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OPERATORS SAFETY SUMMARY

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

TERMS

In This Manual

CAUTION statements identify conditions or practices that could result in damage to the
equipment or other property.

WARNING statements identify conditions or practices that could result in personal injury or

loss of life.

As Marked on Equipment

CAUTION indicates either a personal injury hazard notimmediately accessible as youread the
marking or a hazard to property including the equipment itself.

DANGER or WARNING—HIGH VOLTAGE indicates a personal injury hazard immediately
accessible as you read the marking.

SYMBOLS

in This Manual

@This symbol is used on schematic diagrams having static-sensitive components.

As Marked on Equipment
4 DANGER — High voltage.

@ Protective ground (earth) terminal.
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PRECAUTIONS

Power Source

This product isintended 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.

Grounding the Product

This product is grounded through the grounding conductor of the power cord. To avoid
electrical shock, plug the power cordinto a properly wired receptacle before connectingtothe
product input or output terminals. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

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 Installation instructions in
Section 2 of this manual.

Refer cord and connector changes to qualified service personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts list for this product and having
identical type, voltage rating, and current rating characteristics (see Installation instructionsin
Section 2 of this manual).

Refer internal fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an atmosphere of explosive gases 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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SERVICING 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 points in this product. To avoid personal injury, do not
touch exposed connections and components while power is on.

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

Power Source

This product isintended to operate from a power source that will not apply morethan 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.

Xi
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Figure 1-1. 465B Oscilloscope.
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INTRODUCTION AND SPECIFICATION

INTRODUCTION

The TEKTRONIX 465B Oscilloscope is a dual-channel,
four-trace portable instrument, providing traces for two
input channels, a trigger view from an external trigger
input, and an add function. Calibrated deflection factors
from 5 millivolts/division to 5 volts/division are provided
by the dc-to-100 MHz vertical system for the input
channels and add function. Sweep trigger circuits are
capable of stable triggering over the full bandwidth
capabilities of the vertical deflection system. The horizon-
tal deflection system provides calibrated sweep rates from
0.5 second/division to 0.02 microsecond/division along
with delayed sweep features for accurate relative-time
measurements. A X10 magnifier extends the calibrated
sweep rate to 2 nanoseconds/division. The instrument
operates over a wide variation of line voltages and
frequencies with maximum power consumption of ap-
proximately 100 watts.

Increased measurement capabilities are achieved by
the 465B when it is equipped with an optional TEKTRONIX
DM44 Digital Multimeter. The DM44 measures 0 to 20

megohms resistance, 0 to 1200 dc volts (+ or —), and
—55°C to +150°C temperature (using a temperature
probe). Measurement values are displayed ona3 1/2-digit
LED readout while the oscilloscope continues normal
operation.

The digital multimeter and oscilloscope combine to
provide a digital readout of time difference between any
two points on the oscilloscope display. Both time
measurement points are displayed simultaneously onthe
crt. Direct measurement of frequency is provided by a
1/TIME function.

This manual provides service information only for the
465B Oscilloscope. Service information for the DM44
Digital Multimeter is contained in a separate DM44 Service
manual.

SPECIFICATION

The following electrical characteristics (Table 1-1) are
valid only if the instrument has been calibrated at an
ambient temperature between +20°C and +30°C, the
instrument is operating at an ambient temperature
between 0°C and +50°C (unless otherwise noted), and
the instrument has had a warmup period of about 20
minutes.

Environmental characteristics of the 465B are
presented in Table 1-2, and physical characteristics listed
in Table 1-3.

Table 1-1
ELECTRICAL CHARACTERISTICS

Characlerlstics

Performance Requirements

Supplemental Information

Deflection Factor

Range

VERTICAL SYSTEM

5 mV per division to 5 V per division
in 10 steps, with a 1-2-5 sequence.

Uncalibrated (VAR) Range

Continuously variable between
settings. Extends deflection factor
to at least 12.5 V per division.

Accuracy Within 3%

Gain set at 5 mV per division.

11
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Characteristics

Table 1-1 (cont)

Performance Requirements ]

] Supplemental Information

VERTICAL SYSTEM (cont)

Low-Frequency Linearity

Frequency Response

Bandwidth

—15°C to +40°C

T
i

0.1 division or less compression or
expansion of a 2-division signal at
center screen with waveform
positioned to upper and lower
extremes of graticule area.

Dc to at least 100 MHz

+40°C to +55°C

Dc to at least 85 MHz

AC Coupled Lower —3 dB Point

1X Probe
10X Probe

Step Response

Rise Time (0°C to +40°C)

10 Hz or less.

1 Hz or less.

3.5 ns or less.

Positive-Going Step
(Excluding ADD Mode)

Aberrations (0°C to +40°C)

Position Effect
(0°C to +40°C)

Negative-Going Step

ADD Mode Operation

Common-Mode Rejection Ratio

(ADD Mode with Channel 2
Inverted)

1-2

5-division reference signal centered
vertically from a 25 (1 source with
VAR VOLTS/DIV control in
calibrated detent position.

5-division reference signal centered
vertically, dc coupled at all deflection
factors, from a 25 Q) source with
VAR VOLTS/DIV control in
calibrated detent position.

+4%, — 4%, 4% p-p or less (5 mV to 2 V).
+6%, 6%, 6% p-p or less (5 V setting
only}.

Total aberrations less than +8%, 6%,
6% p-p; checked at 5 mV per division.

Add 2% to all positive-going step
specifications; checked at 5 mV per
division.

Add 5% to all aberration specifications;
checked at 5 mV per division.

At least 10:1 at 20 MHz for common
mode signals of 6 divisions or less,
with GAIN adjusted for best CMRR at
50 kHz.

@
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Trace Shift as VAR VOLTS/DIV
is Rotated

1.0 division or less.

Inverted Trace Shift

Less than 2 divisions when switching
from noninverted to inverted.

Input Gate Current
+20°C to +30°C

0.5 nA or less (0.1 division at 5 mV
per division.

—15°C to +55°C

4 nA or less (0.8 division at 5 mV
per division.

Channel Isolation

At least 100:1 at 25 MHz.

Position Range

At least +12 and —12 divisions from
graticule center.

Chopped Mode Repetition Rate Approximately 500 kHz. Wwithin 20%.

Input R and C
Resistance 1 MQ. Within 2%.
Capacitance Approximately 20 pF.

R and C Product
(+20°C to +30°C)

Aberrations 2% or less using a P6105
probe.

Maximum Input Voltage

DC Coupled 250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).
AC Coupled 250 V (dc + peak ac).

500 V (p-p ac at 1 kHz or less).

Cascaded Operation

Bandwidth

Dc to at least 50 MHz.

CH 1 VERT SIGNAL OUT into CH 2
input; AC coupled; using 50 (,
42-inch, RG 58 C/U cable terminated
in 50 Q at CH 2 input.

Sensitivity

At least 1 mV per division

REV B MAR 1980
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Table 1-1 (cont)

ManualsPlus.com

Characterislics

Performance Requirements

Supplemental Information

TRIGGER SYSTEM

Sensitivity

AC Coupled Signal

0.3 division internal or 50 mV
external from 30 Hz to 10 MHz,
increasing to 1.5 divisions internal
or 150 mV external at 100 MHz.

When in EXT/10, multiply performance
requirement by 10.

LF REJ Coupled Signal

0.5 division internal or 100 mV
external from 50 kHz to 10 MHz,
increasing to 1.5 divisions internal
or 300 mV external at 100 MHz.

Attenuates signals below about 50 kHz.

HF REJ Coupled Signal

0.5 division internal or 100 mV
external from 30 Hz to 50 kHz.

Attenuates signals above about 50 kHz.

DC Coupled Signal

0.3 division internal or 50 mV
external from dc to 10 MHz,
increasing to 1.5 divisions internal
or 150 mV external at 100 MHz.

Trigger Jitter

0.5 ns or less at 100 MHz at 2 ns per
division with X10 MAG depressed.

External Trigger Inputs

Maximum Input Voltage

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

Input Resistance

Input Capacitance

1 MQ

Within 10%.

Approximately 20 pF, within 10%.

LEVEL Control Range
EXT

At least +2 and —2 V; 4 V p-p.

EXT/10

At least +20 and —20 V; 40 V p-p.

Trigger View (A TRIGGER)
Deflection Factor

DC trigger COUPLING only; checked
with 1 kHz signal.

EXT 100 mV per division +5%.
EXT/10 1V per division 15%.
Rise Time 5 ns or less 20 MHz BW LIMIT at full bandwidth

(button out).

1-4
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Table 1-1 (cont)

Characterlstics

Performance Requlrements

Supplemental Information

TRIGGER SYSTEM (cont)

Delay Difference

<10.15 division (<1300 ps at 2 ns
per division).

With a 5-division signal having a 5-ns
rise time or less from a 25 Q) source,
centered vertically, with equal 50 Q
cable lengths from signal sources to
vertical channel and external trigger
inputs terminated in 50 Q at each
input.

Centering of Trigger Point

Within 1.0 division of center screen.

Flatness and Aberrations

+10%, —10%, 10% p-p.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate
Calibrated Range
A Sweep

0.5 s per division to 0.02 us per
division in 23 steps in a 1-2-5
seguence. X10 MAG extends
maximum sweep rate to 2 ns per
division.

B Sweep

50 ms per division to 0.02 us per
division in 20 steps in a 1-2-5
sequence. X10 MAG extends
maximum sweep rate to 2 ns per
division.

Accuracy

+20°C to +30°C

Unmagnlfied Magnified

Within +2%.

Within +3%.

—15°C to +55°C

Within +3%.

Within +4%.

Accuracy specification applies over the
full 10 divisions.

When in X10 MAG, exclude first and last
50 ns of the sweep on 2-ns, 5-ns, 10-ns,
and 20-ns sweep rates.

Two-Division Linearity Check

+5% over any two-division (or less)
portion of the full 10 divisions. When
in X10 MAG, exclude first and last
magnified divisions when checking
2-ns, 5-ns, and 10-ns per division rates.

Alternate Sweep Trace Separation

=14 divisions.

Variable Range (A Only)

Continuously variable between
calibrated settings. Extends
slowest A Sweep rate to at least
1.25 s per division.

At least 2.5:1.

Sweep Length (A Only)

10.5 to 11.5 divisions.

[EV A JUN 1979
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Table 1-1 (cont)

ManualsPlus.com

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

A Trigger Holdoff Variable

Increases A Sweep holdoff time
by at least a factor of 10.

X10 Magnifier Registration

Within 0.2 division from graticule
center (X10 MAG on to X10 MAG off).

Position Range

Start of sweep must position to

right of graticule center. End of sweep
must position to left of graticule
center.

Differential Time Measurement For Measure- For Measure- With the A TIME/DIV switch at
Accuracy ments of >1 ments of <1 0.5 s and 0.2 us the differential time
Major Dial Major Dial measurement accuracy limit is valid
Division Dlvision only for DELAY TIME POSITION
dial settings between 1.50 and 8.50.
+15°C to +35°C Within +1%. Within +£0.01
major dial
division.
—15°C to +55°C Within +2.5%. Within +£0.03
major dial
division.

Delay Time Jitter

One part (or less) in 50,000 (0.002%})
of ten times the A TIME/DIV switch
setting, when operating on power-
line frequencies other than 50 Hz.
One part (or less) in 20,000 (0.005%)
of A TIME/DIV switch setting, when
operating on 50 Hz power-line
frequency.

Calibrated Delay Time

Continuous from 0.2 us to at least
5 seconds after start of the delaying
(A) sweep.

With VAR control in calibrated detent.

X-Y Operation

X-Axis
Deflection Factor

Same as vertical channel.

With TIME/DIV switch set to extreme
counterclockwise position.

With X10 MAG off.

Bandwidth

Dc to at least 4 MHz.

10-division reference signal.

Variable Range

Continuously variable between
settings. Extends deflection
factor to at least 12.5 V per
division.

1-6
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Table 1-1 (cont)

Characteristics

Performance Requlrements |

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont}

X-Y Operation (cont)

Input R and C
Resistance 1 MQ. Within 2%.
Capacitance Approximately 20 pF. Within 3%.

Maximum Usable Input Voltage
DC Coupled

250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).

AC Coupled

250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).

Phase Difference Between X and
Y Axis Amplifiers

Within 3°, from dc to 50 kHz.

Deflection Accuracy

Within +4%.

CALIBRATOR

Output Voltage (0°C to +40°C)
(—15°C to +55°C)

0.3 V, within 1%.

0.3 V, within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Output Resistance

Approximately 10.3 Q.

Output Current
+20°C to +30°C

30 mA, within 2%.

—15°C to +55°C

30 mA, within 2.5%.

Z-AXIS INPUT

Sensitivity

5-volt p-p signal causes noticeable
modulation at normal intensity,

Positive-going signal decreases
intensity.

Usable Frequency Range

Dc to 50 MHz.

Maximum Input Voltage

25 V (d¢ + peak ac).

REV A SEP 1979
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Table 1-1 (cont)

Characterlstics

Performance Requlrements

Supplemental Information

SIGNAL QUTPUTS

Channel 1 Output

Voltage At least 50 mV per division into

1 M(L At least 25 mV per division

into 50 0.
Resistance Approximately 50 Q.
Bandwidth Dc to at least 50 MHz into 50 0.

A and B Gates Output Resistance

Approximately 500 Q.

POWER SOURCE

Line Voltage Ranges

115 V Nominal
(High) 108V to 132 V.
(Medium) 104 Vto 126 V.
(Low) 89 Vto 121 V.
230 V Nominal
(High) 216 Vto 250 V.
(Medium) 208 V to 250 V.
(Low) 198 Vto 242 V.

Line Frequency

48 Hz to 440 Hz.

Power Consumption

Typical 65 W at 115 V, 60 Hz, medium
range.
Maximum B5 W at 115 V, 60 Hz, medium
range.
CATHODE-RAY TUBE
Display Area 8 X 10 cm.
Geometry 0.1 division or less of tilt or bowing.

Trace Rotation Range

Adequate to align trace with
horizontal center line.

18
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Table 1-1 (cont)

Characteristics Pertormance Requirements [ Supplemental information
CATHODE-RAY TUBE (cont)

Raster Distortion 0.1 division or less.
Standard Phosphor P31.
Optional Phosphor P11.

Nominal Accelerating

Potential =18,500 V.
DM44
Dc Voltage
Ranges 0to 1.2 kV in 5 steps: 200 mV,
2V, 20V, 200 v, and 1.2 kV.
Resolution 100 uV.
Accuracy Within 0.1% of reading, +1 count.
Input Resistance 10 M1}, all ranges (user has option

to remove an internal wire strap to
increase input resistance to 1000 MQ
on the 200 mV and 2 V ranges).

Rejection Ratio

Normal Mode At least 60 dB at 50 and 60 Hz.
Common Mode At least 100 dB at dc; 80 dB at 50
and 60 Hz.
Recycle Time Approximately 3.3 measurements
per second.
Response Time Within 0.5 second.
Temperature Dependence 45 parts/million/° C.
Maximum Safe Input Voltage, 11200 V (dc + peak ac) between +
All Ranges and COM inputs or between + input
and chassis.

COM (Common) Floating Voltage | +500 V (dc + peak ac} to chassis.

Resistance
Ranges 0 to 20 MQ in six steps: 200 Q,
2 k), 20 k0, 200 k), 2 M), and
20 MQL
Resolution 010
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Table 1-1 (cont)

ManualsPlus.com

Characteristics

Performance Requirements

Supplemental information

DM44 (cont)

Accuracy
200 ©2 and 2 k) Ranges

Within 0.25% +1 count, + probe
resistance.

20 k12, 200 kQ, and 2 M)
Ranges

Within 0.25%, +1 count.

20 MQ) Range

Within 0.30%, +1 count.

Recycle Time

Approximately 3.3 measurements
per second.

Response Time

200 O through 200 k(1 Ranges

Within 1 second.

2 MQ and 20 MQ) Ranges

Within 5 seconds.

Maximum Safe Input Voltage

120 V rms between + and COM
inputs for an indefinite time.

220 V rms between + and COM inputs
for 1 minute or less.

Temperature Dependence

20 kQ2 through 2 MQ

250 parts/million/®C.

200 Q, 2 kQ, and 20 MO
Ranges

350 parts/million/°C.

Approximate current supplied to () Range Current
unknown resistance 200 Q) and 2 k) 1 mA
20 kQ) 100 A
200 kQ) 10 pA
2 MQ) 1 pA
20 MY 100 nA
Temperature
Range —55°C to +150°C in one range.
Accuracy (with constant Ambient Probe Tlp
temperature and infinite Temperature| Temperature | Accuracy
heat source) (°C) (°C) (°C)
Probe Calibrated to DM44 +15t0 +35| —55t0+150 12
—15t0 +55| —55t0+125 +3
—151t0 +55 |+125t0 +150 +4
Probe Not Calibrated to DM44 +15 to +35 | —55t0+150 +6
—15to +55| —55t0+150 18

1-10
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Table 1-1 (cont)

Characteristics

Performance Requirements Supplemental Information

DM44 (cont)

Time (Differential Delay)
Accuracy
+15°C to +35°C

Within 1% of reading, =1 count.

—15°C to +55°C

Within 2.5%, +1 count.

1/TIME
Accuracy
+15°C to +35°C

Within 2% of reading, +1 count.

—15°C to +55°C

Within 3.5%, +1 count.

Table 1-2
ENVIRONMENTAL CHARACTERISTICS

Characteristics Description
NOTE: All of the following tests meet the requirements of
MIL-T-28800B, Type lll Class 3, Style D equipment.
Temperature
Operating —15°C to +55°C.
Non-operating 62°C to +85°C.
Altitude
Operating To 15,000 ft.

Non-operating

To 15,000 m (50,000 ft).

Humidity (Operating and
Non-operating)

Five cycles (120 hr) referenced to MIL-T-2B800B, para 3.9.2.2.
95% to 97% relative humidity.

Vibration (Operating}

15 minutes along each of three major axes at a total displacement of 0.025
inch p-p (4 g at 55 Hz) with frequency varied from 10 Hz to 55 Hz to 10 Hz in
one minute sweeps. After sweep vibration in each axis, frequency held steady
at each major resonance for 10 minutes, or if no such resonances found, held
at 55 Hz for 10 minutes.

Shock (Operating and Non-operating

30 g, half-sine, 11-ms duration, 3 shocks per axis each direction, for a total of
18 shocks.

EMI

Meets MIL-STD-461A/462.

REV A SEP 1979

1-1


https://www.manualsplus.com/

Introduction and Specification—465B Service

Tabie 1-3
PHYSICAL CHARACTERISTICS

ManualsPlus.com

Characleristics

Description

Weight

With Panei Cover, Accessories, and Accessory Pouch

11.5 kg (25.3 Ib).

Without Panei Cover, Accessories and Accessory Pouch

10.4 kg (22.8 ib).

Domestic Shipping Weight

14.9 kg (32.7 ib).

Export Shipping Weight

Approximately 22 kg (48 1b).

Height
With Feet and Pouch

19.1 cm (7.5 in).

Without Pouch

15.7 cm (6.2 in).

Width
With Handle

32.8cm (12.9in).

Without Handie

292 cm (11.5in).

Depth

Inciuding Panel Cover

46.0 cm (18.1in).

With Handie Extended

51.6 cm (20.3 in).

112
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Section 2—465B Service

OPERATING INSTRUCTIONS

This section of the manual provides information on instrument installation and power requirements and describes
the functions of controls, connectors, and indicators. In addition, it includes procedures intended to familiarize the

operator with obtaining basic oscilloscope displays. For more complete operating information, refer to 4658/DM44
Operators Manual.

INSTALLATION

The 465B is shipped in its carton with the standar¢  Line Voltage Selection
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 Maintenance section of this manual for repackaging

information. 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.

PREPARATION FOR USE
Safety Considerations

This instrument operates from either a 115-volt or a
230-volt nominal line voltage source at 48 hertz to 440
hertz. To convert the instrument for operation from one

line voltage range to the other, move the Line Voltage
Selector switch located on the right side panel to the
position indicating the correct nominal voltage.

This instrument may be damaged if operated with
the Line Voltage Selector switch or the Regulating
Range Selector bar set for the wrong applied line
voitage or if the wrong line fuse is used.

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.

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 bar 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. Tabie 2-1

POWER CORD CONDUCTOR IDENTIFICATION

The 465B is designed to be used with a three-wire ac Conductor Color Ai:::;:: N
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 ~ Ungrounded (Line) Brown Black

{ground). Failure to complete the ground system may Grounded (Neutral) Blue White
allow the chassis of this instrument to be elevated above —

ground potential, thus posing a shock hazard. Grounding (Earthing) | Green-Yellow | Green-Yellow
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NORTH AMERICAN
120 VOLT/60 Hz
RATED 15 AMPERE
(12 AMP MAX.; NEC)

UNIVERSAL EURO
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

Figure 2-1. Commonly used power plugs.

Regulating Range Selection

The Regulating Range Selector assembly located on
the rear panel contains the Regulating Range Selector bar
and the line fuse. Verify that the selector bar is set for the
average line voltage being used and that the proper line
fuse is installed. To change the regulating range:

1. Disconnect the instrument from its power source.

2. Loosen thetwo captive screws that holdthe cover on
the selector assembly; then pullto remove the cover.

3. Pull out the selector bar (see Figure 2-2). Select a
range from Table 2-2 centered about the average
line voltage and plug the selector bar into the desired
position.

4. Insert the proper fuse (selected from Table 2-3) into
its holder.

5. Gently push the cover on and tighten the captive
SCrews.

6. Before applying power to the instrument, verify that
the Line Voltage Selector switch and the indicating
tab on the Regulating Range Selector assembly are
in their correct positions for the desired nominal line
voltage and regulating range.

Table 2-2
REGULATING RANGE

Regulating Regulating Range
Range Selector 115-Voit 230-Volt

Bar Position Nominal Nominal
Upper Holes 108 to 132 volts 216 to 250 volts
Middle Holes 104 to 126 volts | 208 to 250 volts
Lower Holes 99 to 121 volts 198 to 242 volts

MOD SLOTS
LINE

VOLTAGE

SELECTOR

SWITCH

LINE FUSE

REGULATING RANGE
SELECTOR BAR

2756-01

Figure 2-2. Regulating range selector and line fuse.

REV A JUN 1979
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Table 2-3

FUSE SELECTION

Line Voltage Seiector
Switch Position

Fuse Size

115-Volt Nominal
230-Volt Nominal

1.5 A, 3AG, Fast-blow
0.75 A, 3AG, Fast-blow

Operating Instructions—465B Service

Instrument Cooling

To maintain adequate instrument cooling, the ventila-
tion holes in the equipment cabinet must remain open, and
the air filter must be cleaned or replaced when it gets dirty.

Rackmounling

For rackmounting details refer to the rackmounting
installation instructions at the end of this section,

CONTROLS, CONNECTORS, AND INDICATORS

The major controls, connectors, and indicators for
operation of the 465B are located on the front panel of the
instrument. A few auxiliary functions are provided on the
rear panel. Figures 2-3 through 2-7 show the frontandrear
panels of the instrument with the controls, connectors,
and indicators called out. The circled numbers corres-
pond to the discussions about particular controls, con-
nectors, and indicators. If your instrument is equipped
with a DM44 Digital Multimeter, refer to either the
465B/DM44 Operators Manual or the DM44 Service
Manual for descriptions of DM44 controls, connectors,
and indicators.

VERTICAL

Refer to Figure 2-3 for location of items 1 through 11.

VOLTS/DIV Switches—Select the vertical deflection
factor for Channel 1 and Channel 2 in a 1-2-5
sequence. VAR control must be in the calibrated
detent to obtain a calibrated deflection factor.

@ VOLTS/DIV Readouts—Consist of two light emitting
diodes (LED) for each channel, located beneath the
skirt of each VOLTS/DIV knob. One LED or the other
will light to indicate the correct deflection factor.
The 10X LED is illuminated only when a 10X probe
with a scale-switching coding-ring contact is con-
nected to the input of the oscilloscope; otherwise,
the 1X LED is illuminated.

@ VAR—Provides continuously variable uncalibrated
deflection factors between the calibrated settings of
the VOLTS/DIV switches.

UNCAL Indicator—A LED that lights when the VAR
VOLTS/DIV control is out of the calibrated detent,
and the vertical deflection factor is uncalibrated.

REV A JUN 1979

POSITION Controls—Determine the vertical posi-
tion of the display on the crt. In the X-Y mode, the
Channel 2 POSITION control moves the display
vertically (Y-axis), and the Horizontal POSITION
control moves the display horizontally (X-axis).

CH 1 0R Xand CH2OR Y bnc Connectors—Provide
for application of external signals to theinputs of the
vertical amplifier. In the X-Y mode, the signal
connected to the CH 1 OR X connector provides
horizontal deflection, and the signal connected to
the CH 2 OR Y connector provides vertical deflec-
tion. These connectors each include a coding ring
that activates the scale-factor-switching circuit
whenever a 10X scale-factor-switching probe is
connected.

S AN

2757-26

Figure 2-3. Vertical controls, connectors, and indicators.
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AC-GND-DC Switch—Selects the method used to
couple a signal to the input of the vertical amplifier.

AC positlon—Signals are capacitively coupled to
the vertical amplifier. The dec component of the
input signal is blocked.

GND position—The input of the vertical amplifier
is grounded to provide a ground reference andto
allow the input coupling capacitor to precharge.

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

VERT MODE Swilches—Select mode of operation
for vertical amplifier system. When either CHOP or
ALT mode is selected, display of any combination of
CH 1, CH 2, ADD, and A TRIG VIEW (EXT ONLY) is
allowed. When all buttons are out, a single trace will
be displayed, provided that either TRIG MODE is in
AUTO or TRIG MODE isin NORM with atriggerable
signal applied to a vertical input connector. This
trace will not display intelligence and is unaffected
by position controls.

NOTE

Four display traces may simultaneously be observed
onthe 4658 crt. Each VERT MODE push button must
be depressed and released a second time to remove
the signal from the corresponding displays.

CH 1—Displays Channel 1 signals when
pushbutton is pressed in,

A TRIG VIEW—Displays the A external trigger
input signal when push button is pressed in and
when the A TRIGGER SOURCE switch is set to
EXT or EXT/10.

ADD—Displays the algebraic sum of the Channel
1 and Channel 2 input signals when ADD push
button is pressed in. The INVERT switch in
Channel 2 allows the display to be either CH 1
plus CH 2 or CH 1 minus CH 2. The ADD
capability is useful for common-mode rejection
to remove an undesired signal or dc offset.

CHOP ALT: OUT—The 4658 “chops" (switches)
between two or more of the display modes at a
500-kHz rate when CHOP ALT: OUT button is
pressed in. When released, the 465B “alternates”

24
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between two or more of the four display modes at
the end of each trace sweep. CHOP and ALT
functions are disabled if only one VERT MODE
push button (CH 1, CH 2, ADD, or A TRIG VIEW)
is selected or if the X-Y mode is selected.

CH 2—Displays Channel 2 signals when push
button is pressed in.

20 MHz BW LIMIT (FULL BW OUT) Switch—Limits
the bandwidth of the vertical amplifier to ap-
proximately 20 MHz when pressed in. Push button
must be depressed and released a second time to
regain full 100-MHz bandwidth operation.

20 MHz BW LIMIT Indicator—This LED is il-
luminated whenever the 20 MHz BW LIMIT push
button is pressed in, and bandwidth is limited to
20 MHz.

INVERT—Inverts Channel 2 display when push
button is pressed in. Push button must be depressed
and released a second time to present a noninverted
display.

DISPLAY AND CALIBRATOR
Refer to Figure 2-4 for location of items 12 through 19.

@ Internal Graticule—Eliminates parallax. Risetime

and amplitude measurement points are indicated at
the left edge of the graticule.

@ BEAM FIND Switch—Compresses the display to

within the graticule area and provides a visible
viewing intensity to aid in locating off-screen dis-
plays.

INTENSITY Control—Determines  overall

brightness of the A Sweep and B Sweep crt displays.
Interacts with B INTENSITY control on B Sweep crt
displays.

@ FOCUS Control—Adjusts for optimum display

definition.
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CALIBRATOR Loop—A combination 30-milliamp
current loop and 0.3-volt square-wave voltage out-
put (approximately 1 kilohertz) that permits the
operator to compensate voltage probes and to check

oscilloscope vertical operation. It is not intendedto
verify precise time-base calibration.

SCALE ILLUM Control—Adjusts graticuleillumina-
tion.

ASTIG Control—Screwdriver control used in con-
junction with the FOCUS control to obtain a well-
defined display. It does not require readjustment
during normal use of the instrument.

TRACE ROTATION Control—Screwdriver control
usedto aligntrace with the horizontal graticulelines.

2757-27

Figure 2-4. Display controls and calibrator.
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TRIGGER
(A and B where applicable)

Refer to Figure 2-5 for location of items 20 through 28.

TRIG MODE Switches—Three push button switches

determine the mode of trigger operation for the A
Sweep.

AUTO—Sweep is initiated by the applied trigger
signal. In the absence of an adequate trigger
signal, or if the trigger repetition rateis less than
about 20 hertz, the sweep freeruns and provides a
bright reference trace.

NORM—Sweep is initiated by the applied trigger
signal. In the absence of an adequate trigger
signal, there is no trace. When the trigger rate is
too low for AUTO, use NORM.

SINGL SWP—When this push button is pressed,
the A Sweep operates in the single-sweep mode.
After a single sweep is displayed, further sweeps
cannot be presented until the SINGL SWP push
button is again pressed. SINGL SWP is useful in
displaying and photographing either non-
repetitive signals or signals that cause unstable
conventional displays (e.g., signals that vary in
amplitude, shape, or time).

READY Indicator—LED illuminates to indicate that
A Sweep is "armed” and will present a single-sweep
display upon receipt of an adequate trigger signal.

TRIG Indicator—LED illuminates to indicate that A
Sweep is triggered and will produce astable display.
It is useful for setting up the trigger circuits when a
trigger signal is available without a display onthecrt
(for example, when using external triggers).

A TRIGGER HOLDOFF Control—Provides con-
tinuous control of time between sweeps. Allows
triggering on aperiodic signals (such as complex
digital words). In the fully clockwise position (B
ENDS A), the A Sweep is automatically terminated at
the end of the B Sweep to provide the fastest
possible sweep repetition rate for delayed-sweep
presentations and low-repetition rate signals. Inthis
position, Holdoff is approximately ten times NORM.
Use the A trigger controls for most stable triggering
before setting the A TRIGGER HOLDOFF control to
a position other than NORM.

25
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COUPLING Switch—Determines method used to
couple signals to the trigger generator circuit.

AC—Signals are capacitively coupled totheinput
of the trigger circuit. Dc is rejected, and signals
below about 30 hertz are attenuated. Triggering is
allowed only on the ac portion of the vertical
signal.

LF REJ—Signals are capacitively coupled to the
input of the trigger circuit. Dc is rejected, and
signals below about 50 kilohertz are attenuated. It
is useful for providing a stable display of the high-
frequency components of a complex waveform.

HF REJ—Signals are capacitively coupled to the
input of the trigger circuit. Dc is blocked, and
signals below about 30 hertz and above 50
kilohertz are attenuated. Itis useful for providing
a stable display of the low-frequency com-
ponents of a complex waveform.

DC—AIl frequency components of a trigger
signal are coupled to the input of the trigger
circuit. It is useful for providing a stable display of
low-frequency or low-repetition rate signals.

SLOPE Switch—Selects the slope of the signal that
triggers the sweep.

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

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

LEVEL Control—Selects the amplitude point on the
trigger signal at which the sweep is triggered. It is
usually adjusted for the desired display after trigger
SOURCE, COUPLING, and SLOPE have been
selected.

SOURCE Switch—Determines the source of the
trigger signal coupled to the input of the trigger
circuit.

NORM—Trigger source is a sample of the signal
displayed on the crt.

CH 1—A sample of the signal applied to the
Channel 1 input is used as a trigger signal.
Channel 2 signal is unstable if it is not time-
related.

CH 2—A sample of the signal applied to the
Channel 2 input is used as a trigger signal.
Channel 1 crt display is unstable if it is not time-
related.

LINE (A Trigger Circuit Only)—A sample of the
power-line sinusoidal waveform is used as a
trigger signal. It is useful when the input signal is
time-related (multiple or submuitiple) to the line
frequency or when it is desirable to provide a
stable display of a line-frequency componentina
complex waveform.

EXT—Signals connected to the External Trigger
input connectors are used for triggering. External
signals must be time-related to the displayed
signal for a stable display. it is useful when the
internal signal is either too small or contains
undesired signals that could cause unstable
triggering. It is also useful when operating in the
CHOP mode. EXT and EXT/10 trigger signals
may be viewed on the crt by selecting A TRIG
VIEW on the VERT MODE switch.

EXT/10 (A Trigger Circuit Only)—External
trigger signal is attenuated by a factor of 10.

STARTS AFTER DELAY (B Trigger Clrcuit
Only)—B Sweep starts immediately after the
delay time selected by the DELAY TIME
POSITION control and is independent of the B
Trigger signal. When making differential time
measurements, you must use this mode to obtain
valid measurements. On instruments equipped
with a DM44 you must use this mode to obtain
valid measurements when using the TIME or
1/TIME functions.

@ External Trigger Input Bnc Connectors—Connect
external trigger input signals for A TRIGGER and B
(DLY'D) TRIGGER circuits, when either EXT or
EXT/10 (A Trigger only) SOURCE is selected.

@
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Figure 2-5. Trigger controls, connectors, and indicators.

HORIZONTAL AND POWER

Refer to Figure 2-6 for location of items 29 through 40.

A AND B TIME/DIV AND DELAY TIME Switches—A

TIME/DIV (clear plastic skirt) selects the sweep rate
of the A Sweep circuit for A Sweep operation only.
Also selects the basic delay time (used in conjunc-
tion with the DELAY TIME POSITION control) for
delayed sweep operation. B TIME/DIV switch (pull
out and rotate to unlock) selects the sweep rate for
the B Sweep circuit for delayed sweep operation
only. VAR control must be in the calibrated detent
for calibrated A Sweep rates. When the A TIME/DIV
switch is rotated fully counterclockwise to the X-Y
position, the horizontal {X-axis) deflection is con-
trolled by the Channel 1 input signal.

POSITION Control—Positions the display horizon-
tally for A Sweep and B Sweep, or on the X-axis
(horizontally) in the X-Y mode. Provides both coarse
and fine control action. Reverse the direction of
rotation to actuate fine positioning action.

@
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X10 MAG Switch—When pressed in, increases dis-
played sweep rate by a factor of 10. Extends fastest
sweep rate to 2 nanoseconds/division. The
magnified sweep expands the center division of the
unmagpnified display (0.5 division either side of the
center graticule line).

VAR Conlrol—Provides continuously variable
sweep rates between the calibrated settings of the A
TIME/DIV switch. It extends the siowest A Sweep
rate to at least 1.25 seconds/division. The A Sweep
rate is calibrated when the control is set fully
clockwise to the calibrated detent. It must be in the
detent position to make accurate differential time
measurements. On instruments equipped with a
DM44, the VAR control must be in the detent
position to make accurate measurements in the
TIME and 1/TIME functions.

UNCAL Indicator—LED illuminates to indicate that
the A Sweep rate is uncalibrated (VAR control is out
of the calibrated detent).

X10 MAG Indicator—LED illuminates to indicate
that the X10 magnifier is on.

DELAY TIME POSITION Control—Selects the
amount of delay time between the start of A Sweep
and start of B Sweep. Delay timeis variable to at least
10 times the time indicated by the A TIME/DIV
switch.

POWER Switch—PULL ON turns instrument power
on; button pushed in turns power off.

POWER ON Indicator—LED illuminates when
power is applied to the instrument.

HORIZ DISPLAY Switches—Four push button
switches determine the mode of operation for the
horizontal deflection system.

A—Horizontal deflection is provided by A Sweep
at a sweep rate determined by the setting of the A
TIME/DIV switch. Only A Sweep is displayed; B
Sweep is inoperative.
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A INTEN—Displays the A Sweep at a rate deter-
mined by the A TIME/DIV switch. An intensified
portion can appear on the display during the B
Sweep time. This switch position provides an
indication of both the duration and position of the
B Sweep (delayed sweep) with respect to the A
Sweep (delaying sweep).

ALT—Alternates the displays between the A
INTEN and B DLY'D Sweeps. In ALT operation,
use TRACE SEP to vertically position B Trace;
use B INTENSITY control to adjust B Trace
intensity.

B DLY'D—Displays only the B Sweep. The B
Sweep rate is determined by the B TIME/DIV
switch, with the delay time determined by the
setting of both the A TIME/DIV switch and the
DELAY TIME POSITION control.

TRACE SEP Control—Positions the B Sweep ver-

tically when the ALT HORIZ DISPLAY mode is

selected.

B INTENSITY Control—Determines the intensity of

the B Trace (interacts with INTENSITY control).

]

X

N

N

y

2757-29
Figure 2-6. Horizontal and power connectors, controls, and
indicators.
28

REAR PANEL

Refer to Figure 2-7 for location of items 41 through 50.

A +GATE—Output bnc connector provides a
positive-going pulse coincident with the A Sweep
time.

B +GATE—Output bnc connector provides a
positive-going pulse coincident with the B Sweep
time.

CH 1 VERT SIGNAL OUT—Output bnc connector
provides a sample of the signal applied to the
Channel 1 preamplifier via the input connector.

EXT Z-AXIS—Input bnc connector permits the
application of an external signal to intensity
modulate the crt display. Does not affect display
wave-shape. Signals with fast rise time and fall time
provide the most abrupt intensity change. Signals
must be time-related to the display for a stable
presentation on the crl. The connector is useful for
adding time markers in uncalibrated modes of
operation.

Regulating Range Selector Bar—Selects the
regulating range of the 465B power supplies to
match the available power input source. It is shown
on Figure 2-2 in the Medium regulating range. See
Table 2-2 for change information.

Line Fuse Holder—Contains the line fuse and the
regulating range selector. See Table 2-3 for change
information.

Line Cord—Makes the connection between the
oscilloscope and the power source. The cord may be
conveniently stored by wrapping around the feet on
rear panel.

MOD Slots—A number in either slot indicates the
instrument contains an option or other modification.

@
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CH1 CH1

2757-30

Figure 2-7. Rear panel and left side panel controls, connectors, and indicators.

LEFT SIDE PANEL

Vertical Gain Controls (accessible through ieft side
panel)—Screwdriver adjustments to set the gain of
the vertical channels.

Variable Balance Controls (accessibie through left
side panel)—Screwdriver adjustments to set
balance of the vertical channels.

RIGHT SIDE PANEL

Line Voitage Seleclor Switch—Selects either 115
volts or 230 volts nominal line voltage. Refer to Table
2-2 for ranges and to Figure 2-2 for location of the
switch. Changethe fuse to match the range selected.

BASIC OSCILLOSCOPE DISPLAYS

The procedures in this subsection will allow you to set
up and operate your instrument to obtain the most
commonly used basic oscilloscope displays. Before
proceeding with these instructions, verify that the Line
Voltage Selector switch and the Regulating Range Selec-
tor bar are placed in the proper positions and that the

correct fuse is installed for the line voltage being used.
Refer to the preceding Preparation for Use subsection for
the information and procedures relating to line voltage,
regulating range, and fuse selection. Verify that the
POWER switch is off {(push button pressed in) before
plugging the power cord into the line voltage socket.

29
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PRESET INSTRUMENT CONTROLS

Preset the instrument controls as follows:

Vertical
VERT MODE CH1
VOLTS/DIV Proper setting determined

by amplitude of signal to
be applied

VOLTS/DIV VAR Calibrated detent

AC-GND-DC AC

POSITION Midrange

20 MHz BW LIMIT Not limited (push button

out)

INVERT Off (push button out)
Display

INTENSITY Fully counterclockwise

FOCUS Midrange

SCALE ILLUM Midrange
Horizontal

TIME/DIV Switches
A TIME/DIV VAR

Locked together at 1 ms
Calibrated detent

HORIZ DISPLAY A
X10 MAG Off (push button out)
POSITION Midrange
Trigger
(Both A and B if applicable)
SLOPE +
LEVEL 0
SOURCE NORM
COUPLING AC
TRIG MODE (A only) AUTO
HOLDOFF NORM

NORMAL SWEEP DISPLAY

1. Preset instrument controls and pull the POWER
switch (on). After allowing the instrument to warm up,
connect a signal to the CH 1 input connector.

NOTE

Instrument warmup time required to meet all
specification accuracies is 20 minutes.

2-10

2. Adjust the INTENSITY control for the desired
display brightness. If the display is not visible with the
INTENSITY controtl at midrange, press the BEAM FIND
push button and hold it in while adjusting the CH 1
VOLTS/DIV switch to reduce the vertical display size.
Center the compressed display using the vertical and
horizontal POSITION controls; release the BEAM FIND
push button. Adjust the LEVEL control if necessary.

3. SettheCH 1VOLTS/DIV switch and the vertical and
horizontal POSITION controls to locate the display within
the graticule area.

4. Adjust the A TRIGGER LEVEL control for a stable
display.

5. Set the A TIME/DIV switch for the desired number of
cycles of displayed signal; then adjust the FOCUS control
as necessary.

MAGNIFIED SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display.

2. Adjust the horizontal POSITION control to move the
area to be magnified to within the center graticule division
of the crt (0.5 division on each side of the center vertical
graticule line). Change the TIME/DIV switch setting as
desired.

3. Push the X10 MAG switch (on) and adjust the
horizontal POSITION control for precise positioning of
the magnified display. Divide the TIME/DIV setting by 10
to determine the magnified sweep rate.

DELAYED SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Display.

NOTE

Differential time measurements and measurements
using the TIME or 1/TIME functions of the DM44 are
invalid when the B TRIGGER SOURCE switch is not
set to STARTS AFTER DELAY.

2. Setthe HORIZ DISPLAY switchto A INTEN and the
B TRIGGER SOURCE switchto STARTS AFTER DELAY.
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3. Pull out on the B TIME/DIV knob and turn clockwise
from counterclockwise stop until the intensified zone is
the desired length. Adjust the INTENSITY and B INTEN-
SITY controls as needed to make the intensified zone
distinguishable from the rest of the display. If your
instrument is equipped with a DM44, select a function
other than TIME or 1/TIME for a single delayed sweep.

4. Adjustthe DELAY TIME POSITION control to move
the intensified zone to cover the portion of the display that
will be displayed in delayed form.

5. Set the HORIZ DISPLAY switch to B DLY'D. The
intensified zone adjusted in steps 3 and 4 is now displayed
in delayed form. The delayed sweep rate is indicated by
the dot on the B TIME/DIV knob.

6. Toobtain a delayed display with less jitter, set the B
TRIGGER SOURCE switch to the same position as the A
TRIGGER SOURCE switch and adjust the B TRIGGER
LEVEL control for a stable display.

ALTERNATE SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display.

2. Pull out on the B TIME/DIV knob to unlock it and
turn clockwise to the desired sweep rate.

3. Set the HORIZ DISPLAY switch to ALT. Set B
{DLY'D) TRIGGER SOURCE to STARTS AFTER DELAY.
Adjust Channel 1 POSITION and TRACE SEP as required
to display A Sweep above B Sweep. This will provide a
display that alternates between A INTEN trace (upper) and
B DLY'D trace (lower). Adjust B INTENSITY as necessary
to view the B DLY'D trace.

4. The start of B Sweep may be changed by adjusting
the DELAY TIME POSITION control.

5. Iftheinstrumentis equipped withaDM44 and atime
difference (or period) measurement is desired, select the
TIME function and adjust the A TIME control to move the
time-measurement point with respect to the reference
point.

6. The display now contains a second intensified zone
on the A INTEN trace (upper) and a second signal, which
may be partially or fully superimposed, on the B DLY'D
trace (lower).

ManualsPlus.com
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7. The DELAY TIME POSITION control will change
the position of both delayed displays (reference and time
measurement), while the A TIME control will position only
the second (measurement point) delayed display.

SINGLE SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display. For random signals, set the trigger circuit
to trigger on a signal that is approximately the same
amplitude and frequency as the random signal.

2. Press the SINGL SWP push button on the A TRIG
MODE switch. The next trigger pulse starts the sweep and
displays a single trace. If no triggers are present, the
READY indicator should illuminate, indicating that the A
Sweep Generator circuit is set and waiting for a trigger.

3. When the sweep is complete, the circuit is “locked
out”, and the READY indicator turns off.

4. Pressthe SINGL SWP push button again to prepare
the circuit for another Single Sweep Display.

X-Y DISPLAY

1. Preset instrument controls and pull the POWER
switch {on). Allow the instrument to warm up.

2. Setthe A TIME/DIV switch fully counterclockwiseto
X-Y. Apply the vertical signal to the CH 2 OR Y input
connector and the horizontal signal tothe CH 1 OR Xinput
connector.

3. Advance the INTENSITY control until the display is
visible. If the display is not visible with the INTENSITY
control at midrange, press and hold in the BEAM FIND
push button while adjusting the CH 1 and CH 2
VOLTS/DIV switches until the display is reduced in size,
both vertically and horizontally. Center the compressed
display with the POSITION controls (Channel 2
POSITION control for vertical movement, and horizontal
POSITION control for horizontal movement). Release the
BEAM FIND push button. Adjust the FOCUS control for a
well-defined display.

2-11
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RACKMOUNTING

The TEKTRONIX R465B Oscilloscope is designed to
mount in a 19-inch rack. When mounted in accordance
with the following mounting procedure, the instrument
will meet all electrical and environmental characteristics
given in Section 1 of this manual.

DIMENSIONS

Dimensional drawings of the R465B are shown in
Figures 2-8 and 2-9.

Rack Height

At least seven inches of vertical space is required to
mount this instrument in a rack.

Rack Width

Minimum width of the opening between the left and
right front rails of the rack must be 17 5/8 inches. This
allows room on each side of the instrument for the slide-
out tracks to operate freely, permitting the instrument to
move smoothly in and out of the rack.

Rack Depth

Total depth necessary to mount the R465B in a cabinet
is 18 inches. This allows room for air circulation, power
cord and signal connections and the necessary mounting
hardware.

212

SLIDE-OUT TRACKS

The slide-out tracks provided with the R465B permit it
to be extended out of the rack for maintenance or
calibration without removing theinstrument from therack.
In the fully extended position, the R465B can be tilted up
so the bottom of the instrument can be reached for
maintenance or calibration. To operate the R465B in the
extended position, be sure the power cord and any
interconnecting cables are long enough for this purpose.

The slide-out tracks consist of two assemblies—one for
the left side of the instrument and one for the right side.
Figure 2-10 shows the complete slide-out track
assemblies. The stationary section of each assembly
attaches to the front and rear rails of the rack, and the
chassis section is attached to the instrument. The in-
termediate section slides between the stationary and
chassis sections and allows the R465B to be extended out
of the rack. When the instrument is shipped, the stationary
and immediate sections of the tracks are packaged as
matched sets and should not be separated. Toidentify the
left or right assembly, note the position of the automatic
latch (see Figure 2-10). When mounted in the rack, the
automatic latch should be at the top of both assemblies.
The chassis sections are installed on the instrument at the
factory.

The hardware needed to mount the slide-out tracks is
shown in Figure 2-11. Since the hardware supplied is
intended to make the tracks compatible with a variety of
cabinet racks and installation methods, not alt of it will be
needed for this installation. Use only the hardware that is
required for the mounting method used.
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Mechanical
stop ASSEMBLY FOR RIGHT SIDE

Stop latch hole

Automatic
latch hole

Mounting flange

Automatic
latch

Stationary
section

Intermediate
section

ASSEMBLY FOR LEFT SIDE

1088-57

Figure 2-10. Slide-out lrack assemblies.

10-32 10-32
PHS FHS
screw screw
{8 eal {8 ea)
®
G &G &> === g &» & |
Rear support :
bracket ‘
2 eal '
G G &b & & & & |
f
Bar nut Tapped
{4 ea) 10-32
o\ r'\
10-32 8-32 8-32 #10 .
OHs Keps FHS Finishing Plastic
screw nut SCrew washers washers
(4 ea) (4 eal (4 eal (4 ea) 14 eal 216284

Figure 2-11. Hardware needed to mount the instrument in the cabinet rack.
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MOUNTING PROCEDURE

The following mounting procedure uses the rear sup-
port kit (see Figures 2-12 and 2-13) to meet the en-
vironmental characteristics of the instrument (shock and
vibration). Two alternative mounting methods are describ-
ed at the end of this procedure. However, when mounted
according to these alternative methods, the instrument
may not meet the given environmental characteristics for
shock and vibration.

The mounting flanges of the stationary sections may be
mounted in front of or behind the front rails of the rack
depending on the type of rack. If the front rails of the rack
are tapped for 10-32 screws, the mounting flanges are
placed in front of the rails. if the front rails of the rack are
not tapped for 10-32 screws, the mounting flanges are
placed behind the front rail and a bar nut is used. Figure
2-14 shows these methods of mounting the stationary
sections.

~“

8-32 X 1/2 inch
PHS screw
(4 ea)

L
o i
g 1089-58

Figure 2-13 Installing the support block on the instrument.

Support
block
I{mounted on
instrument)

Support
pin
(2 ea)

Neoprene
support washer
{2 ea)

10-32 X 1% inch
HHS screw
14 ea)

Spocer
(2 eal

Rear of
stationary section

10-32

4 ea)

Washer
(2 ea)

Lockwasher
(2 ea)

a-20 X 3, inch
HHS screw

/ 12 ea)

bracket
(2 ea)

Figure 2-12. Rear support kit.
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Stationary

Left from
rail of
cobinet rack

10-32
PHS
sCrew
(21

[A} Front roil topped for 10-32 screws 0755-31

Stationary

Left front & ’ holes
rail of ' ;
ol vml] < ——
10-32 10-32
FHS5*= or PHS
screw screw
(2} (2)

*Note:

Use FHS screws if front rail holes
are countersunk,

(B) Untapped front rail

Figure 2-14. Methods of mounting the stationary section lo the tront rails.

The rear of the stationary sections must be firmly
supported to provide a shock-mounted installation. This
rear support must be located 17.471 inches, £0.031 inch,
from the outside surface of the front rail when the
mounting flange is mounted outside of the rail, or 17.531
inches, £0.031 inch, from the rear surface of the front rail
when the mounting flange is mounted behind the front rail.
If the cabinet rack does not have a strong supporting
member located the correct distance from the frontrail, an
additional support must be added. The instrument will not
meet the environmental specifications unless firmly sup-

ported at this point. Figure 2-14 illustrates a typical rear
installation using the rear support kit and gives the
necessary dimensions.

Use the following procedure to install the R465B in a
rack:

1. Select the proper front-rail mounting holes for the
stationary section using the measurements shown in
Figure 2-15.

2-17
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{tapped for
10-32

screws)

~ Mounting
hoies

S

e

3 1/4 inch minimum

-

1/2 inch (for correct
position of
securing holes)

3 1/4 inch minimum

216255

Figure 2-15. Locating the mounting holes for the left stationary section. Same dimensions apply 10 right stationary section.

2a. If the mounting flanges of the stationary sections
are to be mounted in front of the front rails (rails tapped for
10-32 screws), mount each stationary section as shownin
Figure 2-16(A).

2b. If the mounting flanges of the stationary sections
are to be mounted behind the front rails (rails not tapped
for 10-32 screws), mount each stationary section as shown
in Figure 2-16(B).

3. Attach an angle bracket to both rear rails of therack
through the spacer block, stationary section and into the
rear rail of the rack. Note that the holes inthe spacer block
are not centered. Be sure to mount the block with the
narrow edge toward the front of the rack; otherwise, the

2-18

instrument may not slide all the way into the rack. Do not
tighten the mounting screws. Figure 2-12 shows the parts
in the rear support kit and the order in which they are
assembled.

4. Assemble the support pin to the angle bracketinthe
order shown in Figure 2-12. Leave the spacer (washer) off,
but install the neoprene washer.

5. Install a support block on each side of the instru-
ment as shown in Figure 2-13.
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Rails untg pped

Rails tapped for
10-32 screws

17.471 inches
+0.031 inch

17.53
+0.0

(o752 50 [l

Figure 2-16. Supporting the rear stationary sections: (A) Dimensions necessary; (B) Completed instaliation.

6. Refer to Figure 2-17 to insert the instrument in the
rack. Do not connect the power cord orinstall the securing
screws until all adjustment have been made.

7. With the instruments pushed all the way into the
rack, adjust the angle brackets so the neoprene washers
on the support pins are seated firmly against the rear of the
instrument and the support pins are correctly positioned
in the support block on the rear of the instrument. Tighten
all screws.

8. Pull the instrument partially out of the rack.

9. Remove the neoprene washers from the support
pins and place the spacers on the pins. Replace the
neoprene washers.

10. Position the instrument so the pivot screws (widest
part of the instrument) are approximately even with the
front rails.
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TO INSERT THE R465:

1.

Pull the intermediate sec-
tion (A) of each slide-oul
track out to its fully ex-
tended position.

. Insert the chassls section

(B) (on instrument) into
the intermediate seclions.

. Press both stop latches

(C) and push the instru-
ment into the rack until
the latches snap into the
stop latch holes (D).

Connect the power cord
to the power source,

Agaln press the stop
latches (D) and push the
instrument ali the way into
the rack.

. To secure the R465 to the

rack, inserl the 4 securing
screws (E), with finishing
washers and teflon
washers, through the
siots in the instrument
front panel and screw
them inlo the front rails of
the rack.

TO REMOVE THE R465:

1

2.

2-20

Remove the securing
screws and washers (E).

Pull the Instrument out-
ward until the stop latches
snap into the stop latch
holes.

. Disconnect the power

cord.

Press both stop latches
{D) and pull the instru-
ment out of the rack.

~
Oms

Figure 2-17. Procedure for inserting or removing the instrument after the slide-out tracks have been installed.
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11. Adjust the alignment of the stationary sections
according to the procedure outlined in Figure 2-18. (If the
rear alignment is changed, recheck the rear support pins
for correct alignment.)

12. After the tracks operate smoothly, connect the
power cord to the power source.

13. Push the instrument all the way into the rack and
secure it to the rack with the securing screws and washers
as shown in Figure 2-17.

NOTE

The securing screws are an important part of the
shock-mounted installation. If the front rails are not
tapped for the 10-32 securing screws, other means
must be provided for securing the instrument to the
rack.

ALTERNATIVE REAR MOUNTING
METHODS

Although the following methods provide satisfac-
tory mounting under normal conditions, they do not
provide solid support at the rear of the instrument. If
the instrument is subjected to severe shock or
vibration when mounted using the following
methods, it may be damaged.

Operating Instructions—465B Service

An alternative method of supporting the rear of the
instrument is shown in Figure 2-19. The rear support
brackets supplied with the instrument allow it to be
mounted in a rack which has a spacing between the front
and rear rails of 11 to 24 inches. Figure 2-19(A) illustrates
the mounting method if the rear rails are tapped for 10-32
screws, and Figure 2-19(B) illustrates the mounting
method if the rear rails are not tapped for 10-32 screws.
The rear support kit is not used for this installation.

If the rack does not have a rear rail, or if the distance
between the front and rear railsistoolarge, theinstrument
may be mounted without the use of the slide-out tracks.
Fasten the instrument to the front rails of the rack withthe
securing screws and washers. This mounting method
should be used only if the instrument will not be subjected
to shock or vibration and if it is installed in a stationary
location.

REMOVING OR INSTALLING THE
INSTRUMENT

After initial installation and adjustment of the slide-out
tracks, the R465B can be removed or installed by following
the instructions given in Figure 2-17. No further ad-
justments are required under normal conditions.

SLIDE-OUT TRACK LUBRICATION

The slide-out tracks normally require no lubrication.
The special finish on the sliding surfaces provides perma-
nent lubrication. However, if the tracks do not slide
smoothly even after proper adjustment, a thin coating of
paraffin rubbed onto the sliding surfaces may improve
operation.

TO ADJUST ALIGNMENT:

1. Position the Instrument with the pivot screws
approximately even with the front rails.

2. Loosen the mounling screws at the front of both
stalionary sections (left side shown).

3. Aliow the tracks o seek their normal poslitions
with the instrument centered in the rack.

4. Tighten the mounting screws.

5. Push the instrument all the way inlo the rack. If
tracks do not slide smoothly, check for correct
spacing between the rear supports.

6. Check the vertical positioning of the R465 front
panel with respect 1o adjacent Instrumenis or
panels. If nol correct, repositlon as necessary.

TOK HALK Canl
-

Figure 2-18. Alignment adjustmenl for correct operation.
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DEEP RACK CONFIGURATION:

Left rear
rail of oo F
cabinet :

ofl - 8-32
FHS
screw

(2 ea)
OB ‘

Stationary
section of
slideout
track

SHALLOW RACK CONFIGURATION:

Left rear
rail of
cabinet

rack

'3} Stationary
£ section of
3 slideout
3 track

IA| Reor rail tapped for 10-32 screws

DEEP RACK CONFIGURATION:

SHALLOW RACK CONFIGURATION:

Left rear
rail of
cabinet

rack

(B} Untapped reor rail

8-32
FHS
screw

(2 eal
.'Lll\l\\\ll't\‘l\\‘.“

Stationary
section of
slideout
track

8-32
FHS
screw

Stationary
section of
slideout
track

0755-32

Figure 2-19. Alternative method of installing the instrument using rear support brackets.
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Section 3—465B Service

THEORY OF OPERATION

INTRODUCTION

SECTION ORGANIZATION

This section of the manual contains a functional
description of the circuitry used in the 465B Oscilloscope.
It begins with a general summary of the instrument, using
the basic block diagram shown in Figure 3-1. As an
additional reference, a comprehensive overall block
diagram is provided in the tabbed Diagrams section at the
back of this manual.

Each major circuit is explained in detail, using ad-
ditional functional block diagrams to show the inter-
connections between parts comprising the circuit, to

interrelationships with front panel controls. Schematic
diagrams also are provided in the Diagrams section of the
manual and are keyed to their respective circuit descrip-
tions by numbered diamond symbols. For optimum un-
derstanding of the circuit being described, you should
refer to both the appropriate schematic diagram and
functional block diagram.

INTEGRATED CIRCUIT DESCRIPTIONS

Digital Logic Conventions

Digital logic techniques are used to perform many
functions within this instrument. Function and operation

indicate circuit components, and to identify of the logic circuits are represented by logic symbology
o =
SIGNAL OUT ern v ouTPUT
PREAMPL i A
o— P . En
LOGIC L
en 2 & &
PRE AMPL,
io @ CHOP BLANKING
ALT S¥YNC
X AXIS SIGNAL
CRT
CALIBRATOR Tricoen
VIEW
AMPL
IEXTERMNAL)
et el
1 GENERATOR @
5 476 ®
GENERATOR .-
LINE SWEEP
ExTERNAL BT CONTROL HORIZONTAL
"inPuT ZAXIS | ] LOGIC _\ i
LOGIC 0 !
T R IO ®
B B SWEEP
TRIGCER E @ || ceneraTOR
- &
2.AXIS CRT —
SWEEP UNBLANKING ANTL oS -
FAN Low
MOTOR VOLTAGE 10 @ @
clRCUIT POWER SUPPLY [ =  aLL

BLOCKS

EXT 2-AXIS ©
INPUT

2757-01

@

Figure 3-1. Basic block diagram of the 465B Oscilloscope.
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and terminclogy. All logic functions are described using
the positive logic convention. Positivelogic is a system of
notation whereby the more positive of two levels is the
true, or 1 state; the more negative level is the false, or 0
state. In the logic descriptionthe true stateisreferredtoas
Hl, and the false state is referred to as LO. The specific
voltages which constitute a Hl or a LO state vary between
specific devices.

Linear Devices

The tunctioning of individual linear integrated circuit
devices is described in this section using waveforms or
other techniques to illustrate their operation.

GENERAL DESCRIPTION

The following discussion provides an overall functional
description of the 465B Oscilloscope. Refer to the basic
block diagram, Figure 3-1, and to the detailed block
diagram located in the Diagrams section of this manual.
Each major block in these diagrams represent a major
circuit within the instrument. The numbered diamond
symbol on each block refers to the appropriate schematic
diagram also located in the Diagrams section.

Signals to be displayed on the crt are applied to the
CH 1 OR X input connector or the CH 2 OR Y input
connector. These input signals then are amplified by the
Preamplifiers. Each channel includes separate vertical
deflection factor, input coupling, balance, gain, and
variable attenuation switches or controls. Atrigger pickoff
stage in each Vertical Preamplifier supplies a sample of
that channel's signal to the Trigger Generator circuit. A
sample of the Channel 1 signal is also suppliedtothe CH 1
VERT SIGNAL OUT connector on the instrument rear
panel.

In the X-Y mode of operation the Channel 1 signal is
connected to the input of the Horizontal Amplifier circuit
to provide the X-axis deflection. The Channel 2 signal is
amplified by the Vertical Output Amplifier circuit to
provide the Y-Axis deflection. The Channel 2 Vertical
Preamplifier circuit contains an invert feature to allow the
operator to invert the Channel 2 signal displayed on the
crt.

The outputs of both Vertical Preamplifier circuits and
the output of the A Trigger View Amplifier circuit are
connected to the Vertical Switching circuit. The Vertical
Mode Switch circuit uses the inputs from the VERT MODE
switches and the X-Y position of the A TIME/DIV switch to
set the Vertical Switching circuit into the chosen Vertical
Mode of operation. The Vertical Switching circuit then will
select the input(s) to be displayed on the crt.

The Chopped Blanking signal, used to blank the
switching transients between channels when the chopped
mode of operation is selected, is produced in the Vertical
Switching circuit and fed to the Z-Axis Amplifier circuit. A

3-2

Normal Trigger pickoff stage at the output of the Vertical
Switching circuit provides a sample of the displayed
signal(s) to the Trigger Generator circuits.

The output of the Vertical Switching circuit is con-
nected to the Vertical Cutput Amplifier through the Delay
Line. The Vertical Output Amplifier circuit provides final
amplification of the signal before it is connected to the
vertical deflection plates of the crt. This circuit includes
part of the BEAM FINDER switch, which, when activiated,
limits vertical deflection to withinthe graticule area sothat
location of otf-screen displays is facilitated.

The A and B Trigger Generator circuits each create an
output pulse which initiates the sweep produced by either
the A or B Sweep Generator circuits. The input signal to
the A and B Trigger Generator circuits can be individually
selected from any of the following sources: Channel 1
signal, Channel 2 signal, signal(s) displayed on the crt
(Normal), signal(s) connected to the External Trigger
Input connectors. or a line voltage sample (A Trigger
only). Each trigger circuit contains level, slope, coupling,
and source controls. The A External Trigger input is also
fed to the A Trigger View Amplifier where it is amplified
and made available to the Vertical Switching circuit for
selection to be viewed on the crt.

The A Sweep Generator circuit, when activated by the A
Trigger Generator circuit, produces a linear sawtooth
output signal, the slope of which is controlled by the A
TIME/DIV switch. The TRIG MODE switches control the
operating mode of the A Trigger Generator circuit. When
AUTO is selected, the absence of an adequate trigger
signal for about 100 milliseconds after the end of holdoff
causes an A Sweep start gate to be generated. When
NORM is selected, a horizontal sweep is presented only
when triggered by an adequate trigger signal. Pushing the
SINGL SWP push button sets the Sweep Logic to initiate
one sweep after a trigger pulse is received.

The Z-Axis logic circuit produces a gate signal to
unblank the crt so that the display can be presented. This
gate signal is coincident with the sawtooth produced by
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the A Sweep Generator circuit. The A gatesignal, whichis
also coincident with the sawtooth, is available at the A
+GATE connector on the instrument rear panel. The
Sweep Control Logic circuit also produces a Horizontal
Alternate Sync pulse. This pulse is fed to the Horizontal
Display Logic circuit to switch the display between A
Intensified and B Delayed sweeps when the ALT Horizon-
tal Display mode is selected.

The B Sweep Generator circuit is basically the same as
the A Sweep Generator circuit. However, this circuit only
produces a sawtooth output signal when a delay time
period, determined by the DELAY TIME POSITION dial
has lapsed, or when a trigger pulse is received from the B
Trigger Generator circuit. If the B TRIGGER SOURCE
switchis settothe STARTS AFTER DELAY position, the B
Sweep Generator begins to produce the sweep im-
mediately following the selected delay time. If the
SOURCE switch is in one of the remaining positions, the B
Sweep Generator circuit does not produce asweep until it
receives a trigger pulse from the B Trigger Generator
circuit.

The output of either the A or B Sweep Generator is
amplified by the Horizontal Amplifier circuit to produce
horizontal deflection for the crt, except when the A
TIME/DIV switch is in the fully counterclockwise (X-Y)
position. The Horizontal Amplifier circuit contains a X10
magnifier that may be selected to increase the sweep rate
10 times in any A or B TIME/DIV switch position. Other
deflection signals may be connected to the Horizontal
Amplifier by using the X-Y mode of operation. When the
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TIME/DIV switch is set to X-Y, the X signal is connected to
the Horizontal Amplifier circuit through the Channel 1
Vertical Preamplifier circuit.

The Z-Axis Ampilifier circuit determines the crtintensity
and blanking. The Z-Axis Amplifier circuit sums the
current inputs from the INTENSITY control, Vertical
Switching circuit (chopped blanking), Z-Axis Logic circuit
(unblanking), and the EXT Z-AXIS Input connector. The
output level of the Z-Axis Amplifier circuit controls the
trace intensity through the CRT circuit. The CRT circuit
provides the voltages and contains the controls necessary
for operation of the cathode-ray tube.

The Power Supply circuit provides the low voltage
power necessary for operation of the 465B. Low voltage
power is distributed to all circuits in the instrument.

The Calibrator circuit produces a square-wave output
(with both accurate voltage and current amplitudes) that is
useful for both checking the calibration of the instrument
and compensating probes. The CALIBRATOR current
loop provides an accurate current source for calibration of
current-measuring probe systems.
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DETAILED DESCRIPTION

CHANNEL 1 PREAMP @

Introduction

The Channel 1 Preamplifier circuit, shown in Figure 3-
2, provides control of input coupling, vertical deflection
factor, gain and dc balance. Input signals for vertical
defiection on the crt are connectedtothe CH 1 OR Xinput
connector. When the TIME/DIV switch is set to the X-Y
mode, theinputsignal appliedtothe CH 1 OR X connector
provides the horizontal (X-axis) deflection.

Input Coupling

Signals applied to the input connector can be either ac-
coupled or dc-coupled or, they can be internally dis-
connected from the input to the Vertical Input Amplifier
stages. When Input Coupling switch S30A is set for dc
coupling, the input signal is coupled directly to the Input
Attenuator stage. When ac coupled, the input signal
passes through capacitor C13012 which prevents the dc
component of the input signal from passing to the

2ND AMPLIFIER
STAGE & TRIGGER
PICKOFF
Q1155, Q1355
1150, Q1045
01240, Q1038
01346, Q1384 CH1
Q1145
e | POSITION
S30A Q1062
INPUT ~
+COUPLING~ rd
\ SWITCH | %‘--
1 R3014 L
1 AA
T wW— r—-{ voLTs/Div
: ! ;
1 | INPUT
] ! SOURCE
i FOLLOWER 7
CH10R X ' INPUT | Q12978 [
R13010 : ATTEN /
@ G 100, VERTICAL
a4 SWITCHING
€13010 R3015 e
CH1
VERT
VARIABLE SIG
BALANCE 1484 ouT
VERT SIG
EMITTER
FIRST AMPLIFIER FOLLOWER
STAGE Q1028
Q1175, Q1375
U1290
HORIZ
TRIGGER SIGNAL
SIGNAL EMITTER
EMITTER FOLLOWER
FOLLOWER Q1004
Q1125
TO HORIZ
AMPL
TO
TRIGGER
- GENERATORS
Figure 3-2. Detailed block diagram of the Channel 1 Preamplifier circuit.
34 @
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amplifier. In the GND position of S30A, the signal path is
opened and the input of the amplifier is connected to
ground through R3015. This provides a ground reference
without the need to disconnect the applied signal from the
input connector. Resistor R3014 is a high resistance
connected across Input Coupling switch S30A, which
allows C13012 to be precharged whenthe switchisinthe
GND position. Therefore the trace remains within the
viewing area of the crt when the switchis placed inthe AC
position.

Input Attenuator

The effective overall deflection factor of each vertical
channel of the 465B is determined by the setting of the
Channel VOLTS/DIV switch. The basic deflection factor of
the Vertical Defiection System is 5 millivolts/division of crt
deflection. To achieve the deflection factor values marked
onthe front panel, precision attenuators are switchedinto
the input to the Vertical Preamplifier circuit.

For VOLTS/DIV switch positions above 5 millivolts,
frequency compensated-voltage dividers (attenuators)
are switched into the circuit to produce the vertical
deflection factors indicated on the front panel. Each
channel has a 2X, 4X, 10X and 100X attenuator which may
be selected in various combinations. A constant attenua-
tion is provided at all frequencies within the bandwidth
range of the instrument. The Input Attenuators are
designed to maintain the same input characteristics (1
megohm and approximately 20 picofarads) for each
setting of the VOLTS/DIV switch. Each attenuator con-
tains an adjustable series capacitor to provide correct
attenuation at high frequencies and an adjustable shunt
capacitor to provide correct input capacitance.

NOTE

Each attenuator is a hybrid encapsulated plug-in
assembly; therefore, replacement of individual com-
ponents within the attenuator is not possible. Should
defects occur, the attenuator must be replaced as a
unit.

Source Follower

The Channel 1 signal from the input attenuator is
connected to Source Follower Q1297A through R3042,
C3042, and R3045. Resistor R3039 provides the input
resistance and resistor R3045 functions as a damping
resistor. Q1297B is a constant current source for Q1297A.
Q1297A and B provide a high input impedance for the
attenuators and the current drive needed for the First
Amplifier.
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Inthe event that excessively high-amplitude signals are
applied to Source Follower Q1297A, the signal will be
limited by CR1298 and the gate-source junction of
Q1297A. If the negative signal amplitude causes CR1298
to become forward biased, Q1297A gate is clamped to
approximately —87 volts. Excessive positive signal
amplitude will forward bias the gate-source junction of
Q1297A. As soon as gate current flows, the gate voltage
will cease increasing. Gate currentislimited to a safe value
by the high resistance of R3042.

First Amplifier

The First Amplifier stage is an integrated emitter-
coupled, push-pull, cascode amplifier U12980. The input
signal on pins 13 and 16 is converted from a single-ended
signal to a push-pull signal by a paraphase amplifier and
then is fed to the common base output stage to produce
the current drive to Q1175 and Q1375. The CH 1 VAR
VOLTS/DIV control, which is connected to pin 11 of
U1290, varies the gain of the First Cascode Amplifier
stage. This control provides variable vertical deflection at
each position of the VOLTS/DIV switch. With the VAR
control in its calibrated detent (wiper at ground), the Aand
D output transistors of U1290 are conducting. The Band C
output transistors are biased off. Thus, the signal current
available to the following amplifier stage is the collector
current flowing in output transistors A and D.

When the VAR control is rotated out of its calibrated
detent, the B and C output transistors of U1290 begin to
conduct by an amount determined by the position of the
VAR control. This causes two events to occur:

1. The signal current flowing in the A and D output
transistor is reduced by the amount of signal current
flowing in the B and C output transistors.

2. Output transistors A and C and output transistors B
and D conduct current of opposite polarity. The output of
transistor C is added to the output of transistor Ato reduce
the signal current available at pins 5 and 6, and the output
current of transistor B is added to the output current of
transistor D to reduce the signal current available at pins 8
and 9.

The component values selected for the variable func-
tion provide a variable attenuation ratio of approximately
2.5to 1. Channel 1 Variable Balance adjustment R1484is
adjusted so that no trace shift in the display occurs when
rotating the VAR control. When the Channel 1 VAR
controlis out of its calibrated detent the Channel 1 UNCAL
LED is illuminated. The components connected between
pins 2 and 3 of U1290 provide frequency compensation for
the stage.
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Q1175 and Q1375 are common-base amplifiers that
convert the output current signals from U1290into voltage
signals to be amplified in the Second Amplifier circuit.
Gain adjust R1482 allows setting of the overall gain of the
Channel 1 Vertical Preamplifier by adjusting the signal
voltage to the bases of Q1155 and Q1355.

Second Amplifier

Q1155 and Q1355, in conjunction with Q1344 and
Q1346 in the Vertical Switching circuit, form a push-pull
cascode amplifier. CR1263, CR1264, and RT1267 provide
temperature compensation for the high-frequency gain
amplifier to ensure constant gain in the presence of
varying ambient temperature. As temperature increases,
the resistance value of RT1267 decreases, and thereverse
bias on both CR1263 and CR1264 decreases. CR1263 and
CR1264 are voltage-variable capacitors whose capac-
itance increases as reverse bias decreases. The increase
in capacity at higher temperatures provides additional
high-frequency peaking to counteract the effects of
increased temperature on the amplifier's gain.

The push-pull signals at the emitters of Q1155 and
Q1355 are converted to a single-ended signal by Q1150,
Q1250, Q1045, and Q1145. The current signal from Q1145
is converted to a voltage signal by common-base amplifier
stage Q1038 and applied tothe bases of Q1125 and Q1028.
Q1028 provides the output signal to the CH 1 VERT
SIGNAL OUT output connector located ontheinstrument
rear panel. CR1014, CR1024, CR1023, and CR1013 protect
the emitter circuit of Q1028 in the event large signal levels
are accidentally connected to the CH 1 VERT SIGNAL
OUT connector. The output signal at the emitter of Q1125
is used as the trigger signal source inthe CH 1 positions of
the Trigger SOURCE switches and as the signal source for
emitter follower Q1004. R1126 adjusts the dc level of the
CH 1 trigger source signal. When in the X-Y mode, Q1004
provides the X-axis signal from the Channel 1 Preamplifier
to the Horizontal Amplifier.

R1055 is the Channel 1 Vertical POSITION control.
When set toits mid-position, the constant current supplied
by Q1062 flows equally through each side of R1055 into
the collectors of Q1155 and Q1355. As the POSITION
control is rotated off its mid-point, one side of the amplifier
receives more current while the other side of the amplifier
receives less current. This proportionally changes the
amount of current flowing into the Delay Line Drivers,
therefore causing the trace to be positioned vertically on
the crt. The mid-range operating point of the POSITION
control is set by adjusting R1135.

CHANNEL 2 PREAMP @

Introduction

The Channel 2 Preamplifier circuit is virtually the same
as the Channel 1 Preamplifier circuit. The only differences
between the two circuits are described in this part. Input
signals for vertical deflection on the crt are connected to
the CH 2 OR Y input connector. When the TIME/DIV
switch is set to the X-Y mode, the Channel 2 input signal
provides the vertical (Y-axis) deflection.

First Amplifier

Basically, the First Amplifier stage in Channel 2
operates the same as the First Amplifier stage in Channel
1. However, the Channel 2 circuit also contains the
INVERT switching function. This allows the Channel 2 crt
display to be inverted. When pushedin, the INVERT switch
changes the biasing on the output transistors of U1790 so
that the normally inactive transistors (B and C) now carry
the signal. Since their outputs are cross-coupled from side
to side, the output signal is of opposite polarity from the
signal available when the INVERT switch is in the normal
(button out) position. Channel 2 Invert Balance poten-
tiometer R1975 allows the dc balance of the stage to be
adjusted to eliminate baseline shift in the display when
switching from a normal to an inverted display.

VERTICAL SWITCHING LOGIC @

Introduction

The Vertical Switching Logic (Figure 3-3) determines
he input signal or combination of input signals to be
sonnected to the Vertical Output Amplifier. Possibleinput
signal combinations that may be displayed are selected by
a read-only memory (ROM) integrated circuit that is
controlled by the VERT MODE switches and the X-Y
position of the TIME/DIV switch.

Diode Gates

The Channel 1, Channel 2, and Trigger View Diode
Gates, consisting of four diodes each, act as switches that
are controlled by the Vertical Switching Logic circuit.
Outputs Qu, Qu, and Q; of U1705 (pins 2, 7, and 10) control
the switching transistors that switch the Diode Gates on or
off. These output signals also arefedintothe A, A:, and Az
inputs of ROM U 1605 (pins 5, 6, and 7), toindicate the state
of the switches. {Refer to the Maintenance section of this
manual for a Logic Table of the ROM functions.) A LO
indicates that a particular switchis on, and a Hl indicatesiit
is off. The ROM is programmed to use the state indicators
from U1705 and the selected VERT MODE inputsto U1605
As through A, (pins 4, 3, 2, 1, and 15) to turn onthe correct
Diode Gates for obtaining the selected signal, or combina-
tion of signals, to be displayed.
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Figure 3-3. Detailed block diagram of the Vertical Switching Logic circuit.
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CHANNEL 1 DISPLAY ONLY. When the CH 1 VERT
MODE push button is pressed, a Hl is applied to the A,
input of U1605. The As, As, and Asinputs will be LO and the
A; input (controlled by the X-Y position of the A TIME/DIV
switch) will be HI. This combination of inputs is decoded
to switch transistor Q1619 on, which turns onthe Channel
1 Diode Gate. The O, output of U1605 will be LO, the O,
and O; outputs will be HI. The O, output, which controls
the CHOP oscillator, will be low. A LO will disable the
CHOP clock and U1705 will remain in a state that allows
the Diode Gates to pass only the Channe! 1input signal to
the Delay Line Driver.

With Channel 1 only selected, the Qo output of U1705
will be LO. The LO will turn on transistor Q1619 and the
junction of CR1447 and CR1443 will be returned to the
+5-valt supply through R1625 and Q1619. This raises the
junction voltage to reverse bias CR1447 and CR1443.
Then CR1445 and CR1441 are forward biased and the
Channel 1 input signal passes through CR1441 and
CR1445 to the Delay-Line Driver.

CR1432 and CR1434 in the Trigger View Diode Gate
and CR1547 and CR1543 in the Channel 2 Vertical Signal
Diode Gate remain forward biased through the pull-down
resistors to the —8 volt power supply. Trigger View signals
and the Channel 2 input signals are shunted to the —8 volt
supply and are blocked from the Delay Line Driver
because CR1438 and CR1436 in the Trigger View Diode
Gate and CR1545 and CR1541 in the Channel 2 Vertical
Signal Diode Gate are reverse biased.

CHANNEL 2DISPLAY ONLY. WhenCH 2 VERT MODE
is selected, Q1719 turns on; Q1619 and Q1617 remain off.
The center diodes of the Channel 1 Diode Gate and the
center diodes of the Trigger View Diode Gate are forward
biased, and the center diodes of the Channel 2 Diode Gate
are reverse biased. Trigger view and Channel 1signalsare
blocked from the Delay Line Driver, and the Channel 2
input signal is connected to the Delay Line Driver.

A TRIGGER VIEW (EXT ONLY). When A TRIG VIEW is
selected, the Channel 1 and Channel 2 Diode Gates are
biased off, and the Trigger View Diode Gateis biased onto
allow the External Trigger signal to be connected to the
Delay Line Driver. In all single input selections (CH 1 only,
CH 2 only, or A TRIG VIEW only) the clock is disabled and
U1705 remains in a state to select only the single input
chosen to be displayed.

ADD VERTICAL MODE. U1605 is programmed to turn
on transistor Q1619 (CH 1) and Q1719 (CH 2). The logic
from U1705 will turn on Q1636 (ADD) at the same time, if
ADD VERT MODE is selected. It is not necessary to select
Channel 1 or Channel 2 to obtain the ADD display. With
ADD selected, the Qy and Q, outputs of U1705 will be LO,
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and the Qo and Q, outputs will be HI. This will cause both
Channel 1 and Channel 2 Diode Gates to be on. With Qp
and Q, HI, U1805D will be enabled to turn on Q1636. The
junction of R1532 and R1534 will have —8 volts applied to
provide sufficient additional current to keep both Diode
Gates turned on without altering the dc levels associated
with the Delay Line Driver. By selecting additional VERT
MODEs, it is possible to view the Channel 1 input, the
Channel 2 input, the A External Trigger input, and ADD
MODE onthecrt during one display cycle on four separate
traces.

X-Y MODE. When the A TIME/DIV switchissetto X-Y, a
LOis applied to pin 15 of U1605. The ROM is programmed
to produce outputs that turn on Channel 2 switching
transistor Q1719 and disable the CHOP clock. This action
causes the Channel 2 input to be connected to the Delay
Line Driver for the Y-axis signal. It is not necessary to
select Channel 2 VERT MODE, since the ROM will not
respond to any otherinput while the X-Y modeis selected.

Chop Clock and Alternate Loglc

U1905B, U1805A, R1804, R1903, and C1804 make up
the Chop Clock Oscillator circuit. When the O, output of
U1605 is HI and the CHOP MODE is selected, a Hl is
present on pin 5 of U19058. U1805A will alternately put a
Hl and then a LO on pin 4 of U1905B. Assume an initial LO
on pin 4 of U1805B. U1905B is a NAND gate, soits output
will be HI. C1804 charges toward a HI and as soon as its
charge reaches the threshold level of U1805A, U1805A will
switch to a Hl output. The HI output of U1805A pin 3 will
assert a Hl on U19058 pin 4. This HI is NANDed with the HI
already present on pin 5 of U1805B to produce a LO at pin
6 of U1905B. Now C1804 has to dischargetowardaLO. As
soon as the charge on C1804 reaches the LO threshold of
U1805B, U1805B will switch to a LO output and the cycle
will repeat. The Chop Clock oscillator frequency is
approximately 1 megahertz and depends on the RC-time
constant of R1903 and C1804, as well as the threshold level
of U18B05A (see Figure 3-4).

When CHOP is selected, pin 2 of U1905A will be LO. Pin
3 of U1805A will be HI which enables U1805C to pass the
CHOP clock oscillator frequency to pin 9 of U1705. U1705
changes state for every positive transition of the clock

+35Vv

Vv

-2V

2757-13

Figure 3-4. Switching waveform at the junction of R1903 and
R1904.

REV B SEP 1979


https://www.manualsplus.com/

oscillator (once each cycle) effectively performing a
divide-by-two. Therefore, the CHOP frequency is ap-
proximately 500 kilohertz. The CHOP clock oscillator will
not be enabled unless more than one input is selected. As
stated previously, a single-input VERT MODE selection
will cause U1705 to remain in a state that will allow only the
selected input to be passed on to the Delay Line Driver.

If multiple inputs are selected for display, U1705 will be
clocked to select the appropriate inputs programmed for
display. Transistors Q1619, Q1719, Q1617, and Q1636 (if
ADD is selected) are being switched at the Chop clock
frequency (CHOP Mode). As the displays are being
incremented, the Qo, Q,, and Q; outputs of U1705 are
being used as state indicatorstothe A, Ay, and Az inputs of
ROM U1605 to indicate the next input to be selected for
display. The order of priority of the switching is: CH 1,
CH 2, ADD, then TRIG VIEW.

ALTERNATE TRACE SYNC. With ALT Vertical Mode
selected, a HI will be present at U1905D pin 12. If more
than a single-input display is selected, a HI will also be
present at pin 13. The CHOP clock will then be disabled.
U1905A wil! be enabled to pass the Alternate Trace Sync
pulse to U1805C pin 9, and U1805C will be enabled to pass
the pulse to U1705 pin 9 (clock input). U1705 will now be
switching between selected inputs at a rate determined by
the Alternate Trace Sync pulse from the Horizontal
Display Logic circuit.

If asingleinputis selected for display, U1805B pin 5 will
be LO and the Chop clock will remain disabled. The
Alternate Trace Sync pulse will be present at U1705 pin 9,
but with only one input selected by the VERT MODE
switches, U1705 will not change state and the switching
transistor for the selected input to be displayed will remain
on.

When Alternate Horizontal Display is chosen, the
Alternate Trace Sync input becomes a square wave with a

A HORIZ
DISPLAY

ALT HORIZ
DISPLAY

CLOCKS ON
HI TRANSITION

2757-14A

Figure 3-5. Vertical Alt Sync Pulse at U1705 pin 9.
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period equal to twice the time between Alternate Trace
Sync pulses. This will allow the display of the A sweep and
the B sweep before switching to the next vertical input
signal to be displayed (see Figure 3-5).

Chopped Blanking Amplifier

When CHOP Mode is selected, a LO on U1905D pin 12
holds U1905D pin 11 HI. This H! enables U1905C to pass
the Chop pulse to C1813. C1813 and R1916 differentiate
the Chop pulse to produce positive and negative spikes
having sufficiently fast rise times necessary for the
Chopped Blanking. CR1918 limits the positive spike and
R1815 limits the base current of Q1812. The positive
portion of the waveform reverse biases Q1812, but when
the waveform switches from the positive portion to the
negative portion, Q1812is driven rapidly into conduction.
The blanking time is determined by the charging time of
C1813 through R1916 and R1815. The positive-going
output pulse, which is coincident with trace switching, is
connected to the Z-Axis Amplifier circuit through R1914.

Delay-Line Driver

The output from the Diode Gatesis appliedtothe Delay
Line Driver composed of Q1426 and Q1428. Transistors
Q1426 and Q1428 are connected as feedback amplifiers,
with R1328 and R1522 providing feedback from the
collector to the base of their respective transistors. A
sample of the signal in the collector circuit of R1426 is
used for triggering in the Normal mode of trigger opera-
tion. Bandwidth Limit switch S1414 connects a pi filter
{composed of C1306, C1405, L1412, and L1512) between
the output signal lines of the Delay Line Driver to reduce
the upper —3 decibel bandwidth limit of the Vertical
Amplifier system to approximately 20 megahertz.
Resistors R1314 and R1514 provide reverse termination
for any reflections in the delay line.

Normal Trigger Pickoff Amplifier

The trigger signal for Normal trigger operation is
obtained from the collector of Q1426. Normal Trigger DC
Balance Adjustment R1202 sets the dc level of the normal
trigger output signal suchthatthe sweepistriggered at the
zero level of the displayed signal whenever the trigger
LEVEL control is set to zero. Q1215 and Q1118 are
connected as a feedback amplifier, with the signal applied
to the base of Q1215 and the feedback connected between
the output and emitter of Q1215 through R1108.

VERTICAL MODE SWITCH @

Introduction

The Vertical Mode Switch circuit produces the logic
necessary for placing the Vertical Switching Logic circuit
into the correct state for the Vertical Mode selected. The
Scale-Factor Switching circuit selects the correct scale-
factor LED to be illuminated with each Vertical Mode
selection.
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Exclusive-NOR Switching Circuit

The Exclusive-NOR_Switching circuits produce a LO
pulse on the ALT/CHOP select line whenever a VERT
MODE push buttonis either pressed or released. While the
ALT Vertical Mode is selected, the LO pulse will enable the
Chop oscillator, momentarily producing clock pulses
which enable the Vertical Switching Logic circuit to select
the correct Vertical Mode for the next display.

Assume that the CH 1 VERT MODE push button has
been pressed. The condition of Exclusive-NOR circuit
US5235D is as follows: A Hi is on pins 12 and 13 of U5235D,
and aHlis present at output pin 11; C5135 has chargedto a
Hl level through R5135. When the push buttonis released,
a LO is immediately applied to pin 12, but C5135 is still
charged to a Hl level, so the HI remains on pin 13. These
input conditions to the Exclusive-NOR circuit will produce
a LO at output pin 11 to enable the Chop oscillator. Then
C5135 discharges toward a LO level through R5135, and
when the LO threshold voltage is reached, both inputs to
the Exclusive-NOR circuit will be LO. The output of
U5235D will switch back to HI, turning off the Chop
oscillator.

When the X-Y Horizontal Display is selected, —8voltsis
applied through R5212 to the XY select input of the
Vertical Switching Logic circuit (placingitinthe X-Y Mode
of operation) and through the series combination of R5211
and R5214 to the ALT/CHOP select to enable the Chop
oscillator if the Alternate Vertical Mode is selected.

Scale-Factor Switching Circuit

The vertical deflection factor for each channel is
indicated by back-lighting the appropriate figures im-
printed on the flange of each VOLTS/DIV knob. Because
the operation of the Channel 1 and Channel 2 Scale-
Factor Switching circuits are similar, only the circuit
action of the Channel 1 Scale-Factor Switching circuits is
described.

When CH 1 or ADD Vertical Mode is selected, or when
X-Y Horizontal Display Mode is selected, —8 volts is
applied to the Q5017 base biasing voltage divider network
composed of R5114 and R5015. The base of Q5017 will be
biased negative, saturating Q5017. When Q5017 is
saturated, the X10 and X1 scale-factor LED DS9040 and
DS8060 will have a return path to ground through the
transistor and are enabled. (10X LED or 1X LED is lighted
depending on the type of probe or cable attached to the
CH 1 OR X input connector.)

The X-Y position of A TIME/DIV switch S6111 puts
—8 volts on both Channel 1 and Channel 2 scale-factor
LED-enabling transistors Q5017 and Q5241 through
blocking diodes CR5115 and CR5116. This allows the
appropriate scale-factor LED to be illuminated on both
CH 1 and CH 2 (10X or 1X).

With either a coaxial cable or 1X probe attached to the
CH 1 OR Xinput connector, the probe-codingring portion
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of the input connector is not contacted. Q5057 will be
biased off by the -8 voltsthrough R5055. A voltage divider
network composed of R5053, R5041, R5042, and R5052
between Q5017 and the — 8 volt supply will bias Q5056 into
conduction; the 1X LED in series with Q5056 will be on.
The 10X LEDisin parallel with R5053, and the voltage drop
across R5053 will not be sufficient to cause the 10X LED to
light.

