a. Tektronix Part No.
067-0867-00.

20. Termination
(two required)

Impedance, 50 Q;
connectors, bnc.

Signal termination. , a. Tektronix Part No.

011-0049-01.

21. T Connector Connectors, bnc.

Signal Interconnection. a. Tektronix Part No.

103-0030-00.

* Requires a TM 500 Series power module.

PERFORMANCE CHECK

INTRODUCTION

Purpose

The following procedure is intended to be used to
determine the acceptability of newly purchased or recent-
'y recalibrated instruments. This procedure does not
check every facet of the instrument’s calibration; rather it
is concerned primarily with those portions of the instru-
ment that are essential to measurement accuracy and
correct operation. Removing the instrument’s dust cover
is not necessary to perform this procedure. All checks are
made from the front panel.

Limits and Tolerances

The limits and tolerances listed in this Performance
Check are instrument specifications only if they are listed
in the Performance Requirement column of the tables in
Specification, Section 1.

Line Voltage Selection

Refer to the Preliminary Procedure preceding the
Performance Check steps for instructions on setting the
442 for the available power input source voltage.

Test Equipment

All equipment is assumed to be calibrated and
operating within the original specifications. The
tolerances given in this performance check are for the
oscilloscope under test and do notincludetest equipment
error.
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In this procedure, test equipment is named by the
functional description (see Table 4-1 Description), rather
than by specific front-panel nomenclature. The acc-
essories listed are typical bench items.

The following abbreviated list includes the items in
Table 4-1 that are required to perform a complete
Performance Check. For equipment specifications, usage,
and recommended types, refer to Table 4-1.

—

Amplitude Calibrator

Leveled Sine-wave Generator
Time-mark Generator

42-inch, 50 Q cable (2 required)
Dual-input Coupler

50 O Termination (2 required)

Bnc T Connector

10X Probe (442 Standard Accessory)
1X Probe

S © ® N ® U s ®N

—

Bnc female-to-female adapter

—
—_

. Television Signal Source

Test Equipment Alternatives

When equipment other than that recommended is
used, control settings ortest setup may needto be altered.
If the exact item of equipment given as an exampleinthe
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Test Equipment list is not available, first check the
Minimum Specifications column carefully to see if any
other equipment might suffice. Then check the Usage
columnto see the purpose of this item. Hf used for a check
that is of little or no importance to your measurement
requirements, the item and corresponding steps can be
deleted.

Preparation

Connect the test equipment to an appropriate power
input source. Turn on and allow a 20-minute warmup
period before commencing the Performance Check.

Display

Performance Checks should be made with a stable,
well-focused, low-intensity, vertically centered (unless
otherwise stated) display. Unless otherwiseinstructed, set
the Intensity, Astigmatism, Focus, Trigger, and Position
controls as required.

PRELIMINARY PROCEDURE

Perform the following steps to place the 442
Oscilloscope into a basic operating mode before pro-
ceeding with the Performance Check steps.

Make sure the 442 is unplugged from the power
input source before changing the line voltage set-
tings.

1. Use a small blade screwdriver to set the (120 V or
240 V) Line Voltage Selector and (Hl or LO) Range
Selector switches (both are accessible through openings
inthe bottom of the cabinet) to the correct settings for the
power input voltage source that will be used during this

procedure.

If the Line Voltage Selector (120 V/240 V) setting is
changed, the line fuse (located in.a fuse holder on
the rear panel) must be of the value specified for the
new Selector setting. Refertothe Operating Instruc-
tions section of this manual for complete operating
voltage and fuse information.

2. Connect the 442 power cord plug totheline voltage
source and press the ON/OFF button on (in). The POWER
ON LED should light.

NOTE

The 442 must have a warmup time of at least 20
minutes before starting the Performance Check
Procedure, and must have been adjusted at an
ambient temperature between +20° C and +30° C to
ensure that checks in this procedure will meet
specifications listed in Section 1.

3. Set the TRIGGERING MODE to AUTO, and
SOURCE to CH 1/CH 2.

4. Set CPLG to AC (out) and |leave it there throughout
the Performance Check procedure unless instructed
otherwise.

5. Set the following 442 controls as listed:

VERT MODE CH 1

POSITION (CH 1 & CH 2) Midrange
VOLTS/DIV {(CH 1 & CH 2) 2m (1X)
VOLTS/DIV VAR (CH 1 & CH 2) Detent (fully cw)

AC-GND-DC (CH 1) GND
AC-GND-DC (CH 2) DC
SEC/DIV m
MAGNIFIER X1 (out)
POSITION (horizontal) Midrange
SLOPE + (out)
HOLD OFF Fully ccw
LEVEL Fully cw
INTENSITY Midrange
FOCUS Midrange

6. A baseline trace should be visible within the
graticule area. Adjust the INTENSITY and FOCUS con-
trols for a low-intensity, well-defined trace.

NOTE

The ASTIG control also affects trace definition, and
if necessary, should be adjusted (after a signal has
been applied) for best overall definition of a dis-
played signal (use a small bit screwdriver for this
adfjustment).

The baseline trace should be parallel with the horizon-
tal graticule lines. if it is not, adjust TRACE ROT (Trace
Rotation) with a small bit screwdriver until the trace is
aligned.

Unless otherwise specified, the 442 is originally set for
120 V and HI line operation.
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AMPLITUDE
CALIBRATOR

442 OSCILLOSCOPE

X Y

CH i CHz@

\ 50 O

CABLE

\DUAL-INPUT

COUPLER

2374-5A

Figure 4-1. Vertical deflection accuracy test setup.

PROCEDURE
NOTE

The following procedure is arranged to be per-
formed in its entirety, starting with Step 1 and
proceeding in sequence to the end. Thisensuresthe
correct 442 and test equipment settings and connec-
tions for each step.

1. Channel 1 and Channel 2 Deflection Accuracy
Check

a. Connect the test equipment as shown in Figure 4-1
and apply an unterminated 10 mV, 1 kHz Amplitude
Calibrator signal to the CH 1 and CH 2 input connectors.
Setthe CH 1 AC-GND-DC switchto DC andthe CH 2 AC-
GND-DC switch to GND. In the remainder of this step, set
the CH 1 and CH 2 POSITION control (as appropriate) to
center the display within the graticule area.

b. CHECK—Channel 1 deflection accuracy for the
settings listed in Table 4-2 within 3% (+20°C to +30°C).
Adjust INTENSITY and all POSITION controls as re-
quired. For best results in Steps 1 and 2, leave the LEVEL
control fully clockwise for a free-running display.

c. Set:
Amplitude Calibrator
Qutput 10 mV
442
AC-GND-DC (CH 1) GND
AC-GND-DC (CH 2) DC
VERT MODE CH 2

POSITION (CH 2) For centered display

REV A MAY 1980

d. CHECK—Channel 2 deflection accuracy for the
settings listed in Table 4-2 within 3% (+20°C to +30°C).
Set CH 2 POSITION as required.

Table 4-2
VERTICAL DEFLECTION ACCURACY

VOLTS/DIV | Amplitude Vertical +%
Setting Calibrator Deflection Tolerance
(1X Window) Qutput (Divisions) | (Divisions)
2m 10 mV 5 4.85105.15
5m 20 mV 4 3.88 t0 4.12
10 m 50 mv 5 4.85t0 5.15
20m AV 5 4.851t0 5.15
2 1V 5 4.85t05.15
2 10V 5 4.85t05.15

2. Channel 1 and Channel 2 VAR (Variable)
VOLTS/DIV Range Check

a. Set the amplitude calibrator for a 0.1 volt output.

b. Set the Channel 1 and Channel 2 VOLTS/DIV
switches to 20 m (1X window).

¢. CHECK—Display amplitude reduces from 5
divisions to less than 2 divisions when the Channel 2 VAR
control is rotated to its fully counterclockwise position.
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d. Set:

VERT MODE CH 1
AC-GND-DC (Channel 1) DC
AC-GND-DC (Channel 2) GND

e. CHECK—Display amplitude reduces from 5
divisions to less than 2 divisions when the Channel 1 VAR
control is rotated to its fully counterclockwise position.

f. Return both VAR controls to the fully clockwise
(detent) position and disconnect the Dual Input Coupler
from the test setup.

3. X-Axis Deflection Check

a. Connect the 0.1 volt Amplitude Calibrator signal
cable to the Channel 1 (X) input connector and set the
INTENSITY control for a barely visible 5-division
amplitude display.

b. Set:
VERT MODE CH 2 (X-Y)
SOURCE X-Y

POSITION (Horizontal) As required to
view two dots

INTENSITY Barely visible dots

c. CHECK—Distance between the two dots is 5
divisions 5% (4.75 to 5.25 divisions).

d. Disconnect the Amplitude Calibrator signal cable
from the Channel 1 input and set SOURCE to COMP.

4. CHOP, ALT, DIFF and Cmrr Function Checks

a. Set:

SOURCE COMP

SEC/DIV 1u

VOLTS/DIV (CH 1 & CH 2) 10 m (1X)
AC-GND-DC (CH 1 & CH 2) GND

VERT MODE CHOP
INTENSITY For visible display
POSITION (all) As required

b. Set the POSITION controls to place the traces 4
divisions apart and centered within the graticule area.

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

d. CHECK—Duration of one cycle is within ap-
proximately 3.33 us to 6 us (3.3 to 6 horizontal graticule
divisions).

e. Set the LEVEL control fully clockwise.

f. CHECK—Both traces appear simultaneously at
sweep speeds of .5 msto.5 s (SEC/DIV settings of .5 mto
.5).

g. Set VERT MODE to ALT.

h. CHECK—Both traces appear alternately at
SEC/DIV settings of .1 uthrough.5 m (traces arevisible at
thesametime but may flicker duetothe alternate sweeps).

i. Set:

AC-GND-DC (CH1 & CH?2) DC

VERT MODE CH 1
VOLTS/DIV (CH 1 & CH 2) 10 m (1X)
POSITION (all) As required
SEC/DIV im

j. Connect a 50 kHz Leveled Sine-wave Generator
signal through a 50 Q precision cable, a 50 Q termination,
and a Dual Input Coupler to the Channel 1 and Channel 2
input connectors.

k. Set the generator amplitude to provide a 5-division
display.

I. Set VERT MODE to DIFF and adjust Channel 1 and
Channel 2 VOLTS/DIV VAR controls for a minimum
amplitude display.

m. Set the generator output frequency to 1 MHz.

n. CHECK—Display amplitude is .5 division or less.

0. Return both VAR controls to the calibrated detent
position (fully clockwise).

p. Disconnect the dual Input coupler from the test
setup.

5. Channel 1 Bandwidth Check

a. Connect the test equipment to the Channel 1 input
connector as shown in Figure 4-2.
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b. Set:

SOURCE CH 1/CH 2
VOLTS/DIV (CH 1 & CH 2) 5m (1X)
SEC/DIV am
AC-GND-DC (CH1&CH2) DC

VERT MODE CH 1

c. Set the Sine-wave Generator to 50 kHz (reference
frequency) and set the generator output amplitude foras-
division display.

d. Set the generator frequency to 35 MHz.

e. CHECK—Display amplitudeis at least 3.5 divisions.

6. Channel 2 Bandwidth Check
a. Set:
VERT MODE CH 2

b. Move the 50 Q termination (Sine-wave Generator
signal) from the Channel 1input connectortothe Channel
2 input connector.

c. Set the generator frequency to 50 kHz (reference
frequency) and set the generator output amplitudeforas-
division display.

d. Set the generator frequency to 35 MHz.

e. CHECK—Display amplitudeis at least 3.5 divisions.

Calibration Procedure—442 Service
Performance Check

7. X-Axis Bandwidth Check

a. Set:

SOURCE . X-Y

VERT MODE CH 2 (X-Y)

INTENSITY For barely
visible display

AC-GND-DC (CH 1) AC

AC-GND-DC (CH 2) GND

b. Move the 50 Q termination (Sine-wave Generator
signal) from the Channel 2 (Y) input connector to the
Channel 1 (X) input connector.

c. Set the generator frequency to 50 kHz (reference
frequency) and set the generator output amplitude for 5
divisions of horizontal deflection (about 25 mV), this will
be a horizontal trace 5 divisions long. Set the horizontal
POSITION control to center the trace within the graticule
area.

d. Set the generator frequency to 2 MHz.

e. CHECK—Display is a horizontal trace at least 3.5
divisions long.

f. Disconnect the test equipment setup.

LEVELED
SINE-WAVE
GENERATOR

442 OSCILLOSCOPE

50 Q
TERMINATION

50 Q

PRECISION
CABLE

oy
J //
—-———"‘—’
*

*TO CHECK CHANNEL 2 BANDWIDTH
2374-6A

Figure 4-2. Bandwidth check test setup.
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NOTE

In the following Triggering check steps, adjust the
LEVEL control, POSITION controls, and INTEN-
SITY control for a visible, stable triggered display
unless otherwise instructed.

8. Low Frequency Triggering

a. Set:

VERT MODE CHA1

SOURCE CH 1/CH 2
SEC/DIV 10m
AC-GND-DC (CH 1) DC

MODE AUTO
INTENSITY For visible trace

b. Connect the bnc connector end of the 10X probe to
the Channel 1 input connector.

c. lf the power input frequency is 60 Hz, lay the probe
tip near the power cord or other convenient acline voltage
source (if the power input frequency is other than 60 Hz,
substitute an appropriate 60 Hz low-frequency sine-wave
generator signal in the remainder of this step).

d. Set the Channel 1 VOLTS/DIV switch and
VOLTS/DIV VAR control to provide a 0.5-division display.

e. Set MODE to NORM, and adjust LEVEL for a
triggered display.

f. CHECK—A stable display can be obtained with
CPLG in both DC and AC positions and with SLOPE in
both + (out) and — (in) positions.

9. Line Trigger

a. Set:
SOURCE LINE
SLOPE + (out)

b. Verify that a 0.5-division display is still present
(60 Hz signal).

c. CHECK—A stable display caﬁ be obtained with
MODE set to both AUTO and NORM, and with SLOPE set
to both + (out) and — (in).

d. Disconnect the probe from the test setup, and set
the Channel 1 VOLTS/DiV VAR control to the calibrated
detent (fully clockwise) position.

10. Internal Triggering 2 MHz Check

a. Connectthe test equipment as shownin Figure 4-3.

b. Set:

AC-GND-DC (CH 1) DC
VOLTS/DIV (CH 1) 5 (1X)

SEC/DIV Su

SOURCE CH 1/CH2

MODE AUTO
INTENSITY For visible display

c. Set the sine-wave generator frequency to 2 MHz
and adjust the generator output amplitude for a 1-division
display. Set the Channel 1 VOLTS/DIV switch to 1 (1 volt
per division, 1X window).

NOTE

Readjust the LEVEL control as required to maintain
a stable triggered display inthe remainder of Step 10
through Step 13.

d. CHECK—A stable display can be obtained for the
.5-division signal with SLOPE in both + (out) and — (in)
positions and with MODE in both AUTO and NORM
settings.

e. CHECK—A stable display can be obtained with
CPLG set to both DC and AC positions.

11. External Triggering 2 MHz Check
a. Set:
VOLTS/DIV (CH 1) A (1X)

b. Set the sine-wave generator output amplitude for a
1-division display (100 mV).

c. Set:
SOURCE EXT

d. CHECK—A stable display can be obtained with
SLOPE in both + (out) and — (in) positions, and with
MODE in both AUTO and NORM settings.

e. CHECK—A stable display can be obtained with
CPLG set to both DC and AC positions.
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LEVELED
SINE-WAVE
GENERATOR

442 OSCILLOSCOPE

OUTPUT
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TRIGGER
EXT INPUT
-
o

TERMINATION

50
PRECISION /
CABLE
BNC FEMALE
TO BNC FEMALE
ADAPTER

T-CONNECTOR

50 Q
CABLES

NOTE
BOTH CABLES MUST BE
THE SAME LENGTH

2374-7A

Figure 4-3. Triggering and Z-Axis input check test setup.

12. Internal Triggering 35 MHz Check

a. Set:

SOURCE CH1/CH 2
MODE AUTO
MAGNIFIER X10 (button in)

b. Set the sine-wave generator frequency to 35 MHz
and output amplitude for a 1.5-division display.

¢. CHECK—That a stabte display can be obtained with
SLOPE in both + (out) and — (in) positions, and with
MODE in both AUTO and NORM settings.

d. CHECK—That astabledisplay can be obtained with
CPLG set to both DC and AC positions.

13. External Triggering 35 MHz Check
a. Set:

SOURCE EXT

b. CHECK—That astable display can be obtained with
SLOPE in both + (out) and — (in) positions, and with
MODE in both AUTO and NORM settings.

c. CHECK—That a stable display can be obtained with
CPLG set to DC and AC positions.
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14. EXT and EXT/10 LEVEL Range Check

a. Set:

MAGNIFIER X1 (button out)
SEC/DIV 20 u
VOLTS/DIV (CH 1) 5 (1X)
TRIGGERING MODE AUTO
SOURCE EXT

SLOPE + (out)

CPLG AC

b. Remove the 50 Q) termination and connect the
adapter directly to the T-Connector. Set the generator
frequency to 50 kHz and output amplitude for a 4-division
display (2 V p-p). Set the Horizontal POSITION control to
move the display so the sweep start (left edge) can be
observed.

¢c. CHECK—That rotating the LEVEL control will
trigger the displayed signal at all points over a range with
the leading edge at least one division below to atleast one
division abovethe center horizontal graticuleline, andthat
the display is not triggered (free-runs) with the LEVEL
control at either extreme of rotation.

d. Set SLOPE to — (button in).

e. Repeat part c.

f. Set CPLG to DC.
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g. Repeat parts ¢, d, and e.

h. Set SLOPE to + (button out).

i. Set the Channel 1 VOLTS/DIV switch to 5 (volts),
SOURCE to EXT/10, and set the sine-wave generator
amplitude for a 2-division display (10 V p-p).

j. Repeat parts c through h, except check that rotating
the LEVEL control willtrigger the displayed signal withthe
leading edge of the sine wave over a range from near the
negative peak to near the positive peak. The generator
output amplitude wiil not be sufficient to fully check the 5-
volt Performance Requirement for EXT/10. If desired, a
higher amplitude generator may be substituted and
EXT/10 checkedinthe same manner as was donefor EXT.

15. Z-Axis Input

a. Set:

VOLTS/DIV (CH 1) 1

SEC/DIV 20 u
TRIGGERING MODE AUTO
SOURCE CH 1/CH 2

b. Connect the test equipment as shownin Figure 4-3
(with 50 Q termination) and set the sine-wave generator
for a 5-division 50 kHz display.

c. Disconnect the 50Q cable from the EXT
TRIGGERING input connector and connect it to the Z
AXIS INPUT connector on the back panel of the 442.

d. CHECK—Intensity modulation of the trace is
noticeable at normal intensity settings (adjust LEVEL and
INTENSITY controls as requiredto obtain astable, visible,
modulated display).

e. Set the sine-wave generator for a 5-division 5 MHz
display and set the SEC/DIV switch to .1 u.

f. Repeat part d.

g. Disconnect the test setup.

16. Sweep Rate Accuracy

a. Connect the test equipment as shown in Figure 4-4.

b. Set:

SEC/DIV du

SEC/DIV VAR Fully cw (detent)
VOLTS/DIV (CH 1) 2 (1X)

SOURCE CH 1/CH 2
TRIGGERING MODE NORM
MAGNIFIER ' X1 (out)
INTENSITY For visible display
POSITION (all) As required
LEVEL As required

¢c. CHECK—Sweep rate accuracy according to Table
4-4. One time marker per division within 3% (within 0.24
division) over the center eight graticule divisions.

NOTE

Vertically position the display so the baseline is off
screen at the bottom of the graticule area, and read
the tips of the time markers at their intersection with
the center horizontal graticule line.

Table 4-3
SWEEP RATE TIMING ACCURACY
Time-Mark
SEC/DIV Generator CRT Display
Setting Output (Markers/Division)
A u A us 1
S u .5 us 1
50 u .50 us 1
Im .1ms 1
S5 m .5 ms 1
.2 (s) .2 (sec) 1
.5 (s) .5 (sec) 1

17. SEC/DIV VAR (Variable) Range

a. Set the time-mark generator to 1m and the
SEC/DIV switch to .2 m.

b. CHECK—Rotating the VAR control

counterclockwise reduces the spacing between markers
from 5 divisions to 2.5 divisions or less.

c. Return the SEC/DIV VAR control to the fully
clockwise detent position.
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Figure 4-4. Timing accuracy check test setup.

18. Magnified Sweep Accuracy

a. Set:

MAGNIFIER X10 (button in)
SEC/DIV 1u

SOURCE EXT

b. Set the time-mark generator for a .1 us marker
output.

c. CHECK—For one marker per each graticule divi-
sion within 5% over the center eight graticule divisions.
Exclude the first division (50 ns) of magnified sweep and
all divisions beyond the 100th magnified division.

d. Disconnect the test setup.

19. TV Mode Check

NOTE

This step may be omitted if the 442 is not planned to
be used for displaying television sync signals. A
television receiver or any other convenient source of
television sync signals may be used as the signal
source for this check (see Table 4-1, item 7). This
step lists appropriate signal amplitudes for checking
both internal and external TV MODE Performance
Requirements. To check internal triggering
(SOURCE set to CH 1/CH 2 or COMP), set the
VOLTS/DIV and VOLTS/DIV VAR to attenuate the
TV signal to one division of composite sync or 2.3
divisions of composite video on the crt display.

REV A MAY 1980

If a television receiver is used as the signal source,
an isolation transformer must be installed between
the receiver and its power input sourceif the receiver
does not have atransformer operated power supply.

a. Set:

VERT MODE CH1
VOLTS/DIV (CH 1) As required
VOLTS/DIV VAR (CH 1) As required
SEC/DIV im
TRIGGERING MODE TV
SOURCE CH 1/CH 2
MAGNIFIER X1 (out)

b. Attach a compensated 10X probe to the Channel 1
input connector. Connect the probe ground lead to the
circuit ground on the television signal source and connect
the probe tip to an appropriate composite sync or
composite video test point.

c. Set Channel 1 VOLTS/DIV and VAR to display 1
division of composite sync signal (or 2.3 divisions of
composite video signal).

d. CHECK—That a stable triggered display of the TV
field signal can be obtained by adjusting the LEVEL and
SLOPE control settings.

e. Set the SEC/DIV switch to 50 .
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f. CHECK—That a stable triggered display of the TV
line signal can be obtained by adjusting the LEVEL and
SLOPE control settings.

g. Connecta1X probetothe EXT TRIGGERING input
connector and connect the probe ground lead to the
circuit ground onthe TV signal source. Connectthe probe
tip to a 100 mV composite sync signal source or 230 mV
composite video source (signal in phase with signal used
in part b).

h. Set SOURCE to EXT.

i. CHECK—That the TV line displayed signal can be
triggered by adjusting the LEVEL and SLOPE control
settings.

j. Set the SEC/DIV switch to .1 m.

k. CHECK—That the TV field displayed signal can be
triggered by adjusting the LEVEL and SLOPE control
settings.

|. Disconnect the test setup.

ADJUSTMENT PROCEDURE
IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

INTRODUCTION

Purpose

The purpose of the Adjustment Procedureisto provide
a calibration sequence for adjustments—not to provide a
troubleshooting guide. Refer to the Maintenance section
for troubleshooting information.

Limits and Tolerances

The limits and tolerances listed in this Adjustment
Procedure are instrument specifications only if they are
listed in the Performance Requirement column of the
tables in Specification, Section 1.

Line Voltage Selection

Refer to the Preliminary Procedure preceding the
Adjustment Procedure steps for instructions on setting
the 442 for the available power input source voltage.

internal Adjustments and Adjustment Interaction

Do not preset the internal controls or change the —8
volt supply adjustment setting as this will typically
necessitate a complete recalibration of the instrument
when only a partial recalibration might otherwise be
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necessary. To avoid unnecessary recalibration, change
internal control settings only when a Performance
Characteristic is not met with the original setting. When it
is necessary to change the setting of any internal control,
also check any INTERACTION parts of that procedure
step.

Partial Procedures

This procedure is structured in subsections to permit
readjustment of individual sections of the instrument
(except the power supply) when a complete recalibration
is not required. For example: if only the Vertical section
fails to meet Performance Requirements or has had
repairs made and components replaced, it can be read-
justed with little or no effect on other sections of the
instrument. However, if the Power Supply section has
undergone repairs or adjustment that changes the ab-
solute values of any of the supply voltages, this may alter
the calibration of other sections and it will usually be
necessary to perform a complete Adjustment Procedure
including all subsections.

When performing only a partial procedure, each sub-
section lists all the front panel control settings to prepare
the instrument for step 1 in that subsection. Each
succeeding step should then be performedin sequenceto
ensure that control setting changes will be correct for
ensuing steps. Each subsection also lists the test equip-
ment required for the steps in that subsection.
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Test Equipment

All equipment is assumed to be calibrated and
operating within the original specifications. The
tolerances given in this procedure arefor the oscilloscope
under test and do not include test equipment error.

In this procedure, test equipment is named by the
functional description (see Table 4-1, Description), rather
than by specific front-panel nomenciature. The
accessories listed are typical bench items.

Test Equipment Alternatives

When equipment other than that recommended is
used, control settings or test setup may needto be altered.
If the exact item of equipment given as an exampleinthe
Test Equipment list is not available, first check the
Minimum Specifications column carefully to see if any
other equipment might suffice. Then check the Usage
column to see the purpose of thisitem. If used for a check
that is of little or no importance to your measurement
requirements, the item and corresponding steps can be
deleted.

Special Calibration Fixtures

Special calibration fixtures are used only where they
facilitate instrument adjustment. These fixtures are
available from Tekironix, Inc. Order by part number
through your local Tektronix Field Office or represen-
tative.

Calibration Procedure—442 Service
Adjustment Procedure

Preparation

Connect the test equipment to an appropriate power
input source. Turn it on and allow a 20-minute warmup
period before commencing the Adjustment Procedure.

The 442 cabinet must be removed and the Interface
board must be moved tothe adjustment access positionto
allow adjustment of the internal controls. For accurate
adjustment of the Vertical circuitry, a shield must be
instalied to simulate cabinet capacitance.

WARNING [

Dangerous potentials exist at several points inside
the 442. To prevent electrical shock, turn the 442
POWER switch off and disconnect the power cord
plug from the power source before removing the
cabinet or moving the Interface board to the adjust-
ment access position. Do not touch exposed con-
nections or components when the 442 is operated
with the cabinet removed.

Remove the 442 cabinet according to the following
steps (see Figure 4-5):

1. Attach the front cover on the 442 and position the
442 face down (supported by the cover) on a work bench
or table (move the carrying handle away from the front of
the 442).

ERONT
PANEL
COVER

CFQUR
SCREWS

<>

SLIDE
OFF

M MOVE HANDLE
TO THIS POSITION

Figure 4-5. 442 cabinet removal.
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2. Unfasten the rear cabinet frame from the rear panel
by removing the four Phillips-head rear foot securing
screws. Loosen the screw that secures the accessory
pouch to the rear cabinet frame and detach the accessory
pouch.

3. Removetherear cabinet frame andslidethe cabinet
up off the back of the 442.

4. At the completion of a partial or complete Adjust-
ment Procedure, reassemble the 442 by reversing the
order of the foregoing steps.

NOTE

The 442 may be calibrated in either of two basic
positions: in a horizontal plane or in a vertical plane.
If the vertical plane (front panel facing upward) is
preferred, reinstall the rear cabinet frame and feet at
this point to provide proper support for the 442. This
procedure is written assuming the 442 will be
positioned in its normal operating plane or rotated
from that position as required for the individual
steps.