When a 10X probe equipped with a scale-factor-
switching connector is attached to the CH 1 OR X input
connector, the probe coding ring will be contacted. The
base of Q5057 will now be connected to ground through
R15102 and an internal resistor located within the probe
connector body. A bias voltage divider is formed, biasing
Q5057 into saturation. The collector of Q5057 will drop to
about —7.2 volts. This voltage level is enough to light the
10X LED, and when it is applied to the Q5056 base bias
voltage divider composed of R5042 and R5052, it is
sufficient to bias Q5056 off and turn off the 1X LED.

VERTICAL OUTPUT AMPLIFIER @

Introduction

The Vertical Output Amplifier circuit provides the final
amplification for the vertical deflection signal. The circuit
includes the Delay Line, part of the Beam Finder circuitry,
and part of the Trace Separation circuitry. Pushing the
BEAM FIND button compresses an overscanned display
to within the viewing area. The Trace Separation circuit
provides vertical positioning of the B trace when the ALT
Horizontal Display mode is selected.

Delay Line

Delay line DL11405 (Diagram 3) provides approximate-
ly 120 nanoseconds delay of the vertical signal to allow the
Sweep Generator circuits sufficient time to initiate a
sweep before the vertical signal reaches the deflection
plates of the crt. When using internal triggering, the
instrument is allowed to display the leading edge of the
signal originating the trigger pulse. Resistors R2214
(R2206 below SN B030000) and R2218 (R2202 below SN
B030000) provide forward termination for the Delay Line.

Input Amplifier

The Input Amplifier consists of integrated circuit
amplifier U2225 (U2210 below SN B030000) and the
frequency compensation network connected across pins
2 and 3. Gain Adjust R2025 (R2005 below SN BO30000)
sets the gain of the amplifier. BEAM FIND switch S4075,
when pressed. reduces the dynamic swing capabilities of
the stage, thereby limiting the display to withinthe display
area on the crt.

Trace Separation

During B sweep the Trace Separation circuit (Q2115,
Q2306. and Q2308) is enabled by the alternate pulse on
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the base of Q2115. This switches Q2115 on and Q2105 off.
This switching action allows the B trace to be vertically
positioned independently of the Atrace. Normaily, Q2105
provides a constant amount of current to U2225; however,
when in ALT mode, turning Q2115 on supplies current
through Q2306 and Q2308. The TRACE SEP control
supplies the variable voltage at the base of Q2308 and
determines the position of the B sweep display relative to

the A sweep display.

The current supplied to U2225 must remain constant so
that the A sweep display positioningis not affected. U2005
senses the voltage at the base of Q2308 and compensates
by raising or lowering the voltage at the base of Q2306.
Potentiometer R2117 centers the B trace around the A
trace so that the B trace moves equally above and below
the A trace.

For instruments below SN B030000 transistors Q2140
and Q2130 receive a variable current from R14498
(Diagram 13), the TRACE SEP control. The Trace Separa-
tion circuit is enabled during B sweep whenever the ALT
Horizontal Display mode is selected. Q2140 and Q2130
supply an offset current to the signal current from U2210
during the B sweep. The offset current is not supplied
during A sweep. The switching action allows the B sweep
display to be vertically positioned independently from the
A sweep display.

Ouiput Ampiifier

Integrated circuit U2255 (U2260 below SN B030000) is
amulti-stage cascode amplifier cell that provides thefinal
amplification for the vertical signal. The input signal is
applied push-pull between pins 1 and 5, and the output
signal is taken from pins 9 and 12. Integrated circuit
amplifier U2385 (U2480 below SN B030000) monitors the
emitter currents of the output transistors and automatical-
ly sets the dc levels of the output stage to obtain the
maximum undistorted gain from U2255 (U2260 below SN
B030000).

A AND B TRIGGER GENERATORS @

Introduction

The Trigger Generator circuits produce trigger pulses
to start the Sweep Generator circuits. Thesetrigger pulses
are derived either from the internal trigger signal (sampled
from the vertical deflection system), an external signal
connected to the external trigger connectors, or a sample
of the line voltage applied to the instrument. Controls are
provided in each circuit to select trigger level, slope,
coupling, and source.

An A Trigger View Amplifier is provided which amplifies
the external A Trigger signal for application tothe Trigger
View Diode Gate where it may be selected for viewing. The
trigger view display provides a method of making a quick
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and convenient check of the external trigger signal being
used to trigger the A Sweep Generator. The external
trigger input signal may be continually monitored by
selecting the A TRIG VIEW Vertical Mode.

Since the A and B Trigger Generator circuits are
virtually the same, only the A Trigger Generator circuit
action and the differences between the A and B Trigger
Generator circuits are described.

Trigger Source

Trigger SOURCE switch S7312 selects the source of
the trigger signal. The sources available to the A Trigger
Generator circuit are the signal(s) being displayed
(NORM), Channel 1 (CH 1), Channel 2 (CH 2), LINE, and
EXT. The EXT/10 (A trigger circuit only) position
attenuates the external trigger signal by afactor of 10. The
B Trigger SOURCE switch does not have a LINE or an
EXT/10 position, but has a STARTS AFTER DELAY
position.

The STARTS AFTER DELAY position of the B Trigger
SOURCE switch is used in conjunction with the DELAY
TIME POSITION control. When STARTS AFTER DELAY
is selected as a trigger source for the B Sweep, the B
Sweep will begin to run immediately after the delay time
selected by the DELAY TIME POSITION control has
elapsed.

In the LINE mode of triggering, a sample of the power
line frequency is obtained from the secondary of power
transformer T14500 located in the Low Voltage Power
Supply circuit. To prevent unwanted attenuation of the
trigger signal by the LF REJ circuit, the A Trigger
COUPLING switch should not be in LF REJ when using
line voltage as a trigger source.

Trigger Coupling

The Trigger COUPLING switches offer a means of
accepting or rejecting certain components of the trigger
signal. In the AC, LF REJ, and HF REJ mode of trigger
coupling, the dc component of the trigger signal is
blocked by coupling capacitors C7313 or C7317. Frequen-
cy components below 60 hertz are attenuated when using
AC coupling, and components below about 50 kilohertz
are attenuated when using LF REJ coupling. The higher
frequency components of the trigger signal are passed
without attenuation. In the HF REJ mode of trigger
coupling, the high-frequency components of the trigger
signal (above about 50 kilohertz) and low-frequency
components (below 60 hertz) are attenuated, while the
remaining frequency components are passed with
minimal attenuation. The DC mode of trigger coupling
passes all signals from dc to at least 100 megahertz
without attenuation.
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Input Source Follower

Transistor Q7324A is a field-effect transistor (FET)
source follower. It provides both a high input impedance
for the trigger signal and isolation between the Trigger
Generator circuit and the trigger signal source. Diode
CR7322 provides input protection for Q7324A if an
excessively high amplitude negative-going input signal is
present. If a high-amplitude positive signal is applied, the
source-gate junction of Q7324A becomes forward biased
and clamps the voltage at that level. The second FET of the
matched pair (Q7324B) is a high-impedance, constant-
current source for Q7324A. Since both FETs are matched
and mounted in the same heat sink, both will display equal
temperature effects, and Q7324B will providetemperature
compensation for Q7324A.

Paraphase Amplifier

U7331 is a paraphase amplifier stage that converts the
single-ended input from Source Follower Q7324A into a
push-pull output appliedto the Tunnel Diode Driver stage.
Trigger Level Centering adjustment R7224 sets the level at
pins 14 and 15 of U7331 so that the display is correctly
triggered when the LEVEL control is centered. LEVEL
control R17305 varies the level at pins 14 and 15 of U7331
to select the point on a trigger signal where triggering
occurs.

The slope of the input signal that triggers the Sweep
Generator circuit is determined by the setting of SLOPE
switch S17305. When the SLOPE switch is set to the +
position, the output signal present at pin 8 of U7331isin
phase withthe input signal, andthe output signal at pin 9is
inverted with respect to the input signal. When the SLOPE
switch is set to the — position, the output signal at pin 8 is
inverted with respect to the input signal, and the output
signal at pin 9 is in phase with the input signal.

Tunnel Diode Driver

Transistors Q7344 and Q7345 are common-emitter
amplifier stages that provide signal currents necessary to
switch the Trigger Firing tunnel diodes. CR7350 and
CR7349 are approximately 4.7 milliamp tunnel diodes.
Quiescently, CR7349 and CR7350 are biased into their
low-voltage states. Q7344 cannot provide sufficient
current to switch CR7349 to its high voltage state.
However, Q7345 can provide sufficient current to bias
CR7350 into its high voltage state. When Q7345 conducts
triggering signal current, the anode of CR7350 steps
positive to approximately +0.5 voit. Since only ap-
proximately 1 milliamp of current is required to maintain
CR7350inits high-voltage state, this makes approximate-
ly 3 milliamps of additional current available with whichto
switch CR7349 to its high-voltage state. Thus, the next
time Q7344 conducts signal current, CR7349 steps to its
high-voltage state, sending a positive pulse to the logic
circuit to initiate sweep action. The A Trigger Sensitivity
adjustment, R7348, adjusts the tunnel diode bias to alevel
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that will not allow CR7349 to be switched to its high-
voltage state until CR7350 has been switched to its high-
voltage state. At the end of the sweep time and during
holdoff, a negative level is appliedtothe anode of CR7350,
thereby resetting both CR7349 and CR7350 to their low
voltages states. The reset level remains during holdoff
time to ensure that a sweep gating signal will not be
generated until the sweep circuit has returned to its
quiescent state.

Trigger View Amplifier

Transistors Q7424 and Q7422 make up half of a
cascode, push-pull ampilifier. In the Vertical Switching
Logic circuit (Diagram 3), Q1235 and Q1225 form the rest
of the Trigger View Ampilifier. The Trigger View Amplifier
requires that the A Trigger SOURCE switch be set to EXT
or EXT/10 and the ATRIG VIEW Vertical Mode be selected
before the amplifier is enabled to pass the external trigger
signal to the Diode Gate and on to the Vertical Output
Amplifier. If the trigger view display is selected, the
Vertical Switching Logic circuit will turn on the Trigger
View Diode Gate during the proper time to pass the signal
on to the Delay Line Driver.

A sample of the push-pull external trigger signal is
taken from pins 1 and 16 of U7331 and amplified by Q7424
and Q7422. The Trigger View Centering control (R7526) is
used to vertically position the trigger view display. R7439
is adjusted to set the gain of the Trigger View Amplifier,
and C7425, L7525, C7529, and R7423 provide HF compen-
sation. Diodes VR7520, CR7521, and CR7536 are used to
clamp the collectors of Q7424 and Q7422 to approximate-
ly +5.7 volts whenever Trigger View is disabled. Q1225
and Q1235 will be reverse biased during this time.

SWEEP AND Z AXIS LOGIC CIRCUIT @

Introduction

The Sweep and Z-Axis Logic circuit, showninFigure 3-
6, develops the logic levels necessary to control the
sequence of events associated with sweep generation and
crt unblanking. The A and B +Gate signals are also
generated in this circuit.

A Sweep Gate

The A Sweep Gate circuit is comprised of Q7254 and
Q7256. They form an emitter-coupled stage where only
one transistor can be conducting at any time. The input
signal to the stage is the positive-going trigger signal from
the A Trigger Firing tunnel diode in the A Trigger Gen-
erator circuit. The signal at the collector of Q7254 is
connected to the A Sweep Z-Axis Gate circuit to control
the crt unblanking andto generatethe A+Gatesignal. The
signal at the collector of Q7256 is connected tothe emitter
of Sweep Disconnect Amplifier Q4497 in the A Sweep
Generator circuit to initiate A Sweep generation.
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B Sweep Gate

The B Sweep Gate circuit is comprised of Q7053 and
Q7055. These transistors also form an emitter-coupled
stage where only one transistor can be conducting at any
time. The input signal to the stage is the positive-going
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B Trigger Generator circuit. The signal at the collector of
Q7053 is connected to the B Sweep Z-Axis Gate circuit
(Q7093 and Q7095) to control crt unbianking and to
generate the B +Gate signal. The signal at the collector of
Q7055 is connected to the emitter of Sweep Disconnect
Amplifier Q4565 in the B Sweep Generator circuit to
initiate B Sweep generation.

Sweep Controi Integrated Circuit

The Sweep Control integrated circuit is U7375. Several
functions are performed in this stage, depending on the
mode of operation of the instrument sweep generators.
The following is a brief explanation of the function
associated with each pin of the IC.

Pin 1 is the positive Auto Sense input. The signal
connected here comes from the A Trigger Firing tunnel
diode.

Pin 2 is a reference input to the Auto Sense circuit. A
fixed dc level established by R7277 and R7276 is con-
nected here.

Pin 3 is the + auto gate terminal. In the AUTO mode of
operation, if no trigger signals are applied to pin 1 of
U7375 during the approximately 100 milliseconds follow-
ing the end of holdoff, the gate level at pin 3 steps LO to
turn Q7256 on which initiates a sweep.

Pin 4 is not used in this application.

Pin 5 is the input terminal for negative voltage supply.

Pin 6 is the auto gate timing terminal. R7272 and C7273
determine the amount of time between the end of holdoff
and the generation of the auto gate.

Pin 7 output lights the TRIG LED when atriggered gate
has occurred.

Pin 6 is the holdoff timing terminal. The RC network
connected to this terminal (selected by the A TIME/DIV
switch) determines the length of holdoff time.
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Pin 9 is the ground terminal.

Pin 10 is the Holdoff output terminal. The gate level
present here is LO during sweep holdoff time and HI
otherwise.

Pin 11 output lights the READY LED when operatingin
the single sweep mode.

Pin12is the single sweep mode terminal. When +5 volts
is applied to this terminal the sweep operates in the single
sweep mode; when the terminal is left open or grounded
the sweep operates in the repetitive mode.

Pin 13 is not used in this operation.

Pins 14 & 15 are the single sweep reset terminals.
Pushing the SINGL SWP button preparesthe single sweep
circuitry to respond to the next triggering event, and also
causes the READY LED to come on.

Pin 16 is the holdoff start input terminal. The HI sweep
reset gate pulse from the sweep generatorsis applied here
to initiate sweep holdoff.

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

Pin 16 is the sweep lockout input. +5 volts applied to
this terminal disables all sweep action.

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

Pin 20 is the input terminal for positive voltage supply.

Holdoff Timing

Aresistor and capacitor network located in the Aand B
Timing Switch circuit connects to pin 8 of U7375 viapin 8
of J4571. Various resistor and capacitor combinations
switch into the circuit, depending on the setting of the A
TIME/DIV switch. At sweep end, pin 8 of U7375isreleased,
and the timing capacitors in the holdoff timing network
start to charge. Q7465 is biased off during the sweep
holdoff time by a LO at pin 10 of U7375 which allows the
voltage at pin 8 to rise due to charging of the timing
capacitors. When the charge on the capacitors rises to
approximately +4 volts at pin 8, pin 17 goes HI and pin 10
goes HI to turn on Q7465. The holdoff timing capacitors
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Figure 3-6. Detailed block diagram of the Sweep and Z-Axis Logic circuit.
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discharge rapidly through Q7465 as pin 8 goes LO. C6121,
C6122, C6112, R6115 and R6114 in the A and B Timing
Switch circuit compose the holdoff timing circuits which
are switch selectable, and A Trigger HOLDOFF R14498 is
a variable resistor that allows lengthening of the time

i d it Ao e mnm o baml ALl $aa

COnstant 1o incirease nuilaui uivic.

A Sweep Holdoff Amplifler

The A Sweep Holdoff Amplifier is Q7460. The holdoff
gate waveform from pin 17 of U7375 is applied to the base
of Q7460 through R7461 and C7461. When Q7460 is
turned off (during holdoff time), its collector is LO and
CR7451 is forward biased, thus resetting boththe Arm and
Firing Trigger tunnel diodes in the A Trigger Generator.
When Q7460 is turned on (any time other than holdoff
time), its collector level is HI and CR7451 is reverse biased.
This allows the trigger tunnel diodes in the A Trigger
Generator to respond to the next adequate triggering
signal.

B Sweep Holdoft Amplifier

The B Sweep Holdoff Amplifier is Q7155. Its circuit
action is identical to that described for the A Sweep
Holdoff Amplifier with the exception that two gate signal
sources control the state of the stage. Thetwo sources are
the holdoff gate from pin 17 of U7375 (through CR7363)
and the collector of Q7075 in the Delay Pickoff Com-
parator. Both gate sources must be in their LO state for B
Sweep to be triggerable. Either source in its HI state will
disable the B Trigger Generator tunnel diodes.

A Sweep Z-Axis Gate

Q7181 and Q7182 comprise the A Sweep Z-Axis Gate.
They form an emitter-coupled stage where only one
transistor can be conducting at any time. The controlling
signals consist of inputs from the collector of Q7254 inthe
A Sweep Gate, the unblanking signal from Q4582 in the A
Sweep Generator, and Q4492 in the Horizontal Display
Logic circuit. The unblanking signal for use in the Z-Axis
Amplifier is taken from the collector of Q7182 (through
CR7387). The collector signal of Q7181 is applied tothe A
+Gate Emitter Follower (Q7083).

The Horizontal Display Logic circuit controls the bias
voltage on CR7281. When the diode is reverse biased, as it
is for all horizontal modes except for B DLY'D, —8 volts is
connected to the anode of CR7281 through Q4492. This
allows the gate signal at the collector of Q7182 to pass
through CR7387 creating the unblanking signal to the Z-
Axis Amplifier. In the B DLY'D mode, Q4492 is turned off
and CR7281 is forward biased through R7281 to the +5
volts supply. CR7387 will now bereverse biased, and the A
unblanking signal is blocked from reaching the Z-Axis
Amplifier. In the ALT Horizontal Display mode, CR7281
will be reverse biased during the A sweep and forward
biased during the B sweep.

Theory of Operation—465B Service

B Sweep Z-Axis Gate

The B Sweep Z-Axis Gate is comprised of Q7093 and
Q7095. These transistors form an emitter-coupled stage
where only one transistor can be conducting at any time.
The controlling signals come from the collector of Q7053
(B Sweep Gate), and the bianking signai from the coiiector
of Q4562 in the B Sweep Generator. The emitter currentin
the gate transistors is supplied partly by Q7195 which is
controlled by B INTENSITY control R14398. The B
INTENSITY control sets the level of the B Sweep unblank-
ing signal to control the B Sweep intensity separately from
the overall display intensity. The collector of Q7095
supplies the unblanking signal to the Z-Axis amplifier and
the collector of Q7093 supplies the signal to the B +Gate
Emitter Follower (Q7092).

Whenthe A Horizontal display is selected, —8 volts from
Q4491 in the Horizontal Display Logic circuit is applied to
the cathode of CR7381. This reverse biases CR7383 and
allows the collector of Q7095 to be pulled positive through
CR7385 and R7283 to the +5 volt supply. CR7386 will be
reverse biased and the B Sweep Z-Axis Gate (Q7093 and
Q7095) will not affect crt unblanking. When either A
INTEN, ALT, or B DLY'D Horizontal Display is selected, —8
volts is applied to the anode of CR7385 to reverse bias it
and allow the Horizontal Display Logic circuit to control
the B Sweep Z-Axis Gate.

In A Intensified Horizontal Display, CR7381 becomes
reverse biased and CR7383 becomes forward biased.
Diode CR7386 is still reverse biased, but when B Sweep
starts, the collector of Q7095 steps negative enough to
forward bias CR7386 and add a slight amount of unblank-
ing to the A Sweep unblanking already present. This
provides further intensification for the B Sweep portion of
an A Intensified display. In ALT Horizontal Display, the
Horizontal Display Logic circuit controls the A Sweep Z-
Axis Gate (Q7181 and Q7182) and the B Sweep Z-Axis
Gate (Q7093 and Q7095). The B Sweep unblanking signal
is added to the A Sweep unblanking signal during the A
Intensified display, the A Sweep unblanking signal is
blocked during the B DLY’D display. In B DLY’D Horizon-
tal Display, the A Sweep Z-Axis Gate output diode CR7387
is held reverse biased, and the only unblanking signal
presented to the Z-Axis amplifier input is the B Sweep
unblanking signal.

A +Gate and B +Gate Emitter Foliowers

Emitter followers Q7083 and Q7092 provide the A
+Gate and the B +Gate output signals available at the
instrument rear panel. The output signals are positive-
going rectangular waveforms, approximately +5.5 voltsin
amplitude. The amplitude is set in the collectors of Q7181
and Q7093. For example, when Q7181 is gonducting, the
base of Q7083 can go no more negative than approximate-
ly —0.7 volt (limited by CR7078). When Q7181 is not
conducting, the base of Q7083 rises to the +5 volts power
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supply level through R7184. Diodes CR7084, CR7085,
CR7097, and CR7098 provide protection against acciden-
tal application of damaging voltage levels to the A +Gate
and B +Gate output connectors.

Horiz Alt Sync Pulse Amplifier

The pickoff amplifer for the Horiz Alt Sync pulse is
Q7174. 1t is biased into saturation, so its quiescent output
voltage is approximately zero. A sample of the A +Gate is
coupled to the base of Q7174 by C7174 where the positive-
going gate is integrated by the action of C7174 and R7171.
The positive-going portion of the integrated signal cannot
increase the collector current of Q7174 beyond its satura-
tion level, so no signal output is obtained. When the A
+Gate negative-going edge occurs, C7174 cannot change
its charge instantaneously sothe entire negative transition
is felt on the base of Q7174 across R7171. The negative
peak of the signal is enough to cutoff Q7174, and the
collector voltage rises in response to the base voltage
decrease. The base voltage rapidly returns to a positive
level, and the transistor again saturates, ending the Horiz
Alt Sync pulse.

A AND B SWEEP GENERATORS

Introduction

The A and B Sweep Generators produce sawtooth
voltages which are amplified by the Horizontal Amplifier
circuit to provide horizontal deflection on the crt. These
sawtooth voltages are produced on command (Sweep
start gate) from the Sweep Logic circuits. The Sweep
Generator circuits also produce gate waveforms that are
used by the Z-Axis Logic circuit to unblank the crt during
sweep time and by the Sweep Logic circuit to terminate
sweep generation. Figure 3-7 shows a detailed block
diagram of the A Sweep Generator circuit that will be
described in the following discussion. Since the B Sweep
Generator circuit is very similar tothe A Sweep Generator,
the only discussion of the B Sweep Generator will be on
the differences in operation between the two.

Disconnect Amplifier

After holdoff, but before the next sweep, Disconnect
Amplifier Q4497 is biased on and conducts through R4587
and R: back to +V.. This sets the charge on G in
preparation for the beginning of the next A Sweep and
prevents current from the Miller Integrator circuit from

Y
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COMPARATOR |——— A SWEEP RESET
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Figure 3-7. Detailed block diagram of

the A Sweep Generator circuit.

REV A JUN 1979


https://www.manualsplus.com/

changing the charge on C. When the positive-going A
Sweep Start Gate is applied to the emitter of Q4497,
CR4592 becomes forward biased and turns off Q4497.
Now the A Sweep starts, and the Miller Integrator circuit
begins to change the charge on C.. Q4497 will remain off
unti! retrace is initiated and the A Start Sweep Gate is
removed. Then Q4497 will become forward biased again,
and C, will rapidly charge to its quiescent valuefor the start
of the next A Sweep.

Sawtooth Generator

The Miller Integrator circuitis comprised of Q4498 and
Q4598. It works on the principle that if the charging
current to a capacitor can be held constant, then the
charging curve will be linear rather than exponential. The
action starts when Disconnect Amplifier Q4497 is turned
off by the A Sweep Start Gate. The selected capacitor for
the chosen setting of the TIME/DIV switch (C:) begins to
charge through the R.. This causes the junction of C. and
R. to start positive in the direction of +V,, thereby causing
the gate of Q4498 to start positive. The Q4498 sourcethen
starts in a positive direction and increases the forward bias
on Q4598 causing the collector voltage to move in a
negative direction (less positive). This couples back
through C. and opposes the positive change at the gate of
Q4498. Capacitor C. is attempting to charge toward +V,
but the action of Q4498 gate being held virtually constant,
and the collector of Q4598 going more negative, resultsin
the reduction of the charge on C, (it discharges). The gate
of Q4498 rises positive about 10 millivolts over the entire
sweep generation time. Since the voltage at the gate of
Q4498remainsrelatively constant, both the voltage across
R. and the current through R: (the current discharging
from C,) remain constant. The linear rate of discharge of C,
results in a linear ramp across it. The resultant output at
the collector of Q4598 appears as a negative-going ramp,
dropping from approximately +13 volts to approximately
+2 volts.

When the ramp reaches +2 volts, Q4581 sends a pulse
to U7375 initiating retrace. Transistor Q4497 turns on, and
its collector goes more negative. This moves the gate of
Q4498 inthe negative direction, causing the voltage on the
base of Q4598 to go more negative, thereby causing its
collector voltage to go more positive. Now C. charges
rapidly through Q4497 toits quiescent statein preparation
for the next A Sweep start gate.

Output Amplifier

The Output Amplifier is a common-base amplifier with
the signal current-driven into the emitter. It provides the
output sawtooth current signal to the Horizontal Amplifier
and provides ameasure of isolation between the Sawtooth
Generator and the Horizontal Amplifier. The Horizontal
Display Switching circuit connects to this stage and
controls the A sawtooth output in the various horizontal
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modes of operation. In the A and A INTEN modes of
operation, the A sweep signal passes through Q4475tothe
Horizontal Amplifier. In the ALT mode, Q4475 is enabled
for the A sweep and turned off for the B sweep by the
Horizontal Display Logic -circuit. In the B DLY’d mode,
Q4475 is held off, and Q4465in the B Sweep Generator is
held on to pass the B sweep sawtooth to the Horizontal
Amplifier.

A Sweep Start Comparator

Just before the sweep starts to run down, the levels at
the bases of Q4588A and Q4588B are approximately
equal. When the sweep starts to run down, the base of
Q4588B goes negative, following the collector of Q4598.
This increases the forward bias on CR4581 which in turn
decreases the forward bias on CR4582. Very shortly after
start of the sweep, CR4582 becomes reverse biased and
interrupts the current through Q4588A. The circuit
remains in this condition until after the sweep retrace is
complete. When the circuit returns to quiescence, Q4588A
again begins to conduct through R4587. This sets the
currents through Q4497, establishing the starting point for
the sweep. Sweep Start adjustment R4570 sets the base
level of Q4588A. This level is also connected tothe base of
Q4565 in the B Sweep Generator to ensure that the B
sweep starts at the same level as the A sweep.

A Sweep End of Sweep Comparator

The A Sweep End of Sweep Comparator is a switching
circuit comprised of Q4581 and Q4582. At quiescence,
Q4582 is conducting and Q4581 is turned off. When the
sweep starts to run, the negative-going ramp at the
collector of Q4498 is coupled through the base of Q45888
and through CR4581 to the cathode of CR4577. When the
collector of Q4498 reaches about +2 volts, the cathode of
CR4577 reaches about +4 volts. CR4577 begins conduc-
ting and turns on Q4581, which then turns off Q4582. The
resulting positive step at the collector of Q4581 is fed to
pin 16 of U7375 where it is used to initiate retrace and
holdoff. The negative-going pulse at the coliector of
Q4582 is applied to the A Sweep Z-Axis Logic Gate to
blank the crt as soon as a sweep-end command is
generated.

B Sweep Generator Differences

There are two main differences between the A Sweep
Generator and the B Sweep Generator. The first is that
Q4545 is used as a constant current source in the B Sweep
Start Comparator circuit. The second is that one of the
outputs of the B Sweep Generator is controlled by the
B ENDS A switch associated withthe A Trigger HOLDOFF
control. In the B ENDS A position, the end of the B sweep
also ends the A display on the crt.
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Horizontal Display Switching

Switching transistors Q4482 and Q4481 are controlled
by the Horizontal Display Logic circuit. They are switched
off and on as required to allow A sweep output transistor
Q4475 and B sweep output transistor Q4465 to pass the A
or B sawtooth to the Horizontali Ampiifier.

When HORIZ DISPLAY is set to A, a LO on the base of

Q4481 keeps the transistor biased off. The A sawtooth is

allowed to pass to the emitter of Q4475to be amplified and
sent to the Horizontal Amplifier. AHI onthe base of Q4482
turns it on, and the B sawtooth passesto ground through
the transistor, thereby preventing the B sawtooth from
going to the Horizontal Amplifier. The same conditions
exist when the HORIZ DISPLAY is setto AINTEN. Setting
the HORIZ DISPLAY to ALT will cause the Horizontal
Display Logic circuit to alternately turn Q4481 and Q4482
off and on to first pass the A sawtooth and then the B
sawtooth to the Horizontal Amplifier. When the HORIZ
DISPLAY is set to B DLY’D, Q4482 will be biased off and
Q4481 will be on. The B sawtooth will go to the Horizontal
Amplifier, and the A sawtooth will be shunted to ground.

HORIZONTAL DISPLAY LOGIC

Introduction

The Horizontal Display Logic circuit produces the
signais that switch the A and B Sweep Generators and the
A Sweep and B Sweep Z-Axis Gates. It also provides a
Vertical Alt Sync pulse to the Vertical Switching circuit.
Switching transistor Q4398 enables the TRACE SEP
potentiometer (R14498) during ALT Horizontal Display.

Vert Alt Sync Pulse

A gating circuit is formed by U4391B and U4391D to
control the Vertical Alt Sync pulse. The pulseisusedinthe
Vertical Switching circuit for clocking U1705 whenever
the ALT Vertical Modeis selected. In all Horizontal Display
modes except ALT, aHI at pin 6 of U43918B will puta LO at
pin 3 of U4391D. Pin 2 of U4391D has the positive-going
Horiz Alt Sync pulse present. This pulse is inverted
through U4391D and fed to the Vertical Switching circuit.
In ALT Horizontal Display mode, pin 6 of U4391B will be
LO, and the signal at pin 5 will control output pin 4. The
signal present at pin 6 of U4491A, which changes state
with every Horiz Alt Sync pulse, now controls U4391D, and
the Vert Alt Sync pulse becomes a rectangular pulse
having a period equal to twice the time between Horiz Alt
Sync pulses.

Trace Separation

Transistor Q4398 acts as a switch to control the
enabling voltage to TRACE SEP potentiometer R14498. In
the ALT Horizontal Display mode the voltageis applied to
the potentiometer during the B Sweep time to supply an
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offset signal to Q2140 and Q2130 in the Vertical Output
Amplifier. This circuit allows control of the vertical
separation between the A Sweep display and the B Sweep
display on the crt. During B Sweep, in ALT Horizontal
Display mode, a HI will be present on pin 4 of U4391B. The
HI will raise the base voltage of Q4398 to turn itonandthe
—8 volts on the emitter will be supplied to the TRACE SEP
potentiometer.

A and B Sweep Switching

Flip-flop U4491A controls Horizontal Display Switch-
ing transistors Q4482 and Q4481 in the A and B Sweep
Generators. The HORIZ DISPLAY switch S6260 sets the
flip-flop input to do one of the following:

1. Turn off Q4481 and turn on Q4482 to allow the A
Sweep signal to go to the Horizontal Amplifier;

2. Turn off Q4482 and turn on Q4481 toallowthe B
Sweep signal to go to the Horizontal Amplifier; or

3. Alternately turn the two transistors off and on to
display both sweeps in ALT Horizontal Display mode.

U4491A is clocked by the Horiz Alt Sync when the
Horizontal Display is set to ALT. When the Horizontal
Dispiay is setto A, AINTEN, or B DLY'D, the staie of ihe
outputs of U4491A is determined by the logic levels
present at pins 1 and 4. The HORIZ DISPLAY switches set

these logic levels.

Flip-flop U4491B controls the A and B Sweep Z-Axis
Gate switching transistors Q4492 and Q4491. These
transistors switch the bias on CR7281 and CR7381inthe A
and B Sweep Z-Axis Gates to either allow the unblanking
gates to pass to the Z-Axis Amplifier or block them.
U4491B is controlled by both the signal on pin 5 of U4491A
and the A position of the HORIZ DISPLAY switch.

HORIZONTAL AMPLIFIER @

Introduction

The Horizontal Amplifier circuit provides the output
signals to the crt horizontal deflection plates. The signal
applied to the input of the Horizontal Amplifier is deter-
mined by the TIME/DIV switch and the HORIZ DISPLAY
switch. This signal can come from either the sweep
generators within the instrument or some external signal
applied tothe CH 1 OR X input connector (X-Y Horizontal
Display). Horizontal positioning, X10 magpnifier circuitry,
and the horizontal portion of the beam finder circuitry are
also contained in the Horizontal Amplifier. Figure 3-8
shows a detailed block diagram of the Horizontal Amplifier
circuit.
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Figure 3-8. Detailed block diagram of the Horizontal Amplifier circuit.

X-Axls Amplifler

In all positions of the TIME/DIV switches except X-Y,
the input signal to the base of U4269A will be sawtooth
waveforms from the sweep generators. Inthe X-Y position,

hawauar tha cwoaanec ara dicahlad a q i
however, the sweeps are disabled, and the signa! applied

to Q4269A comes from the Channel 1 Preamplifier via the
X-Axis Amplifier. This stage includes Q4284, Q4285 and
associated circuitry. '

Transistor Q4284 is connected as a feedback amplifier,
with R4285 as the feedback element. The input resistance
is made up of R4384 and the gain-setting adjustment of
R4381. When not operating in the X-Y Horizontal Display,
the base of Q4284 rises toward the +15 volt supply, but is
clamped at approximately +5.7 volts by CR4287 and
R4287. This reverse biases the base-emitter junction of
Q4284. The base of Q4285 also rises to approximately
+5.7 volts and with the junction of R4281-R4280 at
approximately O volt, Q4285 is biased off.

When the A TIME/DIV switchis set to X-Y position (fully
counterclockwise), —8 volts is applied to the junction of
R4382 and R4383. In addition, +5 volts is applied to the
emitter circuit of Q4285 through CR4285. This biases the
X-Axis Amplifier into conduction. The +5 volts is also
applied to pin 18 of U7375 in the Sweep and Z-Axis Logic
circuit to disable sweep generation.

Input Paraphase Amplifier

The Input Paraphase Amplifier is comprised of U4269A
and U42698B (part of a transistor array). Thisis an emitter-
coupled amplifier stage that converts the single-ended
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input signal to a push-pull output signal. The signal at the
collector of U4269A is opposite in phase to the input
signal, while the signal at the collector of U4269B is in
phase with the input signal. Thermistor RT4373 reduces
its value with increases in ambient temperature to in-
crease the gain of the stage. This compensates for slight
changes in amplifier gain that occur as operating
temperatures vary.

The Horizontal POSITION potentiometers, R14288A
(Coarse) and R14288B (Fine), are mounted on the same
shaft in a mechanical arrangement that allows R14288Bto
rotate about one-eighth turn in either direction before
R14288A moves. The Fine Potentiometer has approxi-
mately one-tenth the range of the Coarse potentiometer.

Gain Setting Cascode Amplifler

A cascode push-pull amplifier stage is made up of
Q4273, Q4274, U4269C and U4269D. The gain of the
Horizontal Amplifier is controlled by adjusting the
resistance connected between the emitters of Q4273 and
Q4274. The X1 Gain adjustment, R4274, is used to adjust
the unmagnified horizontal gain and the X10 Gain adjust-
ment, R4373, is used to adjust the magnified horizontal
gain. Magnifier Registration adjustment, R4275, is used to
balance the quiescent dc current in Q4273 and Q4274 so
that a center screen display does not change positions
when switching between magnified and unmagnified
display.
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Whenthe BEAM FIND push buttonis pressed, +15 volts
is removed from the junction of R4167 and R4361, and —8
volts is applied to the junction through R4075. The
following actions occur:

1. The base voltage of Q4269C and Q4269D is
lowered to decrease the current through the two
transistors. The reduced current flow decreases the
voltage drop across R4266 and R4267 and the diode
clamps (CR4266 and CR4267) clamp at a much lower
voltage. This action limits the horizontal deflection on
the crt; and

2. R4167 and R4361 are now nolonger connected to
+15 volts, therefore less current flows through these
resistors. This compensates for the decreased current
flowing through Q4269C and Q4269D and maintains
the output stage in a linear operating region.

Output Amplifier

The push-pull signal from the Gain Setting Cascode
Amplifier is connected to the bases of Q4169 and Q4362,
through R4265 and R4360 and on to the bases of Q4161
and Q4361. At lower sweep frequencies, the signal pathis
through R4265 and R4360 to the bases of Q4161 and
Q4361. These transistors are inverting amplifiers whose
collector signals drive the emitters of complementary
amplifiers Q4146-Q4150 and Q4341-Q4343, respectively.
Capacitor C4262 provides emitter peaking for fast ac
signals. Capacitors C4150 and C4341 transfer part of the
high-frequency signal to the emitters of Q4146 and Q4342
to maintain the gain of the output stage at high sweep
speeds. Resistors R4244-R4250 and R4254-R4341 are the
feedback elements, with C4246 and C4247 providing high-
frequency compensation. As frequency of the sweep
signal increases, the reactance of C4246 and C4247
decreases and feedback current increases. To compen-
sate for the increase in drive required to maintain the gain
of the output stage, Q4169 and Q4362 (fast-path
amplifiers) increase signal current to the bases of Q4161
and Q4361. High-frequency signal current is shunted
around R4265 by C4165 and R1165, and C4361 and R4363
shunt high-frequency signal current around R4369. The
Output Amplifiers are limited from being over-driven by
CR4267 and CR4266. If the output signal from U4269D or
U4269C becomes too large, the diodes become forward
biased and prevent further increase in the signal level.
These diodes operate mainly to clampthe signal whenever
the X10 Magnification circuitry is operating. The signal
level is limited to the forward drop across the diodes plus
the drop across R4266 and R4267.

3-20

CRT CIRCUIT @

Introduction

The CRT circuit provides the voltage levels and control
circuitry necessary for operation of the cathode-ray tube
(crt). Figure 3-9 shows a detailed block diagram of the
CRT circuit.

High-Voltage Oscillator

The high-voltage oscillatoris comprised of Q14009 and
associated circuitry. It produces the drive for high-voltage
transformer T4015. When the instrument is turned on,
transistor Q4008 is forward biased and conducts through
the base circuit of Q14009 to forward bias Q14009. The
increasing collector current of Q14009, through the
primary winding of T4015, induces a voltage across the
feedback winding. Because the feedback winding is
connected to the base of Q14009 and the feedback is
positive, the collector current increases rapidly toward
saturation. Soon the rate of increase slows to a point
where the voltage induced in the feedback winding starts
to decrease. This decreases the current through Q14009,
further decreasing the feedback voltage. The cycle con-
tinues until Q14009 turns off, and the magnetic field
around the primary winding of T4015 starts to collapse.
Transistor Q14009 is held off until the field has collapsed
sufficiently to allow the base of Q14009 to become biased
into conduction and the cycle is repeated.

The voltage waveform at the collector of Q14009 is a
sinusoidal wave at the resonant frequency of T4015. The
amplitude of sustained oscillations depends on the
average current delivered to the base of Q14009. Frequen-
cy of oscillation is approximately 50 kilohertz. Fuse F4508
protects the unregulated +15 volt supply in the event the
High-Voltage Oscillator stage becomes shorted. C4006
and L4006 decouple the unregulated +15 volt supply to
prevent current changes (present in the High-Voltage
Oscillator) from affecting the +15 volt supply.

High-Voltage Regulator

Once the output voltage from the High-Voltage
Oscillator has reached its stable Ievel after the instrument
isturned on, regulation occurs as follows. A sample of the
—2450 volt crt cathode supply is applied to the base of
Q4228 through R4127D which, with the voltage supplied
by the bias network composed of R4332, R4127C, C4327,
and CR4329, sets the forward bias on Q4228. Any change
in the —2450 volts changes the conduction level of Q4228
to produce a proportional dc change on its coliector.
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Figure 3-9. Detailed block diagram of the CRT and Z-Axis Amplifier circuits.

Assume that the —2450 volts supply startsto go positive
(less negative). The positive-going change is applied to
the base of Q4228 and causes the coliector current to
increase, which in turn, causes Q4233 and Q4008 to
conduct harder. This results in greater bias current to the
base of Q14009 through the feedback winding of T4015.
Now Q140089 is biased closer to its conduction level, and it
will conduct sooner in the oscillation cycle of T4015 to
increase the average current delivered to the primary of
T4015. This increases the amplitude of oscillation and
induces a larger voltage into the high-voltage secondary
of T4015 to correct the original positive-going change. By
sampling the output of the crt cathode supply in this
manner, the total output of the High-Voltage Supply is
held relatively constant.

Overvoltage protection is provided by Q4002, Q4103,
and associated circuitry. Normally Q4002 and Q4103 are
biased off, but if the crt cathode supply voltage ap-
proaches approximately —3000 volts, the voltage level at
the emitter of Q4008 will be approximately —6 volts. At this
point Q4002 will be biased into conduction, whichin turn
biases Q4103 into conduction to reduce the forward bias
on Q4008. This reduces the base drive to Q14009 in order
to limit the amplitude of oscillations in T4015, and the crt
cathode supply is prevented from going more negative
than approximately —3000 volis.

High-Voitage Rectifiers and Output

High-voltage transformer T4015 has two secondary
windings. One winding provides heater voltage for the
cathode-ray tube. The heater voltage is supplied from the
High-Voltage Supply, since the cathode-ray tube has a
very low heater current drain, and this allows the cathode
and heater of the crt to be connected together to prevent
cathode-to-heater breakdown. The high-voltage winding
is the sourge for the negative crt cathode potential and the
source for High-Voltage Multiplier U4032. The crt grid bias
voltage is derived by a dc-restorer circuit that uses a
sample of the signal in the high-voltage winding in
conjunction with dec levels supplied by both the Z-Axis
Amplifier and the crt negative cathode potential.

The positive accelerating potential is supplied by High-
Voltage Multiplier U4032. Regulated output voltage is
approximately +15,500 volts. The negative cathode poten-
tial of —2450 volts is supplied by half-wave rectifier
CR4021. Voltage variations in this supply are monitored by
the High-Voltage Regulator circuit to provide a regulated
high-voltage output.

321



https://www.manualsplus.com/

Theory of Operation—465B Service

CRT Control Circuits

Focus of the crt display is controlied by FOCUS control
R4132. ASTIG adjustment R4178, which is used in con-
junction with the FOCUS control to provide a well-defined
display, varies the positive level on the astigmatism grid.

MRanmatr 11atrmant DANGA variaa tha rmAacitiva laval ~an
sedmedy aujuaullcll\ R4069 varies e positive ieveil on

the horizontal deflection plate shields to control the
overall geometry of the display.

Two adjustments control the trace alignment by vary-~
ing the magnetic field around the crt. Y-Axis adjustment
R4072 controls current through L14165, 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 adjust-
ment R4179 controls the current through L14176 and
affects both vertical and horizontal rotation of the beam.

Z-Axis Amplifier

The Z-Axis Amplifier circuit controls the crt intensity
level from several inputs. The effect of these input signals
is to either increase or decrease the trace intensity, or to
completely blank portions of the display. Input transistor
Q4223 is a current-driven, low input impedance amplifier.

It provides termination for the mnnf signals as well as
isolation between the input sngnals and the following
stages. Current signals from the various control sources
are connected to the emitter of Q4223, and the algebraic
sum of these signals determines the collector conduction

level.

Transistors Q4222, Q4217, and Q4213 are configuredin
a feedback amplifier arrangement with R4218 and R4221
as feedback elements and with C4217 providing high-
frequency compensation. Emitter follower Q4222
provides the drive to complementary amplifier Q4217-
Q4213. Diodes CR4321, CR4218, and CR4115 provide
protection in the event of high-voltage arcing.

The Z-axis portion of the Beam Find circuit acts onthe
input to the Z-Axis Amplifier. When the BEAM FIND push
button is pressed, two events occur: First, +15 volts is
applied to the anode of CR4144 which lifts the emitter of
Q4223 sufficiently positive to ensure nonconduction of
the transistor. Second, R4321 becomes connected to —8
volts through R4314 to establish a fixed and predeter-
mined unblanking level at the output of the amplifier.
Thus, the INTENSITY control and all of theinput unblank-
ing signals have no control over the intensity level of the
crt display whenever the BEAM FIND push button is
pressed, and a bright trace will be displayed.

3-22

DC Restorer

The DC Restorer circuit provides crt control grid bias
and couples both dc and low frequency components of the
Z-Axis Amplifier unblanking signal to the crt control grid.
This circuit allows the Z-Axis Amplifier output to control
the intensity of the crt display. The potential difference
between the Z-Axis Amplifier output and the control grid

(about 2465 volts) prevents direct signal coupling.

The DC Restorer circuit's ac drive is taken from the
center tap of T4015. Voltage on the center tap is ap-
proximately 300 volts p-p at 50 kilohertz. A sample of this
sinusoidal voltage is fed through C4010 and R4112to the
junction of CR4111, CR4112, and R4111. The Crt Bias
Adjust (R4109) sets the voltage level on the cathode of
CR4111 to approximately +100 volts dc. When the ac
sample voltage rises to +100 volts, CR4111 becomes
forward biased and clamps the junction of CR4111 and
CR4112 to approximately +100 volts.

The Z-Axis Amplifier output voltage level is applied via
R4113 to the anode of CR4112. This voltage level varies
between +15 volts and +95 volts, depending on the setting
of the INTENSITY control. The sample voltage will hold
CR4112 reverse biased until the voltage falls below the Z-
Axis Amplifier output level. At that point CR4112 becomes
forward biased and clamps the junction of CR4111 and

NDAIID b bl T_As An el ifion. e iml Lo 3
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3-10). Clamping the sample between +100 volts and the
positive voltage level set by the INTENSITY control
produces an approximate square-wave signal with a
positive dc offset level.

The DC Restorer circuit is referenced to the —2450
volts, present on the crt cathode, through R4126 and
CR4123 to the junction of C4117 and CR4122. Initially,
C4117 will charge to a level determined by the difference
between the Z-Axis Amplifier output level and the —2450
volt reference voltage. The charging path is from the
—2450 volt line, through R4126, CR4123, C4117, R4111,
CR4112, and R4113 to the Z-Axis output.

Initially, C4118 will also be charged to approximately
the same voltage as C4117 through R4126, CR4123, and
CR4122 to the Z-Axis output.

.~ When the sinusoidal sample voltage starts its positive
transition from the lower clamped level (+15 to +95 volts)
toward the higher clamped level (+100 volts), the charge
on C4117 increases due to the rising voltage at the anode
of CR4111. The additional charge acquired by C4117 is
proportional to the amplitude of the positive transition of
the cilamped sample voltage.
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Figure 3-10. (A) Sinusoidal sample voltage at center tap of T4015. (B) Clamped sample voltage at the junction of CR4111 and

CR4112.

When the sample voltage starts its negative transition
from its upper clamped level toward its lower clamped
level, the negative transition is coupled through C4117 to
reverse bias CR4123 and forward bias CR4122. When
CR4122 becomes forward biased, the charge on C4117 is
transferred to C4118 as C4117 attemptsto dischargetothe
Z-Axis output. The amount of chargethat is transferred is
proportional to the setting of the INTENSITY control,
since the INTENSITY control setstheiower clamping level
of the sample voltage from T4015 (see Figure 3-11).

Ifthe INTENSITY control is set so the lower level of the
sample voltage is clamped at +15 volts, a voltage change
of approximately 75 volts is coupled through CR4122. The
75-volt negative excursion is added to the charge already
present on C4118. This causes the control grid to be
sufficiently negative with respect to the crt cathode to
keep the crt blanked. When the INTENSITY control is set
to increase the display intensity, the lower clamping level
of the sample voltage is moved toward the +100 volt upper
clamping level. This makes the swing of the negative
transitions less, therefore less charge will be added to
C4118. The voltage on the crt control grid becomes less

negative with respect to the cathode and allows more
beam current to flowinthe crt. The more positive the lower
clamping level is made, the brighter the trace on the crt.

During periods that C4117 is charging, the voltage on
the control grid is held constant by the filter action of
C4118 as it discharges through R4124 back to the —2450
voit line. R4124 is a very high resistance, so the RC time
constant of C4118 and R4124 is long in respect to the
frequency of the sample voltage from T4015. Whatever
charge is leaked off of C4118 during the positive tran-
sitions of the sample voitage will be replaced by C4117
when the sample voltage makes its negative transitions.

The fast rise and fall of the unblanking pulses from the
Z-Axis Amplifier are coupied by C4118to the control grid
to start the crt beam current change. The DC Restorer
output level then follows the Z-Axis output level to set the
new bias level on the control grid.

In the event of afailurethat causes aloss of potential on
either the control grid or the cathode, protection against
arcing is provided by DS4124 and DS4125.

3-23
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Figure 3-11. (A) Z-Axis Amplifier output. (B) Clamped sampie voltage at the junction of CR4111 and CR4112.

CALIBRATOR @

Introduction

The Calibrator circuit produces a square-wave output
signal with accurate voltage and current amplitudes. This
output is available as both a voltage and a current at the
CALIBRATOR current loop on the instrument front panel.
Figure 3-12 shows a detailed block diagram of the
Calibrator circuit.

Multivibrator

Transistors Q4182 and Q4196 and associated circuitry
are configured as an astable multivibrator. The basic
frequency of the multivibrator is approximately | kilohertz
and is primarily determined by the resistance and
capacitance of C4187, R4186, R4191, R4184, and R4185.
Transistors Q4182 and Q4196 alternately conduct,
producing a square-wave output signal. This output is
taken from the collector of Q4196.

324

CALIBRATOR
MULTIVIBRATOR
Q4182, Q4196

AMPLITUDE
CAL

R4294

CALIBRATOR
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R4295

(1861-14)2757-09

Figure 3-12. Detailed block diagram of the Calibrator circuit.
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Refer to Figure 3-13 for the following discussion. At to
assume that the circuit is operating and has reached its
normal operating conditions. Also assume Q4182 is off
and Q4196 is on. At to, the emitter of Q4182 is at
approximately +9 volts, andthe emitter of Q4196isat +7.5

H O N L I T T e N PN V] Z Nunita Cemnm

voits with its base at approximately +7.0voits. From tototy,
C4187 charges toward the +55 volt supply through R4186.
When the emitter of Q4182 reaches +15.6 volts, Q4182
becomes forward biased. Atty, the collector of Q4182rises
to approximately +14.6 volts, and since the base of Q4196
is directly connected to the collector of Q4182, Q4196 is
cut off.

Now C4187 charges in the opposite direction. At t;, as
C4187 starts charging through R4191 and Q4182, the
emitter of Q4196 rises from +7.6 volts to approximately
+14.6 volts. When +14.6 volts is reached at t, Q4196
begins to conduct, reducing both the charging current
through C4187 and the collector current of Q4182. At t. the
collector voltage of Q4162 drops in a negative direction
and Q4196 conduction increases. The emitter of Q4196
drops from +14.6 volts to +7.6 volts. This negative
transition is coupled through C4187 to the emitter of
Q4182 to cut Q4162 off and the cycle repeats itself.

Theory of Operation—465B Service

Output Amplifier

The output signal from the Multivibrator drives Output
Amplifier Q4291 to produce a square wave at the output.
When the base of Q4291 goes positive, thetransistoris cut
off and its collector voltage drops to zero. When the base
goes negative, Q4291 is biased into saturation, and the
collector voltage rises in a positive direction to about +5
volts. Amplitude adjustment R4293 is used to adjust the
resistance between the collector of Q4291 and ground to
control the amount of current allowed to flow. This in turn
determines the voltage developed across R4295. The
output voltage, at the calibrator current loop on the 465B
oscilloscope, is 300 millivolts £1.0% and the output
current is 30 milliamps £2.0%.

LOW-VOLTAGE POWER SUPPLY @

Introduction

The Low-Voltage Power Supply circuit provides the
operating power for this instrument from five regulated
supplies and one unregulated supply. Regulation provides
stable, low-ripple output voltages. Figure 3-14 shows a
detailed block diagram of the Power Supply circuit.

To T4 T, T3
| | I I
I i | I
I i | I
+16.6 |
| | Q4162 EMITTER
| I
+9 !
I
146 | : ' !
+14. | | b Q4198 EMITTER
|
| I i
+7.6 —
i | ! I
i I ! I
I +14.6 \l !
| 4V | Q4182COLLECTOR &
| : Q4196 BASE
+7.0 l—-—— -
} | |
i | | |
| ' [ [
+5.6 | 1 Q4196 COLLECTOR
|
' |
+4.3 l |
| | [
2757-53
Figure 3-13. Caiibrator circuit waveform diagram.
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Figure 3-14. Detailed block diagram of the Low-Voltage Power Supply circuit.
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Power Input

Power is applied to the primary of transformer T14500
through Line Fuse F14500, POWER switch S14510, Ther-
mal Cutout S14520, Line Voltage Selector switch S14500,
and the Regulating Range Selector assembly. Line
Voltage Selector switch S14500 connects the spilit
primaries of T14500 either in paraliel for 115-voit nominal
operation or in series for 230-volt nominal operation. Line
Fuse F14500 value is selected to provide the required
protection for each nominal line voltage. Refer to
Replaceable Electrical Parts list for correct fuse values.

The unused windings between pins 10, 11, and 12 of
T14500 are intended for use with the optional Inverter
Circuit Board (Option 07) or DM-series Digital
Multimeters. Option 07 allows the instrument to be
operated from an external dc power source or an 1106
Power Supply. Option 07 and the DM-series Digital
Multimeters cannot be used at the same time.

Secondary Circuit

The —8 voit, +5 voit, +15 volt, and +55 volt power
supplies are series-regulated supplies. U4411A, U4411B,
U4206A, and U4206B aretwo-channel, high-gain amplifier
cells with differential inputs. These amplifiers monitor
voltage variations in the output voltages and supply
correction information to the series-regulating tran-
sistors. The +55 volt supply is the source of the reference
voltage for the remaining supplies and its output must be
correct or the —8 volt, +5 volt, and +15 volt supplies will
not operate within their limits.

Current-limiting circuits provide short circuit protec-
tion for each of the regulated supplies. The following
description applies only to the +55 volt current limiting
circuit; the other current-limiting circuits operate in a
similar manner.

In the +55 volt supply, Q4303 is normally biased off.
Under normal conditions the base of Q4303 sets at about
+55 volts. Under conditions of power supply loading,
when the supply current increases, the voltage drop
across R4303 increases. This increasing voltage is
coupled through the base of Q4301 to the voltage divider,
comprised of R4302 and R4208, causing the base of Q4303
to go more positive. When the supply current increases
sufficiently, Q4303 turns on. The collector of Q4303 moves
in the negative direction and begins turning off Q4302 and
Q4301. Transistor Q4301 will continue conducting some
current, even when the supply is limited, in order to
produce enough voltage drop across R4303 to keep Q4303
biased on. The limited supply output voltage can be any
value between its regulated value and zero, depending on
the extraload it is trying to supply (see Figure 3-15). The
limiting transistors for the other supplies are:

Theory of Operation—465B Service

+15V Q4404
+5V Q4311
-8V Q4106
+110V Q4431

e A s shows the
rlyun:: 3-15 also shows the action of the curr

(foldover) circuit. At point A, Q4303 begins co ting. At
point B the supply is directly shorted to ground through a
current meter.
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Figure 3-15. Foidover circuit action.

Components C4533, C4532, and R4527 are configured
in a wave-shaping circuit arrangement that provides a
sample of the ac voltage (present in the secondary of
T14500) to the trigger circuitry for useinthe LINE position
of the A TRIGGER SOURCE switch.

FAN MOTOR CIRCUIT

The fan motor used in the 465B is a brushless dc fan
motor using Hall Effect devices. Motor circuitry varies the
rotational speed of the fan with variations in operating
temperature. When the ambient temperature increases,
the value of thermistor RT8038 is reduced. This causes the
forward bias on Q8067 to increase and Q8067 conducts
more current through the Hall Effect devices. Higher
currents through the Hall Effect devices cause the poten-
tial difference across them (e.g., between pins 6 and 8 of
the fan) to increase. This potential difference biases one of
a pair of transistors on and the other off. Inthe example, if
fan.pin 8 is more positive than pin 6, U8061A will be on and
U8061D will be off. The higher the potential difference
between pin 8 and pin 6, the harder the on transistor will
conduct; the harder the transistor conducts, the faster the
fan rotates.

3-27
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CALIBRATION PROCEDURE

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 an equivalent
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 type 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 givenin this procedure. Refer to
the appropriate instruction manual if more test equipment
operating information is required.

Table 4-1
TEST EQUIPMENT REQUIRED
Minimum
Description Specifications Usage Examples

1. Variable Capable of supplying Power supply regulation General Radio WBMT3VM Variac
Autotransformer | 1.2 A over a range of check. Autotransformer.

104 to 127 V.
2. Digital Range, 0 to 140 V; dc Low-Voltage Power Supply a. TEKTRONIX DM 501 Digi-
Voltmeter voltage accuracy, within checks and adjustments. CRT | tal Muitimeter®.

0.15%; display 4 1/2 Grid Bias adjustment. Vertical

digits. and Horizontal Centering b. Any digital voltmeter

adjustments. Calibrator Output | that meets minimum specifi-
Voltage adjustment. cations.

3. DC Voit- Range, 0 to 2500 V; cali- High-Voltage Power Supply a. Triplett Model 630-NA.
meter brated to 1% accuracy at adjustment.

—2450 V. b. Simpson Model 262.
4. Test Oscillo- | Bandwidth, dc to 100 MHz; Power Supply Ripple Check. a. TEKTRONIX 465B Oscillo-
scope with 10X | minimum deflection factor, CRT Z-Axis Compensation; scope with 2 (included)
probe and 1X 5 mV/division; accuracy, Vertical gain adjustment. A 10X probes.
probe. (1X probe| within 3%; dual trace. Trigger Holdoff check. A and b. TEKTRONIX 475 Oscillo-
is optional Scale-factor switching. B +Gate output signals scope with 2 (included)
accessory) check. 10X probes.

c. TEKTRONIX P6101 1X
probe 010-6101-03.

REV A JUN 1979
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Table 4-1 (cont)

Minimum
Description Specifications Usage Examples
5. Calibration Standard-amplitude acc- Vertical checks and adjust- a. TEKTRONIX PG 506 Calibra-
Generator uracy, within 0.25%; ments. Trigger View checks tion Generator.*

signal amplitude, 2 mV
to 50 V; output signal,

1 kHz square wave. Fast-
rise repetition rate, 1

to 100 kHz; rise time,

1 ns or less; signal
amplitude, 100 mVto 1V;
aberrations, within 2%.
High-amplitude output,
60 V pulse supplying at
least 10 mA.

and adjustments. X Gain
adjustment. Z-axis check.

b. Standard Amplitude Cali-
brator (Amplitude Calibrator
only). Tektronix Part
number 067-0502-01.

c. TEKTRONIX Type 106 Square
Wave Generator (Fast rise and

High Amplitude only).

6. Sine-wave

Frequency, 350 kHz to

Vertical Centering. Bandwidth

a. TEKTRONIX SG 503 Leveled

Generator above 100 MHz; output and Isolation checks. Trigger Sine-wave Generator.’
amplitude variable from 0.5 checks and adjustments. X-Y
to 5.5 V peak-to-peak; out- Phase Difference. X Band- b. TEKTRONIX Type 191 Con-
put impedance; 50 Q; refer- width check. stant-Amplitude Signal
ence frequency, 50 to Generator.
350 kHz; amplitude accu-
racy, constant within 3% of
reference frequency as out-
put frequency changes.
7. Time-Mark Marker outputs, 2 ns to CRT Y-Axis and geometry TEKTRONIX TG 501 Time-
Generator 0.5 s; marker accuracy, adjustments. Auto Trigger Mark Generator.”
within 0.1%; trigger out- check. Horizontal timing
put, 1 ms to 0.1 us, time checks and adjustments.
coincident with markers.
8. Low Fre- Frequency, 60 Hz to 100 kHz; Low-Frequency Trigger checks.| TEKTRONIX SG 502 Oscil-
quency output amplitude, variable Vertical Compensation lator.®
Generator from 30 mV to 4 V peak-to-
peak. Positive square-wave
output amplitude, 5 V.
9.50Q Frequency response, 50 kHz Trigger checks and adjust- TEKTRONIX CT-3 Signal Pick-

Signal Pickoff

to 100 MHz; impedance
50 Q for signal input,
signal output, and trigger
output.

ments.

off. Part Number
017-0061-00.

10. Cable (2 Impedance, 50 Q; length, Signal Interconnection. Tektronix Part Number

Required) 42 inches; connectors, bnc 012-0057-01.

11. Cable (2 Impedance, 50 Q; length, Signal interconnection. Tektronix Part Number

Required) 18 inches; connectors, bnc 012-0076-00.

12. Adapter Connectors, GR874-to-bnc Signal interconnection. Tektronix Part Number
female. 017-0063-00.

13. Adapter Connectors, GR874-to-bnc Signal interconnection. Tektronix Part Number

male.

017-0064-00.
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Table 4-1 (cont)

Performance Check

Minimum
Description Specifications Usage Examples
14. Adapter Connectors, bnc female-to- Signal interconnection. Tektronix Part Number

bnc female.

103-0028-00.

15. Adapter Connectors, bnc-female-to- Signal interconnection. Tektronix Part Number
coaxial cable connector. 131-1315-01.
16. Adapter Connectors, bnc-male-to- Signal interconnection. Tektronix Part Number
miniature probe tip. 013-0084-01.
17. Dual- Connectors, bnc female-to-2- Vertical checks. Trigger checks | Tektronix Part Number
input Coupler bnc male. and adjustments. X-Y Phase 067-0525-01.
(2 required) check.
18. T Con- Connectors, bnc. Signal interconnection. Tektronix Part Number
nector 103-0030-00.
19. 10X Ratio, 10X; impedance, Vertical Compensation. Verti- Tektronix Part Number
Attenuator (2 50 Q; connectors, bnc. cal Bandwidth check. Trigger 011-0059-02.
required) adjustments.
20. 5X Atten- Ratio, 5X; impedance, 50 Q; Vertical System Compensation | Tektronix Part Number
uator connectors, bnc. adjustments. Trigger adjust- 011-0060-02.
ments.
21. 2X Atten- Ratio, 2X; impedance, 50 Q; Vertical System Compensation. | Tektronix Part Number
uator connectors, bnc. Trigger adjustments. 011-0069-02.
22. Termi- Impedance, 50 Q; connect- Signal termination. Tektronix Part Number
nation (2 ors, bnc. 011-0049-01.
required)
23. Screw- Length, 3-inch shaft, Adjust variable resistors. Xcelite R-3323.
driver bit size, 3/32 inch.
24. Low-Capa- | Length, 1-inch shaft; Adjust all variable capaci- J.F.D. Electronics Corp.

citance Screw-
driver

bit size, 3/32 inch.

tors.

Adjustment Tool Number
5284.

25. Shorting
Strap

Calibrator adjustment.

*Requires a TM 500 Series power module.
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PERFORMANCE CHECK

Purpose

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

NOTE

If acomplete check of every facet of the instrument’s
operation is desired, perform the calibration
procedure, eliminating the ADJUST portion of the
Check/Adjust steps.

Limits and Tolerances

All limits and tolerances given in this procedure are
performance guides and should not be interpreted as
specifications unless they are found in the Specification
section of this manual.

Line Voltage Selection

This procedure is for 115 Vac line, medium range. If a
different range is to be used, set the Regulating Range
Selector and Line Voltage Selector for the available line
voltage (see Operating Voltage in the Installation Instruc-
tions of this manual).

Test Equipment Required

The following equipment is required to perform a
complete Performance Check. For equipment speci-
fications, usage, and recommended types, see Table 4-1.

1. Calibration Generator

2. Square-wave Generator

3. Leveled Sine-wave Generator

4. Time-mark Generator

5. 42-inch, 50 Q Bnc Cable (2 required)
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6. Dual-input Coupler (2 required)

7. GR-to-bnc-male Adapter

8. GR-to-bnc-female Adapter

9. 10X Bnc Attenuator

10. 2X Bnc Attenuator

11. 50 Q Bnc Termination (2 required)

12. 50 Q Signal Pickoff Unit (Type CT-3)

13. Bnc-to-miniature-probe-tip Adapter

14. Bnc T Connector

15. 10X Scale-factor-switching Probe or 11kQ
resistor.

Special Fixtures

Special fixtures are used only where they simplify the
test setup and procedure. These fixtures are available
from Tektronix, Inc. Order by part number through your
local Tektronix Field Office or representative.

Test Equipment Alternatives

When equipment other than that recommendedis used,
control settings or test setup may need to be altered. If the
exact item of equipment given as an example in the Test
Equipment list is not available, first check the Minimum
Specifications column carefully to see if any other equip-
ment might suffice. Then check the Usage column to see
the purpose of this item. If 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 test equipment and instrument to be perfor-
mance checked to an appropriate power input source.
Turn on and allow a 20-minute warmup period before
commencing Performance Check.
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VERTICAL
Equipment Required
1. Calibration Generator 7. 5X Bnc Attenuator
2. Leveled Sine-wave Generator 8. 2X Bnc Attenuator
3. 42-inch, 50 Q Bnc Cable (2 required) 9. Bnc T Connector

4. 10X Scale-factor-switching Probe 10. Bnc-to-probe Tip Adapter
5. 50 Q Bnc Termination (2 required) 11. Dual-input coupter

6. 10X Bnc Attenuator

465B Control Settings 1. Check TRACE ROTATION

POWER ON a. Position the trace to the center horizontal graticule
line.
CRT
INTENSITY As desired b. Check that the trace is parallel with the center
FOCUS Best focused display horizontal graticule line. Readjust TRACE ROTATION if
SCALE ILLUM As desired necessary (front-panel screwdriver adjustment).

Vertical (CH 1 and CH 2)

VERT MODE CH 1 2. Check ALT Mode

POSITION Midrange

VOLTS/DIV 5mVv

VAR VOLTS/DIV Calibrated detent NOTE

AC-GND-DC GND i i

INVERT Normal (button out) VERT MODE switches are push-push switches that

must be pressed to select a particular VERT MODE
and pressed again to remove the trace from the crt
display. For example, selecting CH 1 VERT MODE
does not release any VERT MODEs previously
selected, and the CH 1 VERT MODE switch must be
pressed again to remove the CH 1 trace from the

Full bandwidth
(button out)

20 MHz BW LIMIT

Trigger (A and B)

COUPLING AC display.

LEVEL Midrange

SLOPE +

SOURCE NORM

TRIG MODE AUTO a. Set:

A TRIGGER HOLDOFF  NORM VERT MODE CH 1, CH2, A TRIG

VIEW, ADD, and ALT

Sweep (A and B)

HORIZ DISPLAY
TIME/DIV

VAR TIME/DIV

DELAY TIME POSITION
X10 MAG

POSITION (Horizontal)

4.6

A
1ms
Calibrated detent

Fully counterclockwise

Off (button out)
Midrange

AC-GND-DC (both)
A TRIGGER SOURCE

GND
EXT

b. Usethe CH 1 and CH 2 Vertical POSITION controls
tospreadthe CH 1, CH 2, and ADDtraces approximately 2
divisions apart. Use A TRIGGER LEVEL to position the A
TRIG VIEW trace between the vertical channel traces.


https://www.manualsplus.com/

c. CHECK—Sweeps alternate in all settings of the A
TIME/DIV switch except X-Y. The order of alternationis as
follows: CH 1, CH 2, ADD, then A TRIG VIEW.

d. Press ADDand A TRIG VIEW VERT MODE switches
to remove their traces from the crt display.

3. Check CHOP Mode

a. Set:

A TIME/DIV 1us

A TRIGGER SOURCE NORM

VERT MODE CH 1, CH 2, and
CHOP

b. Use the Channel 1 and Channel 2 Vertical
POSITION controls to position the two traces about 4
divisions apart.

c. Adjust A TRIGGER LEVEL for a stable display.

d. CHECK—Period of one cycleis approximately 2 us.

e. Press ADD and A TRIG VIEW VERT MODE
switches.

f. CHECK—Chopped display has four levels.

g. CHECK—Display for blanking of switching tran-
sients.

h. Press ADD, A TRIG VIEW, and CH 2 VERT MODE
switches to remove their traces from the crt display.

4. Check CH 1 Balance
a. Set:

VERT MODE CH 1
CH 1 VOLTS/DIV 20 mV

b. Position the trace to the center horizontal graticule
line.

c. CHECK—Trace shiftis 1.0 division orless as the CH
1 VAR VOLTS/DIV control is rotated from one extreme to
the other extreme.

Calibration Procedure—465B Service
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d. CHECK—CH 1 UNCAL LED comes on when the
VAR control is out of the detent position.

e. Return CH 1 VAR to calibrated detent.

5. Check CH 2 Balance
a. Set:

VERT MODE CH 2
CH 2 VOLTS/DIV 20 mV

b. Position the trace to the center horizontal graticuie
line.

c. CHECK—Trace shift is 1.0 division or less as the
CH 2VARVOLTS/DIV control is rotated from one extreme
to the other extreme.

d. CHECK—CH 2 UNCAL LED comes on when the
VAR control is out of the detent position.

e. Return CH 2 VAR to calibrated detent.

f. Position the trace to the center horizontal graticule
line.

g. CHECK—Trace shift is 2 divisions or less when
switching from normal to INVERT.

6. Check Vertical POSITION Range and Centering
a. Set:

CH 1 VOLTS/DIV 20 mv

CH 2 VOLTS/DIV 01V

AC-GND-DC (both) DC

A TRIGGER LEVEL Fully Clockwise
INVERT Normal (button out)

b. Connect the leveled sine-wave generator output to
the CH 2 OR Y input via a 50 Q bnc cable and a 50 Q bnc
termination. Set the generator frequency to 50 kHz and
adjust output for a vertical display of 4.8 divisions.

c. Set CH 2 VOLTS/DIV to 20 mV.

d. CHECK—Top of display can be positioned down to
the center horizontal graticule line, and bottom of display
can be positioned up to the center horizontal graticule
line.

47
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e. Move the signal from the CH 2 OR Y input to the
CH 1 OR X input connector.

f. Set VERT MODE switches for CH 1 display.

g. Repeat Step 6, part d, for CH 1.

7. Check BEAM FIND Operation
a. Push in and hold the BEAM FIND button.

b. CHECK—A compressed trace is visible regardless
of the settings of the:

CH 1 POSITION control,
INTENSITY control, or
Horizontal POSITION control.

c. Return the Horizontal POSITION control and the
INTENSITY control to midrange.

d. While still holding in the BEAM FIND button,
vertically position the trace to the center horizontal
graticuie iine.

e. Release the BEAM FIND button.

f. CHECK—Trace remains within the graticule area.

g. Disconnect the test equipment.

8. Check CH 1 and CH 2 Deflection Factor

a. Connect calibration generator standard-amplitude
output to the CH 1 input connector via a 50 Q bnc cable.
Use no termination. Set the generator for a 20 mV signal
and set the 465B AC-GND-DC switches to DC.

b. CHECK—CH 1 deflection factor is within the limits
given in Table 4-2.

c. Setthe VERT MODE switches to display CH 2, and
move the signal from CH 1 OR Xinputtothe CH2 OR Y
input connector.

d. CHECK—CH 2 deflection factor is within the limits
given in Table 4-2.

4.8

Table 4-2
DEFLECTION FACTOR LIMITS

VOLTS/DIV| Standard Vertical 3% Tolerance
Switch Amplitude | Deflection in
Setting Signal |in Divisions Divisions

5mV 20 mVv 4 3.88t0 4.12
10 mV 50 mV 5 485 t0 5.15
20 mv 0.1V 5 4.85t0 5.15
50 mV 0.2V 4 3.88 to 4.12
0.1V 05V 5 4.85t0 5.15
02V 1.0V 5 485 1t0 5.15
05V 20V 4 3.88 to 4.12
1.0V 50V 5 4851t05.15
20V 100V 5 4.85t0 5.15
50V 200V 4 3.88 t0 4.12

9. Check CH 1 and CH 2 VAR VOLTS/DIV Range
a. Set:

VOLTS/DIV (both) 20 mV

b. Set the calibration generator for a 0.1 V standard-
amplitude output signal.

c. CHECK—Display reduces to less than 2 divisions
when the CH 2 VAR VOLT/DIV control is rotated to its
extreme counterclockwise position.

d. Move the signal to the CH 1 OR X input connector
and set the VERT MODE switches to display CH 1.

e. CHECK—Repeat part ¢ using the CH 1 VAR
VOLTS/DIV control.

f. Return the VAR controls to the calibrated detent
position and remove the signal from the CH 1 input
connector.

10. Check ADD Mode

a. Set:
VOLTS/DIV (both) 5mV
VERT MODE ADD

b. Connect calibration generator standard-amplitude
signal to the CH 1 and CH 2 input connectors via a 50 Q
bnc cable and dual-input coupler.
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c. Set calibration

amplitude.

generator for 10mV output

L~ . vl o H PRy

d. CHECK—Dispiay is approximately 4 divisions.

11. Check INVERT Mode
a. Press CH 2 INVERT push button in.

b. CHECK—Display is approximately zero division.

12. Check Vertical Low-Frequency Compensation
a. Set:

TIME/DIV (both)
VOLTS/DIV (both)

0.2 ms
5mV

b. Connect the calibration generator fast-rise + output
tothe CH 1input connector via a 50 Q bnc cable, 10X bnc
attenuator, and 50 Q bnc termination.

c. Set the calibration generator to 1 kHz and adjust
output controls for avertical display of 5 divisions. Adjust
the A TRIGGER LEVEL control for a stable display.

d. CHECK—Rounding or overshoot is within 3% (0.15
division) at the frequencies listed in Table 4-3.

Table 4-3
LOW-FREQUENCY COMPENSATION SETUP

Calibration TIME/DIV
Generator Switch
Frequency Setting
1 kHz 0.2 ms
10 kHz 20 us
100 kHz 2.us

13. Check CH 1 and CH 2 Volts/Division
Compensation

a. Set:
VOLTS/DIV (both) 5 mV (see note)
A TIME/DIV 0.2 ms

Calibration Procedure—465B Service
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NOTE

Instep 13all VOLTS/DIV settings require the use of a
10X probe with scale-factor switching (preferably
the probe supplied as a standard accessory with the
oscilloscope you are performance checking). If it is
necessary to use a 10X probe without scale-factor
switching, set the VOLTS/DIV to indicate one tenth
of the settings listed.

b. Connect a 10X probe to the CH 1 input connector
(note that the VOLTS/DIV Scale-Factor switching LED
indicates 50 mV).

c. Connectthesquare-wave generator high-amplitude
output through a 2X, 5X, or 10X bnc attenuator (depending
on generator amplitude), to a 50 Q bnc termination that is
connected to a bnc-to-probe tip adapter. insert the 10X-
probe tip into the probe-tip adapter.

d. Adjust the square-wave generator for a 5-division,
1 kHz display, and add or remove attenuators and ter-
mination as necessary to maintain a 5-division display
throughout step 13.

e. Adjust the probe compensation for the best flat-top
waveform. Do not re-adjust probe compensation
throughout the remainder of step 13.

f. CHECK—Rounding or overshoot onthe waveformis
within 3% (£0.15 division) at all settings of the VOLTS/DIV
switch between 50 mV and 5 V.

g. Move the test setup to CH 2input connector and set
the VERT MODE switches to display CH 2.

h. Repeat step 13, part f, for Channel 2 (add or remove
attenuators as necessary to maintain a 5-division display).

i. Disconnect probe and generator.

14. Check €CH 1 and CH 2 Transient Response
a. Set:

TIME/DIV (both) 0.05 ps
VOLTS/DIV (both) 5mV
A TRIGGER SLOPE +

4-9
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b. Connect the calibration generator fast-rise +- output
tothe CH 2input connector viaa 50 Q bnc cable, 10X, 5X,
or 2X bnc attenuator, and 50 Q bnc termination. Set the
generator frequency to 100 kHz and adjust output con-

tenla fnr a uartinal dienlay nf B divieinne Adiiiet tha
wUIo 11U a voruadl Uiopidy Ui O Uividiuiio, NUjust uic

generator output and add or remove attenuators as
necessary to maintain a 5-division display throughout this
check.

c. CHECK—Flat-top waveform is within 4% orless (0.2
division) for the 5 mV, 10 mV, and 20 mV positions of the
VOLTS/DIV switch.

d. Movethetest setuptothe CH 1input connector and
set the VERT MODE switches to display CH 1.

e. CHECK—Repeat part ¢ for Channel 1.

f. Disconnect the test setup.

15. Check CH 1 and CH 2 Bandwidth
a. Set:
VOLTS/DIV (both)

A TIME/DIV

A TRIGGER LEVEL

5mVv

092 me
V.2 S

Fully clockwise

b. Connect the leveled sine-wave generator output to
the CH 1 input connector via a 50 Q bnc cable, 10X bnc
attenuator, and 50 Q bnc termination.

c. Set the sine-wave generator output for a vertical
display of 5 divisions at 50 kHz. Change the sine-wave
generator output frequency to 100 MHz.

d. CHECK—Display amplitude is 3.5 divisions or
greater.

e. Repeat partsc and dfor all CH 1 VOLTS/DIV switch
settings from 5 mV to 0.5 V. Adjust the generator and add
or remove attenuators as needed to maintain a 5-division,
50 kHz reference display.

f. Move the sine-wave generator outputsignal from the
CH 1 input to the CH 2input connector and set the VERT
MODE switches to display CH 2.

g. Repeat parts c and d for all CH 2 VOLTS/DIV switch
settings from 5 mV ro 0.5 V.

4-10

h. Disconnect the test setup.

16. Check Cascaded Gain and Bandwidth
a. Set:

VERT MODE CH 2
VOLTS/DIV (both) 5mV
TIME/DIV 1ms

b. Connect the CH 1 VERT SIGNAL output connector
(on the 465B rear panel) to the CH 2 input connector via a
50 Q cable and a 50 Q bnc termination.

c. Connect the calibration generator standard-
amplitude output to the CH 1 input connector via a 50 Q)
bnc cable. Set the calibration generator output for 5 mV.

d. CHECK—Display vertical amplitudeis 5 divisions or
greater.

e. Remove the calibration generator signal from the
CH 1 input connector.

f. Connect the leveled sine-wave generator output to
the CH 1 input connector via a 50 Q bnc cable, 10X bnc
attenuator, and 50 Q bnc termination. Set the generator
frequency to 50 kHz and adjust output controls for a
vertical display of 5 divisions. Adjust the generator output
frequency to 50 MHz.

g. CHECK—Display amplitude is 3.5 divisions or
greater.

h. Disconnect the test setup.

17. Check Trigger View Centering and Gain
a. Set:

VERT MODE A TRIG VIEW
A TIME/DIV 0.2 ms

A TRIGGER COUPLING DC

A TRIGGER SOURCE EXT

A TRIG MODE AUTO

b. Connect the calibration generator standard-
amplitude output to the A External Trigger input connec-
tor via a 50 QQ bnc cable. Use no termination. Set the
generator output to 0.5 V.
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c. CHECK—Display amplitude is 5 divisions +5% (5
divisions +0.25 division).

d. CHECK—Display will trigger symmetrically within
one graticule division when the A TRIGGER SLOPE is
switched between + and —.

e. Setthe ATRIGGER SOURCEto EXT/10and change
the output of the calibration generator to 5 V.

f. CHECK—Display amplitude is 5 divisions £5% (5
divisions +0.25 division).

g. Disconnect the calibration generator standard-
amplitude signal from the A External Trigger input
connector.

18. Check Trigger View Low-Frequency
Compensation

a. Set:
A TRIGGER SOURCE EXT
A TIME/DIV 0.1 ms

b. Connect the calibration generator high-amplitude
output to the A External Trigger input connectorviaa50 Q
bnc cable and 50 Q bnc termination. Set the calibration
generator output for a vertical display of 5 divisions at
1 kHz.

¢. CHECK—Square wave has less than 10% overshoot
or rounding.

d. Set A TRIGGER SOURCE to EXT/10 and adjust
generator output for a vertical display of 5 divisions.

e. CHECK—Square wave has less than 10% overshoot
or rounding.

f. Disconnect the calibration generator high-
amplitude output from the A External Trigger input
connector.

Calibration Procedure—465B Service
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19. Check Trigger View High-Frequency
Compensation

a. Set:
A TRIGGER SOURCE EXT
A TIME/DIV 0.2 ms

b. Connect the calibration generator fast-rise + output
to the A External Trigger input connector via a 50 Q bnc
cable, and 50 Q bnc termination.

c. Set the calibration generator frequency for 100 kHz
and adjust output for a vertical display of 5 divisions.

d. CHECK—Square-wave front-corner aberration is
jess than £10% (0.5 division).

e. Disconnect test setup.

20. Check Zero Trigger View Delay

a. Set:

VERT MODE CH 1 and A TRIG VIEW
A TIME/DIV 0.02 us

Xi0 MAG On (button inj

A TRIGGER COUPLING AC
CH 1 VOLTS/DIV 01V

b. Connect output of sine-wave generator via bnc T,
two 42-inch (equal length) 50 Q bnc cables, and 50 Q bnc
terminations; one to the CH 1 input connector, and one to
the A External Trigger input connector. Set sine-wave
generator for a 6-division display of A TRIG VIEW at
40 MHz, then adjust CH 1 VAR and VOLTS/DIV to match
the amplitude of the CH 1display tothe amplitude of the A
TRIG VIEW display.

c. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule divisions.

d. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us

B TIME/DIV 0.02 us

e. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule division.

f. Disconnect test setup.

4-11
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TRIGGERS

Eauinment Reauired
Equipment Required
n —

1. Leveled Sine-wave Generator
2. Calibration Generator

3. 42-inch Bnc Cable (2 required)
4. Gr-to-bnc-female Adapter

5. Gr-to-bnc-male Adapter

6. 50 Q Signal Pickoff Unit (Type CT-3)
7. 10X Bnc Attenuator

8. 2X Bnc Attenuator

9. 50 O Bnc Termination (2 required)

10. Dual-input Coupler (2 required)

465B Control Settings

POWER ON
CRT
INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM As desired

Vertical (CH 1 and CH 2)

VERT MODE CH 1

POSITION Midrange
VOLTS/DiV 5mV

VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC

INVERT Normal (button out)

Full bandwidth
(button out)

20 MHz BW LIMIT

Trigger (A and B)

COUPLING AC
LEVEL Midrange
SLOPE +
SOURCE NORM
TRIG MODE AUTO

A TRIGGER HOLDOFF NORM

Sweep (A and B)

HORIZ DISPLAY A

TIME/DIV 5 us

VAR TIME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterclockwise
X10 MAG Off (button out)

POSITION (Horizontal) Midrange

4-12

1. Check A and B Internal Triggering

a. Connect the output of the leveled sine-wave
generator to the A and B External trigger inputs viaa 50 Q
cable, Gr-to-bnc-male adapter, 50 Q2 signal pickoff unit
(Type CT-3) THRU SIG OUT output, Gr-to-bnc-female
adapter, 50 Q bnc cable, 2X bnc attenuator, 10X bnc
attenuator, 50 Q2 bnc termination and dual-input coupler.

b. Connect the SIG OUT 10% on the CT-3tothe CH 1
and CH 2 inputs via a 50 Q bnc cable, 50 Q2 bnc termina-
tion and dual-input coupler.

c. Adjust the leveled sine-wave generator for either a
3-division, 50 kHz display and set both VOLTS/DIV
switches to 50 mV (0.3 division of display), or a 5-division,
50 kHz display and set both VOLTS/DIV switches to
50 mV (0.5 division display) as necessary for parts d and f
of step 1.

d. CHECK—Stable display can be obtained by ad-
justing the A TRIGGER LEVEL control in the following A
TRIGGER COUPLING and A TRIGGER SOURCE switch
positions:

A TRIGGER A TRIGGER
COUPLING SOURCE DISPLAY
AC NORM, CH 1, CH 2 0.3 Div
DC NORM, CH 1, CH 2 0.3 Div
LF REJ NORM, CH 1, CH 2 0.5 Div
HF REJ NORM, CH 1, CH 2 0.5 Div
e. Set:
HORIZ DISPLAY B DLY'D

A TRIGGER LEVEL Fully clockwise
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f. CHECK—Stable display can be obtained by ad-
justing the B TRIGGER LEVEL control in the following B
TRIGGER COUPLING and B TRIGGER SOURCE switch
positions:

B TRIGGER B TRIGGER

COUPLING SOURCE DISPLAY
AC NORM, CH 1, CH 2 0.3 Div
DC NORM, CH 1, CH 2 0.3 Div
LF REJ NORM, CH 1, CH 2 0.5 Div
HF REJ NORM, CH 1, CH 2 0.5 Div

2. Check A and B External Triggering
a. Set:

CH 1 VOLTS/DIV 20 mV
TRIGGER SOURCE (both) EXT
TRIGGER COUPLING (both)AC

b. Adjust leveled sine-wave generator output for 5
divisions of display on the crt.

c. CHECK—Stable display can be obtained by ad-
justing B TRIGGER LEVEL control in the following B
TRIGGER COUPLING switch positions:

AC, DC

d. Remove the 2X bnc attenuator and set B TRIGGER
COUPLING switch to LF REJ then HF REJ.

e. CHECK—Stable display can be obtained by ad-
justing B TRIGGER LEVEL control.

f. Set:

HORIZ DISPLAY A
A TRIGGER COUPLING  LF REJ then HF REJ

g. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control with A TRIGGER
COUPLING in both LF REJ and HF REJ.

h. Replace the 2X bnc attenuator.

i. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control in the following A
TRIGGER COUPLING switch positions:

AC, DC

Calibration Procedure—465B Service
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j. Remove the 10X bnc attenuator and set the A
TRIGGER SOURCE switch to EXT/10.

k. CHECK—St

justing the A TRIGGER LEVEL control in the following A
TRIGGER COUPLING switch positions:

AC, DC

ble display can be obtained by ad-

oMy otal

pd

I. Remove the 2X bnc attenuator and set A TRIGGER
COUPLING switch to LF REJ then HF REJ.

m. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control.

3. Check A NORM TRIG Mode
a. Set:

A TRIGGER COUPLING AC
A TRIGGER SOURCE NORM
A TRIG MODE AUTO

b. Adjust A TRIGGER LEVEL for a stable display.

c. Set TRIG MODE switch to NORM.

d. CHECK—Stable display is visible.

e. Set CH 1 AC-GND-DC switch to GND.

f. CHECK—No visible display in the absence of an
adequate trigger signal.

4. Check SINGL SWP TRIG Mode
a. Set CH 1 AC-GND-DC switch to DC.

b. Adjust A TRIGGER LEVEL until display just
triggers.

c. Set CH 1 AC-GND-DC switch to GND.

d. Press SINGL SWP push button in.

e. CHECK—READY LED comes on and stays on.

4-13
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f. Set CH 1 AC-GND-DC switch to DC. i. CHECK—Single sweep occurs every time SINGL
SWP push button is depressed.

g. CHECK—READY LED goes out and a single sweep

occurs. j. Disconnect test setup.

h. Press SINGL SWP push button in.

4-14 @
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IMPORTANT NOTE

OSCILLOSCOPES WITH DIGITAL MULTIMETERS ATTACHED, REFER TO THE DIGITAL MULTIMETER
MANUAL AT THIS POINT, THEN RETURN TO STEP 8 IN THE HORIZONTAL SECTION.

QSCILLOSCOPES WITHOUT DIGITAL MULTIMETERS, CONTINUE WITH THIS PROCEDURE.

HORIZONTAL

Equipment Required

1. Time-mark Generator

2. Calibration Generator

3. Leveled Sine-wave Generator

4, 42-inch, 50 QQ Bnc¢ Cable

5. 50 Q Bnc Termination

465B Control Settings
POWER

CRT

INTENSITY
FOCUS
SCALE ILLUM

ON

As desired
Best focused display
As desired

VERTICAL (CH 1 and CH 2)

VERT MODE
POSITION
VOLTS/DIV

VAR VOLTS/DIV
AC-GND-DC
INVERT

20 MHz BW LIMIT

CH 1

Midrange

05V

Calibrated detent
DC

Normal (button out)
Full bandwidth
{button out)

TRIGGER (A and B)

COUPLING

LEVEL

SLOPE

A SOURCE

B SOURCE

TRIG MODE

A TRIGGER HOLDOFF

REV A SEP 1979

AC
Midrange
+

NORM
NORM
AUTO
NORM

SWEEP (A and B)

HORIZ DISPLAY A
TIME/DIV 1ms
VAR TIME/DIV Calibrated detent

DELAY TIME POSITION
X10 MAG

DACQITINN /LU i
POSITION {Horizontal

Fully counterclockwise

1. Check A and B TIME/DIV Accuracy

a. Connectthetime-mark generatortoCH 1inputviaa
50 Q bnc cable and a 50 Q bnc termination.

b. CHECK—A and B timing accuracy according to
Table 4-4. Timing to be accurate within 2% (0.2 division at
the 11th time marker). If 11 time markers are not visible
when checking B sweep, set the A TIME/DIV switch one
step slower than the B TIME/DIV switch; for example:

A TIME/DIV 1ms
B TIME/DIV 0.5 ms

When checking B timing, set HORIZ DISPLAY to B
DLY’D and use B TRIGGER LEVEL to stabilize the display.

4-15
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Table 4-4
A AND B TIMING ACCURACY

A and B CRT Display
TIME/DIV Time-Mark (Markers/
Switch Setting | Generator Output Division)
0.02 us 20 ng’ 1
0.05 us 50 ns 1
1 us 1 us 1
2 us 2 us 1
.5 us .5 us 1
1us 1us 1
2 us 2 us 1
5 us 5us 1
10 us 10 us 1
20 us 20 us 1
50 us 50 us 1
.1 ms .1 ms 1
.2ms .2ms 1
.5 ms .5 ms 1
1ms 1ms 1
2ms 2ms 1
5 ms 5 ms 1
10 ms® 10 ms 1
20 ms® 20 ms 1
50 ms® 50 ms 1
A SWEEP ONLY
s s 1
28 2s 1
59 5s 1

*If the time-mark generator used does not have a 1-2-5 sequence,
set to 1 or 2 time-markers/division as necessary.

® For sweep time greater than 5 ms/div set TRIG MODE to NORM.

2. Check A VAR TIME/DIV Range

a. Set:

HORIZ DISPLAY A

A TRIG MODE AUTO
TIME/DIV 2ms

b. Select 5 ms time markers from the time-mark gen-
erator.

c. CHECK—At least 1 marker per division can be
obtained by adjusting the VAR TIME/DIV control.

d. Return the VAR TIME/DIV control to the detent
position.
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3. Check Delay or Differential Time Linearity
a. Set:

A TIME/DIV 1 ms
B TIME/DIV 5 us
HORIZ DISPLAY

B DLY'D
B TRIGGER SOURCE STARTS AFTER DELAY

b. Select 1 ms time markers from the time-mark
generator.

c. Turn DELAY TIME POSITION to set time marker
nearest 1.00 on dial to coincide with graticule center and
note reading.

d. Turn DELAY TIME POSITION to set time marker
nearest 2.00 on dial to coincide with graticule center and
note reading.

e. CHECK—Difference in readings is 1.00 £0.01 (0.99
to 1.01), from +15°C to +35°C; £0.03 (0.97 to 1.03), from
—15°C to +55°C.

f. Turn DELAY TIME POSITION dial to set every
adjacent time marker to coincide with graticule center and
note reading.

g. CHECK—Difference of readings between any two
adjacent time markers is 1.00, £0.01 (0.99 to 1.01), from
+15°C to +55°C; £0.03 (0.97 to 1.03), from —15°C to
+55°C.

4. Check Delay or Differential Time Accuracy
a. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us
B TIME/DIV 0.05 us

b. Setthe ATIME/DIV, B TIME/DIV and thetime-mark
generator to the settings given in Table 4-5. First set the
DELAY TIME POSITION dial to 1.00. Adjust the horizontal
POSITION control so the top of one of the displayed time
markers crosses the center vertical graticule line. (if the
top of the time marker at the beginning of the sweep isn't
visible, then use the second time marker.) Without
touching the horizontal POSITION control, setthe DELAY
TIME POSITION dial to 9.00. Slightly readjust the DELAY
TIME POSITION dial to position the top of the displayed
time marker to the center vertical graticule line.
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Table 4-5
DELAY OR DIFFERENTIAL TIME ACCURACY

A TIME/ B TIME/ Time-
DIv Div Mark
Switch Switch Generator
Setting Setting Output
2 us .02 us A us
2 us .05 us A us
5 us .05 us 5 us
1 us 1 us 1us
2 us 1 us 1us
S us 5 us 5 us
10 us 1 us 10 us
20 us 1 us 10 us
50 us 5us 50 us
1ms 10 us .1ms
2ms 10 us .1 ms
5ms 50 us .5 ms
1ms .1 ms 1ms
2ms .1 ms 1ms
5ms .5 ms 5ms
10 ms* 1ms 10 ms
20 ms* 1ms 10 ms
50 ms® 5ms 50 ms
1s 10 ms s
2 10 ms s
5 50 ms 5s

*For sweep times greater than 5 ms/div, set TRIG MODE to
NORM.

¢. CHECK—DELAY TIME POSITION dial settingtobe
8.92 to 9.08.

d. Repeat parts b and c for each setting listed in Table
4-5.

5. Check Delay or Differential Jitter

a. Set:

DELAY TIME POSITION  9.00
A TIME/DIV 1ms
B TIME/DIV 0.2 us

b. Select 1 ms time markers.

c. Slightly readjust DELAY TIME POSITION dial to
position a time marker on screen.

Calibration Procedure—465B Service
Performance Check

d. CHECK—Jitter on leading edge of the time marker
does not exceed 1 division (2.5 divisions if operating from
a 50 Hz line voltage). Disregard slow drift.

e. Set the DELAY TIME POSITION dial to 1.00 and
repeat parts c and d.

f. Disconnect the time-mark generator.

6. Check ALT Horizontal Display Trace Separation
a. Set:

HORIZ DISPLAY A INTEN

A TIME/DIV 1ms

B TIME/DIV .1 ms

B INTENSITY As required for visible
display

b. Use CH 1 Vertical POSITION control to align the
trace with the center horizontal graticule line.

c. Select ALT Horizontal Display.

d. CHECK—TRACE SEP control will move the B trace
at least =4 vertical divisions from the center graticule line
with A trace centered.

7. Check A INTEN and B ENDS A Operation
a. Set:

A TIME/DIV 1ms

B TIME/DIV .1 ms
DELAY TIME POSITION  About 5.00
HORIZ DISPLAY A INTEN

b. CHECK—B portion of trace is intensified (about 1
division).

c. Rotate A TRIGGER HOLDOFF control clockwise to
the B ENDS A position (in the detent).

d. CHECK—Trace ends at the end of the intensified
portion.
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8. Check X Gain

a. Set:

TIME/DIV (both) X-Y
VOLTS/DIV (both) 5mV
CH 1 AC-GND-DC AC
CH 2 AC-GND-DC GND
HORIZ DISPLAY A

A TRIGGER HOLDOFF NORM

b. Connect a 20 mV standard-amplitude signal from
the calibration generator to the CH 1input viaa 50 Q bne
cable.

c. CHECK—Display is 4 divisions (+0.16 division)
between the dots.

d. Disconnect test setup.

4-18

9. Check X Bandwidth

a. Connect the leveled sine-wave generator to the
CH 1inputviaa50 Qbnc cableand 50 Q bnctermination.

b. Adjust the generator for a horizontal display of 10
divisions at 50 kHz.

¢. Without touching the generator amplitude, adjust
the generator frequency to 4 MHz.

d. CHECK—Display is at least 7 divisions in length.

e. Disconnect test setup.
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ADJUSTMENT PROCEDURE

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

Purpose

The purpose of the Adjustment Procedure is to provide
a calibration sequence for adjustments—not to provide a
troubleshooting guide. See the Troubleshooting Aids
portion of the Maintenance section for troubleshooting
information.

Limits and Tolerances

All limits and tolerances given in this procedure are
calibration guides and should not be interpreted as
instrument specifications unless they are alsofoundinthe
Specification section of this manual.

Tolerances given are for the instrument under test and
do not include test equipment error.

Step Titles

Where possible, instrument performance is checked
before an adjustment is made. Steps containing checks
and adjustments are titled Check/Adjust. Those with
checks only are titled Check.

Line Voltage Selection

This procedure is for 115 Vac line, medium range. If a
different range is to be used, set the Regulating Range
Selector and Line Voltage Selector for the available line
voltage (see Operating Voltage under Installation Instruc-
tions in Section 2 of this manual).

Internal Adjustments
Do not preset the internal controls or movethe +55 volt

supply adjustment as this will typically require complete
recalibration of the oscilloscope.

Display

The most accurate display adjustments are made with a
stable, well-focused, Ilow-intensity display. Unless
otherwise noted, adjust the Intensity, Astigmatism, Focus,
and Trigger Level controls as needed.

Test Equipment Required

Refer to Table 4-1, at the beginning of this section, fora
list of test equipment required, specifications, usage, and
recommended types.

REV A JUN 1979

Special Calibration Fixtures. Special calibration fix-
tures are used only where they facilitate instrument
adjustment. These fixtures are available from Tektronix
Inc. Order by part number through your local Tektronix
Field Office or representative.

Calibration Equipment Alternatives and Partial
Procedures. The Adjustment procedure is based on the
first item of equipment given as an example. When other
equipment is substituted, control settings or calibration
setups might need to be altered. If the exact equipment
listed is not available, check the Minimum Specification
column carefully to see if any other equipment might
suffice. Then check the Usage column to see where this
item is used. If used for a check that is of little or no
importance to your measurement requirements, the item
and corresponding step(s) can be deleted.

If the applications for which you will use the 465B do
not require the full performance available, the procedure
and the equipment list can be shortened accordingly. For

+ HHRH ~F thi
example, the basic measurement capabilities of this

instrument can be verified by checking and adjusting as
needed: vertical deflection factor, horizontal timing ac-
curacy, and the calibrator signal. If any step requires more
than a minor readjustment, check Table 4-6 for any
possible interactions.

If a Performance Checkindicatesthat only one subsec-
tion requires adjustment, each subsection (Vertical,
Horizontal, etc.), except the Power Supply, may be
adjusted independently. Also, if maintenance has been
performed in a subsection, the adjustments for that area
may be accomplished without completing the ad-
justments in other subsections. If any maintenance or
adjustments are changed in the Power Supply circuitry, it
is advisable to perform a complete adjustment procedure
including all subsections.

Interactions

Table 4-6 shows calibration adjustments and the
possible interaction each adjustment might have on other
adjustments. The use of Table 4-6is particularlyimportant
if only a partial procedure is performed or if a circuit
requires recalibration due to component replacement.

To use this table, find the adjustment made in the
column at the ieft of the table. Then move to the right
across that row until you cometo adarkened square. From

4-19
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INTERACTION ———»

ADJUSTMENT MADE

+55 V SUPPLY
TRACE ROTATION

+56 V SUPPLY

Y-AXI1S ALIGNMENT

GEOMETRY

TRACE ROTATION

Table 4-6

ADJUSTMENT INTERACTIONS

Y-AXIS ALIGNMENT

GEOMETRY

CH 1 VAR BAL

CH1 VAR BAL
CH 2 VAR BAL

(O RG]
z1z
r{o
w|w
=
-4 -4
wlw
ojo
-4 4
| k=] le]
UE|E
-|3(3
En.n.
-l
>

Ilx
Z|lslo

CH 1 GAIN
CH 2 GAIN

VERT OUT GAIN

SWP START AND A SWP CAL
X1 HORIZONTAL GAIN
X10 HORIZONTAL GAIN

B SWP CAL

HIGH SPEED MAG TIMING (A AND B)

TRIGGERING SENSITIVITY (A AND B)

SLOPE CENTERING (A AND B)

TRIG LEVEL CENTERING (A AND B)
NORM TRIG DC BALANCE

CH 1 TRIG DC BAL
CH 2 TRIG DC BAL

TRIGGER VIEW CENTERING

TRIGGER VIEW GAIN

X GAIN

CRT GRID BIAS

CRT

CH 2 VAR BAL

INVERT BAL

CH 1 POSITION CENTERING

CH 2 POSITION CENTERING

CH 1 GAIN

CH 2 GAIN

VERT OUT GAIN

SWP START AND A SWP CAL

X1 HORIZONTAL GAIN

X10 HORIZONTAL GAIN

B SWP CAL

HIGH SPEED MAG TIMING (A AND B)

TRIGGERING SENSITIVITY (A AND B)

SLOPE CENTERING (A AND B)

TRIG LEVEL CENTERING (A AND B)

NORM TRIG DC BALANCE

CH1 TRIG DC BAL

CH 2 TRIG DC BAL

TRIGGER VIEW CENTERING

TRIGGER VIEW GAIN

X GAIN

CRT GRID BIAS

CRT

4-20
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the darkened square move up the column and check the
accuracy of the adjustment heading that column. Readjust
if necessary.

Preparation

Remove the 465B cabinet by following the procedure
listed under "Cabinet and Rack Adapter Removal and
Replacement” in the Maintenance section of this manual.

Connect test equipment and instrument to be
calibrated to an appropriate power source. Turn on and
allow a 20-minute warmup period before commencing
Adjustment Procedure.

INDEX TO ADJUSTMENT PROCEDURE
Power Supply

1. Check/Adjust Power Supply DC Levels, Regula- Page
tion, and Ripple (R4318) ...............ccoviueen 4-23
2. Check High Voltage Supply ................. 4-24
Display and Z Axis

1. Check/Adjust CRT Grid Bias (R4109) ........ 4-25
2. Check/Adjust Trace Alignment (TRACE
ROTATION) ..ottt iaetinieieane 4-25
3. Check/Adjust Y-Axis Alignment (R4072) ..... 4-26
4. Check/Adjust Geometry (R4069) ............. 4-26
5. Check/Adjust Z-Axis Compensation (C4217) . 4-26
Vertical

1. Check Probe Indicator LED ................. 4-28
2. Check Input Coupling (AC-GND-DC) Switches 4-28
3. Check ALTMode ..........oiiiviiiviiennnns 4-28
4. Check CHOPMode .........coiiviiianennne, 4-28
5. Check BEAMFIND ... ..coviiiiiiiinniin 4-28
6. Check/Adjust CH 1 Var Volts/Div Balance and

VAR Indicator (R1484) ... ....ccivvviiiineinnens 4-29

7. Check/Adjust CH 1 Position Centering (R1135) 4-29

8. Check/Adjust CH 2 Var Volts/Div Balance and

VAR Indicator (R1884) ........ccoiiviiiniiinnnns 4-29
9. Check/Adjust CH 2 Invert Balance (R1975) ... 4-29
10. Check/Adjust CH 2 Position Centering

(R1735) ittt it aaaa i 4-29
11. Check CH 2 and CH 1 Gate Current ........ 4-30
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12. Check/Adjust Gain (R1482, R2025, R1882)
(R1482, R2005, R1882 below SN B030000) .....

13. Check CH 1 and CH 2 Var Volts/Div Range . 4-31

14, Check ADDmode ...........cciiiiiiene... 4-31
15. Check Compression and Expansion ........ 4-31
16. Check/Adjust Low-Frequency Compensation  4-32
17. Check/Adjust CH 1 Volts/Div Compensation  4-34
18. Check/Adjust CH 2 Volts/Div Compensation 4-34
19. Check/Adjust CH2 and Output High-
Frequency Compensation .............coocvnin 4-35
20. Check CH 2 Position Effect ................ 4-35
21. Check/Adjust CH 1 High-Frequency Com-
PeNsation ........ ..t il 4-36
22. Check CH 1 Position Effect ................ 4-36
23. Check CH 1 Transient Response ........... 4-36
24. Check CH 2 Transient Response ........... 4-36
25. Check Bandwidth ......... ... .o 4-36
26. Check Cascaded Gain and Bandwidth ...... 4-37
27. Check Channel Isolation ................... 4-37
28. Check/Adjust Common-Mode Rejection Ratio
(R1IBB2) +'eiteet it iiaiianaeanns 4-37
29. Check Bandwidth Limit Operation .......... 4-38
30. Check/Adjust Trigger View Centering and Gain
(R7526, R7439) . .iiviiiiiniriinia e eninnnn, 4-38
31. Check/Adjust Trigger View Low-Frequency
Compensation (C7505, C7506) ..............v.e 4-38
32. Check/Adjust Trigger View High-Frequency
Compensation (C7425, C7529, R7423) .......... 4-39
33. Check/Adjust Zero Trigger View Delay (R6011,

2 1 722 T 4-39
Triggers

1. Check/Adjust A Trigger Sensitivity and TRIG

LED (R7246) .....oiniiiiinininnneaneeaecnnnns 4-39

2. Check/Adjust B Trigger Sensitivity (R7045) ... 4-41

4-21
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3. Check/Adjust B Trigger Slope Center and Level

(R7042, R7026) ......ccovvinirininnniiinennennes 4-42
4: Checlf/Adqut A Trigger Slope Center and Level
(R7242, R7224) ....veieiiiee i iieeiaeennn, 4-42
5. Check/Adjust A Trigger DC Levels (R1202,
R1126, R1835) .+ neetee e, 4-43
6. Check B Trigger DC Levels .................. 4-43
7. Check B Internal 10 MHz Triggering ......... 4-43
8. Check A Internal 10 MHz Triggering ......... 4-44
9. Check A External 10 MHz Triggering ......... 4-44
10. Check B External 10 MHz Triggering ....... 4-45
11. Check B and A External 100 MHz Triggering  4-45
12. Check A Internal 100 MHz Triggering ....... 4-46
13. Check B Internal 100 MHz Triggering ....... 4-46
14. Check A and B High-Frequency Reject
Triggering ...ttt 4-47
15. Check Single Sweep ....................... 4-47
16. Check 60 Hz Internal Triggering ............ 4-48
17. Check 60 Hz External Triggering ........... 4-49
18. Check A and B External Trigger Level Ranges  4-49
19. Check Line Triggers .............covvvvnnn 4-50
20. Check NORM A Trigger Mode .............. 4-50
21. Check AUTO Recovery Time ............... 4-51
Horizontal

1. Check/Adjust Sweep Start and A Sweep Calibra-

tion (R4570, RB053) .........vvvineeeeeeennnnnns 4-53
2. Check Delay or Differential Time Linearity ... 4-53
3. Check/Adjust Horizontal Amplifier Gain (R4373,
R4274) . e 4-53
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4. Check Sweep Linearity ...................... 4-54
5. Check/Adjust R4253 Magnifier Centering

(SN B011250—up) and R4275 Registration . .. 4-54
6. Check/Adjust B Sweep Calibration (R6052) 4-54
7. Check A Sweep Length ..................... 4-54
8. Check Var Time/Division .................... 4-54
9. Check Horizontal Position Range ............ 4-55
10. Check/Adjust A 10 us Timing (C6002) ...... 4-55
11. Check/Adjust A Sweep High Speed Timing
(CBO15) et 4-55
12. Check/Adjust B Sweep High Speed Timing
(CB0B2) .ottt 4-56
13. Check A and B Time/Division Accuracy ..... 4-56
14. Check/Adjust High Speed Magnified Timing
(C4246, CA247) ...ttt 4-56
15. Check A and B Magnified Timing Accuracy . 4-57
18. Check Delay or Differential Time Accuracy 4-58
17. Check Delay or Differential Time Jitter ...... 4-58
18. Check/Adjust X Gain (R4381) .............. 4-58
19. Check X-Y Phasing and Bandwidth ......... 4-59
20. Check BENds A ..........ccoiiiiiiiinnnn 4-59
21. Check A Trigger Holdoff ................... 4-59
Gates, Calibrator and Ext Z Axis
1. Check Aand B +Gates ...................... 4-61
2. Check/Adjust Calibrator DC Levet (R4293) ... 4-61
3. Check External ZAxis ..........coceevenn... 4-62
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POWER SUPPLY

Equipment Required

1. Digital Voltmeter 4. Autotransformer
2. DC Voltmeter 5. 3-Inch Slotted Screwdriver

3. Test Oscilloscope

See m in the Diagrams section for adjustments and test points (TP).

Triggering Controls
NOTE (both A and B if applicabie)
After performing the following control settings, LEVEL As needed for a stable
connect the instrument to a power source through a display
Variable Autotransformer. Set the Autotransformer SLOPE +
to 115 V before turning the instrument on. COUPLING AC
SOURCE NORM
TRIG MODE AUTO
465B Control Settings Sweep Controls
Power Controls HORIZ DISPLAY A
Regulating Range Selector Medium :ili:l\é/ng POSITION Fully counterclockwise
Line Voltage Selector 115V bl
POWER ON B TIME/DIV 1 ms
VAR TIME/DIV Calibrated detent
X10 MAG Off (button out)
POSITION (Horizontal) Midrange
A TRIGGER HOLDOFF NORM
CRT Controls
INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM As desired
: 1. Check/Adjust Power Supply DC Levels,
Regulation, and Ripple (R4318)
Vertical Controls NOTE

{both Channels if applicable)
Review the information at the beginning of the

VOLTS/DIV 5mv Adjustment Procedure before starting the

VAR Calibrated detent procedure.

POSITION Midrange

AC-GND-DC GND

VERT MODE CH1

INVERT Normal (button out) a. Connect the digital voltmeter common lead to

20 MHz BW LIMIT Full bandwidth chassis ground and the + lead to the test point given in
(button out) Table 4-7. Voltage to be within the given limits.

@ 4-23
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Table 4-7
LOW VOLTAGE POWER SUPPLY LIMITS

Table 4-8

TYPICAL LOW VOLTAGE
POWER SUPPLY RIPPLE

Power Test
Supply Point Reading Tolerance
+55 V TP4338 +54.62 to +55.39 +0.7%
+15 V TP4339 +14.75 to +15.26 +1.7%
+5V TP4337 +4.92 to +5.09 +1.7%
-8V TP4439 —7.86to —8.14 +1.7%
+110V | TP4340 +106.7 to +113.3 +3.0%

NOTE

If the adjustment in step 1, part b, is made, the
oscilloscope will require complete recalibration.

b. Connect the digital voltmeter common lead to
chassis ground and + lead to TP4338. ADJUST—+55 volt
supply (R4318) for +55 volts. Recheck all supplies accor-
ding to Table 4-7.

c. Connect the test oscilloscope to the indicated test
point and check theripple amplitude accordingto Table 4-
8 while varying the line voltage between 104 Vand 126 V.
For improved resolution when measuring ripple
amplitude, use a 1X probe and cascaded gain on the test
oscilloscope.
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Typical Ripple

Power Supply Test Point (Peak-to-Peak)
+55 V TP4338 4 mV
+15V TP4339 2mVv
+5V TP4337 2mVv
-8V TP4439 2mVv
+110V TP4340 20 mV

d. Return line voltage to 115 V.

2. Check High Voltage Supply

a. Connect the dc voltmeter common lead to chassis
ground and the + lead to TP4129 on the interface board.
(TP4129 is accessible through a hole in the high voltage
cover.)

b. CHECK—High Voltage supply for —2450 V £2.2%
(—2396 V to —2504 V).

c¢. Disconnect the dc voltmeter.
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DISPLAY AND Z AXIS

Equipment Required

1. DC Voltmeter
2. Test Oscilioscope
3. Time-mark Generator

4. 50 Q Bnc Cable

5. 50 Q Bnc Termination
6. 10X Probe
7. 3-inch Slotted Screwdriver

8. Low-capacitance Slotted Screwdriver

See = ADJUSTMENT LOCATIONS 1  in the Diagrams section for adjustments and test points (TP).

465B Control Settings

Power Controls
Regulating Range Selector Medium
Line Voltage Selector 115V
POWER ON

CRT Controls

INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM Fully counterclockwise

Vertical Controls
(both Channels if applicable)

VOLTS/DIV S5mv

VAR Calibrated detent
POSITION Midrange
AC-GND-DC GND

VERT MODE CH1

INVERT Normal (button out)
20 MHz BW LIMIT Full bandwidth

(button out)

Triggering Controls
{both A and B if applicable)
LEVEL As needed for a stable
display

SLOPE +
COUPLING AC
SOURCE NORM
TRIG MODE AUTO

Sweep Controls

HORIZ DISPLAY A

DELAY TIME POSITION  Fully Counterclockwise
A TIME/DIV X-y

VAR TIME/DiV Calibrated detent

X10 MAG Off (button out)

POSITION (Horizontal) Midrange
A TRIGGER HOLDOFF NORM

1. Check/Adjust CRT Grid Bias (R4109)

a. Connect the digital voltmeter common lead to
chassis ground and the + lead to TP4217. (TP4217 is
accessible through a hole in the high voltage cover.)

b. Set the INTENSITY control for +20 V on the digital
voltmeter.

c. CHECK—Display for a well defined, low intensity
dot. Use FOCUS and ASTIG controls as needed.

d. ADJUST—CRT Grid Bias (R4109) for a visible dot,
then back off control until the dot just disappears.

2. Check/Adjust Trace Alignment (TRACE
ROTATION)

a. Set:

A TIME/DIV 0.5 ms
INTENSITY As desired
SCALE ILLUM As desired

4-25
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b. Position the trace to the center horizontal graticule
line.

o CHECK _Tracei
N 11ald

(ORI VAR =\ ¥

graticule line.

d. ADJUST—TRACE ROTATION (front panel adjust-
ment) to make the trace parallel with the center horizontal
graticule line.

3. Check/Adjust Y-Axis Aiignment (R4072)

a. Connect 1 ms time markers from the time-mark
generator to the CH 1 input via a 50 Q bnc cable and a
50 Q bnc termination.

b. Set:

CH 1 AC-GND-DC DC
CH 1 VOLTS/DIV 01V

c. Adjust VAR TIME/DIV control for exactly 1 time
marker/major division. (Time markers should fill the
screen vertically. If not, reduce the VOLTS/DIV switch
setting.)

d. CHECK—Display for 0.1 division tilt or less, when
compared to the center vertical graticule line.

e. ADJUST—Y-Axis Alignment (R4072) to align to
center time marker with the center vertical graticule line.

f. INTERACTION—TRACE ROTATION.

4. Check/Adjust Geometry (R4069)

a. CHECK—Display for 0.1 division or less, vertical
curvature of the markers across the graticule area.
(Readjust A VAR TIME/DIV as needed to maintain exactly
1 marker per division.)

4-26

b. ADJUST—Geometry (R4069) for minimum cur-
vature of the markers across the graticule area.

o
P

d. Disconnect the test setup.

e. Return A VAR TIME/DIV to detent.

5. Check/Adjust Z-Axis Compensation (C4217)
a. Set the A TIME/DIV switch to 0.05 us.

b. Connect the 10X probe from thetest oscilloscopeto
TP4217.

c. Adjust the 465B INTENSITY control for a 15V
display on the test oscilloscope.

d. CHECK—Test oscilloscope display for optimum
square corner on the unblanking gate (with minimum

ringing).

e. ADJUST—2Z-Axis Compensation (C4217), with a
low-capacitance screwdriver, for the best square corner
on the unblanking pulse viewed on the test oscilloscope.

f. Disconnect the test setup.

g. CHECK—Display for uniform intensity across the
graticule area (especially the first 2 divisions of the trace).

h. READJUST—C4217, if necessary.


https://www.manualsplus.com/

Calibration Procedure—465B Service

VERTICAL

Adjustment Procedure

Equipment Required

1. Calibration Generator

2. Test Oscilloscope (only if gain requires complete

recalibration

3. Leveled Sine Wave Generator

7.

9. 50 Q Bnc Termination (2 required)

10.

4. Two 10X Probes (one should have Scale-factor

Switching, however an 11 kQ resistor may be substituted

in Step 1, part a).

5. 50 Q Bnc Cable (2 required)

6. Dual-input Coupler

12.

13.

11.

2X or 5X Bnc Attenuator

8. 10X Bnc Attenuator (2 required)

Low-capacitance Screwdriver
3-inch Slotted Screwdriver
Bnc-to-probe tip Adapter

Bnc-female-to-coaxial-cable-connector

Adapter.

ments and test points (TP).

465B Conlrol Setlings

POWER ON
Display
INTENSITY As desired
FOCUS For optimum definition
SCALE ILLUM As desired
ASTIG Best defined trace

Vertical (CH 1 and CH 2)

VERT MODE
POSITION
VOLTS/DIV

VAR VOLTS/DIV
AC-GND-DC
INVERT

20 MHz BW LIMIT

CH1

Midrange

5mV

Calibrated detent
DC

Normal {button out)
Full bandwidth
(button out)

3 : 3.
ICATIONS 2 8 and ‘&IIOHS | in the Diagrams section for adjust-

Trigger (A and B)

COUPLING AC
LEVEL As needed for stable
display
SLOPE +
A TRIGGER SOURCE NORM
B TRIGGER SOURCE STARTS AFTER DELAY
TRIG MODE AUTO
A TRIGGER HOLDOFF NORM
Sweep (A and B)
HORIZ DISPLAY A
A TIME/DIV 1ms
B TIME/DIV 1ms
VAR TIME/DIV Calibrated detent

DELAY TIME POSITION
X10 MAG
POSITION (Horizontal)

Fully counterclockwise
Off (button out)
Midrange
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Adjustment Procedure

1. Check Probe Indicator LED

a. Connect a 10X probe with a Scale-factor Switching
connector to CH 1 input (if no Scale-factor Switching
probe is available, an 11 kQresistor may be used. Connect
the resistor between ground and the metal coding ring on
the input connector).

b. CHECK—5 mV LEDisextinguished and 50 mV LED
is illuminated.

c. Set VERT MODE switchesto display CH 2and move
probe to CH 2 input.

d. CHECK—5 mV LEDis extinguished and 50 mV LED
is illuminated.

e. Remove 10X probe.

2. Check Input Coupling (AC-GND-DC) Switches

a. Connect output of calibration generator to CH 2
input via50 Q cable. Set the generator for 20 mV standard-
amplitude output.

b. Position bottom of display to center horizontal
graticule line and set CH 2 AC-GND-DC switch to GND.

c. CHECK—No vertical deflection; trace is at center
horizontal graticule line.

d. Set CH 2 AC-GND-DC switch to AC.

e. CHECK—Display is centered about center horizon-
tal graticule line.

f. Set VERT MODE switches to display CH 1and move
test signal to CH 1.

g. Position bottom of display to center horizontal
graticule line.

h. Set CH 1 AC-GND-DC switch to GND.

i. CHECK—No vertical deflection; trace is at center
horizontal graticule line.

j. Set CH 1 AC-GND-DC switch to AC.
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k. CHECK—Display is centered about center horizon-
tal graticule line.

i. Disconnect square-wave signai.

3. Check ALT Mode
Set:

VERT MODE CH1,CH2, and
ALT: OUT

A TRIGGER LEVEL Fully clockwise

b. Position traces about 2 divisions apart.

c. CHECK—Sweeps alternate for all A TIME/DIV set-
tings except X-Y.

4. Check CHOP Mode

a. Set:

A TIME/DIV 0.5 us

VERT MODE CH1, CH 2, and CHOP
AC-GND-DC (both) GND

A TRIGGER COUPLING HF REJ

A TRIGGER LEVEL As needed for

stable display

b. Position traces about 4 divisions apart and set A
TRIGGER LEVEL control for a stable display.

c. CHECK—Vertical switching transients are com-
pletely blanked between horizontal chopped segments.

d. CHECK—Duration of each cycleis approximately 4
divisions.

5. Check BEAM FIND
a. Push in BEAM FIND button and hold.

b. CHECK—Trace remains entirely on screen,
regardless of the setting of vertical or horizontal
POSITION controls.

c. Release BEAM FIND button.
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6. Check/Adjust CH 1 Var Volts/Div Balance And
Var Indicator (R1484)
a. Position trace to center horizontal graticule line.

b. CHECK—CH 1 UNCAL LED is illuminated when
VAR control is out of detent.

¢. CHECK—Trace shift of 0.2 division or less when
rotating VAR control from one extreme to the other.

d. ADJUST—CH 1 Var Bal (R1484) for minimum trace
shift while rotating CH 1 VAR control from one extreme to
the other.

e. Return CH 1 VAR control to detent position.

7. Check/Adjust CH 1 Position Centering (R1135)
a. Set:

CH 1 VOLTS/DIV .2V
CH 1 AC-GND-DC AC
A TIME/DIV 1ms

b. Connect leveled sine-wave generator output to
CH 1 input via 50 Q bnc cable and 50 Q termination. Set
the generator for a vertical display of 2.4 divisions at
50 kHz.

c. Set CH 1 VOLTS/DIV switch to 20 mV without

d. CHECK—Top of display positions down to center
horizontal graticule line or below, bottom of display
positions up to center horizontal graticule line or above.

e. ADJUST—CH 1 Position Center (R1135) so display
positions same distance above and below graticule center
line.

f. Disconnect generator.

8. Check/Adjust CH 2 Var Volts/Div Balance and
Var Indicator (R1884)
a. Set VERT MODE switches to display CH 2.

b. CHECK—CH 2 UNCAL LED is illuminated when
VAR control is out of detent.

Calibration Procedure—465B Service
Adjustment Procedure

¢. CHECK—Trace shift is 0.2 division or less when
rotating VAR control from one extreme to the other.

d. ADJUST—CH 2 Var Bal (R1884) for minimum trace
shift while rotating CH 2 VAR control from one extremeto
the other.

e. Return CH 2 VAR control to detent position.

9. Check/Adjust CH 2 Invert Balance (R1975)
a. Set CH 2 AC-GND-DC to GND.

b. Position trace to center horizontai graticuleline and
push INVERT button in.

¢c. CHECK—Trace shift is 0.2 division or less when
switching from normal to inverted.

d. ADJUST—Invert Bal (R1975) for minimum trace
shift.

10. Check/Adjust CH 2 Position Centering (R1735)

a. Set:

INVERT Normal (button out)
CH 2 VOLTS/DIV .2V

CH 2 AC-GND-DC AC

A TRIGGER LEVEL Fully clockwise

b. Connect leveled sine-wave generator output to
CH 2 input via 50 Q bnc cable and 50 Q bnc termination.
Set the generator for a vertical display of 2.4 divisions at
50 kHz.

c. Set CH2 VOLTS/DIV switch to 20 mV without
moving VAR control.

d. CHECK—Top of display positions down to center
horizontal graticule line or below, bottom of display
positions up to center horizontal graticule line or above.

e. ADJUST—CH 2 Position Center (R1735) so display
positions same distance above and below graticule line.

f. Disconnect generator.
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Calibration Procedure—465B Service
Adjustment Procedure

11. Check CH 2 and CH 1 Gate Current
a. Set:

AC-GND-DC (both) GND
VOLTS/DIV (both) 5mV

b. Position trace to graticule center and change AC-
GND-DC switch to DC.

¢. CHECK—Trace shift is 0.1 division or less, when
switching between GND and DC.

d. Set VERT MODE switches to display CH 1. Position
trace to graticule center and change AC-GND-DC switch
to DC.

e. CHECK—Trace shift is 0.1 division or less, when
switching between GND and DC.

f. Set both AC-GND-DC switches to DC.

12. Check/Adjust Gain (R1482, R2025, R1882)
(R1482, R2005, R1882 below SN B030000)

NOTE

It is not always necessary to do a complete readjust-
ment to meet instrument gain specifications. Use
following procedure to determine required ad-
justments.

a. Set:

VERT MODE CH 2
CH 2 VOLTS/DIV 5mV
CH 2 AC-GND-DC DC

b. Connect calibration generator standard-amplitude
output to CH 2input via 50 Q bnc cable. Setthe generator
for 20 mV output.

¢. CHECK—Display is 4 divisions within 3% (4
divisions +0.12 division).

d. Change CH2 VOLTS/DIV and calibration
generator settings as shown in Table 4-9 and check that
deflection accuracy is within 3% for all VOLTS/DIV
settings listed.

e. Set VERT MODE Switches to display CH 1 and set
the CH 1 AC-GND-DC switch to DC.

f. Move the input signal from the CH 2input connector
to the CH 1 input connector.

g. CHECK—Display is 4 divisions within 3% (4
divisions 30.12 division).

h. Change CH1 VOLTS/DIV and calibration
generator settings as shown in Table 4-9 and check that
deflection accuracy is within 3% for all VOLTS/DIV
settings listed.

Table 4-9
VERTICAL DEFLECTION ACCURACY
Calibration Deflection in Div
Volts/Div Generator For 3% Accuracy Reading

Setting Amplitude Divisions ¥ Accuracy In Div
10 mV 50 mv 5 +0.15 div 485t05.15
20 mV 0.1V 5 +0.15 div 4.85to0 5.15
50 mV 02V 4 10.12 div 3.88 t0 4.12
AV 05V 5 +0.15 div 4.851t05.15
2V 1V 5 10.15 div 4.85to 5.15
S5V 2V 4 10.12 div 3.88to 4.12
1V 5V 5 10.15 div 4.851t0 5.15
2V 10V 5 +0.15 div 48510 5.15
5V 20V 4 +0.12 div 3.88 to 4.12
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i. If both channels check within 3%, no further vertical
gain calibration is required. Proceed to step 13. If a check
at any setting of the VOLTS/DIV switch falls outside the
3% accuracy limits, a complete gain recalibration is
required. Continue with part j of this step.

j. Set CH 1 VOLTS/DIV switch to 5 mV and set the
output of the calibration generator to 20 mV.

k. Set the test oscilloscope controls as follows:

Vertical Mode Add

Invert On (button in)

Volts/Div (both) .1V (with 10X probe)
Triggering Auto (free-running sweep)

Ext (no trigger
applied)

A Trigger Source

|. Connect two 10X probes from the test oscilloscope
to TP1519 and TP1319 on the 465B Vertical Preamplifier
board. Connect the probe ground leads to chassis ground.

m. CHECK—Signal between TP1519 and TP1319 is
400 mV p-p (4 divisions).

n. ADJUST—CH 1 Gain Adjust (R1482) for 400 mV
pP-p.
NOTE

This is a nominal value for this adjustment. If may be
reset to obtain correct CH 1 overall gain.

0. Remove 10X probes from TP1519 and TP1318.

p. CHECK—Display is 4 divisions within 3% (4
divisions +0.12 division).

gq. ADJUST—Output Gain Adjust R2025 (R2005 below
SN B030000) on the Vertical Output board for a 4-division
display.

r. Set CH 2 VOLTS/DIV to 5 mV and move the input
signal from CH 1input to CH 2input. Setthe VERT MODE
switches to display CH 2.

s. ADJUST—CH 2 Gain Adjust (R1882) for a 4-
division display.

REV A SEP 1979
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t. Repeat parts e thorugh i to recheck the vertical
deflection accuracy.

13. Check CH 1 and CH 2 Var Volts/Div Range

a. Set VERT MODE switches to display CH 2 and set
both VOLTS/DIV switches to 10 mV and amplitude
calibrator for 50 mV signal.

b. Rotate CH 2 VAR VOLTS/DIV control fully coun-
terclockwise.

c. CHECK—Display reduces to 2 divisions or less.

d. Move signal to CH 1 input connector and set VERT
MODE switches to display CH 1.

e. Rotate CH 1 VAR VOLTS/DIV control fully coun-
terclockwise.

f. CHECK—Display reduces to 2 divisions or less.

g. Return both VAR VOLTS/DIV controls to calibrated
detent.

14. Check ADD Mode

a. Set:

VOLTS/DIV (both) 5mV

VERT MODE ADD

INVERT Normal (button out)

b. Connect calibration generator standard-amplitude
output to both inputs via 50 Q cables and dual-input
coupler. Set generator output for 10 mV.

c. CHECK—Display of 4 divisions, within 3% (4
divisions £0.12 division).

15. Check Compression and Expansion
a. Set:

CH 2 AC-GND-DC GND
VERT MODE CH 1

b. Adjust CH 1 VAR control for a 2 divisions display,
centered about center horizontal graticule line.
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Calibration Procedure—465B Service
Adjustment Procedure

c. Position top of display to top graticule line.

d. CHECK—Display compression or expansion is 0.1
division or less.

e. Position bottom of display to bottom graticule line.

f. CHECK—Display compression or expansion is 0.1
division or less.

g. Set CH 1 VAR VOLTS/DIV control to calibrated
detent.

h. Disconnect generator standard-amplitude output
and dual-input coupler.

16. Check/Adjust Low-Frequency Compensation
a. Set:

A TIME/DIV 0.2 ms
VERT MODE CH 1
AC-GND-DC (both) DC
VOLTS/DIV (both) 5mV

A TRIGGER LEVEL As needed for stable

display.

b. Connect calibration generator fast-rise + output to

CH 1 input via a 50 Q bnc cable, 10X attenuator, and 50 Q

bnc termination.

c. Adjust calibration generator tomaintain a 5-division
display throughout step 16.

d. CHECK—Display overshoot or rounding is within
3% (5 divisions £0.15 division) for each A TIME/DIV and
generator setting given in Table 4-10.

Table 4-10
MAXIMUM OVERSHOOT OR ROUNDING
Calibration Maximum
Generator A Time/Div Overshoot or
Signal Setting Rounding in Div
1 kHz .2ms 4.85t0 5.15
10 kHz 20 us 4.85t0 5.15
100 kHz 2 us 4.85to 5.15
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e. If above checks are within 3%, proceed to step 17; if
not, continue with part f.

f. Set:

A TIME/DIV 0.2 ms

VERT MODE CH 1, CH 2, and ALT

AC-GND-DC (both) DC

VOLTS/DIV (both) 5mVv

A TRIGGER LEVEL As needed for stable
display

A TRIGGER SLOPE — (minus)

g. Unplug cable connector from J4387 (Vert Alt Sync
pulse) and insert plug into bnc-to-cable-connector
adapter. Connect the square-wave output of low-
frequency generator to the bnc-to-cable-connector
adapter via a 50 Q bnc cable. Set the generator output
frequency to 1 kHz and adjust CH 1 and CH 2 Vertical
POSITION controls for a 6-division display. Adjust A
TRIGGER LEVEL control for a stable display. Presenta-
tion will be a square wave whenthe CH 1and CH 2traces
alternate at the generator frequency.

NOTE

As an alternate signal source, use the fast-rise —
(minus) output of the calibration generator. Do not
terminate the cable and adjust the output amplitude
to maximum.

h. ADJUST—Use the settings and adjustments in
Table 4-11 and adjust the Vertical Output for best flat top
within £3%.

Table 4-11

VERTICAL OUTPUT LOW-FREQUENCY
COMPENSATION

Square-wave
Frequency |465B A Time/Div Adjustment
1 kHz 0.2 ms R2448 (R2550)"
10 kHz 20 us R2446 (R2540)*
100 kHz 2 us R2436 (R2535)"
R2426 (R2520)*

* Below SN B030000.

INTERACTION—Repeat 1 kHz, 10 kHz, and 100 kHz until
no further improvement is noted.

i. Unplug cable connector from bnc-to-cable-
connector adapter and plug connector back into J4387.

REV A SEP 1979
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j. Set:
A TIME/DIV 2us
HORIZ DISPLAY ALT

k. CHECK—TRACE SEP control will move the B trace
at least 4 vertical divisions from the Atrace when rotating
TRACE SEP control to fully clockwise and fully
counterclockwise positions (A trace centered).

I. CHECK—B trace moves an equal distance above
and below the A trace (=4 divisions). Below SN B030000;
ADJUST—Trace Sep Range Adjust R2035 for =4 divisions
of trace separation when rotating TRACE SEP control to
fully clockwise and fully counterclockwise positions.

m. ADJUST—Trace Sep CenteringR2117 sothatthe B
trace moves an equal distance above and below the A
Trace (=4 divisions). Below SN B030000; ADJUST Trace
Sep Comp adjust R2030 for minimum movement of the A

Trace while rotating TRACE SEP control from fully
clockwise to fully counterclockwise positions.

n. Set:

A TIME/DIV 0.2 ms

VERT MODE CH 1

AC-GND-DC (both) DC

VOLTS/DIV (both) 5mV

HORIZ DISPLAY A

A TRIGGER LEVEL As needed for stable
display

A TRIGGER SLOPE +

o. Connect calibration generator fast-rise + output to
CH 1 input connector via 50 Q bnc cable, 10X attenuator,
and 50 Q termination. Set generator frequency to 1 kHz
and adjust amplitude for a 6-division display. Adjust A

\ .

TRIRGAED

I EVEL fAr
TMITOJ N Lovioe 1o

p. ADJUST—Use the settings and adjustments in
Table 4-12 to adjust the CH 1 low-frequency compensa-
tion for best flat top within £3%.
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Table 4-12
CH 1 LOW-FREQUENCY COMPENSATION

Square-Wave 465B A
Frequency Time/Div Adjustment
1 kHz 0.2 ms R1176
10 kHz 20 us R1185
100 kHz 2 us R2432 (R2530)" and

R2426 (R2520)* on
Vertical Output board
if needed. (See
Table 4-13.)

? Below SN B030000.

gq. Movetheinput signal from CH 1 input connector to
CH 2 input connector and set VERT MODE switches to
display CH 2.

r. ADJUST—Use the settings and adjustments in
Table 4-13 to adjust the CH 2 low-frequency compensa-
tion for best flat top within £3%.

Table 4-13
CH 2 LOW-FREQUENCY COMPENSATION
Square-Wave 465B A
Frequency Time/Div Adjustment
1 kHz 0.2ms R1580
10 kHz 20 us R1582
100 kHz 2us R2432 (R2530)" and
R2426 (R2520)" for
best compromise
between CH 1
and CH 2.

* Below SN B030000.

s. Disconnect calibration generator fast-rise + output
from CH 2 input connector.

4-33


https://www.manualsplus.com/

Callbration Procedure—465B Service
Adjustment Procedure

17. Check/Adjust CH 1 Volits/Div Compensation
NOTE

C13010, in the CH 1 Preamplifier, is set at the factory
to give C13010, in the CH 2 Preamplifier, enough
range to match CH 2 input capacitance with CH 1
input capacitance. Unless there is a circuit malfunc-
tion, the CH 1 C13010 should not need readjust-
ment. When adjusting either C13010, or other ad-
fustments in this section, if the low-capacity screw-
driver contains a metal bit, the metal may affect the
adjustment. Check adjustment after the screwdriver
is remove, and re-adjust as necessary.

a. Set:

VOLTS/DIV (both) 5 mV (see note
below)

VERT MODE CH 1

A TIME/DIV 0.2 ms (see note
below)

20 MHz BW LIMIT Limited bandwidth
(button in)

NOTE

In steps 17 and 18, all VOLTS/DIV Checks and
Adjustments require the use of a 10X probe with
Scale-Factor Switching (preferably the probe
supplied as a standard accessory with the os-
cilloscope you are calibrating). If it is necessary to
use a 10X probe without Scale-Factor Switching, set
the VOLTS/DIV knob to indicate one-tenth of the
setting listed (5 mV instead of 50 mV, etc). When
adjusting compensation, one adjustment will affect
the waveform front corner, and another will affect
the flat top. Ignore the front corner whenmaking the
flat top adjustment and vice-versa. The A TIME/DIV
switch should be set to 1 ms for the flat-top, and to
0.2 ms for front corner checks and adjustments.

b. Connect a 10X probeto CH 1input connector (note
that the VOLTS/DIV Scale-Factor LED will now indicate
EN m

0 mV).

c. Connect calibration generator high-amplitude out-
put to tip of the 10X probe via a 2X, 5X, or 10X bnc
attenuator (depending on generator amplitude) and bnc-
to-probe-tip adapter.
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d. Set the calibration generator for a 5-division, 1 kHz
display; add or remove attenuators or termination as
needed to maintain a 5-division display throughout steps
17 and 18.

e. Adjust probe compensation adjustment for best flat-
top waveform. Do not re-adjust probe compensation
throughout the remainder of steps 18 and 19.

f. Set CH 1 VOLTS/DIV to 0.1 V.

g. CHECK—Compensation for all VOLTS/DIV set-
tings listed in Table 4-14 for display overshoot, rounding,
and flat-top, is within 2% (5 divisions +0.1 division). If
compensation setting is within 2%, skip part h; otherwise
perform part h.

h. ADJUST—Any adjustment pair (see Table 4-14) as
necessary so compensation for all settings of the
VOLTS/DIV switch is within 2%.

18. Adjust CH 2 Volts/Div Compensation
a. Set:

VERT MODE CH2

b. Move the 10X probe connector from the CH 1input
to the CH 2 input connector.

¢. Adjust calibration generator for a 5-division, 1 kHz
display; add or remove attenuators or termination as
needed to maintain a 5-division display throughout the
remainder of this step.

d. CHECK—Display for flat-top waveform within 3%
(£0.15 division).

e. ADJUST—C13010 in the CH 2 Preamplifier for best
flat-top waveform using a low-capacitance screwdriver.

f. Repeat step 17, parts f through h for CH 2.

g. Disconnect test setup.

REV A SEP 1979
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Table 4-14
VOLTS/DIV COMPENSATION
Adjust
Time/Div Time/Div
Volts/Div Setting 1ms 0.2 ms
(10X Scale-Factor) Flat Corner
AV C37 C36
2V C35 C34
5V C33 C32
1V Check Check
2V Check Check
S5V C31 C30
NOTE

if the oscilloscope is to be used primarily witha 50 Q)
signal source, more accurate reproduction of the
waveform front corner may be achieved by
calibrating with a 50 Q system. To accomplish this,
substitute a properly terminated 50 ( cable for the
10X probe while making the front corner ad-
justments listed in Table 4-14.

19. Check/Adjust CH 2 and Output High-
Frequency Compensation

a. Set:

VOLTS/DIV (both) 5mvV

A TRIGGER SLOPE +

20 MHz BW LIMIT Full bandwidth
(button out)

b. Connect calibration generator fast-rise + (positive-
going) output to CH 2 input connector via a 50 Q bnc
cable, 10X bne¢ attenuator, and 50 ) termination.

NOTE

Adjustments in steps 19through 25 interact. Perform
all of the checks, but not the adjustments, in these
steps before making any adjustments (unless
calibration is being performed after repair or
replacement of vertical components).

If all checks are within the given limits, proceed to
step 26.

If any of the checks are not within the given limits,
perform checks and adjustmentsin steps 19through
25, using low-capacitance screwdriver.

If still not within the given limits—perform steps 6
through 25.
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c. Adjust calibration generator output for a 5-division,
100 kHz display.

d. Set A TIME/DIV to 0.2 us.

e. CHECK—Flat-top display aberrations are within 4%
(£0.2 division). See Figure 4-1 for typical display

2757-69

Figure 4-1. Typicai display when high-frequency compensation
is correctiy adjusted.

f. ADJUST—R1685. C1690, R1634, C1643, C2315
(C2308 below SN B030000), R2325 (R2312 below SN
B030000), R2243 (R2245 below SN B030000), and C2346
(C2350 below SN B0O30000), for best flat-top waveform
with fastest rise time.

g. Connect test setup to fast-rise — (negative-going)
output of calibration generator.

h. Set A TRIGGER SLOPE to

i. CHECK—Flat-bottom display aberrations are within
6% (+0.3 division).

20. Check CH 2 Position Effect
a. Position bottom of display to top graticule line.

b. CHECK-Display aberrations are within 8% (+0.4
division).

c. Set A TRIGGER SLOPE to +.
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d. Connect test setup to fast-rise + output of calibra-
tion generator.

e. Position top of display to bottom graticule line.

f. CHECK—Display aberrations are within 6% (+0.3
division).

21. Check/Adjust CH 1 High-Frequency
Compensation
a. Set VERT MODE switches to display CH 1.

b. Move test signal from CH 2 input to CH 1 input
connector.

c. CHECK—Flat-top display aberrations are with 4%
(£0.2 division). See Figure 4-1 for typical display.

d. ADJUST—R1190, C1192, R1335, and C1342for best
flat-top display.

INTERACTION—It may be necessary to compromise
Vertical Output adjustment and CH 2 adjustment for best
high-frequency match between CH 1 and CH 2.

e. Connect test setup to fast-rise — output of calibra-
tion generator.

f. Set A TRIGGER SLOPE to —.

g. CHECK—Flat-bottom display aberrations are
within 6% (+0.3 division).

22, Check CH 1 Position Effect
a. Position bottom of display to top graticule line.

b. CHECK—Display aberrations are within 8% (0.4
division).

c. Set A TRIGGER SLOPE to +.

d. Connect test setup to fast-rise + output of calibra-
tion generator.

e. Position top of display to bottom graticule line.
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f. CHECK—Display aberrations are within 6% (£0.3
division).

23. Check CH 1 Transient Response

a. Verify that A TRIGGER SLOPE is set to + and that
the calibration generator fast-rise + output is connected
toCH 1inputviaa50 Qbnc cable, 10X bnc attenuator, and
50 Q bnc termination.

b. Adjust generator and add or remove attenuators as
necessary to maintain a 5-division display throughout the
checks of the 5 mV, 10 mV, 20 mV, and 50 mV positions of
CH 1 VOLTS/DIV switch.

c. CHECK—Display flat-top and aberrations are
within 4% (£0.2 division) for each position of the
VOLTS/DIV switch given in part b.

24. Check CH 2 Transient Response
a. Set VERT MODE switches to display CH 2.

b. Move test setup to CH 2 input connector.

c. Adjust generator and add or remove attenuators as
necessary to maintain a 5-division display throughout the
checks of the 5 mV, 10 mV, 20 mV and 50 mV positions of
CH 2 VOLTS/DIV switch.

d. CHECK—Display fiat-top and aberrations are
within 4% (£0.2 division) for each position of the
VOLTS/DIV switch given in part c.

25. Check Bandwidth

a. Set:
A TIME/DIV 0.2 ms
CH 2 VOLTS/DIV 5mv

b. Connect leveled sine-wave generator reference
signal to CH 2 input via a 50 Q bnc cable, 10X attenuator,

and 50 Q termination.
c. Adjust generator for 5-division display.

d. Set generator for 100 MHz output frequency.

e. CHECK—Display amplitudeis 3.5 divisions or more.
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f. Repeat step 25 parts ¢, d, and e, for 10 mV through
1 V positions of CH 2 VOLTS/DIV switch.

g. Change VERT MODE switches to display CH 1.
Move test setup to CH 1 input.

h. Repeat step 25, parts ¢, d, and e, for 5 mV through
1V positions of CH 1 VOLTS DIV switch.

i. Disconnect test setup.

26. Check Cascaded Gain and Bandwidth
a. Set:

VOLTS/DIV (both) 5mvV
AC-GND-DC (both) AC

VERT MODE CH2
A TIME/DIV 1 ms

b. Connect CH 1 VERT SIGNAL OUT (on 465B rear
panel) to CH 2 input connector via 50 Q bnc cable and
50 Q) termination.

c. Connect calibration generator standard-amplitude
output to CH 1 input connector via 50 Q bnc cable. Set
generator output to 5 mV.

d. CHECK—Display amplitude is 5 divisions or more.

e. Remove test setup from CH 1 input.

f. Connect leveled sine-wave generator reference
signal output to CH 1 input via 50 Q bnc cable, 10X
attenuator, and 50 Q termination.

g. Adjust generator output for a 5-division display.

h. Set generator for 50 MHz output frequency.

i. CHECK—Display amplitudeis 3.5divisions or more.

j. Disconnect test setup.

Calibration Procedure—465B Service
Adjustment Procedure

27. Check Channel Isolation

a. Set:

CH 2 VOLTS/DIV 0.2V
VERT MODE CH 2
CH 1 AC-GND-DC GND

b. Connect leveled sine-wave generator output to
CH 2 input via 50 Q bnc cable, and 50 Q termination.

c. Set generator for 256 MHz and adjust output for a 2-
division display.

d. Set:

VOLTS/DIV (both) 20 mV

VERT MODE CH 1

A TRIGGER SOURCE CH 2

A TRIGGER LEVEL As needed for a stable
display

e.

f. Move test setup from CH 2 input to CH 1 input
connector.

g. Set:

CH 1 AC-GND-DC DC
CH 2 AC-GND-DC GND
VERT MODE CH2

A TRIGGER SOURCE CH 1
A TRIGGER LEVEL As needed for a stable
display

h. CHECK—Display amplitude is 0.2 division or less.

i. Disconnect test setup.

28. Check/Adjust Common-Mode Rejection Ratio

(R1882)
a. Set:
VOLTS/DIV (both) 20 mV
AC-GND-DC (both) DC
A TRIGGER SOURCE NORM
VERT MODE CH 1
CH 2 INVERT Inverted (button in)
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b. Connect leveled sine-wave generator output to
CH 1 and CH 2 input connectors via 50 Q bnc cable, 10X
attenuator, 50 Q termination, and dual-input coupler.

c. Set generator frequency to 20 MHz and adjust
output for a 6-division display.

d. Set VERT MODE switchesfor ADD only (press CH 1
VERT MODE to remove CH 1 trace from crt display).

e. CHECK—Display is 0.6 division or less (indicates
CMRR of at least 10:1 at 20 MHz).

f. Proceed to part m if the check in part e meets the
requirements. If the CMRR is less than 10:1, continue with
this procedure.

g. Set VERT MODE switches to display CH 1.

h. Set generator frequency to 50 kHz and adjust
output for a 6-division display.

i. Set VERT MODE switches to display ADD only.

j. ADJUST—CH 2 Gain Adjust (R1882) for minimum
display (best CMRR).

k. Set generator frequency to 20 MHz.

. CHECK—Display is 0.6 division or less (indicates
CMRR of at least 10:1 at 20 MHz).

m. Press CH 2 INVERT push button to release; dis-
connect test setup.

29. Check Bandwidth Limit Operation
a. Set:

aacy N LIMIT [T

1 2
LImmne

20 MiHz BW LiMi d
(button in)

CH 1 AC-GND-DC DC

VERT MODE CH1

b. Connect leveled sine-wave generator reference
signal output to CH 1 input connector via 50 Q bnc cable
and 50 Q termination.
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c. Adjust generator output amplitude for a 6-division

display.

d. Increase generator frequency until display is 4.2

divisions.

e. CHECK—Generator output frequency is 16 to

24 MHz.

f. Disconnect test setup.

30. Check/Adjust Trigger View Centering and Gain

(R7526, R7439)

a. Set:

A TRIGGER COUPLING AC

A TRIGGER SOURCE EXT

A TRIGGER LEVEL 0

A TIME/DIV 0.2 ms

VERT MODE A TRIG VIEW

b. Connect the calibration generator standard-
amplitude signal tothe A External Trigger input connector
via a 50 Q bnc cable. Set the generator for 0.5 V output.

¢. CHECK—Display amplitude is 5 divisions £5% (5
divisions £0.25 division) and that display will trigger
symmetrically within one division of the center horizontal
graticule line when the A TRIGGER SLOPE is switched
between + and —.

d. ADJUST—Trig View Centering (R7526) to center
the display about the center horizontal graticule line.

e. ADJUST—Trig View Gain (R7439) for a 5-division
display.

f. INTERACTION—Between Trig View Centering and
Trig View Gain adjustments. Repeat both for no visible
interaction.

g. Disconnect the calibration generator standard-
amplitude signal from the A External Trigger input.

31. Check/Adjust Trigger View Low-Frequency
Compensation (C7505, C7506)

a. Connect the calibration generator high-amplitude
output to the A External Trigger input connectorviaa50 Q
bnc cable. (Check generator output to seeif terminationis
required.)
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b. Set calibration generator for a 5-division display at
1 kHz.

c. CHECK—Square wave has less than 10% overshoot
or rounding (£0.5 division).

d. ADJUST—C7505 for best flat top on square-wave
display.

e. Change A TRIGGER SOURCEto EXT/10and adjust
calibration generator output amplitude for a 5-division
display.

f. CHECK—Square wave has less than 10% overshoot
or rounding (+0.5 division).

g. ADJUST—C7506 for best flat top on square-wave
display.

h. Remove bnc cable from high-amplitude output on
the calibration generator.

32. Check/Adjust Trigger View High-Frequency
Compensation (C7425, C7529, and R7423)

a. Set:

A TIME/DIV 0.2 us
A TRIGGER SOURCE EXT

b. Connect fast-rise + output from calibration
generator to the A External Trigger input connector via a
50 Q bnc cable and a 50 Q termination. Set the calibration
generator to 100 kHz and adjust output amplitude for a 5-
division display.

are-wave front corner has less than
tion {£0.5 division)

w O
I
m
(@]
T
W
Fe)
[
?

d. ADJUST-—CT7425, R7423, and C7529 for best front
corner and square-wave rise time of 5 ns or less.

e. Disconnect calibration generator.
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33. Check/Adjust Zero Trigger View Delay (R6011
and R6152)

NOTE

For instruments equipped with DM44 Option, access
to R6011 and R6152 is through a hole in the DM44
circuit board. See the DM44 Instruction manual,
Test Points and Adjustment Location foldout, for the
location of these adjustments.

a. Set:

VERT MODE CH 1 and A TRIG
VIEW

HORIZ DISPLAY A

A TIME/DIV 0.02 us

X10 MAG On (button in)

A TRIGGER SOURCE EXT
A TRIGGER COUPLING AC
CH 1 VOLTS/DIV 01V

b. Connect output of sine-wave generator via bnc T,
two 42-inch (equal length) 50 Q bnc cables, and 50 Q
terminations; one to the CH 1 input connector, and oneto
the A External Trigger input connector. Set sine-wave
generator frequency to 40 MHz and adjust output for a 6-
division A TRIG VIEW display. Adjust CH 1 VAR and
VOLTS/DIV to match CH 1 display amplitude to A TRIG
VIEW display amplitude.

c. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule division.

d. ADJUST—R6011 for zero time difference between
CH 1 display and A TRIG VIEW display.

e. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us

B TIME/DIV 0.02 us

CHECK—Time difference with displays superim-
15 h

5 rizontal araticule division,

osad i o o
CSEeC < NO ma: gt

g <
1S V. uie Givisio

g. ADJUST—R®6152 for zero time difference between
CH 1 display and A TRIG VIEW display.

h. Disconnect test setup.
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TRIGGERS

Equipment Required

1. Leveled Sine-wave Generator

2. Low-frequency Generator

3. Time Mark Generator

4. Calibration Generator

5. 50 Q Signal Pickoff Unit (Type CT-3)

6. 10X Probe

7. 42-inch Bnc Cable (2 required)

8. Gr-to-bnc-female Adapter

9. Gr-to-bnc-male Adapter

10. 10X Bnc Attenuator

11. 50 2 BNC Termination (2 required)
12. Dual-input Coupler (2 required)

13. Bnc T Connector

14. 3-inch Slotted Screwdriver

See  ADJUSTMENT LOCATIONS 2 and ADJUSTMENT LOCATIONS 4

ments and test points (TP).

465B Control Settings

Regulating Range Selector Medium

Line Voltage Selector 115V
POWER ON
CRT Controls

INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM As desired

Vertical Controls

(both channels If applicable)

VOLTS/DIV 10 mV
VAR Calibrated detent
POSITION Midrange
AC-GND-DC DC
VERT MODE CH 1
INVERT Off (button out)
20 MHz BW LIMIT Full bandwidth
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(button out)

in the Diagrams section for adjust-

Triggering Controls
(both A and B if applicable)

LEVEL Adjust as needed for
a stable display

SLOPE +

COUPLING AC

SOURCE NORM

TRIG MODE AUTO

Sweep Controls

HORIZ DISPLAY A

DELAY TIME POSITION  Fully counterclockwise
A TIME/DIV 0.05 us

B TIME/DIV 0.05 us

VAR TIME/DIV Calibrated detent

X10 MAG Off (button out)
POSITION Midrange

A TRIGGER HOLDOFF NORM

1. Check/Adjust A Trigger Sensitivity and TRIG
LED (R7246)

a. Connect a 10 MHz signal from theleveled sine-wave
generator to the A and B External Trigger inputs via a GR-
to-bnc-male adapter, CT-3 through output, GR-to-bnc-
female adapter, 50 Q bnc cable, 10X attenuator, 50 Q
termination and dual-input coupler.
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b. Connect CT-3 Sig Out 10% signal to CH 1and CH 2
inputs via a 50 Q bnc cable, 50 Q termination and a dual-
input coupler.

c. Adjust the leveled sine-wave generator for a 3-
division display.

d. Set the CH 1 VOLTS/DIV switch to 0.1V (0.3-
division display).

e. CHECK—Stable display can be obtained by rotating
A TRIGGER LEVEL control in both + and — slopes.

f. CHECK—TRIG LEDisonwhenthe displayis stable.

g. Set CH 1 VOLTS/DIV switch to 5 mV and adjust
leveled sine-wave generator for a 2-division display.

h. Set CH 1 VOLTS/DiV switch to 0.1 V (0.1-division

display).

i. CHECK—Stable display cannot be obtained by
rotating A TRIGGER LEVEL control in both + and —
slopes. Return the A TRIGGER SLOPE control to +.

j. If the checks in parts ¢ through i meet the re-
quirements, proceed to step 2. If not, make the following
adjustments.

k. Set the CH1 VOLTS/DIV switch to 10 mV and
adjust the leveled sine-wave generator for a 2.5-division
display.

l. Set the CH 1 VOLTS/DIV switch to 0.1V (0.25-
division display).

m. ADJUST—A Trigger Sensitivity (R7246) so display

can jusi be iriggered by rotating A TRIGGER LEVEL

control (A TRIGGER SLOPE in +).

n. Set CH1VOLTS/DIV switchto 10 mV and adjustthe
leveled sine-wave generator for a 2-division display.

0. Set the CH 1 VOLTS/DIV switch to 0.1V (0.2
division display).

REV A SEP 1979

Calibration Procedure—465B Service
Adjustment Procedure

p. CHECK—Stable display cannot be obtained by
adjusting the A TRIGGER LEVEL control in + slope only
(— slope is generally slightly more sensitive).

q. Ifastabledisplay can be obtained, thenthetriggeris
too sensitive. Adjust A Trigger Sensitivity (R7246) slightly
so display will just barely not trigger by adjusting the A
TRIGGER LEVEL control (in + slope only).

r. Repeat parts k through p until a stable display can be
obtained on a 0.25-division display, but not on a 0.2-
division display (+ slope only).

q. Repeat checks in parts ¢ through i.

2. Check/Adjust B Trigger Sensitivity (R7045)
a. Set:

HORIZ DISPLAY
CH 1 VOLTS/DIV

A TRIGGER LEVEL

B TRIGGER LEVEL

B DLY'D

10 mvV

Fully clockwise

As needed for a stable
display.

b. Adjust leveled sine-wave generator for a 3-division
display.

c. Set the CH 1 VOLTS/DIV switch to 0.1V (0.3-
division display).

d. CHECK—Stable display can be obtained by
rotating B TRIGGER LEVEL control in both + and —
slopes.

e. Set CH 1VOLTS/DIV switchto5 mV and adjust the
sine-wave generator for a 2-division display.

f. Set the CH1 VOLTS/DIV switch to 0.1V (0.1-
division display).

g. CHECK—Stable display cannot be obtained by
rotating the B TRIGGER LEVEL control in either + or —
slope. Return B TRIGGER SLOPE control to +.

h. If check results in parts b through g meet
requirements, proceed to step 3. If not, make thefollowing
adjustments.
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i. Set CH 1 VOLTS/DIV switch to 10 mV and adjust
leveled sine-wave generator for a 2.5-division display.

j. Set the CH 1 VOLTS/DIV switch to 0.1V (0.25-
division display).

k. ADJUST—B Trigger Sensitivity (R7045) so display
can be just triggered by adjusting B TRIGGER LEVEL
control. (Adjust with B TRIGGER SLOPE in +).

I. Setthe CH 1 VOLTS/DIV switchto 10 mV and adjust
the leveled sine-wave generator for a 2-division display.

m. Set the CH 1 VOLTS/DIV switch to 0.1V (0.2-
division display).

n. CHECK—Stable display cannot be obtained by
adjusting the B TRIGGER LEVEL control (+ slope only).

o. If stable display can be obtained, then trigger is too
sensitive. Adjust B Trigger Sensitivity (R7045), slightly so
display will just barely not trigger by adjusting B
TRIGGER LEVEL control (+ slope only).

p. Repeat parts i through o until stable display can be
obtained on a 0.25 division display but not ona 0.2 division
display (+ slope only).

q. Repeat checks in parts ¢ through g.

3. Check/Adjust B Trigger Slope Center and Level
(R7042, R7026)
a. Set:

B TRIGGER SOURCE STARTS AFTER DELAY
TIME/DIV (both) 10 us

B TRIGGER LEVEL 0

CH 1 VOLTS/DIV 10 mv

CH 1 AC-GND-DC GND

NOTE

The B TRIGGER LEVEL control must remain at 0
throughout this step.

b. Position the trace to the center horizontal graticule
line.

442

c. Set:

CH 1 AC-GND-DC DC
B TRIGGER SOURCE NORM

d. Adjust the leveled sine-wave generator for ap-
proximately a 4-division display at 50 kHz.

e. Switch the B TRIGGER SLOPE switch between +
and —.

f. CHECK—Display begins at about the same vertical
point, within 1 division of graticule center, in both+ and—
slopes.

g. ADJUST—B Slope Center (R7042) for the display to
start at the same vertical point on the sine wavein both +
and — slopes (not necessarily the center horizontal
graticule line). Return B TRIGGER SLOPE to +.

h. ADJUST—B Trig Level (R7026) tomove the starting
point of the display to the center horizontal graticule line.

i. INTERACTION—B Trig Level (R7026) B Slope
Center (R7042), and B Trigger Sensitivity (R7045) will
interact. Repeat these adjustments until no improvement
is noted.

4. Check/Adjust A Trigger Siope Center and Level
(R7242, R7224)

a. Set:
HORIZ DISPLAY A
A TRIGGER LEVEL 0

NOTE

The A TRIGGER LEVEL control must remain at 0
throughout this step.

b. Switch the A TRIGGER SLOPE switch between +
and —.

¢. CHECK—Display begins at about the same vertical
point, within 1 division of graticule center, in both+and —
slopes.

d. ADJUST—A Slope Center (R7242) for the display to
start at the same vertical point on the sine wavein both +
and — slopes (not necessarily the graticule center). Return
A TRIGGER SLOPE to +.
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e. ADJUST—A Trig Level (R7224) tomovethe starting
point of the display to the center horizontal graticule line.

f. INTERACTION—A Trig Level (R7224), A Trigger
Sensitivity (R7246), and A Slope Center (R7242) will
interact. Repeat these adjustments until no improvement
is noted.

5. Check/Adjust A Trigger DC Levels (R1202,
R1126, R1835)

a. Set the A TRIGGER COUPLING switch to DC.

NOTE

The A TRIGGER LEVEL control must remain at 0
throughout this step.

b. CHECK—Start of the display is within 1 division of
the center horizontal graticule line in both +and — slopes.
Return A TRIGGER SLOPE to +.

c. ADJUST—Norm Trig DC Baiance (R1202) to move
the starting point of the display to the center horizontal
graticule line.

d. INTERACTION—A and B Trig Level (R7224 and
R7026) interact with Norm Trig DC Balance (R1202).
Repeat these adjustments until noimprovement is noted.

e. Set the A TRIGGER SOURCE switch to CH 1.

f. CHECK—Start of the display is within 1 division of
the center horizontal graticuleline in both +and — slopes.
Return A TRIGGER SLOPE to +.

g. ADJUST—CH 1 Trig DC Balance (R1126) to move
the starting point of the display to the center horizontal
graticule line.

h. Set the A TRIGGER SOURCE Switch to CH 2.

i. CHECK—Start of the display is within 1 division of
the center horizontal graticule line in both + and — slopes.
Return A SLOPE to +.

j. ADJUST—CH 2 Trig DC Balance (R1835) to move
the starting point of the display to the center horizontal
graticule line.

Calibration Procedure—465B Service
Adjustment Procedure

6. Check B Trigger DC Levels
a. Set:

HORIZ DISPLAY B DLY'D

A TRIGGER LEVEL Fully clockwise
B TRIGGER LEVEL 0

B TRIGGER COUPLING DC

B TRIGGER SOURCE NORM

NOTE

The B TRIGGER LEVEL control must remain at 0
during this step.

b. CHECK—Start of the display is within 1 division of
the center horizontal graticule line for the following
modes:

B TRIGGER SOURCE

NORM
CH1
CH 2

7. Check B Internal 10 MHz Triggering
a. Set:

TRIGGER COUPLING AC
(both)

CH 1 VOLTS/DIV 10 mV
CH 2 VOLTS/DIV 0.1V
A TIME/DIV 0.2 us
B TIME/DIV 0.05 us

TRIGGER SOURCE (both) NORM

b. Adjust the leveled sine-wave generator for a 3-
division (30 mV) display at 10 MHz.

c. Set the CH 1 VOLTS/DIV switch to 0.1V (0.3-
division display).

d. Adjustthe BTRIGGER LEVEL control as needed for
a stable display.

e. CHECK—For a stable display, with both + and —
slopes for these modes:

B TRIGGER
SOURCE COUPLING
NORM AC, DC
CH 1 DC, AC
CH 2 AC, DC

4-43


https://www.manualsplus.com/

Calibration Procedure—465B Service
Adjustment Procedure

f. Set:
CH 1 VOLTS/DIV 10 mv
B TRIGGER COUPLING LF REJ

g. Adjust the leveled sine-wave generator for a 5-
division (50 mV) display at 10 MHz.

h. SettheCH 1VOLTS/DIVswitchto.1 V (0.5-division
display).

i. Adjust B TRIGGER LEVEL control as needed for a
stable display.

j. CHECK—For a stable display, with both + and —
slopes for these modes:

B TRIGGER SOURCE

CH2
CH1
NORM

k. Setthe B TRIGGER COUPLING switch to HF REJ.

I. CHECK—No stable display for these modes:

B TRIGGER SOURCE
NORM
CH 1
CH 2

8. Check A Internal 10 MHz Triggering
a. Set:

HORIZ DISPLAY A

A TIME/DIV 0.05 us

A TRIGGER LEVEL As needed for a stable
display

CH 1 VOLTS/DIV 10 mV

h. Adii

30
W AGuSt veied

division (30 mV) display at 10 MHz.

st the leveled sine-wave generator for a 3-

c. Setthe CH 1VOLTS/DIVswitchto.1 V (0.3-division
displayy).

d. Adjustthe ATRIGGER LEVEL control as needed for
a stable display.

444

e. CHECK—For a stable display, with both + and —
slopes for these modes:

A TRIGGER
SOURCE COUPLING
NORM AC, DC
CHA1 DC, AC
CH2 AC, DC
f. Set:
CH 1 VOLTS/DivV 10 mV
A TRIGGER COUPLING LF REJ

g. Adjust the leveled sine-wave generator for a 5-
division (50 mV) display at 10 MHz.

h. Setthe CH 1VOLTS/DIV switchto.1 V (0.5-division
display).

H AAdiiiatth
i. Agjust the A

a stable display.

j. CHECK—For a stable display, with both + and —
slopes for these modes:

A TRIGGER SOURCE

CH2
CH1
NORM

k. Setthe A TRIGGER COUPLING switch to HF REJ.

. CHECK—No stable display for these modes:
A TRIGGER SOURCE

NORM
CH1
CH2

9. Check A External 10 MHz Triggering
a. Set:

VOLTS/DIV (both) 10 mV
TRIGGER COUPLING

(both) AC
TRIGGER SOURCE

(both) EXT
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b. Adjusttheleveled sine-wave generatortomaintaina
5-division display throughout steps 9 and 10. Adjust the A
TRIGGER LEVEL control as needed for a stable display.

c. CHECK—For a stable display, with both + and —
slopes fo these modes:

A TRIGGER COUPLING
AC, DC

d. Set:

CH 1 VOLTS/DIV
A TRIGGER COUPLING

20 mv
LF REJ

e. Adjust the leveled sine-wave generator for a 5-
division (100 mV) display at 10 MHz.

f. Adjustthe A TRIGGER LEVEL control as needed for
a stable display.

g. CHECK—For a stable display, with both + and —
slopes.

h. Set the A TRIGGER COUPLING switch to HF REJ.

i. CHECK—No stable display.

j. Remove the 10X bnc attenuator from the external
trigger setup and change the A TRIGGER SOURCE switch
to EXT/10.

k. CHECK—No stable display.

I. Set the A TRIGGER COUPLING switch to LF REJ.

m. CHECK—For a stable display, with both + and —
slopes.

n. Set:

CH 1 VOLTS/DIV 10 mV
A TRIGGER COUPLING AC

o. Adjust the leveled sine-wave generator for a 5-
division (50 mV) display at 10 MHz (0.5 volt at the external
Trigger Input).

Calibration Procedure—465B Service
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p. CHECK—For a stable display, with both + and —
slopes for these modes:
A TRIGGER COUPLING
AC, DC

10. Check B External 10 MHz Triggering
a. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us
B TIME/DIV 0.05 us

b. Reconnect the 10X bnc attenuator to the external
trigger setup.

c. CHECK—For a stable display, with both + and —
slopes for these modes:

B TRIGGERING COUPLING
AC, DC

d. Setthe CH 1 VOLTS/DIV switch to 20 mV.

e. Adjust the leveled sine-wave generator for a 5-
division (100 mV) display at 10 MHz.

f. Set the B TRIGGER COUPLING switch to LF REJ
and adjust the B TRIGGER LEVEL control as needed for a
stable dispiay.

g. CHECK—For a stable dispiay, with both + and —
slopes.

h. Set the B TRIGGER COUPLING switch to HF REJ.

i. CHECK—No stable display.

11. Check B and A External 100 MHz Triggering
a. Set:

TRIGGER COUPLING

(both) AC
TRIGGER SOURCE
(both) EXT

CH 1 VOLTS/DIV 50 mV
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c. Adjust the leveled sine-wave generator for a 3-
division (150 mV) display at 10 MHz; then change the
generator frequency to 100 MHz. Do not readjust signal
amplitude.

d. Pressthe X10MAG push buttonin and usethe Aand
B TRIGGER LEVEL controls as needed for a stable
display.

e. CHECK-For a stable display, with 0.1 division or
less jitter, with + and — slopes for these modes:

B TRIGGER COUPLING
AC, DC

f. Adjust the leveled sine-wave generator for a 6-
division (300 mV) display at 10 MHz; then change the
generator frequency to 100 MHz. Do not readjust the
signal amplitude.

g. Set the B TRIGGER COUPLING switch to LF REJ
and usethe Aand B TRIGGER LEVEL controls as needed.

h. CHECK—For a stable display, with 0.1 division or
less jitter, with both + and — slopes.

i. Setthe B TRIGGER COUPLING switch to HF REJ.

j. CHECK—No stable display.

k. Set:

HORIZ DISPLAY A

A TIME/DIV 0.05 us
A TRIGGER SOURCE LF REJ

A TRIGGER SOURCE EXT
A TRIGGER LEVEL As needed.

I. CHECK—For a stable display, with 0.1 division or
less jitter, with both + and — slopes.

m. Setthe A TRIGGER COUPLING switch to HF REJ.

n. CHECK—No stable display.

0. Set the A TRIGGER COUPLING switch to AC.
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p. Adjust the leveled sine-wave generator for a 3-
division (150 mV) display at 10 MHz; then change the
generator frequency to 100 MHz. Do not readjust the
signal amplitude.

q. Usethe ATRIGGER LEVEL control as needed for a
stable display.

r. CHECK—For a stable display, with 0.1 division or
less jitter, with both + and — slopes:

A TRIGGER COUPLING
AC, DC

t. Remove the 10X bnc attenuator from the external
trigger setup and change the ATRIGGER SOURCE switch
to EXT/10.

u. Use the A TRIGGER LEVEL control as needed for a
stable display.

v. CHECK—For a stable display, with 0.1 division or
less jitter, with both + and — slopes for these modes:

A TRIGGER COUPLING
DC, AC

w. Adjust the leveled sine-wave generator for a 6-
division (300 mV) display at 10 MHz; then change the
generator frequency to 100 MHz. Do not readjust the
signal amplitude.

x. Set the A TRIGGER COUPLING switch to LF REJ
and use the A TRIGGER LEVEL control as needed for a
stable display.

y. CHECK—For a stable display, with 0.1 division or
less jitter, with both + and — slopes.

z. Set the A TRIGGER COUPLING switch to HF REJ.

aa. CHECK—No stable display.

12. CHECK A Internal 100 MHz Triggering
a. Set:
VOLTS/DIV (both) 50 mV
TRIGGER SOURCE (both) NORM
TRIGGER COUPLING
(both) AC
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b. Reconnect the 10X attenuator tothe external trigger
setup. Adjust the leveled sine-wave generator for a 1.5-
division display at 100 MHz.

¢. CHECK—For a stable display, with 0.1 division or
less jitter, with + and — slopes for these modes:

A TRIGGER
SOURCE COUPLING
NORM AC, LF REJ, DC
CH 1 DC, LF REJ, AC
CH2 AC, LF REJ, DC

d. Set the A TRIGGER COUPLING switch to HF REJ.

e. CHECK—No stable display.

13. Check B Internal 100 MHz Triggering
a. Set:

HORIZ DISPLAY B DLY'd
A TIME/DIV 0.2 us

B TIME/DIV 0.05 us
A TRIGGER COUPLING DC

A TRIGGER SOURCE NORM

b. CHECK—For a stable display, with 0.1 division or
less jitter, with + and — slopes, for these modes:

B TRIGGER
SOURCE COUPLING
NORM AC, LF REJ, DC
CH 1 DC, LF REJ, AC
CH?2 AC, LF REJ, DC

Calibration Procedure—465B Service
Adjustment Procedure

14. Check A and B High Frequency Reject

Triggering

a. Set:
HORIZ DISPLAY A
TIME/DIV (both) 10 us
X/10 MAG Off (button out)
TRIGGER COUPLING

(both) HF REJ
TRIGGER SOURCE (both) NORM
CH 1 VOLTS/DIV AV
CH 2 VOLTS/DIV 10 mV
VERT MODE CH 2

b. Adjust leveled sine-wave generator for a 5-division
(50 mV) display at 50 kHz.

c. Set the CH 2 VOLTS/DIV switch to .1 V. Adjust A
TRIGGER LEVEL control for stable display.

d. Adjust leveled sine-wave generator for 1 MHz and
press the X10 MAG push button in.

e. CHECK—No stable display with the A TRIGGER
SOURCE switch in NORM, CH 1, or CH 2.

g. Set:

A TRIGGER LEVEL
HORIZ DISPLAY

Fully clockwise
B DLY'D

h. CHECK—No stable display with the B TRIGGER
SOURCE switch in NORM, CH 1, or CH 2.

15. Check Single Sweep
a. Set:

NOTE

It may be necessary to adjust both A and B
TRIGGER LEVEL controls to obtain the most stable

display at higher frequencies in B sweep.

¢. Setthe B TRIGGER COUPLING switch to HF REJ.

d. CHECK—No stable display.

HORIZ DISPLAY A

CH 1 VOLTS/DIV 50 mV

VERT MODE CH 1

X10 MAG Off (button out)
A TRIGGER

COUPLING AC

SOURCE NORM

LEVEL 0

SLOPE +

b. Adjust the leveled sine-wave generator for a 1-
division display at 50 kHz and adjust the A TRIGGER
LEVEL control so the display is just triggered.
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c. Set:

TIME/DIV (both) 10 ms

CH 1 AC-GND-DC GND

A TRIG MODE SINGL SWP (push in)

d. CHECK—READY LED Hluminates.

e. Set the CH 1 AC-GND-DC switch to DC.

f. CHECK—A single sweep occurs and the READY
LED goes out.

g. Press the SINGLE SWP push button in.

h. CHECK—A single sweep occurs each time the
SINGL SWP push button is depressed.

i. Remove the test setup.

16. Check 60 Hz Internal Triggering

a. Set:

TIME/DIV (both) 5ms
TRIGGER MODE NORM
CH 1 VOLTS/DIV 100 mvV

b. Connect the low-frequency generator signal to the
CH 1 input via a 50 Q bnc cable, bnc T and 50 Q bnc
termination. From bnc T, connect a 50 Q bnc cable and
50 Q bnc termination to the B External Trigger input.

c. Adjust the low-frequency generator for a 3-division
(30 mV) display at 60 Hz.

d. Setthe CH 1VOLTS/DIVswitchto.1 V(0.3-division
display).

e. CHECK—For a stable display, with both + and —

siopes for these modes:

TRIGGER COUPLING
AC, DC

f. Set:

CH/ VOLTS/DIV
A TRIGGER COUPLING

10 mV
HF REJ
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g. Set the low-frequency generator for a 5-division
(50 mV) display at 60 Hz.

h. Set the CH 1 VOLTS/DIV switch to 0.1V (0.5-
division display).

i. CHECK—For a stable display, with both + and —
slopes.

j. Set the A TRIGGER COUPLING switch to LF REJ.

k. CHECK—No stable display.

I. Set:

A TRIG MODE AUTO

A TRIGGER LEVEL Fully clockwise
A TIME/DIV 10 ms

B TIME/DIV 5ms

B TRIGGER SOURCE NORM

B TRIGGER COUPLING HF REJ
HORIZ DISPLAY B DLY'D

CH 1 VOLTS/DIV 01V

m. CHECK—For a stable display, with both + and —
slopes.

n. Setthe B TRIGGER COUPLING switch to LF REJ.

o. CHECK—No stable display.

p. Set:

CH 1 VOLTS/DIV 10 mVv
B TRIGGER COUPLING AC

g. Set the low-frequency generator for a 3-division
(30 mV) display at 60 Hz.

r. Setthe CH 1 VOLTS/DIV switchto0.1 Vand usethe
B TRIGGER LEVEL control as needed for a stable display.

s. CHECK—For a stable display, with both + and —
slopes for these modes:

B TRIGGER COUPLING
AC, DC
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17. Check 60 Hz External Triggering
a. Set:

B TRIGGER COUPLING AC
CH 1 VOLTS/DIV 10 mV

b. Adjust the low-frequency generator for a 5-division
(50 mV) display at 60 Hz.

c. Set the B TRIGGER SOURCE switch to EXT.

d. CHECK—For a stable display, with both + and —
slopes for these modes:

B TRIGGER COUPLING
AC, HF REJ, DC

e. Setthe B TRIGGER COUPLING switch to LF REJ.

f. CHECK—No stable display.

g. Move the signal cable from the B External Trigger
input to the A External Trigger input.

h. Set:

HORIZ DISPLAY A

A TIME/DIV 5ms

A TRIGGER COUPLING AC

A TRIG MODE NORM

A TRIGGER SOURCE EXT

A TRIGGER LEVEL As needed

i. CHECK—For a stable display, with both + and —

slopes for these modes:

A TRIGGER COUPLING
AC, HF REJ, DC

j. Set the A TRIGGER COUPLING switch to LF REJ.

k. CHECK—No stable display.

Calibration Procedure—465B Service
Adjustment Procedure

18. Check A and B External Trigger Level Ranges
a. Set:

TRIGGER COUPLING

(both) AC
TRIGGER SLOPE (both) +
CH 1 VOLTS/DIV 1V
HORIZ/DISPLAY A
A TRIG MODE AUTO
A TIME/DIV 1ms

b. Remove the 50 Q termination and adjust the low-
frequency generator for a 4-division (4 V) display at 1 kHz.

c. CHECK—Display is triggered along the positive
stope of the waveform asthe A TRIGGER LEVEL control is
rotated.

d. CHECK—Display is not triggered (free runs) at
either extreme of rotation.

e. Set the A TRIGGER SLOPE switch to —.

f. CHECK—Display is triggered along the negative
slope of the waveform asthe A TRIGGERLEVEL control is
rotated.

g. CHECK—Display is not triggered (free runs) at
either extreme of rotation.

h. Move thelow-frequency generator signal fromthe A
External Trigger input to the B External Trigger input.

i. Set:

A TRIGGER LEVEL
HORIZ DISPLAY

Fully counterclockwise
B DLY'D

j. CHECK—Display is triggered along the positive
slope of the waveform asthe B TRIGGER LEVEL control is
rotated.

k. CHECK—Display is not triggered (not visible) at
either extreme of rotation.

l. Set the B TRIGGER SLOPE switch to —.
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m. CHECK-—Display is triggered along the negative
slope of the waveform as the B TRIGGER LEVEL control is
rotated.

n. CHECK—Display is not triggered (not visible) at
either extreme of rotation.

0. Disconnect the test setup.

p. Set:

HORIZ DISPLAY A

A TRIGGER SOURCE EXT/10

CH 1 VOLTS/DIV 5V

CH 1 VAR Fully counterclockwise

A TRIGGER COUPLING AC

g. Connect the calibration generator standard-
amplitude output to the CH 1 input via a 50 Q bnc cable
and bnc T.

External Trigger input via a 50 Q bnc cable. Adjust the
generator output to 50 volts.

'] i
Connect the bnc female connection to A

NOTE

The range of the A LEVEL control with the A
SOURCE switch in EXT/10 is £20 volts (40 V peak-
to-peak) or greater. The applied signal is 50 V peak-
to-peak. Therefore, untriggered operation at both
extremes of the A TRIGGER LEVEL control is not
required.

r. CHECK—Display is triggered along the negative
slope of the waveform asthe ATRIGGER LEVEL controlis
rotated.

s. Set the A TRIGGER SLOPE switch to +.

t. CHECK—Display is triggered along the positive
slope of the waveform asthe A TRIGGER LEVEL control is
rotated.

u. Disconnect the test setup.
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19. Check Line Triggers
a. Set:

CH 1 VOLTS/DIV and VAR As required

A TRIGGER
MODE AUTO
COUPLING AC
SOURCE LINE
SLOPE +

b. Connect a 10X probe from the CH 1inputtoaline-
frequency source.

¢. CHECK—For a stable display, starting on the
positive-going slope.

d. Set the A TRIGGER SOURCE switch to —.

e. CHECK—For a stable display, starting on the
negative-going slope.

f. Disconnect probe from the line-frequency source;
then from the 465B.