Move the Interface board to the adjustment access
position accordingtothe following steps (see Figure 4-6):

1. Remove the FOCUS and INTENSITY knob-shaft
assemblies by disconnecting them from the poten-
tiometers and sliding them out through the front panel
openings.

2. Use #1 and #2 Phillips-bit screwdrivers to remove
the four Interface board mounting screws indicated in
Figure 4-6A and slide the board edge out of the three
plastic circuit board holders that support the edge of the
board nearest the crt shield.

3. Slide the Interface board toward the rear of the 442
to clear the BEAM FINDER and ON/OFF push but-
ton/shaft assemblies from the front panel openings.

4. Place the Interface board in the adjustment access
position (90° from the original normal operation position)
by sliding the edge of the boardinto the second set of slots
inthe three plastic circuit board holders describedin Step
2 (check that cables and wires from the board are clear of
other components while the board is being changed from
one position to the other and that no interconnecting
plugs or pin connectors have loosened during the transi-
tion).
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If the Vertical section is to be recalibrated, install a
shield (see Table 4-1) over the foil side of the Interface
board as follows:

1. Placethe channel edge of the shield over the edge of
the plastic insulation plate near P470, Q136, etc., and
secure the opposite edge with the original Interface board
mounting screws for the holes near J2 and J4.

To complete the preparation of the 442, reinstall the
FOCUS and INTENSITY knob/shaft assemblies. To avoid
damage to the potentiometers or the board, carefully note
the orientation of the flatted portions of the shafts and do
not apply excessive force while reinstallingthe knob/shaft
assemblies. After knob/shaft reinstallation, rotate both
controls fully counterclockwise.

NOTE

To return the 442 to normal operating condition at
the conclusion of a partial or complete Adjustment
Procedure, reverse the order of the appropriate
portions of the Preparation Steps.

Display

The Adjustment Procedure should be performed witha
stable, well-focused, low-intensity, vertically centered
(unless otherwise stated) display. Unless otherwise in-
structed, set the INTENSITY, ASTIGMATISM, FOCUS,
TRIGGER, and POSITION controls as required.

PRELIMINARY PROCEDURE

Perform the following steps to place the 442
Oscilloscope into a basic operating mode before
proceeding with the Adjustment Procedure steps.

Make sure the 442 is unplugged from the power
input source before changing the line voltage set-
tings.

1. Use asmall blade screwdrivertosetthe Line Volitage
Selector (120 V or 240 V) and Range Selector (HI or LO)
switches (both are accessible at the bottom of the
instrument) to the correct settings for the power input
voltage source that will be used during this procedure.
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Adjustment Procedure

REMOVE SCREW

(42 PHILLIPS)

 REMOVE SCHEW

(#1 PHILLIPS)

PLASTIC CIRCUIT BOARD HOLDER

POS&T{ON

1n'NORMAL OPERATING

R%ZMGV& FG‘;‘US & IN E?‘% Ty
COKNOB/SHART i&SSEMBLGK{S

FROM FRONT PANEL

: cﬁammﬁ AMD REINSTALL

ON POTENTIOMETER
SHAFTS

. INTERFACE BOARD
- PLACED IN ARJUSTMEN
 ACCESS POSITION
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Figure 4-6. Moving Interface

board to adjustment access position.
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If the Line Voltage Selector (120 V/240 V) setting is
changed, the line fuse (located in a fuse holder on
the rear panel) must be of the value specified for the
new Selector setting. Refertothe Operating Instruc-
tions section of this manual for complete operating
voltage and fuse information.

Unless otherwise specified, the 442 is originally set for
120 V and HI line operation.

2. Connect the 442 power cord plugtotheline voltage
source and press the ON/OFF button on(in). The POWER
ON LED should light.

NOTE

The 442 must have a warmup time of at /east 20
minutes before starting the Adjustment Procedure,
and must be adjusted at an ambient temperature
between 20° C and 30° Cto ensure that checksinthis
procedure will meet specifications listed in Section
1.

3. Set the TRIGGERING MODE to AUTO, and
SOURCE to CH 1/CH 2.

4. Set CPLG to AC (out) and leave it there throughout
the procedure unless instructed otherwise.
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5. Set the following 442 controls as listed:
VERT MODE CH 1

POSITION (CH 1 & CH 2) Midrange
VOLTS/DIV (CH 1 & CH 2) 2m (1X)
VOLTS/DIV VAR (CH 1 & CH 2) Detent (fully cw)
AC-GND-DC (CH 1) GND
AC-GND-DC (CH 2) DC
SEC/DIV Am
MAGNIFIER X1 (out)
POSITION (Horizontal) Midrange
SLOPE + (out)
HOLD OFF Fully ccw
LEVEL Fully cw
INTENSITY Midrange
FOCUS Midrange

6. A baseline trace should be visible within the
graticule area. Adjust the INTENSITY and FOCUS con-
trols for a low-intensity, well-defined trace.

NOTE

The ASTIG control also affects trace definition, and
if necessary, should be adjusted after a signal has
been applied, for best overall definition of a dis-
played signal (use a small-bit screwdriver for this
adjustment).

The baseline trace should be parallel with the horizon-
tal graticule lines. If it is not, adjust TRACE ROT (Trace
Rotation) with a small-bit screwdriver until the trace is
aligned.
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A. DISPLAY AN

Equipment Required

Calibration Procedure—442 Service

Adjustment Procedure
POWER SUPPLY

f
3 Digital Voltmeter {ltem 2)
Time-Mark Generator (ltem 5)

50 Q BNC Cable (ltem 12)

50 QO Termination (Iltem 20)
Screwdriver (ltem 18)
Low-Capacitance Alignment Tool (Item 10)

PRELIMINARY CONTROL SETTINGS
Preset Front Panel controis as follows:
NOTE
Do not preset internal controls.
VERT MODE

VOLTS/DIV (CH 1)
VOLTS/DIV VAR (CH 1 & CH 2)

CH 1
A {1X)
Fully cw (detent)

AC-GND-DC (CH 1 & CH 2) GND

POSITION (al) Midrange
SEC/DtV A m

SEC/DIV VAR Fully cw {detent)
MAGNIFIER X1 (out)
SOURCE CH 1/CH 2
TRIGGERING MODE AUTO

SLOPE + {out)

CPLG AC (out)

LEVEL Fully cw

HOLD OFF Fully cow
INTENSITY For visible display

Set all other controls as desired. The 442 should display
a baseline trace with the foregoing control settings. Set
the INTENSITY, FOCUS, ASTIG, and POSITION controls
as required to maintain a well-defined medium-intensity
display within the graticule area.

PROCEDURE
i. —8 V Power Supply
NOTE

Ifthe —8 V supply is found to be within the specified
tolerance in Step 1, part a, skip part b and proceedto
part ¢. If the —8 V adjustment is changed for any
reason, the accuracy of all circuitry in the 442 will be
affected and the entire Adjustment Procedure
should be performed.

REV A MAY 1980

a. Set the digital voltmeter to a 20 V dc range and
connect the LO lead to the junction of C742-C743
(ground). Connect the Hi lead to the end of R775
illustrated in Figure 4-7 {(—8 V point). If the meter reads
between —7.96 V and —8.04 V proceed to part ¢. if the
meter reading is outside these limits, proceed to part b.

b. ADJUST—R773 (—8 V Adj) for areading of —8.00 V
dc (see Figure 4-7).

c. Disconnect the digital voltmeter leads from the 442.

FUis

Figure 4-7. Low-voliage power supply adjusiment location.
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2. TRACE ROT (Trace Rotation)

a. Setthe Vertical POSITION control tomovethetrace
to the center horizontal graticule line.

b. ADJUST—The TRACE ROT control {located onthe
front panel) with a small-bit screwdriver to align the trace
with the center horizontal graticule line.

3. Y-Axis Alignment
a. Set the Channel 1 AC-GND-DC switch to DC.

b. Connect .1ms markers from the time-mark
generator through a 50 Q) cable and 50 O termination to
the Channel 1 input connector.

c. Setthechannel 1 VOLTS/DIV, VAR, and POSITION
controls to obtain a display of slightly more than 8
divisions of vertical deflection with the baseline about 1
division below the bottom of the graticule area and thetips
of the time markers extending to the top graticule line.

d. Set the SEC/DIV switch to display time markers
spaced about 1 division apart. Set the Horizontal
POSITION control to align the centertime marker with the
center vertical graticule line.

e. ADJUST—R474 (Y-Axis Adjust, see Figure 4-8) to
align the center time marker with the center vertical
graticule tine.

f. INTERACTION—Set the Channel 1 AC-GND-DC
switchto GND andsetthe Channel 1 POSITION control to
move the baseline to the center horizontal graticule line.
Check that the baseline trace aligns with the center
horizontal graticule line. If not, repeat Steps 2 and 3 until
optimum Trace Rotation and Y-Axis alignment is achiev-
ed.

4. Geometry

a. Set the Channel 1 AC-GND-DC switch to DC and
set the other controls to obtain a display as described in
Step 3, parts ¢ and d. Set the Horizontal POSITION control
as required.

b. ADJUST—R473 (Geom Adjust, see Figure 4-8) for
best overall alignment of thetime markers withthe vertical
graticule lines (minimum bowing of time markers).

¢c. INTERACTION—Repeat all of Steps 3 and 4 to
achieve optimum Geometry and Y-Axis Alignment adjust-
ment.

d. Disconnect the time-mark generator cable termina-
tion from the Channel 1 input connector and return the
Channel 1 VOLTS/DIV VAR control to the fully clockwise
calibrated detent position.

(& FRONT
o PANEL 349 a1

Figure 4-8. Interface board adjustment locations (board shown in access position).
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B. VERTICAL AMPLIFIER

Equipment Required

Amplitude Calibrator (Item 1)
Square-Wave Generator (Item 4)

50 Q BNC Termination (Item 20)

50 2 BNC Cable (ltem 12)
Low-Capacitance Alignment Tool (item 10)

Screwdriver (ltem 18)

10X Probe (ltem 15)

10X Attenuator (Item 11)
Probe-tip-to-BNC Adapter (Item 9)
Dual Input Coubler (Optional) (Item 13)
Shield (Iltem 19)

PRELIMINARY CONTROL SETTINGS

Preset Front Panel controls as follows:
NOTE

Do not preset internal controls.

VERT MODE CH A1
VOLTS/DIV (CH 1 & CH 2) 10m (1X)
VOLTS/DIV VAR (CH 1 & CH 2) Fully cw (detent)
AC-GND-DC (CH 1 & CH 2) GND

POSITION (all) Midrange
SEC/DIV S m

SEC/DIV VAR Fully cw (detent)
MAGNIFIER X1 (out)
SOURCE CH 1/CH 2
TRIGGERING MODE AUTO

SLOPE + (out)

CPLG AC (out)

LEVEL Midrange

HOLD OFF Fully ccw
INTENSITY Forvisible display

Set all other controls as desired. The 442 should display
a baseline trace with the foregoing control settings. Set
the INTENSITY, FOCUS, ASTIG, and POSITION controls
as required to maintain a well-defined medium-intensity
display within the graticule area.

NOTE

Verify that the Calibration Fixture Shield has been
installed as described under Preparation in the
Introduction portion of this Adjustment Procedure.
If only a partial Adjustment procedure is to be
performed, refer to Introduction and Preliminary
Procedure at the beginning of this Adjustment
Procedure to prepare the 442 for adjustment.
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PROCEDURE

1. Vertical Preamplifier Balance

a. ADJUST—CH 1 DC BAL (R4130, see Figure 4-9) for
minimum trace shift while switching Channel 1
VOLTS/DIV between 10 m and 20 m settings.

b. Set VERT MODE to CH 2.

c. ADJUST—CH 2 DC BAL (R4230, see Figure 4-9) for
minimum trace shift while switching Channel 2
VOLTS/DIV between 10 m and 20 m settings.

2. Differential Balance (CH 2 Invert Balance)

a. Set both VOLTS/DIV switches to 10 m (1X window)
and set VERT MODE to CH 1. Set Channel 1 POSITION
control to align the trace with the center horizontal
graticule line.

b. Set VERT MODE to CH 2 and set Channel 2
POSITION control to align the trace with the center
horizontal graticule line.

c. Set VERT MODE to DIFF.

d. ADJUST—Either R4265 (SN B010409-up) or R4280
(SN B010100-B010408) for minimum trace shift while
alternately pressing the DIFF and CH 2 Vertical Mode
buttons (see Figure 4-9 for location of adjustments).
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3. Vertical Output Amplifier and Vertical
Preamplifier Gain

NOTE

Thevertical system gain should not require readjust-
ment unless the crt or other vertical components
have been replaced or adjustments have accidental-
ly been altered.

a. Set:

VOLTS/DIV (CH 1 & CH 2) 2m (1X)
AC-GND-DC (CH 1 & CH 2) DC

VERT MODE CH A1
SEC/DIV 2m
TRIGGERING MODE AUTO
SOURCE CH 1/CH 2
CPLG AC

LEVEL Fully cw

b. Preset R126, Gain (see Figure 4-8), R4151 (Channel
1 Gain), and R4251 (Channel 2 Gain, see Figure 4-9), all
fully counterclockwise for minimum gain.

c. Set the Amplitude Calibrator for a 10 mV output
signal and connect it through a 50 Q2 cable to a dual-input
coupier connected to the Channel 1 and Channel 2 input
connectors.

d. ADJUST—R126 (Gain) for a centered vertical dis-
play amplitude of 4.8 divisions (set Channel 1 POSITION
as necessary to maintain a vertically centered display).

e. ADJUST—R4151 (CH 1 Gain) for a 5-division
centered vertical display amplitude (set Channel 1
POSITION as required).

f. Press VERT MODE CH 2 button in.

g. ADJUST—R4251 (CH 2 Gain) for a 5-division
centered vertical display amplitude (set Channel 2
POSITION as required).

h. Disconnect the test equipment from the 442.

4. Channel 1 Attenuator Compensation

a. Set:

VOLTS/DIV (CH 1) 20 m (1X)
AC-GND-DC (CH 1) DC

VERT MODE CH 1

SEC/DIV 5m

MAGNIFIER X1 (button out)
POSITION (all) As required

LEVEL For a triggered display
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b. Connect a 50 Q) cable from the high-amplitude
output of the square-wave generator, through a 10X
attenuator and a 50 Q termination, to the CH 1 input
connector. Set the generator to 1 kHz and set the
generator amplitude to provide a 5-division display.

¢c. ADJUST—C4114 (see Figure 4-9) for best square
front corner (see Figure 4-10 for example).

d. Set Channel 1 VOLTS/DIV to .2 (1X) and set the
generator output for a 5-division display.

e. ADJUST—C4105 (see Figure 4-9) for the best front
corner on the square-wave display (see Figure 4-10 for
example). Disconnect the test equipment from the 442.

f. Set Channel 1 VOLTS/DIV to 10 m (1X).

g. Connect a 10X probe to the CH 1 input connector.
Connect the probe tip to a probe-tip-to-bnc adapter, the
adapter to a 50 Q bnctermination, andtheterminationtoa
50 Q bnc 10X attenuator attached to the high-amplitude
output connector of the square-wave generator. Set the
generator for a 5-division, 1 kHz display.

h. Compensate the probe for the best front corner on
the displayed waveform.

i. Setthe CH1VOLTS/DIV switchto 20 m (1X) and set
the generator for a 5-division display.

j. ADJUST—C4113 for the best flat top on the square
wave.

k. Set CH1VOLTS/DIVto.2(1X)andsetthe generator
output for a 5-division display.

[. ADJUST—C4104 for the best flat top on the square
wave.

m. Disconnect the test equipment from the 442.

5. CH 2 Attenuator Compensation

a. Set:

VOLTS/DIV (CH 2) 20 m (1X)
AC-GND-DC (CH 2) DC

VERT MODE CH 2

SEC/DIV 5m
MAGNIFIER X1 (button out)
POSITION (all) As required
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T Razse.
~ CH 2 INVERT BAL
(SN B010100—B010408

237'4«74)

Figure 4-9. Vertical attenuator, preamplifier, delay line driver, and CH 2 dc trigger level adjustment ocations.

b. Connect a 50 (2 cable from the high-amplitude
output of the sguare-wave generator, through a 10X
attenuator and a 50 Q termination, to the CH 2 input
connector. Set the generator to 1 kHz and set the
generator amplitude to provide a 5-division display.

c. ADJUST—C4214 (see Figure 4-9) for the best
square front corner onthe displayed waveform (see Figure
4-10 for example).

d. SetCH2VOLTS/DIVto.2(1X)andsstthe generator
amplitude to provide a 5-division display.

e. ADJUST—C4205 (see Figure 4-9) for the best
square front corner (see Figure 4-10 for example).
Disconnect the test equipment from the 442,

£
A% ¥ ;

b b o o

MEANS

ADJUST FOR
MINIMUM
ABERRATIONS
HERE

(1982-21) 2374-75

f. Set CH 2 VOLTS/DIV to 10 m {1X).
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Figure 4-10. Display of correct {idealized) attenuator

compensation.
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g. Connect a 10X probe to the CH 2 input connector.
Connect the probe tip to a probe-tip-to-bnc adapter, the
adapter to a 50 Q) bnctermination, andtheterminationtoa
50 Q bnc 10X attenuator attached to the high-amplitude
output connector of the square-wave generator. Set the
generator to provide a 5-division, 1 kHz display.

h. Compensate the probe for the best front corner on
the displayed waveform.

i. Set CH 2 VOLTS/DIV to 20 m (1X) and set the
generator for a 5-division display.

j. ADJUST—C4218 for the best flat top on the square
wave.

k. Set CH 2 VOLTS/DIV to .2 (1X), and set the
generator amplitude to provide a 5-division display.

I. ADJUST—C4204 for the best flat top on the dis-
played square wave.

m. Disconnect the test equipment from the 442.

6. High Frequency Compensation

a. Set:

VOLTS/DIV (CH 1 & CH 2) 2m (1X)

VERT MODE CH 1

SEC/DIV 5m

INTENSITY For a visible disptay
LEVEL For a triggered display

b. Connect the square-wave generator fast-rise +
transition output through a 50 Q cable, a 10X attenuator,
and a 50 Qtermination to the Channel 1input connector.

c. Set the generator for a 100 kHz, 5-division display
(set INTENSITY and POSITION controls for a visible
centered display).

d. Set SEC/DIVto.5 u, MAGNIFIER to X10 (buttonin)
and adjust LEVEL and INTENSITY for a visible, stable,
triggered, positive-going square-wave display. Set
Horizontal POSITION control to view the leading edge of
the square wave near the center of the graticule area.
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e. ADJUST—R4397, C4397, C4396, R4396 (see Figure
4-9) and C114, R114 (see Figure 4-8), using a low-
capacitance alignment tool, for best front corner of the
waveform.

NOTE

For serial numbers B010409 through B022163, per-
form parts g, h, and i and ignore parts f and .

For serial numbers below B010409 and above
B022163 perform partsft, g, h, andjandignore parti.

f. ADJUST—(For serial numbers below B010409 and
above B022163) C4155 (see Figure 4-9) for best front
corner of the waveform (use alow-capacitance alignment
tool).

g. Set VERT MODE to CH 2.

h. Move the 50 Q) termination for the square-wave
signal from the Channel 1input connector to the Channel
2 input connector.

i. ADJUST—(For serial numbers B010409 through
B022163) C4255 (see Figure 4-9) for best front corner of
the waveform (use a low-capacitance alignment tool).

j. CHECK—(For serial numbers below B010409 and
above B022163) for asquarefront corner onthe Channel 2
waveform similar to the Channel 1 waveform obtained in
part e.

k. INTERACTION—If either the Channel 2 waveform
or the Channel 1 waveform is not satisfactory, repeat the
adjustments and checks listed in parts e through i (as
appropriate for the serial number of the instrument being
adjusted) for best compromise of the waveforms for
Channel 1 and Channel 2. For example, slightly readjust
C4396, R4396, C4397, R4397, C114, and R114 along with
C4255 (if present) for best Channel 2 display; then change
signal and Mode to Channet 1 and check the display.
Then, if necessary, readjust all listed components
(including C4155, if present). Repeat as required to
achieve best display front corner for both Channel 1 and
Channel 2.

}. Disconnect the test equipment from the 442.
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C. HORIZONTAL

Equipment Required

Time-Mark Generator (ltem §)
Amplitude Calibrator (ltem 1)
50 Q BNGC Cable (item 12)

50 3 BNC Termination {ltem 20)
Low-Capacitance Alignment Tool
(ltem 10)

PRELIMINARY CONTROL SETTINGS

Preset the front panel controls as follows:

INTENSITY Midrange
FOCUS Midrange
VERT MODE CH 1
VOLTS/DIV (CH 1) 1 (1X)

VOLTS/DIV VAR (CH 1) Fully cw (detent)

AC-GND-DC (CH 1) DC
AC-GND-DC {CH 2} GND

SEC/DiV m

SEC/DIV VAR Fully cw (detent)
MAGNIFIER X1 (button out)
SOURCE CH 1/CH 2
TRIGGERING MODE AUTO

SLOPE + (button out)
CPLG AC

HOLD OFF Fully ccw
LEVEL For triggered display
POSITION (all) As required

If only a partial Adjustment Procedure is to be per-
formed, refer to Introduction and Preliminary Procedure
at the beginning of this Adjustment Procedureto prepare
the 442 for adjustment.

The 442 should display a baseline trace with the
foregoing control settings. Set the INTENSITY, FOCUS,
ASTIG, and POSITION controls as required to maintain a
well-defined medium-intensity display within the graticule
area.

PROCEDURE

1. Horizontal Gain (X1 Gain)

a. Connect the time-mark generator signal through a
50 (3 brnic cable to a 50 Q termination at the CH 1 input
connector. Set the generator for 1 millisecond time
markers.

b. i necessary, setthe Channel 1 VOLTS/DiVand VAR
controls to provide a display of slightly over 4 divisions in
amplitude. Set the Channel 1 POSITION to place the
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paseline trace just below the graticule area with the tips of
the time markers at the center horizontal graticule line,

c. ADJUST—X1 Gain (R2332, see Figure 4-11) for one
marker per division over the center 8 divisions (set the
Horizontal POSITION control as requiredto alignthetime
markers with the vertical graticule lines).

2. X10 Gain
a. Set:

MAGNIFIER X10 (button in)

b. Set the time-mark generator for.1 millisecond time
markers.

c. ADJUST—X10 Gain (R2321, see Figure 4-12) for
one marker per division over the center 8 graticule
divisions (set POSITION and INTENSITY controls as
required).

Figure 4-11. Horizontal adjustment locations on A14 Horizontal
Quiput board.
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FRONT
PANEL

SWEEP TIVING
HIGH SPEED)

 R2062
X-Y GAIN

Roost
X-Y CENTERING 537497

Figure 4-12. Horizontal adjustment locations on A12 Horizontal
board and A11 Trigger Switch board.

3. Magnifier Registration

a. Set the time-mark generator for 5 mitlisecond time
markers.

b. Set MAGNIFIER to X1 (button out).

c. Set the Horizontal POSITION control to align the
center time marker with the center vertical graticule line.

d. Set MAGNIFIER to X10 (button in) and use the
Horizontal POSITION control to move the closest time
marker to the center vertical graticuleline (set INTENSITY
as required for visible time markers)

e. Set MAGNIFIER to X1 (button out).

f. ADJUST—Mgf Rgtr (R2330, see Figure 4-11) sothe
center time marker aligns withthe center vertical graticule
line.

4-24

g. INTERACTION—Between X1 and X10 MAGNIFIER
settings. Repeat adjustment of R2321 and R2330 and re-
set Horizontal POSITION control until there is no change
intime marker position when switching MAGNIFIER from
X1to X10.

4, High Speed Sweep Timing
a. Set:
MAGNIFIER X1

b. Set SEC/DIVto.5 pandsetthetime-mark generator
for .5 microsecond time markers. Set POSITION and
INTENSITY controls as required.

¢. ADJUST—High Speed Sweep Timing (C2235, see
Figure 4-12) for one time marker per graticule division
over the center 8 graticule divisions (use a low-
capacitance alignment tool).

d. Disconnect the time-mark generator signal fromthe
442,

5. X-Axis Centering (X-Y Centering)

a. Set:

SOURCE CH 1/CH 2
CPLG AC

SEC/DIV im

VERT MODE CH?2
INTENSITY For visible trace

b. Set the Horizontal POSITION control so the sweep
starts at the extreme left graticuleline. Set SOURCEto X-Y
and reduce INTENSITY setting so the disptayed dot is
visible but not excessively bright.

c. ADJUST—X-Y Centering (R2051, see Figure 4-12)
to position the dot to the center vertical graticule line.

6. X-Axis Gain {X-Y Gain)

a. Set;

VOLTS/DIV (both) 10m
AC-GND-DC (CH 1) AC
AC-GND-DC (CH 2) GND

b. Connecta1 kHz, 50 mV amplitude calibrator signal
through a 50 Q bnc cable to the Channel 1input connec-
tor.
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c. ADJUST—X-Y Gain (R2062, see Figure 4-12) for
two dots spaced 5 divisions apart.

d. Set Channel 1 AC-GND-DC to DC.

Calibration Procedure—442 Service
Adjustment Procedure

e. CHECK—For two dots spaced 5divisions apart £5%
(4.75 to 5.25 divisions).

f. Disconnect the amplitude calibrator signal from the
442

D. TRIGGERING

Equipment Required

Sine-Wave Generator (ltem 3)

50 Q BNC Terminations (Iltem 20, two required)

50 2 BNC Cable (ltem 12)

Dual Input Coupler (Item 13)
Small Screwdriver (Item 18)

PROCEDURE

1. Internal Trigger DC Level, Composite Trigger DC
Level, and CH 2 DC Trigger Level

NOTE

Verify that Vertical Preamplifier Balance (see B.
VERTICAL AMPLIFIER, Step 1)is correctly adjusted
before commencing the following Triggering ad-
justments.

If only a partial procedureisto be performed, refer to
Introduction and Preliminary Procedure at the
beginning of this Adjustment Procedure to prepare
the 442 for adjustment.

REV A MAY 1980

a. Set the 442 front panel controls as follows:

INTENSITY For a visible
display

FOCUS For a well-
defined trace

VOLTS/DIV (CH 1 & CH 2) 10m (1X)

VOLTS/DIV VAR (CH 1 & CH 2) Detent (fully cw)

AC-GND-DC (CH 1 & CH 2) DC

VERT MODE CH 1

SEC/DIV 10 u

SEC/DIV VAR Detent (fully cw)

MAGNIFIER X1 (button out)
SOURCE CH 1/CH 2
CPLG AC (button out)
LEVEL Midrange
(triggered sweep)
TRIGGERING MODE AUTO
SLOPE + (button out)
HOLD OFF Fully ccw
POSITION (all) As required
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CALIBRATION PROCEDURE

GENERAL

Introduction

This section of the manual is in two parts: Performance
Check and Adjustment Procedure. Each subsection has a
different purpose and important information regarding
their useisincluded at the beginning of both subsections.

Test Equipment Required

The test equipment listed in Table 4-1, or anequivalent
piece of test equipment, is required if the complete
Performance Check and Adjustment Procedure is to be

accomplished on the oscilloscope. A partial list of test
equipment is provided in the Performance Check subsec-
tion to list the required test equipment to complete the
Performance Check only.

In Table 4-1, the specifications given for the equipment
are the minimum necessary to provide accurate results.
Therefore, the equipment used must meet or exceed the
listed specifications. Detailed operating instructions for
the test equipment are not giveninthis procedure. Refer to
the appropriate instruction manual if moretest equipment
operating information is required.