20. Check NORM A Trigger Mode

a. Set:

A TIME/DIV 1ms

CH 1 VOLTS/DIV S5V

CH 1 VAR Calibrated detent
A TRIGGER

SLOPE +

SOURCE NORM

COUPLING AC

MODE AUTO

b. Connect time-mark generator to the CH 1input via
a 50 Q bnc cable and 50 Q bnc termination. Adjust
generator for 0.1 s time markers.
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c. CHECK—Display can be triggered by adjusting the 21. Check AUTO Recovery Time

A TRIGGER LEVEL control. a. Set:
CH 1 AC-GND-DC DC
A TRIG MODE AUTO

d. Set the A TRIG MODE switch to NORM.

b. CHECK—Display is triggered.
e. CHECK—Display is triggered.

c. Set the time-mark generator for 0.5 s time markers.
f. Set the CH 1 AC-GND-DC switch to GND.

d. CHECK—Display cannot be triggered (free runs).

g. CHECK—No display is visible. e. Disconnect the time-mark generator.
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NOTE

OSCILLOSCOPES WITH DIGITAL MULTIMETERS ATTACHED, REFER TO THE CALIBRATION SECTION
OF THE DIGITAL MULTIMETER MANUAL AT THIS POINT. ON COMPLETION OF THE CALIBRATION
SECTION IN THE DM MANUAL RETURN TO THIS MANUAL AND COMPLETE STEPS 18 & 19 IN THE
HORIZONTAL SECTION, THEN CONTINUE ON TO THE NEXT SECTION.

FORCALIBRATION OF OSCILLOSCOPES WITHOUT DIGITAL MULTIMETERS, CONTINUE TO HORIZON-

TAL SECTION OF THIS MANUAL.

HORIZONTAL

Equipment Required
1. Test Oscilloscope

2. Time-mark Generator
3. 50 Q2 Bnc Cable

4. Leveled Sine-wave Generator

5. 50 (2 Bnc Termination

6. 3-Inch Slotted Screwdriver

7. Low-capacitance Slotted Screwdriver

8. Dual-input Coupler

See ADJUSTMENT LOCATIONS 1 and

justments and test points (TP).

465B Control Setlings
Power Controls

ADJUSTMENT LOCATIONS 5 in the Diagrams section for ad-

Triggering Controls
(both A and B if applicable)

Regulating Range Selector Medium LEVEL

Line Voltage Selector 115V

POWER ON SLOPE
COUPLING
A SOURCE

CRT Controls B SOURCE

INTENSITY As desired

FOCUS Best focused display

SCALE ILLUM As desired

B INTENSITY As desired

Vertical Controls
(both Channels if applicable)

As needed for a stable
display

+

AC

EXT

Starts after delay

Sweep Controls

HORIZ DISPLAY
DELAY TIME POSITION

A TIME/DIV
VOLTS/DIV 05V B TIME/DIV
VAR Calibrated detent VAR TIME/DIV
POSITION Midrange X10 MAG
AC-GND-DC DC POSITION
VERT MODE CH A1 A TRIGGER HOLDOFF
INVERT Off (button out) TRACE SEP
20 MHz BW LIMIT Full bandwidth

(button out)
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ALT

1.00

1ms

5us

Calibrated detent
Off (button out)
Midrange

NORM

As needed for ALT
display trace sep-
aration.
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1. Check/Adjust Sweep Start and A Sweep
Calibration (R4570, R6053)

a. Connect 1 ms time markers to the CH 1 input from
the time-mark generator via a 50 Q bnc cable and a 50 Q
termination. Connect + Trigger Out from the time-mark
generator to the A External Trigger input via a 50 Q bnc
cable and a 50 Q termination.

b. CHECK—Intensified portion of the sweep begins at
the second time marker. (It may be necessary to readjust
the INTENSITY and B INTENSITY controls, so that the
intensified portion of the sweep is visible.)

c. ADJUST—Sweep Start (R4570) so the intensified
portion of the sweep begins at the start of the secondtime
marker and the pulse displayed on B DLY'D trace starts at
the beginning of the sweep.

d. Set the DELAY TIME POSITION dial to 9.00.

e. CHECK—intensified portion of the sweep begins at
the tenth time marker.

f. ADJUST—A Sweep Cal (R6053) so the intensified
portion of the sweep begins at the start of the tenth time
marker and the pulse displayed on B DLY'D trace starts at
the beginning of the sweep.

g. INTERACTION—Between Sweep Start and A
Sweep Cal adjustments. Repeat both until no further
improvement is noted.

2. Check Delay or Differential Time Linearity

a. Setthe DELAY TIME POSITION dial to position the
tenth time marker to the beginning of the sweep.

b. Note the reading on the DELAY TIME POSITION
dial.

c. Adjustthe DELAY TIME POSITION dial sothe ninth
time marker is at the beginning of the sweep.

d. CHECK—DELAY TIME POSITION dial for a dif-
ference in reading of: 1.00 £0.01 (0.99 to 1.01), from
+15°C to +35°C; 1.00 £0.03 (0.99 to 1.03), from —15°C to
—55°C, than the reading noted in part c.

REV A SEP 1979
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NOTE

1 division of the DELAY TIME POSITION dial is one
complete revolution of the inner knob. 0.01 division
is one minor division of the inner knob.

e. Rotate the DELAY TIME POSITION dial to position
each successive time marker to the beginning of the
sweep.

f. CHECK—DELAY TIME POSITION dial for a
difference in reading of: 1.00 £0.01 (0.99 to 1.01) from
+15°C to +35°C; 1.00 +0.03 (0.99 to 1.03), from —15°C to
+55°C, than the adjacent time marker.

3. Check/Adjust Horizontal Ampiifier Gain (R4373,
R4272)

a. Set:

LIMMDII7 MIOCD] AV A
HORIZ DISPLAY A

TIME/DIV (both) 1ms
DELAY TIME POSITION  Fully counterclockwise

b. Select 1 ms time markers from the time-mark
generator.

¢c. CHECK—Display for 1 marker/division £2% (+0.2
division at the eleventh time marker).

d. ADJUST—X1 Gain
marker/division.

(R4274) for exactly 1

e. Select 0.1 ms time markers from the time-mark
generator.

f. Press X10 MAG push button in.

h. CHECK—1 marker/division +3% (+1 1/2 minor
divisions at the eleventh time marker).

i. ADJUST—X10 Gain (R4373) for exactly 1 time
marker/division.
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4. Check Sweep Linearity

a. CHECK—Linearity over any 2 divisions of the
magnified sweep to be within 0.1 division.

b. Release the X10 MAG push button.

c. Select 1 ms time markers from the time-mark
generator.

d. CHECK—Linearity over any 2 divisions of the sweep
to be within 0.1 division.

5. Check/Adjust R4253 Magnifier Centering (SN
B011250—UP) and R4275 Registration

a. Push the X10 MAG push button in.
NOTE

Perform parts b through e for SN B011250—up.
Below SN B011250, skip to part f.

b. Press BEAM FIND push button in.

o

d. ADJUST—Horizontal DC Centering (R4253) to
horizontally center the display.

e. Release BEAM FIND push button.

f. Select 5 ms time markers from the time-mark
generator.

g. Position the middle time marker to the center
vertical graticule line.

h. Release the X10 MAG push button.

i. CHECK—Middletime marker is within 0.2 division of
the center vertical graticule line.

j. ADJUST—Magnifier Registration (R4275) to posi-
tion the middle time marker to the center vertical
graticule line.

k. Repeat parts c throughj (parts a and f through j for
SN below B011250) until no horizontal shift is observed
between X10 MAG in and X10 MAG out.
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6. Check/Adjust B Sweep Calibration (R6052)
a. Set:

DELAY TIME POSITION  Fully counterclockwise

HORIZ DISPLAY B DLY'D

A TIME/DIV 2ms

B TIME/DIV 1ms

X10 MAG Off (button out)

b. Select 1 ms time markers from the time-mark
generator.

c. CHECK—Display for 1time marker/division £2% (1
minor division at the eleventh time marker).

d. ADJUST—B Sweep Cal (R6052) for exactly 1time
marker/division.

7. Check A Sweep Length

a. Set:
TIME/DIV (both) 1ms
HORIZ DISPLAY A

b. Select 5§ ms time markers.

c. Position the third time marker horizontally to the
center vertical graticule line.

d. CHECK—Display extends to the right of the center
vertical graticule line 1 division (£0.5 division).

8. Check Variable Time/Division
a. Set the A TIME/DIV switch to 2 ms.

b. Select 5ms time markers from the time-mark
generator.

c. CHECK—At least 1 time marker/division can be
obtained by adjusting the VAR TIME/DIV control.

d. CHECK—UNCAL LED comes on when the VAR
TIME/DIV control is out of the detent position.

e. Return the VAR TIME/DIV control to the detent
position.

REV A SEP 1979
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9. Check Horizontal POSITION Range
a. Turn the Horizontal POSITION control
clockwise.

fully

b. CHECK—Start of sweep is to the right of the center
vertical graticuie line.

c. Turn the Horizontal POSITION controi fully coun-
terciockwise.

d. CHECK—End of sweep is to the left of the center
vertical graticule line.

NOTE

Horizontal POSITION control is a combined Coarse

and Fine position control mounted on the same shaft

in a mechanical arrangement that allows the Fine

position potentiometer to rotate approximately 1/4

turn (1/8 turn in either direction from midrange)

before the Coarse position control potentiometer is
d

annana
crigaycu.

e. Rotatethe horizontal POSITION control throughits
Fine range.

f. CHECK—Horizontal POSITION control Fine range
will position the sweep, approximately 0.5 divisions.

10. Check/Adjust A 10 us Timing (C6002)
a. Set:

DELAY TIME POSITION  1.00
A TIME/DIV 10 us
B TIME/DIV 1ps

b. Select 10 us time markers from the time-mark
generator.

¢. CHECK—Digplay for 1time marker/division +2% (1

A4} =4 UL AN

minor division at the eleventh time marker).

d. ADJUST—10 us timing (C6002), with a low cap-
acitance screwdriver, for exactly 1 time marker/division.

e. Set the HORIZ DISPLAY switch to B DLY'Dand B
TRIGGER SOURCE to STARTS AFTER DELAY.

Calibration Procedure—465B Service
Adjustment Procedure

f. Horizontaily position the dispiayed markertoalignit
with a vertial graticule line.

g. Set DELAY TIME POSITION to 9.00.

h. ADJUST—10 us timing (C6002) with a low cap-
acitance screwdriver, so the displayed marker is aligned
with the same vertical graticule iine as in part f.

i. Repeat partsfthrough h until no error exists between
a DELAY TIME POSITION dial setting of 1.00 and 9.00.

11. Check/Adjust A Sweep High Speed Timing
(C6015)
a. Set:

DELAY TiME POSITION  1.50
B TRIGGER SOURCE STARTS AFTER DELAY

A TIME/DIV 0.5 us
B TIME/DIV 0.05 us
HORIZ DISPLAY A

b. Select 0.5 us time markers from the time-mark
generator.

c. CHECK—Display for 1 time marker/dvision 2% (1
minor division at the eleventh time marker).

d. ADJUST—A High Speed Timing (C6015), with
the low-capactiance screwdriver, for exactly 1 time
marker/division.

e. Switch the HORIZ DISPLAY switch to B DLY'D.

f. Use Horizontal POSITION control to position the
displayed marker so it is aligned with the center vertical
graticule line.

g. Set DELAY TIME POSITION to 8.50.

h. CHECK—Displayed time marker aligns with the
center vertical graticule line.

i. ADJUST—A High Speed Timing (C6015), with alow-
capacitance screwdriver, so the displayed marker is
aligned with the center vertical graticule line.
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j. INTERACTION—Between the two positions of the
DELAY TIME POSITION dial when adjusting C6015.
Compromise the adjustments as necessary to achieve
correct timing.

12. Check/Adjust B Sweep High Speed Timing
(C6042)
a. Set:

DELAY TIME POSITION  Fully counterclockwise

HORIZ DISPLAY BDLY'D
B TRIGGER SOURCE NORM
A TIME/DIV 1us.

B TIME/DIV 0.5 us

b. Adjust the A and B TRIGGER LEVEL controls for a
stable display.

¢c. CHECK—Display for 1time marker/division +2% (1
minor division at the eleventh time marker).

d. ADJUST—B High Speed Timing (C6042), with alow
capacitance screwdriver, for exactly 1 time marker/divi-
sion.

13. Check A and B Time/Division Accuracy

a. CHECK—Using the B TIME/DIV switch and the
time-mark generator settings givenin Table 4-15, check B
sweep timing is within 0.2 division, over the first 10
divisions of the display.

Table 4-15
A AND B TIMING ACCURACY
A and B
Time/Div Time-mark CRT Display
Switch Generator (Markers/
Setting Output Division)
0.02 us 20 ns 1
0.05 us 50 ns 1
0.1 us 0.1 us 1
0.2 us 0.2 us 1
0.5 us 0.5 us 1
1us 1us 1
2us 2 us 1
5 us 5 us 1
10 us 10 us 1
20 us 20 us 1
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Table 4-15 (cont)

A and B
Time/Div Time-mark CRT Display
Switch Generator (Markers/
Setting Output Division)
50 us 50 us 1
0.1 ms 0.1ms 1
0.2 ms 0.2 ms 1
0.5 ms 0.5 ms 1
1ms 1ms 1
2ms 2ms 1
5ms 5ms 1
10 ms’ 10 ms 1
20 ms* 20 ms 1
50 ms* 50 ms 1
A SWEEP ONLY
0.1s" 01s 1
0.25¢° 0.1s 1
0.5s" 05s 1

2Switch A TRIG MODE to NORM below 5 ms/division.

b. Set the HORIZ DISPLAY switch to A.

¢. CHECK-—Using the A TIME/DIV switch and the
time-mark generator settings given in Table 4-15 check A
sweep timing within 0.2 division, over the first 10 divisions
of the display.

14. Adjust High-Speed Magnified Timing (C4246,
C4247)

a. Set:
HORIZ DISPLAY A
X10 MAG X10 (button in)

Horizontal POSITION
A and B TIME/DIV

Midrange (as required)
0.05 us

generator.

c. Set CH1 VOLTS/DIV for at least a 4-division
display.

d. CHECK—Display for 1 time marker/division £3%
(£1 1/2 minor divisions at the eleventh time marker).
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e. ADJUST—C4246 and C4247 equally for 1 time
marker/division over the entire 10 divisions.

f. Set A and B TIME/DIV to 0.02 us.

NOTE

For SN B011250—up, perform parts g through . For
SN below B011250 skip to part k.

g. Press BEAM FIND push button in.

h. CHECK—Display is centered horizontally.

i. ADJUST—Horizontal DC Centering R4253 to
horizontally center the compressed display. (Recheck
Magnifier Registration if this adjustment is made.)

j. Release BEAM FIND push button.

k. ADJUST—C4246 for 2time marker/5 divisions over
the entire 10 divisions (adjust Horizontal POSITION
control as necessary).

l. Set A and B TIME/DIV switch to 0.05 us.

m. ADJUST—C4247 for 1 time marker/division over
the entire 10 divisions.

n. Repeat part f and parts k through m for best timing
on 0.05 us and 0.02 us ranges until no further improve-
ment is obtained.

15. Check A and B Magnified Timing Accuracy

a. CHECK—Usingthe ATIME/DIV switch settings and
the time-mark generator settings given in Table 4-16
check A magnified sweep timing is within 0.3 division over
the center 10 divisions of the magnified display. Note the
portions of the total magnified sweep length to be
excluded from the measurement.

b. Set the HORIZ DISPLAY switch to B DLY'D.

c. CHECK—Using the B TIME/DIV switch and the
time-mark generator settings given in Table 4-16 check B
magnified sweeptiming, within 0.3 division over the center

REV A JUN 1979
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10 divisions of the magnified display. Note the portions of

the total magnified sweep length to be excluded from the
measurement.

d. Release the X10 MAG push button.

Table 4-16

A AND B MAGNIFIED ACCURACY

Portions of
Aand B Total Mag-
Time/ Time- CRT nified Sweep
Div mark Display Length to
Switch Generator | (Markers/ Exclude from
Setting Output Division) Measurement
0.02 us 2ns 1 First and last 25
divisions
0.05 us 5ns 1 First and last 10
divisions
0.1 us 10 ns 1 First and last 5
divisions
0.2 us 20 ns 1 First and last 2.5
divisions
0.5 us 50 ns 1
1us 0.1 us 1
2 us 0.2 us 1
5 us 0.5 us 1
10 us 1 us 1
20 us 2 us 1
50 us 5us 1
0.1 ms 10 us 1
0.2ms 20 us 1
0.5ms 50 us 1
1ms 0.1 ms 1
2ms 0.2ms 1
5ms 0.5 ms 1
10 ms’ 1ms 1
20 ms* 2ms 1
50 ms* 5ms 1
A SWEEP ONLY
0.1 10 ms 1
0.2s" 20 ms 1
0.5s" 50 ms 1

* Switch TRIG MODE to NORM below 5 ms/division.
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16. Check Delay or Differential Time Accuracy
a. Set:

B TRIGGER SOURCE STARTS AFTER DELAY

A TRIG MODE AUTO
TIME/DIV (both) According to

Table 4-17
HORIZ DISPLAY ALT

b. CHECK—Using the A TIME/DIV switch, B TIME/
DIV switch, and the time-mark generator settings given in
Table 4-17, check differential time accuracy is within the
given tolerance. First set the DELAY TIME POSITION dial
to 1.00 and rotate the dial slightly until the sweep starts at
the top of the second time marker. Note the control setting
and then set the dial to 9.00 and rotate it slightly until the
sweep starts at the top of the tenth time marker. Delay
TIME POSITION dial setting must be 8.00 divisions higher,
+0.08 division.

Table 4-17
DIFFERENTIAL TIME ACCURACY
A Time/ | B Time/ Time- Allowable
Div Div mark Error for
Switch Switch Generator Given
Setting Setting Output Accuracy
0.1us 0.02 us 0.1 us
0.2 us 0.05 us 0.2 us
0.5 us 0.05 us 0.5 us
1us 0.1 us 1 us
2 us 0.2 us 2 us
Sus 0.5 us 5 us
10 us 1us 10 us
20 us 2 us 20 us
50 us 5us 50 us
0.1 ms 10 us 0.1 ms 18 minor
0.2 ms 20 us 0.2 ms . ql.al
divisions
0.5 ms 50 us 0.5 ms
1ms 0.1 ms 1ms
2ms 0.2 ms 2ms
5ms 0.5 ms 5 ms
10 ms* 1ms 10 ms
20 ms* Zms 20 ms
50 ms* 5ms 50 ms
0.1s" 10 ms 0.1s
0.2s* 20 ms 0.2s
058" 50 ms 0.5s

*Below 5 ms/division, set HORIZ DISPLAY to B DLY'D and
A TRIG MODE to NORM.
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NOTE

Below 5 ms/division ALT HORIZ DISPLAY sweeps
alternate too slowly to observe display with ease;
therefore, set HORIZ DISPLAY TO B DLY'D. If in
doubt as to the correct setting of the DELAY TIME
POSITION dial, set the HORIZ DISPLAY switchto A
INTEN and check which marker is intensified.

17. Check Delay or Ditfferential Time Jitter

a. Set:

DELAY TIME POSITION
HORIZ DISPLAY

A TIME/DIV

B TIME/DIV

A TRIG MODE

1.00

B DLY'D
1ms
0.2 us
AUTO

b. Select 1 ms time markers from time-mark gen-

erator.

c. Position the time marker near the center of the
display area with the DELAY TIME POSITION dial.

d. CHECK—Jitter on the leading edge of the time
marker should not exceed 1 division (2.5 divisions if the
instrument is being operated on a 50 Hz line voltage).

Disregard the slow drift.

e. Turn the DELAY TIME POSITION dial to 9.00 and
slightly readjust so the time marker is displayed near the

center of the display area.

f. CHECK—Jitter on the leading edge of the time
marker should not exceed 1 division (2.5 divisions if the
instrument is being operated on a 50 Hz line voltage).

Disregard the slow drift.

g. Disconnect test setup.

18. Check/Adjust X Gain (R4381)

a. Set:

TIME/DIV (both)
VOLTS/DIV (both)
CH 1 AC-GND-DC
CH 2 AC-GND-DC
HORIZ DISPLAY

A TRIGGER SOURCE

X-Y
5mV
AC
GND
A
NORM
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NOTE

Setting a TIME/DIV switch to X-Y position disables
all VERT MODE switches, and automatically selects
CH 1 input for the X-Axis signal and CH 2 input for
the Y-Axis signal.

b. Connect standard-amplitude signal from the
calibration generator to the CH 1 input via a 50 Q unter-

minated bnc cable. Set the generator output amplitude to
20 mV.

c. CHECK—Display for 4 divisions of horizontal
deflection £4% (4 divisions £0.16 division).

d. Switch the CH 1 AC-GND-DC switch to DC.

e. CHECK—Display for 4 divisions of horizontal
deflection 4% (4 divisions £0.16 division). Itis normai for
this check to be slightly less than that observed in part c.

f. Set the CH 1 AC-GND-DC switch to AC.

g. ADJUST—X Gain (R4381) for exactly 4 divisions of
horizontal deflection.

h. Disconnect test setup.

19. Check X-Y Phasing and Bandwidth

a. Connect the output of the leveled sine-wave
generator to the CH 1 and CH 2 inputs via a 50 Q bnc
cable, 50 Q termination, and a dual-input coupler.

b. Adjust the leveled sine-wave generator for an 8-
division horizontal display at 50 kHz.

c. Set the CH 2 AC-GND-DC switch to AC.

d. Center the display vertically and horizontally with
the Horizontal POSITION and CH 2 POSITION controls.

e. CHECK—Display for an opening at the center
horizontal graticule line of 0.4 division or less.

f. Set the CH 2 AC-GND-DC switch to GND.

Calibration Procedure—465B Service
Adjustment Procedure

g. Adjust the leveled sine-wave generator for a 10-
division horizontal display at 50 kHz.

h. Increase the leveled sine-wave generator frequency
until the display is reduced to 7 divisions.

i. CHECK—Output frequency of the leveled sine-wave
generator is at least 4 MHz.

j. Disconnect the test setup.

20. Check B Ends A

a. Set:

HORIZ DISPLAY A INTEN

A TIME/DIV 1ms

B TIME/DIV 0.1ms

A TRIGGER HOLDOFF B ENDS A
(in detent)

b. Adjust the INTENSITY control so the A sweep
portion of the display is visible.

c. Rotate the DELAY TIME POSITION dial through its
range.

d. CHECK—A sweep ends after theintensified portion
at all settings of the DELAY TIME POSITION dial.

21. Check A Trigger Holdoff
a. Set:

HORIZ DISPLAY A
A TRIGGER HOLDOFF NORM
A TRIGGER LEVEL Fully clockwise

b. Connect the A +GATE output signal (from 465B
rear panel) to the test oscilloscope via a 50 Q unter-
minated bnc cable.

c. Set the test oscilloscope TIME/DIV switch and VAR
TIME/DIV control so that the bottom portion of the
waveform (holdoff time of the A +GATE) is exactly 1
division in length.
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d. Rotate the A TRIGGER HOLDOFF control f. Set the A TRIGGER HOLDOFF control to NORM.
clockwise.

g. Disconnect test equipment.
e. CHECK—At least 10 times increase in the holdoff
time of the A +GATE.
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GATES, CALIBRATOR, AND EXT Z AXIS

Adjustment Procedure

Equipment Required

1. Test Oscilloscope

2. 42-inch, 50 ©2 Bnc Cable (2 required)

3. Digital Voltmeter

4. Shorting Strap
5. Calibration Generator

6. Bnc T Connector

7. 3-inch Slotted Screwdriver

See  ADJUSTMENT LOCATIONS 1

465B Control Settings

Power Controls
Regulating Range Selector Medium

Line Voltage Selector

POWER

115V
ON

CRT Controls

INTENSITY
FOCUus
SCALE ILLUM
B INTENSITY

As desired
Best focused display
As desired
As desired

Vertical Controls
{both Channels if applicable)

VOLTS/DIV

VAR

POSITION

VERT MODE
INVERT

20 MHz BW LIMIT

5mv

Calibrated detent
Midrange

CH1

Off (button out)
Full bandwidth
(button out)

Triggering Controls
(both A and B if applicable)

LEVEL

SLOPE
COUPLING

A SOURCE

B SOURCE

A TRIG MODE

Fully clockwise

+

AC

NORM

STARTS AFTER DELAY
AUTO

in the Diagrams section for adjustments and test points ( TP).

Sweep Controls

HORIZ DISPLAY
DELAY TIME POSITION
A TIME/DIV

B TIME/DIV

VAR TIME/DIV

X10 MAG

POSITION

A TRIGGER HOLDOFF

1. Check A and B +Gates

B DLY'D

Fully counterclockwise
50 us

50 us

Calibrated detent

Off (button out)
Midrange

NORM

a. Connect the B +GATE output (from the rear panel
of the 465B) to the test oscilloscope via a 50 (2 unter-

minated bnc cable.

b. CHECK—Test oscilloscope display for a positive-
going pulse of +5.5 V in amplitude (within 0.5 V).

c. Disconnect the cable from the B +GATE output and
connect it to the A + GATE output.

d. CHECK—Test oscilloscope display for a positive-
going pulse of +5.5 V in amplitude (+0.5 V).

e. Disconnect test equipment.

2. Check/Adjust Calibrator DC Level (R4293)
a. Connect a shorting strap between TP4177 and

TP4178.

b. Connect digital voltmeter common lead to chassis
ground and + tead to the CALIBRATOR current loop.
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c. CHECK—~CALIBRATOR dc level is 300 mV +£1%
(297 to 303 mV at 0°C to +40°C).

d. ADJUST—Amplitude Cal (R4293) for exactly
300 mV.

e. Remove the shorting strap and the digital voltmeter
connections.

f. Connect a 10X probe from the test oscilloscope to
the CALIBRATOR current loop.

g. CHECK—Test oscilloscope display for a 0.3V
square wave with a duration of about 1 ms.

h. Disconnect the test setup.

4-62

3. Check External Z Axis

a. Set:
HORIZ DISPLAY A
A TIME/DIV 0.2 ms

A TRIGGER SOURCE EXT

b. Set the INTENSITY control for a normal viewing
level.

c. Connect the calibration generator standard-
amplitude signal to the A External Trigger input viaa50 Q
bnc cable and bnc T connector. Connect from the bnc Tto
the EXT Z-AXIS input (465B rear panel) via a 50 Q bnc
cable. Set the generator output for 5 V.

d. Adjust A TRIGGER LEVEL for a stable display
(TRIG LED on).

e. CHECK—Display for noticeable intensity modula-
tion.

f. Disconnect the test setup.

REV A SEP 1979


https://www.manualsplus.com/

Section 5—465B Service

MAINTENANCE

INTRODUCTION

This section of the manual contains information for use
in preventive maintenance, troubleshooting and correc-
tive maintenance. Procedures for removal and replace-
ment of the standard instrument cabinet and the rack
adapter are presented at the beginning of the section.
Should the instrument require shipment to a Tektronix
Service Center for repair, refer to the repackaging instruc-
tions at the end of this section.

CABINET AND RACK ADAPTER
REMOVAL AND REPLACEMENT

The standard cabinet protects the interior of this
instrument from accumulation of dust and also provides
protection to personnel from the operating potentials
present. In addition, the cabinet reduces the emi (elec-
tromagnetic interference) radiation from the instrument
and interference to the display due to other equipment.

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

The Rack Adapter cabinet for the 465B provides the
proper electrical environment for the instrument, reduces
dust accumulation, minimizes handling damage, and
provides a means for mounting the instrument solidly toa
surface such as a rack or console.

Standard Cabinet Removal
The standard instrument cabinet can be removedinthe
following manner:

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

2. Install the front panel cover and set the instrument
tace on a flat surface.

3. Unwrap the power cord from the instrument feet.

4. Remove the six screws indicated in Figure 5-1 and
remove the rear cabinet frame (with feet and screws) from
the instrument as an intact assembly.

1861-21

Figure 5-1. Removing the wrap-around cabinet.

5. Lift the cabinet up until it is separated from the
instrument and power cord.

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

Standard Cabinet Installation

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

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

2. If parts were removed or replaced, check all sections
of the instrument for proper assembly. It may be helpful to
use the diagrams in Section 9, Replaceable Mechanical
Parts List, for the location of parts.

3. 465B DM-series only—If the DM-series main circuit-
boardis notin place, install the board onthe main chassis.

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

5-1
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5. Place the cabinet handle against the bottom of the
cabinet (bottom of cabinet is nearest to the carrying
handle pivot points).

6. Pull the power cable through the cabinet and
carefully slide the cabinet over the instrument. Avoid
pinching cables or damaging components that protrude
from circuit boards.

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

8. Pull the power cord through the rear cabinet frame,
align the cutout portion in the frame for proper fit at the
regulating range selector cover, and work the frame into
place.

9. Set the feet and screws in place and with one hand
exert a light downward pressure ontherear cabinet frame.
Press lightly on the top and bottom sides of cabinet with
the other hand, checking that cabinet edge is properly
seated in the gasket groove of both front and rear frames.
Continue to exerta downward pressure and tighten the six
screws of the rear frame to a snug fit. Do not over-tighten

these screws.

Rack Adapter Removal

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

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

NOTE

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

2. Removethe Rack Adapter, withinstrument, fromthe
rack and set the bottom of the complete assembly on aflat
surface.

5-2

3. Remove two setscrews from the top front of Rack
Adapter chassis, (0.125-inch Allen wrench is required to
remove the setscrews). It may be helpful to use the
diagrams in Section 9, Replaceable Mechanical Parts List,
for the locations of parts.

4. Remove 10 screws that securetherear support plate
to an angle bracket on one side, to the Rack Adapter
chassis on the opposite side, and to the rear of the
instrument. Remove the rear support plate and blue plastic
rear frame.

5. Slide the instrument forward through the adapter
cabinet, using both hands (on front and rear) to lift and
guide the instrument until separated from the Rack

Adapter.

Dangerous potentials exist at several points
throughout this instrument. When the instrument is
operated with the Rack Adapter removed, do not
touch exposed connections or components. Some
transistors may have elevated cases. Disconnect
P~ ao Ihnfmen Alan- P O T TP Pryy gy

pPoOwer oeioie wuam‘ﬁy the instrument or Icpldbilly
parts.

Rack Adapter Installation

The Rack Adapter should be installed in the following
manner:

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

2. Verify proper assembly of all sections of the instru-
ment if parts were removed or replaced. It may be helpful
to use the diagrams in Section 9, Replaceable Mechanical
Parts List, for the locations of parts.

3. Setthe bottom of the Rack Adapter on aflat surface,
pull the power cord through the cabinet portion of the
Rack Adapter, and carefully slide the instrument rearward
using both hands (on front and rear) to lift and guide the
instrument until fully inserted. Avoid pinching cables or
damaging components that protrude from circuit boards.

4. Check that the front edge of the cabinet portion of
the Rack Adapter is inserted into the braided gasket
groove around the full periphery of the instrument front
frame. Pull the power cord through the blue plastic rear
frame. Align the cutout portion in the plastic frame for
proper fit at the regulating-range selector cover and work
the frame into place.
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5. Apply the rear support bracket to the rear of the
Rack Adapter. Install, without tightening, six screws that
secure the rear support bracket through the blue plastic
frame to the rear of the instrument and four screws that
secure the rear support bracket to an angle bracket andto
the Rack Adapter chassis.

6. Check that all parts of the complete assembly are
properly seated, then tighten the screws at the rear of the
instrument and the screws atthe adapter chassistoasnug
fit. Do not overtighten these screws.

7. Install two setscrews at the top front of the Rack
Adapter chassis (0.125-inch Allen wrench is required to
install the setscrews).

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

Introduction

Preventive maintenance consists primarily of cleaning
and visual inspection. When performed on aregular basis,
preventive maintenance can prevent instrument
breakdown and ensure the reliability of this instrument.
The severity of the environment to which the 465B is
subjected will determine the frequency of maintenance. A
convenient time to perform preventive maintenanceis 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 conditionsrequire. 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 accumutated 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
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solution. A cotton-tipped applicator is useful for cleaning
in narrow spaces or for cleaning ceramic terminal strips

and circuit boards.

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. Recom-
mended 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-0-Gas. Do not use Zero Mist brand
of circuit coolant. The only recommended circuit

coclants forthevolts/division attenuators aredry ice

(CO,) or isopropy! alcohol.

SWITCH CONTACTS. Most of the switches inthe 465B
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 alcohal,
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 small
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.

CRT. Two plastic light filters, one blue and one clear,
are provided with the oscilloscope. Clean the light filter
and the crt face with a soft lint-free cloth dampened with

53
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denatured alcohol or a mild detergent and water solution.
The optional crt mesh filter can be cleanedinthefollowing
manner:

1. Hold the filter in a vertical position and brush lightly
with a Number 7 soft watercolor brush to remove light
coatings of dust and lint.

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

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

4. if any lint or dirt remains, use clean low-pressure air
(approximately 9 pounds per square inch) toremoveit. Do
not use tweezers or other hard cleaning tools on the filter,
as the special finish may be damaged.

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

AIR FILTER. The air filter should be visually checked
every few weeks and cleaned or replaced if dirty. More
frequent inspections are required under severe operating
conditions. The following procedure is suggested for
cleaning the filter. If the filter is to be replaced, order new
air filters from your local Tektronix Field Office or
representative. Refer to the Replaceable Mechanical Parts
List for ordering information.

1. Remove the filter by puliing it out of the retaining
frame on the rear panel. Be careful not to drop any of the
accumulated dirt into the instrument.

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

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

4. Squeeze the filter to wash out any remaining dirt.

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

6. Coat the dry filter with an air-filter adhesive
(available from an air conditioner supplier, or see
Maintenance Aids information at the end of this section).
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7. Let the adhesive dry thoroughly.

8. Re-install the filter in the retaining frame.

Visual Inspection

The instrument should be inspected occasionally for
such defects as broken connections, broken or damaged
ceramic strips, improperly seated semiconductors,
damaged or improperly 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

The fan motor and most of the potentiometers used in
the 465B are permanently sealed and generally do not
require periodic lubrication. The switches used in the
465B, both cam- and lever-type, are installed with proper
lubrication applied where necessary and will rarely re-
quire any additional lubrication. A regular periodic
lubrication program for the 465B 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. If only a partial adjustment is per-
formed, see the interaction chart, Table 4-6, for possible
interactions with circuits not adjusted.
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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 aid in locating the defective component. An
understanding of the circuit operation is helpful in
locating troubles, particularly where integrated circuits
are used. See the Theory of Operation, Section 3, for this
information.

Troubleshooting Aids

TROUBLESHOOTING CHARTS. As an aid in locating
problem areas, troubleshooting charts have been provid-
ed for the low-voltage power supplies, the —2450-volt
power supply, and for a no-visible-display condition.
These can be found on foldout pages in the Diagrams
section.

POWER DISTRIBUTION DIAGRAM. As an aid in
troubleshooting the power supplies, a power distribution
diagram is provided on Diagram 14 in the foldout pages at
the rear of this manual. The diagram shows the distribu-
tion for each voltage from the low-voltage power supply. It
also shows the service jumpers that can be used to aid in
isolating the power supply from the various circuit boards.
Excessive loading on the low-voltage power supply by a
circuit board can rapidly be traced to the faulty circuit
board with the aid of the service jumpers. The service
jumpers associated with a specific schematic diagram are
indicated on therespective schematic diagram. The power
distribution diagram should be used in conjunction with
the power supply isolation procedures adjacent to
troubleshooting diagrams located in the Diagrams section
of this manual.

GRID COORDINATE SYSTEM. Each schematic
diagram and circuit board illustration is sectioned by a
grid system. A table listing the grid coordinates of each
component shown is located adjacent to the schematic
diagram. The table lists the grid location of components
on both the schematic diagram and on the circuit board
illustration to aid in cross referencing components
between the schematic diagram and the circuit board
illustration.

DIAGRAMS. Compilete 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 (see the first page of the Diagrams section for
definition of the reference designators used to identify
components in this instrument). Important voltages and
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waveforms are also shown on the diagrams. The physical
locations of the waveform test points are shown on the
Circuit Board illustrations.

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. In general, the component numbers in-
crease from the left side of the circuit board to the right
side, and from the top to the bottom. The lowest compo-
nent numbers will be at the top left corner, andthe highest
component numbers will be at the bottom right corner of
the circuit board.

ADJUSTMENT LOCATIONS ILLUSTRATIONS. Toaid
in locating test points and adjustable components, the
adjustment locations pullout pages (normally used with
the adjustment procedure) permit rapid location of test
points and adjustments, because only these components
are identified.

READ-ONLY MEMORY U1605 LOGIC TABLE. Referto
the Vertical Switching Logic diagram located in the
Diagrams section of this manual for the following discus-
sion. Input signals to U1605, a read-only memory (ROM),
are as follows:

Input lines Ao through A; — Logic levels from the Q,
Q,, and Q; outputs of U1705 used to indicate the present
state of the switching. (Qo, Qi, and Q: outputs are active
when LO.)

Input lines Asthrough As— Logiclevels selected by the
VERT MODE switches (CH 1, CH 2, ADD, and A TRIG
VIEW). A HI logic level present indicates that the Vertical
Mode is selected.

Input line A; — Logic level controlled by the X-Y
position of the A TIME/DIV switch. A LO logic level is
present when X-Y Horizontai Dispiay is seiected.

After U1705 is clocked, ROM U1605 uses the present
data on its input lines (Ao through A;) to select the next
output switching stateto be presented toU1705. There are
four output lines from U1605, O, through Os. Output lines
O, through O; carry the future data; the signal present on
output line O, is the Chop Clock Oscillator enabling logic
(HI enables).
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In the partial table shown in Figure 5-2, no Vertical
Modes are selected, and the present datafrom U1705is an
undefined column, (i.e., 000 is not a Vertical Mode
selection). In the example given, the Chop Clock
Oscillator will be enabled, and the next clock pulse to
U1705 will switch U1705 output to 111. Table 5-1 shows
that column 111 is the idle state of U1605 (the state
switched to when no Vertical Modes are selected). In the
Idle column, the future state of U1705 will remain 111, and
the Chop Clock Oscillator will not be enabled. Each row
across the table indicates the possible future states of
U1705, while the column headings indicate the possible
present state. The order of priority in switching (when
multiple Vertical Modes are selected) is CH 1, CH 2, ADD,
then A TRIG VIEW.

To use the table, determine the Vertical Mode(s)
selected. Follow that row across the table. If the output of
U1705 is at the present state indicated by a column
heading, the data given in that column is the future state of
uU1705.

Exampie 1. Assume CH 1 and CH 2 Vertical Modes are
selected. The present data from the Vertical Mode Switch
is 10011. Move across that row to the 000 column. The data
given indicates that if the present state of U1705is 000, the
future state will be 110 (CH 1) and that the Chop Clock
Oscillator will be enabled. Following across the row, each
column, except 110 (CH 1), gives the same future state. If
the present stateis CH 1, thefuture state will be 101 (CH 2).
From there, it will switch back to CH 1 for the chopped
display of the Channel 1 and Channel 2 input signals,

Example 2. Assume that X-Y Horizontal Display is
selected. Go to any Vertical Mode selection in the bottom
half of thetable. All the columnsindicate that regardless of
the state of the U1705 output, the future state will be 101
(CH 2). When the output of U1705 goes to 101, the Chop
Clock Oscillator will be turned off, and the Chop Clock to
U1705 will cease.

Exampie 3. Assume ADD Vertical Mode is selected. In
the Present Data from the Vertical Mode Switch column
read 10100. Move across the row (adjacent to the data) to
the 000 column and note that the future state of U1605 is
1100. The output state required to switch to the ADD
display is 100. Trigger view is not selected, and both CH 1
and CH 2 are selected (LO logic level selects). The Chop
Clock Oscillator will be enabled to clock U1705. After
clocking, the Qo and Q, outputs (pins 3 and 6) of U1705 will
be HI to gate U1805D and turn on transistor Q1636. This
transistor supplies the extra current required to keep both
CH 1 and CH 2 Diode Gates forward biased. |n the case of
the 000 state, it indicates that CH 1, CH 2, and A TRIG
VIEW are selected for viewing together. While this output
state exists, the Diode Gates will not be forward biased to
allow this combination of signals to be displayed during
the switching. If the ALT Vertical Mode is selected, the
circuitry of the Vertical Mode Switch enables the Chop
Clock Oscillator momentarily to switch U1605 to the
selected state without waiting for the next Vert Alt Sync
pulse from the Horizontal Display Logic circuit.

>
>
>
>
>

PRESENT DATA FROM
U1705 AT INPUT OF U1605

FROM VERT MODE
SWITCH AT INPUT
OF U1605

7 %6 5 "4 A3
TV (o] (o A A A
_ RI A H H z "1 70
X IE D N
Yy eGw b 2 1 O o o
1 ) o 0 O I 1 1 1 «———— OUTPUT OF U1605
~" ~ | N~ \v’
CHOP CLOCK
PRESENT DATA ENABLE

FUTURE STATE OF
U1705

2757-73

Figure 5-2. Partial Tabla 5-1.
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Table 5-1
READ-ONLY MEMORY U1605 LOGIC
VERT MODE PRESENT UNDEFINED TRIG VIEW ADD CH2 CH1 IDLE
___ DATA AT U160
TV c c
RI1| A | H H
X|1E| D —_ —— —_— — —_ —_— _ _
Y|GW| D 1 2 000 001 010 o1 100 101 110 m
1 0 o 0 0 1111 1111 1111 111 111 1111 1M1 0111
1 ] 0 0 1 1110 1110 1110 1110 1110 1110 0110 1110
1 0 0 1 0 1101 1101 1101 1101 110 0101 1101 1101
1 0 0 1 1 1110 1110 1110 1110 1110 1110 1101 1110
1 0 1 0 V] 1100 1100 1100 1100 0100 1100 1100 1100
1 0 1 0 1 1110 1110 1110 1110 1110 1110 1100 1110
1 0 1 1 0 1101 1101 1101 1101 110 1100 1101 1101
1 0 1 1 1 1110 1110 1110 1110 1110 1100 1101 1110
1 1 0 0 0 1011 1011 1011 0011 1011 1011 1011 1011
1 1 0 0 1 1110 1110 1110 1110 1110 1110 1011 1110
1 1 0 1 0 1101 1101 1101 1101 1101 1011 1101 1101
1 1 0 1 1 1110 1110 1110 1110 1110 1011 1101 1110
1 1 1 0 0 1100 1100 1100 1100 1011 1100 1100 1100
1 1 1 0 1 1110 1110 1110 1110 1011 1110 1100 1110
1 1 1 1 0 1101 1101 1101 1101 1011 1100 1101 1101
1 1 1 1 1 1110 1110 1110 1110 1011 1100 1101 1110
0 0 0 0 0 1101 1101 1101 1101 1101 010 1101 1101
0 0 0 0 1 1101 1101 1101 1101 1101 0101 1101 1101
(1] 0 0 1 0 1101 1101 1101 1101 1101 0101 1101 1101
0 0 0 1 1 1101 1101 1101 1101 110 0101 1101 1101
0 0 1 0 0 1101 1101 1101 1101 1101 0101 1101 1101
0 0 1 0 1 1101 1101 1101 1101 1101 0101 1101 1101
0 0 1 1 0 1101 1101 1101 1101 1101 0101 1101 1101
0 0 1 1 1 1101 1101 1101 1101 1101 0101 1101 1101
0 1 0 0 0 1101 1101 1101 1101 1101 0101 1101 1101
0 1 0 0 1 1101 10 1101 1101 1101 0101 1101 1101
0 1 0 1 0 1101 1101 1101 1101 1101 0101 1101 1101
0 1 0 1 1 1101 1101 1101 1101 1101 0101 1101 1101
0 1 1 0 0 1101 1101 1101 1101 1101 010 1101 1101
0 1 1 0 1 1101 10 1101 1101 110 0101 1101 1101
0 1 1 1 0 1101 1101 1101 1101 1101 0101 1101 1101
0 1 1 1 1 1101 1101 1101 1101 110 0101 1101 1101

RESISTOR COLOR CODE. In addition to the brown
composition resistors, some metal-film resistors and
some wire-wound resistors are used in the 465B. The
resistance 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, a

multiplier, and a tolerance value (see Figure 5-3). Metal-
film resistors have five stripes consisting of three signifi-
cant figures, a multiplier, and a tolerance value.

CAPACITOR MARKINGS. The capacitance values of
common disc capacitors and small electrolytics are
marked on the side of the component body. The white
ceramic capacitors used in the 465B are color coded in
picofarads, using a modified EIA code (see Figure 5-3).
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@@ and @ — 1st, 2nd, and 3rd significant figures
@ —multiplier

@ —temperature coefficient

@ —polarity and voltage rating

COMPOSITION

COLOR CODE 1881-20 A

SMALL DISC
CAPACITORS

RESISTORS

DIPPED
TANTALUM
ELECTROLYTICS

METAL-FILM
RESISTORS

CERAMIC
CAPACITORS

@ —tolerance

@ and/or @ color code may not be present
on somé cepacitors

COLOR SIGNIFICANT RESISTORS CAPACITORS DIPPED
FIGURES ["MULTIPLIER | TOLERANCE | MULTIPLIER TOLERANCE frsirvr
over 10 pF under 10 pF RATING
BLACK 0 1 _— 1 120% 2 pF 4vDC
BROWN 1 10 +1% 10 1% £0.1 pF 6 VDC
RED 2 102 or 100 +29% 10% or 100 2% — 10 VDC
ORANGE 3 10%or 1 K 3% 10 or 1000 +3% S 15 VDC
YELLOW 4 10* or 10K +4% 10% or 10,000 +100% —9% | ——— 20 VDC
GREEN 5 10% or 100 K 9% 10° or 100,000 5% 0.5 pF 25 VDC
BLUE 6 10%or 1 M % 10° or 1,000,000 — _— 35VDC
VIOLET 7 _— +1/10% _ —_— _— 50 VDC
GRAY B _— _— 102 or 0,01 +BO% —20% | *0.25pF _—
WHITE 9 —_— — 10" or 0.1 +10% +1 pF 3vDC
GOLD - 107! or0.1 5% _ _— _— _
SILVER - 1072 or 0.01 +10% — _— _— S
NONE - — +20% —_— +10% +1 pF _
Figure 5-3. Coior codes.
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The dipped tantalum capacitors usedin the 465B are color
coded in microfarads (see Figure 5-3). The color dot
indicates the positive lead and voltage rating. 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 silicone 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.

SEMICONDUCTOR LEAD CONFIGURATIONS.
Typical semiconductor lead configurations are shown at
the beginning of the diagrams section.

Troubleshooting Equipment

Refer to Table 5-2 in Maintenance Aid information at
the end of this section for suggested test equipment.

Troubleshooting Techniques

This troubleshooting procedure is arrangedin an 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 indicate a trouble that does not exist. If there
is any question about the correct function or operation of
any control, see the Operating Instructions section of this
manual or the 465B Operators Manual.

2. CHECK ASSOCIATED EQUIPMENT. Before

nroceading with trauhlashagsting check that the eguin-
ProCealing wiui wUULISSHUUUNY, LIICSUR uial uic SYuip

ment 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.

3. CHECK INSTRUMENT CALIBRATION. Check the
calibration of this instrument, or the affected circuit if the
trouble exists in one circuit. The apparent trouble may

Maintenance—465B Service

only be a result of misadjustment and may be corrected by
adjustment. Complete adjustment instructions are given
in the Calibration Procedure section of this manual.

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 trouble symptom.
The symptom often identifies the circuit in which the
troubleislocated. When trouble symptoms appearinmore
than one circuit, check the power supplies, then check the
affected circuits. If the trouble has been isolated to a
power supply, follow the Troubleshooting Chart for that
supply. The power supplies are interdependent. Ail the
low-voltage power supplies depend on +55 volits for
reference. If more than one supply appears defective,
repair them in the following order: +55 Volt, +110 Volt,
+15 Voit, —8 Volt, and —2450 Volt.

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 waveformin the circuit. Typical voltages
are given onthe diagrams. Waveforms are shown attheleft
of the circuit diagram.

NOTE

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

and wavafoarm catiuun nronadiirac at the haninnino nf
arild wavoiViiii oGtup prolTlurCo ai (G uoyinininy Ui

the Diagrams section for the preliminary equipment
setup. Note the recommended test equipment, front
panel control settings, voltage and waveform con-
ditions, and test equipment cable connection in-
structions. The 465B Oscilloscope control settings
required to obtain the given waveforms and voltages
are located adjacent to the waveform diagrams.
Changes to the control settings fromthe preliminary
setup, other than those given, are not required.
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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.

Semiconductors. Agood check 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 silicontransistor 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 flowing in 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
emitter-collector voltages could indicate either a non-
saturated device operating normally, or adefective (open-
circuited) transistor. If the device is conducting, voitage
will be developed across resistances in series withit; if itis
open, no voltage will be developed across resistances in
series with it unless current is 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.
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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 around the IC sothat adjacent
leads are not shorted together. Typical semiconductor
lead configurations are shown at the beginning of the
Diagrams section. ’

Diodes. A diode can be checked for an open or a short
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 ohmmeter.

Do not use an ohmmeter scale that has a high
internal current. High currents may damage the
diode. Do not measure tunnel djodes with an
ohmmeter; 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 junc-
tions. Silicon diodes should have 0.6 to 0.8 volt
across the junction when conducting. Higher
readings indicate that they are either back biased or
defective, depending on polarity.

Resistors. Check the resistors with an ohmmeter.
Check the Replaceable Electrical Parts List for tolerance
of the resistors used in thisinstrument. Resistors normally
do not require replacement unless the measured value
varies widely from the specified value.

Inductors. Check for open inductors by checking
continuity with an ohmmeter. Shorted or partially shorted
inductors can usually be found by checking the waveform
response when high-frequency signals are passed
through the circuit.

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

Attenuators. The thick film attenuators are best check-
ed by substitution. If only one channel of the 465B is not
operating properly, and there is reason to believe an
attenuator is defective, replace the suspected attenuator

REV A MAY 1980
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with the same attenuator from the other channel and
check instrument operation. If proper operation results,
order a new attenuator.

9. REPAIR AND READJUST THE CiRCUIT. If any
defective parts are located, follow the replacement
procedures given in this section. Be sure to check the
performance of any circuit that was repaired or that had
any electrical components replaced. Readjustment of the
affected circuit may be necessary. Check Table 4-6 in the
Calibration Procedure section of this manual for possible
adjustment interaction.

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 instrument from 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

Static discharge can damage any semiconductor
component in this instrument.

Maintenance—465B Service

This instrument contains electricai components that
are susceptibie to damage from static discharge. See
Relative Susceptibility Table for various classes of
semiconductors. Static voltages of 1 kV 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 static-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. Pickupcomponents bythebody, never by the leads.

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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RELATIVE SUSCEPTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Susceptibitity

Semiconductor Ciasses Levels’
MOS or CMOS microcircuits or dis-
cretes, 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 Schottky TTL 8
TTL (Least Sensitive) 9

‘Voltage equivalent for levels:

1=100t0 500V 4 =500V
2=200t0 500V 5= 400to 600V 8 =900V

3=250V 6 =600 to 800 V. 9= 1200 V

(Voltage discharge from a 100 pF capacltor through aresistance
of 100 ohms.)

7=400101000V (est.)

Obtaining Replacement Parts

STANDARD PARTS. Most electrical and mechanical
parts can be obtained through your local Tektronix Field
Office or representative. However, you should 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, uniess it is known that a substitute wiil not
degrade instrument performance.

SPECIAL PARTS. In addition to the standard electronic
components, some special components are used in the
465B. These components are manufactured or selected by
Tektronix, Inc. to meet specific performance re-
quirements, or are manufactured for Tektronix, Inc. in
accordance with our specifications (see Cross Index-
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Manufacturers Code Number to Manufacture in
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 your local Tektronix Field Office or represen-
tative.

ORDERING PARTS. When ordering replacement parts
from Tektronix, inc., itisimperativethat 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

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

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.

The Vertical Preamplifier Attenuator circuit boards
are made of material easily damaged by excessive
heat. When soldering to these boards, do not use a
soldering iron with a rating of more than ap-
proximately 15 watts. Avoid prolonged applications
of heat to circuit-board connections. Use only
isopropyl alcohol when cleaning this circuit board.

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

@
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1. Grip the component lead with long-nose pliers.
Touch the soldering iron to the lead at the solder
connection. Do notlay theirondirectly onthe board, since
it may damage the board.

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

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

4 ioh tha to th §
4. Touchtheirontoth ion and apply asmall

LAS LN S
amount of solder to make a f| solder joint. To protect
heat-sensitive components, hold the lead between the
component body and the solder joint with a pair of long-
nose pliers or other heat sink.

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

6. Clean the area around the solder connection with a
flux-remover solvent. Be careful not to remove informa-
tion printed on the board.

When soldering to the ceramic strips in the instrument,
a slightly larger soldering iron can be used. It is
recommended that a solder containing about 3% silver be
used when soldering to these strips to avoid destroying
the bond to the ceramic material. This bond can be broken
by repeated use of ordinary tin-lead solder or by the
application of too much heat; however, occasional use of

oramary soider wiii not break the DOHG if excessive heat is
not applied.

If it becomes necessary to solder in the general area of
any of the high-frequency contacts in the instrument,
clean the contacts immediately upon completion of the
soldering. Refer to the Switch Contacts paragraphin the
Preventive Maintenance part of this section for
recommended cleaners and procedures.
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Component Removal and Replacement

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

CIRCUIT BOARDS. Occasionally it may be necessary
to gain access to the reverse side of a circuit board or to
remove one circuit board to gain access to another. The
following procedures outline the necessary steps to
facilitate instrument disassembly and reassembly. Most of
the connections to the circuit boards intheinstrument are
made with pin connectors. However, some connections
are soldered to the board. Observe the soldering
precautions given under Soldering Techniques in this
section.

VERTICAL PREAMPLIFIER ASSEMBLY. Remove and
replace this assembly as follows:

1. Remove instrument wrap-around cabinet in the
manner given under Cabinet Removal at the beginning of
this section.

2. Loosen front setscrews in the Vertical POSITION
control shaft couplers (0.050" Allen wrench required) and
the VAR VOLTS/DIV control shaft couplers. Slide shafts
out of the couplers and remove them from the instrument.

3. Disconnect the INVERT and 20 MHz BW LIMIT
push-button extension shafts from the switch shafts.
Insert a scribe or similar tool between the end of the white
plastic shaft and the inside of the black plastic extension
shaft, then pry gently. Extension shafts will snap backinto
position when reassembling.

4. Disconnect the following wires and cables:

a. Ten coaxial cables from the Preamplifier circuit
board. Make a note of cable color codes to aidin proper
installation during reassembly.

b. Unplug the delay-line connection from the end of
the Preamplifier circuit board toward the rear of the
instrument.

c. Locate the ground braid (near the High Voltage
shield) connecting the Preamplifier circuit board tothe
Interface circuit board. Unsolder the end of the braid
attached to the Preamplifier circuit board.

d. Unplug P1565, a three-wire connector near the
middle of the Preamplifier circuit board.
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e. Unplug P1505, an eight-wire connector near the
rear of the Preamplifier circuit board.

5. Remove 10 screws from attenuator covers (five in
each cover) and lift covers from attenuator assemblies.

6. Unsolder two resistors that connect from the Ver-
tical Preamplifier circuit board to the Attenuator boards.

7. Remove six circuit board hold-down screws from
the Preamplifier circuit board and remove board from the
instrument.

8. To replace the Vertical Preamplifier circuit board,
use the reverse of the removal steps.

VERTICAL MODE SWITCH AND ATTENUATORS.
Remove and replace these assemblies as follows:

1. Loosen front setscrews in the Vertical POSITION
control shaft couplers and the VAR VOLTS/DIV control
shaft couplers. Slide shafts out of the couplers andremove
them from the instrument.

2. Disconnect INVERT and 20 MHz BW LIMIT push-
button extension shafts from the switch shafts. Insert a
scribe or similar tool between the end of the white plastic
shaft and the inside of the black plastic extension shaft,
then pry gently. Extension shafts will snap back into
position when reassembling.

3. Loosen six Vertical Preamplifier board hold-down
screws (do not remove).

4. Remove knobs from the VOLTS/DIV switches.
Loosen setscrews and pull to remove (requires a 1/16”
Allen wrench).

5. Remove the AC-GND-DC lever switch knobs by
puiling them straight off.

6. Unplug both input coupling capacitors from the
board. Bend capacitors out of the way, leaving the
soldered lead attached.

7. Remove four nuts securingthe attenuator chassisto
the instrument front casting (1/4" nutdriver required).
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8. Disconnect the following wires and connectors:

a. P5232, a three-wire connector (to the Interface
circuit board).

b. P5236 and P5235, two-wire connectors (to the
VAR VOLTS/DIV potentiometers).

c. P5036, a six-wire connector (to the CH 1 and
CH 2 VOLTS/DIV UNCAL LED and the 20 MHz BW
LIMIT LED).

d. P5001, an eight-wire connector at rear of Vertical
Mode Switch circuit board (to the Preamplifier circuit
board).

e. P5056 and P5265, three-wire connectors (to the
Probe Coding boards).

f. Single red lead near the stand-off post at the rear
of the Vertical Mode Switch circuit board.

9. Remove securing screw and hexagonal stand-off
post from the rear of the Vertical Mode Switch circuit
board.

10. Remove Vertical Mode Switch circuit board from
the instrument.

11. To reinstall the Vertical Mode Switch and
attenuators, use the reverse of the removal steps.

TRIGGER GENERATOR AND SWEEP LOGIC BOARD.
Remove and replace this board as follows:

1. Disconnect the following cables and wires:

a. Eight coaxial cables from component side of the
Trigger Generator and Sweep Logic circuit board.
Make note of cable color codes to aid in proper
installation when reassembling.

b. P7010 and P7305, five-wire connectors (to the A

b 10 and
and B TRIGGER SLOPE controls).

c. P7204, a four-wire connector (to TRIG and
READY LED). Guide the connector through the slotted
hole when removing the circuit board.

d. P7105, a two-wire connector (to POWER LED).
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e. P7052, a three-wire connector near top center of
Trigger Generator and Sweep Logic circuit board.

f. Unsolder the wires from the External Trigger
Input connectors.

2. Remove POWER-switch-actuator rod from the
plastic holder on the switch. Pry rod out of the holder with
a small flat-bladed screwdriver and remove rod from the
instrument.

3. Remove POWER switch bracket from the circuit
board (3/16” wrench or nutdriver required). The white
plastic circuit board support on back side of board may fall
off when circuit board hold-down screws are removed,
save it for reinstallation.

4. Remove five circuit board hold-down screws
(Phillips screwdriver required) from the board (two at rear,
two at front, and one in a post at top center of the board).
Also remove post (3/16” wrench or nutdriver required).

5. Unplug Trigger Generator and Sweep Logic circuit
board by prying Trigger board away from Interface board
at the two white interboard connectors (at bottom edge of
the Trigger board).

6. Move Trigger board to the rear until Trigger
switches clear the front casting to remove the assembly
from the instrument. Exercise caution to avoid damaging
the connector pins on the Interface board.

7. Toreinstall the Trigger Generator and Sweep Logic
circuit board, reverse the order of the removal steps. If
indexing of the Trigger switches was disturbed, aseries of
alignment steps will be required to return the indexing to
its correct position. After each adjustment to the switch
positioning, the board must be reinstalled to check outthe
switch operation.

SWEEP TIMING CIRCUIT BOARD. Remove and
replace this board as follows:

1. Disconnect the following wires:

a. P6014, a two-wire connector (to main cable
harness).

b. P6002, a three-wire connector (to DELAY TIME
POSITION potentiometer).

c. P6001, a four-wire connector (to X10 MAG and
UNCAL LED).
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2. Remove VAR TIME/DIV, A TIME/DIV, and B
TIME/DIV knobs (1/16” and 5/64" Allen wrenches re-
quired). The VAR knob has one externally accessible Allen
setscrew, and the large gray knob has two externally
accessible Allen setscrews. The clear plastic skirt knob
has two Allen setscrews which are accessiblefrom behind
the front panel casting. Black spacing rings may fall out;
save them for reinstallation.

3. Remove the board hold-down screw and the hex-
agonal rod from the Sweep Timing circuit board (Phillips
screwdriver and 3/16" wrench or nutdriver required).

4. Use aflat-blade screwdriver to pry the Timing board
away from the Interface board. Gently pull away the
corner of the Interface board near the B External Trigger
input connector and simultaneously lift up on the Timing
board near the rearto fully disengage connector pins from
the Interface board.

5. To reinstall Timing board, reverse the order of the
removal steps.

VERTICAL OUTPUT BOARD REMOVAL. Remove and
replace this board as follows:

1. Unplug P4295, a six-wire connector at the top front
corner of Vertical Output board.

2. Disconnect two wires from the crt neck. (Use long-
nose pliers and gently pull connectors from the pins on the
crt neck. Pull straight away from the crt neck to avoid
putting a side strain on the metal-to-glass neck-pin seal.)

3. Unplug the delay-line terminal from the top right
corner of the board.

4. Remove the integrated circuit mounting nut from
main chassis. Use a 1/4” open-end wrench to loosen the
nut.

5. Remove two circuit board hold-down screws along
the top edge of the board and remove Vertical Output
circuit board from the instrument. Save the nylon posts
(located behind front edge of board) for reinstallation.

6. To reinstall Vertical Output circuit board, reverse
the order of the removal steps.
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MAIN INTERFACE BOARD REMOVAL. If repair is
necessary on reverse side of the Main Interface board, itis
possible to gain access to that area by removal of one or
two circuit boards as previously outlined. Consider this
first before proceeding with Main Interface board removal
procedure. (There is no reason to remove the Main
Interface board except for exchange.)

If the Main Interface board becomes defective, it is
recommended that your local Tektronix Field Office
or representative be contacted to arrange instru-
ment repair at a Tektronix Service Center.

The Main Interface board can be removed as follows:

1. Remove Trigger Generator and Sweep Logic board
as previously outlined.

2. Position the instrument with the front to your right
and the Interface board facing you.

3. Remove the high-voltage shield from Interface
board.

4. Remove BEAM FIND and X10 MAG push-button
extension shafts. Insert a scribe or small screwdriver
between the end of the white plastic switch shaft and the
inside of the black plastic extension shaft, then pry gently.

5. Remove INTENSITY, FOCUS, SCALE ILLUM,
ASTIG, and TRACE ROTATION control extension shafts.
Loosen front setscrew in each coupling with a 0.050" Allen
wrench.

6. Disconnect twelveribbon- or wire-cable connectors
from Main Interface board and note thelocation, quantity,
and color of wires for each plug for reassambly reference:

a. P4009, a three-wire connector at the top left
corner of the board (to Q14009).

b. P4035, a four-wire connector near top center of

the board (to crt socket)

SULKCY,.

c. P4069, a two-wire connector near the INTEN-
SITY potentiometer at top center of the board (to the
Fan board).

d. P4057, a three-wire connector near the INTEN-
SITY potentiometer at top center of the board (to
Vertical Mode Switch).
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e. P4061, a three-wire connector near the INTEN-
SITY potentiometer at top center of the board (to
Vertical Preamp board}).

f. P4058, a six-wire connector near the INTENSITY
potentiometer at top center of the board (to Vertical
Output board).

g. P4086, a two-wire connector near Q4190 (to
graticule lights).

h. P4165, a two-wire connector near the front of the
INTENSITY potentiometer (Y-Axis).

i. P4176, a two-wire connector near the TRACE
ROTATION potentiometer (to crt).

j. P4398, a six-wire connector from the TRACE SEP
and B INTENSITY potentiometers, at the front of the
board.

k. P4498, asix-wire connector fromthe TRACE SEP
and HOLDOFF potentiometers, at the front of the
board.

|. P4561, a three-wire connector near the bottom
center of the board (from the HOLDOFF control).

7. Unsolder the CALIBRATOR loop from Main Inter-
face board.

8. Unsolder five wires from Main Interface board and
confirm each wire's color and location in the following list
for reassembly reference (high-voltage wires to crt
socket):

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

b. Wire to the —2450 volts test point (TP4129) is
white with a red stripe.

¢. Wire to center notch on the three-notch ceramic
strip is white with an orange stripe.

d. Lowest of a pair of wires between the large high-
voltage capacitors is white with brown and yellow
stripes.
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e. Upper wire of a pair of wires between the large
high-voltage capacitors is white with a brown stripe.

9. Disconnect horizontal deflection plate leads at the
crt. This requires a pair of long-nose pliers for best
removal or reinstallation (pull connectors straight out
from pins to avoid strain on metal-to-glass neck-pin seal).

10. Unplug five connectors from Main Interface board.
Confirm each wire’s color and locationin the following list
for reassembly reference:

a. J4325, white with black and brown stripes, from
near the rear middie of the board.

b. J4387, white with a red stripe, from near the front
of the board.

c. J4385, white with black and red stripes, from near
the front of the board.

d. J4388, white with a blue stripe, from near the
front of the board.

e. J4475, white with an orange stripe, from between
the interboard connectors (to the Sweep Timing circuit
board).

11. Unsolder one wire from near the left middle of the
board (under cable harness).

12. Remove power transistor mounting screw from
Q4102, Q4301, and Q4401.

13. Remove mounting screw from transistor Q4312
near the lower rear corner of the board.

14. Remave mounting screw from transistor Q4190
near the top right corner of the board.

15. Remote four hexagonal posts that stand-off the
high-voltage shield. Use a 3/16" nutdriver.

16. Remove seven Main Interface board mounting
screws. A Phillips screwdriver is required.
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The crt anode and the output terminal of high-
voltage multiplier may retain a high-voltage charge
after the instrument is turned off. To avoid electrical
shock, ground both the output terminal of the
multiplier and the crt high-voltage anode lead to
chassis ground.

17. Disconnect crt anode-lead plug from the high-
voltage multiplier jack. Ground this lead to the instrument
main chassis to remove any stored charge. Insert a
medium-size screwdriver tip between the multiplier jack
body and the hold down spring clip. Pry the multiplier jack
out of the spring clip.

18. Separate Main Interface circuit board from the
instrument chassis, using care to prevent damage to
components or wiring. Carefully thread interconnecting
cables through the board and chassis, as necessary, to
avoid strain on any cable. Let the board pivot on power-
transformer leads that are still connected to the board.

NOTE

You can now perform repairs on the reverse side of
the Main Interface board, if repair is intended. To
reinstall the board, reverse the order of the removal
steps. If you intend to replace the Main Interface
circuit board, continue with this procedure.

19. Unsolder power-transformer wires from Main
Interface board. Confirm each wire’s color and locationin
Figure 5-4. To facilitate reassembly, record any excep-
tions to this procedure.

ORANGE

/

BLUE

WHITE

7

VIOLET \o

o

/

YELLOW

\

:

2757-56

Figure 5-4. Locations of power trensformer secondary wires.
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20. Unsolder blue power-cord wire from the stand-off
insulator near power transformer secondary wires. Feed
wire through hole in the board.

21. Remove Main Interface board from the chassis,
using care to prevent strain on any of the wires.

22. To facilitate reinstatlation, remove solder from the
holes in the circuit-board wire-terminal pads, if wires were
removed in this procedure.

To reinstail the Main interface circuit board, reversethe
order of the removal steps.

NOTE

All of the mounted components are not supplied
with a replacement Main Interface board. It will be
necessary to exchange some components from the
o/d board to the new board or new parts must be
ordered.

POWER TRANSFORMER. If the power transformer
becomes defective, be sure to replace only with a direct
reptacement Tektronix transformer. After the transformer
is replaced, check the performance of the complete
instrument. Remove the transformer as foliows:

1. Unsolder the power cord from the Interface board,
the Regulating Range Selector Assembly, and the soider
lug on the rear subpanel.

2. Remove small blue panel from the rear panel of the
instrument (short screw is at the top, andthelong screwis
at the left side). It will be necessary to remove rear ring
assembly, as for cabinet removal (see Figure 5-1) and the
Regulating Range Selector cover to allow removal of the
panel.

3. Disconnect actuating shaft from the POWER switch
coupler and remove shaft from the instrument. Be careful
not to damage switch coupier.

4. Remove POWER switch mounting bracket from the
Trigger board (3/16"” wrench or nutdriver required).

5. Unsolder transformer leads from the Interface
board and the solder lug on the rear subpanel. Note the
wire color codes to facilitate correct reinstallation (see
Figure 5-4).
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6. Remove transformer leads from the Regulating
Range Selector Assembly. It will be necessary to use a
special pin removing tool avaitable from Tektronix, Inc.
(refer to Maintenance Aids information at end of this
section). It is only necessary to use this tool to removethe
transformer leads from the Selector Assembly. The leads
may be reinstalled by simply pushing them into place.
Note wire color codes to facilitate correct reinstatlation.

7. Remove transformer bracket mounting hardware.
This includes two screws on the Trigger board, one screw
on the Interface board, two nuts on the U-channel (oneon
the transformer side and one on the crt side), and two
screws and nuts on the rear subpanel.

8. Thoroughly loosen Trigger board, then lift the
transformer assembly partially out until thermal cutoff
retaining screws can be removed. Remove these retaining
screws with a Phillips screwdriver and lift transformer
assembly out of the instrument.

9. Removethermal cutout and POWER switch from old
transformer and install on new transformer. Note wire

color codes to fapilitate ~
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vt niiowanauii.

10. install new transformer assembly intheinstrument
reversing the order of removal steps.

CATHODE RAY TUBE (CRT). Remove and replace the

crt as follows:

Use care when handling a crt. Protective clothing
and safety glasses should be worn. Avoid striking it
on any object which might cause it to crack or
implode. When storing a crt, place it 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.

1. Remove instrument wrap around cabinet in the
manner given under Cabinet Removal at the beginning of
this section.

2. Remove plastic bezel and filter from the front of the
crt (held with four screws).

3. Remove rear cover (held by two flat-head screws).

4. Remove bell-shaped cover to expose crt socket
(held by two screws).
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5. Unplug crt socket.

6. Remove the two vertical deflection pin connectors
from the left side of the crt neck. (Uselong-nose pliers and
pull connectors straight off the crt neck to avoid strain on
the metal-to-glass neck-pin seal.)

7. Set the instrument on its left side (Vertical Preamp
board side).

8. Remove horizontal deflection pin connectors from
bottom of the crt neck (accessible through a hole in the
Interface board). (Refer to step 6 for removal method.)

9. Position the instrument so the top is accessible.

The crt anode and the output terminal of high-
voltage muitiplier may retain a high-voltage charge
after the instrument is turned off. To avoid electrical
shock, ground both the output terminal of the
multiplier and the crt high-voltage anode lead to

chassis ground.

10. Locate anode lead connector that is held in place
by a metal spring clip fastened to the chassis. Pull the top
portion of the anode lead out of the connector (where the
connector plugs together, just above the metal spring clip)
and discharge the metal tip to the chassis.

11. Holding one hand on the crt face, push slowly on
the crt base with the other hand. Guide the anode
connector through the crt shield while slowly puliing the
crt out of the instrument. The plastic corner pads may fall
out during removal; save them for reinstallation.

12. Reverse the above procedure to install a crt.
Observe the following precautions:

a. Be sure to guide anode lead through the hole in
the crt shield while pushing crt into the instrument.

b. Be sure plastic corner pads are securely seated.

c. Be sure plastic centering ring firmly centers the
crt neck. Reposition the ring as necessary.
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HIGH VOLTAGE MULTIPLIER. Remove and replace
the High Voltage Multiplier as follows:

1. Remove Vertical Preamplifier board and crt as
previously described.

2. Slidethe round part of the crt shield to the rear about
two inches.

3. Remove high voltage shield (held on by four
screws). Note position of the cabinet grounding clip for
reassembly reference.

4. Remove four 3/16" stand-off posts to whichthe high
voltage shield is secured.

5. Remove mounting screw from Q4102 and Q4301 at
the rear of the Interface board.

6. Remove circuit board hold-down screw just forward
of P4165 on the Interface board.

7. Remove the shield from the high voltage
transformer and high voitage multiplier (shield held by
three screws).

8. Unsolder black wire (between the High Voltage
Multiplier and the Interface board) from the Interface
board.

9. Unsolder the diode and the wire from the post on the
High Voltage Multiplier.

10. Remove two nylon nuts securing the High Voltage
Multiplier to the Interface board..

11. Remove High Voltage Multiplier (carefully pry up
on the Interface board as necessary to facilitate removal).

12. Reverse above procedure to install the High
Voltage Multiplier.

TRANSISTORS AND INTEGRATED CIRCUITS.
Transistors and IC (integrated circuits) should not be
replaced unless they are actually defective. If removed
from their sockets during routine maintenance, return
them to their original sockets. Unnecessary replacement
or switching of semiconductor devices may affect the
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adjustment of the instrument. When a transistor is replac-
ed, check the operation of the part of the instrument that
may be affected.

Any replacement component should be of the original
type or a direct replacement. Bend the leads to fit the
socket and cut the leads to the same length as on the
component being replaced. See Figure 8-1 for basing
diagrams.

To remove the 14-, 16-, and 20-pin integrated circuits,
pull stowly and evenly on both ends of the device. Try to
avoid having one end of the integrated circuit disengage
from the socket before the other, since this may damage

the pins.

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

WARNING I

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
in on.

The chassis-mounted power supply transistors and
their mounting bolts are insulated from the chassis. In
addition, silicone grease is used to increase heat transfer
capabilities. 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, where it comes in contact with the insulator.

NOTE

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

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

Coaxiai-Type End-Lead Connectors. Replacement of
the coaxial-type end-lead connectors requires special
tools and techniques; only experienced maintenance
personnel should attempt replacement of these connec-
tors. It isrecommended that the cable or wiring harness be
replaced as a unit. For cable or wiring harness part
numbers, see the Replaceable Mechanical Parts List. An
alternative solution is to refer the replacement of the
defective connector to your local Tektronix Field Office or
representative.

NOTE

A circuit-board pin-replacement kit including
necessary tools, instructions, and replacement pins
is available from Tektronix, Inc. (see Maintenance
Aids information at the end of this section).

Circuit Board Pins. To replace a pin which is mounted
on a circuit board, first disconnect any pin connectors,
then, unsolder the damaged pin and pull it out of the
circuit board with a pair of pliers. Be careful notto damage
the wiring on the board with too much heat. Ream out the
hole in the circuit board with a 0.031” drill bit. Remove the
ferrule from the new interconnecting pin and press the
new pin into the hole in the circuit board. Position the pin
in the same manner as the old pin. Then solder the pin on
both sides of the circuit board. If the old pin was bent at an
angle to mate with a connector, carefully bend the new pin
to match the associated pins.

Circuit Board Pin Sockets. The pin sockets on the
circuit boards are soldered to the rear of the board. To
replace one of these sockets, first unsolder the pin (usea
vacuum-type desoldering tool to remove excess solder).
Then straighten the tabs on the socket and remove it from
the hole in the board. Place the new socket in the circuit
board hole and press the tabs down against the board.
Solder the tabs of the socket to the circuit board; be
careful not to get solder into the socket.

NOTE

connection between the circuit board and the pin.
This spring tension can be destroyed by using the
pin sockets set as a connecting point for spring-
loaded probe tips, alligator clips, or other devices.

End-Lead Pin Connectors. The pin connectors used to
connect the wires to the interconnecting pins are factory
assembled. They consist of machine-installed pin connec-
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tors mounted in plastic holders. The plastic holders are
easily replaced as individual items; but if the connectors
are faulty, the entire cable assembly should be replaced.
Individual pin connectors are listed in the parts list, but
special tools are required for installation.

When pin connectors are grouped together and
mounted in a plastic holder, these connectors are remov-
ed and installed as a multi-pin connector. To provide
correct orientation of this multi-pin connector when it is
replaced, an arrow is stamped on the circuit board, and a
matching arrow is molded into the plastic housing of the
multi-pin connector. Be sure these arrows are aligned
when the multi-pin connector is reinstalled. If the in-
dividual end-lead pin connectors are removed from the
plastic holder, note the color of the individual wires to
facilitate replacement.

CERAMIC TERMINAL STRIPS. Replacement strips
(including studs) and spacers are supplied under separate
part numbers. However, the old spacers may be reused if
they are not damaged. The applicable Tektronix part
numbers for the ceramic strips and spacers used in this
instrument are given in the Replaceable Mechanical Parts
list.

Remove ceramic terminal strips as follows:

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

2. Pry or pull the damaged strip from the chassis.

3. If the spacers come out with the strip, remove them
from the stud pins for use on the new strip (spacers should
be replaced if they are damaged).

Replace ceramic terminal strips as follows:

1. Place the spacers in the chassis holes.

2. Carefully pressthe studs of the strip into the spacers
until they are completely seated.

3. If the stud extends through the spacers, cut off the
€excess.
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4. Replace all components and connections. Observe
the soldering precautions under Scldering Techniques in
this section.

Readjustment Atfter 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.

Instrument Repackaging

Should reshipment become necessary, reuse the car-
ton in which your instrument was shipped. If the original
packaging is unfit for use or is not available, repackagethe
instrument as follows:

1. Obtain a carton of corrugated cardboard having
inside dimensions of no less than sixinches morethan the
instrument dimensions, this will allow for cushioning. Use
a carton having a test strength of at least 275 pounds.

2. Surround the instrument with polyethylene
sheeting 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 shipped to a 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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MAINTENANCE AIDS

The following maintenance aids include items required for some maintenance procedures in this instrument.
Equivalent products may be substituted for examples given providing characteristics are similar.

Description Specifications Use Example

1. Soldering iron 15 Watt General soldering ANTEX PRECISION
and unsoldering Model C

2. Screwdriver Phillips #1 tip Assembly and Xcelite Model X108
Disassembly

3. Screwdriver Phillips #2 tip Assembly and Xcelite Model X102
Disassembly

4. Screwdriver Three-inch shaft; General Xcelite R3323

3/32" flat bit

5. Torque Screw-
driver

1.5 inch-pounds

FUNCTION switch
assembly

Sturtevant-Richmont
Torque Products Model
PM-5 Roto-Torq

6. Nutdrivers 1/4", 5/16" General Xcelite #8, #10, #12,
3/8", 7/16" & #14
7. Open End Wrench 1/4" General

8. Allen Wrenches

1/18", 5/64", 0.050"

Assembly and

Disassembly
9. Solder Wick Unsoldering Hex Wik #887-10
10. Lubricant Versilube FUNCTION switch Tektronix Part Number
lubrication 006-1353-00
11. Spray Cleaner No Noise FUNCTION switch Tektronix Part Number
pad cleaning 006-0442-02
12. Air Filter Coat air filter Tektronix Part Number
Adhesive after cleaning 006-0580-00
13. Pin Removing Remove leads from Tektronix Part Number
Tool Regulating Range 003-0707-00

Selector Assembly

14. Circuit Board

Replace Circuit

Tektronix Part Number

Pin Replacement board connector 040-0542-00
Kit pins
5-22 REV A MAR 1980
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CAUTION
L v N

Before wusing any

test

equipment to make

measurements 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.

Table 5-2
SUGGESTED TROUBLESHOOTING EQUIPMENT

Maintenance—465B Service

Equipment

Minimum
Specification

Usage

Examples

1. Semiconductor Tester

Dynamic type tester. Meas-
ure reverse breakdown volt-
ages 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 100 MHz; deflection
factor, 5 mV to 5 V/div; input
impedance, 1 MQ, 20 pf,
sweep rate, 0.5 s to

0.02 us/div.

Check operating wave-
forms.

TEKTRONIX 465B Qscillo-
scope 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 4 1/2 digits.
Ohmmeter, 0 to 20 MQ.

Check voltages and
general troubleshooting.

a. TEKTRONIX DM 501
Digital Multimeter®

b. TEKTRONIX 4658 Oscillo-
scope with DM44 Option

4. Variable
Autotransformer

Variable from 0 to 140 V,
1.2 A. Equipped 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

*Requires a TM 500-Serles power module.

REV A MAR 1980
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OPTIONS

GENERAL OPTION INFORMATION

Your instrument may be equipped with one or more options. This section describes those options and provides required
support documentation. Each Option part of this section is complete and supplies all the necessary information for
operation and adjustment of the instrument. The Electrical and Mechanical Replaceable Parts list for each option are
included at the end of the discussion of that option.

Index to Options Described in this section

Page
Oplion 04 . ... ittt e iaai s aaana s 6-3
OPtON 05 oot it e e e e e e e 6-5
OplioN 07" & . i i it et asn et 6-23
OplioN 78 . .. ot e 6-39

‘Option 07 is not available on instruments equipped with the DM44 Digital Multimeter.

@
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Option 04

OPTION 04
EMC ENVIRONMENTAL

INTRODUCTION

This section describes the features of Option 04
applicable to the 465B Oscilloscope. Circuitry in the
instrument is modified to meet additional conducted and
radiated interference requirements over the frequency
range of 150 kHz to 25 MHz (conducted) and 150 kHz to
1 GHz (radiated).

The following changes are made to the standard
instrument circuitry to meet the additional specification
requirements. Figure 6-1reflectsthe Option 04 instrument
configuration.

EMI filter FL14500 is added in series with the input
power cord.

A cathode-ray tube mesh filter is installed to minimize
crt faceplate radiation.

Four signal-output bnc connectors on the rear plenum
chamber are changed to a type that improves shielding of
the connected signal leads.

Capacitors are added across the transformer secon-
dary windings.
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Figure 6-1. 465B Option 04 primary winding with power-line filter.
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ELECTRICAL

Tektronix  Serial/Model No.
Component No. Part No. Eft

Dscont Name & Description

Mir
Code Mfr Part Number

CHANGES FROM STANDARD 465B
WHEN OPTION 04 IS ADDED

(CHANGE TO):
AL 670-5996-01 BOLO10O B0O29999 CKT BOARD ASSY:INTERFACE 80009 670-5996-01
AL 670-5996-04 BO30000 CKT BOARD ASSY:INTERFACE 80009 670-5996-04
ALCL501 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 B855-558Z5U-103Z
ALCH513 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-55825U-103Z
ALCL51T 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-558Z5U-103Z
(ADD):
ALCL502 283-0000-00 CAP. ,FXD,CER DI:0.001UF,+100-0%, 500V 72982 B831-516E102P
AGLCL503 283-0000-00 CAP. ,FKD,CER D1:0.001UF,+100-0%,500V 72982 831-516E102P
MECHANICAL
Fig. &
Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
CHANGES FROM STANDARD 465B
WHEN OPTION 04 IS ADDED
AL e e 1 CKT BOARD ASSY:INTERFACE
131-0382-00 1 . TERMINAL,STUD:0.812 L, INSULATED 71279 572-4822-01-05-1
210-0586-00 1 . NUT,PLAIN,EXT W:4-40 X 0.25 INCH,STL 78189 211-041800-00
CHASSIS PARTS
119-0376-01 1 FILTER,RAD INT:2 X 3A,250V,400 HZ 80009 119-0376-01
(ATTACHING PARTS)
211-0038-00 I SCREW,MACHINE:4-40 X 0.314,FLH,100 DEC 83385 OBD
210-0586-00 1 NUT,PLAIN,EXT W:4-40 X 0.25 INCH,STL 78189 211-041800-00
- - e K - - -
131-0707-00 1 CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
131-0708-00 1 CONTACT,ELEC:0.48"L,28-32 AWG WIRE 22526 47437
131-1310-00 1 CONTACT,ELEC:MESH FILTER GROUND 80009 131-1310-00
131-1315-01 4  CONN,RCPT,ELEC:BNC,FEMALE 24931 28JR 306-1
210-0774-00 2 EYELET,METALLIC:0.152 OD X 0.245 INCH L,BRS 80009 210-0774-00
210-0775-00 2 EYELET,METALLIC:0.126 OD X 0.23 INCH L,BRS 80009 210-0775-00
378-0726-00 1 FILTER,MESH:EMT 80009 378-0726-00
334-3379-00 1 MARKER, IDENT:MARKED GROUNDSYMBOL 80009  334-3379-00
348-0239-00 1 GROMMET,PLASTIC:DK GRAY,U-SHAPE,D.27 ID BOO09  348-0239-00
179-2739-00 1 WIRING HARNESS:MAIN 80009 179-2739-00
195-0529-00 1 LEAD,ELECTRICAL:18 AWG,2.0 L,B-0 80009 195-0529-00
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OPTION 05
TV SYNC SEPARATOR

INTRODUCTION

Option 05, when installed in the 465B Oscilloscope,
adds a TV Sync Separator and other changes to provide
stable sweep triggering from composite video waveforms.
Two positions are added to the A TRIGGER COUPLING
switch: TV FIELD and TV LINE. When these positions are
selected, the A Sweep may be triggered at the field or line
rate with the A TRIGGER LEVEL control. A TV LINE
position is also added to the B TRIGGER SOURCE switch.
In this position, the B Sweep may be triggered at the line
rate. The Option 05 circuitry accepts sync-positive or
sync-negative video from Channel 1, Channel 2, or
external input. Recognition circuits accommodate 405-,
525-, and 625-line, 50 or 60 Hz field-rate broadcast
systems and are compatible with closed-circuit systems
with up to 1201-line, 60 Hz field rates.

Option 05 provides the instrument with front-panel
selection of additional processing of trigger signals, to
facilitate observation and measurement of composite
video and related television waveforms. Added circuits
provide amplification, selectable polarity inversion, clip-

ping, and vertical-sync recognition. Outputs of vertical
and horizontal (field and line rate) triggers are connected
tothe A TRIGGER COUPLING switch, and horizontal (line
rate) triggers are connected to the B TRIGGER SOURCE
switch.

When the A TRIGGER COUPLING switch is set to
either TV FIELD or TV LINE, the A TRIGGER SOURCE
switch selects the source of signals to be processed inthe
Sync Separator. This includes NORM (composite vertical
signal), CH 1, CH 2, EXT, or EXT/10 (LINE sourceis not a
usable function with TV FIELD or TV LINE coupling).

The Option 05 circuitry may be operated from normal
sync-negative composite video (with the A TRIGGER
SLOPE switch at —) or from inverted video {(SLOPE switch
set to +). This applies to most standard broadcast systems
using from 405 to 819 lines, 50 or 60 Hz field rates, or to
closed-circuit systems using up to 1201 lines and 60 Hz
field.

> assAa

OSCILLOSCOPE

275765

Figure 6-2. 465B Oscilloscope with Option 05.

65


https://www.manualsplus.com/

Options—465B Service
Option 05

When the A TRIGGER COUPLING switch is set to TV
FIELD or TV LINE, the output of the Sync Separator is
automatically applied to the A Sweep Trigger circuits, and
only this signal may be used for triggering the A Sweep.
For B Sweep, the horizontal sync signal (line-rate sync)
from the Separator is fed only to the TV LINE position on
the B TRIGGER SOURCE switch, which may be selected
at the option of the user.

To optimize video measurements, the vertical amplifier
ac input coupling capacitors areincreased from 0.02t0 0.2
microfarad. The larger physical size of these capacitors
increases the input shunt capacitance, which is nor-
malized at 24 picofarads.

This following descriptive text includes the
characteristics, operation, and maintenance of the added
features of Option 05. For all other information concerning
the 465B Oscilloscope, refer to appropriate sections of the
Operators manual or this Service manual.

SPECIFICATION

Electrical characteristics and performance re-
quirements listed in the Specification part of this manual
are applicable to the 465B Option 05 oscilloscope withthe
following exceptions or additions.

Input
Resistance 1 M +2%
Capacitance Approximately 24 pF

Time Constant Approximately 24 us

AC Input Coupling

Low Frequency 3 dB point

Direct <1Hz

Via 10X Passive Probe 0.1 Hz
Tilt (10-ms pulse)

Direct <2.5%

Via 10X Passive Probe <0.25%

Triggering

Sync Separation Stable video rejection and sync
separation from sync-positive
or sync-negative composite
video, 405- to 819-line, 50 or
60 Hz field rate, or for closed-
circuit systems usingupto 1201
lines, 60 Hz field rate.

6-6

Amplitude (p-p) Min Max
Internal Composite video
(nominal)* 1.2div  20div
Composite sync 0.5div  20div
External Composite video
(nominal) 225mvV. 4V
Composite sync BmV 4V
Ext/10 Composite video
(nominal) 225V 40V
Composite sync 750mv 40V

“Peak video = 7/3 sync amplitude.

FURNISHED ACCESSORIES

1 Graticule, NTSC (CCIR System M): —40 to +100 units,
with 7.5-unit setup line; horizontal divisions along line
zero (see last page of Option 05 information for part
number).

1 Graticule, CCIR (CCIR System B): zero to +100 units,
35-unit setup line; horizontal divisions along line 30
(see last page of Option 05 information for part
number).

OPERATING INFORMATION

The following instructions and information pertain
primarily to the use of the 465B Option 05 oscilloscope in
TV applications. Refer to preceding sections of this
manual for use and operation of the unmodified instru-
ment.

Installation of Video Graticule

Toinstall a video graticule, loosen (about sixturns) the
four captive screws holding the crt bezel in place and
remove the bezel. Remove the light filter from the two
bosses on the bezel and install the desired graticule on
these bosses, with the marking on the outside.

NOTE

The extended tab at the bottom of the graticule
mates with the slightly wider (bottom) margin of the
graticule cover.

The graticule can be moved slightly horizontally to
align the external graticule and mask with the crt graticule
and viewing area. Reinstall the bezel.

When the video graticule is installed, the 10 horizontal
divisions along line zero correspond to the internal
graticule divisions, and the TIME/DIV calibration of the
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oscilloscope is correct. However, the vertical divisions
represent only proportions of the 100-unit (CCIR) or 140-
unit (NTSC) video waveform, and the vertical VOLTS/DIV
calibration is inapplicable.