Table 4-1
TEST EQUIPMENT REQUIRED

Description Minimum Specification Usage Examples
1. Amplitude Amplitude accuracy, within Vertical deflection a. TEKTRONIX PG 506
Calibrator 0.25%; signal amplitude, accuracy checks, Calibration Generator.’

10 mV to 10 V; output
signal, 1 kHz square
wave.

X-Axis deflection
check, vertical gain
adjustment.

2. Digital Voltmeter

Range, 0to 9 V;
dc voltage accuracy within
0.3%; display, 4 1/2 digits.

Power supply
adjustment.

a. TEKTRONIX DM 501A
Digital Multimeter.*

3. Leveled Sine-wave
Generator

Frequency, 50 kHz to
above 35 MHz; output
amplitude, variable from
0.5to0 5.5 V p-p; output
impedance, 50 Q; reference
frequency, 50 kHz; ampli-
tude accuracy, constant
within 3% of reference
frequency as output
frequency changes.

Bandwidth checks,
Z-Axis check,
Triggering adjustments,
CMRR check.

a. TEKTRONIX SG 503
Leveled Sine wave
Generator * (with
included precision
cable).

4. Square-wave
Generator

Fast Rise output, 100 kHz
with 2 ns or less risetime,

and amplitude of at least

50 mV into a 50 Q termination;
High Amplitude output

of 1 kHz with amplitude

of at least 5 Vinto a

50 Q termination, and

at least 10 V unterminated.

Vertical high-frequency
compensation and
attenuator adjustment.

a. TEKTRONIX PG 506
Calibration Generator.*
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Section 5—442 Service

MAINTENANCE

INTRODUCTION

This section of the manual contains information for
preventive maintenance, troubleshooting, and corrective
maintenance. Procedures for removal and replacement of
the cabinet are presented at the beginning of this section.
Should the instrument require reshipment to a Tektronix
Service Center for repair, refertothe repackaginginstruc-
tions at the end of Section 2. Refer to Table 5-3 at the end
of this section for Maintenance Aids information.

Cabinet Removal

To removethe 442 cabinet, proceed asfollows (see Fig-
ure 5-1):

1. Attach the front cover on the 442 and position the
442 face down (supported by the cover) on a work bench
or table (move the carrying handle away from the front of
the 442).

2. Unfasten the rear cabinet frame from the rear panel
by removing the four Phillips-head rear foot securing
screws. Loosen the screw that secures the accessory
pouch to the rear cabinet frame and detach the accessory
pouch.

®

3. Removetherear cabinet frame andslidethe cabinet
up off the back of the 442.

4. To re-install the cabinet and accessory pouch,
reverse the order of the foregoing steps.

Moving interface Board to Access Position

The Interface board can be moved to the access
position (to provide access to the component side of the
Interface board or the Horizontal board) by performing
the following steps (see Figure 5-2):

1. Remove the FOCUS and INTENSITY knob/shaft
assemblies by disconnecting them from the poten-
tiometers and sliding them out through the front panel
openings.

2. Use #1 and #2 Phillips-bit screwdrivers to remove
the four Interface board mounting screws indicated in
Figure 5-2A and slide the board edge out of the three
plastic circuit board holders that support the edge of the
board nearest the crt shield.

' : ~ 2374.10A

Figure 5-1. Cabinet removal.
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3. Slide the Interface board toward the rear of the 442
to clear the BEAM FINDER and ON/OFF push but-
ton/shaft assemblies from the front panel openings.

4. Placethe Interface boardinthe access position (90°
from the normal position) by sliding the edge of the board
intothe second set of slotsinthe three plastic circuit board
holders described in Step 2 (check that cables and wires
from the board are clear of other components while the
board is being changed from one positiontothe other and
that no interconnecting plugs or pin connectors have
loosened during the transition).

5. To allow rotation of the FOCUS and INTENSITY
controls whilethe Interface boardisinthe access position,
reinstall the knob/shaft assemblies onthe potentiometers.
To avoid damage to the potentiometers or the board,
carefully note the orientation of the flatted portions of the
shafts and potentiometers and do not apply excessive
force while reinstalling the knob/shaft assemblies. To
avoid danger of burning the crt phosphor, rotate the
INTENSITY knob fully counterclockwise during initial
turn-on of the instrument.

6. Toreturnthe interface boardtothe normal position,
reverse the order of the foregoing steps.

PREVENTIVE MAINTENANCE

Introduction

Preventive maintenance consists primarily of cleaning
and visual inspection. When performed on aregular basis,
preventive maintenance can prevent instrument break-
down and ensure the reliability of this instrument. The
severity of the environment to which the 442 is subjected
will determine the frequency of maintenance. A con-
venient time to perform preventive maintenance is just
prior to recalibration of the instrument.

Cleaning

The cabinet minimizes accumulation of dust inside the
instrument. Operation without the cabinet in place
necessitates more frequent cleaning. The front cover
provides a measure of dust protection for the front panel
and the crt face. The front cover should be installed when
storing or transporting the instrument.

INTERIOR. Accumulation of dust and dirt should be
removed as often as operating conditions require. Dirt can
cause overheating and component breakdown. Dirt on
components acts as an insulating blanket, preventing
efficient heat dissipation. It also provides an electrical
conduction path that can result in instrument failure,
especially under high humidity conditions. The best way

to clean the interior is to blow off the accumulated dust
with dry, low-pressure air (approximately 9 pounds per
square inch). Remove any remaining dirt with a soft brush
or a cloth dampened with a mild detergent and water
solution. A cotton-tipped applicator is useful for cleaning
in narrow spaces or for cleaning circuit boards.

CAUTION

Avoidthe use of chemical cleaning agents that might
damage the plastics used in this instrument. Do not
use chemicals that contain acetone, benzene,
toluene, xylene, petroleum ether, white kerosene,
carbon tetrachloride, methylene chloride,
trichloroethane, trichlorotrifluoroethane (Freon
113, -tf, -ta, -te, -tmc) and trichlorethylene.
Recommended cleaning agents are isopropyl
alcohol, kelite (1 part kelite, 20 parts water), and a
solution of 1% mild detergent and 99% water.

Most spray circuit coolants contain Freon 12 as a
propellant. Because many Freons adversely affect
switch contacts, check the contents and brand name
before using a spray coolant. The following brand
names are acceptable coolants: Artic Freeze, Quik-
Freeze, and Can-0O-Gas. Do not use Zero Mist brand
of circuit coolant. The only recommended circuit
coolants for the volts/division attenuators are dryice
(CO,) or isopropyl alcohol.

SWITCH CONTACTS. Someoftheswitchesinthe 442
are circuit-board mounted, cam-actuated contacts. Care
must be exercised to preserve the high-frequency
characteristics of these switches. Switch maintenance is
seldom necessary, but if it is required, observe the
following precautions.

Clean the switch contacts only with isopropyl alcohol,
especially in the area of the vertical attenuator boards.
Carbon-based solvents will damage the boards used for
the attenuators. Apply the isopropyl alcohol with a camel
hair brush. Do not use cotton swabs, as they tend to snag
on contacts, possibly causing damage, and the contacts
may hold strands of cotton, causingintermittent electrical
contact.

EXTERIOR. Loose dust accumulated onthe outside of
the oscilloscope can be removed with a soft cloth or smail
paint brush. The paint brush is particularly useful for
dislodging dirt on and around the front-panel controls.
Dirt that remains can be removed with a soft cloth
dampened in a mild solution of detergent and water.
Abrasive cleaners should not be used.
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QCUS &INTE
KNOE[ SHAFT ASSEMBLIES
_ FROM FRONT p:;\NfiL

;amf;nccmcmsama HOLDERS

o T S - '9374-73

Figure 5-2. Moving Interface board to access position.
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CRT. Ablue plasticlight filter isinstalled onthe 442 at
the factory. Clean the light filter and the crt face with asoft
lint-free cloth dampened with denatured alcohol or a mild
detergent and water solution.

Visual Inspection

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

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

Lubrication

Most of the potentiometers used in the 442 are
permanently sealed and generally do not require periodic
lubrication. The switches used in the 442 (both cam- and
lever-type) are installed with proper lubrication applied
where necessary and will rarely require any additional
lubrication. A reguiar periodic fubrication programforthe
442 is not recommended.

Semiconductor Checks

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

Readjustment

To ensure accurate measurements, check the adjust-
ment of this instrument after each 1000 hours of operation
or, if used infrequently, every six months. In addition,
replacement of components may necessitate readjust-
ment of the affected circuits. The adjustment procedure
can also be helpful in localizing certain troubles in the
instrument. In some cases, minor troubles may be
revealed and/or corrected by readjustment. Complete
adjustment instructions are given in the Calibration
Procedure section.

TROUBLESHOOTING

introduction

The following information is provided to facilitate
troubleshooting. Information contained in other sections
of this manual should be used along with the following
information to aidinlocating the defective component. An

54

understanding of the circuit operation is helpful in
locating troubles, particularly where integrated circuits
are used. See the Theory of Operation, Section 3, for this
information.

Troubleshooting Aids

DIAGRAMS. Complete circuit diagrams are given on
foldout pages in the Diagrams section. The portions of the
circuit mounted on circuit boards are enclosed within
black lines. The component number and electrical value of
each component in this instrument are shown on the
diagrams. Important voltages and waveforms are also
shown on the diagrams. The physical locations of the
waveform test points are shown on the Circuit Board
itflustrations.

CIRCUIT BOARD ILLUSTRATIONS. In conjunction
with each circuit diagram is a circuit board illustration.
These can be found on the back of a pullout page
preceding the circuit diagram to which it relates. Each
circuit component shown on the circuit diagram is
identified on the circuit board illustration by its compo-
nent number.

ADJUSTMENT LOCATIONS ILLUSTRATIONS. To
aidinlocating test points and adjustable components, the
Adjustment Locations illustrations (in the Adjustment
Procedure portion of the Calibration Procedure) permit
rapid location of test points and adjustable components
because only these items are identified.

RESISTOR COLOR CODE. !nadditiontocomposition
resistors, some metal-film resistors and some wire-wound
resistors are usedinthe 442. Theresistance values of wire-
wound resistors are usually printed on the body of the
component. The resistance values of composition
resistors and metal-film resistors are color coded on the
components 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
tolerance value (see Figure 5-3). Metal-film resistors have
five stripes consisting of three significant figures, a
multiplier, and a tolerance value. For values of individual
resistors in thick-film resistor network assemblies, refer to
the schematic diagram or the Replaceable Electrical Parts
flist.
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(D @ AND (® - 1st, 2nd, and 3rd SIGNIFICANT FIGURES
(M - MULTIPLIER

(P) - POLARITY AND VOLTAGE RATING
~ TOLERANCE; F=+1%, J=5%, K=10%, M=20%

DIPPED CERAMIC SMALL
SMALL TANTALUM CAPACITORS TUBULAR
DISC ELECTROLYTICS CAPACITORS
CAPACITORS
®
PINKOR [T
BLUE
(CATHODE END)
/ COMPOSITION METAL-FILM SMALL
RESISTORS RESISTORS SIGNAL
DIODES

@ — COLORS IDENTIFY SIGNIFICANT DIGITS IN TEKTRONIX PART NUMBER
(E.G., BROWN, GRAY, GREEN STRIPES INDICATE PART NUMBER 152-0185-00)

2374-78

(@ - TOLERANCE

@ - TEMPERATURE COEFFICIENT

(¥ AND/OR (O COLOR CODE MAY NOT BE
PRESENT ON SOME CAPACITORS

COLOR SIGNIFICANT RESISTORS(Q)) CAPACITORS(pF) DIPPED
FIGURES MULTIPLIER | TOLERANCE | MULTIPLIER TOLERANCE T\foNJﬁ'gg
over 10 pF under 10 pF RATING
BLACK 0 1 e 1 +20% +2pF 4 VDC
BROWN 1 10 +1% 10 +1% +0.1 pF 6 VDC
RED 2 10% or 100 +2% 10" or 100 +2% _ 10 VDC
ORANGE 3 10° or 1 K +3% 10' or 1000 +3% e 15 VDC
YELLOW 4 10* or 10 K +4% 10' or 10,000 +100%—9% — 20 VDC
GREEN 5 10° or 100 K +1/2% 10 or 100,000 +5% +0.5 pF 25 VvDC
BLUE 6 10° or 1M +1/4% 10° or 1,000,000 —_— —_ 35 VvDC
VIOLET 7 _ +1/10% —_ _ —_ 50 VDC
GRAY 8 —_ — 107 or 0.01 +80%—20% +0.25 pF S
WHITE 9 —_ —_ 107 or 0.1 +10% +1pF 3VDC
GOLD — 107" or 0.1 +5% — —_— —_ —
SILVER — 107 or 0.01 +10% _ _ —_ _
NONE — _ +20% _ +10% +1 pF —
Figure 5-3. Color codes.
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l TRANSISTORS

l_ FLAT PACK _______l

TRANSISTORS

INDEX 5

L INTEGRATED
CIRCUITS

2374-20A

Figure 5-4. Semiconductor lead configuration.
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CAPACITOR MARKINGS. The capacitance values of
common disc capacitors and electrolytics are marked on
the component body. Some ceramic capacitors used in
the 442 are color coded in picofarads, using a modified
ElIA code (see Figure 5-3).

The dipped tantalum capacitors used in the 442 are
color coded in microfarads (see Figure 5-3). The color dot
indicates the positive fead and voltagerating. Be careful to
observe the polarity and voltage rating, as capacitors are
easily destroyed by reverse or over voltage.

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., adiode color-coded pink
or blue-, brown - gray - green indicates Tektronix Part
Number 152-0185-00). The cathode and anode ends of
metal-encased diodes can be identified by the diode
symbol marked on the body.

POWER CORD CONDUCTOR IDENTIFICATION.
Refer to Section 2, Operating Instructions, for color code
information pertaining to power cords available for the
442,

SEMICONDUCTOR LEAD IDENTIFICATION. Refer
to Figure 5-4 for lead identification for semiconductors
used in the 442,

MULTI-PIN CONNECTOR HOLDER ORIEN-
TATION. Small multi-pin connector holders are indexed
with two triangles to identify pin 1. One triangleis located
on the holder, and the matching one is located on the
etched circuit board near pin 1 of the mating connector
(see Figure 5-5).

Some large multi-pin connector holders are indexed
with the trade name at the pin 1 end and pin 1 may or may
not be marked on the circuit board. In some applications,
the jack or plug number may be marked on the board near
the pin 1 end.

Troubleshooting Equipment

Refer to Table 5-3 at the end of this section for alist of
suggested equipment to use for troubleshooting the 442.
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(0995-11)2374-21A

Figure 5-5. Multi-pin connector holder indexing.

Troubleshooting Techniques

This troubleshooting procedureis arrangedinan 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 will aid in locating the defective compo-
nent. 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 give a false indication of an instrument
malfunction. If there is any question about the correct
function or operation of any control, refertothe Operating
Instructions section of this manual or the 442 Operators
manual.

2. CHECK ASSOCIATED EQUIPMENT AND CON-
NECTIONS. Before proceeding with troubleshooting,
check that the equipment used with this instrument is
operating correctly. Check that the signal is properly
connected and that the interconnecting cables are not
defective. Also, check the power source (including the
power cord and plug).

3. CHECKINSTRUMENT CALIBRATION. Checkthe
calibration of this instrument, or the affected circuit if the
trouble exists in one circuit. The apparent trouble may
only be the result of misadjustment and may be corrected
by proper adjustment. Complete adjustment instructions
are given in the Calibration Procedure section of this
manual.
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4. VISUAL CHECK: Visually check the portion of the
instrument in which the trouble is located. Many troubles
can be located by visible 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 troubie symptom.
The symptom often identifies the circuit in which the
trouble is located. For example, poor focus indicates that
the crt circuit (including the high voltage supply) is
probably at fault. When trouble symptoms appear in more
than one circuit, check the power supplies, then check
affected circuits by taking voltage and waveform readings.
The power supplies are interdependent. All the low-
voltage power supplies depend on the —8 volt supply for
reference.

Table 5-1 lists outputs and tolerances of power
supplies. Voltages are measured between power supply
test points and ground. If a power supply voltage is within
listed tolerance, assume the supply is operating correctly.
A defective component elsewhere may appear as a power
supply problem and may also affect operation of suppor-
ting circuitry.

Table 5-1
POWER SUPPLY TOLERANCE
Supply Tolerance
-8V Set within 0.5%
+8 V Within 3%
+100 V Within 5%

Refer to the troubleshooting chart in the Diagrams
section for help in isolating malfunctioning circuitry.
However, not all problems arelistedinthe chart. Continue
with this check list for cases not covered by the chart.

6. CHECK CIRCUIT BOARD INTERCONNECTIONS.
After the trouble has been isolated to a particular circuit,
check for loose or broken connections, improperly seated
transistors, and heat-damaged components.

7. CHECK VOLTAGES AND WAVEFORMS. Often
the defective component can be located by checking for
the correct voltage or waveform in the circuit. Typical
voltages are given on the diagrams. Waveforms are shown
at the left of the circuit diagram.

5-8

NOTE

Voltages and waveforms given on the diagrams are
not absolute and may vary slightly between in-
struments. Individual variations should be noted on
the schematic diagrams for future reference. To
obtain operating conditions similar to those used
when the listed readings were taken, refer to the
voltage and waveform setup procedures for each
diagram. Note the recommended test signals, front
panel control settings, and voltage and waveform
conditions. The 442 control settings required to
obtain the listed waveforms and voltages arelocated
adjacent to the waveform illustrations.

8. CHECKINDIVIDUAL COMPONENTS. Thefollow-
ing procedures describe methods of checking individual
components. Components that are soldered in place are
best checked by disconnecting one end. Thisisolates the
measurement from the effects of surrounding circuitry.

The power switch must be turned off before remov-
ing or replacing components to prevent electrical
shock or circuit damage.

Semiconductors. A goodcheck of transistor operation
is actual performance under operating conditions. A
transistor can be most effectively checked by substituting
a new component for it {or one which has been checked
previously). However, be sure that circuit conditions are
not such that a replacement transistor might also be
damaged. If substitute transistors are not available, use a
dynamic tester. Static-type testers are not recommended,
since they do not check operation under simulated
operating conditions.

When troubleshooting transistors in the circuit with a
voltmeter, measure the emitter-to-base and emitter-to-
collector voltages to determine if the voltages are consis-
tent with normal circuit voltage. Voltages across a tran-
sistor vary with the type of device and its circuit function.
Some of these voltages are predictable. The emitter-to-
base voltage of aconducting silicon transistor will normal-
ly be 0.6 to 0.8 volt. The emitter-to-collector voltage of
saturated transistors is approximately 0.2 volt. Because
these values are small, the best way to check them is by
connecting the voltmeter across the junction and use a
sensitive voltmeter setting. This method is preferable to
comparing two voltages taken with respect to ground
(both leads of the voltmeter must beisolated from ground,
if this method is used). If values less than these are
obtained, either the device is short-circuited or no current
is flowingin the circuit. If values are in excess of the base-
emitter voltages given, the junction is back-biased or the
device is defective. Values in excess of those given for
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emitter-collector voltages could indicate either a non-
saturated device operating normally, or a defective (open-
circuited) transistor. If the device is conducting, voltage
will be developed across resistances in series withit; ifitis
open, no voltage will be developed across resistances in
series with it unless currentis being supplied by a parallel
path.

When troubleshooting a field-effect transistor, the
voltage across its elements can be checked in the same
manner as for a transistor. However, it should be
remembered that in the normal depletion mode of opera-
tion, the gate-to-source junction is reverse biased; in the
enhanced mode, the junction is forward biased.

Integrated circuits (IC) can be checked with a
voltmeter, test oscilloscope, or by direct substitution. A
good understanding of circuit operation is essential to
troubleshooting circuits using IC. Use care when check-
ing voltages and waveforms aroundthe IC sothat adjacent
leads are not shorted together. Typical semiconductor
lead configurations are shown in Figure 5-4.

Diodes. A diode can be checkedfor an open orashort
circuit by measuring the resistance between terminals
with an ohmmeter set to the R X 1k scale. The diode
resistance should be very high in one direction and very
low when the meter leads are reversed. Do not check
tunnel diodes or back diodes with an ochmmeter.

Do not use an ohmmeter scale that has a high
internal current. High currents may damage the
diode. Do not measure tunnel diodes with an ohm-
meter; use a dynamic tester (such as a TEKTRONIX
Type 576 Transistor-Curve Tracer). Checks on
diodes can be performed in much the same manner
as on transistor emitter-to-base junctions. Silicon
diodes should have 0.6to 0.8 volt across thejunction
when conducting. Higher readings indicate that they
are either back biased or defective, depending on
polarity.

To check other components—resistors, capacitors,
andinductors—disconnect one end from the circuitry (see
Soldering Techniques and Component Replacement in
the Corrective Maintenance portion of this section.
Especially note the material about machine inserted
components.).

Resistors. Check resistors for discoloration. Then
check them with an ohmmeter after disconnecting one
end from the circuit. Refer to the Replaceable Electrical
Parts list for tolerances of resistors usedinthisinstrument.
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Resistors normally do not need to be replaced unless the
measured value varies widely from the specified value.
The best check for thick film resistor networks is actual
operation in the circuit.

Inductors. Check continuity of inductors with an
ohmmeter to detect an open conditon. (It may be
necessary to disconnect one end of the inductor from the
circuit to check continuity. Also, be aware that some
inductors are wound on aresistive core and will present a
resistive reading even when the inductive winding is
open.) Shorted or partially shorted inductors can usuaily
be detected by checking the waveform response when
high-frequency signals are applied to the circuit. Partial
shorting often reduces high-frequency response (in-
creases roll-off).

Capacitors. A leaky or shorted capacitor can be
detected by checking resistance with an ohmmeter (setto
the highest scale) after disconnecting one end from the
circuit. Do not exceed the voltage rating of the capacitor
(some ohmmeters use up to 30 volts as a source voltage).
The resistance reading should be high after the initial
charge of the capacitor. An open capacitor can also be
detected with a capacitance meter or by checking whether
the capacitor passes ac signals.

Switches. The most common cause of cam switch
failure is dust between the contact and the pad. Checkthe
suspected contact for continuity with an ohmmeter. If
open and not obviously damaged, try cleaning (see Cam
Switch Repair and Replacement).

Another frequent cause of cam switch faiture is solder
smoke residue. This can occur when replacing a compo-
nent near the switch. This problem is usually indicated by
reduced high-frequency response. Flushing the contact
with isopropyl alcohol usually fixes this problem.

If the contact is physically damaged, replace the
contact strip. Bending the contact is only a temporary
repair. See Cam Switch Repair and Replacement.

9. REPAIR AND READJUST THE CIRCUIT. If any
defective parts are located, foliow the replacement
procedures given under Corrective Maintenance in this
section. Be sure to check the performance of any circuit
that has been repaired or has had any components
replaced. Readjustment of the affected circuit may be
necessary. Refertothe Performance Check or Adjustment
Procedure in the Calibration section of this manual.
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Troubleshooting Hints
Power

SYMPTOM—No visible trace and no disptay when the
BEAM FINDER button is pressed in (POWER ON LED is
illuminated—if LED is not illuminated, check F700andthe
+8 volt supply components).

a. Does adisplay or trace appear on the screen? If not,
rotate the INTENSITY control clockwise while holding the
BEAM FINDER button in until a trace appears or the
control is fully clockwise. If a trace does not appear,
suspect a malfunction in the power supplies (see Power
Supply schematic diagram).

b. Check all low voltage power supplies, starting with
the —8 volt supply (the —8 volt supply is the reference
supply for the other low-voltage power supplies); then
check the +8 voltand +100 volt supplies at their respective
test points.

(1) If the —8 volt supply is low, check Q772, Q774,
Q776, or U742. If the —8 volt supplyreads zero, suspect
a shorted load for the supply.

NOTE

If the —8 volit supply is not within specification, the
other supplies will not meet their specifications.

(2) If the —8 volt supply is correct, but the +8 volt
supply is low or zero, check Q752, Q754, Q756 and
U742 {one section of U742is usedforthe —8volt supply
and one section is used for the +8 volt supply).

¢. Check the high voltage supplies (see Vertical Out-
put, Crt, and Probe Adj schematic diagram).

CAUTION

Use a high voltage probe for measuring voltages in
excess of 1000 volts dc.

(1) Check for —2 kilovolts at pin 1 of P465, or at pin 2
of the crt base socket.

(2) Ifthe —2 kilovolt supplyislow or zero, check for
a 50 kHz sine wave (approximately 200 V, peak-to-
peak) at pin 5 of T460 (primary winding of the high
voltage transformer).

(3) If neither the —2 kV or a 50 kHz sine wave are
present, check Q454, Q458, and Q446.

CAUTION

Do not short the secondary of the high-voltage
transformer to ground as this could damage the
transformer ( T460).

Z-Axis

SYMPTOM—No intensity, or no control over intensity
with BEAM FINDER button pressed in.

a. Does atrace appear onthe screen? If not, and if the
low and high voltage supplies are correct, the maifunction
may be in the Z-axis circuit (see Vertical Output, Crt, and
Probe Adj schematic diagram).

The crt socket pins 2 and 3inthe following step have
approximately 2 kilovolts applied to them.

(1) Check for approximately 60 volts swing
between crt socket pins 2 and 3. If there is no voltage
swing while rotating the INTENSITY control, the
problem may be in the unblanking circuit.

(2) Check for a pulse at the emitter of Q416. The
pulse amplitude should vary from 20 mVto 80 mV when
the INTENSITY control is rotated from fully clockwise
to fully counterclockwise.

(8) Check for a zero to 40 volt peak-to-peak un-
blanking pulse (varies with the setting of the INTEN-
SITY control) at the collector of Q426.

(4) If there is no unblanking pulse present at any
setting of the INTENSITY control, check Q426, Q424,
Q416, and Q434.

Vertical

SYMPTOM 1—No trace on the crt screen, or vertical
POSITION control does not center the display (see
Vertical Switching or Vertical Output, Crt, and Probe Adj
schematic diagrams).

a. If there is a trace on the screen but it can only be
positioned about two divisions above or below the center
horizontal graticule line, the vertical amplifier circuitry
may be at fault.
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b. Short plug pins P4-9 to P4-11 on the A8 Vertical
board. If the trace still does not center vertically, the
problem may be in the vertical output circuitry. Check
Q112, Q122, Q134, Q144, Q136, and Q146.

c. If the trace is centered when P4-9 and P4-11 are
shorted together, the trouble is ahead of P4.

d. Short the collector of Q4376 to the collector of
Q4386. If the trace is centered, the trouble is ahead of
Q4376 and Q4386 (the delay line drivers).

e. Check the voltage at the emitters of Q4344 and
Q4346. Each should read approximately +5 volts with
respect to ground. If the emitter voltages are correct, the
trouble is either in Q4344, Q4346, or in the switching
circuitry (shorted CR4356, CR4348, or open CR4346, for
example).

SYMPTOM 2—With a 50 mV signal ac coupled to
Channel 1 and Channel 1 VOLTS/DIV switch setto 10 m,
the crt display does not position above the center
horizontal graticute line.

a. If atrace does not appear on the screen, rotate the
Channel 1 vertical POSITION control.

b. If atrace appears, but decreases in amplitude when
it is positioned near the center horizontal graticule line,
suspect a problem in the vertical output circuitry.

c. Short the collector of Q136 to the collector of Q146.
If the trace is centered, next short the collector of Q112 to
the collector of Q122. The trace should center. If not,
suspect Q112, Q134, Q136 or associated circuitry.

Triggering

SYMPTOM 1—The trace free runs but will nottriggerin
AUTO or NORM MODE settings (see Trigger schematic
diagram).

a. Set TRIGGERING MODE to AUTO. Rotate the
LEVEL control fully clockwise and fully counterclockwise.
Does the trace flicker? If not, the triggering signal is not
reaching the sweep circuit.

b. Check the voltage at the junction of R2151-R2152-
R2143. Does the voltage vary from —2 voits to +3 volts
when the LEVEL control is rotated through its range? If it
does, next check whether the U2156B output level varies
when the LEVEL control is rotated.
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¢. Connect a signal to the Channel 1 input and check
for a trigger pulse at the output of U2156B. If thereis no
pulse present, suspect U2156A, U2156B or associated
circuitry.

SYMPTOM 2—Will not trigger when TRIGGERING
MODE is set to AUTO (see Sweep and Horizontal Output
schematic diagram)

a. Check for atrigger pulse at pin 6 of U2212B. Ifthere
is no pulse present, check for a Hl at pin 4 of U2212B while
rotating the LEVEL control. If pin 4 does not go HI, check
for defective U2212B, U2224B or CR2227.

Sweep

SYMPTOM 1—No trace (sweep) on the crt screen (see
Sweep and Horizontal Output schematic diagram).

a. Pressthe BEAM FINDER buttonin. If atrace or a dot
appears at the right of the center vertical graticule line,
check for a ramp signal approximately 12 volts in
amplitude at the end of R2243 toward the center of the
board.

b. If a ramp signal is not present, check for ap-
proximately 0.7 volt at the base of Q2274.

c. If the voltage at the base of Q2274 is high (ap-
proximately 8.0 volts), check Q2274, Q2242, Q2244, and
Q2246 and associated circuitry.

SYMPTOM 2—No trace on the crt.

a. Repeat SYMPTOM 1, parts a and b.

b. Check for a HI at pin 8 of U2234C. If a HI is not
present, check U2234C.

Horizontal

SYMPTOM 1—No trace on crt screen (see Horizontal
Output schematic diagram).

a. Check collectors of Q2334 and Q2344 for a ramp
signal of approximately 40 volts amplitude (amplitude will
vary with setting of Horizontal POSITION control). If ramp
signals are correct, check for defective crt horizontal
deflection plate leads or connectors.
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SYMPTOM 2—Trace is present on the crt screen, but
the trace is too short.

a. Check collectors of Q2334 and Q2344 for a ramp
signal of approximately 40 volts amplitude (amplitude will
vary with setting of Horizontal POSITION control).

b. If there is no ramp signal at Q2334 or Q2344
coltectors, check for a 12 volt ramp at the junction of
R2243-R2311-C2246-R2245 (see Sweep and Horizontal
Amplifier schematic diagram).

c. Ifa12 volt ramp is present, check Q2332, Q2334, or
Q2344 (see Horizontai Output schematic) and Q2314,
Q2326 (see Sweep and Horizontal Amplifier schematic
diagram).

CORRECTIVE MAINTENANCE

Introduction

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

Maintenance Precautions

To reduce the possibility of personal injury or instru-
ment damage, observe the following precautions.

1. Disconnect the 442 from the power source before
removing or installing components.

2. Use care not to interconnect instrument grounds,
which may be at different potentials (cross grounding).

3. Do not use excessive heat when soldering. This can
damage circuit boards and semiconductors.

Static-Sensitive Components

CAUTION

Static discharge can damage any semiconductor
component in this instrument.
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This instrument contains electrical components that
are susceptible to damage from static discharge. See
Relative Susceptibility table for various classes of
semiconductors. Static voltages of 1kV to 30 kV are
common in unprotected environments.

Observe the following precautions to avoid damage.

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metal rail, or
on conductive foam. Label any package that contains
static-sensitive assemblies or components.

3. Discharge the static voltage from your body by
wearing a wrist strap while handling these components.
Servicing statig-sensitive assemblies or components
should be performed only at a static-free work station by
qualified service personnel.

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together
whenever possible.

6. Pick up components bythe body, never by theleads.

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a
floor or work-surface covering capable of generating a
static charge.

9. Use a soldering iron that is connected to earth
ground.

10. Use only special antistatic suction type or wick
type desoldering tools.
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Table 5-2

RELATIVE SUSCEPTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Susceptibility

Semiconductor Classes Levels®
MOS or CMOS microcircuits or discretes,
or linear microcircuits
with MOS inputs (Most Sensitive 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFETs 6
Linear microcircuits 7
Low-power Shottky TTL 8
TTL (Least Sensitive) 9

? Voltage equivalent for levels:

1=100to 500V 4 =500V 7=400t0 1000 V (est.)
2 =2001t0 500 V 5 =400 to 600V 8 =900V
3=250V 6 = 600 to 800 V 9 =1200 V

(Voltage discharge from a 100 pF capacitor through aresistance
of 100 ohms.)

Obtaining Replacement Parts

STANDARD PARTS. Most electrical and mechanical
parts can be obtained through your local Tektronix Field
Office or representative. However, you shouid be able to
obtain many of the standard electronic components from
a local commercial source in your area. Before you
purchase or order a part from a source other than
Tektronix, Inc., please check the Replaceable Electrical
Parts list for the proper value, rating, tolerance 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 elec-
tronic components, some special components are usedin
the 442. These components are manufactured or selected
by Tektronix, Inc. to meet specific performance re-
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quirements, or are manufactured for Tektronix, Inc. in
accordance with our specifications (see Cross Index-
Manufacturers Code Number to Manufacturer in the
Replaceable Electrical Parts list for code numbers). Most
of the mechanical parts used in this instrument have been
manufactured by Tektronix, Inc. Order all special parts
directly from yourlocal Tektronix Field Office or represen-
tative.

ORDERING PARTS. When ordering replacement
parts from Tektronix, Inc., it is imperative that all of the
following information be included in order to ensure
receiving the proper parts.

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

To prevent electrical shock or damage to the 442,
always disconnect it from the power source and
allow approximately three minutes for the filter
capacitors in the power supply to discharge before
attempting to solder in the circuitry or replace
components.

NOTE

Be sure you are familiar with soldering techniques
and parts replacement procedures before replacing
any electrical components in the 442.

Ordinary 60/40 solder and a 35- to 40-watt pencil-type
soldering iron can be used to accomplish the majority of
the soldering. If 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.

If it becomes necessary to solder inthe general area of
any of the high-frequency contacts in the instrument,
clean the contacts immediately upon completion of the
soldering. Refer to the Switch Contacts paragraph in the
Preventive Maintenance part of this section for
recommended cleaners and procedures.
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Most components are located on one side of the board
and are machine inserted with ends of leads bent over on
the foil side of the board. It may be necessary to remove
the board from the instrument to gain access to the foil
side of the board for unsoldering leads from the foil.
Circuit board removal and re-installation procedures are
discussed later in this section. Attempts to unsolder,
remove, and re-solder leads from the component side of
the board may cause damage to the foil side of the board.
Excess lead length protruding through the foil side of the
board may cause shorting to other conductive parts.
Clipping and re-soldering leads from the component side
of the board may loosen the original solder bond on the
foil side of the board, or damage the foil, unless adequate
support and heat sinking is provided for the lead from the
foil.

Fuse Replacement

The line voltage fuse, F700, is located in an externally
accessible holder located on the back panel of the 442.

The high-voltage fuse, F722, islocated onthe A2 Power
Supply board.

The unregulated + and —8 volt dc supplies arefused in
two legs of the transformer secondary winding. These
fuses (F742 and F743) are soldered to the A2 Power
Supply board, and normally should not open unless the
transformer secondary winding is physically shorted.

Refer to the Replaceable Electrical Parts list in this
manual for all fuse values and descriptions.

Transistor and Integrated Circuit Replacement

Transistors and integrated circuits should not be
replaced unless they are actually defective. If they are
removed from their sockets during troubleshooting or
routine maintenance, they should be returned to their
original sockets. Unnecessary replacement or transpos-
ing of semiconductor devices may affectthe calibration of
the instrument. When it has been necessary to replace a
semiconductor, the performance should be checked for
that part of the instrument in which thereplaced semicon-
ductor is used.

Any replacement component should be of the original
type or a direct replacement. Leads on the replacement
component should be bent to fit the holesinthe board and
cut to the same length as the leads on the original
component (refer to Figure 5-4 for Semiconductor Lead
Identification).

5-14

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

Some plastic case transistors have lead configurations
that do not agree with those shown in Figure 5-4. If a
replacement transistor is of a different manufacturer than
the original, check that manufacturers specifications for
the correct basing. Most transistorsinthe 442 are soldered
directly to the boards. Transistors with heat sinks orthose
mounted on the chassis require silicone grease to provide
proper heat dissipation, and new silicone grease should
be applied to all contact surfaces when these transistors
are replaced. Most chassis mounted transistorsin the 442
are secured with either metal ciips or plastic screws
(chassis-mounted power supply transistors are insulated
from the chassis).

Reinstall 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, whereit comes
in contact with the insulator.

Voltages are present on the exterior surface of the
chassis-mounted power supply transistors if power
is applied to the instrument and the POWER switch
is on.

NOTE

After replacing a power transistor, check that the
collector is not shorted to ground before applying
power,

Thick Film Resistor Replacement

To remove thick film resistor assemblies from the
board, first remove all soider from the leads where they
fasten to the board.

To install thick film resistor R118, match the index
triangle on the board with the pin number 1 markingonthe
component body and insert the pins in the board holes;
then re-solder the leads to the board. To install thick film
resistor R445, match the pins on the component to the
holes in the board, insert the pins in the holes and re-
solder them to the board.
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Interconnecting Cable and Pin Connector
Replacement

interconnecting cable assemblies are factory
assembled with machine installed pin connectors (for
individual leads or multi-lead assemblies mounted in
plastic holders). Two types of multi-pin connectors are
used in the 442, with different size holders.

If the larger multi-pin holder assemblies are damaged,
the entire assembly should be replaced as a unit (refer to
the Replaceable Mechanical Parts section for part
numbers and ordering information.

The smaller multi-pin connector assemblies permit
replacement of the individual wire/connector unitsin the
holders, but the preferred method is to replace the entire
assembly if a contact is damaged.

Itis possible for the pin‘connectors to become dislodg-
ed from the smaller plastic holders. If this happens, refer to
Figure 5-6 and the following steps for re-installation
details:

NOTE

To provide correctindexing of the multi-pin connec-
tors when they are re-connected to the matching
pins on a circuit board, a triangular index mark is
stamped on the circuit board. A matching index
mark, the brand name, or the numeral 1 will be
molded into the plastic housing of the connector to
indicate pin 1. Be sure to match the index marks
before re-installing the connectors. If the individual
end-lead pin connectors are removed from the
plastic holder, note the color of the insulation onthe
individual wires for reference when the connectors
are re-installed in the holders.

1. Bend the slotted portion of the holder away fromthe
wire leads as shown.

TURN
CRIMPED SIDE
OF TERMINAL
CONNECTOR
TOWARD HINGED
PORTION OF HOLDER

(2042-36)2374-22A

Figure 5-6. Pin connector re-installation in muliti-pin holders.
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2. Re-install the connector into the correct holeinthe
plug-in portion of the holder. Note color code on wire
insutation to determine correct hole in the holder.

3. Bend the slotted portion of the holder back to its
original position so connectors are captivated in the
holder.

Readjustment After Repair

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

Shaft/Knob Assembly Removal

The INTENSITY, Horizontal POSITION, LEVEL, and
FOCUS shaft/knob assemblies are of a one-piece con-
struction and can be removed or replaced as follows:

1. Grip the knob with one hand and the shaft with
the other hand.

2. Pull onthe knob while pushing onthe shafttofree
the recessed portion of the shaft from the panel
retainer bushing (see Figure 5-7).

CAUTION

Some shaft/knobs may require considerable force to
remove, and the bushing and shaft may separate
abruptly. To avoid damage to the potentiometer and
the circuit board, or personal injury, grip both pieces
firmly during the shaft/knob removal. It may be
helpful to grip the shaft with the tip of a pair of long-
nose pliers and use a gentle rocking motion to
separate the shaft/knob from the panel bushing and
from the potentiometer shaft. Potentiometers with
long mounting terminals can bend easily or damage
the connections to the board, and therefore should
be held firmly while the shaft/knob assembly is
being disconnected from the potentiometer shaft.
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Cam Switch Repair and Replacement

A cam switch is an assembly consisting of a cam
rotated by afront panel control, and a set of contacts onan
adjacent circuit board.

Repair of cam switches should be undertaken only
by experienced repair personnel. Switch alignment
and spring tension of the contacts must be carefully
maintained for proper operation of the switch. For
assistance in repair of the cam switches, contact
your local Tektronix Field Office or representative.

Cleaning. If the contact is not obviously damaged, try
cleaning it before replacing. Follow the cleaning
procedures in the order given; the first ones are the

easiest.
CAUTION

When cleaning cam switch contacts:

1. Don't use cleaners, detergents, or lubricants that
leave a residue. The residue can interfere with the
high-frequency response of the contact. Also, the
residue will attract dust and cause the contact to
require frequent cleaning.

2. Don'’t use any cleaners that contain fluorocar-
bons. These will damage the cam portion of the
switch. Fluorocarbons also damage the circuit
board material used in some instruments.

3. Don’t use anything (such as a cotton swab) that
could snag the contact.

4. Don’t scrape the pad. If the goldis removed from
the pad, the pad will oxidize and cause future
problems.

5. Don'’t bend the contacts. While this may tem-
porarily fix the problem, bending the contact
damages its self-cleaning action and causes
problems in the future.

Use the following procedures to clean the contacts:

1. Operate the switch several times. The wiping action
may clean the contacts.

2. Blow low-pressure air in the area of the contact
while operating the switch.
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3. Filushthe contact with isopropyl alcohol and blow it
dry with low-pressure air. Isopropyl alcohol flammable;
avoid its use near open flame or other potential sources of
ignition.

If the above procedures don’t work, replacethe contact
strip. If cleaning the switch restores continuity, check to
ensurethat the contact wipes across the pad. If the contact
does not wipe, replace the contact strip.

Contact Replacement. Cam Switch contacts in this
instrument are part of a contact strip assembly. Refer to
the Replaceable Mechanical Parts list for ordering infor-
mation.

If areplacement contact strip assemblyis not available,
bend the contact for a temporary repair. If a contact must
be bent, note its location and the symptom that required
the bending, for reference if the contact fails again before
a permanent repair can be made.

A6 and A7 Attenuator Removal

The following procedure is valid for removing the
attenuator assembly for either channel. Place the instru-
ment in the position shown in Figure 5-8 (temporarily
reassemble the rear cabinet frame and four feettotherear
panel with the Phillips-head foot securing screws to
support the 442).

NOTE

The attenuator assemblies may be removed before
the A8 Vertical board is removed. However, the
Vertical board may be removed without removing
the attenuator assemblies from it (the VOLTS/DIV
and VOLTS/DIV VAR knobs must be removed before
either the attenuator assemblies or the Vertical
board can be removed.

1. Remove the appropriate VOLTS/DIV and VAR
knobs (use a 1/16" Allen wrench).

2. Use a Phillips screwdriver to remove the two
screws that secure the small shield to the
Channel 1 and Channel 2 attenuator shields. Set
the small shield and screws aside.

3. Use a Phillips screwdriver to remove the two
screws that secure the Channel 2 attenuator
shield and the three screws that secure the
Channel 1 shield (one screw head faces the crt
shield).
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4 Unsolder the two resistors and the wire from the
VOLTS/DIV VAR potentiometer at the end of the
attenuator chassis toward the back of the 442,

RETAINER
BUSHING

NOTE

For some serial numbers of the 442, the VOLTS/DIV
VAR potentiometers may be mounted with their
terminals connected directly to the Vertical board
instead of with the bushing fastened to the
attenuator chassis and electrical connections made
to the Vertical board through resistors and wire
leads. !f terminals are connected directly to the
Vertical board, use an Allen wrench to disconnect
the coupling shaft from the VOLTS/DIV VAR poten- -
tiometer when removing the attenuator assembly.

RECESSED
PORTION OF
SHAFT

BUSHING EXPANDS

KNOB AS SHAFT-KNOB
ouT IS REMOVED
2374-23A

Figure 5-7. Shati/knob assembly removal.

; SLOTTED-MEAD SCREW
PHILLIPS-HEAD 'WITH CAPTIVE SPACER ON
SCREWS ~BOTTOM OF BOARD

O THIRD . SLOTTED-HEAD
PHILLIPS-HEAD PH*%&%%EE@ SCREW ..
SCREW FOR
CHANNEL 1 AB
(THROUGH o CHANNEL 1
‘CENTER ATTENUATOR
CHASSIS) - BOARD : , &
At4 PHILLIPS-HEAD ; POWER SUPPLY
HORIZONTAL S SCREW ; OARD SCREW
oUTPUT A7
BOARD CHANNEL 2
ATTENUATOR SRR
BOARD CHANNEL 1
DELAY . ATTENUATOR
LINE ™~ PHILLIPS-HEAD ~ BOARD
» SCREWS

DELAY LINE -

“SCREWS \

e

POWER SUPPLY oy
BOARD SCREW ; SHIFT
BOARD @%

@ 9 g ; 4
A7

POWER SUPPLY BRACKET © CHANNEL 2
TNUTS ATTENUATOR

@ CBOARD
2374-24A

Figure 5-8. Attenuators, Attenuator Shift, Horizontal Output, and Power Supply assembly removal.
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5. Pull the attenuator assembly out away from the
Vertical board to disengage the five pin connec-
tors. Then carefully pull the attenuator assembly
toward the back of the 442 sotheinput connector
and the AC-GND-DC switch knob will clear the
front panel openings while ensuring that the five
inter-board connector pins do not get bent.

NOTE

The Channel 1 attenuator assembly employs an A5
Shift board to offset its connectors to the location
where the connections are made to the Vertical
board. After the Channel 1 attenuator assembly is
removed from the Vertical board, the Shift board
may be removed from the attenuator assembly by
removing one Phillips-head screw (see Figure 5-8).

6. To re-install the attenuator assemblies and the
Channel 1 Shift board, reassemble in reverse of
the foregoing order. Exercise special care that all
pin connectors are engaged without bending or
breaking them.

Vertical POSITION Control Removal

To remove the vertical POSITION controls, first follow
the foregoing procedure to remove at least one of the
vertical attenuator assemblies to provide access to the
POSITION controls. Then proceed as follows:

1. Remove the appropriate POSITION knob (use a
1/16" Allen wrench).

2. Remove the potentiometer securing nut (use a
5/16" hexagonal socket wrench).

3. Remove the potentiometer from the back of the
front panel (note the lead or plug locations for
reassembly reference) and unsolder the connec-
ting leads or unplug the connector from the
Vertical board.

4, To reinstall the POSITION control, reverse the
order of the foregoing steps.

A8 Vertical Amplifier Board Removal

The attenuator assemblies may remain attachedto the
Vertical board while it is removed. If the attenuator
assemblies are not removed first, they may be removed
later by following the appropriate portions of the steps
under A6 and A7 Attenuator Removal.
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Remove the Vertical board as follows:

1.

Use a 1/16” Allen wrench to remove all the
VOLTS/DIV and VOLTS/DIV VAR knobs from
their shafts.

Perform steps 2 and 3 under A6 and A7
Attenuator Removal.

Note locations for reassembly reference and
disconnect all small and large connectors from
the Vertical board.

Remove the four screws that secure the Vertical
board to the 442 chassis. (Refer to Figure 5-8 for
location of screws and board assemblies.)

The delay line leads may be left connected to the
Vertical board and the delay line removed along
with the board or the leads may be unsoldered
from the board and the delay line left attached to
the chassis. If the leads areto be unsoldered, note
their positions for reassembly reference, un-
solder the four leads, and remove the two screws
to unfasten the delay line cable from the Vertical
board (use a Phillips-head screwdriver; it may be
necessary to partially raise the Vertical board
away from the chassis and hold the nuts with a
socket wrench or plier while unfastening these
screws). If the delay line is to be left connectedto
the Vertical board, removethethree Phillips-head
screws that secure the delay line assembly to the
chassis.

Lift the Vertical board assembly toward the back
and away from the 442 chassis. If the attenuator
assemblies were left attached to the Vertical
board, guide the input connectors, attenuator
shafts, and AC-GND-DC switch knobs back out
of the front panel openings. Make sure that all
wires, cables, and connectors are free of the
Vertical assembly as it is being removed.

If the attenuator assemblies and Shift board need
to beremoved and haven't aiready been removed,
refer to A6 and A7 Attenuator Removal for
instructions on completion of their removal from
the Vertical board assembly.

To reinstall the Vertical assembly, reverse the
order of the foregoing procedure.

REV A MAY 1880



A2 Power Supply Board Removal

Perform the following steps to remove the A2 Power
Supply board (with the power transformer attached) from
the 442:

1. Remove two nuts from the bolts that secure the
power supply support bracket to the rear sub-
panel. Remove the Phillips-head screw from the
edge of the board toward the front of the 442 (see
Figure 5-8 for location of these items).

2. Remove the two nuts that secure the power
transformer to the support bracket that attaches
to the chassis bracket. These nuts are accessible
from the top of the 442 near the cutside edge of
the A1 Interface board (opposite side from the
Power Supply board). See Figure 5-9.

3. Disconnect P7 (large multi-pin connector piug)
from the Power Supply board, and lift the power
supply assembly (including the power
transformer) out of the 442.

4. To reinstall the power supply assembly, reverse
the order of the foregoing procedure.
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At14 Horizontal Output Board Removal
Remove the Horizontal Qutput board as follows:

1. Disconnect single-wire connectors P2334 and
P2344 from the board pins and multi-pin connec-
tor P2332 from its board pins (see Figure 5-8).

2. Remove the four Phillips-head screws that secure
the board to the rear crt bracket.

3. To reinstall the Horizontal Output board, reverse
the order of the foregoing procedure.

Delay Line Removal
Remove the Delay Line as follows:

1. Remove the three Phillips-head screws that
secure the Delay Line tie-down strapstotherear
crt bracket (see Figure 5-8).

2. Remove the two screws that secure the delayline
cable end clamps to the Vertical board (it may be
necessary to partially or fully remove the Vertical
board in order to hold the nuts while removing
these two screws, see A8 Vertical Amplifier Board
Removal).

(#2 PHILLIPS)

 REMOVE SCREWS
(#1 PHILLIPS)

O INTERFACE BOARD
IN NORMAL :

OPERATING

TPOSITION

®

REMOVE SCREW
o]

 TRIGGER %

1 TRIGGER "
1 BOARD
| PHILLIPS-HEAD

pasicoreut |
i 2as S_ | HORIZONTAL

 KNOB-SHAFTS

PHILLIPS-HEAD
_ SCRE\ e RE-INSTALLED

A1
TIMING
“BOARD
(SEC/DIV.
SWITCH)

HOLD QFF
CONTROL

T
BOARD

CTIMEDIV
~ VAR SHAFT
COUPLING

- PHILLIPS-HEAD

, sca&w SCHREW

: B E
INTEREACE
+—— 'BOARD
| (N ACCESS
POSITION)

SCREW

BOARD

TRANSFORMER
NUTS

2374-25A

S

Figure 5-9. Interface, Trigger Switch, Horizontal, and Timing (SEC/DIV switch) assemblies removal.

REV A MAY 1880

5-19




Maintenance—442 Service

Note their locations for reassembly reference,
and unsolder the four delaylineleads from the A8
Vertical board.

To reinstall the Delay Line, reverse the order of
the foregoing procedure.

A1 Interface Board Removal

The Interface board assembly should be moved to the
service and adjustment access position as the first stepin
preparing it for removal from the 442. Moving it to the
access position also allows access for removal of the A12
Horizontal board. Remove the Interface board as follows:
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Remove the FOCUS and INTENSITY shaft/knob
assemblies by disconnecting them from the
potentiometer shafts and sliding them out
through the front panel openings.

Use #1 and #2 Phillips-bit screwdriverstoremove
the four Interface board mounting screws in-
dicated in Figure 5-9A and slide the board edge
out of the three plastic circuit board holders that
support the edge of the board nearest the crt
shield.

Slide the interface board toward the rear of the
442to clearthe BEAM FINDER and ON/OFF push
button/shaft assemblies from the front panel
openings.

Place the Interface board in the access position
(90° from the original normal operation position)
by sliding the edge of the board into the second
set of slots in the three plastic circuit board
holders described in Step 2 (see Figure 5-9B).
Ensure that cables and wires connecting to the
board are clear of other components while the
board is being moved from one position to the
other, and that no interconnecting plugs or pin
connectors have loosened during the transition
(important if the instrument isto be operated with
the Interface board in the access position rather
than removing the board completely from the
442). To operate the 442 with the Interface board
in the access position, re-install the FOCUS and
INTENSITY shaft/knob assemblies on the poten-
tiometer shafts.

If the Interface board is to be completely removed from
the 442, proceed with the following steps:

5.

Remove the two plastic shields that cover the foil
side of the Interface board (two Phillips-head
screws in each shield). Unsolder the leads from
the fuse holder and power cord where they are
soldered to the board near the ON/OFF switch,
S$700. Remove four screws from the High Voltage
Caution shield and remove the shield.

The crt anode and the output terminal of the high
voltage multiplier (U460) may retain a 10,000 voit
charge after the 442 is turned off. To avoid electrical
shock, ground both the output terminal of U460 and
the crt high-voltage anode lead to chassis ground.

Disconnect all large and small connectors from
the Interface assembly (note locations for re-
assembly reference).

Using one hand (keep the other hand clear of the
instrument), unplug the high-voltage anode lead
from the output terminal of U460 and ground the
terminal and the lead to chassis.

Slide the Interface board out of the three plastic
circuit board holders.

To re-install the interface board assembly,
reverse the order of the foregoing steps.

A11 Trigger Switch Board Removal

To remove the Trigger board from the 442, first move
the Interface board to the access position (see A1
Interface Board Removal), then proceed as follows:

1.

Disconnect P2270 from the A12 Horizontal board
(wires from the HOLD OFF control). Remove the
HOLD OFF potentiometer fromthe front panel by
loosening the knob set screw with a 1/16" Alien
wrench, remove the knob, then remove the
potentiometer securing nut with a 5/16"” socket
wrench.

Remove the Phillips-head screw that secures the
Trigger board to the side chassis member (see
Figure 5-9).
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3. Unsolder or unplug all cables and wires that
connect from the Trigger board to other
assemblies (note locations for re-assembly
reference).

4. Disconnect fixed connector P2100 onthe Trigger
board from J2100 on the Horizontal board by
carefully lifting the Trigger board away from the
Horizontal board; then lift the Trigger board
toward the back of the 442 so the switch knobs
clear the front panel openings.

5. To re-install the Trigger board and HOLD OFF
control, reverse the order of the foregoing steps.

A12 Horizontal Board Removal

To remove the Horizontal board from the 442, first
move the Interface board to the access position (see A1
Interface Board Removal). Then remove the Trigger
Switch board from the 442 (see A11 Trigger Switch Board
Removal). With that accomplished, proceed as follows:

1. Use a 1/16"” Allen wrench toremove the SEC/DIV
and SEC/DIV VAR knobs. Disconnect the LEVEL
and Horizontal POSITION shaft/’knob assemblies
from the potentiometer shafts and remove the
shaft/knob assemblies out through the front
panel openings.

2. Disconnect all single and multi-pin connectors
from either the Horizontal board or the board
where the connector attaches (depending on
which end has soldered connections). Note the
location of these connections for re-assembly
reference.

3. Remove the six Phillips-head screws that secure
the Horizontal board to the 442 chassis (see Fig-
ure 5-9).

4. Guide the Horizontal board away from the front
panel and chassis so the control buttons and
shafts clear the front panel openings.