To calibrate for a standard 1 volt (nominal) studio video
signal, apply the 300 millivolt CALIBRATOR waveform to
the Vertical input and adjust the VOLTS/DIV and VAR
controls so that the displayed waveform occupies just 30
units (CCIR graticule) or 42 units (NTSC graticule). This
adjustment may be performed with a free-running sweep.

Operation of the Sync Separator

To trigger the 465B on a video signal, perform the
following three steps:

1. Set the A TRIGGER COUPLING switch to either TV
FIELD or TV LINE.

2. Apply a suitable Composite Sync or Composite
Video waveform tothe A External Trigger input connector.

NOTE

Composite Sync is combined Vertical and Horizon-
tal sync as a single waveform, but without video
(picture) waveforms. Composite Video isthe picture
waveform complete with Vertical and Horizontal
blanking and sync.

For special considerations in Dual Trace modes (ALT
and CHOP}), refer to Vertical Operating Modes—Special
Considerations in this section. For internal triggering, the
sync portion of the displayed waveform should be at least
10 units, or 0.5 division on the CCIR graticule; 14 units, or
about 0.75 division on the NTSC graticule. For external
triggering, the sync portion of the waveform should be at
least 75 millivolts in amplitude, or 0.75 volt in the EXT/10
mode. Do not exceed the indicated maximum amplitudes
(20 divisions for internal triggering, 40 volts for external
triggering), to avoid circuit overloads and partial or
complete loss of sync.

3. Select the proper polarity for the video waveform
applied. For normal video with sync at the negative peak
and positive-going picture information, the A TRIGGER
SLOPE switch should be set to minus (—); for inverted
video having sync at the positive peaks and peak video
(white) at the negative peaks, the SLOPE switch should be
setto plus (+). The ATRIGGER SLOPE switch controls an
inverting/non-inverting signal preamplifier ahead of the
sync separator.

Options—465B Service
Option 05

Triggering the Sweep

The output of the Sync Separator isfed directlytothe A
Sweep Trigger circuit; all that is required for triggering is
the proper setting of the A TRIGGER LEVEL control. To
trigger the B Sweep from the Line-rate trigger output,
perform the following steps:

1. Make sure the A Sweep is running.

NOTE

The B Sweep cannot be operated independently and
cannot run more than once per operation of the A
Sweep. For Composite line displays, refer to Special
Measurements in this section.

2. Set the B TRIGGER SOURCE switch to TV LINE.

3. Set the B TRIGGER LEVEL control for a stable
triggered sweep.

Vertical Operating Modes—Special Considerations

DUAL TRACE MODES. For dual trace operation, the
Sync Separator input must be taken from Channel 1,
Channel 2, or an external source. (When only one trace is
displayed, the NORM position of the A TRIGGER
SOURCE switch may be used.) The Sync Separator is not
capable of correct processing of switched (composite
vertical deflection) waveforms present on the NORM bus
in the ALT or CHOP modes; it is therefore not possibleto
obtain stable simultaneous displays of two independent
video signals that are not time-related.

SINGLE CHANNEL TRIGGERING. When triggering
from Channel 1 or Channel 2, the waveform fedtothe Sync
Separator is the same (except for positioning) as that
displayed on-screen when the channel is turned on. If the
VOLTS/DIV VAR control is used to reduce displayed
amplitude, the signal to the Sync Separator is also
reduced. When the CH 2 INVERT switchis pushed in, the
Channel 2 signal to the A TRIGGER SOURCE switch is
also inverted. Therefore, in selecting the position of the A
TRIGGER SLOPE switch in internal triggering, it is only
necessary to note the polarity of the displayed waveform,
disregarding its actual polarity as applied to the Vertical
INPUT connector. For external triggering, the actual
applied polarity will determine the necessary A TRIGGER
SLOPE setting.

Itis not necessary to display Channel 1 or Channel 2to
obtain CH 1 or CH 2 triggering. Whenever the AC-GND-
DC switch for the channel is not in GND, the input
amplifier and trigger channel are active, regardless of the
selection of VERT MODE push buttons.
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ADD MODE. A single-channel trigger signal amplitude
is not affected by the contribution of the other channel to
an ADD mode display. When the ADD mode with Channel
2 inverted is used to compare two video waveforms by
subtraction, the Channel 1 or Channel 2signal tothe Sync
Separator will be adequate for stable triggering providing
the individual channel signal {when displayed alone)
meets the signal requirements.

When the ADD mode is used to display a signal from
two sides of a balanced line, the A TRIGGER SOURCE
switch NORM (composite vertical) position may be used if
neither channel signal alone is of sufficient amplitude for
stable sync separation and triggering.

Typical Operation

In a typical operating mode for the Option 05 instru-
ment, the A Sweep establishes the basic frame and field
presentation, and the B Sweep allows detailed observa-
tion and measurement of various portions of the video
waveform.

To obtain stable displays free of interlace jitter (for
systems which have 2:1 interlace), the A TIME/DIV switch
should be set to display an odd number of fields, plus a
fraction of a field, in the unmagnified display. For 50 and
60 Hz field rates, the 2 millisecond/division setting is
usually selected. For some PAL system observations, a
setting of 5 milliseconds/division {approximately 2 1/2
field display), with the A TRIGGER HOLDOFF control set
to approximately the four o'clock position (additional one-
field holdoff), may be desirable to maintain a stable
display relationship to the four-field PAL burst-blanking
sequence. All detail measurements are then made with B
Sweep, using the B DLY'D or ALT Horizontal Display, with
the B TRIGGER SOURCE switch set to either STARTS
AFTER DELAY (continuously variable B Sweep start
point) or to TV LINE (B Sweep starts after the leading edge
of the next horizontal sync pulse following the delay
interval set by the DELAY TIME POSITION control and the
A TIME/DIV switch setting).

Because the leading edge of the sync pulse will not be
displayed, the typical B TIME/DIV setting for width
measurements on front porch, back porch and horizontal
blanking intervals, horizontal sync, serration, and equaliz-
ing pulses will be 10 microsecands/division to allow
display of two consecutive pulses. Use the X10 Magnifier
to display the second pulse at 1 microsecond/division,

For rise and fall time measurements on blanking and
sync waveforms, trigger the A or B Sweep directly from the
displayed waveform (avoiding the processing delay of the
sync separator). This permits viewing the triggering edge
at sweep rates from 0.5 to 0.02 microsecond/division.

6-8

Selecting an Individual Line
NOTE

For field and hine identification systems, refer to
Identifying Fields, Frames & Lines in 525/60 and
625/50 TV Systems at the end of Option 05.

The Sync Separator circuit does not differentiate
between the two fields of aninterlaced frame or among the
four fields of the PAL color frame sequence. However, if a
1.5- or 3.5-field basic A Sweep cycleis used, the sweep will
remain stably locked to a given display until the signal is
interrupted.

ONE FRAME CYCLE. To display an entire vertical
blankinginterval and locate a specific line (e.g., one of the
lines containing a specific VIT waveform), set the A
TIME/DIV switch to 2 milliseconds and the B TIME/DIV
switch (pull to unlock from A) to 10 microseconds. Usethe
Horizontal POSITION control to center the second ver-
tical blanking interval to center-screen and press the X10
MAG push buttonin. Thiswill provide sufficient resolution
to identify the field. Adjust the A TRIGGER HOLDOFF as
necessary.

If the displayed field is not the desired one, first rotate
the A TRIGGER SLOPE control momentarily to the
opposite polarity then rotate back again until the start of
the desired field is displayed.

Press A INTEN and use the DELAY TIME POSITION
control to position the intensified zone (B Sweep) on the
desired line. Pressing the B DLY'D button will then display
the desired line. Select ALT Horizontal Display to view
both A INTEN and B DLY'D traces together.

TWO FRAME CYCLE. If PAL Burst blanking is to be
checked, an A Sweep 3.5-field cycle (5 milliseconds/divi-
sion, with the A TRIGGER HOLDOFF at about four
o'clock) is required. using B Sweep (ALT Horizontal
Display recommended) to identify fields and lines. At 5
milliseconds/division, only two and afraction fields will be
displayed with a full field covered by the trigger holdoff
interval. To put a specific field on-screen in a particular
location will typically require several operations of the A
TRIGGER SLOPE switch.

Special Measurements

OVERSCANNED DISPLAYS. For various video
measurements, it may be desirable to magnify the video
waveform vertically beyond the limits of the screen. Under
these circumstances, the trigger amplifiers or Sync
Separator may be overloaded, blocking out some sync

@
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pulses in the vicinity of strong video transitions, or losing
sync pulses altogether. To avoid overload problems, use
external sync or use the other vertical channetl to supply a
constant amplitude signal to the Sync Separator whilethe
overscanned observations are being made. Note,
however, that transient-response aberrations in the main
vertical amplifier will be increased when the signal is
driven offscreen, becoming relatively serious if the
amplifier is driven to saturation and cutoff.

HORIZONTAL SYNC PULSE MEASUREMENTS. Rise
and fall times and width of horizontal sync pulses may be
measured while using the Sync Separator to determine
whether part or all of the lines or groups of lines appear to
be abnormal. A bright display of all horizontal sync pulses
is obtained whenthe A TRIGGER COUPLING switchis set
to TV LINE.

RF INTERFERENCE. Operation in the vicinity of some
FM and TV transmitters may show objectionable amounts
of rf signal energy in the display, even when coaxial input
connections are used. The front-panel 20 MHz BW LIMIT
switch will usually eliminate such interference from the
display. but will not affect the signal reaching the Sync
Separator. Where the rf interferes with Sync Separator
operation, external filters will be required. Use of probes
designed for 10 to 30 MHz oscilloscopes will provide 6 to
10 dB attenuation in the 50 to 100 MHz range and may be
beneficial in reducing interference.

IDENTIFYING FIELDS, FRAMES, AND
LINES IN525/60 AND 625/50 TV SYSTEMS

NTSC (CCIR System M)

Field 1 is defined as the field whose first equalizing
pulse is one full H interval {63 5 microseconds) from the
preceding horizontal sync pulse. The Field 1 picture starts
with a full line of video. Field 1 lines are numbered 1
through 263, starting with the leading edge of the first
equalizing pulse. The first regular horizontal sync pulse
after the second equalizing interval is the start of line 10.

Field 2 starts with an equalizing pulse a half-line interval
from the preceding horizontal sync pulse. The Field 2
picture starts with a half line of video. Field 2 lines are
numbered 1 through 262, starting with the leading edge of
the second equalizing pulse. After the second equalizing
interval, the first full line is line 9

ManualsPlus.com
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CCIR System B and Similar 625/50 Systems
(including PAL)

In most 625-line, 50 Hz field-rate systems, identification
of parts of the picture relies primarily on continuous line
numbering rather than on field-and-line identification,
except for PAL systems.

The CCIR frame starts with thefirst (wide) vertical sync
pulse following a field which ends with a half-line of video.
The first line after the second equalizing interval is line 6;
the first picture line is line 23 (half-line of video). The first
field of the frame contains lines 1 through the first half of
line 313, the picture ending with a full line of video {line
310).

The second field of the frame commences with the
leading edge of the first (wide) vertical sync pulse (middle
of line 313}, and runs through line 625 (end of equalizing
interval). The first full line after the equalizing interval is
line 318; the picture starts on line 336 (full line).

The first field is referred to as “odd”, the secondfield as
“even”. Note that the identification systems for System M
and System B are reversed.

In the four-field PAL sequence with Bruch Sequence
Color-burst blanking, the fields are identified as follows:

Field 1: Field that follows a field ending in a half-line of
video, when preceding field has color burst on
the last full line. Field 1 lines are 1 through 312
and half of line 313. Color burst starts on line 7 of
Field 1; a half-line of video appears on line 23.

Field 2. Field that follows a field endinginafullline which
does not carry color burst. Field 2 lines are the
last half of line 313 through line 625. Color burst
starts on line 319 (one line without burst follow-
ing the last equalizing pulse); a full line of video
appears at line 336.

Field 3: Fieldthat follows a field endingin a half line when
preceding field has no color burst on its last full
line. Field 3 lines are 1throughthefirst half of line
313. Burst starts on line 6 (immediately following
the last equalizing pulse); a half-line of video
appears on line 23.

Field 4: Field that follows a field ending in a full line
carrying color burst. Field 4 lines are the second
half of line 313 through line 625. Color burst for
Field 4 starts on line 320 (two full lines without
burst follow the last equalizing pulse); video
starts with a full line on line 336.
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THEORY OF OPERATION

Introduction

This section describes circuitry unique to Option 05.
Refer to the Theory of Operation section of this manual for
information concerning those portions of the oscilloscope
circuitry that are unchanged by Option 05.

Figure 6-3 shows the circuit stages for those circuits

The Option 05 TV LINE position on the B TRIGGER
SOURCE switch couples line rate trigger signals from the
Sync Separator output to the conventional B Trigger
Generator circuitry.

With Option 05 the A TRIGGER SLOPE switch adds
connections through P2834 to provide inverting or non-
inverting control of the Trigger Amplifier and Inverter
stage.

added or changed by Option 05. This discussionis limited
to a general description of those stages. Refer to the
schematic diagrams and component location figures at
the end of this Option 05 description for a more detailed

Trigger Pickoff

This stage consists of Q7512, a source follower, and

examination of individual components.

Switching

The added TV FIELD and TV LINE positions of the A
TRIGGER COUPLING switch open the conventional
signal path to the A Trigger circuitry. The TV FIELD and
TV LINE positions also couple the appropriate output of
the Sync Separator stage to the conventional A Trigger

Generator circuitry.

Q7514, an emitter follower. The stage provides isolation,
impedance match to the Trigger Amplifier and Inverter,
and minimum loading to the input signal. Gain of the
Trigger Pickoff stage is slightly less than unity. The video
trigger signal (internal or external) from the A TRIGGER
SOURCE switch is coupled to the input of Q7512, while
the output of the Trigger Pickoff stage (Q7514 emitter) is
fed through P7575 and P2810to the Trigger Amplifier and
Inverter stages (Q2802, Q2803, and U2810). CR7510
protects the input of Q7512 from damage when high
amplitude negative signals are present.

POLARITY CONTROL
FROM A TRIGGER
SLOPE SWITCH

TO A TRIGGER
COUPLING SWITCH

FIELD RATE
INTERNAL OR TRIGGER I':;I?AND SYNC SEPARATOR | TRiGGER SIGNAL
EXTERNAL VIDEO| PICKOFF INVERTER Q2813, Q2824
SIGNAL FROM-® q7512 Q2802, Q2803 Q2834, Q2854
A TRIGGER Q7514 »{ U2810 Q2863 LINE Ré\TE
S [ TRIGGER SIGNAL
i
| I i
| 1 1 TOB
| TRIGGER
| | SOURCE
| TOA swiTCH
LOCATED ON OPTION 5] LOCATED ON OPTION 5 | TRIGGER
les- TRIGGER BOARD ¢ SYNC SEPARATOR BOARD — & COUPLING
| I y SWITCH
2757-63

Figure 6-3. Option 05 simplified block diagram.
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Trigger Amplifier and Inverter

This stage consists of Q2802, Q2803, and U2810, andis
designed to provide adequate drive and correct polarity
for the following Sync Separator stage, which accepts
only negative sync (positive-going video). Signal is
applied to the Trigger Amplifier and Inverter from the
Trigger Pickoff via P2810. Polarity control is applied from
the A TRIGGER SLOPE switch through P2834. Output
from the stage is fed to Q2813, the Sync Separator input.

When the A TRIGGER SLOPE switch is set to +, this
stageinvertsthe signal it receives from the Trigger Pickoff.
If the switch is set to —, the signal is notinverted. Only one
transistor, Q2802 or Q2803, conducts at atime. Feedback
resistor R2807 controls Operational Amplifier U2810 gain
for low amplitude signals, while R2809, CR2807, and
CR2809 control the gain for higher amplitude signals.

Sync Separator

The Sync Separator strips off the video (picture)
information from the incoming sync-negative video out-
put of U2810, amplifies the resulting composite sync for
use as horizontal (TV line) sync by A and B Sweep
Triggers, and processes the composite sync to provide
vertical (field rate) sync to the A Sweep Trigger circuits.

Video Stripper, Q2813 and Q2824, form alimited-swing
feedback amplifier which amplifies only the negative
peaks of the incoming waveform. The base of Q2813 rests
at an equilibrium point of approximately +9.0 volts, which
is affected slightly by Clipping Level adjustment R2826.
The emitter of Q2824 is held at approximately +10.1 volts,
and the collector rests at approximately +9 volts.

With sync-negative video applied to Q2813, the
negative-going peaks (sync) are clamped at the +9 volt
level. The positive-going portions of the input waveform
generate increasing amounts of feedback current via
R2818 until Q2824 reaches its negative-swing limit.
Beyond this point, further positive input cuts off Q2813,
and has negligible effect on the output. When Q2813 is
driven positive, the negative excursion at the collector of
Q2824 is stopped at approximately +7.6 volts. By not
permitting Q2824 to be cut off when Q2813 is cut off the
output to Q2834 is relatively unaffected by input video
excursions. The maximum signal swing at the Q2824
collector for any magnitude of input signal above about
100 millivolts p-pis about 2 volts p-p, with active response
confined to the most negative parts of the input signal.
Divider R2824-R2825-R2826 sets the bias level for Q2824.

Options—465B Service
Option 05

Diodes CR2824-CR2825 provide thermal compensa-
tion for Q2834, and have no other circuit function. Q2834
provides TV LINE (horizontal) composite sync output to
the A and B TRIGGER SOURCE switches to serve as TV
LINE sync, and drive to the Vertical Sync Recognizer
Q2854-Q2863. In the quiescent state, Q2834 is cut off, its
emitter held at +5.1 volts and its base below the turn-on
level of +5.7 volts. The collector is at +10.1 volts, and is
prevented from rising further above the 4-9.6 volts supply
by CR2828. When negative-going sync pulses arrive at
Q2813, they are inverted by Q2824 and provide sufficient
base current to saturate Q2834. Q2834 is driven between
saturation and cutoff, and generates approximately 4.9
volts p-p of sync signal, attenuated to approximately 0.1
volt, suitable for A and B Sweep triggering, and is ac
coupled to the A and B Sweep Trigger circuitry.

The Vertical Sync Recognizer, Q2854 and Q2863
recognizes the various forms of TV Vertical (Field Rate)
sync pulses by providing an output signal proportional in
amplitude to the duration (width) of a preceding negative-
going pulse. The output signal occurs on the trailing edge
oftheinput pulse. Inmost TV systems using sync-negative
video, a vertical sync pulse consists of a train of negative-
going pulses about five times wider than horizontal sync
pulses, and separated by narrow intervals (serrations) of
about the same width as horizontal sync pulses. In these
systems, the recognizer produces a train of narrow output
pulses, one for each serration of the sync pulse. In some
405/50 and 819/50 broadcast systems and in many closed
circuit TV systems, the vertical sync pulse is a single
negative-going (sync-negative) pulse having aduration of
several full horizontal lines. In these systems, the
recognizer puts out asingle narrow pulse at the end of the
sync pulse.

Q2854 is driven by the Q2834 Sync Amplifier with a 4.9
volt signal, with the negative portion of the signal
representing the sync portion of the incoming waveform.
In the absence of sync pulses, the collector of Q2834 is
high and CR2831 holds the base of Q2834 at about +9.6
volts. When the Q2834 collector steps negative withasync
pulse, Q2834 is cut off and its collector steps positive by
about 350 millivolts. The output stage network sets the
emitter of Q2863 near +10.2 volts and provides Q2854 with
a collector voltage of around +12.2 volts. The 60
microamp collector current of Q2854 (set by approximate-
ly 9.0 volts drop across R2856) generates around a 0.35
volt drop in the equivalent 5.5 kilohm collector load. This
sets the base voltage of Q2863 at +11.9 volts nominal,
ensuring that Q2863 is cut off.
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When Q2854 is cut off, C2856 discharges toward
ground on a 30 microsecond time-constant, starting at a
rate of about —300 millivolts per microsecond. The Q2854
emitter voltage decreases 0.5to 2.0 volts for the duration
of a 2- to 6-microsecond wide horizontal sync or vertical
equalizing pulse. For the longer duration vertical sync
pulses, the emitter voltage decreases 4 volts (typical for
819/50 system with serrations) to 5.5 volts (voltage
decrease stops when the emitter reaches +4.2 volts since
the base is held at +4.7 volts).

When the collector of the Q2834 Sync Amplifier steps
positive at the end of the pulse, a negative-going output
pulse is generated at the collector of Q2854 that is
proportional to the amount of emitter voltage decrease.
The exact magnitude of this output pulse is a complex
function of the rate of rise of the positive transition from
Q2834, the value of C2856, the collector-to-base
capacitance of Q2854 (including C2854) and the
collector-to-ground capacitance of Q2854. The output
pulse at the Q2854 collector is approximately 80% of the
amount of voltage decrease.

The positive-going trailing edge of the differentiated
Q2854 collector output pulse, whichis coupled back tothe
base by C2854 and the Q2854 collector capacitance,
creates an overshoot at the base of Q2854. This drives the
base about 1.5 volts above the quiescent level atthe end of
a vertical sync pulse (this overshoot does not appear on
the Q2834 collector bus). The Q2854 collector waveform
stays negative during the time the base is being driven
positive; when the base stops at the quiescent level, the
collector voltage rises rapidly, coupling an apparent
overshoot into the base waveform. This conditiontends to
delay the start of the emitter voltage decrease for vertical
serrations following the first one, but is otherwise in-
significant.

The output stage bias network, keeping Q2863 cut off in
the quiescent state, inhibits the output of Q2854 collector
pulses of less than about 2 volts peak (negative)
amplitude. The larger pulses corresponding to thetrailing
edge of vertical sync pulses are large enough to turn on
Q2863, and provide output signals of 1to 2.5 volts at the
input end of C2865. Because of the short rise time of the
generated pulses, the output stage responds a small
amount, even during cutoff. due to base-emitter
capacitance in Q2863; this is particularly noticeable when
the load is removed.

With the load disconnected, the negative-going output
pulses are 2 to 2.5 volts in amplitude (somewhat smallerin
819/50 systems with serrated sync pulses), with arisetime
of about 25 nanoseconds and a width of about 150
nanoseconds. Because they are so narrow, with a low
repetition rate, they are hard to locate in an oscilloscope
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display. They are frequently misinterpreted as to their
presence or absence, their amplitude, and even polarity (a
small trailing-edge overshoot is often mistaken for the
pulse itself).

The output stage is diode-connected to limit positive-
going peaks in the output. Output coupling capacitor
C2865 attenuates the signal, providing a proper level tothe
A Trigger circuits, to permit correct A TRIGGER LEVEL
control action.

ADJUSTMENT PROCEDURE

Introduction

This procedure ensures proper calibration and perfor-
mance of the TV Sync Separator circuitry included in
Option 05, and is based on the 525/60 line and field
system. If your Option 05instrument is calibrated with the
equipment prescribed for the 525/60 system, it should
perform satisfactorily with other line and field systems.

Before starting this procedure, make sure the rest of
your instrument meets all the specifications covered by
the Performance Check or Adjustment Procedure in the
main portion of this manual. For Option 05 instruments,
during the main Performance Check or Adjustment
Procedure, use the 24 picotarad Normalizer for vertical
attenuator input compensation. Refer to Table 6-1 for
complete information on the Normalizer.

Preliminary Procedure for Sync Separator
Calibration

1. Refer to the instructions in the main portion of this
manual and remove the front cover and cabinet from your
Option 05 instrument.

2. Set the controls as stated under Preliminary Control
Settings for Option 05 calibration.

3. Connectthe Option 05instrument to a power source
within the range of its overall voltage and frequency
specifications.

4. Refer to the Performance Temperature Spec-
ifications in the Performance Check or Adjustment
Procedure in the Specification section of this manual.

5. Allow at least 20 minutes warm-up before pro-
ceeding.
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OPTION 05 TEST EQUIPMENT REQUIRED

Description

Minimum Specifications

Examples

Television Test
Signal Generator

Composite Video Output with 525/60
and 1201/60 line and field rate; Output
350 mV to 1 Vinto 75 £ termination.

Tektronix Part Number 067-0601-00
Calibration Fixture with 067-5002-00
(525/60) and 067-5010-00 (1201/60)

plug-in units.

Test Oscilloscope with 10X
Probe

Bandwidth, dc to 20 MHz; minimum
defiection factor, 5 mV/division at
20 MHz; Accuracy within 3%.

TEKTRONIX 465B Oscilloscope with
included 10X probe.

Termination

Cable, Coaxial (two required)

Impedance, 75 (); connectors, bnc.

Impedance, 75 Q (not critical, 50 Q
may be substituted); length, 42 inches;
connectors, bnc.

Tektronix Part Number 011-0055-00.
Tektronix Part Number 012-0074-00.

Input Normalizer

RC Time Constant, 24 pF times 1 MQ
(used during Vertical Input
Compensation in main Performance
Check and Adjustment Procedure).

Tektronix Part Number 067-0539-00.

Preliminary Control Settings for Option 05

Calibration

(unlisted controls may be left at any position)

Power Controls

Regulating Range
Selector

At center of range of available

Sweep Controls

HORIZ DISPLAY A
A AND B TIME/DIV

20 us

Triggering Controls

power source. TRIG MODE AUTO
Line Voltage Selector  As specified for available power A LEVEL 11 o'clock
source. B LEVEL 0 (12 o'clock)
A AND B SLOPE Minus (—)
POWER ON (pull) A COUPLING TV FIELD
B COUPLING AC
A SOURCE NORM
CRT Controls B SOURCE TV LINE
INTENSITY Midrange {for viewable trace)
FOCUS Midrange (for focused trace)
SCALE ILLUM Midrange Procedure
1. Clipping Level Adjustment (R2826 on Sync Separator
Board)
a. Connect the Television Test Signal Generator (with
Vertical Controls the 525/60 plug-in installed) Composite Video Output to
ination.
VERT MODE CH 2 the CH 2 input via a 75 Q cable and 75 Q termination
CH 2 VOLTS/DIV AV
CH 2input Coupling  AC b. Adjust the Average Picture Level fully
INVERT Out (Normal) counterclockwise and the Composite Video Amplitude for

20 MHz BW LIMIT Full bandwidth {button out)

a 3-division display.
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c. Set the CH 2 VOLTS/DIV switch to 0.5 V.

d. Adjust the Average Picture Level control for a 2-
division display. Set CH 2 VOLTS/DIV switch to 2 V.

e. Connect a 10X probe from the test oscilloscope
(Vertical Volts/Division set for 0.2 V) to TP2865 (see
Figure 6-1).

f. Connect the generator rear panel Field Rate Trigger
Output through a coaxial cable to the Test Oscilloscope
External Trigger input. Set Test Oscilloscope Trigger
Source to External, Time/Division to 1.0 ms, and Trigger
Level for a stable triggered display.

g. ADJUST—R2826. Starting at the counterclockwise
stop, adjust in a clockwise direction until the test os-
cilloscope display consists of a sequence of 6 narrow—6
wide—6 narrow pulses (for systems other than 525/60 the
number and shape of pulses will differ). Adjust until top of
displayed pulses are clean and free of any distortion
(disregard bottom of pulses). Set Test Oscilloscope
Volts/Division to 0.5 V.

h. Set the Option 05 instrument CH 2 VOLTS/DIV
switchto 0.5 v,0.2 V, 0.1 V, and 50 mV and check at each
setting for a test oscilloscope display with top and bottom
of waveform clean and free of distortion. If any distortion is
noted, repeat parts a through h.

i. Set the Option 05 A TRIGGER SLOPE switch to +
and depress the INVERT button (in).

j. Repeat part h until no improvement is noted.

k. Replace the Test Signal Generator 525/60 plug-in
with the 1201/60 plug-in; set the Option 05 instrument A
TRIGGER SLOPE switch to — and release the INVERT
button (out). Repeat parts h through j.

|. Disconnect the Test Oscilloscope probe and exter-
nal trigger cable.
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2. A and B Sweep TV Line Trigger Check

a. Replace the Television Test Signal Generator
1201/60 plug-in with the 525/60 plug-in.

b. Set the Option 05 instrument CH 2 VOLTS/DIV
switch to 1.0V, A TIME/DIV switch to 20 us, and A
TRIGGER COUPLING switch to TV LINE.

c. CHECK—that stable TV line triggering can be
achieved by adjusting A TRIGGER LEVEL control
(disregard field pulses moving through the display).

d. Set the Option 05 instrument A TRIGGER
COUPLING switch to TVFIELD. Set A TIME/DIV switchto
2 ms and the B TIME/DIV switch to 0.1 ms. Adjust the A
TRIGGER LEVEL control for a stable triggered display.

e. Select ALT Horizontal Display and adjust B
TRIGGER LEVEL control for a stable triggered intensified
zone and B DLY'D trace. Adjust BINTENSITY and TRACE
SEP controls as necessary.

f. Rotate the DELAY TIME POSITION dial to position
the start of the intensified portion of the trace just to the
left of the second displayed field pulse.

g. Rotate the DELAY TIME POSITION dial and check
that a stable display can be obtained for any sync pulse
that is positioned ontop of thefield pulse (intensified zone
should jump from one sync pulsetothe next asthe DELAY
TIME POSITION dial is rotated).

h. Disconnect the test equipment, remove the power
plug from the power source, and replace the cabinet on
the Option 05 instrument.

This completes the Adjustment Procedure and check of
the Option 05 portion of the instrument.
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Tektronix  Serial/Model No.

Component No. Part No. Eff

ELECTRICAL

Name & Description

Options—465B Service
Option 05

Mfr

Code Mfr Part Number

(CHANGE TO):

A7 670-6000-01
ATCT313 281-0772-00
ATR7417 315-0475-00
A7ST112 263-0070-00
A7S7415 263-0070-00
(ADD):

ATC7107 281-0592-00
A7C7501 281-0592-00
ATC7511 281-0814-00
ATCR7510 152-0264-00
ATQ7512 151-1005-00
ATQ7514 151-0220-03
ATRT409 315-0470-00
ATR7411 315-0153-00
ATR7413 321-0496-00
ATR7414 315-0106-00
ATR7313 315-0472-00
ATRTS514 315-0472-00
(CHANGE TO:)

C13012 285-1055-00
(ADD):

C13009 281-0661-00
R13012 307-0116-00
AlZ 670-3685-00
Al2C2802 283-0059-00
Al2C2803 283-0059-00
Al2C2804 281-0504~00
Al12C2805 281-0504-00
Al2C2812 283-0341-00
Al2C2827 290-0530-00
Al2C2854 281-0632-00
Al2C2856 281-0605-00
Al2C2860 281-0511-00
Al2C2861 283-0010-00
Al2C2865 281-0577-00
Al2C2866 283-0010-00

REV C, MAR 1980

CHANGES FROM STANDARD 465B
WHEN OPTION 05 IS ADDED

CKT BOARD ASSY:TRIGGER GEN & SWEEP LOGIC

CAP. ,FXD,CER DI:0.0047UF, 10%,100V
RES.,FXD,CMPSN:4.7M OHM,5%,0.25W

SW SL ACTR ASSY:A COUPLING,6 OF & POSITION
SW SL ACTR ASSY:A COUPLING,6 OF 6 POSITION

CAP. ,FXD,CER DI:4,7PF,+/-0.5PF, 500V
CAP. ,FXD,CER DI:4.7PF,+/-0.5PF, 500V
CAP.,FXD,CER DI:100PF,10%,100V
SEMICOND DEVICE:ZENER,3W,56V,5%
TRANSTSTOR: STLICON, JFE ,N-CHANNEL
TRANSTSTOR: SILICON, PNP, SEL

RES. ,FXD,CMPSN:47 OHM,5%,0.25W
RES. ,FXD,CMPSN: 15K OHM,5%,0.25W
RES.,FXD,FILM:1.43M OHM,1%,0.125W
RES. ,FXD,CMPSN: 10M OHM,5%,0.25W
RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W
RES. ,FXD,CMPSN:4. 7K OHM,5%,0.25W

CHASSIS PARTS

CAP. ,FXD,PLSTC:0. 2UF, 10%, 400V

CAP.,FXD,CER DI:0.8PF,+/-0.1PF,500V

RES. ,FXD,CMPSN:9.1 OHM,5%,0.25W

Al2 TV SYNC SEPARATOR

CKT BOARD ASSY:TV SYNC SEPARATOR
CAP. ,FKD,CER DI:1UF,+80-20%,25V
CAP.,FXD,CER D1:1UF,+80-20%,25V
CAP. ,FXD,CER DI:10PF,+/-1PF,500V
CAP. ,FXD,CER DI:l0PF,+/-1PF,500V
CAP. ,FXD,CER DI:0.047UF,10%, 100V

CAP. ,FXD,ELCTLT: 68UF, 20%, 6V
CAP. ,FXD,CER DI:35PF,1%,500V

CAP. ,FXD,CER DT:200PF,10%, 500V

CAP. ,FXD,CER DI:22PF,+/-2.2PF,500V
CAP. ,FXD,CER DI:0.05UF,+100-20%,50v
CAP.,FXD,CER DIL:14PF,5%,500V

CAP. ,FXD,CER DI:0.050F,+100-20%,50V

80009
72982
01121
80009
80009

72982
72982
72982
80009
80009
80009

01121
01121
91637
o0l1121
01121
01121

80009

72982

01121

80009
72982
72982
72982
72982
72982

90201
72982
04222
72982
56289
72982

56289

670-6000-01
BODSHIAADWSRETZK
CB4T55
263-0070-00
263-0070-00

301-023COHO4T9D
301-023COH04TID
8035D2AADCOG101K
152-0264-00
151-1005-00
151-0220-03

CB4705
CB1535
HFF1813G14303F
CBLO65
CB4T25
CB&4725

285-1055-00

301-000COK0OB08B

CRI1GS

670-3685-00
8131N031Z5V01052
B131NO31Z5U01052
301-055C0G0100F
301-055C0G0100F
8121N153X7R0473K

TDC686MO06NLF
308-000C0GO350F
7001-1375
301-000C0GO220K
273C20
301-050C0G0140J

273C20
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Tektronix  Serial/Model No. Mir
Component No. Part No. Eff Dscont Name & Description Code Mir Part Number
Al202879 290-0536-00 CAP. ,FXD,ELCTLT: 10UF, 20%,25V 90201 TDCLO6MO25FL
A12CR2807 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
A12CR2809 152-0141-02 SEMICOND DEVICE:SILICON,30V,S0NA 01295 1N4152R
Al2CR2818 152-0141-02 SEMICOND DEVICE:SILLICON,30V,50NA 01295 [IN&4L52ZR
A12CR2824 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
Al2CR2825 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
A12CR2826 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
Al2CR2828 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
Al2CR2B31 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
A12CR2865 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
Al2Q2802 151-01%90-00 TRANSTISTOR:SILICON, NPN 07263 S032677
A12Q2803 151-0220-00 TRANSISTOR:SILICON,PNP 80009 151-0220-00
Al2Q2813 151-0188-00 TRANSISTOR:SILICON, PNP 80009 151-0188-00
Al2Q2B24 151-0188-00 TRANSISTOR:SILICON,PNP 80009 151-0188-00
A12Q2834 151-0192-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS6521 04713 SPS880L
A12Q2854 151-0192-00 TRANSISTOR:SILICON, NPN,SEL FROM MP56521 04713 SPSBBOL
A12Q2863 151-0188-00 TRANSISTOR:SILICON, PNP 80009 151-0188-00
Al2R2801 315-0302-00 RES.,FXD,CMPSN:3K OHM,5%,0.25W 01121 CB3025
A12R2802 315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6B25
Al12R2803 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
A12R2804 315-0123-00 RES.,FXD,CMPSN: 12K OHM,5%,0.25W 01121 CB1235
Al2R2805 315-0303-00 RES.,FXD,CMPSN:30K OHM,5%,0.25W 01121 CB3035
A12R2807 315-0124-00 RES.,FXD,CMPSN: 120K OHM,5%,0.25W 01121 CB1245
A12R2809 315-0123-00 RES.,FXD,CMPSN:12K OHM,5%,0.25W 01121 CB1235
A12R2810 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AlZr2811 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CBl1035
Al2R2812 315-0914-00 RES. ,FXD,CMPSN:910K OHM,5%,0.25W 01121 CB9145
Al2R2813 315-0303-00 RES.,FXD,CMPSN:30K OHM,5%,0.25W 01121 CB3035
Al2R2814 315-0563-00 RES. ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CBS635
A12R2816 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
Al12R2818 315-0364-00 RES. ,FXD,CMPSN: 360K OHM,5%,0.25W 01121 CB3I64S
Al2R2820 315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0,25W 01121 CB2035
A12R2824 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
A12R2825 315-0202-00 RES. ,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
A12R2826 311-1226-00 RES. ,VAR,NONWIR:2.5K OHM,20%,0.50W 32997 33B6F-T04-252
A12R2827 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6B15
Al2R2830 315-0112-00 RES. ,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB1125
A12R2833 315-0303-00 RES. ,FXD,CMPSN: 30K OHM,5%,0.25W 01121 CB3035
Al2R2834 315-0561-00 RES. ,FXD,CMPSN:560 OHM,5%,0.25W 01121 CB5615
A12R2B50 315-0274-00 RES.,FXD,CMPSN: 270K OHM,5%,0.25W 01121 CB2745
A12R2854 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A12R2856 315-0154-00 RES. ,FXD,CMPSN: 150K OHM,5%,0.25W 01121 CB1545
A12R2860 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CBB225
Al2R2861 315-0123-00 RES. ,FXD,CMPSN:12K OHM,5%,0.25W 01121 CB1235
Al12R2863 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
A12R2875 315-0273-00 RES. ,FXD,CMPSN: 27K OHM,5%,0.25W 01121 CB2735
Al2R2879 315-0100-00 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB1005
A1202810 156-0136-00 MICROCIRCUIT,LI:0PNL AMPL 02735 CA3030
A12VR2827 152-0395-00 SEMICOND DEVICE:ZENER,0.4W,4.3V,5% 04713 IN749A
A12VR2832 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 80009 152-0195-00
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Option 05
Fig & MECHANICAL
Index  Tektronix  Serial/Model No. o Mir
No Part No.  Eit Dscont Qty 12345 Name & Description Code  Mifr Part Number
CHANGES FROM STANDARD 465B
WHEN OPTION 05 1S ADDED
CHANGE TO:
672-0796-00 1 CKT BOARD ASSY:ATTENUATOR 80009 672-0796-00
333-2524-01 1 PANEL,FRONT: 80009 333-2524-01
A7 670-6000-01 1 CKT BOARD ASSY:TRIGGER GEN & SWEEP LOGIC 80009 670-6000-01
131-0608-00 8 . TERMINAL,PIN:0.365 L X 0.25 PH,BRZ,COLD PL 22526 47357
136-0252-04 6 . SOCKET,PIN TERM:U/W 0.016-0.018 DIA PINS 22526 75060-007
CHASSIS PARTS
337-1762-00 1 SHLD,ELECTRICAL:FAN MOTOR 80009 337-1762-00
105-0243-00 1 ACTUATOR,SWITCH:AC,DC 80009 105-0243-00
441-1150-00 1 CHASSIS,SCOPE:SYNC SEPARATOR 80009 441-1150-00
211-0101-00 & SCREW,MACHINE:4=40 X 0.25" 100 DEG,FLH STL 833185 OBD
211-0244-00 & SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
179-2194-00 1 WIRING HARNESS:OPTION 5 80009 179-2194-00
198-2318-00 1 WIRE SET,ELEC: 80009 198-2318-00
131-0707-00 5 . CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
175-0828-00 FT . WIRE,ELECTRICAL:5 WIRE RIBBON 08261 OBD
352-0163-00 1 . CONN BODY,PL,EL:5 WIRE BLACK 80009 352-0163-00
STANDARD ACCESSORIES
337-1674-02 1 SHLD, IMPLOSION:FILTER MARKED FOR NTSC 80009 337-1674-02
337-1674-013 1 SHLD,TMPLOSION: FILTER MARKED FOR CCIR 80009 337-1674-03

REV C, MAR 1980

6-21


https://www.manualsplus.com/

Options—465B Service
Option 07

OPTION 07
EXTERNAL DC OPERATION

INTRODUCTION

Option 07 is a dc-to-ac inverter that permits Tektronix
oscilloscopes to operate on either 12 or 24 volts dc with no
performance deterioration. Circuitry is providedto protect
against damage due to connection of 24 volts whenin the
12-voit mode of operation. The 24-volt external input
permits use with marine and aircraft conventional dc
power.

Option 07 is an integral part of the oscilloscope. The
modified oscilloscope has a three-position voltage input
selection slide switch (visible through the right side panel)
at the rear of the line voltage selector switch. A dc-input
connector is located below the fan cover ontherear panel.

Option 07 is not provided with 465B oscilloscopes
equipped with the DM44 Digital Multimeter.

SPECIFICATION

Electrical characteristics and performance re-
quirements listed in the Specification part of this manual
are applicable to the 4658 Option 07 oscilloscope with the
following exceptions or additions:

DC REQUIREMENTS. Either 11.5tc 14 volts or 22t0 28
volts. Operation with 11.5 to 14 volts will not allow use of
the graticule lights or Option 05. Operating range may be
extended to 15 voits or 30 volts with a series dropping
resistor. Maximum elevation for + or — power lead is 50
volts with respect to oscilloscope chassis or ground.

CONTROLS AND CONNECTORS

Mode Switch Three-position switch located
adjacent to the Line Voltage
Selector switch ontheright side
panel and used to select the

proper input power to the 465B.

AC Permits application of ac power
to the oscilloscope power
switch.

DC 12 Permits 12-volt operation of the

instrument from an external 12-
volt source.

DC 24 Permits 24-volt operation of the
instrument from either an exter-
nal 24-volt power source or
from the 1106 Battery Pack,
which may be mechanically at-
tached to the oscilloscope.

DC Input Connector Used for connecting external dc
power source to the 465B Op-

tion 07; located on rear panel.

OPERATION AND INSPECTION

To operate the 465B Option 07 oscilloscope:

Connect the oscilloscope frame to a ground (earth)
reference before using.

1. Setthe 465B Line Selector switch and the Option 07
Mode switch to the appropriate positions for the power
source to be used. Refer to the following table for proper
switch positions.

465B Line Option 07
Power Source Selector Switch Mode Switch
115 V ac 115 AC
230 V ac 230 AC
12V dc - DC 12
24 V dc — DC 24
Tektronix 1106 — DC 24

2 The 465B Option 07 oscilloscope may now be
operated using the information, instructions, and
procedures contained in preceding sections of this
manual with the exception of DM44 digital muitimeter
operation.

THEORY OF OPERATION

Option 07 is a dc-to-ac inverter operating on 12 or 24
volts dc. The operating frequency of the inverter is
approximately 400 Hz. The following circuit description is
for 24-volt operation unless noted otherwise. Refer to the
schematic diagrams (Figures 6-9 and 6-10) throughout the
detailed circuit description.
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General Description

The dc source is applied to the Turn-off Level circuit,
the Start circuit, and the primary of T14500 (see Figure
6-8). If the dc source is above the level set by Turn-off
Level Adjustment R1613, the Turn-off circuit does not
operate.

The Start circuit provides alarge current surgethrough
T1631 secondary to the bases of Q1652, Q1662 Q1654
and Q1664. This starts the inverter.

The Turn-off circuit is activated in two ways. In 24 V
operation, Q1622 is turned on by the source voltage
dropping below 22 volts. In 12 Vmode of operation, Q1626
isturned on by the accidental application of 24 volts dc.

Turn-Off Level Circuit
For the following description, refer to Figure 6-9.

The voltage reference for the base of Q1606 is set by
R1604, VR1604, and VR1605 to approximately 9.1 volts.
This establishes the junction of R1607 and the emitters of
Q1606 and Q1608 at about 9.7 volts. Power transients that
occur whenever the inverter is turned on are prevented
from activating the Turn-off circuit by the filtering action
of C1605. This filtering action helps hold the 9.1 volt
supply base of Q1606 constant and prevents Q1608 from
turning on, thereby allowing sufficient time for the power
source to recover after providing the initial-start surge.

Source voltages higher than 22 volts dc cause in-
creased current through R1607, Q1606, and R1609. Q1608
is kept cut off by the increased voltage across R1609 and
the resulting change across the divider comprised of
R1611, R1613, and R1614. This permits no current through
R1617. Since R1617 furnishes biasto Q1622, the transistor
is cut off. This permits the collector of Q1622 and the rest
of the turn-off circuit to rise to a voltage determined by the
inverter circuit and the dc source voltage. The collector of
Q1622 may be about 24 volts (with respect to —dc) with a
12-volt dc source and about 36 volts with a 24-volt dc
source.

If the dc source voltage drops to less than 22 volts, the
current through divider R1609, R1611, R1613and R1614is
decreased. Q1608 conducts, taking current from Q1606,
and causing less drop across R1609. This makes Q1608
conduct more, and Q1606 is cut off. Current flow through
R1617 turns Q1622 on. Q1622 saturates, dropping its
collector voltage to about 0.2 volt. The maximum base
current of Q1622 is limited by R1618.

During 12-volt dc operation, there is no current flow
through VR1604 and VR1605, since their series rating
(about 18 volts) exceeds the applied voltage. The base
current of Q1606, through R1605, turns Q1606 on enough
to take all the current through R1607, which causes Q1608
to be cut off.

DCINPUT _ o
120R24V T * T
START $1601C
Q2642 (START/STOP)
Q1644 . T14500
i
o
INVERTER
Q1652 | i
Ti631 Q1662 io—4+——
TURNOFF % TURN OFF |
LEVEL CIRCUIT i
TURN OFF |
LEVEL Q1622 S
R1613 Q1626 1
Q1606 CR1625 !
Q1608 CR1626 )
! g:}ﬁz'r INVERTER lo—
628 Q1654 ;
R1633 Q1664 |
1
YW 1
INVERTER _# 1
BALANCE o (POWER MODE)
51765 (1753-29)2757-57

Figure 6-8. Option 07 simplified block diagram.
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Turn-0Off Circuit

Q1622 is off under normal operating conditions until
the dc source drops below 22 volts and causes Q1622 to
conduct. Q1622 does not conduct during 12-volt dc
operation, since the Turn-off Level circuit is disabled.
CR1625, CR1626, CR1627, and CR1628 form a bridge
rectifier. The inverter waveform is rectified to provide
operating power for the Turn-off circuit. The inverter
spikes are filtered by C1626 to keep them from firing
Q1626 (silicon-controlled rectifier). Resistor R1623
prevents C1626 from chargingtothe peak-to-peak level of
the inverter spikes.

When Q1622 is turned on, it saturates. The high current
path required for feedback current via CR1625 or CR1626
is provided by C1622. Whenever the inverter is shut down,
C1622 discharges through R1622.

If 24 volts dc is accidentally applied when the mode
switch is in the 12-volt position, transformer T14500
attempts to produce two times the correct feedback. This
is sufficient to cause VR1622 to conduct. VR1622 provides
thefiring current for silicon-controlled rectifier Q1626. Scr
Q1626 fires and shorts out the bridge rectifier and the

Options—465B Service
Option 07

primary of T1631, stopping the inverter. R1625 prevents
Q1626 from being fired by inverter noise. R1624 and
C1626 provide holding current for Q1626, keeping it
conducting until the surge created by the over-voltage
conditions have terminated. Diode CR1624 permits rapid
charging of C1626.

Start Circuit

When S1601 is closed, the external dc sourceis applied
to C1614, VR1641, and R1645. The initial surgeis coupled
to Q1642 through C1614, VR1639, and R1641. Transistor
Q1642 saturates until C1614 charges through R1639to the
value determined by VR1639 and the base-emitter junc-
tion of Q1642 (about 5.7 volts), then Q1642 is cut off.
R1641 limits the base current in Q1642. Zener diode
VR1639, once C1614is charged, makes Q1642 insensitive
to input variations. R1642 limits Q1642 collector current.
Q1644, R1645, and VR1641 provide a constant current
during the time Q1642 is saturated, regardless of the dc
source voltage. CR1643 is reverse biased by this starting
current. The starting current is applied to the inverter
transistors through T1631.

L]
DC INPUT
12 0R 24V CRIET
ol L To Pinu
<1508 Tusoo
- R o
* l . T SIBOIB
EES— ot
i
H RISOA
i RBOT
1 2 2.7K
H . TO 51665
" ®
N v O QD!
1 EE
N L]
i
\ 3V Lo ciecs] a
! T8¢ w 1
H 100
0 RGOS R T, "
' e R
' L
H (&)
L4 (D
1
i
i
1
Il
i
1
I TO SIES0
'
' NOTE:
H DENOTES COMMON
H NEGATIVE RETURN
' 1 CHASSIS MOUNTED.
' NOT FURNISHED AS TO SI66SE
1 PART OF INVERTER
' BOARD.
\ & DG WET MEAMLAR NOTRE
' INTRODUCED BY THE METER
H frra MAY TURM THE INVERTRR
f ) [6C WviRTER BOARD
|
SO
'
1
! To
b e (sTanT STOP) = = = = = = = = = = =608 & BIABI0
Abcm 213734
@

Figure 6-9. 465B Option 07 DC Inverter.
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Inverter Circuit

The starting surge is applied to the bases of Q1652,
Q1662, Q1654, and Q1664 through T1631, R1652, R1662,
R1654, and R1664. Since the transistors do not have
identical parameters, one pair will conduct before the
other and will start the inverter. Operating base current is
provided through CR1643.

The main frequency-determining components for the
inverter are R1626, R1631, and T1631 primary and secon-
dary windings. Four base resistors (R1652, R1662, R1654,
and R1664) distribute the drive evenly between the four
transistors. C1652, C1662, C1654 and C1664 degenerate
the high frequency response and reduce transients.

Feedback to maintain inverter operation is provided
from T14500 primary to T1631 primary through R1626,
R1631, R1633, CR1632 and CR1634. R1626 and R1631
provide frequency stability and current limiting. R1633,
CR1632, and CR1634 compensate for differences in

transistors and components. CR1632 and CR1634 con-
duct during different inverter half-cycles and permit
R1633 to balance the drive to T14500.

Capacitors C4503, C4502, C4513, C4517, and C4501
are added to the secondary of T14500 with Option 07 to
provide optimum reduction of transients during inverter
operation.

DC Input

External power is applied through P11601. Diode
CR1601 is normally reverse biased. If the wrong polarity
external power is applied, CR1601 becomes forward
biased and blows fuse F11601. A low-pass network
comprised of T1601, C1601, C1603, and C1609 acts as a
filter to reduce transients to the dc source.

4658

.
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- ' ! canon
- 1 i [ oo
-7 1 H e, 12A
= 1
FROM PN T — : : :
- 1 1 CA%0R
=7 | ' ] “oo1
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FROM PINS ——z : : u ' o 12 [
w e H | " %
- 1 ¥ 1 1)
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-7 24V
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Figure 6-10. 465B Option 07 primary winding.
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Start-Stop Switch

The capacitors in the Turn-Off and Start circuits are
discharged by section A of S1601 whenthe switchissetto
the off (stop) position. This ensures the correct time
constants when S1601 is changed to the on (start)
position. In the start position, the dcinputis appliedtothe
inverter circuitry by $1601, section A. At the same time
81601 section B is closed, completing the feedback loop
for the inverter transistors. S1601 section B stops the
inverter in the off position by opening the feedback loop
between T14500 and T1631.

Power-Mode Switch (S1665)

Sections A and F of S1665 connect filter C1671 and
R1671 to T14500 during 12-volt or 24-volt operation to
reduce converter transients (see Figure 6-10). Sections C
and D of S1665 select either transformer terminals 10A
and 12A or 10 and 12, to provide the same secondary
output when operating on 12 or 24 volts. Sections B andE
connect transformer terminals 10 and 12 to S1665 sec-
tions C and D and to the inverter feedback circuit during
both 12-volt and 24-volt operation.

MAINTENANCE

Obtaining Replacement Parts

STANDARD PARTS. Most electrical and mechanical
parts can be obtained through your local Tektronix field
office or representative. However, you should be able to

Options—465B Service
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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 Electrical Partslist forthe
proper value, rating, tolerance and description.

SPECIAL PARTS. In addition to the standard electronic
components, some special components are used in
Option 07. These components are manufactured or
selected by Tektronix, Inc. to meet specific performance
requirements, or are manufactured for Tektronixin accor-
dance with our specifications. Most of the mechanical
parts used in this instrument have been manufactured by
Tektronix, Inc. Order all special parts directly from your
local Tektronix Field Office or representative.

ORDERING PARTS. When ordering replacement parts
from Tektronix, Inc., include the following information:

1. Instrument type.

2. Instrument serial number.

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

4. Tektronix part number.

Table 6-2

OPTION 07 TEST EQUIPMENT REQUIRED

Minimum
Description Specification Usage Examples
DC Voltmeter 22Vto28V, Set input voltage. a. Triptett Model 830-NA
1% accuracy. b. Simpson Model 262

Test Oscilloscope® Bandwidth, dcto 500 kHz;
minimum deflection,

10 mV/division.

a. TEKTRONIX 212
oscilloscope.

b. TEKTRONIX 465B
oscilloscope®.

Verify inverter balance.

DC Power
Source

22 Vto 28 V and
11.5Vio 14 V.

Handle starting surge
of 4 to 10 A without
dropping below 22 V.
12-volt starting surge is
approximately 15 A.

Any variable DC
power supply that
meets minimum
specification.

Supply operating power
for Option 07.

“If the instrument under test and Option 07 are operationai and the power source used has a negalive ground, the instrument

under test may be used as the test osciiioscope.
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Circuit Board Chassis Removal

The Option 07 circuit board is mounted on a small
chassis located between the power transformer and the
crt shield. To remove the chassis, first remove the two
thread-forming screws located at the top of the chassis.
Then remove one screw at the bottom right side of the
chassis, just below the power transformer.

ADJUSTMENT

Option 07 may be calibrated without removing it from
the oscilloscope.

In the following procedures the reference letters (A),
(B), etc., refer to points indicated on the schematic
diagram (Figure 6-9) and circuit board illustrations.

NOTE

Option 07 is calibrated at the factory using a power
supply having the specifications given in Table 6-2,
Equipment Required. This permits the most ac-
curate setting of the turn-off volts and inverter
balance adjustments. Because this type of power
supply may not be available, several alternative
possibilities are given. The alternate power supplies
have drawbacks, including voltage stability vs. time
with high discharge rates. See Figure 6-11.

BATTERY CURRENT

23 A cuRvg

VOLTS

22
\ Y
IZ\OPTiON 7 CUT-OFF AND 1106 METER ZERO
| ] | | ] |
0.5 1.0 1.5 2.0 25 3.0
HOURS 1753-28

Figure 6-11. Typical battery pack discharge curves.

Power Supply Alternatives

1. Variable power supply with the capabilities givenin
Table 6-2.

2. Variable power supply with an adequate current
rating, in series with the supply alternative initem 4 or item
5.

6-28

3. TEKTRONIX 1106 Battery Pack.'

4. Two 12-volt wet-cell storage batteries, in series,
tapped at 20, 22, or 24 volts.?

5. 18 to 23 NiICd cells, 4.0 ampere-hour (D cells) or
greater, furnishing 20 to 28 volts.?

This procedure is for an external dc source with the
negative lead at ground potential (negative ground
system).

Operating Range

a. Connect the dc sourceto the oscilloscope equipped
with Option 07. Operate the oscilloscope in the 24 V
mode. Connect the voltmeter between fuse F1601 (B) and
the common negative return (A). Vary the dc source from
28 volts to 22 volts.

CHECK—that the oscilloscope operates over the
voltage range.

b. Change the dc source to 12 volts. Operate the
oscilloscope in the 12 V mode. Vary the dc source from 14
volts to 11.5 volts.

CHECK—that the oscilloscope operates over the
voltage range.

'Tt_) set the turn-off level, the battery is charged above the cut-off
point (22 V). An oscilloscope is connected and the battery
allowed to discharge while its voltage is being monilored. As it
reaches 22 Vthe turn-off point is set to cut off Option 07. The turn-
off point on Option 07 approximately coincides with the meter
zero on the 11

:'I:his does not permit accurate adjustment of the turn-off level.
gmd batteries can be used, following the technigue usedforitem
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Inverter Balance

NOTE

If the major oscilloscope useis with a 12-voit source,
perform this step while operating the oscilloscope
with dc source on 12 volis.

Operate the oscilloscope in the 24 V mode. Set the dc
sourceto 24 volts. Attach the probe groundtothe common
negative terminal (A) and connect the test oscilloscope
probe tip to C1601 (C).

CHECK—that the signal is flat. See Figure 6-12.

_ ] ] J | 1
| | r | o |

A. PROPERLY ADJUSTED

Y Ny PN .

B. IMPROPERLY ADJUSTED 1783.27

Figure 6-12. Option 07 Inverter balance.
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ADJUST—Inverter Balance {R1633) for the flattest
signal.

NOTE

There is a slow drift (abouf a second) after the
Inverter Balance adjustment has been moved. Thisis
due to transistor characteristics and will require a
slight Inverter Balance readjustment.

A very close approximation of the preceding method
can be obtained by setting the Inverter Balance
control for the minimum sound coming from the
Inverter.

Turn-Off Level
Set the dc source for 21.8 volts.

ADJUST—Turn-off Level (R1613) slowly until
Option 07 turns off.
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Semiconductor Electrode Configuration
Q1626
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Figure 6-13. Option 07 DC Inverter circuit board adjustment and test point locations.
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SIGNAL & VOLTAGE CONDITIONS
The load is an operating oscilloscope.

is the preferred test oscilloscope and volt-
meter ground.

The voltmeter is a 20,000 £1/V multimeter.
Mode switch setto 24 V.

Voltages and waveform amplitudes will vary with
source voltage.

Q and P are identical to R and S, respectively,
during 24 V operation. During 12 V operation the
amplitude at Q and P is reduced by a factor of 2.

1753-26A

Figure 6-14. Option 07 DC Inverter idealized waveforms.
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Figure 6-15. Option 07 DC Inverter circuit board component locations.
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Component No.

Tektronix
Part No.

Serial/Model No.

Eff

ELECTRICAL

Name & Description
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Mtr
Code Mfr Part Number

(CHANGE TO):

AL
AL

(ADD) :

A4C4501
A4C4502
A4C4503
A4C4513
ALCH517
AL4RL262

alh

Al4Cl601
Al4C1603
Al4C1605
Al4C1609
Al4Cl614

Al4C1622
AlLCl1626
Al4C1652
AlLC1654
Al4Cl662
Al4Cl664

Al4CR1601
Al4CR1624
Al4CR1625
Al4CR1626
Al4CR1627
Al4CR1628

Al4CR1632
A14CR1634
Al4CR16413
Al4Q1606
Al4Ql608
Al4Q1622

Al4Q1626
Al4Ql1642
Al4Q1644
A14Q1652
A14Q16546
Al4Q1662

Al4Q1664
Al4R1604
A14R1605
Al4R1607
AL4R1609
Al4R1B11

Al4R1613
Al4R1614
Al4R1617

670-5996-02 BO10100 BO29999

670-5996-05

283-0003-00
283-0000-00
283-0000-00
283-0003-00
283-0003-00
315-0223-00

670-2744-01
290-0667-00
283-0178-00
290-0531-00
283-0178-00
290-0573-00

290-0533-00
290-0528-00
283-0110-00
283-0110-00
283-0110-00
283-0110-00

152-0198-00
152-0333-00
152-0107-00
152-0107-00
152-0107-00
152-0107-00

152-0333-00
152-0333-00
152-0198-00
151-0301-00
151-0301-00
151-0302-00

151-0506-00
151-0302-00
151-0335-00
151-0436-00
151-0436-00
151-0436-00

151-0436-00
315-0202-00
315-0752-00
315-0272-00
315-0511-00
315-0511-00

311-1248-00
315-0202-00
315-0102-00

REV C, MAR 1980

B030000

XBO11250

CHANGES FROM STANDARD 465B
WHEN OPTION O7 IS ADDED

CKT BOARD ASSY:INTERFACE
CKT BOARD ASSY: INTERFACE

CAP. ,FXD,CER DI:0.01UF,+80-20%,150V

CAP.,FXD,CER DI:0.001UF,+100-0%,500V
CAP.,FXD,CER DI1:0.001UF,+100-0%,500V

CAP. ,FXD,CER DI:0,01UF,+80-20%,150V

CAP. ,FXD,CER DI:0.01UF,+80-20%,150V

RES. ,FXD,CMPSN:22K OHM,5%,0.25W

CKT BOARD ASSY:TNVERTER

CAP. ,FXD,ELCTLT: 330UF,+75-10%, 50V
CAP.,FXD,CER DI:0.1UF,+80-20%, 100V
CAP. ,FXD,ELCTLT: 100UF , 20%, 10V
CAP.,FXD,CER DI:0.lUF,+B0-20%,100V
CAP. ,FXD,ELCTLT: 2. 7UF, 20%, 50V

CAP. ,FXD,ELCTLT: 330UF,20%, ,6V
CAP. ,FXD,ELCTLT: 15UF,20%, 50V

CAP. ,FXD,CER DI:0.005UF,+80-20%,150V
CAP. ,FXD,CER DI:0.005UF,+80-20%,150V
CAP. ,FXD,CER DI:0.005UF,+80-20%,150V
CAP.,FXD,CER DI:0.005UF,+80-20%,150V

SEMLCOND DEVICE:SILICON,200V,3A
SEMICOND DEVICE:SILICON,55V,200MA
SEMICOND DEVICE:SILICON,400V,400MA
SEMICOND DEVICE:SILICON,400V,400MA
SEMICOND DEVICE:SILICON,400V,400MA
SEMICOND DEVICE:SILICON,400V,400MA

SEMICOND DEVICE:STLICON,55V,200MA
SEMICOND DEVICE:SILICON,55V,2DOMA
SEMICOND DEVICE:SILICON,200V,3A
TRANSTSTOR:STLICON,PNP
TRANSISTOR:STLTICON, PNP
TRANSTSTOR:STLICON,NPN

SCR:SILICON

TRANSISTOR:SILICON,NPN
TRANSTISTOR:STLICON,PNP
TRANSISTOR:SILICON,NPN
TRANSTSTOR:STLICON,NPN
TRANSISTOR:STLICON, NPN

TRANS ISTOR: STLICON,NPN

RES. ,FXD,CMPSN: 2K OHM,5%,0.25W
RES.,FXD,CMPSN:7,5K OHM,5%,0.25W
RES.,FXD,CMPSN:2.7K OHM,5%,0.25W
RES.,FXD,CMPSN:510 OHM,5%,0.25W
RES.,FXD,CMPSN:510 OHM,5%,0.25W

RES . ,VAR,NONWIR: 500 OHM,10%,0.50W
RES.,FXD,CMPSN:2K OHM,5%,0.25W
RES ., FXD,CMPSN: 1K OHM,5%,0.25W

80009 670-5996-02
80009 670-5996-05

72982 B55-558Z5U-103Z
72982 831-516El02P
72982 831-516E102P
72982 855-558Z5U~-1032
72982 855-558Z5U-1032
01121 CB2235

80009 670-2744-01
56289 500D158

72982 8131N145651 104Z
90201 TDC107MO10WLC
72982 8131N145651 104Z
56289 196D275X0050JA1

90201 TDC3I37MO06WLD
90201 TDC156MO50WLC
56289 19C242B
56289 19C242B
56289 19C242B
56289 19C242B

03508 1N5624

80009 152-0333-00
80009 152-0107-00
80009 152-0107-00
80009 152-0107-00
80009 152-0107-00

80009 152-0333-00
80009 152-0333-00
03508 1N5624
04713 2N2907A
04713  2ZN2907A
07263 S038487

03508 Cl06B2ZX2B3
07263 S038487

80009 151-0335-00
80009 151-0436-00
80009 151-0436-00
80009 151-0436-00

BOD09 151-0436-00
01121 CB2025
01121 CB7525
01121 CB2725
01121 CB5115
01121 CB5115

73138 72X-23-0-501K

01121 CB2025
o0l121 CBlO25
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Tektronix  Serial/Madel No. Mfr
Component No. Part No. Name & Description Code Mfr Part Number
Al4R1622 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5Z,0.25W 01121 CB1025
Al4R1623 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
Al4R1624 315-0302-00 RES. ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
Al4R1625 316-0101-00 RES. ,FXD,CMPSN:100 OHM,10%,0.25W 01121 CB1011
Al4R1626 308-0450-00 RES. ,FXD,WW:70 OHM,1Z,3W 91637 RSZB~B70RO0F
Al4R1627 315-0271-00 RES, ,FXD,CMPSN: 270 OHM,5%,0.25W 01121 CB2715
Al4R1631 308-0450~-00 RES.,FXD,WW:70 OHM,1%,3W 91637 RS2B-B70RO0F
Al4R1633 311-1501-00 RES.,VAR,NONWIR:20 OHM,10%,0.50W 73138 72-37-0
Al4R1639 315-0153-00 RES.,FXD,CMPSN:15K OHM,5%,0.25W 01121 CB1535
Al4R1640 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
Al4R1641 315-0153-00 RES. ,FXD,CMPSN:15K OHM,5%,0.25W 01121 CB1535
Al4R1642 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
Al4R1645 307-0113-00 RES.,FXD,CMPSN:5.1 OHM,5%,0.25W 01121 CB51GS
A14R1652 308-0459-00 RES.,FXD,WW:1.1 OHM,5%,3W 91637 CW2B-D1R100J
Al4R1654 308-0459-00 RES. ,FXD,WW:1.1 OHM,5%,3W 91637 CW2B-D1R100J
Al4R1662 308-0459-00 RES.,FXD,WW:1.1 OHM,5%,3W 91637 CWZB-D1R100J
Al4R1664 308-0459-00 RES. ,FXD,WW:1.1 OHM,5Z,3W 91637 CW2B-D1R100J
Al4T1601 120-0637-00 XFMR, TOROID:5 TURNS BIFILAR 80009 120-0637-00
Al4T1631 120-0852-00 XFMR, TOROID:2 WINDINCS 80009 120-0852-00
A14VR1604 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 80009 152-0306-00
Al4VR1605 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 80009 152-0306-00
Al4VR1622 152-0241-00 SEMICOND DEVICE:ZENER,0.4W,33V,5% 80009 152-0241-00
Al4VR1639 152-0279-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 80009 152-0279-00
Al4VR1641 152-0279-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 80009 152-0279-00
CHASSTS PARTS

Cl1671 283-0000-00 CAP. ,FXD,CER DI:0.001UF,+100-0%,500V 72982 831-516E102P
Cc1672 283-0263-00 CAP. ,FXD,CER DI:0.0022UF,20%, 3000V 56289 33C319

—————————— (MOUNTED ON REAR PANEL. NOT USED WHEN

---------- INSTR IS EQUIPPED WITH BOTH OPTION 4

————————— AND OPTION 7)
Cl674 283-0263-00 CAP.,FXD,CER DI:0.0022UF,20%, 3000V 56289 33C319

m——— ———— (SEE FOOTNOTE ON C1672)
Cl681 283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 72982 B831-516E102P

________ (SEE FOOTNOTE ON C1672)
C1682 283-0000-00 CAP.,FXD,CER D1:0.001UF,+100-0%, 500V 72982 831-516E102P

——— (WHEN EQUIPPED WLITH BOTH OPTION 4 AND

———————— OPTION 7, ONLY ONE SET OF THESE CAPS

———————— IS USED)
c1683 283-0003-00 CAP.,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-558Z50-1032Z

——————— (SEE FOOTNOTE ON Cl682)
C1684 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-558Z5U0-103Z

---------- (SEE FOOTNOTE ON C1682)
C1685 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-558Z50-103Z

——— e (SEE FOOTNOTE ON C1682)
F1601 159-0038-00 FUSE ,CARTRIDGE : 3AG, 154, 32V, FAST-BLOW 71400 MDL 15A
P1601 131-1333-00 CONNECTOR ,RCPT, : POWER 80009 131-1333-00
R1671 308-0077-00 RES. ,FXD,WW: 1K OHM,5%,3W 14193 SA301001J
S1601 260-0834-00 SWITCH, TOGGLE:DPDT,5A,125VAC,0.25~40 THD 09353 U21-SHZQE
51665 105-0479-00 ACTUATOR, SWITCH: SLTDE,, INVERTER 80009 105-0479-00
516654 260-0760-00 SWITCH,SENS:10A,250V, SPDT,SNAP ACTION 01963 E62-10A
516658 260-0760-00 SWITCH, SENS:10A, 250V, SPDT, SNAP ACTION 01963 E62-10A
$1665C 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTTON 01963 E62-10A
S1665D 260-0760-00 SWITCH,SENS: 10A, 250V, SPDT,SNAP ACTION 01963 E62-10A
S1665E 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
S1665F 260-0760-00 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
6-34 REV C, MAR 1980


https://www.manualsplus.com/

Options—465B Service

Option 07
Fig. & MECHANICAL
Index  Tektronix Serial/Model No. Mfr
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
-1  441-1171-00 1 CHASSIS,SCOPE: INVERTER 80009 441-1171-00
(ATTACHING PARTS)
211-0008-00 2 SCREW,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 0BD
210-0938-00 2 WASHER,FLAT:0.109 ID X 0.25 INCH OD,STL 75497 AN960-3
- - e K - - -
-2 m———m —meee 1 CKT BOARD ASSY:INVERTER(SEE Al4 EPL)
-3 136-0252-04 15 . SOCKET,PLN TERM:U/W 0.016-0.018 DIA PINS 22526 75060-007
=l mmeem meeee 1 . XFMR,TOROID:(SEE T1601 EPL)
(ATTACHING PARTS)
=5 343-0443-00 1 . RETAINER,XFMR: 80009  343-0443-00
-6 212-0011-00 1 . SCREW,MACHINE:8-32 X 0.750 INCH,FLH STL 83385 O0BD
-7 210-0409-00 1 . NUT,PLAIN,HEX.:8-32 X 0.312 INCH,BRS 73743 3046-402
- - W = - -
(ATTACHING PARTS FOR CKT BD)
-8 211-0116-00 2 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH BRS 83385 OBD
- - = K = o= =
-9 e 4 TRANSISTOR:(SEE Q1652,Q1654,Q1662,1664 EPL)
(ATTACHING PARTS)
-10 210-0586-00 3 NUT,PLAIN,EXT W:4-40 X 0.25 INCH,STL 78189 211-041800-00
-11  343-0451-00 I RETAINER,XSTR: 80009 343-0451-00
-12  342-0195-00 I INSULATOR,PLATE:0.70 X 3 INCHES LONG 08530 OBD
- = m W = = =
-13  348-0141-00 I GROMMET,PLASTIC:U-SHP,0.625 X0.658 INCH 80009 348-0141-00
-14 348-0055-00 I GROMMET,PLASTIC:0.25 INCH DIA 80009 348-0055-00
-15 352-0031-00 | FUSEHOLDER:3AG FUSE 75915 357001
(ATTACHING PARTS)
-16 211-0507-00 I SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 83385 0BD
-17 210-0006-00 I WASHER,LOCK:#6 INTL,0.018THK,STL CD PL 78189 1206-00-00-0541C
-18 210-0407-00 1 NUT,PLALN,HEX.:6-32 X 0.25 LNCH,BRS 73743 3038-0228-402
- W = = -
342-0228-00 I INSULATOR,FILM:0.70 X 1.150 INCH LONG 80009 342-0228-00
-19 407-1341-00 I BRACKET,ELEC SW:ALUMINLM 80009 407-1341-00
(ATTACHING PARTS)
-20 211-0101-00 2 SCREW,MACHINE:4-40 X 0.25" 100 DEG,FLH STL 83385 0BD
- - = K = = -
=21 105-0479-00 1 ACTUATOR,SWITCH:SLIDE, INVERTER 80009 105~0479-00
-22 260-0760-00 6 SWITCH,SENS:10A,250V,SPDT,SNAP ACTION 01963 E62-10A
(ATTACHING PARTS)
-23 211-0212-00 2 SCREW,MACHINE:2-56 X 1.75 INCH,PNH STL 83385 O©OBD
-24 210-0405-00 1 NUT,PLAIN,HEX.:2-56 X 0.188 INCH,BRS 73743 2X12157-402
- - W = = -
-25 386-2649-00 I PL,ACTR GUIDE:INVERTER 80009 386-2649-00
214-1925-00 1 SPRING,SW ACT:POWER SOURCE 80009 214-1925-00
=26 === e 1 SWITCH,TOGGLE:(SEE S1665 EPL)
(ATTACHING PARTS)
-27 210-0562-00 1 NUT,PLAIN,HEX.:0.25-40 X 0.312 INCH,BBS 73743 2X20224~402
-28  210-0046-00 1 WASHER,LOCK:INTL,0.26 ID X 0.40" OD,STL 78189 1214-05-00-0541C
- - -k - = =
179-1962-00 1 WIRING HARNESS:VARIABLE RESISTOR 80009 179-1962-00
348-0005-00 1 GROMMET,RUBBER:0.50 INCH DIA 70485 230
200-1414-11 1 COVER,SCOPE:REAR 80009 200-1414-11
131-1333-00 1 CONNECTOR,RCPT, : POWER 80009 131-1333-00
(ATTACHLING PARTS)
211-0101-00 2 SCREW,MACHINE:4-40 X 0.25" 100 DEG,FLH STL 83385 OBD
348-0365-00 4 FOOT,CABINET:PLASTIC,W/LATCH GROOVE 80009 348-0365-00
-— = W = = -
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OPTION 07 EXPLODED VIEW
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OPTION 78
TYPE P11 PHOSPHOR

This option adds a Type P11 phosphor crt to the
instrument.

If this option is being added to an instrument which is
already equipped with a different phosphor. or if the
cathode-ray tube requires replacement, use the following
procedure:

1. Follow the crt removal andinstallation procedure
in the Maintenance section of this manual.

REV A MAR 1980

2. After completing crt installation, check Table 4-6
{Adjustment Interactions), in the Adjustment Pro-
cedure of this manual, for calibration adjustments
which may require readjustment.

PARTS LIST CHANGES

Delete

V14000 154-0676-15 CRT, P31 Phosphor
Add

V14000 154-0676-19 CRT, P11 Phosphor
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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 impor-
tant, when ordering parts, toinclude 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 represen-
tative will contact you concerning any change in part number

Change information, if any, is located at the rear of this
manual,

LIST OF ASSEMBLIES

A list of assemblies can be found at the beginning of the
Electrical Parts List. The assemblies are listedinnumerical order.
When the complete component number of a part is known, this list
will identify the assembly in which the part is located.

CROSS INDEX-MFR. CODE NUMBER TO
MANUFACTURER

The Mir Code Number to Manutacturer index for the
Electrical Parts List is located immediately after this page. The
Cross Index provides codes, names and addresses of manutac-
turers of components listed in the Electrical Parts List.

ABBREVIATIONS

Abbreviations conform to American National Standard Y1.1

COMPONENT NUMBER (column one of the
Electrical Parts List)

A numbering method has been used to identify assemblies,
subassemblies and parts. Examples of this numbering method
and typical expansions are illustrated by the following:

Example a. component number
A23R1234 A23 R1234
Assembly number / ;. Circuit number
Read: Resistor 1234 of A bly 23
Example b, component number
AZ3A2R1234 A23 A2 R1234

Assembly Subassembly Circuit
number number number

Read: Resislor 1234 of Subassembly 2 of Assembly 23

Only the circuit number will appear on the diagrams and
circuit board illustrations. Each diagram and circuit board
illustration is clearly marked with the assembly number
Assembly numbers are also marked on the mechanical exploded
views located in the Mechanical Parts List. The component
number is obtained by adding the assembly number prefix to the
circuit number.

The Electrical Parts List is divided and arranged by
assemblies in numerical sequence (e.g., assembly A1 with its
subassemblies and parts, precedes assembly A2 with its sub-
assemblies and parts).

Chassis-mounted parts have no assembly number prefix
and are located at the end of the Electrical Parts List

TEKTRONIX PART NO. (column two of the
Electrical Parts List)

Indicates part number to be used when ordering replace-
ment part from Tektronix

SERIAL/MODEL NO. (columns three and four
of the Electrical Parts List)

Column three (3) indicates the serial number at which the
part was first used. Column four {4) indicates the serial number at
which the part was removed. No serial number entered indicates
part is good for all serial numbers.

NAME & DESCRIPTION (column five of the
Electrical Parts List)

In the Parts List, an item Name is separated from the
description by a colon (). Because of space limitations, an ltem
Name may sometimes appear as incomplete. For further ltem
Name identification, the U.S. Federal Cataloging Handbook HE-1
can be utilized where possible.

MFR. CODE (column six of the Electrical Parts
List)

Indicates the code number of the actual manufacturer of the
part. {Code to name and address cross reference can be found
immedialtely after this page.)

MFR. PART NUMBER (column seven of the
Electrical Parts List)

Indicates actual manufacturers part number
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CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code Manufacturer Address City, State, Zip
00779 AMP, INC. P O BOX 3608 HARRISBURG, PA 17105
00853 SANGAMO ELECTRIC CO., S. CAROLINA DIV. P 0 BOX 128 PICKENS, SC 29671
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WL 53204
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR P O BOX 5012, 13500 N CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
01963 CHERRY ELECTRICAL PRODUCTS CORPORATION 3600 SUNSET AVENUE WAUKEGAN, (L 60085
02111 SPECTROL ELECTRONICS CORPORATION 17070 EAST GALE AVENUE CLTY OF INDUSTRY, CA 91745
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY D8876
03508 GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR

PRODUCTS DEPARTMENT ELECTRONICS PARK SYRACUSE, NY 13201
04222 AVX CERAMICS, DIVISION OF AVX CORP. P O 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
05397 UNION CARBIDE CORPORATION, MATERLALS

SYSTEMS DIVISION 11901 MADISON AVENUE CLEVELAND, OH 44101
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTALN VIEW, CA 94042
07716 TRW ELECTRONIC COMPONENTS, IRC FIXED

RESISTORS, BURLINGTON DIV. 2850 MT. PLEASANT BURLINGTON, 1A 52601
08806 CENERAL ELECTRIC CO., MINIATURE

LAMP PRODUCTS DEPARTMENT NELA PARK CLEVELAND, OH 44112
09353 C AND K COMPONENTS, INC. 103 MORSE STREET WATERTOWN, MA 02172
12697 CLARDSTAT MFG. CO., INC. LOWER WASHINGTON STREET DOVER, NH 03820
12954 SLEMENS CORPORATION, COMPONENTS GROUP 8700 E THOMAS RD, P O BOX 1390  SCOTTSDALE, AZ 85252
12969 UNITROOE CORPORATION 580 PLEASANT STREET WATERTOWN, MA 02172
14193 CAL-R, INC. 1601 OLYMPIC BLVD. SANTA MONICA, CA 90404
14298 AMERICAN COMPUNENTS, INC., AN

INSILCO COMPANY 8TH AVE. AT HARRY STREET CONSHOHOCKEN, PA 19428
14433 ITT SEMICONDUCTORS 3301 ELECTRONICS WAY

P 0 BOX 3049 WEST PALM BEACH, FL 33402

14552 MICRO SEMICONDUCTOR CORP. 2830 F FALRVIEW ST. SANTA ANA, CA 92704
154564 RODAN INDUSTRIES, INC. 2905 BLUE STAR ST. ANAHEIM, CA 92806
16546 U.S. CAPACITOR CORP/CENTRALAB

ELECTRONICS DIV. 4561 COLORADO LOS ANGELES, CA 90039
18324 SIGNETICS CORP. 811 E. ARQUES SUNNYVALE, CA 94086
24546 CORNING GLASS WORKS, ELECTRONIC

COMPONENTS DIVISION 550 HIGH STREET BRADFORD, PA 16701
25088 SIEMENS CORP. 186 WOOD AVE. S ISELIN, NJ 08830
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051
32293 INTERSIL, INC. 10900 N. TANTAU AVE. CUPERTINO, CA 95014
32997 BOURNS, INC., TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507
34335 ADVANCED MICRO DEVIGES 901 THOMPSON PL. SUNNYVALE, CA 94086
50157 MIDWEST COMPONENTS INC. P. 0. BOX 787

1981 PORT CITY BLVD. MUSKECON, ML 49443

50434 HEWLETT-PACKARD COMPANY 640 PAGE MILL ROAD PALO ALTO, CA 94304
50437 RELIANCE STEEL PRODUCTS COMPANY 3700 WALNUT STREET MCKEESPURT, PA 15132
52306 HIGH VOLTAGE DEVICES, INC. 7485 AVENUE 304 VISALIA, CA 93277
52763 STETTNER-TRUSH, INC. 67 ALBANY STREET CAZENOVIA, NY 13035
53184 XCITON CORPORATION 5 HEMLOCK STREET LATHAM, NY 12110
55210 GETTIG ENG. AND MFG. COMPANY PO BOX 85, OFF ROUTE 45 SPRING MILLS, PA L6875
55680 NICHICON/AMERICA/CORP. 6435 N PROESEL AVENUE CHICAGO, (L 60645
56289 SPRACUE ELECTRIC CO. NORTH ADAMS, MA 01247
71400 BUSSMAN MFG., DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSLTY ST. ST. LOULS, MO 63107
71590 CENTRALAB ELECTRONICS, DIV. OF

GLOBE-UNION, INC. P 0 BOX 858 FORT DODGE, (A 50501
72619 DIALIGHT, DIV. AMPEREX ELECTRONIC 203 HARRISON PLACE BROUKLYN, NY 11237
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 646 W, 12TH ST. ERIE, PA 16512
73138 BECKMAN [NSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR BLVD. FULLERTON, CA 92634
73899 JFD ELECTRONLCS COMPONENTS CORP. PLNETREE ROAD OXFORD, NC 27565
74276 SIGNALITE DIV., GENERAL INSTRUMENT CORP. 1933 HECK AVE. NEPTUNE, NJ 07753
74970 JOHNSON, E. F., CO. 299 10TH AVE. S. W. WASECA, MN 56093
75062 TRW ELECTRONIC COMPONENTS, LRC FIXED

RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 1910
76493 BELL INDUSTRIES, INC.,

MILLER, J. W., DIV. 19070 REYES AVE., P 0 BOX 5825 COMPTON, CA 90224
80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077
80031 ELECTRA-MIDLAND CORP., MEPCO DIV. 22 COLUMBIA KOAD MORRISTOWN, NJ 07960
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CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mir. Code Manufacturer Address City, State. Zip
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. O. BOX 372 INDIANAPOLLS, IN 46206
91637 DALE ELECTRONICS, INC. P. O. BOX 609 COLUMBUS, NE 68601
93410 ESSEX INTERNATIONAL, INC., CONTROLS DIV.