5. To re-install the Horizontal board, reverse the
order of the foregoing steps.
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A13 Timing Board (SEC/DIV Switch) Removal

The Timing board is plugged into two connectors on
the A12 Horizontal board. To remove the Timing board,
first move the Interface board to the access position (see
A1 Interface Board Removal), then proceed as follows:

1. Disconnect the Horizontal POSITION shaft/knob
assembly from the potentiometer shaft and puill
the assembly far enough out through the front
panel opening to clear the hole in the Timing
board.

2. Use an Allen wrench to disconnect the SEC/DIV
VAR shaft from the coupling that fastensittothe
potentiometer and pull the SEC/DIV VAR knobto
remove the shaft out from the SEC/DIV shaft.

3. Use a 1/16" Allen wrench to remove the SEC/DIV
~ knob.

4. Lift the Timing board away from the Horizontal
board and toward the back of the 442 so it
disconnects from the two connectors and the
SEC/DIV shaft clears the front panel opening.

5. To re-install the Timing board, reverse the order
of the foregoing steps.

Cathode Ray Tube (crt) Removal

Use care when handling a cathode ray tube. Protec-
tive clothing and safety glasses should be worn.
Avoid striking the cathode ray tube on any object
that could causeitto crack orimplode. When storing
a cathode ray tube, place it in a protective carton or
set it face down on a smooth surface in a protective
location with a soft mat under the faceplate to
protect it from scratches.

To remove the crt, temporarily reassemble the rear
cabinet frame and four feet to the rear panel with the
Phillips-head foot securing screws. Position the 442 with
the crt faceplate facing upward and the chassis supported
by the rear feet. Rotate the instrument as required in the
following steps and proceed as follows:

1. Move the Interface board to the access position
(see A1 Interface Board Removal).

2. Disconnect the socket from the crt base.
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3. Remove the High Voltage Caution shield (four
Phillips-head screws) from the Interface board.

The crt anode and the output terminal of high-
voltage multiplier U460 may retain a 10,000 volt
charge after the instrument is turned off. To avoid
electrical shock, ground both the output terminal of
U460 and the crt high-voltage anode lead to chassis
ground.

Ground the U460 high voltage multiplier output
terminal and the crt anode lead to chassis
ground. Disconnect the anode lead from the
U460 output terminal. Dress the anode lead so it
will clear all chassis parts and can be removed
along with the crt and shield assembly in the
following steps.

NOTE

In the following steps 5through 8, make a note of all
wire color codes, connection location and connec-
tor orientation, for re-assembly reference.

10.
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Disconnect the horizontal deflection plate pin
connectors from the crt neck pins.

Disconnect both ends of the vertical deflection
plate lead pin connectors (from the crt neck pins
and from the Interface board at P138 and P148).

Disconnect P470 (four pins, two separate 2-pin
plugs) from the Interface board.

Disconnect P2332 from the A14 Horizontal Out-
put board (the A14 board will be removed from
the instrument along with the crt and shield
assembly in the following steps).

Remove the three screws that secure the delay
line tie-down straps to the rear crt bracket (see
Figure 5-8). Lay the delay line so it will clear the
crt shield.

Remove the four screws that secure the rear crt
bracket to the chassis near the crt base.

11.

12.

13.

14.

15.

16.

Support the crt shield assembly while removing
the two screws that secure the crt front support
plastic mounting bracket to the inside of the 442
front panel casting. These two screws are the
ones closest to the bottom of the crt graticule.
The two screws nearestthetop of the crt graticule
may be left in place.

Slide the plastic support bracket slightly in the
direction of the bottom of the crt graticule to
release the plastic support bracket fromthelip on
the metal clip (bracket) near the top of the crt
graticule.

Slide the crt shield assembly toward the back of
the 442; then tilt the neck support bracket toward
the bottom of the 442 andtiltthe crt faceplate end
of the shieid toward the top of the 442. Next, slide
the entire crt and shield assembly away from the
442 chassis in the direction of the bottom of the
instrument.

Carefully slide the crt and anodeiead forward out
of the shield. Note orientation of the anode lead
(top right corner) and ground spring contact
(bottom front) for re-assembly reference.

To re-install the crt in the shield assembly,
carefully slide the crt and anode lead into the
shield and guide the crt so the base passes freely
through the trace rotation coil.

To re-install the crt and shield assembly in the
442, reverse the order of the foregoing steps.

Before using any test equipment to make meas-
urements on static-sensitive components or
assemblies, be certain that any voltage or current
supplied by the test equipment does not exceed the
limits of the component to be tested.
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The foliowing maintenance aids include items required for some maintenance procedures in this instrument.
Equivalent products may be substituted for examples given providing characteristics are similar.

Table 5-3
MAINTENANCE AIDS

Equipment

Minimum Specification

Usage

Example

1. Semiconductor Tester

Dynamic type tester. Meas-
ures reverse breakdown
voltages up to at least 400 V.

Test Semiconductors.

a. TEKTRONIX 576 Curve
Tracer.

b. TEKTRONIX 577 (D1 or
D2) Curve Tracer with

177 Test Fixture

2. Test Oscilloscope with
10X voltage probe

Frequency response, dc to
at least 15 MHz; deflection
factor, 5 mV to 5 V/div;
input impedance, 1MQ,

30 pF; sweep rate, 0.5 s

to 0.2 us/div.

Check operating wave-
forms. 10X probe
required to reduce
circuit loading when
measuring waveforms
or voltages.

TEKTRONIX T921
Oscilloscope with
included 10X probe

3. Multimeter

Digital multimeter. Volt-
meter input impedance,

10 MQ; range 0 to

150 volts; voltage accuracy,
within 0.15%; display,

3 1/2 digits;. Ohmmeter,

0 to 20 MQ.

Check voltages below

1 kV and general trouble-
shooting. Use with a
High Voltage probe

for voltages above 1 kV.

TEKTRONIX DM 502A
Digital Muitimeter *

4. High Voltage probe

Dc voltage range, 1 kV

to at least 3 kV;
Accuracy, 1%; Impedance
and connectors to match
the digital multimeter.

Check voltages in crt
circuit in excess of 1 kV.
(not for 10 kV anode
voltage measurement,
which requires a non-
loading voltmeter).

TEKTRONI!X Part No.
010-0277-00

5. Variable Auto-
transformer

Variable from 0 to 140 V
at 1.2 A. With 3-wire
power cord, plug, and
receptacle.

Vary input line voltage
when troubleshooting
the power supply.

General Radio WBMT3VM or
W10MT3W Metered Variac
Autotransformer

6. Soldering Iron 15 watt General soldering and ANTEX PRECISION Model C
unsoldering.

7. Screwdriver Phillips #1 tip General Xcelite Model X108

8. Screwdriver Phillips #2 tip Assembly and Xcelite Model X102

disassembly

9. Screwdriver

Three-inch shaft; 3/32"
flat bit

General

Xcelite R3323

10. Nutdriver

5/168"

Front panel control nuts

Xcelite #10

11. Open End Wrench

5/16"

Transformer nuts

12. Allen Wrenches

1/16", 0.050", 5/32"

Assembly and
disassembly

13. Solder Wick

Unsoldering

Hex Wik #887-10

& Réquires aTM 500-Series power module.
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Section 6—442 Service

REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, 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 circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial number, and modification number if applicable.

If 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 changein part
number.

Change information, if any, is located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

ITEM NAME

In the Parts List, an Item Name is separated from the description by a colon ().
Because of space limitations, an Item Name may sometimes appear as incomplete. For
further Item Name identification, the U.S. Federal Cataloging Handbook H6-1 can be
utilized where possible.

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY QTZ QUARTZ
CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIO FREQUENCY
COMP 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



Replaceable Electrical Parts—442 Service

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code Manufacturer Address City, State, Zip
000DN FUSES UNLIMITED 9740 COZYCRAFT AVENUE CHATSWORTH, CA 91311
00213 NYTRONICS, COMPONENTS GROUP, INC.,

SUBSIDIARY OF NYTRONICS, INC. ORANGE STREET DARLINGTON, SC 29532
00853 SANGAMO ELECTRIC CO., S. CAROLINA DIV. P 0 BOX 128 PICKENS, SC 29671
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR P 0 BOX 5012, 13500 N CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
03508 GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR

PRODUCTS DEPARTMENT ELECTRONICS PARK SYRACUSE, NY 13201
04222 AVX CERAMICS, DIVISION OF AVX CORP. P 0 BOX 867, 19TH AVE. SOUTH MYRTLE BEACH, SC 29577
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
05574 VIKING INDUSTRIES, INC. 21001 NORDHOFF STREET CHATSWORTH, CA 91311
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042
11237 CTS KEENE, INC. 3230 RIVERSIDE AVE. PASO ROBLES, CA 93446
12697 CLAROSTAT MFG. CO., INC. LOWER WASHINGTON STREET DOVER, NH 03820
14193 CAL-R, INC. 1601 OLYMPIC BLVD. SANTA MONICA, CA 90404
14433 ITT SEMICONDUCTORS 3301 ELECTRONICS WAY

P O BOX 3049 WEST PALM BEACH, FL 33402

15454 RODAN INDUSTRIES, INC. 2905 BLUE STAR ST. ANAHEIM, CA 92806
18324 SIGNETICS CORP. 811 E. ARQUES SUNNYVALE, CA 94086
19396 ILLINOIS TOOL WORKS, INC. PAKTRON DIV. 900 FOLLIN LANE, SE VIENNA, VA 22180
24546 CORNING GLASS WORKS, ELECTRONIC

COMPONENTS DIVISION 550 HIGH STREET BRADFORD, PA 16701
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051
27264 MOLEX PRODUCTS CO. 5224 KATRINE AVE, DOWNERS GROVE, IL 60515
32997 BOURNS, INC., TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507
50157 MIDWEST COMPONENTS INC. P. 0. BOX 787

1981 PORT CITY BLVD. MUSKEGON, MI 49443

50437 RELIANCE STEEL PRODUCTS COMPANY 3700 WALNUT STREET MCKEESPORT, PA 15132
51406 MURATA CORPORATION OF AMERICA 2 WESTCHESTER PLAZA ELMSFORD, NY 10523
56289 SPRAGUE ELECTRIC CO. NORTH ADAMS, MA 01247
71400 BUSSMAN MFG., DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSITY ST. ST. LOULS, MO 63107
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W, 12TH ST, ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV, 2500 HARBOR BLVD. FULLERTON, CA 92634
74276 SIGNALITE DIV., GENERAL INSTRUMENT CORP. 1933 HECK AVE. NEPTUNE, NJ 07753
75042 TRW ELECTRONIC COMPONENTS, IRC FIXED

RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 19108
80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077
80031 ELECTRA-MIDLAND CORP., MEPCO DIV. 22 COLUMBIA ROAD MORRISTOWN, NJ 07960
82389 SWITCHCRAFT, INC. 5555 N. ELSTON AVE. CHICAGO, IL 60630
90201 MALLORY CAPACITOR CO., DIV. OF 3029 E. WASHINGTON STREET

P. R. MALLORY AND CO., INC. P. 0. BOX 372 INDIANAPOLIS, IN 46206
91637 DALE ELECTRONICS, INC. P. 0. BOX 609 COLUMBUS, NE 68601

6-2
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Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Eff Dscont Name & Description Code  Mfr Part Number
Al 670-5349~00  B010100 BOll4l7  CKT BOARD ASSY: INTERFACE 80009 670-5349-00
Al 670-5349-01  BO11418 CKT BOARD ASSY:INTERFACE 80009 670-5349-01
A2 670~5251-00 B0O10100 B021816  CKT BOARD ASSY:POWER SUPPLY 80009 670-5251-00
A2 670-5251-02  BO21817 B022729  CKT BOARD ASSY:POWER SUPPLY 80009 670-5251-02
A2 670-5251-04  B022730 B022914  CKT BOARD ASSY:POWER SUPPLY 80009 670-5251-04
A2 670-5251-05  B022915 CKT BOARD ASSY:POWER SUPPLY 80009 670-5251-05
A5 670-5249-00 CKT BOARD ASSY:ATTENUATOR SHIFT 80009 670-5249-00
A6 670-3972~04  BO10100 B021448  CKT BOARD ASSY:ATTENUATOR CHANNEL 1 80009 670-3972-04
A6 670-3972-06  B0O21449 CKT BOARD ASSY:ATTENUATOR CHANNEL 1 80009 670-3972-06
A7 670-3973-04  B010100 B022090  CKT BOARD ASSY:ATTENUATOR CHANNEL 2 80009 670-3973-04
A7 670-3973-06  B022091 CKT BOARD ASSY:ATTENUATOR CHANNEL 2 80009 670-3973-06
A8 670-5247-00  BO10100 BO10815  CKT BOARD ASSY:VERTICAL 80009 670-5247-00
A8 670-5247-01  B010816 B022163  CKT BOARD ASSY:VERTICAL 80009 670-5247-01
A8 670-5247-02  B022164 CKT BOARD ASSY:VERTICAL 80009 670-5247-02
All 670-5248-00  B010100 B022473  CKT BOARD ASSY:TRIGGER 80009 670-5248-00
All 670-5248-01  B022744 CKT BOARD ASSY:TRIGGER 80009 670-5248-01
Al2 670-5350-00  BO10100 BO10885 CKT BOARD ASSY:HORIZONTAL 80009 670-5350-00
Al2 670-5350-01  B010886 B022572  CKT BOARD ASSY:HORIZONTAL 80009 670-5350-01
Al2 670-5350~02  B022573 CKT BOARD ASSY:HORIZONTAL 80009 670-5350-02
Al3 263-0051-00 SWITCH, ROTARY : PANCAKE , TIME/DIVISION 80009 263-0051-00
Al4 670-5386-00 CKT BOARD ASSY:HORIZONTAL OUTPUT 80009 670-5386-00
C24 281-0773-00 CAP.,FXD,CER DI:0.0lUF,10%,100V 72982 8005H9AADWSR103K
cl13 281-0505-00 XB010409 CAP.,FXD,CER DI:12PF,+/-1.2PF,500V 72982 301-012C0G0120K
clla 281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHO2F0
Cl15 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N083Z5U0224M
c118 281-0619-00 XB0O11418 CAP.,FXD,CER DI:1.2PF,+/-0.1PF,200V 72982 374000COK0129B
cl19 281-0768-00 CAP.,FXD,CER DI:470PF,20%, 100V 72982 8035D9AADWSR4TIM
Cl24 281-0762-00  BO10100 BO10408X CAP.,FXD,CER DI:27PF,20%,100V 72982 8035D9AADCOG270M
C129 281-0768-00 CAP.,FXD,CER DI:470PF,20%,100V 72982 B803SDIAADWSRATIM
C4l12 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSU104M
€423 281-0661-00 B010100 BO10408X CAP.,FXD,CER DI:0.8PF,+/-0.1PF,500V 72982 301-000COK0B08B
C424 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSULOLM
C425 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZ5UL04M
c433 285-1099-00 CAP. ,FXD,PLSTC:0.047UF, 20%, 200V 19396 473M02PT605
C434 285-1099-00 CAP.,FXD,PLSTC:0.047UF,20%,200V 19396 473MO2PT605
€435 285-1099-00 CAP.,FXD,PLSTC:0.047UF,20%, 200V 19396 473MO2PT605
C443 290-0297-00 CAP.,FXD,ELCTLT: 39UF, 10%, 10V 56289 150D396X9010B2
C445 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSULO4M
C455 281-0773-00  BO10100 BOl0159  CAP.,FXD,CER DI:0.0lUF,10%,100V 72982 8005HIAADWSR1O3K
€455 281-0772-00 BO10160 CAP.,FXD,CER DI:0.0047UF,10%,100V 72982 8005HIAADW5RAT2K
€458 290-0405-00 CAP.,FXD,ELCTLT: 10UF,+50-10%, 150V 56289 30D106F150DD4
C462 283-0034-00 CAP.,FXD,CER DI:0.005UF,20%,4000V 56289 41Cl07A
C463 283-0034-00 CAP. ,FXD,CER DI:0.005UF,20%,4000V 56289 41C107A
C4b4 283-0034-00 CAP.,FXD,CER DI:0.005UF,20%,4000V 56289 41Cl07A
C465 283-0404-00 CAP.,FXD,CER DI:0.01UF,20%,4KV 51406 DHR2825U103M1KV
C466 283-0404-00 CAP.,FXD,CER DI:0.01UF,20%,4KV 51406 DHR2825U103MLKV
C467 283-0271-00 XB010160 CAP. ,FXD,CER DI:0.001UF,20%,4000V 56289 33C325
C476 281-0773-00 CAP.,FXD,CER DI:0.0lUF,10%,100V 72982 8005H9AADWSRIO03K
c477 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADWSR103K
C478 281-0773-00 CAP. ,FXD,CER DI:0.0lUF,10%,100V 72982 8005HIAADWSR103K
€722 290-0750-00 CAP.,FXD,ELCTLT: 100UF,+50-10%, 160V 56289 D76244
€723 281-0511-00 XB022915 CAP.,FXD,CER DI:22PF,+/-2.2PF,500V 72982 301-000C0G0220K
c738 290-0744-00 CAP.,FXD,ELCTLT: 3. 3UF,+50-10%, 160V 90201 TT3R3U160B013P
c742 290-0751-00 CAP. ,FXD,ELCTLT: 2200UF,+50-10%, 16V 56289 D76245
c743 290-0751-00 CAP.,FXD,ELCTLT:2200UF,+50-10%, 16V 56289 D76245
C746 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADWSR103K
€756 281-0773-00 CAP.,FXD,CER DI1:0.01UF,10%, 100V 72982 8005H9AADWSR103K
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Tektronix  Serial/Mode!} No. Mfr
Ckt No.  Part No. Eff Dscont Name & Description Code  Mfr Part Number
€758 290-0107-00 CAP.,FXD,ELCTLT: 25UF,+75~10%,25V 56289 30D256G025DB9
€762 290-0301-00 XB010409 CAP.,FXD,ELCTLT: 10UF, 10%, 20V 56289 150D106X9020B2
€763 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 800SHIAADWSR103K
C764 281-0773-00 XB022730 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 800SHIAADWSR103K
C774 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADWSR1O03K
€778 290-0107-00 CAP.,FXD,ELCTLT: 25UF ,+75~10%,25V 56289 30D256G025DBY
€802 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZSUL04M
€817 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 800SHIAADWSR103K
€2001 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZSULO4M
€2005 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZ5U104M
€2010 281-0534-00 CAP, ,FXD,CER DI:3.3PF,+/-0.25PF,500V 72982 301-000C0J0339C
€2011 281-0792-00 CAP.,FXD,CER DI:82PF,10%,100V 72982  8035D2AADCOG820K
€2013 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 8035D9AADCIG220K
C2014 281-0797-00 CAP.,FXD,CER DI:15PF,10%,100V 72982  8035D9AADCOGIS50K
€2019 281-0773-00 CAP.,FXD,CER DI:(.01UF,10%,100V 72982 8005HIAADWSRIO3K
€2023 281-0814-00 CAP.,FXD,CER DI:100PF,10%,100V 04222 GC70-1-A101K
€2025 281-0814-00 XB010409 CAP.,FXD,CER DI:100PF,10%,100V 04222 GC70-1-A101K
€2030 283-0004-00 CAP.,FXD,CER DI:0.02UF,+80-20%,150V 72982 855-55825V0203%
€2033 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 800SDIAABZ5UL04M
€2034 290-0517-00 CAP.,FXD,ELCTLT: 6,8UF,20%, 35V 56289 196D685X0035KA1
€2035 281-0797-00 CAP.,FXD,CER DI:15PF,10%,100V 72982 8035D9AADCOGI50K
€2063 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982 8035DIAADC1GA 70K
€2090 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZS5UL0LM
€2091 281-0775-00 CAP.,FXD,CER DI:0,1UF,20%,50V 72982 8005DIAABZ5UL04M
€2092 290-0517-00 CAP.,FXD,ELCTLT: 6,8UF,20%,35V 56289 196D685X0035KA1
€2123 290-0517-00 CAP.,FXD,ELCTLT: 6,8UF,20%, 35V 56289 196D685X0035KAL
c2124 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005H9AADWSR1O03K
c2125 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOO5DIAABZSUL0LM
c2128 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADW5R103K
C2144 281-0775-00 CAP.,FXD,CER DI:O0,1UF,20%,50V 72982 8005DIAABZ5UL04M
€2149 290~-0183-00 CAP.,FXD,ELCTLT: 1UF, 10%, 35V 90201 TAE105K035P1A
C2156 281-0775-00 CAP.,FXD,CER DI:0.lUF,20%,50V 72982 8005DIAABZSUL0L4M
c2162 290-0135-00 CAP.,FXD,ELCTLT: 15UF,20%, 20V 56289 150D156X0020B2
c2163 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982 8035D9AADC1G4L 70K
C2166 290-0183-00 CAP.,FXD,ELCTLT: 1UF,10%,35V 90201 TAE105K035P1A
c2171 290-0183-00 CAP.,FXD,ELCTLT: 1UF, 10%, 35V 90201 TAE105K035P1A
C2174 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 B8O05HIAADWSR103K
c2175 283-0081-00 CAP.,FXD,CER DI:0.1UF,+80-20%,25V 56289 36C600
€2176 281-0774-00 CAP.,FXD,CER DI:0.022UF,20%,100V 72982  8045A9ABDZ5U223M
c2181 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 B8O05DIAABZ5ULO4M
€2212 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 B800SDYAABZSUI04M
€2226 290-0135-00 CAP.,FXD,ELCTLT: 15UF, 20%, 20V 56289 150D156X0020B2
€2233 283-0706-00 CAP.,FXD,MICA D:91PF,+/-1PF,500V 00853 DI15-5E910F0
C2234 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZ5UL04M
€2235 281-0122-00 CAP.,VAR,CER DI:2.5-9PF, 100V 72982 518-000A2.5-9
C2236 290-0135-00 CAP.,FXD,ELCTLT: 15UF, 20%, 20V 56289 150D156X0020B2
C2245 281-0759-00 CAP.,FXD,CER DL:22PF,10%,100V 72982 8035DIAADCIG220K
C2246 281-0579-00 XB022573 CAP.,FXD,CER DI:21PF,5%,500V 72982 301-050C0G0210J
€2252 295-0179~-00 CAP.,SET,MTCHD:0.01UF,1.0UF,1% 80009 295-0179-00
C2274 281-0772-00 CAP.,FXD,CER DI:0.0047UF,10%,100V 72982 800SHIAADWSR472K
€2275 290-0167-00  B010100 BO11358  CAP.,FXD,ELCTLT:10UF,20%,15V 56289 150D106X0015B2
€2275 290-0415-00  BO11359 CAP.,FXD,ELCTLT:5.6UF,10%,35V 56289 150D565X9035B2
€2276 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSUL04M
€2278 281-0758-00 CAP.,FXD,CER DI:1S5PF,20%,100V 72982 314022C0G0150M
€2317 281-0775-00 CAP.,FXD,CER DL:0.1UF,20%,50V 72982 8005DIAABZ5UL04M
€2322 281-0619~00 CAP.,FXD,CER DI:1.2PF,+/-0.1PF,200V 72982 374000C0K0129B
€2325 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZ5UL04M
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€2327 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZ5U104M
€2337 290-0480-00 CAP. ,FXD,ELCTLT:0.5UF,+50-10%, 200V 80009 290-0480-00
€2398 283-0212-00 CAP.,FXD,CER DI:2UF,20%,50V 72982 8141N064Z5U205M
€2399 283-0212-00 CAP.,FXD,CER DI:2UF,20%,50V 72982  8141N064Z5U205M
€4101 281-0541-00 CAP.,FXD,CER DI:6.8PF,10%,500V 72982  301-000COHO689D
€4102 285-1124-00 CAP. ,FXD,PLSTC:0.022UF, 20%,400V 19396 PP721E223M
C4104 281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHO2FO
C4105 281-0214-00 CAP.,VAR,CER DI:0.5-3PF,400V 80031 2507A0R503VPO2FO0
C4106 283-0213-00 CAP.,FXD,CER DI:300PF,5%,100V 72982 8121N130C0G0301J
C4l113 281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHO2FO
C4ll4 281-0214-00 CAP.,VAR,CER DI:0.5-3PF,400V 80031 2502A0R503VPO2FO0
C4115 281-0610-00 CAP.,FXD,CER DI:2.2PF,+/~0.1PF,500V 72982 374001C0J0229B
C4116 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 8035D9AADC1G220K
c4122 283-0002-00 CAP.,FXD,CER DI1:0.01UF,+80-20%,500V 72982 811-546E1032Z
C4131 283-0198-00 CAP.,FXD,CER DI:0,22UF,20%,50V 72982 8121N083Z5U0224M
C4143 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982 8035D9AADCIGATOK
C4155 281-0204-00  BO10100 BOLO408X CAP.,VAR,PLSTC:2-22PF,100V 80031 287C00222MJ02
C4155 281-0204-00 XB022164 CAP.,VAR,PLSTC:2-22PF, 100V 80031 287C00222MJ02
C4156 281-0546-00  BOl10100 BO10408  CAP.,FXD,CER DI:330PF,10%,500V 04222 7001-1380
C4156 281-0543-00  B0O10409 CAP.,FXD,CER DI:270PF,10%,500V 72982 301055X5P271K
C4158 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005SHIAADWSRATIK
C4166 283-0119-00 CAP.,FXD,CER DI:2200PF,5%,200V 72982 855-535B222J
C4168  281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005HIAADWSR4TIK
C4177 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005H9AADWSR4 71K
C4187 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005HIAADWSRATIK
C4196 281-0762-00  BO10100 BO10119  CAP.,FXD,CER DI:27PF,20%,100V 72982  8035D9AADCOG270M
C4196 281-0763-00  B010120 CAP.,FXD,CER DIL:47PF,10%,100V 72982 8035DYAADCIGALTOK
c4201 281-0541~00 CAP.,FXD,CER DI:6.8PF,10%,500V 72982  301-000COH0689D
4202 285-1124-00 CAP.,FXD,PLSTC:0.022UF,20%,400V 19396 PP721E223M
C4204  281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHO2FO
C4205 281-0214-00 CAP.,VAR,CER DI:0.5-3PF,400V 80031 2502A0R503VPO2FO
c4206 283-0213~00 CAP.,FXD,CER DI:300PF,5%,100V 72982 8121N130C0G0301J
C4213 281-0207-00 CAP.,VAR,PLSTC: 2-18PF, 100V 80031 2807C00218MHO2FO0
C4214 281-0214-00 CAP.,VAR,CER DI:0.5-3PF,400V 80031 2502A0R503VPO2FOQ
c4215 281-0610-00 CAP.,FXD,CER DI:2.2PF,+/-0.1PF,500V 72982 374001C0J0229B
C4216 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 8035D9AADCIG220K
C4222 283-0002-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,500V 72982 811-546E103Z
c4231 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N083Z5U0224M
€4243 281-0763-00  BO10100 BOL10159  CAP.,FXD,CER DI:47PF,10%,100V 72982 8035D9AADC1GATOK
C4243 281-0792-00  B010160 CAP.,FXD,CER DI:82PF,10%,100V 72982 8035D2AADCOG820K
C4255 281-0204-00 XBO10409 B022163X CAP.,VAR,PLSTC:2-22PF, 100V 80031 287C00222MJ02
C4256 281-0546-00  B0O10100 BO10408  CAP.,FXD,CER DI:330PF,10%,500V 04222 7001-~1380
C4256 281-0543-00  B010409 CAP.,FXD,CER D1:270PF,10%,500V 72982 301055X5P271K
c4258 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005HIAADWSR4A7IK
C4266 283-0119-00 CAP.,FXD,CER DI:2200PF,5%,200V 72982 855-535B222J
CL268 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 B8005HIAADWSRATIK
C4277 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982  8005HIAADWSRATIK
c4287 281-0788-00 CAP.,FXD,CER DI:470PF,10%,100V 72982 8005HIAADWSR47IK
C4296 281-0762-00  BO10l100 BOLO119  CAP.,FXD,CER DI:27PF,20%,100V 72982 8035D9AADCOG270M
C4296 281-0763-00  B010120 CAP.,FXD,CER DI:47PF,10%,100V 72982  8035D9AADCIGATOK
4302 281-0763-00 CAP.,FXD,CER DIL:47PF,10%,100V 72982  8035D9AADCIGATOK
C4306 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZ5UL04M
c4307 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982  8035D9AADC1G4HT0K
C4308 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982  8035D9AADCIG4 70K
C4312 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADWSRIO3K
C4315 281~0770-00 CAP.,FXD,CER DI:0.001UF,20%,100V 72982  8035D9AADX5R102M
C4324 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005DIAABZSUL04M
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€4331 281-0773-00 CAP.,FXD,CER DI1:0.01UF,10%,100V 72982 8005HIAADWSR1O3K
€4332 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 8005HIAADWSR103K
C4334 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 B8005HIAADWSRIO3K
€4339 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N083Z5U0224M
€4355 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 8035D2AADX5P151K
C4368 283-0111-00 CAP.,FXD,CER DI:Q,lUF,20%,50V 72982 8121-N088Z5U104M
€4375 281-0788-00 B010100 BO10408X CAP.,FXD,CER DI:470PF,10%,100V 72982 B8005HIAADWSRATIK
€4378 281-0762-00 CAP.,FXD,CER DI:27PF,20%,100V 72982 8035DYAADCOG270M
C4385 281-0788-00  B010100 BO10408X CAP.,FXD,CER DI:470PF,10%,100V 72982 8005HIAADWSR4T LK
C4386 283-0111~00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8121-NO88Z5U104M
C4388 281-0762-00 CAP.,FXD,CER DI:27PF,20%,100V 72982 8035DIAADCOG27OM
C4389 281-0811-00 XB010120 CAP.,FXD,CER DI:10PF,10%,100V 72982 8035D2AADCIG100K
C4395 281-0511-00 CAP.,FXD,CER DI:22PF,+/-2.2PF, 500V 72982  301-000C0G0220K
€4396 281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHO2FO
c4397 281-0207-00 CAP.,VAR,PLSTC:2-18PF, 100V 80031 2807C00218MHOZFO
€4398 281-0786-00 CAP.,FXD,CER DI:150PF,10%,100V 72982 8035D2AADX5P151K
C4410 283-0177-00 CAP.,FXD,CER DI:1UF,+80-20%,25V 56289 273C5
C4bll 290~0517-00 CAP.,FXD,ELCTLT:6.8UF,20%, 35V 56289 196D685X0035KAl
C4b12 283-0198-00 CAP.,FXD,CER DI:0.22UF,20%,50V 72982 8121N083Z5U0224M
C4413 290-0517-00 CAP.,FXD,ELCTLT: 6.8UF,20%, 35V 56289 196D685X0035KAl
C4416 290-0517-00 CAP.,FXD,ELCTLT: 6.8UF,20%, 35V 56289 196D6B5X0035KAl
C4bh17 283-0177-00 CAP. ,FXD,CER DI:1UF,+80~20%,25V 56289 273C5
CR26 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR27 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR113 152-0269-00 SEMICOND DEVICE:SILICON,VAR VCAP,,4V,33PF 80009 152-0269-00
CRI23 152-0269-00 SEMICOND DEVICE:SILICON,VAR VCAP.,4V,33PF 80009 152-0269-00
CR416 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
CR418 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR437 152-0061-00 SEMICOND DEVICE:SILICON,175V,100MA 07263 FDH2161
CR443 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR463 152-0639-00 SEMICOND DEVICE:RECT,SI,10KV,10MA 80009 152-0639-00
CR465 152-0639-00 SEMICOND DEVICE:RECT,SI, 10KV, 10MA 80009 152-0639-00
CR466 152-0066~03 XBO11194 SEMICOND DEVICE:RECT,SI,400V, 1A 80009 152-0066-03
CR721 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR722 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR723 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR724 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR732 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR734 152~0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR737 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR738 152-0066-03 SEMICOND DEVICE:RECT,SI,400V, 1A 80009 152-0066-03
CR741 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR742 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR743 152-0066~03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR744 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,I1A 80009 152-0066-03
CR758 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR764 152-0141-02  BO10100 B022729X SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR765 152-0141-02  BO10100 B022729X SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR766 152-0141-02  BO10100 B022729X SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR767 152-0141-02 SEMICOND DEVICE:SILICON,30V,SONA 01295 1N4152R
CR778 152-0066-03 SEMICOND DEVICE:RECT,SI,400V,1A 80009 152-0066-03
CR816 152-0061-00 SEMICOND DEVICE:SILICON, 175V, 100MA 07263 FDH2161
CR2001  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2002  152-0141-02 SEMICOND DEVICE:SILICON,30V,SONA 01295 1N4152R
CR2005  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2006  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR2024  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N&4152R
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CR2025  152-0141-02 XBO10409 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2032  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2036  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2063  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2181  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2182  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2183  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2186  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR2227  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR2233  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR2234  152-0245-00 SEMICOND DEVICE:SILICON,l1ONA AT 5V 80009 152-0245-00
CR2317  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR2326  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR2331  152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
CR2332  152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
CR2334  152-0574-00 SEMICOND DEVICE:SILICON,120V,0.154 80009 152-0574-00
CR2342  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N&4152R
CR2356  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4122  152-0246-00 B0O10100 BO10408  SEMICOND DEVICE:SW,SI,40V,200MA 03508 DE140
CR4122  152-0324-00  BOL0409 SEMICOND DEVICE:SILICON, 35V, 100MA 03508 DE103
CR4222  152-0246-00 BO10100 BO10408  SEMICOND DEVICE:SW,SI,40V,200MA 03508 DE140
CR4222  152-0324-00  BO10409 SEMICOND DEVICE:SILICON,35V,100MA 03508 DE103
CR4323  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN41S2R
CR4324  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR4326  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4328  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR4331  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR&4332  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N41S2R
CR4335  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4336  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
CR4346  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4347  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4348  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4349  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4356  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR4357  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
CR4358  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
CR4359  152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
DL4380  119-0954-00 DELAY LINE,ELEC:120NS,150 OHM 80009 119-0954~00
DS169 150-1017-00 LT EMITTING DIO:GREEN,S550NM,55MA MAX 50437 LSM-16L-100
DS463 150-0002-00 LAMP,GLOW:0.5 MA 60/125V 74276 NE-2T(T2)
DS465 150~0002-00 LAMP,GLOW:0.5 MA 60/125V 74276 NE-2T(T2)
F700 159-0042-00 FUSE, CARTRIDGE : 3AG,0.75A,250V, FAST-BLOW 71400 AGC 3/4

—————————— (FOR 90 TO 132V OPERATION)
F700 159-0029-00 FUSE, CARTRIDGE : 3AG,0. 34,250V, SLOW-BLOW 71400 MDL3/10

—————————— (FOR 198 TO 240V OPERATION)
F722 159-0051-00 FUSE, CARTRIDGE : 3AG,0.0624A,250V,20 SEC 71400 MDL1-16
F742 159-0059-00  BO10100 B010379  FUSE,WIRE LEAD:S5A,FAST-BLOW 71400 GFA5
F742 159-0153-00  B010380 FUSE,WIRE LEAD:1.5A,125V,FAST BLOW O0ODN BUSSGFA 11/2
F743 159-0059-00  B010100 BOl0379  FUSE,WIRE LEAD:5A,FAST-BLOW 71400 GFA5
F743 159-0153-00  B010380 FUSE,WIRE LEAD:1.5A,125V,FAST BLOW 00ODN BUSSGFA 11/2
J2 131-2116-00 CONN, RCPT,ELEC: FD-THRU, 12 MALE,GOLD PLATED 27264  09-70-1129
J4 131-2116-00 CONN,RCPT,ELEC: FD-THRU, 12 MALE,GOLD PLATED 27264 09-70-1129
J7 131-2115-00 CONN,RCPT,ELEC: FD-THRU, 10 MALE,TIN PLATED 27264  09-64-1129
J2100 131-1802-00 CONNECTOR,RCPT, : 15 CONTACTS 05574 000201-4831
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J2250 131-1801-00 CONNECTOR,RCPT, :9 CONTACTS 05574 000201-4832
J2260 131-1802-00 CONNECTOR,RCPT, :15 CONTACTS 05574 000201-4831
J4200 131-2116-00 CONN, RCPT,ELEC: FD-THRU, 12 MALE,GOLD PLATED 27264 09-70-1129
L470 108-0819-00 COIL,TUBE DEFLE:X-Y ALIGNMENT 80009 108-0819-00
L472 108-0818-00 COIL,TUBE DEFLE:TRACE ROTATION 80009 108-0818-00
Ql12 151-0199-00 TRANSISTOR:SILICON, PNP 04713 SPS6866K
Ql22 151-0199-00 TRANSISTOR:SILICON, PNP 04713 SPS6866K
Q134 151-0127~00 TRANSISTOR:SILICON,NPN 07263 S006075
Q136 151-0127-00 TRANSISTOR: SILICON, NPN 07263 S006075
Qlad 151-0127-00 TRANSISTOR:SILICON,NPN 07263 S006075
Ql46 151-0127-00 TRANS ISTOR:SILICON, NPN 07263 S006075
Q416 151-0190-01 TRANSISTOR: SILICON, NPN 80009 151-0190-01
Q424 151-0190-01 TRANSISTOR:SILICON,NPN 80009 151-0190-01
Q426 151-0347-00 TRANSISTOR:SILICON, NPN 04713 SPS7951
Q434 151-0350-00 TRANSISTOR:SILICON, PNP 04713 SPS6700
Q446 151-0126-00 TRANSISTOR:SILICON, NPN 04713 2N2484
Q454 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
Q458 151-0423-00  BO10100 BO10159  TRANSISTOR:SILICON,NPN 01295 EP2970
Q458 151-0358-00 B010160 BOl1276  TRANSISTOR:SILICON,NPN,SEL FROM D44R4 80009 151-0358-00
Q458 151-0423-01  BO11277 TRANSISTOR:SILICON,NPN,PRESTRESSED 80009 151-0423-01
Q722 151-0347-00 TRANSISTOR:SILICON, NPN 04713 SPS7951
Q726 151-0347-00 TRANSISTOR: SILICON,NPN 04713 SPS7951
Q734 151-0347-00 TRANSISTOR: S ILICON,NPN 04713 SPS7951
Q736 151-0497-00 TRANSISTOR: SILICON,NPN 01295 TIP4T
Q752 151-0302-00 TRANSISTOR: SILICON, NPN 07263 S038487
Q754 151-0302-00 TRANSISTOR: SILICON, NPN 07263 5038487
Q756 151-0478-00 TRANSISTOR:SILICON, NPN 80009 151-0478-00
Q772 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2N2907A
Q774 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2N2907A
Q776 151-0478-00 TRANSISTOR:SILICON,NPN 80009 151-0478-00
Q812 151-0497-00 TRANSISTOR:SILICON, NPN 01295 TIP4T
Q2020 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
Q2028 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6868K
Q20324,B 151-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 27014 SF50031
Q2038 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q2050 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
Q2054 151-0190-01 TRANSISTOR: SILICON, NPN 80009 151-0190-01
Q2058 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6868K
Q2122 151-0224-02 TRANSISTOR: SILICON,NPN, PRESTRESSED 80009 151-0224-02
Q2124 151-0224-02 TRANSISTOR:SILICON,NPN,PRESTRESSED 80009 151-0224-02
Q2128 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q2134 151-0188~00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q2136 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q2142 151-0224-02 TRANS LSTOR: SILLCON, NPN, PRESTRESSED 80009 151-0224-02
Q2144 151-0224-02 TRANSISTOR:SILICON,NPN, PRESTRESSED 80009 151-0224-02
Q2152 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
Q2164 151-0190~01 TRANSISTOR: SILICON,NPN 80009 151-0190-01
Q2174 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6868K
Q2176 151-0216-00 TRANSISTOR:SILICON,PNP 04713 SPS8803
Q2242 151-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 27014 SF50031
Q2244
Q2246 151-0190-01 TRANSISTOR: SILICON, NPN 80009 151-0190-01
Q2274 151-0190-01 TRANSLSTOR: SILICON, NPN 80009 151-0190-01
Q2312 151-1022-00 TRANSISTOR:SILICON,JFE,SEL FROM 2N4392 80009 151-1022-00
Q2314 151-0192-00 TRANSLSTOR: SLLLCON,NPN, SEL FROM MPS6521 04713 SPS8801
Q2326 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6868K
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Q2332 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
Q2334 151-0124-00 TRANSISTOR:SILICON,NPN,SEL FROM 2N3501 04713 SM8138
Q2344  151-0124-00 TRANSISTOR: SILICON,NPN,SEL FROM 2N3501 04713 SMB138
Q2354  151-0190-01 TRANSISTOR:SILICON,NPN 80009 151-0190-01
Q4122 151-1032-00 TRANSISTOR:SILICON,FET,DUAL 80009 151-1032-00
Q4132 151-0198-03 TRANSISTOR: SILICON,NPN,MATCHED 80009 151-0198-03
Q4134
Q4158£ 151-0198-03 TRANSISTOR:SILICON,NPN,MATCHED 80009 151-0198-03
Q4168 :
Q4174 151-0199-00 TRANSISTOR: S ILICON, PNP 04713 SPS6866K
Q4176  151-0427-00 TRANSISTOR: SILICON,NPN 80009 151-0427-00
Q4184  151-0199-00 TRANSISTOR: SILICON,PNP 04713 SPS6866K
Q4186 151-0427-00 TRANSISTOR: SILICON,NPN 80009 151-0427-00
Q4194 151~0198-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS918 80009 151-0198-00
Q4196 151-0198-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS918 80009 151-0198-00
Q4222 151-1032-00 TRANSISTOR:SILICON,FET,DUAL 80009 151~1032-00
Q4232 151-0198-03 TRANSISTOR: SILICON, NPN,MATCHED 80009 151-0198-03
Q4234;
QA258§ 151-0198-03 TRANSISTOR:SILICON,NPN,MATCHED 80009 151-0198-03
Q4268
Q4274  151-0199-00 TRANSISTOR: SILICON, PNP 04713 SPS6866K
Q4276  151-0427-00 TRANSISTOR:SILICON, NPN 80009 151-0427-00
Q4284  151-0199-00 TRANSISTOR: SILICON, PNP 04713 SPS6866K
Q4286  151-0427-00 TRANSISTOR: S ILICON, NPN 80009 151-0427-00
Q4294 151-0198-00 TRANSISTOR: SILICON,NPN,SEL FROM MPS918 80009 151-0198-00
Q4296  151-0198-00 TRANSISTOR: SILICON, NPN, SEL FROM MPS918 80009 151-0198-00
Q4302  151-0223-00 TRANSISTOR:SILICON, NPN 04713 SPS8026
Q4344 151-0199-00 TRANSISTOR:SILICON,PNP 04713 SPS6866K
Q346 151-0199-00 TRANSISTOR:$ILICON, PNP 04713 SPS6866K
Q4350 151-0199-00 TRANSISTOR: SILICON, PNP 04713 SPS6866K
Q4352 151-0199-00 TRANSTSTOR: SILICON, PNP 04713 SPS6866K
Q4354  151-0199-00 TRANSISTOR: SILICON, PNP 04713 SPS6866K
Q4356  151-0199-00 TRANSISTOR: SILICON, PNP 04713 SPS6866K
Q4376  151-0434-00 TRANSISTOR: SILICON, PNP 04713 SS7144
Q4386  151-0434-00 TRANSISTOR: SILICON, PNP 04713 SS7144
Q4388  151-0190-01  B010100 BOl0159  TRANSISTOR:SILICON,NPN 80009 151-0190-01
Q4388  151-0224-02  B010160 TRANSISTOR: SILICON,NPN, PRESTRESSED 80009 151-0224-02
R22 315-0134-00 RES.,FXD,CMPSN: 130K OHM,5%,0.25W 01121 CB1345
R23 315-0434-00 RES.,FXD,CMPSN: 430K OHM,5%,0.25W 01121 CB4345
R24 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R25 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R26 321-0235-00 RES.,FXD,FILM:2.74K OHM,1%,0.125W 91637 MFF1816G27400F
R27 321-0126~00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0OF
R112 321-0085-00 RES.,FXD,FILM:75 OHM,1%,0.125W 91637 MFF1816G75R00F
RI13 321-0078-00 RES.,FXD,FILM:63.4 OHM,1%,0.125W 91637 MFF1816G63R40F
R114 311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
RL15 315-0153-00 RES.,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CB1535
R116 321-0163-00 RES.,FXD,FILM:487 OHM,1%,0.125W 91637 MFF1816G487ROF
R117 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
R118 307-0494-00 RES,NTWK,FXD,FI:THICK FILM,VERT OUTPUT 80009 307-0494-00
R120 315-0563-00 RES. ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CB5635
R122 321-0085-00 RES.,FXD,FILM:75 OHM,1%,0.125W 91637 MFF1816G7SROOF
R124 315-0560-00  BO10100 BO10408X RES.,FXD,CMPSN:56 OHM,5%,0.25W 01121 CB5605
R126 311-1559-00 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
R169 315-0201-00  B0O10100 BOl1417X RES.,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R&12 311-1786-00 RES.,VAR,NONWIR: 2K OHM,20%,2W 12697 381-CM40946
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R413 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 0ll21 CB1025
R414 315-0332-00 RES.,FXD,CMPSN:3,3K OHM,5%,0.25W 01121 CB3325
R416 315-0302~00 RES.,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
R&417 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R419 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R423 315-0513-00 RES.,FXD,CMPSN:51K OHM,5%,0.25W 01121 CBS5135
R424 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R425 315-0751-00 RES.,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
R426 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R432 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R433 315-0104-00 RES.,FXD,CMPSN: LOOK OHM,S5%,0.25W 01121 CB10O4S
R434 315-0431-00 RES.,FXD,CMPSN:430 OHM,5%,0.25W 01121 CB4315
R435 315-0360-00 RES.,FXD,CMPSN:36 OHM,5%,0.25W 01121 CB3605
R437 315-0751-00 RES.,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
R443 315-0204-00 RES. ,FXD,CMPSN: 200K OHM,5%,0.25W 01121 CB2045
R444 307-0495-01 RES, NTWK, FXD, FI: NETWORK, HV,NON STORAGE 80009 307-0495-01
R44S 315-0103-00  B010100 B0L0159  RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R44S 315-0202-00  BO10160 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
R446 315-0103-00  B010100 B010159  RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R446 315-0332-00  B010160 RES. ,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325
R44T 315-0683-00 RES.,F&D,CMPSN: 68K OHM,5%,0.25W 01121 CB6835
R&53 315~0102-00  B010100 BO010159 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025
R453 315-0151-00  B0O10160 RES.,FXD,CMPSN: 150 OHM,5%,0.25W 01121 CBIS1S
R455 315-0512~00 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
R457 315-0431-00 RES. ,FXD,CMPSN:430 OHM,5%,0.25W 01121 CB4315
R458 308-0218-00 RES.,FXD,WW: 150 OHM,5%,3W 00213 12408-150~5
R462 315-0303-00 RES.,FXD,CMPSN: 30K OHM,5%,0.25W 01121 CB3035
R463 315-0105-00  B010100 BOLl417 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1055
R463 315-0684~00  BO11418 RES.,FXD,CMPSN: 680K OHM,5%,0.25W 01121 CB6845
R464 315-0226-00  BO10l00 BOLlO408X RES.,FXD,CMPSN:22M OHM,5%,0.25W 01121 CB2265
R465 315-0303-00 RES. ,FXD,CMPSN: 30K OHM,5%,0.25W 01121 CB3035
R466 307-0375-00 XBO10409 RES.,FXD,FILM: 100M OHM 80009 307-0375-00
R467 315-0205-00 XB010160 RES. ,FXD,CMPSN:2M OHM,5%,0.25W 01121 CB2055
R468 311-1784-00 RES.,VAR,NONWIR:5M OHM,20%, W 12697 381-CM40944
R472 311-0086-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 01121 W-7699
R473 311-1555-00 RES.,VAR,NONWIR: 100K OHM,20%,0.5W 73138 91-77-0
R474 311-1562-00 RES.,VAR,NONWIR:2K OHM,20%,0.50W 73138 91-84-0
R4TS 315-0154-00 RES.,FXD,CMPSN: 150K OHM,5%,0.25W 01121 CB1545
R476 315-0333-00 RES. ,FXD,CMPSN:33K OHM,5%,0.25W 01121 CB3335
R4TT 311-1200-00 RES.,VAR,NONWIR: 100K OHM,20%,0.50W 01121 wW-7861
R478 315-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R722 301-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0.50W 01121 EB4735
R726 315-0104~00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R732 321-0193-00 RES.,FXD,FILM:1K OHM,1%,0.125W 91637 MFF1816G10000F
R733 321-0368-00 RES.,FXD,FILM:66.5K OHM,1%,0.125W 91637 MFF1816G66501F
R734 308-0574-00 RES.,FXD,WW:10 OHM,5%,2W 91637 RS2B162K10R00J
R736 321-0385-00 RES.,FXD,FILM: 100K OHM,1%,0.125W 91637 MFF1816G10002F
R737 321-0280-00 RES.,FXD,FILM:8.06K OHM,1%,0.125W 91637 MFF1816G80600F
R741 315-0391-00 RES.,FXD,CMPSN:390 OHM,S5%,0.25W 01121 CB3915
R742 315-0563-00 RES.,FXD,CMPSN: 56K OHM,S5%,0.25W 01121 CBS5635
R745 315-0432-00 RES. ,FXD,CMPSN: 4. 3K OHM,5%,0.25W 01121 CB4325
R746 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R747 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R752 321-0130-00 RES.,FXD,FILM:22] OHM,1%,0.125W 91637 MFF1816G221R0OF
R753 321-0239-00 RES.,FXD,FILM:3.01K OHM,1%,0.125W 91637 MFF1816G30100F
R754 308-0755-00 RES.,FXD,WW:0.75 OHM,5%,2W 75042 BWH-R7500J
R756 321-0671-00 RES.,FXD,FILM:8,51K OHM,0.5%,0.125W 24546 NC55C8511D
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R757 321-0671-00 RES.,FXD,FILM:8.51K OHM,0.5%,0.125W 24546 NC55C8511D
R762 315-0561-00 RES.,FXD,CMPSN:560 OHM,5%,0.25W 01121 CB5615
R763 315-0182~00 RES.,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
R764 321-0239-00 B0O10100 BO10849  RES.,FXD,FILM:3.0lK OHM,1%,0.125W 91637 MFF1816G30100F
R764 321-0285-00  B0O10850 RES.,FXD,FILM:9.09K OHM,1%,0.125W 91637 MFF1816G90900F
R765 321-0130-00  BO10100 BO10849  RES.,FXD,FILM:221 OHM,1%,0.125W 91637 MFF1816G221ROF
R765 321-0176-00  B010850 RES.,FXD,FILM:665 OHM,1%,0.125W 91637 MFF1816G665R0F
R766 301-0391-00 BO10100 BO10849  RES.,FXD,CMPSN:390 OHM,5%,0.50W 01121 EB3915
R766 301-0561-00  B010850 RES. ,FXD,CMPSN:560 OHM,5%,0.50W 01121 EB5615
R772 321-0256-00 RES.,FXD,FILM:4.53K OHM,1%,0.125W 91637 MFF1816G45300F
R773 311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
R774 321-0232-00 RES.,FXD,FILM:2.55K OHM,1%,0.125W 91637 MFF1816G25500F
R775 308-0755-00 RES.,FXD,WW:0.75 OHM,5%,2W 75042 BWH-R7500J
R802 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R811 315-0621-00 XBO11418 RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
R817 308-0298-00 RES. ,FXD,WW:560 OHM,S5%,3W 91637 CW2B-B560R0J
R818 315-0223-00 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 C©B2235
R2000 315-0150-00 XB010120 RES.,FXD,CMPSN:15 OHM,5%,0.25W 01121 GB1505
R2001 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2005 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2006 311-1564-00 RES.,VAR,NONWIR:TRMR,500 OHM,0.5W 73138 91-86-0
R2007 321-0175-00 RES.,FXD,FILM:649 OHM,1%,0.125W 91637 MFF1816G649ROF
R2008 315-0360-00 XB010120 RES.,FXD,CMPSN: 36 OHM,5%,0.25W 01121 CB3605
R2009 317-0150-00 RES.,FXD,CMPSN:15 OHM,5%,0.125W 01121 BB1505
R2010 322-0524-01 RES.,FXD,FILM:2.8M OHM,0.5%,0.25W 91637 HFF143G28003D
R2011 321-0389-00 RES.,FXD,FILM: 110K OHM,1%,0.125W 91637 MFF1816G11002F
R2013 321-0481-00 RES.,FXD,FILM: 1M OHM,1%,0.125W 24546 NA4D10O4F
R2014 321-0481-00 RES.,FXD,FILM: 1M OHM,1%,0.125W 24546 NA4D1OO4LF
R2021 321-0150-00 RES.,FXD,FILM:357 OHM,1%,0.125W 91637 MFF1816G357R0OF
R2022 321-0201-00 RES.,FXD,FILM:1.21K OHM,1%,0.125W 91637 MFF1816G12100F
R2023 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
R2024 321-0229-00 RES.,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1816G23700F
R2025 315-0104-00 XB010409 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R2026 321-0220-00 BO10100 BO21648  RES.,FXD,FILM:1.91K OHM,1%,0.125W 91637 MFF1816G19100F
R2026 321-0213-00  B021649 RES.,FXD,FILM:1.62K OHM,1%,0.125W 91637 MFF1816G16200F
R2027 311-1563-00  BO10100 BO21648  RES.,VAR,NONWIR:1K OHM,20%,0.50W 73138 91-85-0
R2027 311-1749-00  B021649 RES., VAR, NONWIR:TRMR,1.5K OHM,O0.75W 73138 91-97-0
R2028 315-0162-00 RES.,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
R2029 315-0104~00 XB010409 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R2030 321-0481~00 RES.,FXD,FILM:1M OHM,1%,0.125W 24546 NA4D10O4F
R2032 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R2033 315-0510-00 RES. ,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R2034 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
R2035 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
R2036 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
R2037 315-0301-00  BO10100 BO!0119  RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
R2037 315-0241-00  B010120 RES.,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
R2038 321-0234-00 RES.,FXD,FILM:2.67K OHM,1%,0.125W 91637 MFF1816G26700F
R2039 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R2048 321-0161-00 RES.,FXD,FILM:464 OHM,1%,0.125W 91637 MFF1816G464R0OF
R2049 321-0226-00 RES.,FXD,FILM:2.21K OHM,1%,0.125W 91637 MFF1816G22100F
R2050 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816Gl0000F
R2051 311-1566-00 RES.,VAR,NONWIR:200 OHM,20%,0.50W 73138 91-88-0
R2052 321-0162-00 RES.,FXD,FILM:475 OHM,1%,0.125W 91637 MFF1816G475ROF
R2053 321-0213-00 RES.,FXD,FILM:1.62K OHM,1%,0.125W 91637 MFF1816G16200F
R2055 321-0251-00 RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R2057 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CBL025
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R2060 321~0149-00 RES.,FXD,FILM:348 OHM,1%,0.125W 91637 MFF1816G348ROF
R2061 321-0068-00 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49RI0F
R2062 311-1565-00 RES. ,VAR,NONWIR:250 OHM,20%,0.50W 73138 91-87-0
R2063 321-0251-00 RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
R2065 321-0214~00 RES.,FXD,FILM:1.65K OHM,1%,0.125W 91637 MFF1816G16500F
R2092 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
R2116 321-0641-00 RES.,FXD,FILM:1.8K OHM,1%,0.125W 91637 MFF1816G18000F
R2118 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R2120  ==—mm —mme (SEE R2164 LISTING)
R2121 321-0182-00 RES.,FXD,FILM: 768 OHM,1%,0.125W 91637 MFF1816G768ROF
R2122 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W £1121 €B2705
R2123 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 €B2705
R2124 321-0249~00 RES.,FXD,FILM:3.83K OHM,1%,0.125W 91637 MFF1816G38300F
R2125 321-0181-00 RES.,FXD,FILM:750 OHM,1%,0.125W 91637 MFF1816G750R0F
R2126 315-0510-00 RES.,FXD,CMPSN:51 OHM,S5%,0.25W 01121 CB5105
R2127 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
R2128 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
RZ131 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R2132 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R2133 323-0346-00 RES.,FXD,FILM:39.2K OHM,1%,0.50W 75042 CECT0-3922F
R2135 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R2136 315-0751-00 RES.,FXD,CMPSN: 750 OHM,5%,0.25W 01121 GCB7515
R2137 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,0.25W 01121 CB6225
R2138 311-1787-00 RES.,VAR,NONWIR: 20K OHM,10%,2W 12697 470-CM40947
R2142 321-0231-00 RES.,FXD,FILM:2.49K OHM,1%,0.125W 91637 MFF1816G24900F
R2143 321-0231-00 RES.,FXD,FILM:2.49K OHM,1%,0.125W 91637 MFF1816G24900F
R2144 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R2145 321-0231-00 RES.,FXD,FILM:2.49K OHM,1%,0.125W 91637 MFF1816G24900F
R2146 321-0189-00 RES.,FXD,FILM:909 OHM,1%,0.125W 91637 MFF1816G909ROF
R2147 315-0222-00 RES.,FXD,CMPSN:2,2K OHM,5%,0.25W 01121 GCB2225
R2151 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 ©B1025
R2152 315-0911-00 RES.,FXD,CMPSN:910 OHM,5%,0.25W 01121 CB9115
R2153 315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6825
R2154 315-0822-00 RES. ,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
R2156 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CBl025
R2157 315-0222-00 ‘ RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R2158 315-0163-00 RES.,FXD,CMPSN: 16K OHM,5%,0.25W 01121 CB1635
R2162 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
R2163 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2164 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 ©B2225
—————————— (R2164 1S MARKED R2120 ON SOME BOARDS)
R2166 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R2167 315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R2171 315-0751-00 RES. ,FXD,CMPSN:750 OHM,5%,0.25W 01121 GB7515
R2172 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R2174 315-0182-00 RES.,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
R2175 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R2176 315-0222-00 RES.,FXD,CMPSN:2,2K OHM,5%,0.25W 01121 CB2225
R2178 315-0222-00 RES.,FXD,CMPSN:2,2K OHM,5%,0.25W 01121 CB2225
R2182 321-0236-00 RES.,FXD,FILM:2.8K OHM,1%,0.125W 91637 MFF1816G28000F
R2185 315-0272-00 RES.,FXD,CMPSN:2,7K OHM,5%,0.25W 01121 CB2725
R2186 315-0272-00 RES. ,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
R2188 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R2223 315-0911-00 RES.,FXD,CMPSN:910 OHM,5%,0.25W 01121 CB9115
R2224 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
R2226 315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R2227 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
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R2233 315-0122-00 RES.,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1225
R2235 315-0681-00 RES.,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
R2236 315-0680-00 RES. ,FXD,CMPSN: 68 OHM,5%,0.25W 01121 CB6805
R2237 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
R2243 308-0212-00 RES. ,FXD,WW: 10K OHM,5%,3W 91637 CW2B-B10001J
R2245 321-0326-00 RES. ,FXD,FILM:24.3K OHM,1%,0.125W 91637 MFF1816G24301F
R2246 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CBS5105
R2247 321-0312-00 RES.,FXD,FILM:17.4K OHM,1%,0.125W 91637 MFF1816G17401F
R2252 315~0100~00 RES.,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB1005
R2253 321-0444-00 RES.,FXD,FILM:412K OHM,1%,0.125W 91637 MFF1816G41202F
R2254 321-0377-01 RES.,FXD,FILM:82.5K OHM,0.5%,0.125W 91637 MFF1816G82501D
R2255 321-0377-01 RES.,FXD,FILM:82.5K OHM,0.5%,0.125W 91637 MFF1816G82501D
R2256 321-0348-00 RES. ,FXD,FILM:41.2K OHM,1%,0.125W 91637 MFF1816G41201F
R2257 321-0281-01 RES.,FXD,FILM:8.25K OHM,0.5%,0.125W 91637 MFF1816G82500D
R2258 321-0281-01 RES. ,FXD,FILM:8.25K OHM,0.5%,0.125W 91637 MFF1816G82500D
R2262 322-0519-01 RES. ,FXD,FILM:2.49M OHM,0.5%,0.25W 91637 HFF143G24903D
R2263  321-0473-01 RES.,FXD,FILM:825K OHM,0.5%,0.125W 91637 MFF1816G82502D
R2264 321-0473-01 RES.,FXD,FILM:825K OHM,0.5%,0.125W 91637 MFF1816G82502D