LEXINGTON PLANT P. 0. BOX 1007 MANSFLELD, OH 44903
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Tektronix  Serial/Model No. Mir
Component No. Part No. Eif Dscont Name & Description Code Mfr Part Number
Al 670-5997-00 BO10100 BO4L5774 CKT BOARD ASSY:VERTICAL PREAMP 80009 670-5997-00
Al 670-5997-01 BO45775 CKT BOARD ASSY:VERTICAL PREAMP 80009  670-5997-01
A2 670-5999-00 BO10100 BO29999  CKT BOARD ASSY:VERTICAL OUTPUT 80009 670-5999-00
A2 670-6385-00 B0O3000O0 CKT BOARD ASSY:VERTICAL OUTPUT 80009 670-6385-00
A3 670-6003-00 CKT BOARD ASSY:ATTENUATOR 80009 670-6003-00
Al 670-5996-00 BO10100 B0D29999 CKT BOARD ASSY:INTERFACE 80009 670-5996-00
AL 670-5996-03 BO30000 CKT BOARD ASSY: INTERFACE 80009 670-5996-03
""""""" (SEE OPTION SECTION FOR OPT 4 & OPT 7)
A5 670-5998-00 CKT BOARD ASSY:VERTICAL MODE SWITCH 80009 670-5998-00
A6 670-6001-00 CKT BOARD ASSY:TIMING 80009 670-6001-00
A7 670-6000-00 CKT BOARD ASSY:TRIGGER GEN & SWEEP LOGIC #0009 670-6000-00
A8 670-6002-01 CKT BOARD ASSY:FAN MOTOR #0009 670-6002-01
A9 670-6004-00 CKT BOARD ASSY:PROBE CODING 80009 670-6004-00
AlD 670-2279-00 CKT BOARD ASSY:CRT SCALE [LLUMINATLON 80009 670-2279-00
Al mmeee e CKT BOARD ASSY:VERTICAL PREAMP
AlcClol6 281-0763-00 XB022260 CAP. ,FXD,CER DI:47PF,10%, LO0OV 72982 8035D9AADCIGATOK
ALC1026 281-0815-00 CAP. ,FKD,CER DIL:0.027UF,20%,50V 72982 SO05DIAABWSR27IM
AIG1037 281-0815-00 CAP. ,FXD,CER DI:0.027UF,20%,50V 72982 SUO5SDIAABWSR27 3M
AlLC1048 281-0812-00 CAP.,FXD,CER DIL:1000PF,10%,100V 72982 5035D9AADXTRIVUZK
AlC1071 281-0813-00 CAP.,FXD CER D1:0.047UF,20%,50V 04222 GCTUS-E-473M
AIC1072 281-0786-00 CAP. ,FXD,CER O1:150PF,10%,100V 72982 8035D2AADX5P151K
AlC1075 281-0773-00 CAP. ,FXD,CER 0I:0.01UF,10%,100V 72982 BO05HSAADWSRIDIK
AlC1091 281-0773-00 CAP. ,FXD,CER DI:0.0lUF,10%,100v 72982  BUOSHYAADWSRIOIK
AlCL095 281-0815-00 CAP. ,FXD,CER DI:0.027UF,20%,50V 72982  BUOSDIAABWSR27 3K
AlCI112 281-0798-00 CAP.,FXD,CER DL:51PF,1%,100V 04222 MC101A510G
AlC1119 290-0517-00 CAP. ,FXD,ELCTLT:6.8UF,20%, 35V 56259 196D6E5X003I5KAL
AICL135 290-0517-00 CAP. ,FXD,ELCTLT: 6.BUF,20%, 35V 56289 196D6ESXD03I5KAL
AlC1142 281-0823-00 CAP. ,FXD,CER DI:470PF,10%,50V 12969 CGB&47LKDN
AlC1144 281-0763-00 BO10100 BO10239 CAP. ,FXD,CER DI:47PF,10%, 100V 72982 EBU35D9AADC LG4 70K
AICI 144 281-0819-00 BO10240 CAP.,FXD,CER DI:33PF,5%,50V 72982  8035BCOG130J
AlC1152 281-0809-00 CAP.,FXD,CER DIL:200PF,5%,100V 72982 B013T2ADDCLG201)
AlC1173 283-0114-00 CAP.,FXD,CER DI:0.0015UF,5%,200V 72982 805-509B152J
AlC1192 281-0205-00 CAP. VAR, PLSTC:4-65PF , 100V 80031 2810C5R565QJ02F0
AlC1287 281-0815-00 CAP.,FXD,CER DL:0.027UF,20%,50V 72982 800509AABW5R273M
AI1C1306 281-0579-00 CAP.,FXD,CER DI:21PF,5%,500V 72982  301-050CUG0Z10J
AlC1334 281-0773-00 CAP. ,FXD,CER DIL:0.01UF,10%, 100V 72982 BO05H9AADWSKI03K
AlC1342 281-0204-00 CAP. ,VAR,PLSTC:2-22PF, 100V 80031  287C0U222MI02
AIC1353 281-0809-00 CAP.,FXD,CER DI:200PF,5%, 100V 72982 8013T2ADDC1G2013
AIC1384 281-0815-00 CAP. ,FXD,CER DI:0.027UF,20%,50V 72982  B005SDIAABWSR27 M
AlIC1385 281-0815-00 CAP.,FXD,CER DI:0.027UF,20%,50V 72982 B0O05D9AABWSR273M
AlC1396 290-0517-00 CAP. ,FXD,ELCTLT:6.8UF,20%,35V 56289 196D6B5XVUISKAL
AIC1398 281-0547-00 BO10100 BO38899  CAP.,FXD,CER D1:2.7PF,10%,500V 72982 301-00UCVJO279C
AIC1398 281-0547-00 BO38900 CAP. ,FXD,CER DI:2.7PF,10%,500V 72982 301-000C0J0279C
---------- (NOMINAL VALUE,SELECTED)
AICL&405 281-0589-00 CAP.,FXD,CER D1:170PF,5%,500V 72982  301000Z5D01713
AlCl422 281-0823-00 CAP. ,FXD,CER D1:47UPF,10%,50V 12969 CGB&7IKDN
AIC1462 790-0517-00 CAP. ,FXD,ELCTLT:6.8UF,20%, 35V 56289  196D6BSXU0ISKAL
AICI464 290-0517-00 CAP. ,FXD,ELGTLT:6.8UF, 20%, 35V 56289 1960685X0035KA1
AlIC1466 790-0517-00 CAP. ,FXD,ELCTLT: 6.8UF,20%, 35V 56289 196D685X00I5KAL
AICIS02 281-0773-00 CAP. ,FXD,CER D1:0.01UF,10%, 100V 72982  BUDSHIAADWSKLU 3K
AlICIS1T 281-0773-00 CAP. ,FXD,CER D1:0.01UF, 10%, 100V 72982  BOOSHIAADWSRLU 3K
AICI521 281-0823-00 CAP.,FXD,CER DL:4TUPF, 10%, 50V 12969  CGB47IKDN
AIC1525 290-0527-00 CAP. ,FXD,ELCTLT: 1 5UF ,20%, 20V 90201 BCL56MU2ZUFL
AlLCI586 283-0114-00 CAP. ,FXD,CER DI:0,.00]5UF,5%%, 200V 72982 BO5-509B152J
AIC1587 2B1-0786=0) CAP, ,FXD,CER DI:]50PF, 0%, 100V 72982 BO3SD2AADXSPISEK
AIC1592 781-0773-00 CAP.,FXB,CER DI:0,01UF, 10%, 100V 72982  BUOSHYAADWSRLO3K
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AlC1597 281-0815-00 CAP.,FXD,CER DI:0.027UF,20%,50V 72982 BO05DIAABWSR273M
AlC1611 281~0814-00 CAP.,FXD,CER DI:100FF,10%,100V 04222 GC70-1-AL0IK
AICL615 281-0814-00 CAP.,FXD,CER DI:100PF,10%,100V 04222 GCT0-1-ALOIK
AlC1623 281-0814-00 CAP. ,FXD,CER DI:100PF,10%,100V 04222 GC70-1-AlOIK
AIC1643 281-0204-00 CAP.,VAR,PLSTC:2-22PF, 100V 80031 287C00222MI02
ALC1647 281-0809-00 CAP.,FXD,CER DI:200PF,5%,100V 72982 B013T2ADDCIGZ01J
AlC1682 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%, 100V 72982 BO05H9AADWSRLO3IK
AIC1683 281-0813-00 CAP.,FXD CER DI:0.047UF,20%,50V 04222 GCTO5-E-473M
AIC1690 281-0205-00 CAP. ,VAR,PLSTC :4-65PF , LOOV 80031 2810C5R565QJ02F0
AlC1714 281-0814-00 CAP.,FXD,CER DI:l00PF,10%,100V 04222 GC70-1-AlOIK
AlC1723 281-0814-00 CAP. ,FXD,CER DI:100PF,10%,100V 04222 GCT0-1-ALOIK
AlC1726 281-0814-00 CAP.,FXD,CER DI:l00PF,10%,100V 04222 GC70-1-A101K
AlC1734 290-0527-00 CAP. ,FXD,ELCTLT: 15UF, 20%, 20V 90201 TDC156MO20FL
AIC1787 281-0815-00 CAP. ,FXD,CER DI:0.027UF,20%,50V 72982 B005D9AABWSRZTIM
ALC1804 281-0630-00 CAP.,FXD,CER DI:390PF,5%, 500V 77982 630000Y5D391J
AlC1813 281-0809-00 CAP.,FXD,CER DL:200PF,5%,100V 72982 B013T2ADDC1G201J
AlC1822 281-0763-00 CAP. ,FXD,CER DI1:47PF,10%,100V 72982 B035D9AADCIG4HTOK
AlC1827 281-0798-00 CAP.,FXD,CER D1:51PF,1%,100V 04222 MCIO1A510G
AlC1832 290-0517-00 CAP. ,FXD,ELCTLT: 6.8UF, 20%, 35V 56289 196D6E5X0035KA1
AlC1837 281-0815-00 CAP.,FXD,CER DL:0.027UF,20%,50V 72982 BOOSDYAABWSR273M
A1C1846 281-0812-00 CAP. ,FXD,CER DI:1000PF,10%, 100V 72982 B035D9AADKTRIO2K
AlC1848 281-0759-00 CAP.,FXD,CER DI:22PF,10%, 100V 72982 B035D9AADC1G220K
AICL854 281-0809-00 CAP. ,FXD,CER DI:200PF,5%,100V 72982 8013T2ADDC1G201J
AlC1BE5 281-0815-00 CAP.,FXD,CER DI1:0.027UF ,20%,50V 72982 BOOSDYAABWSR273M
A1C1886 281-0815-00 CAP.,FXD,CER DI:0.027UF,20%,50V 72982 BOOSD9AABWSR273M
AlC1894 290-0517-00 CAP.,FXD,ELCTLT:6.8UF,20%, 35V 56289 196D685X0035KAL
AIC1896 281-0547-00 BO10100 BO3B89Y CAP.,FXD,CER DI:2.7PF,10%,500V 72982 301-000C0J0279C
AIC1896 281-0547-00 BO3B900 CAP. ,FXD,CER DI:2.7PF,10%,500V 72982 301-000C010279C

———— e (NOMINAL VALUE,SELECTED)
A1C1906 281-0799-00 XBO45775 CAP.,FXD,CER DI:62PF,2%,100V 72982 B8035D2AADCIGS510G
ALC1911 281-0773-00 CAP. ,FXD,CER DL:0.01UF,10%,100V 72982 BOOSH9AADWSRIOIK
Alc1912 290-0517-00 CAP. ,FXD,ELCTLT: 6.8UF, 20%, 35V 56289 196D6B5X0035KAl
AIC1943 281-0823-00 CAP.,FXD,CER DI:470PF,10%,50V 12969 CGB471KDN
AICR1013 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4152R
AICR1014 152-0141-02 SEMICOND DEVICE:SILLCON,30V,150MA 01295 INAL52ZR
AICR1015 152-0141-02 SEMICOND DEVICE:SLLICON,30V,150MA 01295 1IN4152R
AICR1023 152-0141-02 SEMICOND DEVICE:SILICON,30V, 150MA 01295 1IN4L52R
AICR1024 152-0141-02 SEMICOND DEVLCE:SILICON,30V,150MA 01295 IN4152R
AICR1034 152-0141-02 SEMICOND DEVICE:SILLICON,30V,150MA 01295 1N4152R
AICR1193 152-0153-00 SEMICOND DEVICE:SILICON, 15V, 50MA 07263 FD7003
AICR1263 152-0612-00 SEMICOND DEVICE:V VAR CAP.,4V,17.5FF 80009 152-0612-00
AICR1264 152-0612-00 SEMICOND DEVICE:V VAR CAP.,4V,17.5PF 80009 152-0612-00
ALCR1298 152-0323-00 SEMICOND DEVLICE:SILICON,35V,0.1A 80009 152-0323-00
AICR1312 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN4152R
AICR1327 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4152R
AICR1432 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRLER 50434 5082-2672
AICR1434 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRLER 50434 5082-2672
AICR1436 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
AICR1438 152-0322-00 SEMICOND DEVICE:SILLCON, 15V,HOT CARRIER 50434 5082-2672
AICR1441 152-0322-00 SEMICOND DEVICE:SILLCON,15V,HOT CARRIER 50434 5082-2672
AICR1443 152-0322-00 SEMICOND DEVICE:SILLCON,15V,HOT CARRIER 50434 5082-2672
AICR1445 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2072
AICR1447 152-0322-00 SEMICOND DEVICE:SILLICON,15V,HOT CARRIER 50434 5082-2672
AICR1529 152-0141-02 SEMLCOND DEVICE:SILICON,30V,150MA 01295 IN4IS2R
AICRIS41 152-0322-00 SEMICOND DEVICE:SILICON, 15V,HOT CARRIER 50434 5082-2672
ALCRI543 152-0322-00 SEMICOND DEVICE:SILICON, 15V,HOT CARRIER 50434 5082-2672
AICR1545 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
ALCR1547 152-0322-00 SEMICOND DEVICE:SILLCON, 15V,HOT CARRLER 50434 5082-2672
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ALCR1693 152-0153-00 SEMICOND DEVICE:SILICON,15V,50MA 07263 FD7003
AICR1727 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
AI1CR1763 152-0612-00 SEMICOND DEVICE:V VAR CAP.,4V,17.5PF B0O009 152-0612-00
AICR1764 152-0612-00 SEMICOND DEVICE:V VAR CAP. ,4V,17.5PF 80009 152-0612-00
AICR1796 152-0323-00 SEMICOND DEVICE:SILICON,35V,0.1A 80009 152-0323-00
AICR1818 152-0141-02 SEMICOND DEVICE:S LLICON, 30V, 150MA 01295 1N4152R
AlICR1918 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
AICR1936 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
AlL1245 108-0433-00 COLL,RF:0. 09UH 80009 108-0433-00
AlL1412 108-0182-00 COLL,RF:0.3UH 80009 108-0162-00
AlL1512 108-0182-00 COLL,RF:0.3UH 80009 108-0182-00
AlL1642 108-0433-00 COLL,RF:0.09UH B0009 108-0433-00
AlQ1004 151-0190-00 TRANSISTOR: S ILICON, NPN 07263 S032677
AlQlo28 151-0221-00 BO10100 BO22259 TRANS ISTOR: SILICON, PNP 04713 SPS5246
Al1Ql028 151-0220-00 B022260 BO45774  TRANSISTOR:SILICON,PNP 07263 5036228
AlQl028 151-0438-00 BO45775 TRANSISTOR:SILLCON, PNP,SEL FROM SPS6927 80009 151-0438-00
AlQ1038 151-0271-00 TRANSLSTOR: S ILLCON, PNP 04713  SPS5648
AlQlo45 151-0271-00 TRANSISTOR:SILLICON, PNP 04713 SPS5648
AlQl062 151-0190-00 TRANSLISTOR:SILICON, NPN 07263 S032677
AlQLl118 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
AlQl125 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
AlQL145 151-0271-00 TRANSISTOR:SILICON, PNP 04713 SPS5048
AlQ1150 151-0221-00 TRANSISTOR: SILICON, PNP 04713 SPS246
AlQ1155 151-0434-00 TRANSISTOR:SILICON, PNP 04713 SS7144
AlQLL75 151-0198-00 TRANS ISTOR:SILICON,NPN,SEL FROM MPS918 04713 SPSbBO2-1
AlQl215 151-0198-00 TRANSISTOR:SILICON, NPN,SEL FROM MPS918 04713 SPSBB0O2-1
AlQl225 151-0221-00 TRANSISTOR: S ILLCON, PNP 04713 SPS246
Al1Q1235 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
AlQL250 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
AlQL297 151-1090-00 TRANSISTOR:SILICON,DUAL,N CHANNEL,FET 80009 151-1090-00
AlQl344 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
Al1Q1346 151-0221-00 TRANS ISTOR: SILICON, PNP 04713  SPS246
AlQ11355 151-0434-00 TRANSLSTOR: SILLCON, PNP 04713 SS714a4
AlQl375 151-0198~-00 TRANSISTOR:SILICON, NPN,SEL FROM MPS918 04713 SPSBEO2-1
AlQl426 151-0472-00 TRANSISTOR: SIL1CON, NPN 80009 151-0472-00
AlQl428 151-0472-00 TRANS ISTOR:SILLICON, NPN $0009 151-0472-00
AIQ1555 151-0190-00 TRANS ISTOR: SIL1CON, NPN 07263 5032677
AlQlel7 151-0188-00 TRANSISTOR:SILLCON, PNP 04713 SPS686BK
Al1Q1619 151-0188-00 TRANSISTOR: SIL1CON, PNP 04713 SPS6B68K
AlQl636 151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 01295 SKA6516
AlQl642 151-0221-00 TRANS1STOR: SILICON, PNP 04713 SPS246
AlQl646 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
A1Q1655 151-0434-00 TRANS ISTOR: S 1L1CON, PNP 04713 SSTl4k
AlQl675 151-0198-00 TRANSISTOR:SILICON, NPN,SEL FROM MPS918 04713 SPSE8B02-1
AlQl698 151-10%90-00 TRANSISTOR: SILICON, DUAL,N CHANNEL,FET 80009 151-1090-00
AIQL719 151-0188-00 TRANSISTOR: S1LICON, PNP 04713 SPS686BK
AlQl746 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS246
AlQl8l2 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6B6BK
AlQ1833 151-0221-00 TRANS ISTOR: SILLCON, PNP 04713 SP5246
A1QI845 151-0271-00 TRANS ISTOR: S1L1CON, PNP 04713 SPS5648
AlQ1855 151-0434-00 TRANSISTOR:SILICON, PNP 04713 587144
AlQ1875 151-0198-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS918 04713 SPSBBO2-1
AlQ1938 151-0271-00 TRANS ISTOR: S1L1CON, PNP 04713 SPS5648
AlQl948 151-0271-00 TRANS ISTOR: S1LICON, PNP 04713 SPS5648
AIQ1954 151-0221-00 TRANSISTOR: S IL1CON, PNP 04713 SPS246
ALRIO15 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB&725
AlRIOL6& 321-0064-00 RES. ,FXD,FILM:45.3 OHM,1%,0.125W 91637 MFF1816G45RIUF
AlRLIO32 371-0201-00 BOLOLOO BO22259 RES. ,FXD,FILM:1.21K OHM,1%,0.125W 91637 MFFL816G12100F
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AlR1032 321-0204-00 BO22260 RES.,FXD,FILM:1.3K OHM,1%,0.125W 91637 MFF1816G13000F
A1R1033 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315

AIR1035 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AlR1042 315-0631-00 RES. ,FXD,CMPSN: 430 OHM,5%,0.25W 01121 CB4315

AlR1052 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,57,0.25W 01121 CB1015
AIR1055 311-1311-00 RES.,VAR,NONWIR:1K OHM,20%,1W 01121 73IMAGO4BLIOIM
AIR1064 321-0190-00 RES.,FXD,FILM:931 OHM,1%,0.125W 91637 MFF1B16G931ROF
AIR1N72 315-0112-00 RES.,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB1125
A1R1081 321-0229-00 RES.,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1B816G23700F
A1R1082 321-0229-00 RES._ ,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1816G23700F
A1R1087 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&705

ALR1095 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
AIR1106 321-0064-00 RES. ,FXD,FILM:45.3 OHM,1%,0.125W 91637 MFF1816G45R30F
AIR1107 321-0068-00 RES. ,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49R9OF
AIR1108 321-0126-00 RES. ,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200ROF
AIR1116 315-0751-00 RES.,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515

AlRI117 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W 01121 C€B3315
AlR1126 311-1564-00 RES. ,VAR, NONWIR:TRMR, 500 OHM,0.5W 73138 91-86-0
AIR1135 311-1558-00 RES.,VAR, NONWIR: 20K OHM,20%,0.50W 73138 91-80-0
A1R1136 315-0331-00 RES. ,FXD,CMPSN: 330 OEM,5%,0.25W 01121 CB3315
AIR1163 321-0195-00 BO10100 BO10239  RES.,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
AIR1143 321-0192-00 B010240 RES. ,FXD,FILM:976 OHM,1%,0.125W 91637 MFF1816G976ROF
AlR1144 321-0087-00 B010100 BO10239  RES.,FXD,FILM:78.7 OHM,1%,0.125W 91637 MFF1816G78R70F
AIR1144 321-0126-00 B0O10240 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0F
AIR1147 315-0390-00 RES. ,FXD,CMPSN: 39 OHM,5%,0.25W 01121 CB3905
ALR1148 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
A1R1152 315-0241-00 RES. ,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
AlR1159 321-0126-00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816GZ00ROF
AIR1168 315-0183-00 RES.,FXD,CMPSN: 18K OHM,5%,0.25W 01121 CB1835
AlR1173 315-0241-00 RES, ,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CBZ415
AIR1176 311-1560-00 RES. VAR, NONWIR:SK OHM,20%,0.50W 73138 91-82-0
AIRI185 311-1560-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 73138 91-82-0
AIR1186 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705

AIR1188 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705

AIR1190 311-1567-00 RES.,VAR,NONWIR: TRMR, 100 OHM,0.50W 73138 91-89-0
AIR1202 311-1564-00 RES. VAR, NONWIR: TRMR, 500 OHM,0.5W 73138 91-86-0
AI1R1205 321-0206-00 RES.,FXD,FILM:1.37K OHM,1%,0.125W 91637 MFF1816G13700F
AIR1206 321-0177-00 RES.,FXD,FILM:681 OHM,1%,0.125W 91637 MFF1816G681ROF
A1R1207 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715

A1R1208 323-0156-00 RES.,FXD,FILM:412 OHM,1%,0.50W 75042 CECTO-4120F
AlR1216 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115

AIR1232 315-0430-00 RES. ,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305

AIR1233 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
AIRI234 321-0149-00 BO10100 BO10239  RES.,FXD,FILM:348 OHM,17%,0.125W 91637 MFF1816G348ROF
AlR1234 321-0196-00 BO10240 RES. ,FXD,FILM:1.07K OHM,1%,0.125W 91637 MFF1816G10700F
AlR1262 321-0195-00 BO10100 BO10239  RES.,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
AlR1242 321-0192-00 BO10240 RES. ,FXD,FILM:976 OHM,17,0.125W 91637 MFF1816G976ROF
AlRIZ43 315-0392-00 RES. ,FXD,CMPSN:3.9K OHM,5%,0.25W 01121 C€B3925
AIR1244 315-0392-00 RES. ,FXD,CMPSN: 3.9K OHM,5%,0.25W 01121 CB3925

AlR1246 315-03%0-00 RES.,FXD,CMPSN:39 OHM,57,0.25W 01121 CB3905
AlR1247 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225

AIR1252 321-0170-00 RES. ,FXD,FILM:576 OHM,1%,0.125¥ 91637 MFF1816G576ROF
AIR1253 321-0170-00 RES.,FXD,FILM:576 OHM,1%,0.125W 91637 MFF1816G576ROF
A1R1254 321-0089-00 RES. ,FXD,FILM:82.5 OHM,1%,0.125W 91637 MFF1816GBZR50F
AIR1256 315-0100-00 RES. ,FXD,CMPSN: 10 OHM,57%,0.25W 01121 CB1005

AIR1258 315-0100-00 RES.,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CB1005
AIR1274 315-0301-00 RES. ,FXD,CMPSN: 300 OHM,5%,0.25W 01121 CB3015
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ALR1275 321-0181-00 RES.,FXD,FILM:750 OHM,1%,0.125W 91637 MFF1B16G750R0F
AIRI2T76 321-0181-00 RES.,FXD,FILM: 750 OHM,1%,0.125W 91637 MFF1B16G750R0F
AlRIZ78 315-0270-00 RES. ,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
AlRIZBS 311-1403-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 01121 10M922

AlR1296 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
AIR1299 315-0621-00 BO10100 BO3B8BY9  RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
A1R1299 315-0621-00 B038900 RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215

————————— (NOMINAL VALUE,SELECTED)

AlRI311 321-0049-00 RES.,FXD,FILM:31.6 OHM,1%,0.125W 91637 MFF1816G31R60F
AlRI31G 321-0065-00 RES.,FXD,FILM:46.4 OHM,1%,0.125W 91637 MFF1B16G46R40F
AIR1326 315-0430-00 RES.,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305
AlR1328 321-0126-00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0F
AlR1333 315-0821-00 RES.,FXD,CMPSN:B20 OHM,5%,0.25W 01121 CB8215
AlR1334 315-0821-00 RES.,FXD,CMPSN:BZ0 OHM,5%,0.25W 01121 CB8215
ALRI335 311-1563-00 RES.,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
AlR1353 315-0241-00 RES. ,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
AIRI358 321-0126-00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0F
AIR1376 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
AlR1382 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AIR1384 315-0101-00 RES.,FKD,CMPSN:100 OHM,5%,0.25W 01121 CBLO15
AIR1385 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
AIR1391 315-0151-00 RES.,FXD,CMPSN: 150 OHM,57%,0.25W 01121 CB1515
AlR1392 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
AlR1422 315-0750-00 RES. ,FXD,CMPSN:75 OHM,5%,0.25W 01121 CB7505
AlR1438 315-0302-00 RES. ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
AlR1439 315-0302-00 RES.,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
AIR1448 315-0511-00 RES.,FKD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
AIR1449 315-0751-00 RES. ,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515
AIR1482 311-1561-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 73138 91-83-0
AIR1484 311-1559-00 RES.,VAR, NONWIR: 10K OQHM,20%,0.50W 73138 91-81-0
AIR1486 321-0307-00 RES.,FXD,FILM:15.4K OHM,1%,0.125W 91637 MFFIB816G15401F
AIR1487 321-0239-00 RES.,FXD,FILM: 3,01K OHM,1%,0.125W 91637 MFF1816G30100F
AlR1488 321-0277-00 RES.,FXD,FILM: 7.5K OHM,1%,0.125W 91637 MFF1816G75000F
AIR1504 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W 0ilzl CB3315
AIR1514 321-0065-00 RES.,FXD,FILM:46.4 OHM,1%,0.125W 91637 MFF1B16G46R40F
AIRIS516 " 323-0161-00 RES.,FXD,FILM:464 OHM,1%,0.50W 75042 CECTO-4640F
AlRI5Z1 315-0750-00 RES.,FXD,CMPSN: 75 OHM,5%,0.25W 01121 CB7505
AlR1522 321-0126-00 RES. ,FXD,FILM: 200 OHM,1%,0.125W 91637 MFF1816G200R0F
AlR1532 321-0186-00 RES.,FXD,FILM:B45 OHM,1%,0.125W 91637 MFF1816G845ROF
ALR1534 321-0186~00 RES.,FXD,FILM: B45 OHM,17%,0.125W 91637 MFF1816GB45ROF
ALR1536 321-0133-00 RES.,FXD,FILM:237 OHM,1%,0.125W 91637 MFF1816G237ROF
AlR1538 321-0133-00 RES.,FXD,FILM: 237 OHM,1%,0.125W 91637 MFF1816G237ROF
ALR1548 315-0751-00 RES. ,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
ALR1549 315-0511-00 RES.,FKD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
AIR1558 311-1311-00 RES.,VAR,NONWIR:1K OHM,20%,1W 01121 73M4GO4BLIOZM
AIR1562 321-0190-00 RES.,FXD,FILM:931 OHM,1%,0.125W 91637 MFF1816G931ROF
AIR1579 321-0229-00 RES.,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1816G23700F
AIR1580 311-1560-00 RES., VAR, NONWIR: 5K OHM,20%,0.50W 73138 91-82-0
AIR1582 311-1560-00 RES.,VAR,NONWIR:5K OHM,Z20%,0.504 73138 91-82-0
AlR1586 315-0241-00 RES. ,FXD,CMPSN:240 OHM,57%,0.25W 01121 CB2415
AIR1587 315-0112-00 RES.,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB1125
ALR1589 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CBA4705
A1R1590 321-0229-00 RES.,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1816G23700F
AlRI612 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
AlRI613 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AIR1I616 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
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AlR1624 321-0145-00 RES.,FXD,FILM:316 OHM,1%,0.125W 91637 MFF1816G316R0F
ALR1625 321-0151-00 RES. ,FKD,FILM: 365 OHM,1%,0.125W 91637 MFF1816G365RO0F
ALR1626 321-0145-00 RES.,FXD,FILM:316 OHM,1%,0.125W 91637 MFF1816G316R0OF
AlR1632 323-0106~-00 RES.,FXD,FILM:124 OHM,1%,0.50W 91637 MFF1226G124ROF
AIR1634 311-1563-00 RES. ,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91-85-0
AlR1645 315-0392-00 RES. ,FXD,CMPSN:3.9K OHM,5%,0.25W 0l121 CB3925
ALR164T 315-0261-00 RES. ,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
AlR1661 321-0126-00 RES. ,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816C200R0F
AIR1683 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AIR1684 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AIR1685 311-1567-00 RES.,VAR,NONWIR:TRMR,100 OHM,0.50W 73138 91-89-0
AIR1687 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
ALR1695 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
AlR1712 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CBlO35
AlR1714 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
AIR1716 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1O35
ALR1724 321-0145-00 RES.,FXD,FILM:316 OHM,1%,0.125W 91637 MFF1816G316ROF
ALR1725 321-0151-00 RES.,FXD,FILM:365 OHM,1%,0.125W 91637 MFF1816G365R0F
ALR1735 311-1558-00 RES.,VAR,NONWIR: 20K OHM,20%,0.50W 73138 91-80-0
AIR1742 315-0392-00 RES. ,FXD,CMPSN:3.9K OHM,5%,0.25W 01121 CB3925
ALR1744 315-0390-00 RES. ,FXD,CMPSN:39 OHM,5%,0.25W 01121 CB3905
AlR1752 321-0170-00 RES.,FKD,FILM:576 OHM,1XZ,0.125W 91637 MFF1Bl6G576ROF
AlR1753 321-0170-00 RES.,FXD,FILM:576 OHM,1%,0.125W 91637 MFF1816C576ROF
ALR1754 321-0089-00 RES.,FXD,FILM:82.5 OHM,1%,0.125W 91637 MFF1816CB2R50F
ALR1756 315-0100-00 RES.,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB10OS
AlR1758 315-0100-00 RES.,FXD,CMPSN:10 OHM,5X,0.25W 01121 CB10O05
AIR1774 315-0301-00 RES.,FXD,CMPSN: 300 OHM,5%,0.25W 01121 CB3015
AIR1775 321-0181-00 RES. ,FXD,FILM: 750 OHM,1%,0.125W 91637 MFF1816G750R0F
AIR1776 321-0181-00 RES.,FKD,FILM:750 OHM,1%,0.125W 91637 MFF1816G750R0F
ALR1782 311-1403-00 RES.,VAR,NONWIR: 5K OHM,20%,0.50W 01121 10M922
AIR1794 321-0030-00 RES.,FXD,FILM:20 OHM,1%,0.125W 91637 MFF1816G20R00F
AIR1798 315-0621-00 BO10100 B0O38899 RES.,FXD,CMPSN: 620 OHM,5%,0.25W 01121 CB6215
AIR1798 315-0621-00 B038900 RES. ,FKD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
————————— (NOMIMAL VALUE,SELECTED)

AIR1815 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
AlRI816 315-0302-00 RES. ,FKD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
AIR1B17 315-0302-00 RES.,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
AlR1B18 315-0103-00 XBO10965 RES. ,FXD,CMPSN: 10K OHM,5%Z,0.25W 01121 CB1035
A1R1B25 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CBI1025
AlR1828 321-0064-00 RES.,FKD,FILM:45.3 OHM,1Z,0.125W 91637 MFF1816G45RI0F
AIRIB34 321-0201-C0 BO10100 B022259 RES.,FXD,FILM:1.21K OHM,1%,0.125W 91637 MFF1816G12100F
AIR1B34 321-0204-00 B022260 RES. ,FXD,FILM:1.3K OHM,1%,0.125W 91637 MFF1816G13000F
AlR1835 311-1564-00 RES.,VAR,NONWIR:TRMR, 500 OHM,0.5W 73138 91-86-0
AIR1B38 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&705
AIRIB39 315-0431-00 RES.,FXD,CMPSR:430 OHM,5%,0.25W 01121 CB&315
ALR1842 321-0195-C0 BO10100 BO10239 RES.,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
ALR1842 321-0192-00 B010240 RES. ,FXD,FILM:976 OHM,1%,0.125W 91637 MFF1B16GI76ROF
AIR1B43 321-0195-00 BO10100 BO10239  RES.,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
AIR1B43 321-0192-00 B010240 RES. ,FXD,FILM:976 OHM,1%,0.125W 91637 MFF1816G976ROF
AIR1849 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
AIR1854 315-0241-00 RES. ,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
A1R1858 321-0126-00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200ROF
AIR1B68 315-0183-00 RES.,FXD,CMPSN: 18K OHM,5%,0.25W 01121 CBI1835
AIR1876 315-0301-00 RES. ,FXD,CMPSK:300 OHM,5%,0.25W 01121 CB3015
AIR188] 315-0470-00 RES.,FKD,CMPSN:47 OHM,5%,0.25W 01121 CB&4705
AIR1882 311-1561-00 RES. ,VAR,NONWIR:2.5K OHM,20%,0.50W 73138 91-83-0
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ALR1885 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB101S
A1R1886 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W oll21 CB1015
AIR1889 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AlR1891 315-0151-00 RES.,FXD,CMPSN: 150 OHM,5%,0.25W 01121 CB1515
AlR1893 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
Al1R1903 315-0112-00 RES. ,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB1125
AIR1904 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
A1R1906 315-0203-00 RES, ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
AlR1914 315-0122-00 RES. ,FXD,CMPSN: 1.2K OHM,5%,0.25¢ 01121 CB1225
AlR1916 315-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB&4715
AlR1922 315-0102-00 RES.,FXD,CMPSN: IK OHM,S5%,0.25W 01121 CB1025
AlR1924 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1225
Al1R1932 315-0751-00 RES. ,FXD,CMPSN:750 OHM,5%,0.25W 01121 CB7515
AIR1934 321-0149-00 8010100 B010239  RES.,FXD,FILM:348 OHM,1%,0.125W 91637 MFF1816G348ROF
AIR1934 321-0196-00 8010240 RES. ,FXD,FILM:1.07K OHM,1%,0.125W 91637 MFF1816G10700F
AlR1944 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
AIR1946 321-0087-00 BO10100 BO10239  RES.,FXD,FILM:78.7 OHM,1%,0.125W 91637 MFF1816G78R70F
ALR1946 321-0126-00 B010240 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0F
AlR1952 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBIOIS
A1R1956 315-0390-00 RES, ,FXD,CMPSN:39 OHM,5%,0.25W 01121 CB3905
AlR1958 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
AlR1975 311-1559-00 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
AlR1981 321-0307-00 RES.,FXD,FILM:15.4K OHM,1%,0.125W 91637 MFF1816G15401F
AIR19B3 321-0307-00 RES.,FXD,FILM:15.4K OHM,1%,0.125W 91637 MFF1816G15401F
A1R1986 321-0277-00 RES.,FXD,FILM:7.5K OHM,1%,0.125W 91637 MFF1816G75000F
AlR1987 321-0277-00 RES.,FXD,FILM:7.5K OHM,1%,0.125W 91637 MFF1816G75000F
AlR1988 321-0253-00 BO10100 BO10964  RES.,FXD,FILM:4.22K OHM,1%,0.125W 91637 MFF1816G42200F
AlR1988 321-0260-00 BO10965 RES, ,FXD,FILM:4.99K OHM,1%,0.125W 91637 MFF1816G49900F
AIR1989 321-0253-00 BO10100 BO10964  RES.,FXD,FILM:4.22K OHM,1%,0.125W 91637 MFF1816G42200F
AIR1989 321-0260-00 BO10965 RES. ,FXD,FILM:4.99K OHM,1%,0.125W 91637 MFF1B16G49900F
A1RT1267 307-0181-00 RES. ,THERMAL: 100K OHM,10%,4MW/DEG C 15454 1DE104-K-220EC
AIRT1767 307-0181-00 RES. ,THERMAL: 100K OHM, 10%,4MW/DEG C 15454 1DE104-K-220EC
AlS1414 260-1486-00 SWITCH,PUSH: 1 BUTTON,PBI,4P,PUSH-PUSH 80009 260-1486-00
4151995 260~-1208-00 SWITCH, PUSH: DPDT, 28VDC, PUSH-PUSH 80009 260-1208-00
AlU1290 155-0078-10 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-007B-10
AlU1605 160-0204-00 BO10100 B0O10959  MICROCIRCUIT,DI:256 X & ROM,CUSTOM MASK BOD09 160-0204-00
ALU1605 160-0204-01 B010960 MICROCIRCUIT,DI:256 X & ROM,SCRN 80009 160-0204-01
AlUl1705 156-0392-00 MICROCIRCUIT,DI:QUAD LATCH 34335 SNT4LS175N OR J
AlU1790 155-0078-10 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
AlUIBOS 156-0480-00 MICROCIRCUIT,DI:QUAD 2-INPUT AND GATE 01295 SN74LSO8(N OR J)
AlU1905 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LSO0(N OR 1)
AIVRI096 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
A1IVR1356 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
A1VR1597 152-0166-00 SEMICOND DEVICE:ZENER,O0.4W,6.2V,5% 04713 SZ11738
AlVR1662 152~-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
ALVR1824 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 14433 1N960B
AlW1527 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
AlW1732 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
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A2 ———— m——— CKT BOARD ASSY:VERTICAL OUTPUT
A2C2016 281-0775-00 BO10100 B0O29999X  CAP.,FXD,CER DI:0.l1UF,20%,50V 72982 BOOSDSAABZSU104M
A2C2038 281-0768-00 XB030000 CAP. ,FXD,CER DI:470PF,20%,100V 72982 B035SDIAADWSRETIM
A2C2047 281-0775-00 XB030000 CAP.,FXD,CER DI:0.lUF,20%,50V 72982 BOOSDYAABZSUIO04M
A2C2112 281-0773-00 BO10100 BO29999X  CAP.,FXD,CER DI:0.01UF,10%,100V 72982 BO0SHOAADWSRIO3K
A2C2126 281-0773-00 XB0O30000 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 BOOSHIAADWSRIOIK
A202133 281-0771-00 BOLO100 BO29999X  CAP.,FXD,CER DI:0.0022UF,20%,200V 72982  314-02222Z5U0222M
A2C2172 281-0775-00 XB0O30000 CAP.,FXD,CER DI:0.1UF,20%Z,50V 72982 BOOSDYAABZSUIQ4M
A2C2174 281-0775-00 BO10100 B0O29999X  CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOO5SDIAABZSUIOLM
A2C2196 281-0783-00 XB0O30000 CAP. ,FXD,CER DI:0.1UF,20%,100V 72982  8045-D-Z5U104M
A2C2293 281-0783-00 BO10100 BO29999X  CAP.,FXD,CER DI:0.l1UF,Z20%,100V 72982 BO45-D-Z5U104M
A2C2308 281-0089-00 BO10100 BO29999X  CAP.,VAR,CER DI:2-BPF, 350V 72982 538-006-A2-8
A2C2315 281-0089-00 XBO30000 CAP. ,VAR,CER DI:2-8PF, 350V 72982 538-006-A2-8
A202334 281-0772-00 XBO30000 CAP. ,FXD,CER DI:0.0047UF,10%, 100V 72982 BOOSHOAADWSR472ZK
A2C2335 281-0775-00 XBO30000 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDYAABZSU104M
A2C2336 281-0812-00 XBO30000 CAP. ,FXD,CER DI:1000PF,10%, 100V 72982 B035D9AADXTRIOZK
A2C2337 281-0797-00 XB030000 CAP. ,FXD,CER DI:15PF,10%,100V 72982 8035D9AADCOGISOK
A2C2338 281-0797-00 BOL0100 B0O29999X  CAP.,FXD,CER DI:15PF,10%, 100V 72982 B035D9AADCOG50K
A2C2339 281-0773-00 XBO30000 CAP.,FXD,CER DI:0.01UF,10%, 100V 72982 B00SHIAADWSRIOIK
A2C2346 281-0096-00 XBO30000 CAP.,VAR,AIR DIL:5.5-18PF, 350V 72982 538-006-A5.5-18
A2C2350 281-0096-00 BO10100 BO29999X  CAP.,VAR,AIR DI:5.5-18PF, 350V 72982 $38-006-A5.5-18
A2C2412 281-0775-00 BO10100 B0O29999X  CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDYAABZSULOLM
A2C2415 281-0812-00 BOLO100 BO29999X  CAP.,FXD,CER DI:1000PF,10%, 100V 72982 8035D9AADXTRI0ZK
A2C2617 281-0775-00 XBO30000 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOO5D9AABZSU104M
A2C2421 281-0788-00 B0O10100 B0O29999X CAP. ,FXD,CER DI:470PF,10%, 100V 72982 BOOSHYAADWSRA4TIK
A2C2422 281-0812-00 XBO30000 CAP.,FXD,CER DI:1000FF,10%,100V 72982 B035D9AADXTRIOZK
A2C2424 281-0788-00 XB042675 CAP. ,FXD,CER DI:470PF,10%, 100V 72982 BOOSHYAADWSRA4TIK
A2C2428 281-0773-00 BOLlO100 B029999X  CAP.,FXD,CER DI:0.0LUF,10%,100V 72982 8005H9AADWSRI03K
A202436 281-0812-00 B010100 B0O29999X  CAP.,FXD,CER DI:1000PF,10%, 100V 72982 8035D9AADX7R102K
A2C2438 281~-0773-00 BO10100 BO29999X CAP. ,FXD,CER DI:0.01UF,10%, 100V 72982 BOOSH9AADWSRIO3K
A2C2439 281-0772-00 BO010100 B029999X CAP. ,FXD,CER DI:0.0047UF,10%, 100V 72982 BO0SHIAADWSRLTZK
A2C2481 281-0775-00 BOLlO100 BO29999X CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDYAABZSULO04M
A2C2483 281-0775-00 BOLO100 BO29999X  CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOOSD9YAABZSULO4M
A2C24B6 281-0775-00 XBO30000 CAP.,FXD,CER D1:0.1UF,20%,50V 72982 BO0OSDIAABZSULOLM
A2C24B8 281-0775-00 XB0O30000 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDYAABZSUIOLM
A2L2264 108-0328-00 XBO30000 COIL,RF:0.3UH 80009 108-0328-00
A2L2267 108-0328-00 XBO30000 COIL,RF:0.3UH 80009 108-0328-00
A2L2296 108-0538-00 XBO30000 COIL,RF:2.7UH 76493 70F276Al
A2L2393 108-0538-00 B010100 BO29999X COIL,RF:2.7UH 76493 70F276Al
A2L2419 108-0760-00 BO10100 BO29999X COIL,RF:FIXED,57NH 80009 108-0760-00
A7L2485 108-0538-00 BO10100 BO29999X  COIL,RF:2.7UH 76493 70F276A1
A2L2487 108-0538-00 BO10100 B0O29999X  COIL,RF:2.7UH 76493  70F276A1
A2L2492 108-0538-00 XB0O30000 COIL,RF:2.7UH 76493 70F276A1
A2L2494 108-0538-00 XB030000 COLL,RF:2.7UH 76493  70F276A1
AZLR2264 108-0328-00 XBO30000 COIL,RF:0.3UH 80009 108-0328-00
AZLR2265 108-0328-00 XB030000 COILL,RF:0.3UH 80009 108-0328-00
A2LR2267 108-0328-00 XB0O30000 COLL,RF:0.3UH 80009 108-0328-00
AZLR2268 108-0328-00 B010100 B029999X  COIL,RF:0.3UH 80009 108-0328-00
A2LR2366 108-0328-00 BO10100 BO29999X COIL,RF:0.3UH 80009 108-0328-00
A2Q2105 151-0190-00 XBO30000 TRANSLSTOR: SILICON, NPN 07263 S032677
A2Q2115 151-0190-00 XBO30000 TRANSISTOR: SILICON,NPN 07263 5032677
A2Q2130 151-0190-00 B010100 B029999X TRANSISTOR:SILICON,NPN 07263 S032677
A2Q2140 151-0190-00 BO10100 BO29999X TRANSISTOR:SILICON,NPN 07263 S032677
A2Q2306 151-0190-00 XB0O30000 TRANSISTOR:SILICON,NPN 07263 S032677
A2Q2308 151-0190-00 XBO30000 TRANSISTOR: SILICON, NPN 07263 5032677
AZR2005 311-1238-00 BO10100 BO29999X  RES.,VAR,NONWIR:SK OHM,10%,0.50W 73138 72X-27-0-502K
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A2R2016 321-0251-00 XB0O30000 RES.,FXD,FILM:4.02K OHM,1%,0.125W 91637 MFF1816G40200F
A2R2017 321-0250-00 XBO30000 RES. ,FXD,FILM:3.92K OHM,1%,0.125W 91637 MFF1816G39200F
A2R2025 321-0160-00 BO10100 B029999  RES.,FXD,FILM:453 OHM,1%,0.125W 91637 MFF1816G453R0F
A2R2025 311-1238-00 B0O30000 RES.,VAR,NONWIR:5K OHM,10%,0.50W 73138 72X-27-0-502K
A2ZR2029 315-0470-00 BOL0100 BO29999X RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&4705
A2R2030 311-1245-00 BO10100 BO29999X  RES.,VAR,NONWIR:10K OHM,10%,0.50W 73138 72-28-0
A2R2035 311-1237-00 BO10100 BO29999X  RES.,VAR,NONWIR:1K OHM,10%,0.50W 32997 3386X-TO7-102
A2R2045 315-0133-00 XB0O30000 RES.,FXD,CMPSN: 13K OHM,5%,0.25W 01121 CB1335
AZR2054 321-0080-00 XBO30000 RES.,FXD,FILM:66.5 OHM,1%,0.125W 91637 MFF1816G66R50F
AZR2055 321-0175-00 XBO30000 RES.,FXD,FILM:649 OHM,1%,0.125W 91637 MFF1816G649ROF
A2ZR2057 323-0127-00 XBO30000 RES. ,FXD,FILM:205 OHM,1%,0.50W 91637 MFF1226G205R0F
A2R2058 323-0155-00 XB0O30000 RES. ,FXD,FILM:402 OHM,1%,0.50W 75042 CECTO0-4020F
A2R2063 323-0127-00 BO10100 BO29999X  RES.,FXD,FILM:205 OHM,1%,0.50W 91637 MFF1226G205R0F
AZR2073 315-0473-00 RES.,FXD,CMPSN: 47K OHM,5%,0.25W 01121 CB4735
A2R2074 323-0055-00 XB0O30000 RES. ,FXD,FILM:36.5 OHM,1%,0.5W 75042 CECTO-35R50F
A2R2075 315-0473-00 XBO30000 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
A2R2103 315-0472-00 XBO30000 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
A2R2104 315-0392-00 XBO30000 RES. ,FXD,CMPSN:3.9K OHM,5%,0.25W 01121 CB3925
A2R2105 321-0188-00 BO10100 B029999X RES.,FXD,FILM:BBT OHM,1%,0.125W 91637 MFF1816GBBTROF
A2R2106 321-0227-00 BOL0100 B0O29999X  RES.,FXD,FILM:2.26K OHM,1%,0.125W 91637 MFF1B16G22600F
A2R2107 321-0198-00 BOL0O100 BO29999X  RES.,FXD,FILM:1,13K OHM,1%,0.125W 91637 MFF1816G11300F
A2R2108 321-0085-00 XBO30000 RES.,FXD,FILM:75 OHM,1%,0.125W 91637 MFF1816G75R00F
A2R2113 315-0270-00 BO1010Q0 BO29999X RES. ,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
A2R2115 323-0140-00 ROL10100 B0O29999X  RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECTO-2800F
A2R2117 311-1236-00 XB030000 RES.,VAR,NONWIR: 250 OHM,10%,0.50W 73138  72X-22-0-251K
A2R2119 321-0193-00 XBO30000 RES.,FXD,FILM:1K OHM,1%,0.125W 91637 MFF1816G10000F
A2R2123 321-0183-00 XB030000 RES.,FXD,FILM: 787 OHM,1%,0.125W 91637 MFF1816G7B7ROF
AZR2124 321-0223-00 XBO30000 RES.,FXD,FILM:2.05K OHM,1%,0.125W 91637 MFF1816G20500F
A2R2125 321-0198-00 XBO30000 RES. ,FXD,FILM:1.13K OHM,1%,0.125W 91637 MFF1816G11300F
AZR2127 315-0270-00 XBO30000 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
AZR2134 315-0561-00 BO10100 BO29999X  RES.,FXD,CMPSN:560 OHM,S5%,0.25W 01121 CB5615
A2R2135 323-0140-00 XB030000 RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECTO-2800F
A2R2136 315-0121-00 BO10100 BO29999X  RES.,FXD,CMPSN:120 OHM,5%,0.25W 01121 CBI215
AZR2137 323-0140-00 XBO30000 RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECT0-2800F
AZR2138 321-0061-00 BO10100 BOZ9999X RES.,FXD,FILM:42.2 OHM,1%,0.125W 91637 MFF1B16G42R20F
A2R2142 315-0561-00 XBO30000 RES.,FXD,CMPSN:560 OHM,5%,0.25W 01121 CBS615
A2R2143 321-0061-00 XBO30000 RES.,FXD,FILM:42.2 OHM,1%,0.125W 91637 MFF1B16G42R20F
A2R2144 315-0152-00 BOL0100 B029999X  RES.,FXD,CMPSN:1.S5K OHM,5%,0.25W 01121 CBI525
A2R21486 321-0160-00 BOL0O100 BO29999X RES.,FXD,FILM:453 OHM,1%,0.125W 91637 MFF1816G453R0F
A2R2151 315-0202-00 BO10100 BO29999X  RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
A2R2153 321-0080-00 BO10100 BOZ9999X  RES.,FXD,FILM:66.5 OHM,1%,0.125W 91637 MFF1816G66R50F
A2R2154 323-0155-00 XBO30000 RES.,FXD,FILM:4502 OHM,1%,0.50W 75042 CECTO-4020F
A2R2155 321-0175-00 BOL0100 B0O29999X  RES.,FXD,FILM:649 OHM,1%,0.125W 91637 MFF1816G649IROF
A2R2156 321-0052-00 XBO30000 RES. ,FXD,FILM: 34 OHM,1%,0.125W 91637 MFF1816G34R0O0F
A2R2164 323-0155-00 BO10100 BO29999X  RES.,FXD,FILM:402 OHM,1%,0.50W 75042 CECTO-4020F
AZR2165 321-0155-00 BO10100 BO29999X  RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1B16G402ROF
A2R2166 321-0052-00 BO10100 BO29999X  RES.,FXD,FILM:34 OHM,1%,0.125W 91637 MFF1816G34R00F
AZR2168 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
A2R2172 323-0055-00 BOL010Q BO29999X  RES.,FXD,FILM:36.5 OHM,1%,0.5W 75042 CECTO-35R50F
AZR2173 315-0473-00 BO10100 BO29999X  RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
A2RZ185 308-0758-00 XBO30000 RES.,FXD,WW:430 OHM,1%,7W 16193  SP1151S-430ROF
A2R2202 321-0068-00 BO10100 B0O29999X  RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49RIOF
A2R2206 321-0068-00 BO10100 BO29999X RES.,FXD,FILM:49.9 OHM,1%,0.125W 1637 MFF1816G49R90F
AZR2207 321-0001-00 XBO30000 RES. ,FXD,FILM:10 OHM,1%,0.125W 75042 CEATO-10ROOF
A2R2208 321-0001-00 XBO30000 RES. ,FXD,FILM:10 OHM,1%,0.125W 75042 CEATO-10ROOF
A2R2212 321-0193-00 XBO30000 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
A2R2214 321-0068-00 XBO30000 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816C49RG0F
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A2R2718 321-0068-00 XBO30000 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49RIOF
AZR2232 315-0121-00 BO1010C BO29999X RES. ,FXD,CMPSHN: 120 OHM,5%,0.25W 01121 CB1215
A2R2262 315-0270-00 BOI0100 BO29999X  RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
A2R2243 311-1236-00 XBO30000 RES. ,VAR, NONWIR: 250 OHM,10%,0.50W 73138 72X-22-0-251K
A2R2244 315-0270-00 XBO30000 RES. ,FXD,CMPSN:27 OHM,S%,0.25W 01121 CB2705
AZR2245 311-1236-00 BOIO100 BO29999X  RES.,VAR,NONWIR:250 OHM,10%,0.50W 73138 72X-22-0-251K
A2R2246 315-0270-00 XBO30000 RES. ,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
AZR2247 321-0147-00 BOIOIOO B0O29999 RES. ,FXD,FILM:332 OHM,1%,0.125W 91637 MFF1816G332R0OF
A2R2247 321-0139-00 BO30000 RES.,FXD,FILM: 274 OHM,1%,0.125W 91637 MFF1B16G274ROF
AZR2262 315-0100-00 XBO30000 RES. ,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CBI00S
AZR2267 315-0100-00 BOI0IOC BO29999X  RES.,FXD,CMPSN:10 OHM,5%,0.25W 01121 CBL0OS
AZR2268 315-0100-00 XBO30000 RES. ,FXD,CMPSN:10 OHM,5%,0.25W 01121 CBI0OS
A2R2284 308-0758-00 XBO30000 RES.,FXD,WW:430 OHM,1%,7W 14193 SP11515-430ROF
AZR2285 308-0758-00 BOI0IOO B029999X  RES.,FXD,WW:430 OHM,1%,7W 14193 SP11518-430ROF
AZR2304 321-0147-00 XBO30000 RES.,FXD,FILM:332 OHM,%,0.125W 91637 MFF1816G332RO0F
AZR2305 321-0147-00 XB0O30000 RES. ,FXD, FILM:332 OHM,1%,0.125W 91637 MFF1816G332ROF
AZR2306 315-0750-00 BO1010C BO29999X  RES.,FXD,CMPSN:75 OHM,5%,0.25W 01121 CB7505
A2R2308 315-0470-00 BOLO1OO B0OZ29999X RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&4705
AZR2311 323-0140-00 BOL0100 BO29999X  RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECTO-2800F
AZR2312 311-1236-00 BOL0100 BOZ9999X  RES.,VAR,NONWIR:250 OHM,10%,0.50W 73138  72X-22-0-251K
AZR2318 315-0621-00 BOI0O100 BO29999  RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
A2RZ318 315-0331-00 BO30000 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
AZR2323 315-0750-00 XBO30000 RES.,FXD,CMPSN:75 OHM,5%,0.25W 01121 CB7505
A2R2325 311-1236-00 XBO30000 RES.,VAR,NONWIR:250 OHM,10%Z,0.50W 73138 72X-22-0-251K
A2R2326 315-0470~00 XB030000 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
A2R2328 315-0470-00 XBO30000 RES. ,FXD,CMPSN:47 OHM,S5%,0.25W 01121 CB4705
A2R2331 321-0061-00 BOI0100 BO29999X  RES.,FXD,FILM:42.2 OHM,1%,0.125W 91637 MFFIB16G42R20F
AZR2333 315-0561-00 B0O10100 BO29999X  RES.,FXD,CMPSN:560 OHM,5%,0.25W 01121 CB5615
AZR2335 315-0561-00 XBO30000 RES. , FXD,CMPSN:560 OHM,5%,0.25W 01121 CB5615
AZR2336 315-0270-00 BO10100 BO29999X  RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
A2R2337 321-0061-00 XBO30000 RES.,FXD,FILM:42.2 OHM,1%,0.125W 91637 MFF1816G42R20F
A2R2344 315-0470-00 XBO30000 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
A2R2352 315-0470-00 BOL0100 BO29999X  RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&4705
A2R2354 315-0470-00 XBO30000 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AZR2356 321-0052-00 XB030000 RES.,FXD,FILM:34 OHM,1%,0.125W 91637 MFF1816G34R00F
A2R2357 323-0155-00 XBO30000 RES. ,FXD,FILM:402 OHM, 1%,0.50W 75042 CECT0-4020F
A2ZR2358 323-0155-00 XB030000 RES.,FXD,FILM:402 OHM,1%,0.50W 75042 CECT0-4020F
AZR2361 321-0052-00 BOL0100 BO29999K  RES.,FXD,FILM:34 OHM,1%,0.125W 91637 MFF1816G34ROOF
A2ZR2363 323-0155-00 BOL0100 BO29999X  RES.,FXD,FILM:402 OHM,1%,0.50W 75042 CECTO-4020F
A2R2367 315-0100-00 BOL0100 BO29999X  RES.,FXD,CMPSN:10 OHM,5%,0.25W 01121 CB10OO5
AZR2385 308-0758-00 BOIO100 BO29999X  RES.,FXD,WW:430 OHM,1%,7W 14193 SP1151S-430ROF
AZR2413 315-0621-00 BO10100 BO29999X  RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CTB6215
AZR2414 321-0147-00 BO10100 BO29999X  RES.,FXD,FILM:332 OHM,1%,0.125W 91637 MFF1816G332ROF
A2R24272 315-0102-00 BC10100 BD29999X RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1O25
AZR2625 321-0147-00 BO10100 BO11167  RES.,FXD,FILM:332 OHM,1%,0.125W 91637 MFF1816G332ROF
A2R24325 321-0152-00 BO11168 B029999X  RES.,FXD,FILM:37& OHM,1%,0.125W 91637 MFF1816G374ROF
A2R2426 311-1564-00 XBO30000 RES.,VAR,NONWIR:TRMR, 500 OHM,0.5W 73138 91-86-0
AZR26432 311-1560-00 XB0O30000 RES. ,VAR,NONWIR:5K OHM,20%,0.50W 73138 91-82-0
A2R24136 311-1559-00 XBO30000 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91-81-0
AZR2445 315-0470-00 BOL0100 BO29999X  RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
AZR2446 311-1559-00 XBO30000 RES. ,VAR,NONWIR: 10K OHM,207%,0.504 73138 91-81-0
A2R2447 321-0178-00 XB0O30000 RES.,FXD,FILM: 698 OHM,1%,0.125W 91637 MFF1816G698ROF
AZR2448 311-1558-00 BO10100 B029999 RES.,VAR,NONWIR: 20K OHM,20%,0.50W 73138 91-80-0
A2R2448 311-1556-00 BO30000 RES.,VAR,NONWIR:50K OHM,20%,0.50W 73138 91-78-0
AZR2451 321-0178-00 BO10100 BO29999X  RES.,FXD,FILM:698 OHM,1%,0.125W 91637 MFF1816G698ROF
AZR2455 321-0178-00 XB0O30000 RES. ,FXD,FILM:698 OHM,1%,0.125W 91637 MFF1816G698ROF
AZR2461 323-0155-00 BO10100 BO29999X  RES.,FXD,FILM:402 OHM,1%,0.50W 75042 CECTO-4020F
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A2R2463 321-0178-00 BO10100 BO29999X  RES.,FXD,FILM:698 OHM,1%,0.125W 91637 MFF1816G698ROF
A2R2465 315-0473-00 XBO30000 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
AZR2466 315-0473-00 XBO30000 RES. ,FXD,CMPSN: 47K OHM,5%,0.25W 01121 C€B4735
AZR2467 315-0473-00 BO10100 B029999K  RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
A2R2468 315-0473-00 BO10100 BO29999K  RES.,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
AZR24772 315-0202-00 XBO30000 RES. ,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
A2R2475 315-0202-00 BO10100 BO29999X  RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
A2R2476 315-0821-00 XB030000 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB821S
AZR2520 311-1564-00 BO10100 BO29999X  RES.,VAR,NONWIR:TRMR,500 OHM,0.5W 73138 91-86-0
AZR2530 311-1560-00 BO10100 BO29999X  RES.,VAR,NONWIR:5K OHM,20%,0.50W 73138 91-82-0
A2ZR2535 311-1559-00 B0O10100 B029999X RES. ,VAR,NONWIR:10K OHM,20%,0.50W 73138 91-81-0
AZR2540 311-1559-00 BO10100 BO29999X  RES.,VAR,NONWIR:10K OHM,20%,0.50W 73138 91-81-0
AZR2550 311-1558-00 BO10100 B029999X  RES.,VAR,NONWIR:20K OHM,20%,0.50W 73138 91-80-0
A2RT2304 307-0125-00 B0O10100 B029999X RES. ,THERMAL:500 OHM,10%,25 DEG C 50157 2D1%95%
AZRT2333 307-0125-00 XBO30000 RES. ,THERMAL:500 OHM,10%,25 DEG C 50157 2D1595
A202005 156-0067-00 XBO30000 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
A202210 155-0078-10 BO10100 B029999X  MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
A2U2225 155-0078-10 XBO30000 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
A202255 155-0115-00 XBO30000 MICROCIRCUIT,LI:CRT VERT DEFLECTION DRIVER 80009 155-0115-00
A2U2260 155-0115-00 BO10100 B029999X MICROCIRCUIT,LI:CRT VERT DEFLECTION DRIVER 80009 155-0115-00
A202385 156—-0067-00 XB0O30000 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 85145
A2U2480 156-0067-00 B0O10100 B0O29999X  MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 B5145
AZVR2211 152-0195-00 BO10100 B029999X SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
A2VRI212 152-0278-00 BO10100 B029999% SEMICOND DEVICE:ZENER,0.4W,3V,5% 04713  SZG35009K20
A2VR2215 152-0195-00 BO10100 B029999% SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
A2VR2232 152-0195-00 XB030000 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
A2VR2234 152-0278-00 XBO30000 SEMICOND DEVICE:ZENER,0.4W,3V,5% 04713  SZG35009K20
A2VR2238 152-0195-00 XB030000 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
A2W24772 131-0566-00 B0O10100 B029999X  BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
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A3 . CKT BOARD ASSY:ATTENUATOR
AIC30  ——mmm amee (SEE CHASSIS PARTS)
A3C31 e e (SEE CHASSIS PARTS)
A3C32 ————— m———— (SEE CHASSIS PARTS)
ok < T — (SEE CHASSIS PARTS)
A3C34 — - (SEE CHASSLS PARTS)
A3C35 —_——— e (SEE CHASSIS PARTS)
A3C36 ————— (SEE CHASSIS PARTS)
A3C37T mmmem —meem (SEE CHASSIS PARTS)
A3C3042 283-0156-00 CAP. ,FXD,CER DI:1000PF,+100-0%, 200V 72982 B111A208Z5U01022
AIR3I014L 315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CB1055
AIRI015 315-0220-00 RES. ,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
A3R3030 317-0100-00 BO10100 BO10239  RES.,FXD,CMPSN:10 OHM,5%,0.125W 01121 BB1005
A3R3030 317-0220-00 B010240 RES. ,FXD,CMPSN:22 OHM,5%,0.125W 01121 BB2205
A3R3032 315-0360-00 RES. ,FXD,CMPSHN: 36 OHM,5%,0.25W 01121 CB3605
A3R3033 317-0220-00 BO10100 BO10872 RES.,FXD,CMPSN: 22 OHM,5%,0.125W 01121 BB2205
A3R3033 317-0100-00 BO10873 RES. ,FXD,CMPSN: 10 OHM,5%,0.125W 01121 BB100S
A3IR3I036 317-0100-00 RES.,FXD,CMPSN: 10 OHM,5%,0.125W 01121 BB1005
A3R3039 321-0481-00 RES. ,FXD,FILM: 1M OHM,1%,0.125W 24546 NA4DIOOLF
AIR3042 317-0474-00 RES.,FXD,CMPSN:470K OHM,5%,0.125W 01121 BB4745
A3R3045 315-0300-00 RES.,FXD,CMPSN: 30 OHM,5%,0.25W 01121 CEB3005
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AL e e CKT BOARD ASSY:INTERFACE
A4C4003 290-0536-00 CAP. ,FXD,ELCTLT: 10UF, 20%, 25V 90201 TDCl0O6MO25FL
A4CHO05 283-0002-00 CAP. ,FXD,CER DL:0.D1UF,+B0-20%,500V 72982 B11-546E103Z
ALC4006 290-0316-00 CAP. ,FXD,ELCTLT:47UF, 20%, 35V 56289 150D476X003552
A4CHOL0 281-0622-00 CAP. ,FXD,CER DI:47PF,1%,500V 72982 308B-000COG0&470F
ALCH012 283-0203-00 CAP.,FXD,CER DI:0.47UF,20%,50V 72982 B131NO75 E4T4M
A4CLOL6 285-0509-01 CAP. ,FXD,PLSTC:0.0068UF, 20%, 5000V 56289 430P507
A4C4020 285-0509-01 CAP. ,FXD, PLSTC:0.0068UF ,20%, 5000V 56289 430P507
ALCH025 285-0509-01 CAP. ,FXD, PLSTC:0.0068UF, 20% , 5000V 56289 430P507
A4CL036 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 BOOSHIAADWSR1O03K
ALC4037 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%, 150V 72982 855-558Z5U-103Z
A4C4038 285-1040-00 CAP. ,FXD, PLSTC: 0.0012UF, 10%, 4000V 56289 430P522
ALCLO39 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-55BZ5U-103Z
ABCL043 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100v 72982 BOOSHOAADWSR1O3K
A4CL104 290-0164-00 CAP. ,FXD,ELCTLT: 1UF,+50-10%, 150V 56289 500D105F150BA7
A4C4107 283-0178-00 CAP.,FXD,CER DI:0.1UF,+B0-20%,100V 72982 8131N145651 104Z
A4C4113 283-0002-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,500V 72982 B11-546E103Z
A4CH114 283-0057-00 CAP.,FXD,CER D1:0.1UF,+B0-20%,200v 56289 274C10
ALCL116 283-0057-00 CAP.,FXD,CER DI:0.1UF,+80-20%,200V 56280 274C10
A4C4117 285-1040-00 CAP. ,FXD,PLSTC:0.0012UF, 10% , 4000V 56289 430P522
A4C4118 285-0507-01 CAP.,FXD,PPR DI:0.0047UF,20%,6000V 56289 430P472060
A4C4126 285~1040-00 CAP. ,FXD, PLSTC: 0. 001 2UF, 10%, 4000V 56289 430P522
A4CL150 283-0328-00 CAP. ,FXD,CER DL:0.03UF,+80-20%,200V 72982 8131N225Z5003032
A4C4153 283-0003-00 CAP. ,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-558Z5U-103Z
ALCL159 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 BOOSHOAADWSR1O0IK
A4ChH1b4 281-0816-00 CAP.,FXD,CER DI:82PF,5%,100V 16546 C40AB20J
AKCH1T5 281-0812-00 CAP. ,FXD,CER DI:1000PF,10%,100V 72982 8035D9AADXTRIOZK
A4C4187 285-0686-00 CAP.,FXD,PLSTC:0.06BUF,10%,100V 56289 410P68391
A4C4192 281-0767-00 CAP.,FXD,CER DI:330PF,20%, 100V 12969 CGB3I3IMEX
ALC4203 290-0535-00 CAP. ,FXD, ELCTLT: 33UF , 20%, 10V 56289 196D336X0010KAL
ALC4L204 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 B00SDIAABZSULOLM
ALCH216 283-0002-00 CAP. ,FXD,CER DI:0.01UF,+80-20%, 500V 72982 B11-546E103Z
ALCE217 281-0064-00 CAP.,VAR,PLSTC:0.25-1.5PF, 600V 72982 530-002
A4C4226 281-0788-00 CAP. ,FXD,CER DI:470PF,10%,100V 72982 B0O0SHIAADWSRATIK
A4C4L229 283-0198-00 CAP. ,FXD,CER DI:0.22UF,20%,50V 72982 B8121NO83Z5U0224M
ALCA246 281-0168-00 CAP. ,VAR,AIR DI:1.3-5.4PF,250V 74970 187-0103-035
ALCA24LT 281-0168-00 CAP. ,VAR,AIR DI:1.3-5.4PF,250V 74970 187-0103-035
ALCH262 283-0024-00 CAP. ,FXD,CER DI:0.1UF,+80-20%,50V 72982 8121NOS3Z5U0104Z
ALCL271) 281-0812-00 CAP. ,FXD,CER DI:1000PF,10%, 100V 72982 BO03ISDYAADX7RIOZK
A4CH283 283-0004-00 CAP. ,FXD,CER DI:0.02UF,+80-20%,150V 72982 855-558Z5V0203Z
ALC4285 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 B005SDYAABZSULO4M
AlCL288 283-0004-00 CAP. ,FXD,CER DI:0.02UF,+80-20%,150V 72982 855-558Z5V02032Z
A4C4291 281-0762-00 CAP. ,FXD,CER DI:27PF,20%, 100V 72982 8035DYAADCOG2TOM
A4C4292 290-0532-00 CAP. ,FXD,ELCTLT: 1 50UF, 20%, 6V 90201 TDC157MO06WLC
A4C4303 290~0305-00 CAP. ,FXD,ELCTLT: 3UF, 20%, 150V 56289 109D305X0150C2
A4CH305 281-0814-00 CAP. ,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-Al01K
ALCAI06 281-0783-00 CAP. ,FXD,CER DI:0.1UF,20%,100V 72982 B8045-D-Z5UL04M
A4C4307 281-0774-00 CAP. ,FXD,CER DI:0.022UF,20%, 100V 72982 BO45A9ABDZ5U223M
ALCL3L) 281-0773-00 CAP. ,FXD,CER DI:0.01lUF,10%,100V 72982 8005H9AADWSR103IK
ALCH326 290-0535-00 CAP. ,FXD, ELCTLT: 33UF, 20%, 10V 56289 196D336X0010KAL
A4CH327 290-0149-00 CAP. ,FXD,ELCTLT: 5UF,+75-10%, 150V 56289 30D505G150DD4
A4C4331 290-0529-00 CAP. ,FXD,ELCTLT:47UF, 20%, 20V 05397 T368C476MO20AZ
ALCH34L1 283-0328-00 CAP. ,FXD,CER DI:0.03UF,+80-20%,200V 72982 B131N22525U0303Z
A4CH351 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100v 72982 BOOSHIAADWSRIOIK
ALCL352 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+B0-20%,150V 72982 855-55825U-103Z
A4CH361 281-0816-00 CAP.,FXD,CER DI:82PF,5%,100V 16546 C4OAB20J
A4CL362 281-0775-00 CAP. ,FXD,CER DI:0.1UF, 20X, 50V 72982 BOOSDYAARZSUIOL4M
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ALC4H3TS 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BOO5SDIAABZS5UL04M
ALCA391 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOO5DYAABZ5ULOLM
A4CHI9B 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%, 100V 72982 BUOSHIAADWSRIO3K
ALCALOT 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BOOS5SD9AABZSULOLM
ALCH4L19 290-0571-00 CAP.,FXD,ELCTLT: 5000UF ,+100-0%,25V 90201 PFP2U-36043
ALCH429 290-0638-00 CAP. ,FXD,ELCTLT: 1 2000F ,+75-10%, 100V 56289 68D10529
ALCK439 290-0670-00 CAP. ,FXD,ELCTLT: 550UF ,+75-10%, 100V 56289 68D10512
ALCHL41 290-0527-00 CAP. ,FXD,ELCTLT:15UF,20%, 20V 90201 TDC156M0Z0FL
ALCALL2 283-0178-00 CAP.,FXD,CER DI:O.1UF,+80-20%,100V 72982 B131N145651 1042
A4CLL6] 290-0807-00 CAP. ,FXD,ELCTLT: 1000UF,+100-10%, 10VDC 90201 TT102NOlOELC3P
ALCALT2 281-0774-00 CAP. ,FXD,CER DI:0.022UF,20%, 100V 72982 BO45A9ABDZ5UZZ3M
A4CHLT3 281-0767-00 CAP. ,FXD,CER DI:330PF,20%,100V 12969 CGB331MEX
A4C4LTE 290-0527-00 CAP. ,FXD,ELCTLT: 15UF,20%, 20V 90201 TDC156MO20FL
ALCHLTT 281-0756-00 CAP. ,FXD,CER DI:2.2PF,0.5%,200V 72982 0314022C0K0229D
A4C4LLBT 281-0788-00 CAP.,FXD,CER DI:470PF,10%, 100V 72982 BOOSHIAADWSR4TLK
ALCLL97 281-0774-00 CAP.,FXD,CER DI:0.022UF,20%,100V 72982 8045A9ABDZ5U22 3M
AL4C4H521 290-0584-00 CAP. ,FXD,ELCTLT: 5500UF ,+100-10%, 30V 90201 PFP552GN4AIP2
A4C4531 290~-0571-00 CAP. ,FXD,ELCTLT: 5000UF ,+100-0%, 25V 90201 PFP20-36043
ALC4532 281-0580-00 CAP. ,FXD,CER DI:470PF,10%,500V 04222 70011374
A4CH533 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BO05DIAABZ5UL04M
A4CL554 281-0760-00 CAP. ,FXD,CER DI:22PF,10%, 500V 72982 0314021 COGOZ220K
A4CH563 281-0785-00 CAP.,FXD,CER DI:68PF,10%,100V 72982 BO03I5D2AADCOGEBOK
A4CH567 281-0774-00 CAP. ,FXD,CER DI:0.022UF,20%, 100V 72982 BO45A9ABDZ5U223M
A4CALH568 281-0787-00 CAP.,FXD,CER DI:15PF,5%,500V 72982 0314021C0G01503
ALCA569 281-0762-00 CAP. ,FXD,CER DI:27PF,20%, 100V 72982 B0O35D9AADCOG270M
AACH5T1 290-0512-00 CAP. ,FXD,ELCTLT:22UF,20%, 15V 56289 196D226X0015KAl
ALC4L572 290-0527-00 CAP. ,FXD,ELCTLT:15UF,20%, 20V 90201 TDCL56M0Z0FL
A4CLH575 283-0178-00 CAP. ,FXD,CER DI:0.1UF,+80-20%, 100V 72982 B13IN145651 104Z
A4CA585 281-0759-00 CAP.,FXD,CER DI1:22PF,10%,100V 72982 8035DIAADCIG220K
ALCL592 281-0814-00 CAP. ,FXD,CER Dl:lﬂOPF,lOZ,lOOV 04222 GC70-1-Al0IK
A4C4H593 2B1-0814-00 CAP.,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-A101K
A4C4594 281-0774-00 CAP.,FXD,CER DI:0.022UF,20%, 100V 72982 BO45A9ABDZ5U223M
ALC4597 281-0771-00 CAP.,FXD,CER DI:0.0022UF,20%,200V 72982 314-022225U0222M
A4C4598 281-0760-00 CAP.,FXD,CER DI:22PF,10%,500V 72982 0314021 COGO220K
A4CRL002 152-0141-02 SEMICORD DEVICE:SILICON, 30V, 150MA 01295 1N4152R
A4CRA004 152-0141-02 SEMICORD DEVICE:SILICON, 30V, 150MA 01295 1N4152R
ALCRA005 152-0141-02 SEMICORD DEVICE:SILICON,30V,150MA 01295 1N4152R
A4CR4010 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IR4152R
A4CRA4021 152-0409-00 SEMICOND DEVICE:SILICON,12,000V,5MA 80009 152-0409-00
A4CR4104 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4L152R
A4CRA105 152-0141-02 SEMICORD DEVICE:SILICON, 30V, 150MA 01295 1IN4152R
A4CR4108 152-0107-00 SEMICOND DEVICE:SILICON,400V,400MA 01295 G727
A4CRAT L] 152-0061-00 SEMICOND DEVICE:SILICON,175V, 100MA 07263 FDHZ161
ALCRA1 12 152-0061-00 SEMICOND DEVICE:SILICON, 175V, 100MA 07263, FDH2161
A4CRS115 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
AGCRL122 152-0242-00 SEMICOND DEVICE:SILICON,225V,200MA 07263 FDH5004
A4CRA123 152-0242-00 SEMICOND DEVICE:SILICON,225V,200MA 07263 FDH5004
A4CRA14Y 152-0141-02 SEMICOND DEVICE:SILICON, 30V, }150MA 01295 1N4LI5ZR
AA4CRA159 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN&152R
ALCRL216 152-0061-00 SEMICOND DEVICE:SIL1CON,175V, 100MA 07263 FDH2161
A4CRAZLE 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN4LI5ZR
A4CRLZ61A,B 152-0141-02 SEMICOND DEVICE:SI1LICON,30V,150MA 01295 1IN4152R
ALCRL266 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
ALHCRAZGT 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
AGCRLIEBS 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN&152R
A4CRLZB7 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 1 50MA 01295 1IN4L152R
A4CR4291 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
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A4CR&302 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4152R
A4CRG303 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433  LG4O16
ALCR4304 152-0061-00 SEMICOND DEVICE:SILICON,175V,100MA 07263 FDH2161
A4CRG 311 152-0061-00 SEMICOND DEVICE:SILICON,175V, 100MA 07263 FDH2161
ALCR4312 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN4152R
ALCR4318 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 LN4152R
A4CRA321 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4152R
A4CR4I22 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 LN4ISZR
A4CR4326 152-0304-00 SEMICOND DEVICE:ZENER,0.4W,20V,5% 14433 IN96BB
A4CR4328 152-0061-00 SEMICOND DEVICE:SILICON, 175V, 100MA 07263 FDHZ161
A4CR4I29 152-0333-00 SEMICOND DEVICE:SILICON,55V,200MA 07263 FDH-6012
A4CR&342 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN&41S52R
A4CR4IB1 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4I52R
A4CRL396 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4LI52R
A4CREL05 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 145433  LG4O16
A4CRL&A06 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4LI52R
A4CRS4]] 152-0556-00 SEMICOND DEVICE:BRIDGE,50V,Z.5A 04713 SDalD271K
A4CRG423 152-0107-00 SEMICOND DEVICE:SILICON,400V,400MA 01295 G727
AGCRE42S 152~0066-00 SEMICOND DEVLCE:SILICON,400V,750MA 14433 LG4O16
A4CRL426 152~0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14633 LG4016
A4CRL4L 31 152-0107-00 SEMICOND DEVICE:SILICON,400V,400MA 01295 G727
A4CRGGLS T 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 INLIS5ZR
A4CRLG4L2 152-0153~00 SEMICOND DEVICE:SILICON,15V,50MA 07263 FD7003
A4CRLL6S 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4L152R
AGCREL66 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4152R
A4CRALET 152-0141-02 SEMICOND DEVICE:SILICON,30v,150MA 01295 IN4IS2R
A4CRGAT] 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 |IN4I152R
ALCRE4T2 152-0141-02 SEMICOND DEVICE:S1LICON, 30V, 150MA 01295 IN&4152R
A4CRL515 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG40L6
ALCRL516 152-0556-00 SEMICOND DEVICE:BRIDCE,50V,2.5A 04713 SDALO271K
A4CRL528 152-0556-00 SEMICOND DEVICE:BRIDGE,50V,2.5A 04713 SDALO271K
AGCRL531 152-0488-00 SEMICOND DEVICE:SILICON, 200V, 1500MA 04713 3N55 FAMILY
ALCRES4L6 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
ALCR&551 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4l52R
A4CR4552 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
AGCRE567 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN&4L152R
A4CRES5T77 152-0141-02 SEMICOND DEVIGE:SILICON,30V,150MA 01295 IN4152R
ALCRG581 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 LIN4152R
ALCRE582 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N&4152R
A4CR4592 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4L5ZR
ALCRL597 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4152R
A&DS4124 150-0002~00 LAMP,GLOW:0.5 MA 60/125V 74276 NE-2T(T2)
A4DS4125 150-0002-00 LAMP,GLOW:0.5 MA 60/125V 74276 NE-2T(T2)
A4F4501 159-0059-00 FUSE ,WIRE LEAD:5A,FAST-BLOW 71400 GFAS
ALFL507 159-0059-00 FUSE ,WIRE LEAD:5A,FAST-BLOW 71400 GFAS
A4F4508 159-0016-00 FUSE ,CARTRIDGE : 3AG, L . 5A, 250V , FAST-BLOW 71400 AGC L 1/2
ALILL63 136-0499-12 GCONNECTOR,RCPT, :12 CONTACT 00779 4-380949-2
ALILLST 136-0499-14 CONNECTOR , RCPT, : 16 CONTACT 00779 4-380949-4
A4LL006 108-0422-00 COIL,RF:FIXED,82UH 80009 108-0422-00
A4L4292 108-0245-00 COIL,RF:3.9UH 76493 B6310-1
ALLL593 108-0328-00 COIL,RF:0.3UH 80009 108-0328-00
A4QL002 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS6868BK
A4QL008 151-0136-00 TRANSISTOR:SLLICON, NPN 02735 35495
AGQEL102 e e (SEE CHASSIS PARTS)
A4Q4103 151-0150-00 TRANSISTOR: SILICON, NPN 07263 5032677
A4Q4105 151-0302-00 TRANS ISTOR : SILICON, NPN 07263  S038487
A4Q4106 151-0302-00 TRANSISTOR : SILICON, NPN 07263 S038487
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A4QL14LE 151-0406-00 TRANSISTOR:SILICON,PNP 01295 SGC7282
A4Q4L150 151-0407-00 TRANS ISTOR: S ILICON, NPN 04713 SS2456
ALQL161 151-0302-00 TRANSISTOR: SILICON,NPN 07263 S038487
ALQL169 151-0190-00 TRANSISTOR: SILICON,NPN 07263 S032677
ALQ4182 151-0342-00 TRANSISTOR: SILICON, PNP 07263 S035928
AGLQL190 0 e e (SEE CHASSIS PARTS)
ALQL196 151-0342-00 TRANSISTOR:SILICON, PNP 07263 5035928
ALQL213 151-0406-00 TRANSISTOR:SILICON, PNP 01295 SGC7282
ALQL217 151-0407-00 TRANSISTOR:SILICON, NPN 04713 S52456
ALQL222 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS686BK
ALQL223 151-0223-00 TRANSISTOR:STLICON, NPN 04713 SPS8026
ALQL228 151-0126-00 TRANSISTOR:SILICON, NPN 04713 2N2484
ALQ4233 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2N2907A
ALQL273 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS686BK
ALQL2TY 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS686BK
ALQL284 151-0220-00 TRANSISTOR:SILICON, PNP 07263 5036228
ALQL285 151-0216-00 TRANSISTOR:SILICON, PNP 04713 SPS8803
ALQL291 151-0164-00 TRANSISTOR:SILICON, PNP 01295 SKB3I334
ALQA301 —— e (SEE CHASSIS PARTS)
ALQ4302 151-0347-00 TRANSISTOR:STLICON, NPN 04713 SPS7951
ALQ4303 151-0347-00 TRANSISTOR:SILICON, NPN 04713 SPS7951
A4QL311L 151-0302-00 TRANSISTOR:STLICON, NPN 07263 S038487
ALQLIL2 e e (SEE CHASSIS PARTS)
ALQ4341 151-0406-00 TRANSISTOR: SILICON, PNP 01295 SGC7282
ALQL342 151-0407-00 TRANSISTOR:SILICON, NPN 04713 52456
ALQ46) 151-0301-00 TRANSISTOR:SILICON, PNP 04713 2N2907A
ALQL362 151-0188-00 TRANSISTOR:SILICON, PNP 04713 SPS686BK
ALQLI98 151-0190-00 BOL0100 B029999X  TRANSISTOR:SILICON,NPN 07263 S032677
ALQUL01  mmmee e - (SEE CHASSIS PARTS)
ALQALO3 151-0302-00 TRANSISTOR:SILICON, NPN 07263 S038487
ALQULOL 151-0302-00 TRANSISTOR: SILICON,NPN 07263 S038487
ALQLL25 151-0311-01 TRANS [STOR: SILICON,NPN 80009 151-0311-01
ALQA43]1 151-0347-00 TRANSISTOR: SILICON,NPN 04713 SPS7951
ALQBLES 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
ALQLLTS 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS686BK
ALQu4LB] 151-0190-00 TRANSISTOR: SILICON, NPN 07263 S032677
ALQuL82 151-0190-00 TRANSISTOR:SILICON,NPN 07263 5032677
ALQALI] 151-0190-00 TRANSISTOR: SILICON,NPN 07263 S032677
ALQBL92 151-0190-00 TRANSISTOR: SILICON, NPN 07263 5032677
ALQULIT 151-0283-00 TRANSISTOR: SILICON, NPN 07263 $S032790
ALQLL98 151-1025-00 TRANS ISTOR: SILICON, JFE, N-CHANNEL 01295 SFB8129
ALQLSLS 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS686BK
ALQ4L554 151-0220-00 TRANSISTOR: SILICON, PNP 07263 S036228
ALQL562 151-0220-00 TRANSISTOR: SILICON,PNP 07263- S036228
A4QL563 151-0188-00 TRANSTISTOR: SILICON, PNP 04713 SPS6868BK
ALQLSEL 151-0188-00 TRANSISTOR: SILICON, PNP 04713 SPS6868K
ALQLSES 151-0283-00 TRANSISTOR: SILICON, NPN 07263 $032790
A4QL566 151-1025-00 TRANSISTOR: SILICON, JFE,N-CHANNEL 01295 SFB8129
ALQLS5T0 151-0127-00 TRANSISTOR:SILICON, NPN 07263 S006075
A4Q4581 151-0220-00 TRANSISTOR: SILICON, PNP 07263 S036228
A4QL582 151-0220-00 TRANSISTOR: SILICON, PNP 07263 S036228
ALQL588 151-0354-00 TRANSISTOR: SILICON, PNP, DUAL 32293 ITS1200A
A4QL598 151-0127-00 TRANSISTOR : SILICON, NPN 07263 S006075
A4R4001 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
A4RL002 315-0472-00 RES.,FXD,CMPSN:4&.7K OHM,5%,0.25W 01121 CB4725
A4RL003 315-0392-00 RES. ,FXD,CMPSN: 3.9K OHM,5%,0.25W 01121 CB3925
ALRL004 321-0327-00 RES.,FXD,FILM:24.9K OHM,1%,0.125W 91637 MFF1816G24901F
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ALRL005 321-0329-00 RES.,FXD,FILM:26.1K OHM,1%,0.125W 91637 MFF1816G26101F
A4RLO06 315-0l06-00 RES.,FXD,CMPSN: 10M OHM,5%,0.25W 01121 CBl1065
A4LRLO08 315-0182-00 RES.,FXD,CMPSH:1.8K DHM,5%,0.25W 01121 CBIB25
A4R4013 315-0104-00 RES.,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
A4RLOA] 315-0l01-00 RES . ,FXD,CHMPSN: 100 OHM,5%,0.25W 01121 CB1O15
ALRLOL2 315-0223-00 RES.,FXD,CMPSN:22ZK OHM,5%,0.25W 01121 €B2235
A4RLO4E 315-0183-00 RES . ,FXD,CMPSN: 18K OHM,5%,0.25W pDl121 CB1835
ALRG059 311-1538-00 RES.,VAR,NONWIR:5K OHM X 2.5M OHM,10% 01121 18M683
A4LRL0D69 311-1555-00 RES.,VAR,NONWLR: 100K OHM,20%,0.5W 73138 91-77-0
A4REDTZ 311-1560-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 73138 91-82-0
ALREDTS 315-0302-00 RES.,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
A4RLLI07 315-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
A4R4108 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CcB1035
AL4RL109 311-1557-00 RES, ,VAR,NONWLR: 25K OHM,20%,0.50W 73138 91-79-00
A4LR4110 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
A4R4IT1 315-0102-03 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A4RA112 315-0394-00 RES, ,FXD,CMPSN: 390K OHM,5%,0.25W 01121 CB3945
A4R4113 315-0102-03 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CBl1025
ALRL114 315-0911-00 RES . ,FXD,CMPSN:910 OHM,5%,0.25W 01121 CB9115
A4R4119 315-0221-03 RES.,FXD,CMPSN: 220 OHM,5%,0.25W ol121 cB2215
ALRG124 115-0226-00 RES.,FXD,CMPSN:22M OHM,5%,0.25W 01121 CB2265
ALR4123 315-0103-03 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CBl035
AGRL126 315-0103-03 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CBl035
A4R4127A,B,C,D  307-0290-04 RES.,FXD,FILM:MULTIPLE SECTION 80009 307-0290-04
Ab4R4128 315-0103-03 RES . ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A4R4132 311-0075-00 RES.,VAR,NONWIR:5M OHM,20% 12697 381-CM16993
A4RG142 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
FYATAVYA 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CBI0O25
A4RL14S 321-0189-00 RES.,FXD,FILM:909 OHM,1%,0.125W 91637 MFF1B16G909ROF
A4RL1LE 301-0393-00 RES. ,FXD,CMPSHN: 39K 0HM,5%,0.50W 01121 EB3935
A4R4158 315-0475-00 RES.,FXD,CMPSN:4.7M OHM,5%,0.25W 01121 CB4755
A4R4161 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
ALR4L163 315-0182-00 RES.,FXD,CMPSN:1,8K OHM,5%,0.25W 01121 CB1825
A4RL165 315-0330-00 RES.,FXD,CMPSN:33 OHM,5%,0.25W 01121 CB3305

—————————— (NOMINAL VALUE, SELECTED)
ALRL16T 321-0247-00 BO10100 BO11249  RES.,FXD,FILM:3.65K OHM,1%,0.125W 91637 MFF1816G36500F
A4RG167 321-0245-00 BO11250 RES.,FXD,FILM:3.48K OHM,1%,0.125W 91637 MFF1816G34800F
A4RG169 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
A4RG172 321-0287-00 RES.,FXD,FILM:9.53K OHM,1%,0.125W 91637 MFF1B16G95300F
ALR41 T3 321-0138-00 RES.,FXD,FILM:267 OHM,1%,0.125W 91637 MFF1816G267ROF
A4R41T4 321-0138-00 RES.,FXD,FILM:267 OHM,1%,0.125W 91637 MFF1816G267ROF
ALR4175 315-0621-00 RES.,FXD,CMPSN: 620 OHM,5%,0.25W 01121 CB6215
A4R4178 311-1372-00 RES. ,VAR,NONWIR: 100K OHM,20%, 1W 01121  73M1GO4OL104M
A4RG179 311-1313-00 RES. ,VAR,NONWLR: ZK OHM,20%,1W 01121  73M4GO4BLZ0OZM
A4R4184 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CBB225
A4R4185 315-0912-00 RES.,FXD,CMPSN:9.1K OHM,5%,0.25W 01121 CB§125
A4RL1B6 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
A4R419] 315-0513-00 RES.,FXD,CMPSN: 51K OHM,5%,0.25W 01121 CB5135
A4R4L193 315-0302-00 RES. ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
A4R4195 311-1373-00 RES.,VAR, NONWIR: 5K OHM,20%,1W 01121  73U4GO40LS02M
A4RL202 308-0459-00 RES. ,FXD,WW:1.1 OHM,5%,3W 91637 CuW2B-DIR1D0DJ
ALRGZ04 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,0.25W 01121  CB2425
A4R4205 321-0274-00 RES.,FXD,FILM:6.98K OHM,1%,0.125W 91637 MFF1B16G69800F
ALR4206 321-0775-03 RES. ,FXD,FILM:45K OHM,0.25%,0.125W 91637 MFFI816D45001C
A4RG207 321-0774-01 RES. ,FXD,FILM:4.5K OHM,0.25%,0.125W 91637 MFF1816D45000C
A4RLZ08B 315-0563-00 RES.,FXD,CMPSN: 56K OHM,5%,0.25W 0l121 CB5635
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ALR4216 315-0273-00 RES.,FXD,CMPSN: 27K OHM,5%,0.25W 01121 CB2735
ALRGZ1T 302-0393-00 RES. ,FXD,CMPSN: 39K OHM, 10%,0.50W 01121 EB3931
ALR4Z18 323-0322-00 RES.,FXD,FILM:22.1K OHM,1%,0.50W 75042 CECTO-2212F
ALRGZ19 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5Z,0.25W 01121 CB1025
ALRG220 315-0391-00 RES.,FXD,CMPSN: 390 OHM,5%,0.25W 01121 CB3915
ALRA221 321-0249-00 RES.,FXD,FILM:3.83K OHM,1%,0.125W 91637 MFF1816G38300F
ALRG22Y, 321-0168-00 RES.,FXD,FILM:549 OHM,1%,0.125W 91637 MFF1816G549RO0F
ALRG22S 315-0201-00 RES.,FXD,CMPSN: 200 OHM,5%,0.25W 01121 CB2015
ALRG26 315-0475-00 RES.,FXD,CMPSN: 4. 7M OHM,5%,0.25W 01121 CB&4755
ALRGZDT 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
ALR4G228 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
ALRG230 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,0.25W 01121 CB2425
ALR4231 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ALR4Z35 315-0683-00 RES.,FXD,CMPSN: 68K OHM,5%,0.25W 01121 CB6835
ALRLZLD 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBI101S
ALRGZLL 322-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.25W 75042 CEBTO-1002F
ALRA24S 315-0101-00 RES. ,FXD,CMPSN: 100 OHM, 5%,0.25W 01121 CB1015
ALRL250 322-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.25W 75042 CEBTO-1002F
ALRA253 311-1556-00 XBO11250 RES.,VAR,NONWIR:50K OHM,20%,0.50W 73138 91-78-0
ALRGZ54 322-0289-00 RES.,FXD,FILM:10K OHM,1%,0.25W 75042 CEBTO-1002F
ALRGZH0 315-0622-00 BO10100 BO11249  RES.,FXD,CMPSN:6.2K OHM,5%,0.25W 01121 CB6225
--------- (NOMINAL VALUE,SELECTED)
ALR4260 315-0223-00 B011250 RES.,FXD,CMPSN: 22K OHM,5%,0.25W 01121 CB2235
ALRGZ62 315-0562-00 BO10100 BO11249  RES.,FXD,CMPSN:5.6K OHM,5%,0.25W 01121 CB5625
_________ (NOMINAL VALUE,SELECTED)
ALRG262 315-0223-00 BO11250 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 ©B2235
ALRG263 301-0181-00 RES.,FXD,CMPSN: 180 0HM,5%,0.50W 01121 EBI8I5
ALRL265 321-0142-00 RES.,FXD,FILM: 294 OHM,1%,0.125W 91637 MFF1816C294ROF
ALR4L266 321-0126-00 RES. ,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200R0F
ALRG267 321-0126-00 RES.,FXD,FILM: 200 OHM,1%,0.125W 91637 MFF1816G200RO0F
ALRG268 321-0300-00 RES.,FXD,FILM: 13K OHM,1%,0.125W 91637 MFF1816G13001F
—————————— (NOMINAL VALUE, SELECTED)
ALRG2T0 321-0206-00 RES. ,FXD,FILM:1.37K OHM,1%,0.125W 91637 MFF1816G13700F
ALRG2T2 315-0621-00 RES.,FXD,CMPSN: 620 OHM,5%,0.25W 01121 CB6215
ALR42T3 323-0289-00 RES.,FXD,FILM: 10K OHM,1%,0.50W 75042 CECTO-1002F
ALRL2TL 311-1563-00 RES. ,VAR,NONWIR: 1¥ OHM,20%,0.50W 73138 91-85-0
ALR42TS 311-1561-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 73138 91-83-0
ALRL2TE 321-0210-00 RES.,FXD,FILM:1.5K OHM,1%,0.125W 91637 MFF1816G15000F
ALRL4277 323-0289-00 RES. ,FXD,FILM: 10K OHM,1X,0.50W 75042 CECTO-1002F
ALR42T9 321-0110-00 RES.,FXD,FILM: 137 OHM,1%,0.125W 91637 MFF1816G137ROF
ALR4280 321-0205-00 RES.,FXD,FILM:1.33K OHM,1%,0.125W 91637 MFF1816G13300F
ALRGZ81 321-0164-00 RES.,FXD,FILM:499 OHM,1%,0.125W 91637 MFF1816G499ROF
ALRL282 321-0248-00 BO10100 B022259  RES.,FXD,FILM:3.74K OHM,1%,0.125W 91637 MFF1816G37400F
ALRLIB2 321-0253-00 B022260 RES. ,FXD,FILM:4.22K OHM,1%,0.125W 91637 MFF1816G42200F
ALRGZ83 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
ALRG28L 315-0333-00 RES. ,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
A4R4285 321-0174-00 RES.,FXD,FILM: 634 OHM,1%,0.125W 91637 MFF1816G634ROF
ALRGIBE 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
ALR4L2BT 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
A4RL288 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
ALRL28B9 315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
ALRGZ9] 315-0512-00 RES.,FXD,CMPSN:5. 1K OHM,5%,0.25W 01121 CB5125
A4RG293 311-1568-00 RES.,VAR,NONWIR:50 OHM,20%,0.50W 73138 91-90-0
ALRG294 321-0107-00 RES.,FXD,FILM:127 OHM,1%,0.125W 91637 MFF1816G127ROF
ALRG295 321-0001-00 RES.,FXD,FILM:10 OHM,1%,0.125W 75042 CEATO-10ROOF
ALRGI02 315-0122-00 RES.,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1225
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A4RE305 321-0366-00 RES.,FXD,FILM:63.4K OHM,1%,0.125W 91637 MFF1816G63401F
A4R4306 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A4R4311 321-0962-03 RES.,FXD,FILM:BK OHM,0.25%,0.125W 91637 MFF1816D80000C
ALRA312 321-0967-03 RES.,FXD,FILM:55K OHM,0.25%,0.125W 91637 MFF1816D55001C
A4RA313 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBl1O15
A4REILG 321-0201-00 RES.,FXD,FILM:1.21K OHM,1%,0.125W 91637 MFF1816G12100F
AURAILS 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A4R4316 315-0183-00 RES.,FXD,CMPSN: 18K OHM,5%,0.25W 01121 CB1835
A4RA318 311-1226-00 RES.,VAR,NONWIR:2.5K OHM,20%,0.50W 32997 3386F-T04-252
A4R4319 321-0292-00 RES. ,FXD,FILM:10.7K OHM,1%,0.125W 91637 MFF1816G10701F
A4RG321 321-0307-00 RES.,FXD,FILM:15.4K OHM,1%,0.125W 91637 MFF1816G15401F
A4R4322 321-0220-00 RES.,FXD,FILM:1.91K OHM,1%,0.125W 91637 MFF1816G19100F
AGR43I23 301-0243-00 RES.,FXD,CMPSN: 24K OHM,5%,0.50M 01121 EB2435
ALRLI2G 315-0242-00 RES.,FXD,CMPSN: 2. 4K OHM,5%,0.25W 01121 CB2425
ALRSI2S 307-0093-00 RES.,FXD,CMPSN:1.2 OHM,5%,0.50W 01121 EB12G5
A4REI26 303-0223-00 RES.,FXD,CMPSN: 22K OHM,5%,1W 01121 GB2235
A4R4327 315-0153-00 RES.,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CB1535
A4R433] 315-0273-00 RES. ,FXD,CMPSN: 27K OHM,5%,0.25W 01121 CB2735
A4REI32 315-0226-00 RES. ,FXD,CMPSN: 220K OHM,5%,0.25W 01121 CB2245
A4RGIGL 322-0289-00 RES. ,FXD,FILM: 10K OHM,1%,0.25W 75042 CERTO-1002F
ALR4342 301-0393-00 RES. , FXD,CMPSN: 39K OHM,5%,0.50W 01121 EB3935
A4RGIGI 315-0470-00 RES. ,FXD,CMPSN: 47 OHM,5%,0.25W 01121 CB4705
ALRGILL 302-0273-00 RES.,FXD,CMPSN: 27K OHM, 10%,0.50W 01121 EB2731
A4RGILS 321-0268-00 RES.,FXD,FILM:6.04K OHM,1%,0.125W 91637 MFF1816G60400F
ALRG346 321-0189-00 RES. ,FXD,FILM:909 OHM,1%,0.125W 91637 MFF1816G909R0F
A4REILT 321-0036-00 RES.,FXD,FILM:22.1 OHM,1%,0.125W 91637 MFF1816G22R10F
ALRG351 315-0273-00 RES. ,FXD,CMPSN: 27K OHM, 5%,0.25W 01121 CB2735
A4RS352 321-0222-00 RES.,FXD,FILM: 2K OHM,1%,0.125W 91637 MFF1816G20000F
A4RAI60 321-0142-00 RES.,FXD,FILM: 294 OHM,1%,0.125W 91637 MFF1816GZ94R0OF
ALRLI6L 321-0247-00 BO10100 BO11249  RES.,FXD,FILM:3.65K OHM,1%,0.125W 91637 MFF1816G36500F
ALR436] 321-0245-00 BO11250 RES.,FXD,FILM:3.48K OHM,1%,0.125W 91637 MFF1816G34800F
A4REI62 315-0391-00 RES. ,FXD,CMPSN: 390 OHM,5%,0.25W 01121 CB3915
A4R4363 315-0121-00 RES. ,FXD,CMPSN: 130 OHM,5%,0.25W 01121 CB1215
—— r—— (NOMINAL VALUE,SELECTED)