R2268 321-0162-00 RES.,FXD,FILM:475 OHM,1%,0.125W 91637 MFF1816G475R0OF
R2269 311-1965-00 RES.,VAR,NONWIR:PANEL, 1K OHM,10%,0.5W 12697 CM41729
R2271 315-0434-00 RES.,FXD,CMPSN: 430K OHM,5%,0.25W 01121 CB4345
R2272 311-0580-00 RES.,VAR,NONWIR: 50K OHM,20%,0.50W 11237 300SF-41695
R2274 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
R2276 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2278 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
R2310 321-0184-00 RES.,FXD,FILM:806 OHM,1%,0.125W 91637 MFF1816G806ROF
R2311 321-0268-00 RES.,FXD,FILM:6.04K OHM,1%,0.125W 91637 MFF1816G60400F
R2313  321-0279-00 RES.,FXD,FILM:7.87K OHM,1%,0.125W 91637 MFF1816G78700F
R2314 321-0320-00 RES.,FXD,FILM:21K OHM,1%,0.125W 91637 MFF1816G21001F
R2315 321-0297-00 RES.,FXD,FILM:12.1K OHM,1%,0.125W 91637 MFF1816G12101F
R2316A,B 311-1974-00 RES.,VAR,NONWIR:PNL,50K/20K OHM,10%,0.50W 12697 CM41730
R2317 315-0751-00 RES.,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
R2321 311-1814-00  BO10100 BO21477  RES.,VAR,NONWIR:2K OHM,20%,0.50W 73138 91-108-0
R2321 311-1918-00  B021478 RES.,VAR,NONWIR: 2K OHM,10%,0.50W 73138 72-199-0
R2322 321-0290-00 RES.,FXD,FILM:10.2K OHM,1%,0.125W 91637 MFF1816G10201F
R2323 321-0197-00 RES.,FXD,FILM:1.1K OHM,1%,0.125W 91637 MFF1816G11000F
R2324 315-0162-00 RES.,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
R2325 315-0392-00 RES.,FXD,CMPSN:3.9K OHM,5%,0.25W 01121 C€B3925
R2326 315-0332-00 RES.,FXD,CMPSN: 3,3K OHM,5%,0.25W 01121 CB3325
R2327 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3315
R2328 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBI1O1S
R2330  311-1230-00 RES.,VAR,NONWIR: 20K OHM,20%,0.50W 32997 3386F-T04-203
R2331 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
R2332 311-1226-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 32997 3386F-T04-252
R2333 315~0753-00 RES.,FXD,CMPSN: 75K OHM,5%,0.25W 01121 CB7535
R2334  315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R2335 315-0753-00 RES.,FXD,CMPSN: 75K OHM,5%,0.25W 01121 CB7535
R2336 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R2337 308-0329-00 RES.,FXD,WW:4K OHM,2%,3W 91637 RS2B-B40000G
R2342 315-0152-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R2344 308-0329-00 RES. ,FXD,WW:4K OHM,2%,3W 91637 RS2B-B40000G
R2345 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3315
R2347 315-0753-00 RES. ,FXD,CMPSN: 75K OHM,S5%,0.25W 01121 CB7535
R2352 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
R2353 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,0.25W 01121 CB6225
R2354 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R2355 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
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R2356  315~0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
R2357 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
R2392  301-0240-00 RES.,FXD,CMPSN: 24 OHM,5%,0.50W 01121 EB2405
R4101 317-0150-00 RES.,FXD,CMPSN:15 OHM,5%,0.125W 01121 BB1505
R4102  315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CBlOS5S
R4104  315-0241-00 RES.,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
R4105 321-0790-01 RES.,FXD,FILM:990K OHM,0.5%,0.125W 91637 HFF1104G99002D
R4106 315-0180-00 RES. ,FXD,CMPSN: 18 OHM,5%,0.25W 01121 CB1805
R4107 321-1289-01 RES.,FXD,FILM:10.1K OHM,0.5%,0.125W 91637 MFF1816G10101D
R4108  315-0330-00 RES.,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
R4114  321-0807-01 RES.,FXD,FILM:900K OHM,0.5%,0.125W 91637 MFF1816G90002D
R4116  321-1389-01 RES. ,FXD,FILM:111K OHM,0.5%,0.125W 91637 MFF1816G11102D
R4117 315-0100-00 RES.,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CB1005
R4118  315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,0.25W 01121 CBI1515
R4121 321-0481-00 RES.,FXD,FILM:IM OHM,1%,0.125W 24546 NA4D1004F
R4122 315-0474-00 RES. ,FXD,CMPSN:470K OHM,5%,0.25W 01121 CBA&745
R4124  321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
R4125 321-0030~00 RES. ,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R0O0F
R4127 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R4130  311-1559-00 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
R4131 315-0153-00 RES.,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CB1535
R4133  315-0151-00 RES.,FXD,CMPSN: 150 OHM,5%,0.25W 01121 CBI1515
R4136  321-0077-00 RES,,FXD,FILM:61.9 OHM,1%,0.125W 91637 MFF1816G61R9OF
R4137 315-0152-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R4143 321-0062-00 RES.,FXD,FILM:43.2 OHM,1%,0.125W 91637 MFF1816G43R20F
R4144 321-0114-00 RES. ,FXD,FILM:150 OHM,1%,0.125W 91637 MFF1816GLl50R0F
R4145 321-0771-01 RES.,FXD,FILM:50 OHM,0.5%,0.125W 91637 MFF1816G50R00D
R4 146 321-0771-01 RES. ,FXD,FILM:50 OHM,0.5%,0.125W 91637 MFF1816G50R00D
R4147 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G2Z0ROOF
R4150  321-0041-00 RES.,FXD,FILM:26.1 OHM,1%,0.125W 91637 MFF1816G26R10F
R4151 311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
R4152  311-1956-00 RES.,VAR,NONWIR:PNL,1K OHM,10%,0.50W 12697 CM41725
R4154  321-0078-00 RES.,FXD,FILM:63.4 OHM,1%,0.125W 91637 MFF1816G63R4A0F
R4155 315-0241-00  B010100 B010199  RES.,FXD,CMPSN:240 OHM,S5%,0.25W 01121 CB2415
R4155  315-0101-00 B0O10200 BO10408X RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBI1015
R4155  315-0241-00 XB022164 RES.,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
R4156  315-0621-00  BO10100 B010408  RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
R4156  315-0681-00  BO10409 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
R4157 321-0225-00 RES.,FXD,FILM:2.15K OHM,1%,0.125W 91637 MFF1816G21500F
R4158  315-0751-00 RES. ,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
R4161 321-0154-00 RES. ,FXD,FILM:392 OHM,1%,0.125W 91637 MFF1816G392R0OF
R4162 321-0041-00 RES.,FXD,FILM:26.1 OHM,1%,0.125W 91637 MFF1816G26R10F
R4166  315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6825
R4167 321-0225-00 RES.,FXD,FILM:2.15K OHM,1%,0.125W 91637 MFF1816G21500F
R4168 315-0751-00 RES.,FXD,CMPSN:750 OHWM,5%,0.25W 01121 CB7515
R4171 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825R0F
R4172 321-0204-00 RES. ,FXD,FILM:1.3K OHM,1%,0.125W 91637 MFF1816G13000F
R4173 321-0164-00 RES. ,FXD,FILM:499 OHM,1%,0.125W 91637 MEF1816G499ROF
R4174  321-0080-00 BO10100 BO10408  RES.,FXD,FILM:66.5 OHM,1%,0.125W 91637 MFF1816G66RS0F
R41T74 321-0077-00  B010409 RES.,FXD,FILM:61.9 OHM,1%,0.125W 91637 MFF1816G61R90F
R4175  315-0201-00 BOl0100 BOLO408X RES.,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R4176 321-0167-00 RES.,FXD,FILM:536 OHM,1%,0.125W 91637 MFF1816G536R0F
R4177 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R4178  315-0680-00 BOLOI10O BO10408  RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R4178  315-0220-00 B0O10409 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
R4179 321-0131-00 RES.,FXD,FILM:226 OHM,1%,0.125W 91637 MFF1816G226R0F
R4181 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825ROF
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R4182 321-0165-00 RES.,FXD,FILM:511 OHM,1%,0.125W 91637 MFF1816G511ROF
R4183 321-0164-00 RES. ,FXD,FILM:499 OHM,1%,0.125W 91637 MFF1816G499ROF
R4184 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715
R4186 321-0167-00 RES.,FXD,FILM:536 OHM,1%,0.125W 91637 MFF1816G536R0F
R4187 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
R4188 315-0680-00 B010100 BO10408  RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R4188 315-0220-00  B010409 RES.,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
R4189 321-0131-00 RES.,FXD,FILM:226 OHM,1%,0.125W 91637 MFF1816G226ROF
R4193 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB10O15
R4194 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBl0O15
R4195 321-0117-00 RES.,FXD,FILM:162 OHM,1%,0.125W 91637 MFF1816G162R0OF
R4196 315-0820-00 RES. ,FXD,CMPSN:82 OHM,S5%,0.25W 01121 CB8205
R4198 321-0177-00 RES.,FXD,FILM:681 OHM,1%,0.125W 91637 MFF1816G681ROF
R4199 321-0177-00 RES.,FXD,FILM:681 OHM,1%,0.125W 91637 MFF1816G681ROF
R4201 317-0150-00 RES. ,FXD,CMPSN:15 OHM,5%,0.125W 01121 BB1505
R4202 315-0105-00 RES.,FXD,CMPSN: 1M OHM,5%,0.25W 01121 CBLO55
R4204 315-0241-00 B010100 B010159  RES.,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
R4204 315-0301-00 BO10160 B010199  RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
R4204 315-0271-00 B010200 RES. ,FXD,CMPSN:270 OHM,5%,0.25W 01121 <CB2715
R4205 321-0790-01 RES.,FXD,FILM:990K OHM,0.5%,0.125W 91637 HFF1104G99002D
R4206 315-0180-00 RES.,FXD,CMPSN:18 OHM,5%,0.,25W 01121 CB1805
R4207 321-1289-01 RES.,FXD,FILM:10.1K OHM,0.5%,0.125W 91637 MFF1816G10101D
R4208 315-0330-00 RES.,FXD,CMPSN:33 OHM,5%,0.25W 01121 CB3305
R4214 321-0807-01 RES.,FXD,FILM:900K OHM,0.5%,0.125W 91637 MFF1816G90002D
R4216 321-1389-01 RES.,FXD,FILM:111K OHM,0.5%,0.125W 91637 MFF1816G11102D
R4217 315-0100-00 RES.,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB10OS
R4218 315-0151-00 RES. ,FXD,CMPSN: 150 OHM,5%,0.25W 01121 <CBl1515
R4221 321-0481-00 RES.,FXD,FILM:1M OHM,1%,0.125W 24546 NA4D10O4LF
R4222 315-0474~00 RES. ,FXD,CMPSN:470K OHM,5%,0.25W 01121 CB4745
R4224 321~-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
R4225 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20RO0F
R4227 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R4230 311-1559-00 RES.,VAR,NONWIR:10K OHM,20%,0.50W 73138 91-81-0
R4231 315-0153-00 RES. ,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CB1535
R4233 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,0.25W 01121 GCBL515
R4236 321-0077-00 RES.,FXD,FILM:61.9 OHM,1%,0.125W 91637 MFF1816G61RIOF
R4237 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 C€Bl1525
R4243 321-0062-00 RES.,FXD,FILM:43.2 OHM,1%,0.125W 91637 MFF1816G43R20F
R4244 321-0114-00 RES.,FXD,FILM:150 OHM,1%,0.125W 91637 MFF1816G150R0OF
R4245 321-0771-01 RES.,FXD,FILM:50 OHM,0.5%,0.125W 91637 MFF1816G50R00D
R4246 321-0771-01 RES.,FXD,FILM:50 OHM,0.5%,0.125W 91637 MFF1816GS0R0O0D
R4247 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R0O0F
R4250 321-0041-00 RES.,FXD,FILM:26.1 OHM,1%,0.125W 91637 MFF1816G26R10F
R4251 311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
R4252 311-1956-00 RES.,VAR,NONWIR:PNL, 1K OHM,10%,0.50W 12697 CM41725
R4254 321-0078-00 RES.,FXD,FILM:63.4 OHM,1%,0.125W 91637 MFF1816G63R40F
R4255 315-0241-00 XB010409 B022163X RES.,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
R4256 315-0621-00 B0O10100 BOl0408  RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
R4256 315-0681-00  B0O10409 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
R4257 321-0225-00 RES.,FXD,FILM:2.15K OHM,1%,0.125W 91637 MFF1816G21500F
R4258 315-0751-00 RES.,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515
R4261 321-0154-00 RES.,FXD,FILM:392 OHM,1%,0.125W 91637 MFF1816G392ROF
R4262 321-0041-00 RES.,FXD,FILM:26.1 OHM,1%,0.125W 91637 MFF1816G26R10F
R4265 311-0634-00 XB010409 BO22163  RES.,VAR,NONWIR:TRMR,500 OHM,0.5W 32997 3326H-G48-501
R4265 311-1563-00  B022164 RES.,VAR,NONWIR:1K OHM,20%,0.50W 73138 91-85-0
R4266 315-0682-00 RES.,FXD,CMPSN: 6.8K OHM,5%,0.25W 01121 CB6825
R4267 321-0225-00  B010100 BO10408  RES.,FXD,FILM:2.15K OHM,1%,0.125W 91637 MFF1816G21500F
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R4267 321-0221-00  B010409 RES.,FXD,FILM:1.96K OHM,1%,0.125W 91637 MFF1816G19600F
R4268 315-0751-00 RES.,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
R4271 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825ROF
R4272 321-0204-00 RES.,FXD,FILM:1.3K OHM,1%,0.125W 91637 MFF1816G13000F
R4273  321-0164-00 RES.,FXD,FILM:499 OHM,1%,0.125W 91637 MFF1816G499ROF
R4274  321-0080-00 BO10100 BO10408  RES.,FXD,FILM:66.5 OHM,1%,0.125W 91637 MFF1816G66R50F
R4274  321-0077-00  B010409 RES.,FXD,FILM:61.9 OHM,1%,0.125W 91637 MFF1816G61R90F
R4275 315-0201-00  B010100 BO10408X RES.,FXD,CMPSN:200 OHM,5%,0.25W 01121 CB2015
R4276  321-0173-00 RES.,FXD,FILM:619 OHM,1%,0.125W 91637 MFF1816G619ROF
R4277 315-0821-00 RES. ,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CB8215
R4278 315-0680-00  BO10100 BO10408  RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R4278 315-0220-00  B010409 RES.,FXD,CMPSN: 22 OHM,5%,0.25W 01121 CB2205
R4279 321-0133-00 RES. ,FXD,FILM:237 OHM,1%,0.125W 91637 MFF1816G237ROF
R4280  311-1568-00 BO10100 BO10408X RES.,VAR,NONWIR:50 OHM,20%,0.50W 73138 91-90-0
R4281 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825R0F
R4282 321-0165-00 RES.,FXD,FILM:511 OHM,1%,0.125W 91637 MFF1816G511ROF
R4283 321-0164-00 RES.,FXD,FILM:499 OHM,1%,0.125W 91637 MFF1816G499ROF
R4284 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715
R4286 321-0173-00 RES.,FXD,FILM:619 OHM,1%,0.125W 91637 MFF1816G619ROF
R4287 315-0821-00 RES.,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CB8215
R4288 315-0680-00  B0O10100 BO10408  RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R4288 315-0220-00  B010409 RES.,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
R4289 321-0129-00  BO10100 B010408  RES.,FXD,FILM:215 OHM,1%,0.125W 91637 MFF1816G215ROF
R4289 321-0133-00  B010409 RES.,FXD,FILM:237 OHM,1%,0.125W 91637 MFF1816G237ROF
R4293 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBI1015
R4294 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBI1015
R4295 315-0161-00 RES.,FXD,CMPSN:160 OHM,5%,0.25W 01121 CBI615
R4296 315-0820-00 RES. ,FXD,CMPSN: 82 OHM,5%,0.25W 01121 CB8205
R4298 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825R0OF
R4299 321-0185-00 RES.,FXD,FILM:825 OHM,1%,0.125W 91637 MFF1816G825ROF
R4301 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4302  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4303  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4304 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4307 315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R4308 315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R4312 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R4314  315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R4315 315-0181-00 RES.,FXD,CMPSN: 180 OHM,5%,0.25W 01121 CBI1815
R4318  315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4321 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R4322 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R4324 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
R4325 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4331 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4332 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
R4334 321-0158-00 RES.,FXD,FILM:432 OHM,1%,0.125W 91637 MFF1816G432ROF
R4335 321-0262-00 RES.,FXD,FILM:5.23K OHM,1%,0.125W 91637 MFF1816G52300F
R4336 311-1559-00 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
R4339 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R4340 321-0207-00 RES.,FXD,FILM:1.4K OHM,1%,0.125W 91637 MFF1816G14000F
R4341 315-0510~00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
R4344 321-0169-00 RES.,FXD,FILM:562 OHM,1%,0.125W 91637 MFF1816G562ROF
R4 345 321-0139-00 RES.,FXD,FILM: 274 OHM,1%,0.125W 91637 MFF1816G274ROF
R4346 311-0310-00 RES.,VAR,NONWIR: 5K OHM,20%,0.50W 01121 W-7350A
R4347 321-0139-00 RES.,FXD,FILM:274 OHM,1%,0.125W 91637 MFF1816G274ROF
R4348 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
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R4349  315-0621-00 RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
R4350  321-0207-00 RES.,FXD,FILM:1.4K OHM,1%,0.125W 91637 MFF1816G14000F
R4351 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
R4352  321-0193-00 RES.,FXD,FILM:1K OHM,1%,0.125W 91637 MFF1816G10000F
R4353  321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816GL0000F
R4354  315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBI1O15
R4355  321-0139-00 RES. ,FXD,FILM:274 OHM,1%,0.125W 91637 MFF1816G274ROF
R4356  311-0310-00 RES.,VAR,NONWIR: 5K OHM,20%,0.50W 01121 W-7350A
R4357  321-0139-00 RES.,FXD,FILM:274 OHM,1%,0.125W 91637 MFF1816G274ROF
R4358  315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
R4359  315-0621-00 RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
R4360  321-0226-00 RES.,FXD,FILM:2.21K OHM,1%,0.125W 91637 MFF1816G22100F
R4362  321-0226-09 RES.,FXD,FILM:2.21K OHM,1%,0.125W 91637 MFF1816G22100F
R4368  323-0131-00 RES. ,FXD,FILM:226 OHM,1%,0.50W 75042 CECT0-2260F
R4373  321-0120-00 RES.,FXD,FILM:174 OHM,1%,0.125W 91637 MFF1816G174R0OF
R4375  315-0430-00 RES.,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305
R4376  323-0162-00 RES.,FXD,FILM:475 OHM,1%,0.50W 75042  CECT0-4750F
R4377  321-0120-00 RES.,FXD,FILM:174 OHM,1%,0.125W 91637 MFF1816G174ROF
R4378  315-0750-00 RES.,FXD,CMPSN: 75 OHM,5%,0.25W 01121 CB7505
R4383  321-0120-00 RES.,FXD,FILM:174 OHM,1%,0.125W 91637 MFF1816G174ROF
R4384  322-0133-00 RES.,FXD,FILM:237 OHM,1%,0.25W 75042 CEBT0-2370F
R4385  315-0430-00 RES.,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305
R4386  322-0133-00 RES.,FXD,FILM:237 OHM,1%,0.25W 75042 CEBT0~2370F
R4387  321-0120-00 RES.,FXD,FILM:174 OHM,1%,0.125W 91637 MFF1816G174ROF
R4388  315-0750-00 RES. ,FXD,CMPSN: 75 OHM,5%,0.25W 01121 CB7505
R4389  321-0156-00 RES. ,FXD,FILM:412 OHM,1%,0.125W 91637 MFF1816G412ROF
R4396  311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
R4397  311-1561-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 73138 91-83-0
R4398  315-0103-00 BOl0l0O BO10408  RES.,FXD,CMPSN:10K OHM,5%,0.25W 0l121 CB1035
R4398  315-0203-00  B0O10409 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
R4411 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CBA4705
R4412  315-0150-00 RES. ,FXD,CMPSN: 15 OHM,5%,0.25W 01121 CB1505
R4413  315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
R&415  315-0161-00 RES.,FXD,CMPSN:160 OHM,5%,0.25W 01121 CB1615
R4416  315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
RT120  307-0181-00 RES.,THERMAL: 100K OHM, 10%,4MW/DEG C 15454 1DE104-K-220EC
RT2061  307-0122-00 RES. ,THERMAL: 50 OHM, 10% 50157 3D1515
RT2310 307-0477-00 RES.,THERMAL: 1K OHM,10%,6MW/DEG C 14193 1013~10000K
RT4175  307-0127-00  B010100 BO10408X RES.,THERMAL:1K OHM,10% 50157 2D1596
RT4275  307-0127-00  B010100 BO10408X RES.,THERMAL:1K OHM,10% 50157 2D1596
5410 260-1421-00 SWITCH,PUSH:1 STA,MOMENTARY,NON-SHORT 80009 260-1421-00
$700 260-1768-00 SWITCH,PUSH:DPDT, 34, 125VAC 82389 145-7102D
8701 260-1776-01 SWITCH,SLIDE:DPDT,3A,125VAC 82389 11A1631
8705 260-1776-01 SWITCH,SLIDE:DPDT,3A,125VAC 82389 11A1631
S2010  263-0030-00 SW LEVER ASSY: 80009 263-0030-00
$2030  260-1211-00 SWITCH, PUSH: 1A, 28VDC 80009 260-1211-00
52050  214-2289-02 LEVER, SWITCH: STYLE B,W/CONTACTS 80009 214-2289-02
$2140  260-1445-01 SWITCH,PUSH:1 STA,2 POLE,W/O MTIG EARS 80009 260-1445-01
S2312  260-1445-01 SWITCH,PUSH:1 STA,2 POLE,W/O MTG EARS 80009 260-1445-01
82550  —wmmmm wme-- (PART OF Al3 TIMING BOARD)
84100  mmmmm —meme (PART OF A6 CH1 ATTENUATOR BOARD)
S4L10  —mmme mmee (PART OF A6 CHl ATTENUATOR BOARD)
$4200  mmeem —mmo (PART OF A7 CH2 ATTENUATOR BOARD)
$4210  mmmmm —me- (PART OF A7 CH2 ATTENUATOR BOARD)
$4320  260-1900-00 SWITCH,PUSH:5 BUTTON,2 POLE,PHENOLIC 80009 260-1900-00
T460 120-0996-00 XFMR,PWR, STU: HIGH VOLTAGE 80009 120-0996-00
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T700 120-0994-02 XFMR, PWR, STPDN: 80009  120-0994-02
U24 156-0067-11  B010100 BOl0119  MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 CA741CG
u24 156-0067-12  BO10120 BOl1417  MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 04713 MC1741CU
U24 156-0158-03  B011418 MICROCIRCUIT,LI:DUAL OPNL AMPL 80009 156-0158-03
U460 152-0637-02 SEMICOND DVC,DL:HV MULTR 80009 152-0637-02
U742 156-0158-05  B010100 BO10119  MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 80009 156-0158-05
U742 156-0158-00 BO10120 MICROCIRCULT,LL:DUAL OPERATIONAL AMPLIFIER 18324 MC1458V
U2156  156-0180-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74S00N
U2212 156-0180-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74S0OON
U2224 156-0405-00 MICROCIRCULIT,DI:DUAL RETRIG MONOSTABLE MV 07263 9602 (PC OR DC)
U2234 156-0180~-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74S00N
U4306  156-0113-00 MICROCIRCUIT,DI:QUAD 2-INP NAND GATE 80009 156-0113-00
U4324 156-0388-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 80009 156-0388-00
V470 154-0729-00  BO10100 B010786  ELECTRON TUBE:CRT,P31,INT SCALE 80009  154-0729-00
V470 154-0804-00  BO10787 ELECTRON TUBE:CRT,P31 80009  154-0804-00
VR412 152-0280-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,57% 80009 152-0280-00
VR746 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 14433 1N960B
VR762 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
VR764  152-0217-00 XB022730 SEMICOND DEVICE:ZENER,0.4W,8.2V,5% 04713 SZ620
VR8I8  152-0241-00 SEMICOND DEVICE:ZENER,0.4W,33V,5% 80009 152-0241-00
VR2392 152-0279-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 80009 152-0279-00
VR4184 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
VR4284  152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 8211755
VR4415 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,57% 04713 8Z11755
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DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols
Graphic symbols and class designation letters are
based on ANSI Standard Y32.2-1975.

Logic symbology is based on ANSI Y32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer’s data.

The overline on a signal name indicates that the signal
performs its intended function when it is in the low state.

Abbreviations are based on ANSI Y1.1-1972.

Other ANSI standards that are used in the preparation
of diagrams by Tektronix, Inc. are:

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number (e.g., A20). The assembly number
appears on the circuit board outline on the diagram, inthe
title for the circuit board component location illustration,
and in the lookup table for the schematic diagram and
corresponding component locator illustration. The
Replaceable Electrical Parts listis arranged by assemblies
in numerical sequence; the components are listed by
component number *(see following illustration for
constructing a component number).

A

The information and special symbols below may appear in this manual.

C

Y14.15, 1966 Drafting Practices.

Y14.2, 1973 Line Conventions and Lettering.

Y10.5, 1968 Letter Symbols for Quantities Used in
Electrical Science and Electrical
Engineering.

American National Standard Institute
1430 Broadway
New York, New York 10018
Component Values

Electrical components shown on the diagrams are in
the following units unless noted otherwise:

Capacitors = Values one or greater arein picofarads (pF).
Values less than one are in microfarads
(uF).

Resistors = Ohms (Q).

The schematic diagram and circuit board component
location illustration have grids. A lookup table with the
grid coordinates is provided for ease of locating the
component. Only the componentsillustrated onthefacing
diagram are listed in the lookup table. When more than
one schematic diagram is used toillustrate the circuitry on
a circuit board, the circuit board illustration may only
appear opposite the first diagram on which it was il-
lustrated; the lookup table will list the diagram number of
other diagrams that the circuitry of the circuit board
appears on.

Function Block Title .

Modified Component—See
"~ Parts List (Depicted in grey,
or with grey outline)

Internal
Screwdriver "~ l 5 7 l s — Strap or Link
Adjustment +Sv DS9o
- SETUP 18 my p
Cam Switch 1- ®é’ R40 £ “1sv g - sg2
Closure Chart 7 F - -4 [EST
(Dot indicates | RE3 % '>—|_°
switch closure) | 3.81K P80 - Plug to E.C. Board
Lg12 o No- J82 P82 J1o0
Etched Circuit Board +sv |s T4 W16 [EYNG] . - Identifies Panel
Outlined in Black e -
e L2 A sy ontrols, Connectors and
Refer to Waveform A Indicators
1
; 2- T 49, 9K Coaxial connectors:
Function Block ....... _,ﬂ..m._..' 2.6V \ -~ male
Outline 3dr apft - " e female
IC type g u45 /| crs4 w4 l Ja— Plug Index; signifies pin No. 1
~74123 / | . re4
i BAL - i i
Test Voltage N 20K External Screwdriver Adj
i A Shielding
Heat Sink pu 3 e
! | pag Selected value, see Parts List
Board Name +18v and Maintenance Section for
; N o Selection Criteria
PIO—Partof |, P/0 AS TIMING BOARD }
circuit board el Decoupled or Filtered
Assembly Number =" 67B~XXXX=XX R330 Dwe ) Voltage
ol . o Refer to Diagram Number
/ COMPONENT NUMBER EXAMPLE

Tektronix Part No. ..~
for circuit boards

Component Number

R1234

T sehemate
e Crcut
Number

a0 Assembly Number
e end o Reacebe el Pty L

SYNC GENERATOR @

A
™ > Schematic Name

and Number
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R4101

c4101
Ca102

R4105 -

R4106

C4113

c4115
C4114
R4114

R4116
C4116

R4117

Ra147

R4146
R4145
- R4144

R4143
C4143

Figure 7-1. A6—CH 1 Attenuator circuit board component locations,

$4110

R4118

_287428A

CKT GRID | CKT GRID
NO LOC | NO LoC

CKT GRID
NO LOC

C4101 2A | R4104 2B
C4102 2A | R4105 2B
C4104 2B | R4106 3A
C4105 2B | R4107 3B
C4106 3B | R4108 3B
C4113 3A | R4114 3B
C4a114 3B | R4116 4B
C4115 3B | R4117 4B
C4116 4B | R4118 4B
C4143 5A | R4143 5A
R4144 5A
R4101f 1A | R4145 5A
R4102 2B | R4146 5A

R4147 5A

§4100 1B
S4110 3B

FRONT

Static Sensitive Devices
See Maintenance Section
10ne end connected off board.

$4210

C4201°

237420

Figure 7-2. A7—CH 2 Attenuator circuit board compeonent iocations.

CKT GRID | CKT GRID | CKT GRID
NO LOC | NO LOC | NO LOC
C4201 2C | R4204 2B | R4247 5B
C4202 2C | R4205 2B
C4204 2B R4206 3C | S4200 1B
C4205 2B | R4207 3B | S4210 3B
C4206 3B | R4208 3B
C4213 3B B4214 4B
C4214 4B R4216 4B
C4215 3B | R4217 4B
C4216 4B R4218 4B
C4243 5B R4243 5B

R4244 5B
R4201t 1C | R4245 5B
R4202 2B | R4246 5B

REV A JUN 1980

AB
CH 1
ATTENUATOR
ASSEMBLY
(Board Inside)

~— ATTENUATOR
: ASSEMBLY
{Board Inside)

2374-30A

Figure 7-3. CH 1 & CH 2 Attenuator circuit board location.



: VERTICAL SWITCHING DIAG @ CRT & VERTICAL AMPLIFIER
CH 1 oH 1
2 égEi%P CH 1 1 DIODE | DIAG > Y.
INPUT
J4100 L POSITION GATE REGULATOR
ch: ©—= o422a8 ™ |craass Qdse
INPUT 04132, Q4134 Q4344 R4346 CRdasr 5454 —
Q4174, Q4184 - Q4346 * w1 CR4348 ™ CIROUIT
Q4176, Q4186 CR4349 J419
CH 1 EXT Z AXIS INPUT 0458
TRIGGER g—’ 7 AXIS vaeo
PICKOFF CHOP BLANKING A R >
Q4196 Ll Q416 Q426
$4200 Q4194 INTENSITY LIMIT Q424 Q434
VOLTS 3 1
: g '
e % CH 2 CH 2
ATTEN -
& PREAMP all N INPUT . DIODE DELAY | _ | VERTICAL
J4200 BUFFER T POSITION GATE v LINE DELAY |- - OUTPUT |
CH 2 Q422A, B 4354 | I chaass DRIVER LINE | \ l AMPLIFIER UPR
weor " 4232 Q4234 F
i Q4258 Q4268 - Q4366 | { A4356 CR4357 Q4376 DL4380 Q112 9158
04274, 04284 Q4350 CR4358 Q4386 Q134 O146 |
04276, Q4286 Q4352 CR4359 l | LWR
Y \ -
COMPOSITE r\ 'R \ ' D
=== VERTICAL | | TRIGGER PICKOFF
CH 2 SWITCHING Q4388 o
TRIGGER VERTICAL E
VERTICAL PICKOFF MODE U4306A, C. D [ < v470
INPUT SWITCH U4324A -~ o <2(
DIAG 84596 54320 1 BLANKING w 3 abover |2z
T
% _J ! PULSE GEN 2 GENERATOR [ |PROBE
- A FE ) R U43068 iy
. ! ] X-SIGNAL ya43248
|
e[ TRIGGER | | ALE,’?,\')’CATE ALT SYNC PULSE
SWITCHING PULSE = -
CR4337, AMPLIFIER = =
CR4332 04302
Cc:gjggg INT X BUFFER -
l TRIGGER — AMPLIFIER —
SWITCHING | Q2050 -
CR2007. CR2005 Q2054
CR2002, CR2006 Q2058
J. ? +
INT TRIGGER POSITION
BUFFER X-SIGNAL R _l
AMPLIFIER
16
85058 Y TRIGGER Swiron T ~
02028 TRIGGER  dswiren L1~
INPUT LEVEL LEVEL | 52250 ' -
c AMPLIFIER COMPTR R2138 | $25504 :
H 1/CH 2 Q2122 Q20324 |
exr 72100 Exr ] SOuRCE Q2124 020328 agise | | /
TRIG E =] SWITCH 02128 02038 —— AUTO | !
INPUT $2010 T l e = switcH - — - e e ] TT///L?ETE/R | |
! | $2050 | ! 1 \
SLOPE | | U2224B |
COUPLING SWITCH | | [ SWEEP MILLER
TRIGGERDIAG <& 52030 S2140 I , ; GATES INTEGRATOR HORIZONTAL 3
NORMAL Vo luseiza B.C D Q2242 PREAMPLIFIER
7700 L. | Yoatss yoRuAL ‘ | | |052344 8. ¢ D 02244 Q2314, (02326
100V - 100V AMPLIFIER o | TRicGER | Q2246
$700 (UNREG)
RECTIFIER Q2142 U2156A ‘
POWER & FILTER | Q2144 ‘ pr— | o | ca— |«
o CR721 CR723 Q2152 Y21568 ; 1 -
| CR722 CR724 o0 v TV ! HORIZONTAL
' REGULATOR TV TV SCHMITT L ouTPUT -
| 0722, Q726 > 100V TRIGGER SYNC TRIGGER 1 AMPLIFIER
% Q734 Q736 AMPLIFIER |—»—| SEPARATOR w1 Uoi56EB HOLDOFF 02332 02344
P700 l LINE TRIGGER Q2164 Q2174 U2156C -~ CIRCUIT Q2334 Q2354 | +
! Q2176 U2156D U2224A
-8V sweep piac 5y Q2274
oY REGULATOR oy L
o Q752. Q754 DIAG @
e RiLTER Q756, Y7424 REGULATOR |— ~32v
CR741 VR819. Q812
CR742 8
CR743 REGULATOR
CR744 Q722, Q774 =8V
POWER SUPPLY DIAG @ Q776. U7428

442 Service

Figure 7-4. 442 Oscilloscope block diagram.
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CKT GRID | CKT GRID | CKT GRID| CKT GRID

A B C D E F G H | J | NO LOC|NO Loc|NOo tLoc| No LOC

C4122 2G| J4100-3 2F | R4177 4C | R4318 1B
ELAY-LINE . . C4131 3H | J4100-4 2F | R4178 4C | R4321 2C
D ! : ; C4155* 3E | J4200-1 4G | R4179 3C | R4322 2C

LIGHT WIRE P43 ; | ca156 3E | J4200-2 4F | Ra181 2D | R4324 4H

1 DELAY » v+ CR4335: CRA332 C4158 3E | J4200-3 4F | R4182 3E | R4325 4H
DARK CR4336: CR4331. C4166 3E | J4200-4 4F | R4183 2D | R4331 3H

ca168 3E R4184 2C | R4332 4H

FRO C4177 4C | P4336 1E | R4186 2D | R4334 6C

NT Cca187 3C | P4346 3C | R4187 3D | R4335 1F

C4196 2D | P4356 4C | R4188 3D | R4336 2E
C4222 4G | P4388 4A | R4189 3D | R4339 4D
C4231 3H R4193 2D | R4340 3C
C4255* 4E | Q4122 3F | R4194 2D | R4341 4D

R4157 ,

2 o C4256 4E | Q4132 3F | R4195 1D | R4344 6C
=3 PR GND C4258 4E | Q4134 3F | R4196 2C | R4345 3C

S : . 141001 % @ C4266 4E | Q4158 3F | R4198 2D | R4346 2C

~ R4151. = J4100-2 ‘ Ca268 4D | Q4168 3F | R4199 1D | R4347 3C

e i . F— e C4277 6D | Q4174 3D | R4221 4H | R4348 4B

8. , N ~1R4121 g C4287 5D | Q4176 3D | R4222 4G | R4349 4B

25  0°04158 Q4134 N T 8 C4296 6F | Q4184 3E | R4224 4F | R4350 3C

i 2 Qates Qa1 = ) € c4a23y  Ca3n 3 C4302 1C | Q4186 3E | R4225 4G | R4351 6D

o L g™ PG ca131 R4331 ¢ C4306 2B | Q4194 1D | R4227 5F | R4352 6E

3 - ) " C4307 2A | Q4196 1D | R4230 4H | R4353 6D
C4308 2B | Q4222 4F | R4231 3F | R4354** 6C

« x C4312 1B | Q4232 4F | R4233 3F | R4355 4C

© C4315 Lo C4315 3B | Q4234 4F | R4236 5F | R4356 4C

- VRAa15 . o 3 54320 C4324 3B | Q4258 4F | R4237 5E | R4357 4C

RS « R4S . AU 8 (ON BACK C4331 3H | Q4268 4F | R4250f 5E | R4358 4B

‘R4348 NNC4255Q4268 Q4234 R4130 R423p R43320 ¥ ool C4332 4H | Q4274 4D | R4251 4F | R4359 4B

oeniegas =3 Q4258 Q4232 , it OEE34R0 O C4334 6C | Q4276 5D | R4254 4E | R4360 6C

O Q4222 CRA222 - e R4324. C4339 4D | Q4284 4D | R4255* 4E | R4362 6C

4 CR4343 ‘Raos B8 1222 Ra221.. R4 ‘ C4355 4B | Q4286 5D | R4256 4E | R4368 6B
CR4357 R4224 - 64222 221 ™ , p C4368 6B | Q4294 6E | R4257 5F | R4373 6C

% J14200-2 ] , [ C4375* 5B | Q4296 6E | R4258 GSE | R4375 5B

J4200-1 e & C4378 6B Q4302 1C | R4261 4E R4376 5B

¢ J4200-3 GND SR C4385* 5B | Q4344 4D | R4262t 5E | R4377 6C

R C4386 4B | Q4346 4D | R4265* 3E | R4378 5B

£ J4200-4 C4388 5A | Q4350 5C | R4266 4E | R4383 4C

C4389* 4B Q4352 5C | R4267 3E R4384 5B
C4395 5B Q4354 6C | R4268 4D R4385 5B
C4396 5C Q4356 5C | R4271 5E R4386 4B
C4397 5B | Q4376 6B | R4272 4E | R4387 4C
C4398 6B Q4386 4B | R4273 5D R4388 5B
C4410 2C Q4388 4B | R4274 5D R4389 4B
C4411 3G R4275 5D R4396 5C
C4412 3E R4121 2H | R4276 6E R4397 5B
C4413 1D R4122 3G | R4277 6D R4398 5C
~ 435 @ietreN I TR0 IS , C4416 3G | R4124 3F | R4278 6D | R4411 3G
DELAY LIN Q4376 77 N e S T §Q 0K Aoty C4417 2C | R4125 3G | R4279 6D | R4412 2E
: ; . 5 RAZTI -, NN B b o o R4127 2E | R4280* 6D R4413 2D
CR4122 3G R4130 4G | R4281 4D R4415 4B
CR4222 4G R4131 3F | R4282 4D R4416 3G
2374-31A CR4323 3B | R4133 3F | R4283 6D
CR4324 3l R4136 2F | R4284 S5E | RT4175* 3D
CR4326 4l R4137 2F | R4286 6D RT4275* 5D
CR4328 6C | R4150%f 2E | R4287 5D
CR4331 1E Sﬂgj‘ g; Eggg gg $43207 31
) . _ Vertical cireu ; CR4332 1E
Figure 7-5. A8—Vertical circuit board component locations. CR4335 1E R4155* 3E | R4293 6E U4306 2B
CR4336 1E R4156 2E | R4294 SE U4324 3B
CR4346 5C R4157 2F | R4295 6E
CR4347 4C R4158 3E | R4296 6F VR4184 2D

5 DELAY
DARK

€42
R4279

R4334
€4334:

tatic Sensitive Devices CR4348 4C | R4161 2E | R4298 6E | VR4284 SE

S ) ) CR4349 5C | R4162f 2E | R4299 6E | VR4415 3B
See Maintenance Section CR4356 5C | R4166 gE R4301 1B

*See Parts List for serial number ranges. g:gggg :g g:}gg 3E Egggg 1g Ww42806 6D

tLocated on back of board. CR4359 5C R4171 2D | R4304 2B

$One end connected off board. R4172 4E | R4307 3A

§Changed to board run for later serial number ranges. jﬁgg_1 ;g 321;2 gg gﬁg?g }g
**Incorrectly marked R4331 on some boards. Ja100-2 2F R4175* 3D | R4314 3A

R4176 2E | R4315 2B

REV A JUN 1980
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— R4A416 P400O
_Nowmsiev)
VoLTS/DiV } Xt X a7 -3 R4194 Q4196 '—l;‘_. X INPUT
f saio H 7"C'Lo (o] T +av, T ey 100 g To
. s (so hd cad1e _WV—W P4-4
VOLTAGE & WAVEFORM 0 1°f || [ (SHQWN Lol
NDITIONS | IN 2nV v 10 -I L] ©.BpuF OB
t5ne: OB B HA R Te [EHHS & otne &
el M 1 1 [ =] RaMe
SHOWN 1 [e] Je ol ] 50 & [ [e] L]
( AC) M sl o 1 [e NOTE o N VoLl ] e caar 1t Rr(,‘;s 82 -
1 o7 {o] [ [e] [ AS_SHIFT BOAR .2 2 [o] [ ] G B F o
cH i H MR 1 BETWEEN P410O T vimMEH . - - -3V Leame :
INPUT o 0 [ H el AND Ja100 e M H J Rgan . |
SWITCH Ll e Vo H 12 f
- - ry 2 0 [e c44 RAI49Q
$4100 1 o : s [ [+ M 0.22 o8 cHd
NSO i I H 1 [+ -8V 1 TRIG 512
oNo[ ] [9] B ] & H o e = : g B2 18e™ 76 dRasss
e M M ol 1 [« [¢ . -8y, : : : caq.3 Q4194 aAs @
] b ! - ' b G2 bonens *BV. Pono o B uF
o ! 0.0 ! ~8vy Ra413 -
1 [ I (- ! - R41I8 [ RALT8. CANTT
oo b | Lo ! bl 150 Jai00-1 ) 3 ot 21 " 22 470 -
1 5—0 T OO0 r CH
P : — 7 ba100 RA2Z AR ! +8V, I caiss 474 Q4176 e - S
BE l ' l l ! - canag ! o4 470K R4124 " I e 470 5 Q T 76 Qazda
Ralo2g | ey J 4 0573 1 n4|z| 20 Q4132 cass ) oo Q4i58 o /,/) Rem
M He IM 1 I 1
- Jaioe-2 R4lI3 R4176 R4179
(ﬁ:ULT) /.I, Ra108 calis RAI7 Ja100-4 Hpaioo-a I—“_l\.,l. I @ RS o e ) 7 X6
! caroz | 33 2.2 o (e vad R4M4) R4143 [ RAS 2,15 RAIT +av
can R4ll4 - 7 - YCASS | .. SRAIG6 417 5, iAG
RGO L caro P 900K ‘[ 14100 Q4122A 4 -8v.+ Raids iR / 9] R4152 #2-22 SRAISG 2 6.6K 80K Ra7al | {— - 8Yy -+ 8V &
15 J e.s cane 1 JR4ie -5 3 o GAIN 1K Raisqg ° ~8Vy {—+8Y R4182 i cla [
rg:‘nav 22 Mk F——<e—% R4i25 R4137 R4lde Ra147 (eH1) 63. 8415550456 | calon 511 398
. 2 | ' T
- v p2loa-3 R4t RA167 R4183 4
8v, L _wa 264 R4168 2.15K aaqg /,j 536 R4IAT cht
‘ \ﬁ‘,\; 750 @ 820 - -VERT Sio
QARD +8v T0 Q4346
] AG CH1 VERTICAL ATTENUATOR B Ra3) 124" R4136 . I_M.:] & Q4184 Q4186 'RLM_‘aLBe cgnje'/
RA130 Q4 619 Q4168 ca168 22 ~aT0
10K C4I31 410
b2s RAI33
-8v :[7 150 +8v,
2
e ol Y
VOLTS DIV X1 X0
== =T R4294
I Xt %10 4210 2 Cao O T 100 Q4296
1 n¥ ¥MATCHED PAIRS
T 19 2] 20y SHOWN s Teso [ ofel L] Qai32 £Q4diaa R4298
o] []s ! so3 (m 2my mV 10 NN 1] Qaz32 £aazaa 8zs
| . 1%my ) . 20 .2 e ! QA58 € Q4168
M o] [ [e] 20 2 [_se s [ ] Q4258 t.Qa2Gs Rae
ol [ 2] s? .? ; '2 e jLd Re2s -8v
* . il - " . i
= H ] _1" . oY i n Static Sensitive Devices cazde
1 [ 1-s 5 v o o ] [*] See Maintenance Section
] ﬁ v 2 20 [s] L Aqzad
[¢] [¢] 2 | 20 M 50 L] cH2
AcC M M el ° — ry TRIG Si6
. ol 5 s |\ 1o 100 TO CRA336
GND lof L] 1]
oe o e 10 100 -av, : : : Q4294 DlAG@
oo G222 gerazey 1BV o
0.01 i 1 S
! ! - Ra2ia [ R4278.Ca277
L : 1s0 Jaz00- [ 2 roro Q4276 22 aro T
v R4222 ; cazsg 2 _
i cazia - Pazeo a0k QA222B Ypnn eV, * D B . 470 Q4274 +JERT sl
R4202 L° 053 L| Ra22) 20 Q4232 ca2ay | Q4258 = % R4277
'™ e M ) B2 1 pazoo co-2 o fs PP, Ty R4276 820 R4279
Qﬁ:?ﬁ) 3= frazi 94200-4 Ipazoora [ 0 1 V-2 Flaeace-2 —L) R pgae Risa ‘ 619 23T e aun ron
cazer] Rgeee 22 RrRa244 R4243 ot qu;_s!  17... Vol R4271 +8V . L _av b 48V LATER SN
14210 022 == i€ Q42228 o R42217 150 43,2 Lo Ra250 [0 puessmn o ool R4 " o VR4284 -
‘ el {R42 5.0V 3 e y
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VOLTAGE AND WAVEFORM CONDITIONS

Voltage Conditions

Voltages shown on this schematic diagram were measured with a Tektronix DM B502A Digital Multimeter.
Voltage measurements can vary as much as £20 %. No signals were applied to the vertical inputs or the EXT-
ernal trigger input.

Waveform Conditions

Waveforms below were taken from a Tektronix 475A Oscilloscope. Waveforms may vary as much as
120%.

A 50 kHz, 100 mV sine wave was applied to the Channel 1 input and a 50 kHz, 2 V square wave was
applied to the Channel 2 input. A Tektronix SG 503 provided the sine wave and a Tektronix FG 502 pro-

vided the square wave.

442 controls were set as follows:

SOURCE CH 1/CH 2
MODE AUTO
SEC/DIV 10 us

VERT MODE CH1
Channel 1 VOLTS/DIV 50 mV
AC-GND-DC (both) DC

VAR (both channels) Detent, CCW
MAGNIFIER X1 (out)
HOLDOFF Fully CCW

Channel 2 VOLTS/DIV. 1V

Other controls were set as needed to obtain a stable display.
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Figure 7-7. A1—Interface circuit board component locations.

CKT GRID| CKT GRID| CKT GRID| CKT GRID| CKT GRID| CKT GRID

NO LOC | NO LOC| NO LOC | NO LOC| NO LOC | NO LOC

C24 4K C467* 2F J7 5E Q4581 4A R417 34 R467* 1F

C113* 1K C476 2B J421 3J Q812f 4A R419 4J R468 2G

C114 1K Cc477 2B Jar77 5C R423 4] R469* 1E

C115 14 C478 2B R22 4K R424 4H R473 5B

c118* 2J C802 51 P24 5M | R23 4L R425 4H R474 21

c119 1J C817 3B P138 1l R24 4L R426 4H R475 5B

ci124* 1K P148 21 R25 4qL R432 5G R476 5B

c129 2J CR26 qL P168 2L R26 aL R433 5H R478 5B

C412 2M CR27 5M P465 2E R27 5M R434 5G R802 5L

C423* 4H CR113 1K P466 2F R112 3K R435 4G R811* 3L

C424 3H | CR123 1K | P470 1l R113 1K R437 5H | R817 3B

C425 51 CR416 4l P475 2A R114 1K R443 2H R818 4A

C433 4H CR418 4I R115 1J R444 2F

C434 4H CR437 5G Q112 1J R116 1K R445 1G RT120 2K

C435 4G CR443 1H Q122 2J R117 3L R446 1G

C437* 5H CR463 2D | Q134 1l R118 2J R447 2G | sa10 3L

C443 2H CR465 2D | Q136 1i R120 2K R453 1G S700 5F

C445 1G CR466* 2B Q144 21 R122 3J R455 1E

C455 4C CR816 2| Q146 21 R124* 1K R457 3B T460 2C

C458 3C Q416 4 R126 2K R458 ac . L. R
C462 1D | DS463 2F | Q424 4H glgg* g'l\_ll R462 1E u24 4L Static Sensitive Devices
C463 1E DS465 2F Q426 4H R463 2E U460 4D ; ;
Caes  1E Q434 5H | R413 3L | Rasa* 2E See Maintenance Section
C465 3D | J2 5L | Q446 1F R414 3L R465 2E VR412 4M *See Parts List for serial number ranges.
C466 3E J4 5J Q454 1G R416 4] R466* 1F VR818 4A

tMounted on chassis.
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