ALR4IGY 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ALRGI6S 321-0222-00 RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
A4RGI66 321-0173-00 RES.,FXD,FILM:619 OHM,1%,0.125W 91637 MFF1816G619RO0F
A4RG367 321-0184-00 RES.,FXD,FILM:806 OHM,1%,0.125W 91637 MFF1816GBO6ROF
A4RLI68 323-0248-00 RES.,FXD,FILM:3.74K OHM,1%,0.50W 75042 CECTO-3741F
A4R4369 323-0248-00 RES.,FXD,FILM: 3. 74K OHM,1%,0.50W 75042 CECTO-3741F
A4RL3TL 321-0184-00 RES.,FXD,FILM: 806 OHM,1%,0.125W 91637 MFF1816GB06ROF
A4R4372 321-0173-00 RES.,FXD,FTLM:619 OHM,1%,0.125W 91637 MFF1816G619ROF
A4RAITI 311-1567-00 RES.,VAR, NONWIR: TRMR, 100 OHM,0.50W 73138 91-89-0
AGRGITY 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
ALR4375 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315
A4RLITE 323-0191-00 RES.,FXD,FILM:953 OHM,1%,0.50W 75042 CECT0-9530F
A4R43B1 311-1567-00 RES. , VAR, NONWIR: TRMR, 100 OHM,0.50W 73138 91-89-0
A4RLIB2 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
A4R4383 321-0147-00 RES. ,FXD,FTLM: 332 OHM,1%,0.125W 91637 MFF1816G332R0F
A4RGIBY 321-0116-00 RES.,FXD,FILM: 158 OHM,1%,0.125W 91637 MFF1816G158RO0F
A4RAI92 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A4RA393 315-0472-00 BO10100 BO29999X  RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB&T25
ALRG394 315-0122-00 RES.,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1225
A4RA395 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
A4RL3I96 315-0122-00 RES.,FXD,CMPSN: 1.2K OHM,5%,0.25W 01121 CB1225
A4RLI9T 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A4RG403 308-0459-00 RES.,FXD,WW:1.1 OHM,5%,3W 91637 CW2B-DIR100J
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ALRLLOL 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ALRLALOS 315-0153-00 RES. ,FXD,CMPSN: 15K OHM,5%,0.25W 01121 CBI1535
ALRLLOB 321-0296-00 RES.,FXD,FILM:11.8K OHM,17%,0.125W 91637 MFF1B16G11801F
AGRALOT 321-0603-00 RES.,FXD,FILM: 15K OHM,0.25%,0.125W 91637 MFF1816D15001C
AGRAS1L 321-0966-03 RES. ,FXD,FILM:40K OHM,0.25%,0.125W 91637 MFF1816D40001C
AGRLL]2 303-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,1W 01121 GB4725
AGRA421 323-0269-00 RES. ,FXD,FILM:6.19K OHM,1%,0.50W 75042 CECT0-6191F
ALRAL22 308-0644-00 RES. ,FXD,WW:25 OHM,1%,5W 91637 RS5111-25R00F
ALRLL32 315-0200-02 RES. ,FXD,CMPSN: 20 OHM,5%,0.25W 01121 CB2005
ALRGAL3T 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
ALRLA 3G 303-0203-00 RES. ,FXD,CMPSN: 20K OHM,5Z,1W 01121 GB2035
AGRLLGL 315-0302-00 RES. ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
ALRLL5 ) 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
AGRALE1 321-0229-00 RES. ,FXD,FILM:2.37K OHM,1%,0.125W 91637 MFF1816G23700F
AGRALE2 321-0251-01 RES.,FXD,FILM:4.02K OHM,0.5%,0.125W 91637 MFF1816G40200D
ALRELE6 321-0418-00 RES.,FXD,FILM:221K OHM,1%,0.125W 91637 MFF1816G22102F
AGRLLET 315-0822-00 RES. ,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CB8225
AGRLLE9 315-0101-00 RES. ,FXD,CHPSN: 100 OHM,5%,0.25W 01121 CB1015
AGRALT] 321-04663-00 RES. ,FXD,FILM: 649K OHM,1%,0.125W 91637 MFF1816G64902F
AGLRLLT? 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.25W 01121 CBB225
A4RALTS 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
AGRLLTG 321-0228-00 RES. ,FXD,FILM:2.32K OHM,1%,0.125W 91637 MFF1816G23200F
ALRLLTS 321-0251-01 RES.,FXD,FILM:4.02K OHM,0.5%,0.125W 91637 MFF1816C40200D
AGLRLALTE 315-0184-00 RES. ,FXD,CMPSN: 180K OHM,5%,0.25W 01121 CB1845
AGLRALTT 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
ALRLLTY 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB&705
ALRLLB? 315-0512-02 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A4RL4 B 315-0512-02 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
AGLRLLBY 315-0512-02 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A4LRALBS 315-0222-00 RES.,FXD,CMPSN: 2.2K OHM,5%,0.25W 01121 CB2225
AGLRLLBE 315-0512-00 RES. ,FXD,CMPSN: 5. 1K OHM,5%,0.25W 01121 CB5125
ALRLLBT 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
ALR44L BB 315-0512-00 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
AGRG4D] 315-0122-00 RES. ,FXD,CMPSN: 1.2K OHM,5%,0.25W 01121 CB1225
A4RAL92 315-0821-00 RES. ,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CBB215
A4RLG493 315-0122-00 RES. ,FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CBl1225
ALRALL9G 315-0821-00 RES. ,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CBB215
AGRALIS 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A4R9996 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
AGRLLOT 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
ALRLLI8 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705
ALR4526 308-0363-00 RES. ,FXD,WW:3K OHM,5%,8W 91637 RS8-B30000J
ALRL527 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
ALRS531 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AGR4S4S 301-0632-00 RES. ,FXD,CMPSN: 4. 3K OHM,5%,0.50W 01121 EB&325
ALRLSL6 321-0228-00 RES. ,FXD,FILM:2.32K OHM,1%,0.125W 91637 MFF1816G23200F
ALRLS4T 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AGRL548 321-0193-00 RES. ,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
ALRL55] 308-0421-00 RES. ,FXD,WW: 3K OHM,5%,3W 91637 CW-2B B30000J
AGRLS552 315-0360-00 RES. ,FXD,CMPSK: 36 OHM,5%,0.25W 01121 CB3605
AGRA553 321-0250-00 RES. ,FXD,FILM:3.92K OHM,1%,0,125W 91637 MFF1816G39200F
AGRLS554 321-0195-00 RES. ,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
AGRA561 315-0360-00 RES. ,FXD,CMPSN: 36 OHM,5%,0.25W 01121 CB3605
A4RL562 321-0193-00 RES. ,FXD,FILM:1K OHM,1%,0.125W 91637 MFF1816G10000F
ALRL563 321-0165-00 RES. ,FXD,FILM:511 OHM,1%,0.125W 91637 MFF1816G511R0F
ALRAS64 315-0330-00 RES. ,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
ALRLS65 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBl015
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ALRGS566 321-0193-00 RES.,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
ALRGS68 315-0330-00 RES.,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
ALR4570 311-1567-00 RES. ,VAR, NONWIR:TRMR, 100 OHM,0.50W 73138 91-89-0
ALRGS571 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
ALRG5T2 321-0256-00 RES. ,FXD,FILM:4.53K OHM,1%,0.125W 91637 MFF1816G45300F
ALR4ST3 321-0154-00 RES.,FXD,FILM:392 OHM,1%,0.125W 91637 MFF1B16G392ROF
ALRLSTL 321-0231-00 RES. ,FXD,FILM:Z 49K OHM,1%,0.125W 91637 MFF1B16G24900F
ALRLS5TS 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
ALRLST6 303-0432-00 RES. ,FXD,CMPSN:4.3K OHM,5%, 1W 01121 GB4325
ALRL57T 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AGR4STR 321-0228-00 RES. ,FXD,FILM:2.32K OHM,1%,0.125W 91637 MFF1816G23200F
ALRGS5TY 321-0193-00 RES, ,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
ALRL5B1 308-0421-00 RES. ,FXD,WW:3K OHM,5%,3W 91637 CW-2B B30000J
ALRG583 315-0360-00 RES.,FXD,CMPSN: 36 OHM,5%,0.25W 01121 CB3605
ALR4584 321-0250~00 RES.,FXD,FILM:3.92K OHM,1%,0.125W 91637 MFF1816G39200F
A4R4L5BS 321-0195-00 RES.,FXD,FILM:1.05K OHM,1%,0.125W 91637 MFF1816G10500F
ALRLS5BE 321-0193-00 RES. ,FXD,FILM: 1K OHM,1%,0.125W 91637 MFF1816G10000F
A4RL587 321-0165-00 RES.,FXD,FILM:511 OHM,1%,0.125W 91637 MFF1B16G511ROF
A4RG592 315-0360-00 RES. ,FXD,CMPSN:36 OHM,5%,0.25W 01121 CB3605
A4RL593 315-0273-00 RES. ,FXD,CMPSN: 27K OHM,5%,0.25W 01121 CB2735
A4RL595 321-0256-00 RES.,FXD,FILM:4.53K OHM,1%,0.125W 91637 MFF1B16G45300F
ALRL596 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
A4R4597 321-0193-00 RES. ,FXD,FILM: 1K OHM,1%Z,0.125W 91637 MFF1816G10000F
A4RL598 315-0181-00 RES.,FXD,CMPSN: 180 OHM,5%,0.25W 01121 CB1815
AGRG599 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
A4RT4L373 307-0122-00 RES. ,THERMAL: 50 OHM,10%Z 50157 3D1515
A4SL075 260-1310-01 SWITCH, PUSH: 4PDT MOMENTARY , NON-SHORTING 80009 260-1310-01
A454371 260-1208-00 SWITCH, PUSH: DPDT, 28VDC, PUSH-PUSH 80009 260-1208-00
ALTLO1S 120-0800-01 XFMR, PWR, SDN&SU: MOLDED 80009 120-0800-01
A4ULO32 152-0552-00 SEMICOND DEVICE:V MULTR,5KV IN,15KV OUT 52306 CMX234
A4LUL206 156-0158-00 MICROCIRCUIT,LL:DUAL OPERATIONAL AMPLIFIER 18324 MCL458V
ALUL269 156-0197-00 B0O10100 B039319  MICROCIRCUIT,LI:5 TRANSISTOR ARRAY 80009 156-0197-00
ALUL269 156-0048-03 B039320 MICROCIRCUIT,LI:5 TRANSISTOR ARRAY 80009 156-0048-03
ALUL39) 156-0383-00 MICROCIRCUIT,DI: QUAD 2-INPUT NOR GATE 80009 156-0383-00
A4ULL1] 156-0158-00 MICROCIRCUIT,LI: DUAL OPERATIONAL AMPLIFIER 18324 MC1458V
ALULLY 1 156-0388-00 MICROCIRCUIT,DI: DUAL D-TYPE FLIP-FLOP 80009 156-0388-00
AGVR&007 152-0289-00 SEMICOND DEVICE:ZENER,0.4W,180V,5% 04713 SZ12484KRL
A4VR4108 152-0286-00 SEMICOND DEVICE:ZENER,0.4W,75V,5% 80009 152-0286-00
ALVRL194 152-0127-00 SEMICOND DEVICE:ZENER,0.4W,7.5V,5% 04713 SZG35009K2
AGVRL4215 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
AGVRA304 152-0283-00 SEMICOND DEVICE:ZENER,0.4W,43V,5% 12954 DZ750903B1N976B
AGVR4326 152-0304-00 SEMICOND DEVICE:ZENER,Q.4W,20V,5% 14433 1N968B
ALVR4 341 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
ALVRAI94 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 14433 1N960B
ALVRGALOB 152-0281-00 SEMICOND DEVICE:ZENER,0.4W,22V,5% 80009 152-0281-00
A4VRLE2] 152-0411-00 SEMICOND DEVICE:ZENER,OQ.25W,9V,5% 04713 SZ12483K
ALVRLL22 152-0268-00 SEMICOND DEVICE:ZENER,0.4W,56V,5% 80009 152-0268-00
ALVRALALYS 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 14433 1N960B
ALVRLLYE 152-0306-00 SEMICOND DEVICE:ZENER,0.4W,9.1V,5% 164337 1N960B
AGVRALYT 152-0278-00 SEMICOND DEVICE:ZENER,0.4W,3V,5% 04713 SZG35009K20
ALWLO32Z 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
A&ML183 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
AbMG259 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L~2007-1
ALMLILE 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
AGWLLLD 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
ALWLLEB 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
ALWL4LB1 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
ALWLLB3 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
FVAUATAY 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
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A5 T —— CKT BOARD ASSY:VERTICAL MODE SW
A5C5018 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 BOO5SHSAADWSR103K
A5C5135 290-0246-00 CAP. ,FXD,ELCTLT:3.3UF,10%,15V 56289 162D335X9015CD2
A5C5145 290-0246-00 CAP. ,FXD,ELCTLT:3.3UF,10%,15V 56289 162D335X9015CD2
A5C5214 290-0804-00 CAP. ,FXD,ELCTLT : LOUF, +50-10%, 25V 55680 25ULALOV-T
A5C5235 290-0246-00 CAP. ,FXD,ELCTLT: 3. 3UF,10%,15V 56289 162D335K9015CD2
ASC5245 290-0246-00 CAP.,FXD,ELCTLT: 3.3UF,10%,15V 56289 162D335X9015CD2
ASCR5115 152-0141-02 SEMICOND DEVICE:SILICON,30V, 150MA 01295 1N4152R
ASCR5116 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
ASCR5118 152-0141-02 SEMLCOND DEVICE:SILICON,30V,150MA 01295 IN4152R
ASCR5211 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
ASCR5214 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152ZR
A5Q5017 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2N2907a
A5Q5056 151-0302-00 TRANSISTOR: S ILICON,NPN 07263 5038487
A5Q5057 151-0281-00 TRANSISTOR:SILICON,NPN 03508 X16P4039
A5Q5241 151-0301-00 TRANSISTOR:SILICON,PNP 04713 2N2907A
A5Q5257 151-0281-00 TRANS [STOR ; S ILICON, NEN 03508 X16P4039
A5Q5258 151-0302-00 TRANSISTOR:SILICON, NPN 07263 S038487
ASR5005 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ASR5006 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ASR5007 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ASR5015 315-0103-00 RES. ,FXD,CMPSN: 10K OHM, 5%,0.25W 01121 CB1035
ASR5018 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,D.25W 01121 CB3315
ASR5041 315-0161-00 RES.,FXD,CMPSN: 160 OHM,5%,0.25W 01121 CBI1615
ASR5042 315-0332-00 RES. ,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325
ASR5051 315-0241-00 RES.,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
A5R5052 315-0162-00 RES. ,FXD,CMPSN:1.6K OHIH,SZ,O.ZSU 01121 CB1625
ASR5053 315-0821-00 RES. ,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CB8215
A5R5055 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.254 01121 CB4735
ASR5111 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ASR5114 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB&T25
AS5R5117 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3315
A5R5135 315-0621-00 RES. ,FXD,CMPSN: 620 OHM,5%,0.25W 01121 CB6215
A5R5145 315-0621-00 RES. ,FXD, CMPSN: 620 OHM,5%,0.25W 01121 CB6215
A5R5211 315-0302-00 RES. ,FXD,CMPSN:3K OHM,5%,0.25W 01121 CB3025
AS5R5212 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
A5R5213 315-0362-00 RES. ,FXD,CMPSN: 3.6K OHM,5%,0.25W 01121 €B3625
ASRS214 315-0751-00 RES.,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515
A5R5235 315-0621-00 RES. ,FXD,CMPSN: 620 OHM,5%,0.25W 01121 CB6215
A5R5216 315-0103-00 RES. ,FXD,CMPSN: LOK OHM,5%,0.25W 01121 CB1035
A5R5237 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
A5R5238 315-0821-00 RES.,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CBB215
ASR5245 315-0621-00 RES.,FXD,CMPSN:620 OHM,5%,0.25W 01121 CB6215
A5R5251 315-0241-00 RES.,FXD,CMPSN:240 OHM,5%,0.25W 01121 CB2415
A5R5252 315-0162-00 RES. ,FXD,CMPSN: 1.6K OHM,5%,0.25W 01121 CB1625
A5R5253 315-0161-00 RES.,FXD,CMPSN: 160 OHM,5%,0.25W 01121 CBl61S5
ASR5254 315-0332-00 RES. ,FXD,CMPSN:3.3K OHM,5%,0.25W 01121 CB3325
ASR5255 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
A585210 260-1944-00 SWITCH,PUSH:5 BTN,2 POLE,VERTICAL MODE 80009 260-1944-00
AS5U5235 156-0652-00 MICROCIRCUIT,DI:QUAD 2-INPUT EXCL NOR GATE 01295 SN74LS266N
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A6 === - CKT BOARD ASSY:TIMING
A6CE001 281-0763-00 CAP. ,FXD,CER DI1:47PF,10%,100V 72982 B8035DIAADCIGLTOK
A6C6002 281-0096-00 CAP. ,VAR,AIR DI:5.5-18PF, 350V 72982  538-UUb-AS5.5-18
ABCE015 281-0089-00 CAP. ,VAR,CER DI:2-8PF, 350V 72982 535-006-A2-
A6CB016 283-0331-00 CAP. ,FXD,CER DI:43PF,2%, 100V 72982 BU5-505A% 306G
ABC6020  mmmmm e (MATCHED SET WITH A6C6105)
A6C6033 281-0773-00 CAP.,FXD,CER Di:0.01UF,10%,100V 72982  BUOSHYAADWSR1UK
ABCED4] 281-0089-00 CAP. ,VAR,CER DI:2-8PF, 350V 72982 538-UU6-A2-&
ABCH043 283-0331-00 CAP.,FXD,CER DI:43PF,2%,100V 72982 BU5-5U5A4 UG
A6C6105 295-0175-00 CAP. ,SET,MTCHD:0. LUF,9.95UF ,985UF ,0.2% 80UD9  295-0175-00
A6C6110 ————— === (MATCHED SET WITH A6CH105)
A6CE112 283-0645-00 CAP. ,FXD,MICA D:790PF,1%,100V V0B53 DISIETYLFU
A6C6121 290-0245-00 CAP. ,FXD,ELCTLT: 1. 50F, 10%, 10V 56289 150D155K9010A2
A6CE122 281-0707-00 BO10100 BO11099  CAP.,FXD,CER DI:15000PF,20%, 100V 72982 BUO3WSR 153K
A6CE122 283-0239-00 BOL11100 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 b1ZINOB3XTRU2Z 3K
ABCH135
aecamol 295-0157-00 CAP.,SET,MTCHD:0. 1UF, 1UF,998PF 80009  295-0157-00
A6C6225
A6CR6113 152-0141-02 SEMICOND DEVICE:S1LICON, 30V, | 50MA 01295 1N4152R
ABCR6218 152-0141-02 SEMICOND DEVICE:SILICON,30V, | 50MA 01295 IK&4152R
ABCR6219 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4I52K
ABQE032 151-0190-00 TRANSISTOR:SILICON, NPN 07263 S032677
ABQB034 151-0302-00 TRANSISTOR: SILICON, NPN 07263 S038487
A6Q6036 151-0302-00 TRANSISTOR:SILICON, NPN 07203 S03IB4BT
ABQ6215 151-0188-00 TRANSISTOR:SILLCON, PNP 04713 SPS6BLEK
AGR6001 315-0101-00 RES. ,FXD,CMPSN: 10U OHM,5%,0.25W 01121 CBlO15
ABRE002 323-0498-04 RES. ,FXD,FILM:1.5M OHM,0.1%,0.50W 91637 HFF129D15003B
ABR6004 323-0481-04 RES. ,FXD,FILM:1M OHM,0.1%,0.50W 91637 MFF1226D100038
ABRB006 321-0648-04 RES.,FXD,FILM: 500K OHM,0.1%,0.125W 91637 CMF110216D50028
A6R6008 321-0618-04 RES.,FXD,FILM:250K OHM,0.1%,0.125W 07716 OBD
A6R6010 321-0414-04 RES. ,FXD,FILM: 200K OHM,0.1%,0.125W 91637 MFF1816D200U2B
A6RE011 311-1915-00 RES.,VAR,NONWIR: 20K OHM,10%,0.50W 73138 72-196-0
ABRBO12 321-0265-00 RES. ,FXD,FILM:5.62K OHM,1%,0.125W 91637 MFFLB16G56200F
AGR6013 321-0385-04 RES.,FXD,FILM: 100K OHM,0.1%,0.125W 91637 MFF1816D10002B
ABRE014 321-0756-04 RES. ,FXD,FILM:50K OHM,0.1%,0.125W 91637 MFF1B16D500018
ABRBO17 321-0986-07 RES. ,FXD,FILM: 25K OHM,0.1%,0.125W 91637 MFFIB16C2500ULB
A6R6018 321-0380-00 RES.,FXD,FILM:88.7K OHM,1%,0.125W 91637 MFFIB16GHEBTOLF
AB6R6019 321-0252-00 RES. ,FXD,FILM:4.12K OHM,1%,0.125W 91637 MFF1516G41200F
ABR6020 321-0790-00 RES.,FXD,FILM:990K OHM,1%,0.125W 14298 AMES55D9903F
A6R6021 321-0983-00 RES.,FXD,FILM:4.5M OHM,1%,0.125W 91637 CM110216G45003F
ABRE022 321-0296-00 RES. ,FXD,FILM:11.8K OHM,1%,0.125W 91637 MFFI8L6GLIBOLF
A6R6026 323-0498-04 RES. ,FXD,FILM:1.5M OHM,0.1%,0.50MW 91637 HFF129D150038
A6RE6027 323-0481-04 RES.,FXD,FILM:IM OHM,0.1%,0.50W 91637 MFF1226D100038
ABR6032 321-0648-04 RES. ,FXD, FILM:500K OHM,0.1%,0.125W 91637 CMF110216D5002B
A6R6033 321-0618-04 RES.,FXD,FILM:250K OHM,0.1%,0.125W 07716 OBD
ABR604 321-0414-04 RES. ,FXD,FILM: 200K OHM,0.1%,0.125W 91637 MFFI1816D20002B
ABRE6035 371-0385-04 RES. ,FXD,FILM: 100K OHM,0.,1%,0.125W 91637 MFF1816D10002B
A6R6036 321-0756-04 RES. ,FXD,FILM:50K OHM,0.1%,0.125W 91637 MFF1816D50001B
A6R6037 321-0986-07 RES.,FXD,FILM: 25K OHM,0.1%,0.125W 91637 MFF1816C25001B
A6R6038 121-0383-00 RES.,FXD,FILM:95. 3K OHM,1%,0.125W 91637 MFFIB16G95301F
ABRB04L 315-0473-00 RES. ,FXD,CMPSN: 47K OHM,5%,0.25W 01121 CB4735
ABRBN4S 121-0262-00 RES.,FXD,FILM:5.23K OHM,1%,0.125W 91637 MFFIBl6G52300F
ABRBNLE 121-0496-00 RES.,FXD,FILM:1.434 OHM,1%,0.125W 91637 HFFI813G14303F
ABRBN4T 121-0431-00 RES. ,FXD,FILM: 301K UHM,1%,0.125W 91637 MFF1Bl6G30102F
AGRB052 31-1245-00 RES. ,VAR,NONWIR: 10K OIIM,IOZ,O.S("}H 73138 72-28-0
ABR6057 311-1245-00 RES.,VAR,NONWIR:10K OHM,10%,0.50W 73138 72-28-0
ABRANS4 321-0458-00 RES. ,FXD,FILM:576K OHM,1%,0.125W 91637 MFFIB16G57602F
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AG6R6056 315-04672-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB&4725
ABRAD60 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,S5%,0.25W 01121 CB1315
ABR6114 321-0338-00 RES.,FXD,FILM: 32.4K OHM,1%,0.125W 91637 MFF1B16G32401F
ABRB115 321-0429-00 RES. ,FXD,FILM:287K OHM,1%,0.125W 91637 MFF1B16G2R702ZF
ABR6123 321-0481-00 RES.,FXD,FILM: M OHM,1%,0.125W 24546  NALDIOOLF
A6R6152 311-1238-00 RES. VAR, NONWIR:5K OHM,10%,0.504 73138 72K-27-0-502K
ABR6155 000 —mm—m mmeee ({SEE CHASSIS PARTS)
ABRGZ12 315-0561-00 RES.,FXD,CMPSN:560 OHM,5%,0.25W 01121 CB5615
ABRAZ213 315-0302-00 RES.,FXD,CMPSN: 3K OHM,5%,0.25W 01121 CB3025
ARRG217 315-0682-00 RES.,FXD,CMPSN:6.BK OHM,5%,0.25W 01121 CBAR2S
ABSHI11 0 e e {SEE CHASSIS PARTS)
ABS6155 m——— e (SEE CHASSIS PARTS)
ABS6205 260-1422-00 SWITCH,PUSH: 3 STA, INTERLOCK BOO09 260-1422-00
ABSE6260 260-1945-00 SWITCH,PUSH:3 BTN,2 POLE,1 BTN BLANK ROO0D9  260-1945-00
ABVRE057 152-0395-00 SEMICOND DEVICE:ZENER,0.4W,4.3V,5% 14552 TD332317
ABVRAENSB 152-0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZ11738
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A7 ———— CKT BOARD ASSY:TRIGGER GEN & SWEEP LOGIC
A7C7006 281-0603-00 CAP.,FXD,CER DI:39PF,5%,500V 72982 308-000C0G0390J
A7C7008 281-0579-00 CAP. ,FXD,CER DI:21PF,5%,500V 72982 301-050C0G0210J
A7C7018 281-0815-00 CAP. ,FXD,CER DI1:0.027UF,20%,50V 72982 BO0SDIAABWSRZT7IM
ATCT7019 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 72982 B035D9AADCIG220K
ATCT025 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 B800SHIAADWSRIOIK
A7C7027 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 BOOSHYAADWSR1O3K
A7C7028 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%, 100V 72982 B005H9AADWSRIO03K
A7C7052 290-0183-00 CAP.,FXD,ELCTLT: 1UF, 10%, 35V 90201 TAELOS5KO35P1A
A7C7108 281-0813-00 CAP.,FXD CER DI:0.047UF,20%,100V 04222 GCT05-E-473M
A7C7116 281-0814-00 CAP. ,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-Al01K
A7C7127 290-0808-00 CAP. ,FXD,ELCTLT:2.7UF, 10%, 20V 56289 162D275X9020CD2
A7C7128 281-0759-00 CAP. ,FXD,CER DI:22PF,10%Z, 100V 72982 B8035D9AADC1G220K
A7CT134 281-0773-00 CAP.,FXD,CER DI1:0.01UF,10%,100V 72982 8005H9AADWSR103K
A7C7158 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005SDIAABZS5ULO4LM
ATCT165 281-0814-00 CAP. ,FXD,CER DI:100PF,10%,100V 04222 GC70-1-A101K
A7CT7174 281-0786-00 CAP. ,FXD,CER DI:150PF,10%Z, 100V 72982 BO035DZAADXS5P151K
A7C7182 281-0547-00 CAP. ,FXD,CER DI:2.7PF,10%,500V 72982 301-000C0JOZ79C
A7C7187 281-0547-00 CAP. ,FXD,CER DI:2.7PF,10%, 500V 72982 301-000C0J0279C
A7C7188 281-0775-00 CAP.,FXD,CER DIL:0.1UF,20%,50V 72982 8005DYAABZSUIOLM
A7C7192 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 BO05H9AADWSRIO3K
A7C7196 290-0527-00 CAP.,FXD,ELCTLT: 1 5UF, 20% , 20V 90201 TDC156MOZ0FL
A7C7197 290-0527-00 CAP. ,FXD,ELCTLT: 15UF, 20%, 20V 90201 TDC156MOZOFL
A7C7227 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 72982 B005HOAADWSR103K
A7C7229 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%, 100V 72982 BOO5SHIAADWSRIO3K
ATC7244 290-0808-00 CAP.,FXD,ELCTLT:2.7UF, 10%, 20V 56289 162D275X9020CD2
A7CT7247 290-0808-00 CAP. ,FXD,ELCTLT:2.7UF, 10%, 20V 56289 162D275X9020CD2
A7C7263 290-0808-00 CAP. ,FXD,ELCTLT:2. 7UF, 10%, 20V 56289 162D275X9020CD2
ATC7265 290-0808-00 CAP.,FXD,ELCTLT: 2. 7UF, 10%, 20V 56289 162D275X9020CD2
A7CT273 290-0183-00 CAP. ,FXD,ELCTLT: 1UF,10%, 35V 90201 TAE105K035P1A
A7CT7286 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDYAABZSUL0&M
A7C7288 290-0527-00 CAP.,FXD,ELCTLT: 15UF,20%,20V 90201 TDC156MOZ0FL
A7CT297 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 BO0SDIAABZSUL04M
A7C7303 290-0808-00 CAP. ,FXD,ELCTLT:Z.7UF, 10%, 20V 56289 162D275X9020CD2
A7TC7313 281-0815-00 CAP.,FXD,CER DI:0.027UF,20%,50V 72982 B005D9AABWSR273M
A7C7317 281-0814-00 CAP.,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-Al101K
A7C7321 281-0773-00 caP.,FXD,CER DI:0.01UF,10%,100V 72982  BOOSHIAADWSR103K
A7C7329 281-0759-00 CAP. ,FXD,CER DI:2ZPF,10%, 100V 72982 B035D9AADCLG220K
A7C7371 281-0797-00 CAP.,FXD,CER DI1:15PF,10%, 100V 72982 B8035D9AADCOG150K
A7CT376 2B1-0786-00 CAP. ,FXD,CER DI:150PF,10%,100V 72982 B035D2AADK5P1S1K
ATC7377 290-0808-00 CAP. ,FXD,ELCTLT:2.7UF, 10%,20V 56289 162D275X9020CD2
A7CT404 281-0579-00 CAP.,FXD,CER DI:21PF,5%,500V 72982 301-050C0G0210J
ATCT406 281-0814-00 CAP. ,FXD,CER DI:100PF,10%, 100V 046222 GC70-1-Al01K
A7C7425 281-0158-00 CAP.,VAR,CER D1:7-45PF,50V 73899 DVJ-5006
ATCT435 283-0116-00 CAP. ,FXD,CER DI:820PF,5%,500V 72982 BO1-547BB21J
ATCTAL2 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 8005D9YAABZSUIOLM
ATCT443 281-G773-00 CAP. ,FXD,CER DI:0.01UF,10%, 100V 72982 B8005HIAADWSRIO3K
ATCT44T 281-0773-00 CAP.,FXD,CER DI1:0.01UF,10%, 100V 72982 BO0O5HIAADWSRI03K
AICT449 281-0814-00 CAP. ,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-Al01K
ATCT453 281-0797-00 XBO11240 CAP.,FXD,CER DI:15PF,10%,100V 72982 B035DYAADCOCL50K
ATCT4L58 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 B005D9AABZSU104M
A7C7461 281-0814-00 CAP. ,FXD,CER DI:100PF,10%, 100V 04222 GC70-1-Al01K
ATCT471 290-0301-00 CAP. ,FXD,ELCTLT: 10UF, 10%, 20V 56289 150D106X9020B2
A7C7505 281-0207-00 CAP. ,VAR,PLSTC:2-18PF, 100V B0031 2B07C00218BMHO2ZFO
A7C7506 281-0217-00 CAP.,VAR,CER D1:0.5-3.5PF,400V 52763 RT202-0BSB.6/3.5
A7C7507 290-0808-00 CAP.,FXD,ELCTLT: 2. 7UF, 10%,20V 56289 162D275X9020CD2
A7C7508 281-0811-00 CAP.,FXD,CER DI:10PF,10%, 100V 72982 B035D2AADCIGI00K
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ATCT517 281-0759-00 CAP.,FXD,CER DL:22PF,10%,100V 72982 8035DYAADCIGZ20K
ATC7519 281-0812-00 CAP. ,FXD,CER DI:1000PF,10%,100V 72982 8035D9AADXTRI0ZK
ATC7529 281-0122-00 CAP. ,VAR,CER DI:2.5-9PF,100V 72982 51B-000A2.5-9
ATC7536 281-0775-00 CAP.,FXD,CER D1:0.1UF,20%,50V 72982 BOOSDYAABZSUIO4M
ATCT565 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSU104M
ATCR7046 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN&152R
ATCRI072 152-0141-02 SEMICOND DEVLCE:SILICON,30V,150MA 01295 IN&415ZR
ATCR7073 152-0141-02 SEMICOND DEVICE:SIL1CON,30V,150MA 01295 1N4152R
ATCR7078 152-0141-02 SEMLCOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
ATCR7084 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N&152R
ATCR7085 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN&152R
ATCR7097 152-0141-02 SEMICOND DEVICE:SILLCON, 30V, 150MA 01795 IN&I52R
ATCR7098 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4152ZR
A7CR7099 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
ATCR7120 152-0246-00 SEMICOND DEVICE:SW,SI,40V,200MA 03508 DEL40
ATCR7 146 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4152R
ATCRT147 152-0125-01 SEMICOND DEVICE:TUNNEL,&.7MA,18PF 03508 STD704
ATCR7148 152-0125-01 SEMLCOND DEVICE:TUNNEL,&.7MA,18PF 03508 STD704
ATCR7149 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
ATCR7154 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4I52R
ATCR7184 152-0141-02 SEMICOND DEVICE:S1LICON, 30V, 150MA 01295 IN&152R
ATCR7272 152-0141-02 SEM1COND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
ATCRT277 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
ATCR7281 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4152R
ATCR7322 152-0246-00 SEMICOND DEVICE:SW,SI,40V,200MA 03508 DEL40
ATCR7T349 152-0125-01 SEMICOND DEVLCE:TUNNEL,4.7MA, 18PF 03508 STD704
ATCR7350 152-0125-01 SEMICOND DEVICE:TUNNEL,&.7MA, 18PF 03508 STD704
ATCRT362 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
ATCRT381 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
ATCR73I82 152-0141-02 SEMICOND DEVLICE:SILICON, 30V, 150MA 01295 1N&152R
ATCR7383 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N&152R
ATCR7385 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
ATCR7386 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 IN4152R
ATCR7 387 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN&152R
ATCRT4L9 152-0141-02 SEMICOND DEVICE:SILLCON, 30V, 150MA 01295 1N4152R
ATCR7463 152-0141-02 SEMICOND DEVICE:SILICON,30V, 150MA 01295 1N&G152R
ATCR7464 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N&152R
ATCR7521 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N&152R
ATCR7536 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N&152R
ATJ4L541 136-0499- 14 CONNECTOR, RCPT, : 14 CONTACT 00779  4-380949-4
ATJ4S571 136-0499-10 CONNECTOR, RCPT, : 10 CONTACT 00779  &-380949-0
ATL7043 108-0370-00 COIL,RF:0. 14UH 80009 108-0370-00
ATL7137 108-0370-00 COLL,RF:0. 14UH 80009 10B-0370-0U
ATL7278 108-0538-00 COIL,RF:2.7UH 76493 TOF276Al
ATL7341 108-0370-00 COIL,RF:0. 14UH BO009 108-0370-00
ATL7441 108-0370-00 COIL,RF:0. 14UH BOULY  108-0370-00
ATL7525 108-0655-00 COLL,RF:FIXED, 75KH 80009 108-0655-00
A7Q7053 151-0220-03 TRANS ISTOR: SILLCON, PNP, SEL BOOOY 151-0220-03
A7Q7055 151-0220-03 TRANS[STOR:SILICON, PNP, SEL 80009 151-0220-03
ATQ7067 151-0232-00 TRANS1STOR:SILICON,NPN, DUAL 80009 151-0232-0U
ATQT074 151-0220-03 TRANS[STOR: S1L1CON, PNP,SEL BOOUY  151-0220-U3
A7Q7075 151-0220-03 TRANS1STOR: S ILICON, PNP, SEL 80009 151-0220-03
ATQ1076 151-0190-00 TRANSISTOR:S [ LICUN, NPN 07263 5032677
ATQ7083 151-0220-03 TRANS ISTOR: S1LLCON, PNP, SEL BUO0Y 151-0220-03
A7Q7092 151-0220-03 TRANS 1STOR: SILICON, PNP, SEL 80009  151-0220-03
A7Q7093 151-0190-00 TRANS1STOR: SILICON, NPN 07263 032677
A7Q7095 151-0190-00 TRANS 1STOR: SIL1CON, NPN U7263 5032677
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ATQ7124A,B 151-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 27014 SFS0D31
ATQ7142 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
A7Q7143 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
ATQ7155 151-0220-03 TRANSISTOR:SILICON,PNP, SEL 80009 151-0220-03
ATQT174 151-0190-00 TRANSISTOR:SILICON,NPN 07263 S032677
A7TQ7181 151-0190-00 TRANSISTOR:SILICON, NPN 07263 S032677
A7Q7182 151-0190-00 TRANSISTOR:SILICON,NPN 07263 S032677
ATQ7195 151-0190-00 TRANSISTOR:SILICON, NPN 07263 S032677
ATQ7254 151-0220-03 TRANSISTOR:SILICON,PNP,SEL 80009 151-0220-07
A7Q7256 151-0220-03 TRANSISTOR:SILICON,PNP,SEL 80009 151-0220-03
A7Q7324A,B 151-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 27014 SFS0011
ATQ7344 151-0221-00 TRANSISTOR:SILICON, PNP 04713 SPS5246
ATQ7345 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
ATQ7422 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
ATQ7424 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
ATQ7460 151-0220-03 TRANSISTOR:SILICON,PNP,SEL 80009 151-0220-03
ATQ7465 151-0190-00 TRANSISTOR:SILICON, NPN 07263 S032677
ATR7009 315-0334-00 RES. ,FXD,CMPSN: 330K 0OHM,5%,0.25W 01121 CB3345
ATR7014 315-0104~00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CBL04S
ATR7020 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 <CB1015
ATR7024 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBl101S
ATR7025 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 0l121 CBLO1S
ATR7026 311-1558-00 RES. ,VAR,NONWIR: 20K 0OHM,20%,0.50W 73138 91-80-0
ATR7027 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBlO1S
ATR7028 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
ATR7029 321-0209-00 RES. ,FXD,FILM:1.47K OHM, 1%,0,125W 91637 MFF1BL6G14TOOF
ATR7032 115-0202-00 RES. ,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
ATR7033 315-0560-00 RES. ,FXD,CMPSN: 56 OHM,5%,0.25W 01121 CB5605
ATR7034 315-0222-00 RES. ,FXD,CMPSN: 2. 2K OHM,5%,0.25W 01121 CB2225
ATR7035 315-0682-00 RES. ,FXD,CMPSN: 6. 8K OHM,5%,0.25W 01121 CB682S
ATR7036 315-0182-00 RES. ,FXD,CMPSN: 1.8K OHM,5%,0.25W 01121 CBIB2Z5
ATR7037 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 0l121 CB1825
ATR7038 315-n103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 cCB1035
ATR7042 311-1558-00 RES. ,VAR,NONWIR: 20K OHM,20%,0.50W 73138 91-80-0
ATR7043 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,57%,0.25W 01121 CB1015
ATR7044 315-0274-00 RES. ,FXD,CMPSN: 270K OHM,5%Z,0.25W 01121 CB2745
ATR7045 311-1558-00 RES. ,VAR,NONWIR: 20K OHM,20%,0.50W 73138 91-80-n
ATR7046 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB10&5
ATR7047 315-0330-00 RES. ,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
ATR7048 115-0562-00 RES. ,FXD,CMPSN:5.6K 0OHM,5%,0.25W 01121 CB5625
ATRT049 315-0390-00 RES. ,FXD,CMPSN: 39 OHM,5%,0.25W 01121 C€B3I905
ATR7052 321-0200-00 RES, ,FXD,FILM:1,18K OHM,1%,0,125W 91637 MFF1816G11800F
ATRT056 315-0151-00 RES. ,FXD,CMPSN: 150 OHM,5%,0.25W 01121 CBI515
ATR7057 315-0332-00 RES. ,FXD,CMPSN: 3. 3K OHM,5%,0.25W 01121 CB3325
ATR7062 115-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB10O15
ATR7063 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CRB681S
ATR7064 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
ATR7065 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB681S
ATR7066 315-0101-00 RES.,FXD,CMPSN: 100 0OHM,5%,0.25W 01121 CBIOIS
ATR7068 915-0562-00 RES. ,FXD,CMPSN:5.6K OHM,SZ,0.25W 01121 CB5625
ATR7069 I01-0622-00 RES. ,FXD,CMPSN:6.2K OHM,57,0.50W 01121 EB6225
ATR7070 315-N102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ATR7077 01-0471-00 RES. ,FXD,CMPSN:470 0OHM,5%,0.50W 01121 EB471S
ATR7078 IN1-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.50W 01121 EB471S
ATR7079 321-0155-0nn RES. ,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402ROF
ATR7084 115-0911-00 RES. ,FXD,CMPSN: 910 OHM,S%,0.25W 01121 CB9l1S
ATR70B5 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
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ATR7086 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB221S
ATR7087 321-0155-00 RES. ,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1B16G402ROF
ATR7088 321-0215-00 RES.,FXD,FILM: 1.69K OHM,1%,0.125W 91637 MFF1816G16900F
ATR7097 315-0472-00 RES.,FXD,CMPSN:4. 7K OHM,5%,0.25W 01121 CB&4725
ATR7098 315-0911-00 RES. ,FXD,CMPSN:910 OHM,5%,0.25W 01121 CB9l1S
ATR7106 315-0754-00 RES.,FKD,CMPSN: 750K OHM,5%,0.25¢ 01121 CB7545
ATR7108 315-0101-00 RES, ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBL0O15
ATR7111 315-0563-00 RES. ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CB5635
ATR7119 121-0481-00 RES. ,FXD,FILM: 1M OHM,1%,0.125W 24546 NALDIDO4F
ATRTI21 315-0150-00 RES. ,FXD,CMPSN: 15 OHM,5%,0.25W 01121 CBL505
ATR7125 315-0150-00 RES.,FXD,CMPSN: 15 OHM,5%,0.25W 01121 CB1505
ATR7126 321-0209-00 RES. ,FXD,FILM:1.47K OHM,L%,D.125W 91637 MFF1B16G14700F
ATR7128 315-0390-00 RES.,FXD,CMPSN: 39 OHM,5%,0.25W 01121 CB3905
ATR7132 315-0362-00 RES. ,FXD,CMPSN:3.6K OHM,5%,0.25W 01121 CB3625
ATR71133 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ATR7134 315-0331-00 RES.,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3315
ATR7135 315-0153-00 RES.,FXD,CMPSN: 15K OHM,5%,0.25W 0t121 CB1535
ATR7142 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBLO15
ATR7143 315-0274-00 RES. ,FXD,CMPSN: 270K OHM,5%,0.25W 01121 CB2745
ATR7145 315-0330-00 RES. ,FXD,CMPSN: 13 OHM,5%,0.25W 01121 CB3305
ATRT14T 321-0097-00 RES. ,FXD,FILM: 100 OHM,1%,0.125W 91637 MFF1816G100R0OF
ATR7149 321-0258-00 RES. ,FXD,FILM:4.75K OHM,1%,0.125W 91637 MFF1816G47500F
ATR7150 323-0310-00 RES. ,FXD,FILM:16.5K OHM,1%,0.50W 75042 CECTO-1652F
ATR7152 315-0331-00 RES. ,FXD,CMPSN: 330 OHM,5%,0.25W ol121 CB3315
ATR7154 315-0681-00 RES.,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB6815
ATRT155 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB&8LS
ATR7157 321-0186-00 RES. ,FXD,FILM:845 OHM,1%,0.125W 91637 MFF1816G845R0F
ATR7159 315-0270-00 RES.,FXD,CMPSN: 27 OHM,5%,0.25W 0l121 C€B2705
ATR7162 315-0132-00 RES.,FXD,CMPSN:1.3K OHM,5%,0.25W 01121 CBL325
ATR7164 301-0562-00 RES.,FXD,CMPSN:5.6K OHM,5%,0.50W 01121 EB5625
ATRTLES 315-0561-00 RES. ,FXD,CMPSN: 560 OHM,5%,0.25W 01121 CBS615
ATRT166 321-0206-00 RES.,FXD,FILM:1.37K OHM,1%,0.125¢ 91637 MFF1816C13700F
ATR7167 321-0243-00 RES. ,FXD,FILM:3.32K OHM,1%,0.125W 91637 MFF1816G33200F
ATR7171 315-0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
ATR7173 115-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ATR7175 321-0155-00 RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFFI1816G402ROF
ATRIL76 321-0209-00 RES.,FXD,FILM: 1.47K OHM,1%,0.125W 91637 MFF1816G14700F
ATR7177 321-0171-00 RES.,FXD,FILM:590 OHM,1%,0.125W 91637 MFF1816G590R0F
ATR7178 321-0192-00 RES.,FXD,FILM:976 OHM,1%,0.125W 91637 MFFIR16G976ROF
ATR7179 321-0227-00 RES. ,FXD,FILM:2.26K OHM,1%,0.125W 91637 MFF1816G22600F
ATR7184 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
ATR7186 321-0192-00 RES. ,FXD,FILM:976 OHM,1%,0.125W 91637 MFF1816G976ROF
ATRT187 321-0171-00 RES. ,FXD,FILM: 590 OHM,1%,0.125W 91637 MFF1816G590R0OF
ATR7188 315-0220-00 RES.,FXD,CMPSN:22 OHM,5%,0.25W 01121 CB2205
ATR7192 321-0231-00 RES.,FXD,FILM:2.49K OHM,1%,0.125W 91637 MFF1816G24900F
ATR7194 321-0264-00 RES. ,FXD,FILM:5.49K OHM,1%,0.125W 91637 MFF1816G54900F
ATR7196 315-0182-00 RES.,FXD,CMPSN: 1.BK OHM,5%,0.25W 01121 CBI1B2S
ATR7197 321-0155-00 RES.,FXD,FILM:402 OHM,1%,0.125W 91637 MFF1816G402ROF
ATR7208 321-0068-00 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49RA0F
ATR7213 321-0068-00 RES.,FXD,FILM:49.9 OHM,1%,0.125W 91637 MFF1816G49R90F
ATRT2Z18 321-0068-00 RES.,FXD,FILM:49.9 OHM,17%,0.125W 91637 MFFI816G49RO0F
ATRI224 311-1558-00 RES.,VAR,NONWIR:20K OHM,20%,0.50W 73138 91-80-0
ATR7226 315-0202-00 RES.,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
ATR7228 115-0681-00 RES. ,FXD,CMPSN:6R0 OHM,5%,0.25W 01121 CBARILS
ATR7229 315-0101-00 RES.,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBLOIS
ATR7232 321-0209-00 RES.,FXD,FILM: 1.47K OHM,1%,0.125W 91637 MFFL816G14700F
ATR7233 315-0560-00 RES. ,FXD,CMPSN: 56 OHM,5%,0.25W 01121 CBS605
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ATR7234 315-0182-00 RES.,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CBi825
ATR7235 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 0oL121 CB2225
ATR7236 315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CBH825
ATR7237 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
ATR7238 315-0103-00 RES.,FXD,CMPSN: LOK OHM,5%,0.25W 01121 CBIO3S
ATR7242 311-1558-00 RES.,VAR,NONWIR:20K OHM,20%,0.50W 73138 91-80-0
ATR7243 315-0274-00 RES. ,FXD,CMPSN: 270K OHM,5%,0.25W 01121 CB2745
ATRT 246 311-1558=-00 RES.,VAR,NONWIR: 20K OHM,20%,0.50W 73138 91-80-0
ATR7248 315-0562-00 RES. ,FXD,CMPSN:5.6K OHM,5%,0.25W 01121 CB5625
ATR7253 321-0196-00 RES.,FXD,FILM:1.07K OHM,1%,0.125W 91637 MFF1BL6G10700F
ATR7 264 315-0331-00 RES.,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3I315
ATR7267 315-0472-00 RES.,FXD,CMPSN: 4. 7K OHM,5%,0.25W 01121 CB4725
ATR7269 315-0331-00 RES.,FXD,CMPSN: 330 OHM,5%,0.25W 0121 CB3315
ATR7272 315-0334-00 RES. ,FXD,CMPSN: 330K OHM,5%,0.25W 01121 CB3345
ATR7275 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ATR7276 315-0241-00 RES.,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
ATRT277 315-0472-00 RES.,FXD,CMPSN: 4. 7K OHM,5%,0.25W 01121 CB4T25
ATR7281 315-0112-00 RES.,FXD,CMPSN: 1. 1K OHM,5%,0.25W 01121 CB1125
ATR7283 315-0112-00 RES.,FXD,CMPSN: 1.1K OHM,5%,0.25W 01121 CBI1125
ATR7284 315-0162-00 RES. ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
ATR7287 315-0220-00 RES.,FXD,CMPSN: 22 OHM,5%,0,25W 01121 CB2205
ATR7297 315-0220-00 RES.,FXD,CMPSN:22 (OHM,5%,0.25W 01121 CB2205
ATR7305 315-0510-00 RES. ,FXD,CMPSN: 51 OHM,5%,0.25W 01121 CB5105
ATR7306 315-0820-00 HES.,FXD,CMPSN:82 OHM,5%,0.25W 01121 CB8205
ATR7308 315-0241-00 RES. ,FXD,CMPSN: 240 OHM,5%,0.25W 01121 CB2415
ATR7316 315-0563-00 RES, ,FXD,CMPSN: 56K OHM,5%,0.25W 01121 CB5635
ATR7319 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W oLl21 CB1O1S
ATR7325 315-0150-00 RES.,FXD,CMPSN:15 OHM,5%,0.25W 01121 CB1505
ATR7326 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1O1S
ATR7327 315-0150-00 RES.,FXD,CMPSN: 15 OHM,5%,0.25W 0il21 CBI1505
ATR7328 315-0270-00 RES.,FXD,CMPSN: 27 OHM,5%,0.25W 01121 CB2705
ATR7329 315-0390-00 RES. ,FXD,CMPSN: 39 OHM,S5%,0.25W 01121 C€B3I905
ATR7342 315-0102-00 RES. ,FXD,CMPSN; 1K OHM,5%,0.25W 01121 CB1025
ATRT 343 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1015
ATR7 346 315-0330-00 RES. ,F¥D,CMPSN: 33 OHM,5%,0.25W 01121 CB3305
ATR734T 315-0330-00 RES.,FXD,CMPSN: 33 OHM,5%,0.25W 01121 CB3I305
ATR7348 315-0390-00 RES. ,FXD,CMPSN: 39 OHM,5%,0.25W 01121 CB3905
ATR7349 321-0097-00 RES. ,FXD,FILM: 100 OHM,1%,0.125W 91637 MFF1816G100ROF
ATR7355 315=0471-00 RES. ,FXD,CMPSN: 470 OHM,S5%,0.25W 01121 CB47i5
ATR7356 321-0258-00 RES.,FXD,FILM:4.75K OHM,1%,0.125W 91637 MFF1816G47S00F
ATRT357 315-0332-00 RES. ,FXD,CMPSN: 1. 3K OHM,5%,0.25W 01121 CB3325
ATR7358 315-0151-00 RES. ,FXD,CMPSN: 150 OHM,5%,0.25W 01121 CB1515
ATRT361 315-0132-00 RES. ,FXD,CMPSN: L. 3K OHM,5%,0.25W 0i121 CB1325
ATRTI65 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
ATRTLOZ 321-0790-00 RES. ,FXD,FILM:990K OHM,1%,0.125W 14298 AMESSD9903F
ATRTLO0L 321-0450-00 RES. ,FXD, FILM:475K OHM,1%,0.125W 91637 MFF1816G47502F
ATRTL06 321-0381-00 RES. ,FXD,FILM:90.9K OHM,1%,0.125W 91637 MFF1816G90901F
ATRTLOT 315-0270-00 RES.,FXD,CMPSN:27 OHM,S%,0.25W 01121 CB2705
ATR7408 315-0392-00 RES. ,FXD,CMPSN: 3.9K OHM,5%,0.25W 01121 CB3925
ATRT41T 321-0481-00 RES. ,FXD,FILM:IM OHM,1%,0.125W 24546 NAGDLOOL4F
ATRT4L21 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CB1O1S
ATR7423 311-1260-00 RES. ,VAR, NONWIR:250 OHM,10%,0.50W 32997 3329P-L58-251
ATR74732 315-0270-00 RES.,FXD,CMPSN: 27 OHM,5%,0.25W 01121 CB270S
ATRT44L 315-0200-00 RES. ,FXD,CMPSN:20 NHM,5%,0.25W 01121 CB2005
ATR7415 315-0162-00 RES. ,FXD,CMPSN: 1.6K OHM,5%,0.25W 01121 CB1625
ATR7436 121-0209-00 RES. ,FXD,FILM:1.47K OHM,1%,0.125W 91637 MFF1816G14700F
ATRTLAT 315-0362-00 RES. ,FXD,CMPSN: 3.6K OHM,5%Z,0.25W 01121 CBRI625

7-32 REV E, MAY 1980


https://www.manualsplus.com/

Replaceable Electrical Parts—4658 Service

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
ATRT439 311-1567-00 RES.,VAR,NONWIR:TRMR,100 OHM,0.50W 73138 91-89-0
A7R7441 315-0101-00 RES . ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBIOLS
ATRTA44 315-0331-00 RES. , FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB33LS
ATR7LH4LS 315-0274-00 RES. ,FXD,CMPSN:270K OHM,5%,0.25W 01121 CB2745
ATR7453 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
ATR7455 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
ATRT456 321-0200-00 RES.,FXD,FILM:1.18K OHM,1%,0.125W 91637 MFF1816G11800F
ATRTLS5T 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,0.25W 01121 CB2705
ATR7458 321-0243-00 RES.,FXD,FILM:3.32K OHM,1%,0.125W 91637 MFF1816G33200F
ATR7461 321-0201-00 RES.,FXD,FILM:1.21K OHM,1%,0.125 91637 MFF1816G12100F
ATRI465 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,0.250 01121 CB8225
ATR7471 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBLO1S
ATR7503 315-0100-00 RES. ,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CB1005
ATR7506 325-0245-00 RES.,FXD,FILM:3.32M OHM,1%,0.125 01121 CC3324FZ
ATRTS516 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25u 01121 CB1045
ATRT519 321-0175-00 RES. ,FXD, FILM: 649 OHM,1%,0.125W 91637 MFF1816G649ROF
ATR7521 321-0198-00 RES.,FXD,FILM:1.13K OHM,1%,0.125W 91637 MFF1816G11300F
ATR7522 315-0430-00 RES. ,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB&305
ATR7525 315-0124-00 RES. ,FXD,CMPSN: 120K OHM,5%,0.25W 01121 CB1245
ATR7526 311-0622-00 RES. ,VAR,NONWIR: 100 OHM,10%,0.50W 32997 3326H-G4B-101
ATR7533 321-0198-00 RES.,FXD,FILM:1.13K OHM,1%,0.125W 91637 MFF1816G11300F
ATRT534 315-0430-00 RES.,FXD,CMPSN:43 OHM,5%,0.25W 01121 CB4305
ATRT545 323-0310-00 RES. ,FXD,FILM:16.5K OHM,1%,0.50W 75042 CECTO-1652F
ATR7565 315-0274-00 RES. ,FXD,CMPSN: 270K OHM,5%,0.25W 01121 CB2745
ATRT7147 307-0124-00 RES. ,THERMAL: 5K OHM, 10% 50157 1Dl618
ATRT7349 307-0124-00 RES. , THERMAL:5K OHM, 10% 50157 1D1618
ATST7015 263-0065-00 SW SL ACTR ASSY:B COUPLING,4 OF 5 POSITION B0005 263-0065-00
A7S7112 263-0066-00 SW SL ACTR ASSY:B SOURCE,5 OF6 POSLTION BOOD9 263-D066-00
A7S7312 263-0068-00 SW SL ACTR ASSY:A SOURCE,6 OF6 POSITION BOD09 263-0068-00
A787415 263-0067-00 SW SL ACTR ASSY:A COUPLING,4 OF 6 POSITION B0009 263-0067-00
ATU7131 155-0032-00 MICROCIRCUIT,LI:ML, PRE-AMPLIFIER 80009 155-0032-00
A7U7331 155-0032-00 MICROCIRCUIT,LI:ML, PRE-AMPLIFIER 80009 155-0032-00
ATUT375 155-0049-00 MICROCIRCULT,DL: SWEEP CONTROL 80009 155-0049-00
ATVRT047 152-0175-00 SEMICOND DEVICE:ZENER,O0.4W,5.6V,5% 04713 SZG35008
ATVRT145 152-0175-00 SEMICOND DEVICE:ZENER,0.4W,5.6V,5% 04713  $ZG35008
ATVRI256 152-0227-00 SEMICOND DEVICE:ZENER,O0.4W,6.2V,5% 04713 SZ13903
ATVRI275 152-0278-00 SEMICOND DEVICE:ZENER,Q.4W,3V,5% 04713  S2G3I5009K20
ATVR7346 152-0175-00 SEMICOND DEVICE:ZENER,0.4W,5.6V,5% 04713 SZG35008
ATVRT446 152-0175-00 SEMICOND DEVICE:ZENER,0.4W,5.6V,57% 04713 SZG135008
ATVR7520 152-0195-00 SEMICOND DEVICE:ZENER,0.4W,5.1V,5% 04713 SZ11755
ATW7291 131-0566-00 BUS CONDUCTOR: DUMMY RES,2.375,22 AWG 55210 L-2007-1
ATW7292 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
ATW7293 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
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AB ———— e CKT BOARD ASSY:FAN MOTOR
ABBBO4LS 147-0035-00 MOTOR,DC : BRUSHLESS, 10-15VDC, 145MA 25088 1AD3001-0A
ABCB064 290-0536-00 CAP.,FXD,ELCTLT: 10UF,20%,25V 90201 TDCIUGMO25FL
ABCRBO4Z 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4IS2R
ABCRBO4Y 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 IN4152R
ABCRBO46 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1IN4I52R
ABCRBO4B 152-0141-02 SEMICOND DEVICE:SILLICON, 30V, 150MA 01295 1R4I52R
ABCRBO66 152-0141-02 SEMICOND DEVICE:SILICON, 30V, I 50MA 01295 1N&4152R
ABQBO67 151-0301-00 TRANSISTOR:SILICON,PNP 04713  2N2907A
ABR8013 321-0228-00 RES.,FXD,FILM:2.32K OHM,1%,0.125W 91637 MFF1816G23200F
ABRBD35 321-0201-00 RES.,FXD,FILM:1.21K OHM,1%,0.125W 91637 MFF1816G12100F
ABRBO36 315-0363-00 RES. ,FXD,CMPSN: 36K OHM,5%,0.25W 01121 CB363%
ABRBOS4 323-0140-00 RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECTO-280UF
ABRBO56 323-0140-00 RES.,FXD,FILM:280 OHM,1%,0.50W 75042 CECTO-2B00F
ABRB058 303-0150-00 RES.,FXD,CMPSN:15 ORM,5%, IW 01121 GB1505
ABRBO65 321-0062~00 RES.,FXD,FILM:43.2 OHM,1%,0.125W 91637 MFFIB16G43IRZUF
ABRT8038 307-0124-00 RES. ,THERMAL:5K OHM,10% 50157 1DI6I8
ABUBO61 156-0281-00 MICROCIRCUIT,L1:4 TRANSISTOR ARRAY 02735 CA3725
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Replaceable Electrical Parts—465B Service

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A9 m———— m———— CKT BOARD ASSY:PROBE CODING
A9SDS904LO 150-1063-00 LT EMITTING DIO:YELLOW,585 NM,40 MA 72619 550-0305-804
A9DS9060 150-1063-00 LT EMITTING DIO:YELLOW,585 NM,40 MA 72619 550-0305-804
AlLD ————— ——m—— CKT BOARD ASSY:CRT SCALE ILLUMINATION
ALODS1408B6 150-0129-00 LAMP, INCAND: 6.3V, 200MA 08806 2112D
ALODSL14087 150-0129-00 LAMP, INCAND: 6.3V, 200MA 08806 2112D

CHASSIS PARTS

€30 307-1014-01 ATTENUATOR, FXD: 100X 80009 307-1014-01
€3l 307-1014-01 ATTENUATOR, FXD: 100X 80009 307-1014-01
C3z 307-1013-01 ATTENUATOR, FXD: LOX 80009 307-1013-01
€33 307-1013-01 ATTENUATOR, FXD: 10K 80009 307-1013-01
C34 307-1011-00 ATTENUATOR, FKD: 4X 80009 307-1011-00
c35 307-1011-00 ATTENUATOR , FXD: 4X 80009 307-1011-0D
C36 307-1010-01 ATTENUATOR, FXD: 2X 80009 307-1010-01
c37 307-1010-01 ATTENUATOR, FXD: 2X 80009 307-1010-01
Cl3010 281-0064-00 CAP.,VAR,PLSTC:0.25-1.5PF,600V 72982 530-002
Ccl3012 285-0816-01 CAP. ,FXD,PLSTC:0.019UF, 10%, 600V 80009 285-0816-01
C15101(2) 283-0000-0D CAP.,FXD,CER DI:0.00LUF,+100-0%, 500V 72982 831-516E102P
C15103(2) 283-0000-00 CAP.,FXD,CER DI:0.001UF,+100-0%,500V 72982 831-516E102P
CRI14498 152-0333-00 SEMECOND DEVICE:SILICON,55V,200MA 07263 FDH-6012
DLL11405 119-0387-00 DELAY LINE,ELEC:120NS, 100 OHM 80009 119-0387-00
DS15034 150-1001-02 LT EMETTING DIO:RED,660NM,S0MA MAX 80009 15p-1001-02
DS15036 150~1001-02 LT EMITTING DIO:RED,660NM,50MA MAX 80009 150-1001-02
DS15038 150~-1001-02 LT EMITTING DIO:RED,660NM,50MA MAX 80009 150-1D01-02
DS16001 150-1001-02 LT EMITTING DIO:RED,B660NM,50MA MAX 80009 150-1D01-02
DS16002 150-1001-02 LT EMITTING DIO:RED,660NM,50MA MAX 80009 150-1D0OL-02
DSL7105 150-1017-00 LT EMETTING DIO:GREEN,S550NM, 55MA MAX 50437 LSM-16L-100
DS17127 150-1032-00 LT EMITTING DILO:YELLOW,580NM,40MA ,MAX 53184 XC5566Y
DS17206 150-1001-02 LT EMITTING DIO:RED,B60NM, SOMA MAX 80009 150-1001-02
FL14500 159-0016-00 FUSE ,CARTRIDGE : 3AG, 1 . 5A, 250V, FAST-BLOW 71400 AGC L 1/2
L4165 108-0714-00 COIL,TUBE DEFLE:Y AXIS ALIGNMENT 80009 108-0714-00
L14176 108-0713-00 COIL,TUBE DEFLE:TRACE ROTATION B0O0O09 108-0713-00
Q4102 151-0349-00 TRANSISTOR:SILICON, NPN,SEL FROM MJE2801 04713 SJE924
QU190 151-0390-00 TRANSISTOR:SILICON, NPN 04713 SPS3414
Q4301 151-0436-00 TRANSISTOR:SILICON,NPN 80009 151-0436-00
Q4312 151-0390-00 TRANSISTOR:SILICON, NPN 04713 SPS3414
QuL01 151-0349-00 TRANSISTOR:SILICON, NPN,SEL FROM MJE28D1 04713 SJE924
QL4009 151-0140-00 TRANSISTOR:SILICON,NPN 80009 151-0140-00
R6155 311-1701-D0 RES. ,VAR,NONWIR:PNL,50K OHM, W, W/SW ozl 13IM2L3
R13010 315-0750-00 RES. ,FXD,CMPSN: 75 OHM,5%,0.25W nll21 CB7505
R14288 311-2047-00 RES.,VAR NONWIR:PNL,5DK/SK OHM,20%, IW 12697 CM41749
R14398 311-1482-00 RES. ,VAR,NONWIR:5K OHM,20%,0.50W 01121 wW-8070
R14498 311-0608-00 RES. ,VAR,NONWLR: 2K OHM,10%,0.75W 01121 WBLlSé
R14518 311-1482-00 RES. ,VAR,NONWIR:5K OHM,20%,0.50W 01121 wW-BQ70
R15102(2) 315-0103-03 RES.,FXD,CMPSN: 1DK 0OHM,5%,0.25W Dlizl  CBlO3S
R16002 311-1464-00 RES. ,VAR,WW:2K OHM,S%,2W 02111  S34-264
RI7010 311-1192-00 RES. ,VAR,NONWIR: 10K OHM,20%, IW 71590 BA-232-001
R17305 311-1192-00 RES.,VAR,NONWLR: 10K OHM,20%,IW 71590 BA-232-001
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Replaceable Electrical Parts—465B Service

Tektronix  Serial/Model No. ‘ Mir
Component No. Part No. Eft Dscont Name & Description Code Mfr Part Number
S6111 263-1176-00 SW CAM ACTR AS:TIME/CM 80009 263-1176-00
86155 e mmm (SEE R6155)
514398 ————— (SEE R14398)
S14500 260-1300-01 SWITCH, SLIDE:DPDT, 3A,125V 82389 11A-1354
S14510 260-0834-00 ' SWITCH, TOGGLE : DPDT, 5A,125VAC,0.25-40 THD 09353 U21-SHZQE
514520 260-0638-00 SW, THERMOSTATIC: 10A, 240V, 0PEN 75 DEG C 93410 430-364
si7010 - ————- (SEE R17010)
517305 ———— = (SEE R17305%)
T14500 120-0798-01 XFMR, PWR, STPDN: 80009 120-0798-01
V14000 154-0731-00 ELECTRON TUBE:W/ANODE LEAD 80009 154-0731-00
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Figure B-1. Semiconductor lead configurations.
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465B Service

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 ANS| standards that are used in the preparation
of diagrams by Tektronix, Inc. are:

Y14.15, 1966 Drafting Practices.
Y14.2, 1973  Line Conventions and Lettering.
Y105, 1868  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 (02).

The tollowing speclal symbols may eppear on the dlagrams:

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 list is arranged by assemblies
in numerical sequence; the components are listed by
component number (see following illustration for
constructing a component number).

COMPONENT NUMBER EXAMPLE
Component Number
1234

————
R

| Schemanc
embly Circut

Assi
Mumber Subassembly
Number
homber (if used}

Chassis-mounted components have no Assembly Mumber
prefix—see end of Replaceable Electrical Parts Lst

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 components illustrated 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.

A L 1 x Modified Component—See
Function Block Title Parts List (Depicted in grey,
or with grey outline)
Internal =
Screwdriver ink
Adjustment Strap or Lin
g, i
osure TES
(Dot indicates
switch closure) Plug to EC. Board
Etched Circuit Board 2 ifi
Outlined in Black i Ji‘?&‘é‘:ﬁé‘s.“:‘.w
Reter to Waveform g Indfmm
Function Block &;la:m connectors:
Outiine = female
IC type l Plug Index; signifies pin No. 1
Test Voltage ey ' A [—-.J Enefs‘naj Wdrl river
Heat Sink - - 3, 416y — >>| | FO@ Adjustme
Board Name i = Shielding
Selected value, see Parts
P/O—Part of 4 7o As TIMING BOARL 1 List
circuit board = Decoupled or Filtered
Voltage

Assembly Number

Tektronix Part No.
for circuit boards

B7E8-XXXX-XX
-

rR3z2 D=

SYNC GENERATOR <:>
e w

Refer to Diagram Number

Schematic Name
and Number

SHWYbLVIQ
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VOLTAGE AND WAVEFORM SETUP

4658 Service AC WAVEFORMS

The waveforms adjacent to the circuit diagrams were obtained using the recommended test equipment and setup given
below unless otherwise noted.

RECOMMENDED TEST EQUIPMENT

Item Specifications Example

Test Oscilloscope Frequency response: DC-100 MHz. TEKTRONIX 465B or equivalent.
Deflection factor: 5 mV/div to
5 V/div (1o 50 V/div with 10X
probe).
Input impedance: 1 M£2, 20 pf.
Sweep rate: 5 ms to 0.5 ps/div.

Probe Fast-rise 10X probe compatible TEKTRONIX P6065 or equivalent.
with the vertical amplifier of the
test oscilloscope.

465B CONTROL SETTINGS
CRT Controls
INTENSITY As desired
FOCUS As desired
SCALE ILLUM As desired

Vertical Controls (both A and B if applicable)

VOLTS/DIV Emv

VAR Calibrated detent

POSITION Midrange

AC-GND-DC DC

VERT MODE CH 1 and CHOP

INVERT Off {button out)

20 MHz BW LIMIT Full bandwidth (button
out)

Sweep Controls

TIME/DIV (both) 1ms

VAR Calibrated detent

HORIZ DISPLAY A

X10 MAG Off (button out)

POSITION Midrange

DELAY TIME POSITION  Fully counterclockwise

Trigger Controls (both A and B unless otherwise

noted}
COUPLING AC
SOURCE NORM
TRIG MODE AUTO
SLOPE +
A TRIGGER LEVEL As needed for a stable

display (locked on positive
transition of square-wave
input).

A TRIGGER HOLDOFF NORM
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Digital Multimeter (for
voltages up to 1 kV

DC Voltmeter {for voltages
above 1 kV)

TEST OSCILLOSCOPE SETUP

Apply a 20 mV p-p, positive-going square wave from the
Calibration Generator to the CH 1 or X input connector.
Connect the 466B A +GATE (from the 465B rear panel) to
the test oscilloscope external trigger input connector. Use
no terminations.

4658 Oscilloscope control settings required to cbtain
valid waveforms are given with each set of waveforms.
Changes from the preliminary control settings for the other
controls is not required.

Test Oscilloscope Control Settings

All controls as needed for the best display except as
noted below:

Vert Mode Ch1

Ac-Gnd-Dc As required for the
measurement to be made

Volts/Div As needed for each wave-
form

Trigger Source Ext (465B A +GATE)

Trigger Coupling Ac

Trigger Mode Auto

Time/Div As needed for each wave-
form

Connect a 10X probe to the Channel 1 input of the test
oscilloscope. Apply the probe tip to the test point or com-
ponent lead as indicated on the schematic and the com-
ponent board layout Figure associated with that schematic.

DC VOLTAGES

Typical voltage measurements were obtained with the instrument operating under the conditions noted in the control

settings adjacent to each schematic diagram. Voltage measurements were taken with no signal applied to the vertical or
trigger inputs. All voltages measured with reference to chassis ground. Voltages rounded to the nearest tenth of a volt.

RECOMMENDED TEST EQUIPMENT

Item
Range: 0 to 1 kV.

Range: 0 to 3 kV.

Specifications

Input Impedance: 10 M£2.

Example

TEKTRONIX DM 501 Digital Multimeter.
TEKTRONIX Oscilloscope with DM 44
Option.

Triplett Model 630NA.

Input Impedance: 20 kS2/V.
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WyHDYIA X0018

1
VERTICAL
I OUTPUT
AMPLIFIER
CH 1 VERTICAL PREAMP @
CH 1 PREAMP %EPEE VERTICAL
! DELAY LINE o ! OUTPUT
S e »| Q1344 DRIVER = BheY > AMPLIFIER
CH1 (o——-—-- Q1155, Q1175 ot 5| Qld2e »| DL11405 ny 02130, 02140
Q1297A8 »| CR1443 U2260
Q1355, Q1375 CR1445 | U2480
031290 CR1447
v A A Y Y V
SWITCHING NORMAL
CH 1 VERT SIGNAL PICKOFF DIODE LOGIC ;‘;‘éﬁgﬁg CALIBRATOR
SIGNAL ®) AMPLIFIER GATE KOF & FAN oW
ouT Q1004, Q1028 »| Q1644 <3> LTAGE
Q1038. Q1125 Soen Q1215 VOLTAG
> cmgas 04182, Q4196 POWER SUPPLY
CR1545 [« ﬁ;ﬁ%} h‘}fgﬁg Q4102 Q4105
CR1547 7 #etas Q4106. Q4190
v | Q4301, Q4302 I
¥ Q4303. 04311
A A A A Q4312, Q4401 - HIGH VOLTAGE V14000
VERTICAL Q4403, 04404 MULTIPLIER
CH 2 PREAMP DIODE SWITCH- | _ VERTICAL MODE Q4425, Q4431 U4032
Q1555, Q1655 GATE ING i /5 SWITCH <‘> U4206A.B
Q1675 »| Q1225 LOGIC o 83241, gsor_l’ U4411A.B
Q1698A.B Q1235 Q1617 ALT/CHOP 056 505
8: 3 O Q1746, Q1845 CR1432 Q1619 < CHOP CLOCK - 05257: Q5258
C Q1855. Q1875 »{ CR1434 Q1636 & AO'-:;-%G'C | U5235 >
Q1948, Q1954 CR1436 |« Q1719 \
U1790 CR1438 U1605 U1805A.B.C | _ ‘ VERT ALT SYNC >
U1705 U1905A.B.C.D [ <
U1805D
\ A Y
Y
SIGNAL PICKOFF
AMPLIFIER =
Q1833 <
Q1938 Go &
Y VY . > HORIZONTAL AMPLIFIER @
A & B SWEEP GENERATOR
CH 2 VERTICAL A END OF A SWEEP ORIZO
& HORIZONTAL DISPLAY LOGIC A SWEEP HORIZONTAL
PREAMP L oy— SWEEP < START < OUTPUT AMPL AMPLIFIER = \
| - AMPLIFIER COMPARATOR COMPARATOR Q4475 Q4146, 04150 3 \
Q7422. Q7424 04581. 04682 Q4588A & B Q4481 Q4161, Q4169
\ 1 Q4273, Q4274
] ] / -« Q4284, Q4285
Q4341, Q4342 >
Il PReReen Q4361, 04362
PARAPHASE A iﬁEErH%‘;TE GENERATOR U4269A.B.CD & E
A TRIGGER AMPL & TD -~ W B P > Q4498
" INPUT - DRIVERS SZ E)E(’I:S& Q4497 Q4598
| 7323 Q7344 LOGIC
A » Q7324 Q7345 A r
EXTERNAL U7331 + GATE|(O———— a7053. Q7055 = - HORIZONTAL
TRIGGER (@) - Q7067A.B HORIZ ALT SYNC DISPLAY LOGIC
INPUT Q7074, Q7075 > 04398, 04491
U = o076, Aroes et (i CRT CIRCUIT
+ gaTe | (O——] 07092, Q7093 e pipi g -« g:%g. g:?gg _____
PARAPHASE A oyiny — 04228, Q4233
B TRIGGER AMPL & TD Q7182 Q7195 B SWEEP |
e DRIVERS 07460, 07254 ,| B SWEEP GATE GENERATOR 1
| an22 ¥l Q7142 Q7256, Q7465 *| AMRLEER > Qas66
B > Q7124 Q7143 |« U7375 Q4565 Q4570
EXTERNAL (> < u7131 SWEEP & Z-AXIS Z-AXIS
TRIGGER » LOGIC <I> ] »| AMPLIFIER >
INPUT L | Q4213, Q4217
A & B TRIGGER GENERATOR @ v < Q4222, Q4223
Y —
B SWEEP P
B SWEEP START B SWEEP
UNBLANKING COMPARATOR | _ OUTPUT AMPL
COMPARATOR [ Q4545, Q4563 Q4465, Q4482 O »
Q4554, Q4563 Q4564 EXT
> . CRT CIRCUIT @
@ 2757-35
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465B Service

465B CONTROL SETTINGS
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Figure B-2. A3-Attenuator circuit board.
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Figure 8-3. A1 Vertical Preamplifier circuit board. 2757-110 | I
COMPONENT NUMBER EXAMPLE | |
Companent Number
Static Sensitive Devices c’ 125 mV
A23 E,Zﬂ?l‘a See Maintenance Section ov J PP p—
Assembty i Schenan
P Sdrhimnvﬂy_- Circant
Number (i used) I I
Ch;zslsmonn‘mﬂcmmmsnauewl&umblmumm l I
prefix—see end of Replaceable Electncal Parts List 9 125 mV
ov—d pp =
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COMPONENT LOCATIONS

A3& A1-BOARD
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CH 1 VERTICAL PREAMP

DIAGRAM <D

P/0 A1 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C101¢6* 8J 1C Q1125 TH 2C R11B8B 5B 1H
c1026 BH 1c Q1145 6H 2E R1190 58 1
c1037 TG 1D Q1180 5G 1E R1234 ™ 2D
C1048 4H 1E Q1155 4F 2F R1242 5H 2E
ciom 5A 1G Qui7s 4D 2G R1243 4J 2D
c1072 5A 1G Q1250 5G 2E R1244 6J 2E
C1075 58 1H Q1297A 4A 2J R1246 6G 2E
cC1091 5A 11 Q1297D 4A 2J R1247 6G 2E
C1095 3A 1J Q1355 6F 2F R1252 5G 2E
c1112 7 18 Q1375 6D 2G R12563 5G 2E
C1135 5J D R1254 5G 2F
c1142 6H 1D R1015 6l 18 R1256 4F 2F
C1144 5H 1E R1016 B8J 1C R1258B 6F 2F
C1152 4G 2E R1032 BH 1D R1274 4D 2G
Cc1173 5A 1G R1033 BH 1D R1275 5D 2G
c1192 58 11 R1035 ™ 1D R1276 sD 2H
cias7 3cC 21 R1042 4H 1D R1278B 3C 2H
C1335 2D 2D R1052 5G 1E R12B5 TA 2H
C1353 6G 3F R1055 51 1F R1296 4A 2
C1384 7C 21 R1064 51 1G R1299 qA 2J
c1385 78 21 R1072 5A 1G R1353 6G 3F
C1396 4A 3 R1081 5A 1H R1358 6E 3F
Cc1398 4A 2J R1082 5A 1H R1376 6E 3G
CR1013 Bl 18 R1087 58 11 R13B2 6D 2H
CR1014 Bl 1B R1095 4A 1J R13B4 7C 21
CR1015 71 1B R1106 7 28 R1385 78 2|
CR1023 Bl 1Cc R1116 BH 1c R1391 6B 3
CR1024 BI 1C R1117 ™ 2C R1392 68 31
CR1034 7H 1D R1126 9G 2C R14B2 5D 3H
CR1193 48 L R1135 5J 2D R14B4 BA 3H
CR1263 aF 2F R1136 6H 1D R14B6 7C 3l
CR1264 6F 2F R1143 5H 1D R14B7 78 3i
CR1298 3A 2J R1144 5H 1E R14B8 7B 3l
31001 aJ 1B R1147 4G 1E
31002 b 18 R1148 4G 1E RT1267 4 2G
11004 2 18 R1152 4G 2

R1159 4E 2F U1290 a 21

Q1004 7 1B R116B 6F 2G
Q1028 BH 1C R1173 5A 1G VR10%6 3A 1J
Q1038 6H 1D R1176 5A 1H VR1356 5E 3F
Q1045 4aH 1E R1185 58 1H
Q1062 51 1F R1186 4D 2H

P/0O A1 ASSY also shown on diagram(s) 2. and 3 *See Parts List for serial number ranges.

P/0 A3 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C30 2C 18 C37 21 2D R3036 2H 1D
C31 2C 2B R3039 2 2E
Cc32 2E 1C R3014 1B 1A
c33 2E 2C R3015 2B 1A W3031 2D 1Cc
C34 2G 1C R3030 2C ic w3034 2F 1C
C35 2G 2c R3032 2E 1C W3035 2G 1D
C36 2H 1D R3033 2E 1c

P/QO A3 ASSY also shown on diagram 2

CHASSIS MOUNTED PARTS
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C3042 2J CHASSIS J13010 2A CHASSIS R3045 2) CHASSIS
C13010 2A CHASSIS
C13012 2A CHASSIS R3042 2) CHASSIS

NUMERAL AND LETTER AT SIGNAL LINES TO
OR FROM OTHER DIAGRAMS INDICATES THE
GRID COORDINATE ON ANOTHER SCHEMATIC
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465B Service

465B CONTROL SETTINGS
DC Voltages
VERT MODE CH2
AC-GND-DC {(both} GND
AC Waveforms
VERT MODE CH 2
CH 2 AC-GND-DC DC
VOLTS/DIV 5mvV
Input 20 mV positive-gaing
square wave

@ -0.8 V—I

3
[

! |

| |

@ 125 mV
ov—I""’ L

275797

&

WAVEFORMS
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CH 2 VERTICAL PREAMP
DIAGRAM <2>

[e]e]e

000000

|- = = ~-[TT[Iels[s[slsTs

100%
ATTEN|
C30,C

L————— e[efe] [ [ [e[e]e

f,

]

ﬁ;'“
ﬁ____
;E____

?CR|GE‘3JI3,|6

INVERT
BAL sy

c

\s

-
RISTS (Dl:e._

Lo~ — - GANGED WITH

P/0 A1 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION  LOCATION NUMBER LOCATION  LOCATION
C1586 BA 3l Q1948 6H B6E R1842 5H 8D
C15B7 5A 3 Q19564 6G 5F R1843 5H 5E
C1592 5A 4l R1558 51 aF R1849 4G 5E
C1597 3A 4) R1562 51 3F R1B54 6G 5F
c1647 3G 4E R1579 5A 3H R1B5B BE 5F
C16B2 58 aH R1580 5A 3H R1B6B 6F 5G
C16B3 5A 4H R15B2 5B 3H R1B76 6E 5G
C1690 58 4l R15B6 BA 3 R18B1 6D 5H
C1787 3c 5H R15B7 5A 3H R1BB2 5E 6H
ciB27 71 5C R15B9 58 al R1BB4 B6A BH
C1837 7G 50 R1590 B5A 3 R1BBS 7C 51
C1846 44 5E R1645 4) 4E R18B6 78 5l
Ci184B 5H BE R1647 4G 4E R1BB9 68 bl
Ci854 6G 5F R1661 4E 4F R1891 €8 51
C18B5 7C 51 R168B3 5B 4aH R1B93 B6A 5l
C1BB6 78 5l R1684 4D 4H R1932 ™ 50
C1894 4A 5J R16B5 5B 1 R1934 H 6D
C1B96 4A 5J R16B7 3C 44 R1944 B6H 6E
C1943 6H BE R1695 4A 4) R1946 5H 5E
CR1693 4B al R1735 5J 4D R1952 5G 6E
CR1763 aF 5F R1742 6J 5E R1956 6H 6F
CR1764 6F 5F R1744 4H 5E R195B 6G 6F
CR1796 3A 5J R17562 5G 5E R1975 B6A 6G
CR1936 H 5D R1753 5G BE R19B1 7B 6H
R1754 5F 5F R1983 7C 6H
J1926 74 6C R1756 4F 5F R19B6 B 51
R175B 6F 5F R1987 B 6l
Q1565 51 3F R1774 4E 5G R1988 7B 6I
Q1556 4F 4F R1775 5D 5G R19B9 TA 6l
Q1675 40 4G R1776 5D 5H
Q1698A 4A 4) R1782 TA 5H RT1767 4aF 5G
Q16988 44 4J R1794 44, 5l
Q1746 4G 5E R1798 4A 5J $1995 6A 6J
Q1833 Bl 5D R1B2B 7 5D
Q1845 4H 5E R1B34 BH sD U1790 K':] 51
Q1B55 6F 5F R1B35 8H 5D
Q1B75 6D 5G R1B38 TH 5D VR15697 3A 4)
Q1938 6H 6D R1B39 4H 50 VR1662 5E aF
P/0O Al ASSY also shown on diagramfs) I, and 3
P/0 A3 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARO
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C30 2C 1B c37 21 2D R3036 2H 1D
cn 2C 28 R3039 21 2E
Cc32 2E 1C R3014 1B 1A
C33 2E 2C R3015 2B 1A W3031 20 1 [o
C34 2G 1c R3030 2C 1C w3034 2F 1C
C35 2G 2C R3032 2E 1C W3035 2G 1D
C36 2H 1D R3033 2E 1c
P/0 A3 ASSY also shown on diagram 1
CHASSIS MOUNTED PARTS
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C3042 pA| CHASSIS J13010 2A CHASSIS R3045 K CHASSIS
C13010 2A CHASSIS
c13;12 2A CHASSIS R3042 2) CHASSIS

@G> a0

L RiBas

c|as
-027

-t
:RISB3
* IS AW

SEE PARTS LIST FOR EAALIER
VALUES AND SERIAL NUMBER
RANGES OF PARTS DUTLINED
OR DEPICTED N GHEY

CHZ TRIG
DC BAL

==

See Mantenance Section

SEE PARTS LIST FOR
SEMICONDUCTOR TYPES
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Chasss mounled components hawve no Assembily Number
prefm—see end of Replaceable Electncal Parts List

NUMERAL ANO LETTER AT SIGNAL LINEE TO
OR FROM DTHER DIAGRAMS INDICATES THE
GRID CODRDINATE ON ANDTHER SCHEMATIC
VFDR EXAMPLE: 4E}
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465B Service 465B CONTROL SETTINGS

DC Voltages
A TRIG MODE NORM (sweep not
running)
VERT MODE CH 1 and CHOP
AC-GND-DC (both) GND
CH 1 POSITION Midrange

AC Waveforms

1O

WAVEFORMS

VERT MODE CH 1, ADD, A TRIG
VIEW, and CHOP
A TRIG MODE AUTO (no trigger signal)
A AND B TIME/DIV 1ms
HORIZ DISPLAY A
AC-GND-DC (both) GND
465B CONTROL SETTINGS VERTICAL SWITCHING LOGIC
DIAGRAM<:>
H = HI logic level >2 vdc AC Waveforms
B > P/O A4 ASSY
L = LO logic level <0.8 vdc VERT MODE CH 1
VOLTS/DIV EmV CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARO CIRCUIT SCHEM BOARD
c11.|< cnéx c;x CliK CI.iK c;x CI:;K CI‘;K CH 1 AC-GND-DC DC NUMBER  LOCATION  LOCATION NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION
l< CH 1 »j< ADD >}« TRIG>i<CH 1 < CH 1 »j« ADD i< TRIG »j<CH 1 Vertical POSITION Midrange — o = —
| | | VIEW I | | VIEW Input 20 mV positive-going
@ 435V i [ I | square wave P/O A4 ASSY also shown on diagramis) 4. 5. 7. 8. 9. 10.
W +1V | | ! I 11, 12 and 13
I : =
1 I I | | I
[ [ | I -2y ICH 2 | -2V P/O A5 ASSY
| I | ! OFF \‘ CH 2 ) |
| I | I I ON [ CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARO CIRCUIT SCHEM BOARD
W i ! '—_—i —42v NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION NUMBER  LOCATION LOCATION
STATES | ' [ l |
CHANGE ON | | | c5018 28 18 P5001 28 1A §5210 38 3A
j POSITIVE | '\T/FEIUG\: - -2V I I P5005 2A 1B
I ' I : CLOCK j 200mV| tp1319
: : I I PULSE l : OFF \ JlRElva @ pp P/O A5 ASSY also shown on diagram 4
I t —-42V — R_——y
cH1 | i ; | ON 1 | | P/O A7 ASSY
ON \ | ! I |
\' | CH1 | I BLANK CRT | I
OFF " — 45V e — 0V CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
i : l i @ @ 200 mV _ NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOCATION
i p-p TP1519
| | I H | +08V c7108 2A 2B P7052 3A 1G S73128 1A ac
@ ¥\ ¥ !
| \ CH2 —i le—=~025us | I
| OFF | 1| P/0 A7 ASSY also shown on diagramfs) 6, 7. and 12
! | 120mV 1 41101
@ | I I [ @ o CHASSIS MOUNTED PARTS
| I I I . - LoV
| v TRIG | | CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
| I \T;FEI& V(')iw i i NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOCATION
| 27579
: | OFF | : 99 DL11405 ™ CHASSIS
| | 1
| | | ;
HIGH
I ~l FoRr |
(53} 1 “ROD" |
] | I | L
—a! =1 s fe— 1 1
! '- VS LY
@ T |
FOR —
| “aDD" [N : -8V
]
| l | |
I I L 5
; CH1
@ cu1 | OFF \
ON — 42V 275798
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VERTICAL SWITCHING LOGIC

DIAGRAM(3>
P/O A1 ASSY

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER  LOCATION  LOCATION NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION
c1119 L 2C L1245 10 2E R1522 3J 3c
C1306 2L 3B L1412 ™ 38 R1632 2) 4D
C1342 10 2E L1512 3L 38 R1534 a 4D
C1405 2L 3B L1642 3D 4E R1536 2K 4D
c1422 1K ac R153B 2K 4D

P1505 2B 48 R154B 3E 4€
C1462 7A 3F P1505 4a 48 R1549 4 4E
C1464 7A 3G P1505 am 4B R1612 6H ac
C1466 6A 3G P1505 8A 48 R1613 6l ac
C1502 aL 3B P1565 6A 3G R1616 5H ac
C1517 20 48 P1920 5M 6C R1622 6l 4c
€1521 3K 3C P1920 BM 6C R1624 6 ac
C1525 78 ac R1625 51 ac
c1611 6H ac Q111B 1K 2B R1626 5J ac
C1615 5h 4c Q1215 1K 28 R1632 2K 4D
C1623 6J ac Q1225 3E 2c R1634 4D 4D
C1643 4D 4€ Q1235 2E 20 R1712 SH ac
c1714 5H 5C Q1344 1E 2E R1714 5H 5C
1723 5J ac Q1346 1E 3E R1716 51 5C
C1726 5J 5C Q1426 2K 3c R1724 5J ac
Cc1734 78 5D Q1428 3K ac R1725 51 5C
C1B04 BF 5A Q1617 6l 4c R1815 Bl 5C
C1B13 B 58 Q1619 51 ac R1B16 6L 5C
Cc1B22 5H 5C Q1636 41 4D R1817 BK 5C
Cc1B32 2K 50 Q1644 4€ 4€ R1818" 8J 5C
c1911 BC 6B Q1646 3E 4E R1825 al 5C
c1912 7 6B Q1718 51 5C R1903 7E 6A

Q1B12 B 58 R1904 7F B6A

R1906 8l 6B
CR1327 2D 2 R1107 1L 2B R1916 TH BC
CR1432 2F 3D R110B 1K 2B R1922 a4H 6C
CR1434 3F 3D R1202 1K 2A R1924 4H 6C
CR1436 3G 3p R1205 1K 2B
CR1438 26 3D R1206 1K, 2B S1414 ™ 3B
CR1441 1G 3E R1207 1K 28
CR1443 1F 3E R1208 1K 2B TP1319 1K 3C
CR1445 1G6 3E R1216 i1 2c TP1519 3K ac
CR1447 1F 3E R1232 10 20
CR1529 6K ac R1233 2E 20 U1605 6C 48
CR1541 4G ap R1311 1K 28 u1705 4G 5B
CR1543 4F 4€ R1314 L 3B U1BO5A 7F 58
CR1545 3G 4E R1326 3D 2¢ U1B058 70 5B
CR1547 3G 4E R1328 1 3c U1805C TF 5B
CR1547 3F 4E R1333 2E 20 U1BOSD 4H 5B
CR1727 6K 5C R1334 2D 2D U1905A BD 6B
CR1B1B 6K 5C R1335 10 20 U19058 BE 68
CR191B 8l 6C R1422 1K 3C U1905C BG 6B
U1905D BD 6B

J1101 ™ 2B R143B 2F 3D
J1224 18 2c R1439 3F 3D VR1B24 4H 5C
J1224 1B 2c R1448 1E 3E
J1320 3c 2c R1449 1€ 3E w1527 7A 4c
J1B02 &M 5A R1504 am 3B W1732 7A 4D
J1BO2 6M 5A R1514 3L 3B
J1901 BB 6A R1516 3K 4B
J1902 BM 6A R1521 3K 3c

P/0O A1 ASSY also shown on diagramfs) 1. and 2

*See Parts List for serial number ranges.
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A5
VERTICAL
MODE SWITCH
CIRCUIT

Figure 8-4. AS5-Vertical Mode Switch circuit board.
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Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Component Number
i —
R1234

Elz
Schematic
e o
Number Subassembly Number
Number (if used)

Chassis-mounted ¢ have na Number
prefu—see end of Replsceatie Electncal Parts List.
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VERTICAL OUTPUT AMPLIFIER
pIAGRAM <&

(SN BO30000 & UP)

Ay B y C

v F 'y

A2 ASSY
CIRCUIT SCHEM BOARD | CIRCUIT SCHEM  BOARD CIRCUIT SCHEM  BOARD
NUMBER LOCATION LOCATION| NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C203B 3c 1D R2054 6E 1E R231B 2D 3c
2047 4G 1D R2055 6E 1E R2323 2E 2c
C2126 3H 1C R2057 6E 1E R2325 3E 2C
C2172 3H 1F R205B 5F 1E R2326 3D 3c
C2196 2H 2H R2073 6F 1F R2328 2D 3c
Cc2315 2E 2C R2074 2H 1F R2335 7C 3D
C2334 5C 3D R2075 6F 1F R2337 7C 3D
C2335 7C 3D R2103 3c 1B R2344 5C 3D
C2336 6C 3D R2104 3B 1B R2354 6C 2E
C2337 6C 2D R210B 3c 1B R2356 6E 2E
C2339 6B 3D R2117 3A 1B R2357 6F 2E
C2346 6D 2E R2119 3C 2B R2358 6F 3E
Cc2417 4B ac R2123 4G 1C R2426 2D 3C
Cc2422 3D 3c R2124 4G 1C R2432 6C 3c
C2424 3D 3c R2125 4F 1C R2436 6C 3D
C2486 3H 3G R2127 3H 1C R2446 6C 3D
c2488 2G 3G R2135 5B 1C R2447 6B 3E
R2137 7B 1D R244B 6B 3E
L2296 2G 2H R2142 5C 1D R2455 6B 3E
L2492 2G 3H R2143 5C 1D R2465 6F 3F
L2494 3G 3H R2154 5F 1E R2466 6F 3F
R2156 5E 2E R2472 6G 3F
LR2264 SH 2F R2168 5H 2F R2476 ac 3F
LR2267 6H 2F Roi6E 5H 26
P2495 48 R2207 3B 2B RT2333 3E 2C
P249B 3B 3H 2;;?2 gg ;g U2005 3B 1B
u2225 4F 2C
Q2105 ac 2B R2214 3D 2B
U2255 5G 2E
Q2115 4B 1B R221B 2C 2B U2385 6F 3G
Q2306 2B 2B R2243 6D 2D
Q2308 3c 28 R2244 5C 2D VR2232 5C 2D
R2246 7C 2D VR2234 4D 2D
R2014 2B 1B R2247 6D 2E VR223B 7C pe
R2015 2B 1B R2262 5H 2F
R2016 2A 1B R226B 7H 2F
R2017 3A 1B R22B4 7H 2G
R2025 5F 1C R2304 2B 2B
R2045 3c 1D R2305 2C 2B
P/0 A4 ASSY
CIRCUIT SCHEM  BOARD CIRCUIT SCHEM  BOARD CIRCUIT SCHEM  BOARD
NUMBER LOCATION LOCATION| NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
P4058 2G 2G S4075 2J 2F

P/0 A4 ASSY also shown on diagrams 3, 4, 7, 8, 9, 10,11, 12, and 13
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DC Voltages
VERT MODE CH1
Vertical POSITION Midrange
AC-GND-DC (both) GND
AC Waveforms
=\ B C D E F G H
VERT MODE CH1
- — - VOLTS/DIV 5mV
(@ | e (=] 4 - 2045 CH 1 ACGND-DC DC
38 U2005 R2015 -, | il S &8 R2073 Q o )
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Figure B-5A. A2 Vertical Output circuit board (SN B030000 & up).
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Static Sensitive Devices il
See Maintenance Section |
COMPONENT NUMBER EXAMPLE l |
A2 Component Number 30 mV
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VERTICAL OUTPUT A23 A2 R1234 @ PP
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Chasses mounted components have no Assembly Number .-1 35 V
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PP
l I
| |
6V

@ |-
— 3BV

REV A SEI 2757-101

A2 BOARD COMPONENT LOCATIONS

(S/N B030000 & UP)


https://www.manualsplus.com/

VERTICAL OUTPUT AMPLIFIER

DIAGRAM @
(BELOW SN B030000)

A2 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION  LOCATION NUMBER LOCATION  LOCATION NUMBER LOCATION  LOCATION
Cc2016 2E 1B R2063 4l 1E R2336 5G 2D
c2112 6C 1B R2073 4K 1F R2352 5G 20
Cc2133 6C 1c R2073 4K 1F R2361 51 2E
C2174 6C 1F R2105 2E 1B R2363 5J 2e
C2293 56C 2H R2106 2E 1B R2367 5M 2E
C2308 4D 3B R2107 2E 1B R23B5 5M 2G
C2338 3G 3D R2113 6C 18 R2413 4C 38
C2350 4H 20 R2115 3F 18 R2414 4Cc 38
c2412 4C 3B R2134 3G 1c
C2415 4C 3B R2136 6F 1c R2422 48 3c
c2a21 4C 3ac R2138 3G 1D R2425 4c 3c
C2428 5G 3C R2144 7G 10 R2445 3G 3D
C2426 5G 3C R2146 7E 10 R2451 3F 3D
C2436 4G 30 R2151 7G 10 R2461 5K 3E
C243B 4F 3D R2153 4] 10 R2463 5G 3E
C2439 3G 30 R2155 41 10 R2467 5J 3E
C2481 6C 3G R2164 3K 1E R2466 4K 3E
C248B3 6C 3G R2165 3K 1E R2475 4K 3F
R2166 3 1E R2520 4C 38
L2393 5C 2H R216B aMm 2E R2530 5G 3C
L2419 5C 3c R2172 6C 1F R2635 4G 3C
L2485 6C 3G R2173 3 1F R2540 5G 30
L2487 6C 3G R2202 5D 2A R2550 4G 3D
LR2268 M 2E R2206 30 2A
LR2366 5M 2E R2231 5G 2C RT2304 40 2A
R2232 6G 2C
P2495 48 3H R2242 3G 20 u2210 20 2B
R2245 4H o} u2260 2J) 2E
Q2130 7G 1c R2247 4H 20 U2480 4K 3F
Q2140 TF 1D R2267 m 2E
R2265 M 2G VR2211 3F 28
R2005 2E 1B R2306 4D 28 VR2212 6E 28
R2005 2F 1B R2308 30 2B VR2215 5F 28
R2025 7E 1Cc R2311 5F 2B
R2029 6F 1Cc R2312 4D 2B w2472 4K 3F
R2030 6G 1C R2331 5G 2C
R2035 6F 1C R2333 5G 2C
P/O A4 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION  LOCATION NUMBER LOCATION LOCATION
P4058 5A 2G S4075 5A 2)

P/0O A4 ASSY also shown on diagrams 3, 4. 7. 8. 8, 10, 11, 12, and 13
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Figure 8-5B. A2 Vertical Output circuit board (below SN B030000).
VERTICAL OUTPUT Static Sensitive Devices
CIRCUIT BOARD See Maintenance Section
COMPONENT NUMBER EXAMPLE
Component Number
A23 A2 R1234
N - Tl
O b G Mo

Chassss-mounted components have no Assembly Number
prelin—see end of Replaceabie Electrical Parts List
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465B CONTROL SETTINGS

o

DC Voltages
VERT MODE CH1
Vertical POSITION Midrange
AC-GND-DC (both) GND
AC Waveforms
VERT MODE CH1
VOLTS/DIV 5mV
CH 1 AC-GND-DC DC
Input 20 mV positive-going
square wave
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SWEEP AND Z-AXIS LOGIC DIAGRAM @

P/O A4 ASSY

| & D

L] L Y Y L i v

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOCATION
c4398 4B 7 P4398 3A ™ wasa4 9N 9G
P4561 SA 9H
JAa463 1A 9H PASTY N o
Ja487 6B 9K
P/0 A4 ASSY also shown on diagrams 3. 4. 5 8 9. 10 11. 12. and 13
P/O A6 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER  LOCATION  LOCATION NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION
CR6218 78 5D PE010 BB 10 R6019 8A 20
CR6219 7B 5D P6010 9A 10 R6217 78 5D
PE015 BB 10
P4487 68 5D P6015 9A 10 $6205 6A 48
P4487 &M 50 $6260 1A aH
PE002 8A 1B R6012 9A 1c
P/O A6 ASSY also shown on diagrams 8. 9. and 10
P/0O A7 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER  LOCATION  LOCATION NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION
C7052 aC 1G CR7098 16 1 Q7076 9E 11
c7127 5J 20 CR7099 1F I Q7083 2F 1
c7158 8J 2H CR7149 9K 2G Q7092 1F 1K
C7165 8J 2H CR7154 1E 16 Q7093 2D 1K
c7174 3H 21 CR7184 aF 24 Q7095 2D 1K
c7182 3F 2J CR7272 6l 3 Q7155 8J 26
c7187 20 2K CR7277 6L 3l Q7174 3H 21
c7188 8M 2K CR7281 3F 2J a71e1 4 1J
c7192* 3D 2K CR7362 7 aH Q7182 aF 2J
C7196 ™ 2K CR7381 2c 3J Q7195 3D I
c7197 aM 2K CR7382 2E aJ Q7254 4H 3G
c7247 ™ 3G CR7383 2¢ 3 Q7256 aH 3G
C7263 7 2H CR73B5 1D al Q7460 7 aH
C7265 6l 2H CR73B6 2E 4J Q7465 7L 4H
c7273 6l 3l CR7387 3F ay
C7286 8L 2K CR7449 al 4G R7049 ) 1G
c7288 8M 2K CR7451 8K 4G R7052 1E 16
c7297 BM 2L CR7463 sC 4H R7056 1E 1G
c7303 5J 3A CR7464 6C aH R7057 1€ 1G
c7371 51 3l R7062 8E H
C7376 oK 3l Jasa1 1c 51 R7063 BC 1H
c7377 5H 3l Ja571 ac SF R7064 7C 1H
c7447 5H 4F jg;_‘} g:: :: R7065 8E ™
c7447 5l aF R7066 8C 1H
C7449 51 4G el i ” R706B 80 H
C7453* 5l 4G R
C7458 7K 5H L7278 5H 3J H%{’, ;3 ::
C7461 7J 4H R7077 1G 13
C7471 7H al P7052 BC 1G R707B i '
C7507 9M 58
Q7083 E 6 R7079 4E 1J
CR7072 9D 1 Q7055 1E 1G R7084 2F 1K
CR7073 9E 11 ity . R7085 1F 1K
CR707B 2F 1J TH R7086 3F 1K
CR70B4 2G 1K Q70678 8C TH R7087 2E 1K
CR70B5 2G 1K Q7074 8D 1 R7088 20 IK
CR7097 1G L Q7075 8D 1

ﬂﬂ\ﬂ LE (cont)

*See Parts List for serial number ranges.
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HORIZONTAL DISPLAY LOGIC AND A & B SWEEP GENERATORS
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Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Component Number

A23 4; R1234
Schematc
Aoy by Circuit
Humber Subassembly Nurmber
Kumber (if used)

Chassis- mounted components have no Assemibly Number
prehix—see end of Replaceable Electrical Parts Lisl
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Figure 8-8. AG6-Timing circuit board. 2757-44

465B CONTROL SETTINGS

DC Voltages

A TIME/DIV
AC-GND-DC (both)

AC Waveforms

A TRIG MODE

B TRIGGER SOURCE
HORIZ DISPLAY
DELAY TIME POSITION
A TIME/DIV

B TIME/DIV
AC-GND-DC (both)

@

A SWP

B SWP

XY
GND

AUTO (no trigger signal)
STARTS AFTER DELAY
A INTEN

5.00

1ms

0.1ms

GND

13v
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—f__z.nf
I

:--— VARIES WITH DTP SETTING
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CIRCUIT BOARD
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A6-BOARD COMPONENT LOCATIONS
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465B CONTROL SETTINGS

DC Voltages
A TIME/DIV X-Y
CH 2 POSITION Beam centered
Horizontal POSITION Beam centered
AC-GND-DC (both) GND

AC Waveforms
A TRIG MODE AUTO (no trigger signal)
HORIZ DISPLAY A
A TIME/DIV 1ms
Horizonta! POSITION Trace centered
AC-GND-DC (both) GND
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CRT CIRCUIT DIAGRAM @

P/0O A4 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD A " B ' C v D v E ' F ' G v [ o | v | v oJ v K v L ' M Y N
NUMBER  LOCATION  LOCATION NUMBER LOCATION LOCATION NUMBER  LOCATION  LOCATION
C4003 70 2A DS4124 5J ap R4127A 5J 4E m
C4005 aH 3A DS4125 6J 3D R41278 4) 4aF +liov
C4006 5F 2A R4127C 5C 4E ‘j; cane
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C4020 6H 2c R4144 78 3G ) vRa2is o
C4025 6J 2D L4006 5F 2A R4178 5M 3J 1 e-2v G—i—4
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CR4322 3B 6D R4113 21 3c VR4108 3H 2B E =
CR4328 1E 70 R4114 1G 48 VR4215 1E 58 D e P eidcan T ous a2 TPAIZ9 COMPONENT NUMBER EXAMPLE
CR4329 ac 6E R4119 21 4c = chaca  TO0eO T0os oot ha 9 = l, Fro———
CR4441 4B 7G R4123 7H 3D w4032 11 1E 5 “Rifes - L e ATy
CR4442 38 BG R4124 3J 30 -Com . e
R4126 4 30 V4 L promd ey Sreet
14 i used) *
(= TES it
preba —soe end of Peplaceatie Bectntal Fam Lat
P/0O A4 ASSY also shown on diagrams 3. 4. 5, 7, 8. 9. 10, 12, and 13
= NUMERAL AND LETTER AT SIGNAL LINES TO
ancmnmﬁoummm “T‘IC
CHASSIS MOUNTED PARTS ) ioszd
Static Sensitive Devices
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BDARD 8 — o See Marntenance Section
NUMBER  LOCATION LOCATION NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LDCATION o 220 a7 scE eanrs usT son
L14165 a CHASSIS RA4059A 28 CHASSIS S4075 1c CHASSIS - [Fern ma irerrace soars |
L14176 2L CHASSIS R40598 4) CHASSIS S6111A aA CHASSIS
R4132 8 CHASSIS 4658 0SCILLOSCOPE byl - CRT CIRCUIT @
P14325 5A CHASSIS R4178 am CHASSIS V14000 2L CHASSIS
R4179 2M CHASSIS =]
Q14009 8F CHASSIS

LINOHID LHD
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POWER SUPPLY DIAGRAM @

P/O A4 ASSY

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION  LOCATION
C4203 TH 5A F4508 3H 98 R4317 5F 6C
C4203 TH 5A R4318 2F 78
C4204 5F 5A P4086 7C 2K R4319 10 78
C4303 ZH TA P4541 3J 10F R4325 BH 70
C4305 2F 68 R4326 1F 70
C4306 1E 7B Q4102 6G 4A R4403 aH 8A
C4307 1D 78 Q4105 6G 4A R4404 4G BA
C4326 6H 70 Q4106 7F 4A R4405 4G BA
Cc4331 4H 7E Q4190 8D 3L R4406 3F 78
C4407 3F 78 Q430 1G B6A R4407 4€ BB
C4418 6E BD Q4302 1G 6A R4411 3E 88
ca42s 1E 8E Q4303 2F 68 R4412 21 8B
C4439 1E BF Q4311 6F 6C R4421 10 70
C4a521 3E 8D Q4312 5G 7Cc R4422 5H 8D
c45 5E 9E Q440 4G TA R4432 1 7F
C4532 20 9E Q4403 G BA R4433 Ll 8F
C4533 ao 10F Q4404 4F BA R4434 " BE
Q4425 n" BD R4526 1H SE
CR4105 6G 3A Q4431 " TF R4527 3D SE
CR4302 1F BA R4531 3D 10€E
CR4303 1H TA R4107 7G 4A
CR4304 1F BA R4193 7E 4K TP4337 61 6F
CR4312 2F 68 R4195 8E aK TP4338 21 7F
CR4318B 5F 7C R4202 TH 5A TP4339 41 7F
CR4405 4H 8A R4204 7G 4A TP4340 1 6F
CR4406 1E 78 R4205 7F 5A TP4439 7 7F
CR4411 6D 88 R4206 2G 5A
CR4423 1 8D R4206 5E bA U4206A 5F 5A
CR4425 ] 70 R4207 5E 5A U42068 6F 5A
CR4426 21 70 R420B 2G B6A U4411A 1E 78
CR4431 1H BF R4302 2G 6A u4411D 4F 78
CR4515 7H ac R4303 2H 7A
CR4516 3D 8Cc R4305 2F 68 VR4194 7E 4K
CR4528 4D 10 R4306 1E 78 VR4304 1E TA
CR4531 1D 9F R43N 6E 6B VVR4326 1H 70
R4312 6E 6B VR4408 21 88
F4501 6D 9A R4315 6F 68 VR4421 10 70
F4507 4D 108 R4316 1F 6B VR4422 1 8D
P/0 A4 ASSY also shown on diagrams 3. 4. 5. 7. 8. 9. 10, 11. and 13
P/0O A7 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
P7005 78 18 R710B 78 28
P/0 A7 ASSY also shown on diagrams 3. 6, and 7
A10 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCuUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
DS140B6 7c NONE
DS14087 8C NONE
CHASSIS MOUNTED PARTS
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
DS17105 68 CHASSIS Q1490 BD CHASSIS $14500 48 CHASSIS
Q4102 6G CHASSIS S14510 6A CHASSIS
F14500 BA CHASSIS Q4301 1G CHASSIS $14520 5A CHASSIS
Q4312 5G CHASSIS
P4086 7c CHASSIS Q4401 4G CHASSIS T14500 CA CHASSIS
P14500 B6A CHASSIS
R4195 8E CHASSIS
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— 1 -5A +15V
I o {— 4\ o— UMREG
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*
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514500 I S500uF 400k
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JOLTAGE. | YEL R4407
EL o ) 15.0k
| L= 1 H ]
| $R4404
514500 | :B s 1k I_
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315k 1.1
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| Yl caxy
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BLU e 455V COMPONENT NUMBER EXAMPLE
F14500 *Lcasts R“%‘irf @ V42068 Compenent Number
1.5A 5000uF {1 s 3 T T
—i\ BLU RARL < 7 A23 A2 R1234
Pl4500 rl I -8 5 8.00kK :: Assembly Sc&e::\vc
Nui Subassem,
115V/230v AC v 7] P700s L R S
LP S,
N 410 e Aoy
RTIOS (#1.0 ] R4101
LT RA4204 ,i 1 +4ca103 TP4439
1.4k T 33.F .
5 -Bv
JrrrTIAL A7 TRIGGER BOARD I CRASIS

psi4ose (O

DS14087 @-ﬂ

AOCRT SCALE
ILLUNUNATION BONRD

4058 OSCILLOSCOPE

EXAMPLE:

4E INDICATES THE GRID COORDINATE

ON ANOTHER SCHEMATIC

Static Sensitive Devices
See Maintenance Section

SEE PARTS LIST FDR
SEMICONDUCTOR TYPES.
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465B Service
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5T B8045 ——
1| |62 _o 0o N |
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R Y ® deva ° 3[R [ﬂ 00 T I
o 2222 8888 |
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Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Compaonent Number
A23 A2 R1234
R st
Number (if used)
Chassis ted have no & bly Number

peehx—see end of Replaceable Blectncal Parts List

Figure 8-9. A8 Fan Circuit board.

CIRCUIT BOARD

REV A JUN 1979

465B CONTROL SETTINGS

DC Voltages
Remove 01496 to make
dc measurements in the
Calibrator circuit.

AC Waveforms

Fan circuit waveform
taken at 25°C ambient
temperature.

t=05ms

14V

- t -
100] 62V
146V

& 7
| 6BV

E — 56V
43V
! !
| !
|
+5V
o -

hl i }‘ - 19V
@ t=30ms

9V

2757-109
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CALIBRATOR AND FAN

CHASSIS MOUNTED PARTS

DIAGRAM
P/0O A4 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
c4187 3B 4K R4184 48 3K
Cc4192 4B 4L R4185 3B 4K
Cc4291 5C 5L R4186 3A 4K
C4292 4D 5L R4191 3C 3L
R4291 5C 5L
CR4291 4C 5L R4293 5D 5M
R4294 5D 6L
14292 3D 5L R4295 6D 6L
P4060 2E 1H TP4177 4A 4)
TP4178 3cC 4
Q4182 3B 4K
Q4196 4C 4M w4183 4A 3K
04291 5D 5L
P/0O A4 ASSY also shown on diagrams 3. 4. 5. 7. 8 9. 10. 11. and 12
P/0O A8 ASSY
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
BB8045 3F 1A RB033 5J 1A
RBO35 5J 1A
CBO64 2| 2C R8036 6J 1A
R8054 3l 2B
CRB042 51 2A RBO56 3G 2B
CRB0O44 H 2A RBO58 6H 2C
CRB046 41 28 RB0O65 4H iCc
CRB0O48 5H 28
CRBO66 21 1C RT8B038 6J 2A
PBO62 2F 2C UBOG61A 51 1c
ug0618 5F 1C
Q8067 2H 2C uso61C 5G 1C

CIRCUIT SCHEM SCHEM CIRCUIT SCHEM SCHEM
NUMBER NJMBER LOCATION NUMBER NUMBER LOCATION
C3042 1 2J Q4190 12 8D
Cc3042 2 2J Q4102 12 6G
C13010 1 2A Q4301 12 16
€13010 2 2A Q4312 12 5G
C13012 1 2A Q4401 12 4G
C13012 2 2A Q14009 11 8F
c15101 4 2A
c15101 4 7A R3042 1 2J
C15103 4 2A R3042 2 2J
Cc15103 a4 7A R3045 1 2J
CR14498 9 3H R3045 2 2K
R4059A 11 2B
DL11405 3 ™M R40598B 11 4y
R4132 1 5J
DS9040 4 2F R4178 11 am
DS9040 4 7F R4179 1 2mM
DS9060 4 2G R4195 12 8E
DS9060 4 7G R13010 1 2A
DS14086 12 7C R13010 2 2A
DS14087 12 8C R14288A 10 6A
DS15034 4 1F R14288B 10 6A
DS15036 a4 aC R14398 7 4A
DS15038 4 7F R14498 8 3J
DS16001 10 8C R14498 9 2H
DS16002 9 1E R15102 a 2A
DS17105 12 6B R16102 4 7A
DS17127 7 5K R16002 7 BA
DS17206 7 5K
S1285 a4 1F
F14500 12 6A $1782 4 8F
54075 1 1Cc
J4387 8 2) S6111A 1 4A
J13010 1 2A S7112D 6 ™
J13010 2 2A S14498 7 5A
S14498 8 1N
L14165 11 4L S14498 9 2H
L14176 11 2L $14500 12 48
$14510 12 6A
P4058 8 4J $14520 12 5A
P4086 12 7C $17010 6 3F
P4498 B 3J
P14325 1 5A T14500 12 CA
P14500 12 6A

A ' B - C ' D v E v F ' G v H v | v J v
WAVEFORMS
HSV
CREO66
pBOG2
PA0EO QBOGT €IS
- i- I’:! - d
H5V - 31 & =Y, *lcaocea
l ]2| | 2| l 10MF
b} L . r
+55Vv +55v 3 ’u LJ\ L 2D
RAIB6
4 24l
sReose $RE0S4
caiet 3288 3880
: o i
=D BV ), +5V B8045 (GLED |5 =) 1 Gie)
+1sv Raigs | grrars Laz292
Q82 Sk 3.9uH 3 5 3 3
TPAITT | QAI96
A\ —k F@‘B—
Raigq ca4292
B.2K I 1IS0F
c4is2
330 [+] e b 13, 14 € |5 |8 Ul
wala3 (Ej RBOGS CcCREO4E
SERVICE JUMPER SRaz9) 14291 A
Es.m — @429
A c4z9l " ] CRBO42
: %:‘D UBoGID T 2
® @—‘ CRBOAA4 [ 806IA |2
< 2 U 1A
—* 3R4293 »—Ej RBO35
mgkll-TLDE B4 i3 1.21K
7 8/ cre048
2943 uBoeIB & e nggga
&3 2 - uBoGIC o RBO36
| Gom Se%
DC woltspss messursd wath | RTEO38
4196 removed 300w 30wAR |KHZ SK
Ra29ss FBOS®  COMPONENT NUMBER EXAMPLE
;]'1 Component Number
f_h'_"\
A23 A2 R1234 i .
EXAMPLE: et ! Schemae Static Sensitive Devices
4E INDICATES THE GRID CODRDINATE ol S.-nu:um.'l’: a3 ,f‘,','."‘;, See Mantenance Section
|PARTIAL A4 INTERFACE BOARD ON ANOTHER SCHEMATIC. vz SEE PARTS LIST FOR

465B OSCILLOSCOPE
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PCWER SUPPLY ©
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HORIZONTAL DISPLAY LOGIC
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Check Z Axis TP4217

for an unblanking

No trace visible.
Possibly shows a
single dot.

pulse (+15 volts to

1 +75 volts, depending

No
visible
display.

VERIFY

1)

2)

3)

4)

All low voltage
power supplies
are within
tolerance.

-2450 volt
supply is
within tol-
erance.

Horiz Display
set to A and

TRIG MODE
set to AUTO.

CRT Bias
adjustment
properly set.

Turn to both
extremes and
see if trace

can be obtained.

on the setting of the

intensity control).

465B Service

Check collector of

Check DC level at
- No —»1 Collector of Q4698.

— OV to 2V —»—

Trace is off center

Push the BEAM
FIND button
and hold it in.

Y

horizontally.

i3V

Check the Sweep Start

Logic circuit (not reset-

ting at sweep end). May

not be getting reset pulse.
With the sweep at 0 V to

+2 V, Q4581 should be

turned on (P4571-3 at =2.4 V).

Check the circuitry
associated with Q7460,

U7375 and the tunnel
diodes in the trigger

circuitry.

r—{ Q4598 for A Sweep
ﬁ!O sawtooth.
Yo Check CRT
% = :
circuit.
Check
Q4455 Troubleshoot
Q4465 &= the horizontal
Q4481 amplifier.
Q4482
uU4491
Yes

Check Sweep
Start Logic
Pull Q4497. Check circuit.
for sweep level on the _ | Check o U7375
front of R4475 to go =1 Qaa97 1 Q7460
to about O V. Yes Q7254
Q7256
| Q7465
No and
associated
* circuitry.

Check the Sweep
Generator circuit.

\

Trace comes to the
approximate center £
of the crt.

Check for about 0.5 [— Yes—»—
volt unblanking gate

on J4541-10.

Check Z-Axis
Amplifier.

The trace is way off

vertical center and « | Check the other
vertical channel.

cannot be vertically

positioned.

l—— OK—

Check Z-Axis logic
circuit.

Q7is1

Q7182

and associated
circuitry. Check
Q4582.

Still
Bad

Check for an imbalance

Trace comes near the

Short TP1314 and =

TP1519 together.

center of the screen.

in the Vertical Switching
#1 circuit. Also check for
an imbalance in both

Trace stays way off

Find imbalance in
the bad channel.

preamp channels.

Find imbalance in the
vertical output amplifier.

center screen.

NO VIS

Also check for short on
one side of the delay line.

2757-55
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POWER SUPPLY ISOLATION PROCEDURE

The following procedure is used as an aid in localizing the area in which loading of a power supply occurs. If the power supply comes up

after isolating a circuit, it is very probable the problem is in that circuit. This can sometimes, however, lead to erronecus conclusions as a supply
may pass through one circuit to another circuit. For instance, the +5 volt supply enters the Timing Board through P4463-4. It then passes

through the timing switch (in the X-Y position only) and J4487-9 to CR4285 in the Horizontel Amplifier circuit. From J4487-9 it also passes
through P4571-4 to the sweep control IC on the Trigger Board, Watch for these types of conditions when trying to localize a loading problem.

+56 Voit Supply

1.

-

Unsolder service jumper W4483 from the Interface board (see Figure 8-7). This isolates the Timing board and the Holdoff
potentiometer.

To isolate the Trigger board from the +55 volt supply, is is necessary to remove the Trigger board from the instrument. The +55 volt
supply connects to the Trigger board through P44751-9.

. Unsolder one end of R4451 and R4575 on the Interface board (see Figure 8-7). This isolates the A & B Sweep Generator circuitry.
. Unsolder one end of R4186 and R4191 from the Interface board (see Figure B-7). This isolates the Calibrator circuitry.
. If the +55 volt supply is still loaded, suspect the CRT circuitry, or the Horizontel Amplifier circuitry. Refer to Diagram 10 to locate

+56 volt connections to the Horizontal Amplifier circuitry and to Diagram 11 to locate +55 volt connectons to the CRT circuitry.

Check
ua411
Q4301

[ |
Hi

Start —]

Check +55 volit
regulated supply.

Check 110 voit
unregulated,

check CR4303.

A
OK

Check +55 volt
unregulated.

Low
or
ov

Y

(58 Vto 74 V)

Low

to ground.

Check resistance

Check P4061 and P4498

for proper orientation

Check CR4426.

A
ov

Check value of +55 volt
regulated supply.

or shorts.

Check Q4303. i~

* Low

Check resistance to
other low voltage

{unsolder one leg.)

465B Service

power supplies.

If using 115 voit line

verify the 115 volit — 230

ov

)

Check line fuse.

volt switch is in the
115 volt position.

Verify line voltage

Y

OK

Open

/

See Isolation
Procedure to
find the

circuit where
loading occurs.

A

is present.

If using 230 volt
line, verify 115 V

Y

the 230 V position.

230 V switch is in ==

Check C4303.
Supply Folded ~ | (unsolder one leg.)
Check for loading by
Check for supply #=1 some active device.
foldover. Vbe of See isolation procedure.
Q4303 will be 0.6
V if the supply is
folded. I
Not Folded Q4301 open. = R4303 cracked or open. »- Check Q4302.
¥ ' ov 1
g:::kﬁgr Check value of +55 volit
cap regulated supply. Check components
" | caaze Low between the base
C4439 of Q4302 and pin
1 of U4411.
Check U4411 by
= | Check VR4421 and »| replacing or
Y " | associated circuitry. switching with
Check for 22 volts = U4206.
Check power ec r vo
M i o] traitoraise on pin 8 of U4411.
{opan). for open.
Folded Go to +15 volt
Low Check the 15 volit 1 Troubleshooting
_ | supply for foldover Chart.
] or for Q4404
shorted.

Not Folded Check VR4408 and asscciated
circuitry (if the 55 volt supply
is below about 23 voits VR4408
must be checked outside
the circuit).

Check for short in

power transformer Check low voltage
=1 Replace fuse. # Still blows fuse. primary circuit, #1 unregulated supplies

check CR4531 for shorts to ground.

{shorted).

2757-67
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POWER SUPPLY ISOLATION PROCEDURE

The following procedure is used as an aid in locelizing the area in which loading of a power supply occurs, If the power supply comes up
after isolating a circuit, it is very probable the problem is in that circuit. This can sometimes, however, lead to erroneous conclusions as a supply
may pass through one circuit to another circuit. For instance, the +5 volt supply enters the Timing Board through P4463-4. It then passes
through the timing switch (in the X-Y position only) and J44B7-9 to CR4285 in the Horizontal Amplifier circuit. From J4487-9 it also passes
through P4571-4 to the sweep control IC on the Trigger Board. Watch for these types of conditions when trying to localize a loading problem.

+15 VoIt Supply

1. Pull P4061 from the Interface board. This isolates the Vertical Preamplifier board.

2. Pull P4060 from the Interface board. This isolates the Fan Motor circuit.

. Pull P4057 from the Interface board. This isolates the Vertical Mode board.

Pull P4058 from the Interface board. This isolates the Vertical Output board.

. Pull P4398 from the Interface board. This isolates the Horizontal POSITION potentiometers.

Unsolder service jumper W7292 on the Trigger board (see Figure 8-6). This isolates the Trigger board.

. Unsolder service jumper W44B1 from the Timing board (see Figure 8-8). This isolates the Timing board.

. Unsolder service jumper W4440 on the Interface board (see Figure 8-8), This isolates the A & B Sweep Generator circuitry and the
Horizontal Amplifier circuitry.

9. If the +15 volt supply is still losaded, suspect the CRT circuitry (Z-Axis Amplifier). Refer to Diagram 11 to locate +15 volt

connection to the CRT circuitry.

+5 Volt Supply

. Pull P4061 from the Interface board. This isolates the Vertical Preamplifier board.
. Pull P4057 from the Interface board. This isolates the Vertical Mode board.
. Pull P4058 from the Interface board. This isolates the Vertical Output board.
Pull P4498 from the Interface board. This isolates the HOLDOFF potentiometer.
. Unsolder service jumper W4468 from the Interface board (see Figure 8-7). This isolates the Timing board.
. Unsolder service jumper W7291 from the Trigger board (see Figure 8-6). This isolates the Trigger board.
. Unsolder service jumper W4348 from the Interface board (see Figure 8-7). This isolates the A & B Sweep Generator circuitry and part
of the Horizontal Amplifier circuitry.
8. Unsolder one end of R4158 and R4263 from the Interface board (see Figure 8-7). This isolates the rest of the Horizontal Amplifier
circuitry.
9. Unsolder L4292 from the Interface board (see Figure 8-7). This isolates the Calibrator circuitry.
10. If the +5 volt supply is still loaded, the CRT circuitry should be suspected, Refer to Diagram 11 to locate +5 volt connections to the
CRT circuitry.

N o;hs N =

—B Volt Supply

. Pull P4061 from the Interface board. This isolates the Vertical Preamplifier board.

. Pull P4057 from the Interface board. This isolates the Vertical Mode board.

. Pull P4058 from the Interface board. This isolates the Vertical Output Amplifier board.

. Pull P4398 from the Interface board. This isolates the Horizontal POSITION and B INTENSITY potentiometers,

. Unsolder service jumper W7293 from the Trigger board to isolate part of the Trigger board. Unsolder one end of R7503 from the

Trigger board to isolate the rest of the Trigger board (see Figure 8-6).

6. Unsolder service jumper W4544 from the Interface board (see Figure 8-7). This isolates the Timing board, A & B Sweep Generator
circuitry, and part of the Horizontal Amplifier circuitry. It will also completely remove the —8 volts from the Trigger board if step 5
is not done.

7. Check C4441 for a short or leakage,

8. If the —8 volts supply is still loaded, suspect the CRT circuitry (Z-Axis Amplifier), or the Horizontal Amplifier circuitry. Refer to

Diagram 10 for the —8 volt connections to the Horizontal Amplifier circuitry and to Diagram 11 for the —B volt contections to the

CRT circuitry.

M & W KN =

@

Check: Pass transistor

+15 — Q4401
+5 — Q4312
-8 — Q4102;

Reference on + input
of the regulating IC’s;
Regulating 1.C.’s.

Hi

Start

Measure
supply.

Low
or
ov

VERIFY

1)

2)

+55 V rnust be
present for the
proper operation
of the +15 volt,
+5 volt, and -8
volt supplies.

+15 V rmust be
present for the
proper operation
of the +5 volt
and the -8 volt
supplies.

465B Service

See the
short
Short to ground Yes | circuit
__| or other low isolation
I voltage power e procedure.
oV supply.
Check the
value of the
regulated
supply. |
‘ Low
Folded '
Check the following N
[ resistor for a crack or o
changed value:
Check for supply foldover. +15 V — R4403
Vbe of the shutdown +5V — R4325
transistor will be 0.6 V. The -8V — R4202 H—
transistor will be turned on. T Yes
[ | OK 1
Not Folded | Replace the
Check the rematon
following
Check the ly ref It c the transistors.
supply reference voltages. heck 0 ——» _
+15 V — Pin 5 of U411 — +15 volts value of A
+5 — Pin 3 of U4206 — +5 volts the regulated +5 — 04312
-8 —Pin5 & 6 of U4206 — O V supply. .8 — Q4105
Q4102
! :
oK Bad
Check the bridge rectifier Check the unregulated Y
in the affected supply for supply on its associated TS
full wave rectification. If |— ok a| filter cap. ke
Check the unregulated good, there should be +15 — C4521 transistor.
filter capacitor on the 120 Hz ac ripple on the +5 — C4531
affected supply. Low -8 — C4419
21 #| unregulated supply. 60 Hz v Y v
+15 Vv —C45 ripple indicates only Lok
TBE \‘; __g:4513 91 halfwave rectification. = Loaded by the failure of sorne active
+15 — CR4516 ‘ cornponent supplied by the affected
+5 — CR4528 | el gl
-8 — CR4471
Bad Ch:ck the IC power supply Could also be caused by the failure of
VOnRRos.. a tantalurn decoupling capacitor. A
* U4411: pin 8 (20 to 22 voits) supply affected by a bad tantalum can
——— U4206: pin 8 (15 volts) be recognized as follows. When the
ov p pin 4 (-8 volts) instrurnent is at roorn ternperature and
\ +22 V to pin 8 of U411 is just turned on, the H"Ntedl w:;r:v
. . cornes up to or near normal voltage.

5 d Bad :f::: Lﬁt&: fsr%p&nr? As the instrurnent is left on and warnrns
Repair the ba Check the bridge rectifier | | supply. up. the supply voltage begins to
:ulpplml:eris nthe in the affected supply for kil slowly go down as the tantalurn tries to
+° g e »] 8N open. draw more current from the supply.

55 +15 V — CR4516
+15 +5 V — CR4528 Check for an open
+5 -8BV — CR4471 #{ power transformer
-8

OK | secondary.

2757-52
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POWER SUPPLY ISOLATION PROCEDURE

The following procedure is used as an aid in localizing the area in which loading of a power supply occurs. If the power supply comes up
after isolating a circuit, it is very probable the problem is in that circuit. This can sometimes, however, lead to erroneous conclusions as a supply
may pass through one circuit to another circuit. For instance, the +5 volt supply enters the Timing Board through P4463-4. It then passes
through the timing switch (in the X-Y position only) and J44B7-9 to CR42B5 in the Horizontal Amplifier circuit. From J44B7-9 it also passes
through P4571-4 to the sweep control IC on the Trigger Board. Watch for these types of conditions when trying to localize a loading problem,

+110 Volt Supply

1. Unsolder one end of VR4341, R4145, and R4346 (see Figure 8-7). This isolates the Horizontal Amplifier circuit.
2. Unsolder one end of CR4328 and R4332 (see Figure 8-7). If loading still exist, check adjustment of R4069 (Geometry) and R4178

(ASTIG). If either does not adjust and an internal short is suspected, it will be necessary to remove R4069 and R417B to isolate the
CRT circuitry (Z-Axis Amplifier).

Check
CRa423
| VR4422
Q4425.
High
110 volt Low
regulated or —
supply. ov

Verify the +65 volt
supply is present and
within tolerance.

Check the value of the

110 volt regulated supply.

[—-—-—D- a crack or for a
change in value.

Supply
Folded

Check R4432 for

Check for over-current
protection (foldover).

— Yes ——

Check the value of the
110 volt unregulated

No

'

supply.

!

OK

Go to +55 Volt
Supply
Troubleshooting
Diagram.

Low

Y

Check CR4631 for full
wave rectification. The
AC ripple on the un-
regulated supply should
be 120 Hz. 60 Hz ripple
indicates half wave
rectification.

Y

Vbe of Q4431 will be
0.5 volt if the circuit
is folded.

I

Not Folded

L .

Check the drop
across VR4422
{66 V nominal).

465B Service
Shorted or loaded.
See isolation pro-
No cedure to localize
the problem area.
Check
Not Correct | cpaa3i
7| Q4425
R4432.
2757-54

+110 V SUPPLY TROUBLESHOOTING
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Start

465B Service

Remove Q4008 and insert
A 1.1k, 5%, 1/8W
Check at F4508 | oK—> :s:;:: ?;;% T resistor in the socket - Low ——
for proper voltage. for —2450 volts from collector to emitter.
. measure TP4129 for
| T > —900 volts.
Fuse blows (11( 6.‘
Check Q14009 S 4733, 0408
and associated associated and associated
) Sireuntry. circuitry. circuitry.
Y
- Check thick
Verify all Measure at L film resistor,
low voltage o TPa129 oW — 04228, 04233,
power supplies for —2450 valts. High———= 04008, Q14009
in tolerance. and associated
circuitry.
Unplug P4009 . = Singly, lift one
and insert jl[::;:rn-::\f;osz Unplug ert Lift one end 3‘3;:)0340012
arepl I ) ket. Measure of CR4108, A 5, and Check CR4005
Low —3 — Low—»f SOC |— Low —] — : —
transistor for Q14009. E:a;w_i;{)g‘” 2 w TP4129 for = —900 Measure TP4129 Low—» C4126. As you disconnect Low = and C4012.
Measure TP4129 for e volts. for = —900 volts. each capacitor, check
= —900 volts. . | T TP4129 for = —900 volts.
0OK OK OK OK OK
Replace Replace Replace Check CR4108 Replace defective Check CR4021
Q14008. U4032. crt. and essociatad capacitor. and T4015.
circuitry.
2757-71
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—2450V
TP4129 ™~

C4246

R4253
HORIZ DC
CENTERING
HIGH SPEED MAG

TIMING D
TPa217 CHT GRID
4 B'AS ADJ

ca247

C4217

Z-AXIS
YPaacy COMP ADJ

+5V -\

R4318
+55V
ADJ

TP GND

TP4439
-8V

g wazags— |
SERVICE

JUMPER =
lwm —1e

I 465B Service

&
<t

- A . =
\\;/

R4069
| _— GEOM ADJ

/ o

ZEILEER A X

SRE7ET 6EE00 A _—  Y-AXIS
ALIGN ADJ
EZSBEE \
®® 6 8 | Y it

] @

> SERVICE JUMPER
] /

R4275

MAG
REGISTRATION
R4293

| AMPLITUDE

CAL

RA4373
X10 GAIN

R4570

~

o

P @

N

REV A SEP 1979

A4 INTERFACE BOARD

SERVICE
JUMPER

. . 757111
Figure 8-10. Interface circuit board adjustment locations. 2
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N

R1202
NORM TRIG

DCBAL

e

TP1319

w1527
SERVICE

JUMPER |

&

TP1519

27

| | /?/@/ [ [[e//

W1732

SERVICE
JUMPER

CH 1 TRIG DC BAL

R1135
CH1
POSITION CENTER

CH 1 LF comp
ADJ

M\“\
R1176° R1185

CH1

HF comp

P —— m—
R1190 c1192

/]

L

R1634

CH 2 HI FREQ

\ Ccomp

R1835
CH 2 TRIG
DC BAL

CH 2 POSITION

CENTER

CH 2 INVERT
BAL

Figure 8-11. Vertical Preamplifier circuit board adjustment locations.

\A1 VERTICAL PREAMP

v:;“g:,_ 2757112
ADJ

465B Service

4
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R2117 R2025 465B Service

TRACE VERTICAL
SEPARATION OUTPUT
CENTERING GAIN

ADJUST ADJUST V

)

02315 R2325 nzm R2432 R2436 R2446 R2448 C2346 R2243 2757-122
- S —
T Low FREQ HF
comP il .

Figure 8-12A. A2 Vertical Output Amplifier circuit board adjustment locations (SN B0O30000 & up).

R2005 R2035
OUTPUT GAIN ADJ TRACE SEP
R2030 RANGE ADJ

TRACE SEP COMP /

c2308 R2312 \
» A2 VERTICAL OUTPUT

o R2245
comp L w2472
RECD _R2tdn R2EA0. RGO HF COMP SERVICE JUMPER 2757-113
— T~
LF COMP

Figure 8-12B. Vertical Output Amplifier circuit board adjustment locations below SN B030000.
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465B Service

R7042
R7026 R7045
B TRIG LEVEL B SLOPE B TRIG SENSITIVITY
CENTER 62
\ 53%52

, EEEEN

‘ zmamaN ([ Ps ()
SR 13] ,.

N

o \\\ EE}

7

| -
G — T 2N W7291
: ¥ ii SERVICE JUMPER
R7242 § | @ e——— W 1~ LI —
A SLOPE =N
CENTER SERVICE JUMPER
w7293
A TRIG SERVICE JUMPER
LEVEL
R7224
C7505 -
TRIG VIEW
LF COMP el ey
C7506

A7 TRIGGER BOARD

58 D G 69 67 57 376784

TRIG VIEW 48
CENTER
R7423 C7425 C7529
25y — - R7246
R7439 A TRIG
TS::GCE:\,E:" TRIG VIEW SENSITIVITY
GAIN ADJ

Figure 8-13. Trigger Generator and Sweep Logic circuit board adjustment locations.
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465B Service

6002 R6011 C6015 gswp R6052 : SWP
10 us TIMING A TRIG VIEW A SWP HIGH HIGH SPEED B swr CAL CAL
AP%L DELA}» ADJ SPEED ;mme ADJ TIMING ADJ

:
/

] _\__l;r-r—/m RERNARBAAN
Imsla o1 °ub

e L L
@JIIII.IIIIIII eIIIIIIIIIIIII IllIll.IllllIlIL@ F o
@G| mm ] 8o » @
@ lllllllllllll ;lllllllllllll & llllllllllllllll—vg - @

] {‘-\'...
() - r & P D 5 ¢
i ™ @ }— @ ; — .'.‘-.'.'— l_{ u o ;
_1{\ ) @ e & r\_ :
;—. .-- - i + ’”
o8 2 E[‘ LJJ_i.I.AL "\ EEASERsanap= Rl

275795
A6 TIMING BOARD

Figure 8-14. Timing circuit board adjustment locations.
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Section 9—465B Service

REPLACEABLE
MECHANICAL 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 appticable.

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 change in 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

FIGURE AND INDEX NUMBERS

ltems in this section are referenced by figure and index
numbers to the illustrations.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item
relationships. Following is an example of the indentation system
used in the d=scription cofumn.

12345 Name & Description

Assembly and/or Component
Attaching parts for Assembly and/or Component

-

Detail Part of Assembly and/or Component
Attaching parts for Detail Part

Parts of Detail Part
Attaching parts for Parts of Detail Part

Attaching Parts always appear in the same indentation as
the item it mounts, while the detail parts are indented to the right.
Indented items are part of, and included with, the next higher
indentation. The separation symbol - - - * - - - indicates the end of
attaching parts.

Attaching parts must be purchased separately, unless otherwise
specified.

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

INCH ELCTRN ELECTRON
# NUMBER SIZE ELEC ELECTRICAL
ACTR ACTUATOR ELCTLT ELECTROLYTIC
ADPTR AOAPTER ELEM ELEMENT
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST
AL ALUMINUM EQPT EQUIPMENT
ASSEM ASSEMBLED EXT EXTERNAL
ASSY ASSEMBLY FIL FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE
AWG AMERICAN WIRE GAGE FLH FLAT HEAD
BD BOARD FLTR FILTER
BRKT BRACKET FR FRAME or FRONT
BRS BRASS FSTNR FASTENER
BRZ BRONZE T FOOT
BSHG BUSHING FXD FIXED
CAB CABINET GSKT GASKET
CAP CAPACITOR HDL HANDLE
CER CERAMIC HEX HEXAGON
CHAS CHASSIS HEX HD HEXAGONAL HEAD
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CONN CONNECTOR HLEXT HELICAL EXTENSION
Cov COVER HV HIGH VOLTAGE
CPLG COUPLING IC INTEGRATED CIRCUIT
CRT CATHODE RAY TUBE ID INSIDE DIAMETER
DEG DEGREE IDENT IOENTIFICATION
DWR DRAWER IMPLR IMPELLER

IN INCH SE SINGLE END
INCAND INCANDESCENT SECT SECTION
INSUL INSULATOR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDR LAMPHOLDER SHLDR SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL SL SLIDE

MTG MOUNTING SLFLKG SELF-LOCKING
NIP NIPPLE SLVG SLEEVING

NON WIRE NOT WIRE WOUND SPR SPRING

0OBD ORDER BY DESCRIPTION sQ SQUARE

oD OUTSIDE DIAMETER SST STAINLESS STEEL
OVH OVAL HEAD STL STEEL

PH BRZ PHOSPHOR BRONZE Sw SWITCH

PL PLAIN or PLATE T TUBE

PLSTC PLASTIC TERM TERMINAL

PN PART NUMBER THD THREAD

PNH PAN HEAD THK THICK

PWR POWER TNSN TENSION

RCPT RECEPTACLE TPG TAPPING

RES RESISTOR TRH TRUSS HEAD
RGD RIGID v VOLTAGE

RLF RELIEF VAR VARIABLE
RTNR RETAINER w/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR TRANSFORMER
SCR SCREW XSTR TRANSISTOR

9-1
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Replaceable Mechanlcal Parts—465B Service

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code Manufacturer Address City, State, Zip
000BK STAUFFER SUPPLY 105 SE TAYLOR PORTLAND, OR 97214
000CY NORTHWEST FASTENER SALES, INC. 7923 SW CIRRUS DRIVE BEAVERTON, OREGON 97005
000EX 0'HARA METAL PRODUCT COMPANY 542 BRANNAN STREET SAN FRANCISCO, CA 94107
000GE SCREWMATIC INC. 925 WEST FIRST ST. AZUZA, CA 91702
000GF DUDEK & BOCK SPRING MFG CO. 5100 W ROOSEVELT RD. CHICAGO, IL 60650
00779 AMP, INC. P 0 BOX 3608 HARRISBURG, PA 17105
01963 CHERRY ELECTRICAL PRODUCTS CORPORATION 3600 SUNSET AVENUE WAUKEGAN, IL 60085
05006 TWENTIETH CENTURY PLASTICS, INC. 415 E WASHINGTON BLVD. LOS ANGELES, CA 90015
05129 KILO ENGINEERING COMPANY 2015 D LA VERNE, CA 91750
06540 AMATOM ELECTRONIC HARDWARE, DIV. OF

MITE CORP. 446 BLAKE ST. NEW HAVEN, CT 06515
06666 GENERAL DEVICES CO., INC. 525 S. WEBSTER AVE, INDIANAPOLIS, IN 46219
07700 TECHNICAL WIRE AND PRODUCTS, INC. 129 DERMODY ST. CRANFORD, NJ 07016
08261 SPECTRA-STRLP CORP. 7100 LAMPSON AVE. GARDEN GROVE, CA 92642
08530 RELIANCE MICA CORP. 342-39TH ST. BROOKLYN, NY 11232
12014 CHICAGO RIVET AND MACHINE CO. 950 S. 25TH AVENUE BELLWOOD, IL 60104
12327 FREEWAY CORPORATION 9301 ALLEN DRIVE CLEVELAND, OH 44125
12360 ALBANY PRODUCTS CO., DIV. OF PNEUMO

DYNAMICS CORPORATION 145 WOODWARD AVENUE SOUTH NORWALK, CT 06586
13511 AMPHENOL CARDRE DIV., BUNKER RAMO CORP. LOS GATOS, CA 95030
16428 BELDEN CORP. P. 0. BOX 1331 RICHMOND, IN 47374
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
23050 PRODUCT COMPONENTS CORP 30 LORRAINE AVE. MT VERNON, NY 10553
24011 ELECTRONIZED CHEMICALS CORPORATION S BEDFORD STREET BURLINGTON, MA 01803
24931 SPECIALITY CONNECTOR CO., INC. 2620 ENDRESS PLACE GREENWOOD, IN 46142
26233 USM CORP NYLOC FASTENER DIV. 1501 W SEPULVEDA BLVD.

P.0. BOX 3158 TORRANCE, CA 90510

27143 ATLAS SPRING AND MFG. CO. 1805 N. SPAULDING AVE. CHICAGO, IL 60647
28520 HEYMAN MFG. CO. 147 N. MICHIGAN AVE. KENILWORTH, NJ 07033
28817 CAL-METEX CORP., SUBSIDIARY OF METEX

CORP. 509 HINDRY AVE. INGLEWOOD, CA 90301
42838 NATIONAL RIVET AND MFG. CO. 1-21 EAST JEFFERSON ST. WAUPUN, WI 53963
46384 PENN ENGINEERING AND MFG. CORP. P 0 BOX 311 DOYLESTOWN, PA 18901
51316 ANGELUS WASHER AND STAMPING CO. 1411 ESPERANZA ST. LOS ANGELES, CA 90023
55210 GETTIG ENG. AND MFG. COMPANY PO BOX 85, OFF ROUTE 45 SPRING MILLS, PA 16875
56878 STANDARD PRESSED STEEL COMPANY BENSON EAST JENKINTOWN, PA 19046
57771 STIMPSON, EDWIN B., CO., INC. 900 SYLVAN AVENUE BAYPORT, NY 11705
63743 WARD LEONARD ELECTRIC CO., INC. 31 SOUTH ST. MOUNT VERNON, NY 10550
70278 ALLIED STEEL AND CONVEYORS, DIV. OF

SPARTON CORP. 17333 HEALY DETROIT, MI 48212
70485 ATLANTIC INDIA RUBBER WORKS, INC. 571 W. POLK ST. CHICAGO, 1L 60607
71159 BRISTOL SOCKET SCREW, DIV. OF

AMERICAN CHAIN AND CABLE CO., INC. P O BOX 2244, 40 BRISTOL ST. WATERBURY, CT 06720
71279 CAMBRIDGE THERMIONIC CORP. 445 CONCORD AVE. CAMBRIDGE, MA 02138
71400 BUSSMAN MFG., DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSITY ST. ST. LOULS, MO 63107
71590 CENTRALAB ELECTRONICS, DIV. OF

GLOBE~UNION, INC. P 0 BOX 858 FORT DODGE, IA 50501
71785 TRW, CINCH CONNECTORS 1501 MORSE AVENUE ELK GROVE VILLAGE, IL 60007
73743 FISCHER SPECIAL MFG. CO. 446 MORGAN ST, CINCINNATI, OH 45206
73803 TEXAS INSTRUMENTS, INC., METALLURGICAL

MATERIALS DIV. 34 FOREST STREET ATTLEBORO, MA 02703
74445 HOLO-KROME CO. 31 BROOK ST. WEST HARTFORD, CT 06110
75497 LAMSON AND SESSIONS CO. 5000 TIEDEMAN ROAD CLEVELAND, OH 44144
75915 LITTELFUSE, INC. 800 E. NORTHWEST HWY DES PLAINES, IL 60016
77250 PHEOLL MANUFACTURING CO., DIVISION

OF ALLIED PRODUCTS CORP. 5700 W. ROOSEVELT RD. CHICAGO, IL 60650
78189 ILLINOLS TOOL WORKS, INC.

SHAKEPROOF DIVISION ST. CHARLES ROAD ELGIN, IL 60120
79136 WALDES, KOHINOOR, INC. 47-16 AUSTEL PLACE LONG ISLAND CLTY, NY 11101
79807 WROUGHT WASHER MFG. CO. 2100 S. O BAY ST. MILWAUKEE, WI 53207
80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077
80033 PRESTOLE EVERLOCK, INC. P. 0. BOX 278,1345 MIAMI ST, TOLEDO, OH 43605
83385 CENTRAL SCREW CO. 2530 CRESCENT DR. BROADVIEW, IL 60153
83486 ELCO INDUSTRIES, INC. 1103 SAMUELSON ROAD ROCKFORD, IL 61101
86445 PENN FIBRE AND SPECIALTY CO., INC. 2032 E. WESTMORELAND ST. PHILADELPHIA, PA 19134
86928 SEASTROM MFG. COMPANY, INC. 701 SONORA AVENUE GLENDALE, CA 91201

REV F, JUN 1980
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Mir. Code

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Replaceable Mechanlcal Parts—465B Service

Manufacturer Address City, State, Zip
89663 REESE, J. RAMSEY, INC. 71 MURRAY STREET NEW YORK, NY 10007
91260 CONNOR SPRING AND MFG. CO. 1729 JUNCTION AVE. SAN JOSE, CA 95112
93907 CAMCAR SCREW AND MFG. CO. 600 18TH AVE. ROCKFORD, IL 61101
95987 WECKESSER CO., INC. 4444 WEST IRVING PARK RD. CHICAGO, IL 60641
97464 INDUSTRIAL RETAINING RING CO. 57 CORDIER ST. IRVINGTON, NJ 07111

REV C, MAY 1980
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Replaceable Mechanical Parts—465B Service

Fig. &
Index  Tektronix Serial/Model No. Mfr
No. Part No. Eft Dscont Qty 12345 Name & Description Code  Mfr Part Number
1-1  200-1411-00 1 RTNR, IMPLOSION:5.422 X 4.743X 0.441,GRAY 80009 200-1411-00
-2 213-0313-00 4 . THUMBSCREW:4-40 X 0.45 INCH,KNURLED 80009 213-0313-00
-3 337-1674-00 1 SHLD,ELCTRN TUB:CRT 80009 337-1674-00
-4 366~0494-00 5 KNOB:GRAY WITH SETSCREW 80009 366-0494-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-5  366-1031-02 2 KNOB:RED,VAR,0.1271D X 0.392 OD . 80009 366-1031-02
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY O0BD
-6 366-1426-00 2 KNOB:GRAY 80009 366-1426-00
213-0153-00 1 SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-7 366-0215-02 2 KNOB:LEVER SWITCH 80009 366-0215-02
-8  366-1559-00 16 PUSH BUTTON:SIL GY,0.18 SQ X 0.43 80009 366-1559-00
-9 366-0494-00 3 KNOB:GRAY WITH SETSCREW 80009 366-0494-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY O0BD
-10 366-0494-00 1 KNOB:GRAY WITH SETSCREW 80009 366-0494-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-11  331-0328-00 1 DIAL,CONTROL:10 TURN FOR 0.25 DIA SHAFT 05129 461-S-70
213-0048-00 1 . SETSCREW:4-40 X 0.125 INCH,HEX SOC STL 74445 OBD
-12  366-1346-02 1 KNOB:RED 80009 366-1346-00
213-0243-00 1 . SETSCREW:5-40 X 0.25 INCH,HEX SOC STL 70276 OBD
-13 366-1219-01 1 KNOB:GRAY--DLYD SWP 80009 366-1219-01
213-0153-00 2 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-14  354-0442-01 1 RING,KNOB SKIRT:CLEAR,1.45 OD 80009 354-0442-01
213-0005-00 1 . SETSCREW:8-32 X 1.25 INCH,HEX SOC STL 74445 OBD
-15 401-0080-01 1 BRG,KNOB SKIRT:0.789 ID X 8.66"0D PLASTIC 80009 401-0080-01
-16  366-0494-00 3 KNOB:GRAY WITH SETSCREW 80009 366-0494-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-17 366-1278-00 2 KNOB:GRAY 80009 366-1278-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK OXD,HEX 000CY OBD
-18 366-1280-00 1 KNOB:GRAY 80009 366-1278-00
213-0153-00 1 . SETSCREW:5-40 X 0.125,STL BK 0XD,HEX 000CY OBD
366-0494-00 1 KNOB:GRAY WITH SETSCREW 80009 366-0494-00
213-0246-00 1 . SETSCREW:5-40 X 0.093 ITL BK OXD,HEX SKT 71159 OBD
-19  426-1072-00 16 FRAME,PUSH BTN:PLASTIC 80009 426-1072-00
-20 358-0216-00 1 BUSHING,PLASTIC:0.257 ID X 0.412 INCH OD 80009 358-0216-00
-21 358-0599-00 5 BUSHING,SLEEVE:0.125 1D X 0.234 THK,PLSTC 28520 B-187-125
-22  358-0540-00 2 BSHG,MACH.THD:0.25-32 X 0.128 ID X 0.24" L 80009 358-0540-00
(ATTACHING PARTS)
-23  210-0583-00 2 NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743  2X20317-402
-24  210-0940-00 2 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
- - = % - - -
-25 378-0635-00 4 LENS,LIGHT:WHITE 80009 378-0635-00
-26 —-mem ———e- 1 RES.,VAR,NONWIR:(SEE R16002 EPL)
=27 ——mem —m—em 1 RES.,VAR,NONWIR:(SEE R14288,R14289 EPL)
(ATTACHING PARTS)
-28 210-0583-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743  2X20317-402
-29 210-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
- - e K - - -
=30 ———=— —mee 1 RES.,VAR,NONWIR:(SEE R14398 EPL)
(ATTACHING PARTS)
-31 210-0583-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743  2X20317-402
-32  210-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
- - = % - - =
-33  210-0046-00 1 WASHER,LOCK:0.261 ID,INTL,0.018 THK,BRS 78189 1214-05-00-0541C
=34 - oo 1 RES.,VAR,NONWIR:(SEE R15102 EPL)
(ATTACHING PARTS)
-35 210-0583-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743 2X20317-402
-36  210-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
- - - K - - -
-37  210-0046-00 1 WASHER,LOCK:0.261 ID,INTL,0.018 THK,BRS 78189 1214~-05-00-0541C
-38 oo e 1 RES.,VAR,NONWIR:(SEE R14498 EPL)
(ATTACHING PARTS)
-39 210-0583-00 | NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743 2X20317-402
-40  210-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
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Replaceable Mechanical Parts—465B Service

Fig. &
Index  Tektronix Serial/Model No. Mir
No. Part No.  Eft Dscont Qty 12345 Name & Description Code  Mfr Part Number
S R 2 RES.,VAR,NONWIR:(SEE R17105,R17305 EPL)
(ATTACHING PARTS)
-42  210-0583-00 2 NUT,PLAIN,HEX.:0.25-32 X 0.312 INCH,BRS 73743 2X20317-402
-43  210-0940-00 2 WASHER,FLAT:0.25 ID X 0.375 INCH 0D, STL 79807 O0BD
[ -
-44  333-2524-00 1 PANEL, FRONT: 80009 333-2524-00
-45  352-0477-00 8 HOLDER,LED: 80009 352-0477-00
-46  131-0955-00 2 CONNECTOR,RCPT, :CKT BD,28/56 CONTACT 13511 31-279
-47 386-2340-00 4  SUPPORT,CRT:FRONT 80009 386~2340-00
48 e —meee 1 CKT BOARD ASSY:CRT SCALE ILLUM(SEE Al0 EPL)
-49 378-0728-00 1 . REFLECTOR,LIGHT:SCALE ILLUMINATION 80009 378-0728-00
-50 352-0329-00 1 . LAMPHOLDER:SCALE ILLUMINATION 80009 352-0329-00
198-2862-00 1 . WIRE SET,ELEC: 80009 198-2862-00
-51 175-0825-00 FT . WIRE,ELECTRICAL:2 WIRE RIBBON 80009 175-0825-00
-52 131-0707-00 2 . CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
-53 352-0169-02 1 . . CONN BODY,PL,EL:2 WIRE RED 80009 352-0169-00
-54  348-0276-00 FT SHLD GSKT,ELEC:0.026 OD NPRNW/WIRE NET CO 28817 01-0404-3719
~-55 426-1607-00 1 FRAME,CABINET:FRONT 80009 426-1607-00
(ATTACHING PARTS)
-56 213-0183-00 4 SCR,TPG,THD FOR:6-20 X 0.5 TYPE B,PNH,STL 83385 OBD
P A
~57 129-0385-00 1 SPACER,POST:1.77 L,W/6-32& 4-40 THD ENDS 80009 129-0385-00
-58 348-0115-00 1 GROMMET,PLASTIC:U-SHP,0.548 X0.462 INCH 80009 348-0115-00
-59 337-1688-03 1 SHLD,ELECTRICAL:HIGH VOLTAGE 80009 337-1688-03
(ATTACHING PARTS)
-60 211-0065-00 BO10100 B042994 3 SCREW,MACHINE:4-40 X 0.188 INCH,PNH STL 77250 OBD
211-0661-00 B042995 3 SCREW,MACHINE:4-40 X 0.25 INCH,PNH,STL 83385 OBD
- o K - o -
=61 ——mmm e 1 CKT BOARD ASSY:FAN MOTOR(SEE A8 EPL)
-62 131-0608-00 2 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
-63  136-0252-07 3 . SOCKET,PIN CONN:W/O DIMPLE 22526 75060-012
-64 136-0269-02 1 . SKT,PL~-IN ELEK:MICROCIRCUIT,14 DIP,LOW CLE 73803 C€S9002-14
=65 ——=em o 1 . MOTOR,DC:(SEE B8045 EPL)
-66 426-0781-00 1 . MOUNT,MOTOR: 80009 426-0781-00
(ATTACHING PARTS)
-67 213-0088-00 2 SCR,TPG,THD CTG:4-24 X 0.25 INCH,PNH STL 83385 OBD
- K - - -
-68 337-1762-00 1 SHLD,ELECTRICAL:FAN MOTOR 80009 337-1762-00
-69 426-0781-00 1 MOUNT,MOTOR: 80009 426-0781-00
(ATTACHING PARTS)
-70  213-0088-00 2 SCR,TPG,THD CTG:4-24 X 0.25 INCH,PNH STL 83385 OBD
J R
644-0150-00 1  XSTR BRKT ASSY: 80009 644-0150-00
(ATTACHING PARTS)
-71 210-0586-00 2 NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
- — = K - - -
—————————— - . TRANS BRKT ASSY INCLUDES:
72 - mmme- - . TRANSISTOR:(SEE Q14009 EPL)
(ATTACHING PARTS)
-73  211-0012-00 2 . SCREW,MACHINE:4-40 X 0.375,PNH STL CD PL 83385 OBD
-74 358-0214-00 2 . INSULATOR,BSHG:0.25 DIA X 0.188 INCH L 24011 OBD
-75  210-0205-00 1 . TERMINAL,LUG:SE #8 86928 5442-7
- - - R = = =
-76 214-1610-00 1 . HEAT SINK,ELEC:TRANSISTOR 80009 214-1610-00
-77 407-1153-00 1 . BRACKET,XSTR:ALUMINUM 80009 407-1153-00
~-78 348-0253-00 1] GROMMET,PLASTIC:BLACK,OBLONG, 3.0X0.925 80009 348-0253-00
-79  348-0064-00 2  GROMMET,PLASTIC:0.625 INCH DIA 80009 348-0064-00
-80 348-0056-00 1| GROMMET,PLASTIC:0.375 INCH DIA 80009 348-0056-00
348-0442-00 1 GROMMET, PLASTIC:BLACK,ROUND,0.375" 1D 28520 SB-500-6
348-0517-00 2 GROMMET,PLASTIC:BLACK,ROUND,0.25 ID 28520 SB-375-4
348-0518~00 BO10100 BO10549 2  GROMMET,PLASTIC:BLACK,ROUND,0.5 1D 28520 SB-625-8
348-0518-00 B010550 1 GROMMET,PLASTIC:BLACK,ROUND,0.5 1D 28520 SB-625-8
348-0064-00 B0O10550 1] GROMMET,PLASTIC:0.625 INCH DIA 80009 348-0064-00
358-0540-00 2 BSHG,MACH.THD:0.25-32 X 0.128 1D X 0.24" L 80009 358-0540-00
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Fig. &
Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscont  Qty 12345 Name & Description Code  Mfr Part Number
1-81 407-1138-00 1 BRKT,DELAY LINE:ALUMINUM 80009 407-1138-00
(ATTACHING PARTS)
-82  210-0457-00 1 NUT,PL,ASSEM WA:6-32 X 0.312 INCH,STL 83385 OBD
- - a K - - =
343-0144-00 1 CLAMP,LOOP:0.125 INCH ID,BLK NYLON 95987 1-8-2
83 —mm—e aeeo 1 DELAY LINE:(SEE DL11405 EPL)
131-1002-02 1 . CONN,DELAY LINE: 80009 131-1002-02
131-1313-00 1 . RETAINER,WIRE,E:DELAY LINE TERMINAL 80009 131-1313-00
-84 ——-em o 1 COIL,TUBE DEFLE:(SEE L14165 EPL)
-85 344~0250-00 1 CLIP,ELECTRICAL:COMPONENT MOUNTING 80033 ES50005-007
(ATTACHING PARTS)
-86 211-0008-00 1 SCREW,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 0BD
-87 210-0586-00 1 NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
- - o R e = -
-88 337-1763-01 1 SHIELD,ELEC:TRANSFORMER 80009 337-1763-01
-89 348-0349-00 FT SHLD GSKT,ELEC:0.187 INCH DIA,2.75 FT L 07700 2143951
~-90 348-0339-00 4 FOOT,CABINET:W/CORD WRAP 80009 348-0339-00
(ATTACHING PARTS)
-91 212-0020-00 4 SCREW,MACHINE:8-32 X 1.0 INCH,PNH STL 93907 OBD
_ - = % - - -
-92  426-0970-00 1 FR SECT.,CAB.:REAR 80009 426-0970-00
(ATTACHING PARTS)
-93 211-0516-00 2 SCREW,MACHINE:6-32 X 0.875 INCH,PNH STL 83385 0BD
=94  210-1002-00 2 WASHER,FLAT:0.125 ID X 0.25 INCH OD,BRS 12327 0BD
- - = K - = -
-95 378-0044-01 1 FILTER ELEM,AIR:2.5 X 2.5 X 0.25 80009 378-0044-01
-96 131-0955-00 4 CONNECTOR,RCPT, :CKT BD,28/56 CONTACT 13511 31-279
~97 210-0255-00 4 TERMINAL,LUG:0.391" ID INT TOOTH 80009 210-0255-00
-98 386-2408-00 1 PLATE,CONN MTG:ALUMINUM 80009 386-2408-00
200-1445-05 1 COV,LINE V SEL:W/HARDWARE 80009 200-1445-05
(ATTACHING PARTS)
-99 211-0101-00 2 SCREW,MACHINE:4-40 X 0.25" 100 DEG,FLH STL 83385 0BD
- - = K - - =
—————————— - . COVER INCLUDES:
=100 —==-m —-m— 1 . COVER,SCORE:REAR(AVAILABLE AS ASSY ONLY)
-101 378-0807-01 1 . SCREEN,FAN:2.5 X 2.5 X 0.032,AL 80009 378-0807-01
-102 200-1399-02 1" . COVER,FAN IMPLR: 80009 200-1399-02
-103 369-0031-00 1 IMPLR,FAN,AXIAL:2.60 INCH OD,PLASTIC 80009 369-0031-00
213-0022-00 1 . SETSCREW:4-40 X 0.188 INCH,HEX SOC STL 74445  OBD
-104 200-1445-05 1 COV,LINE V SEL:W/HARDWARE 80009 200-1445-05
-105 352-0102-00 1 FUSEHOLDER:0.262"ID TUBE FOR CRTG FUSE 80009 352-0102-00
(ATTACHING PARTS)
-106 213-0717-00 2 . SCREW,TPG,TF:4-20 X 0.312 PNH,STL,CD PL 93907 OBD
- = K - - -
-107 204-0549-01 B010100 B010799 1 BODY ASSY,LINE: 80009 204-0549-01
204-0549-03 BO10800 1 BODY ASSY,LINE: 80009 204-0549-03
(ATTACHING PARTS)
-108 210-0407-00 2 NUT,PLAIN,HEX.:6-32 X 0.25 INCH,BRS 73743  3038-0228-402
-109 210-0006-00 2 WASHER,LOCK:#6 INTL,0.018THK,STL CD PL 78189 1206-00-00-0541C
- - -k - -
—————————— - . BODY ASSY,LINE INCLUDES:
131-1318-01 2 . BUS CONDUCTOR: 80009 131-1318-01
210-0666-00 2 . RIVET,TUBULAR:0.188 L X 0.125 OD,BRS 12014 3329-3-16LONG
214-0778-00 B010100 BO10799 1 . CONT ASSY,ELEC:LINE V SEL,LOW/MED/HI 80009 214-0778-00
214-0778-01 B010800 1 . CONTACT ASSY,EL:LINE V SEL,LOW/MED/HI 80009 214-0778-01
344-0135-00 2 . CLIP,ELECTRICAL:FUSE,CU BE ALBALOY PL 80009 344-0135-00
-110 161-0033-07 1 CABLE ASSY,PWR,:3 WIRE,92 INCH LONG 16428 KH8389
(ATTACHING PARTS)
-111 358-0161-00 1 BSHG,STRAIN RLF:FOR 0.50 INCH HOLE,PLASTIC 28520 SRS5P4
- - e K - - -
-112 386-2332-10 1 PANEL,REAR: 80009 386-2332-10
(ATTACHING PARTS)
-113 211-0105-00 1 SCREW,MACHINE:4-40 X 0.188"100 DEG,FLH STL 83385 0BD
-114 211-0138-00 1 SCREW,MACHINE:5-40 X 2.562 INCH,PNH STL 83486 OBD
-115 210-0586-00 1 NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
-116 210-0202-00 1 TERMINAL,LUG:0.146 ID,LOCKING,BRZ TINNED 78189 2104-06-00-2520N

- - - % - - -
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Fig. &
Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscont  Qty 12345 Name & Description Code  Mfr Part Number
1117 mmmem e 1 SW,THERMOSTATIC:(SEE $14520 EPL)
(ATTACHING PARTS)
-118 213-0138-00 2 SCR,TPG,TF:4-24 X 0.188 INCH,PNH STL 83385 0BD
E I -
“119 ~mmem s 1 TRANSFORMER:(SEE T14500 EPL)
(ATTACHING PARTS)
-120 211-0538-00 2 SCREW,MACHINE:6-32 X 0.312"100 DEG,FLH STL 83385 OBD
-121 210-0457-00 2 NUT,PL,ASSEM WA:6-32 X 0.312 INCH,STL 83385 OBD
211-0114-00 1 SCREW,MACHINE:4-40 X 0.438 INCH,FLH STL 83385 OBD
210-0551-00 1 NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL 83385 OBD
- — = % - -
—————————— ~ . TRANSFORMER INCLUDES:
-122 407-1066-00 1 . BRACKET,XFMR:ALUMINUM 80009 407-1066-00
-123 212-0523-00 4 . SCREW,MACHINE:10-32 X 2.750,HEX HD STL 83385 OBD
-124 210-0812-00 4 . WASHER,NONMETAL:#10,FIBER 86445 OBD
~125 166-0457-00 4 . INSUL SLVG,ELEC:0.19 ID X 1.875"LONG MYLAR 80009 166~0457-00
-126 200-1544-00 1 . COVER,ELEC XFMR:2.0 X 2.5 X 0.65,STEEL 80009 200-1544~00
-127 220-0561-00 4 . NUT,PLAIN,HEX.:10-32 X 0.25 INCH,BRS 80009 220-0561-00
-128 210-0056-00 A WASHER LOCK: SPLIT,0.195 ID X 0.32" OD,P BRZ 83385 OBD
-129 210-0202-00 1 TERMINAL LUG:0.146 ID,LOCKING,BRZ TINNED 78189 2104-06-00-2520N
(ATTACHING PARTS)
-130 210-0586-00 1 NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
- — - ® - - -
=131 ——=em e 2 TRANSISTOR:(SEE Q4102,Q4401 EPL)
—————————— 1 TRANSISTOR:(SEE Q4301 EPL)
(ATTACHING PARTS)
-132 211-0012-00 3 SCREW,MACHINE:4-40 X 0.375,PNH STL CD PL 83385 OBD
-133 210-0071-00 3 WASHER,SPR TNSN:0.146 ID X 0.323" OD,STL 78189 4706-05-01-0531
- — =k = - -
-134 342-0163-00 3 INSULATOR,PLATE:XSTR,0.675 X 0.625 X 0.001" 80009 342-0163-00
-135 441-1084-05 1 CHASSIS, SCOPE:W/HARDWARE 80009 441-1084-05
-136 129-0394-00 4 . SPACER,POST:0.50L,W/8-32 THD 000GF 50-832-16
-137 214-0291-00 1 . CONTACT,SPRING:1.188 X 0.375 X 0.25 INCH 80009 214~0291-00
136-0515-01 1 SKT,PL-IN ELEK:ELCTRN TUBE,14 CONT W/LEAD 80009 136-0515-01
-138 136-0202-01 1 . SOCKET,PLUG-IN:14 PIN 80009 136-0202-01
-139 131-0707-00 4 . CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
-140 352-0162-00 1 . HLDR,TERM CONN:4 WIRE BLACK 80009 352-0162-00
-141 179-2670-00 1 WIRING HARNESS:MAIN 80009 179-2670-00
-142 352-0169-00 1 . HLDR,TERM CONN:2 WIRE BLACK 80009 352-0169-00
-143 352-0161-00 1 . HLDR,TERM CONN:3 WIRE BLACK 80009 352-0161-00
-144 210-0774-00 23 . EYELET,METALLIC:0.152 OD X 0.245 INCH L,BRS 80009 210-0774-00
-145 210-0775-00 23 . EYELET,METALLIC:0.126 OD X 0.23 INCH L,BRS 80009 210-0775-00
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Fig. &
Index  Tektronix  Serial/Mode! No. Mfr
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
2-1  337-1711-03 1 SHIELD,ELEC:HIGH VOLTAGE 80009 337-1711-03
(ATTACHING PARTS)
-2 211-0244-00 3 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
-3 210-0004-00 4 WASHER,LOCK:#4 INTL,0.015THK,STL CD PL 78189 1204-00-00-0541C
—-— - e K = - =
131-1428-00 1 CONTACT,ELEC:GROUNDING CLIP 80009 131-1428-00
(ATTACHING PARTS)
211-0012-00 1 SCREW,MACHINE:4-40 X 0.375,PNH STL CD PL 83385 OBD
210-0851-00 1 WASHER,FLAT:0.119 ID X 0.375 INCH OD,STL 12327 OBD
- —_- —_ Kk = - -
-4 131-1428-00 1 CONTACT,ELEC:GROUNDING CLIP 80009 131-1428-00
-5  342-0175-00 1 INSULATOR,FILM:3.65 X 4.70 INCH 80009 342-0175-00
-6 129-0413-01 4 SPACER,POST:0.538 L,W/4-40 TAP 1 END 80009 129-0413-01
-7 210-0994-00 4 WASHER,FLAT:0.125 ID X 0.25" OD,STL 86928 5714-147-20N
-8 ~——em ————- 2 TRANSISTOR:(SEE Q4190,Q4312 EPL)
(ATTACHING PARTS)
-9 211-0182-00 2 SCR,ASSEM WSHR:2-56 X 0.312 INCH,PNH,STL 12360 OBD
-10 210-1156-00 2 WASHER,SHLDR:0.09 ID X 0.085 D,NYL,0.2 OD 80009 210-1156-00
- = K - - -
-11 342-0166-00 2 INSULATOR,PLATE:TRANSISTOR 80009 342-0166-00
-12  384-1408-00 2 EXTENSION SHAFT:3.8 L,MOLDED PLASTIC 80009 384-1408-00
-13  384-0457-00 1 EXTENSION SHAFT:6.7 L X 0.1230D EPOXY-GL 80009 384-0457-00
-14 384-1187-00 2 EXTENSION SHAFT:3.40 INCH LONG 80009 384-1187-00
-15 384-1179-00 1 EXTENSION SHAFT:9.312 INCH LONG 80009 384-1179-00
-16 384-1174-00 1 EXTENSION SHAFT:1.80 INCH LONG 80009 384-1174-00
-17 376-0029-00 5 CPLG,SHAFT,RGD:0.128 ID X 0.312 OD X 0.5"L 80009 376-0029-00
—————————— - EACH COUPLING SHAFT INCLUDES:
213-0075-00 10 . SETSCREW:4-40 X 0.094,STL BK OXD,HEX SKT 000BK OBD
-18 195-0276-01 1 LEAD,ELECTRICAL:0.062 DIA,BRS,W/MLD COLLAR 80009 195-0276-01
19  —m——— 1 CKT BOARD ASSY:INTERFACE(SEE A4 EPL)
(ATTACHING PARTS)
-20  211-0244-00 7 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
- --F = = =
—————————— - . CKT BOARD ASSY INCLUDES:
-21 136-0499-12 1 . CONNECTOR,RCPT,:12 CONTACT 00779  4-380949-2
-22  136-0499-14 1 . CONNECTOR,RCPT,:14 CONTACT 00779 4-380949-4
-23  136-0514-00 1 . SKT,PL-IN ELEC:MICROCIRCUIT,8 DIP 73803 C€S59002-8
=24 ———mm —mmmm 1 . SEMICOND DVC,DI:V MULTI(SEE U4032 EPL)
(ATTACHING PARTS)
-25 220-0736-00 1 . NUT,PL,EXT WSHR:8-32 X 0.344 HEX,NYLON 23050 OBD
- - = % - - -
-26 ———m— —mme- 1 . PUSHBUTTON SW:BEAMFIND(SEE S4075 EPL)
-27 361-0382-00 B010100 B0O10849 4 SPACER,PB SW:BROWN,0.275 INCH LONG 80009 361-0382-00
361-0608-00 B010850 4 . SPACER,PUSH SW:PLASTIC 80009 361-0608-00
-28 1 . RES.,VAR,NONWIR:INTENSITY(SEE R4059 EPL)
-29 4 . SPACER,SWITCH:PLASTIC 80009 361-0607-00
-30 1 . PUSHBUTTON SW:X10 MAG(SEE S4371 EPL)
-31 1 . RES.,VAR,NONWIR:ASTIG(SEE R4178 EPL)
-32 1 . RES.,VAR,NONWIR:TRACE ROTATION(SEE R4179 EPL)
-33 1 . RES.,VAR,NONWIR:SCALE ILLUM(SEE R4195 EPL)
-34 1 . RES.,VAR,NONWIR:FOCUS(SEE R4132 EPL)
(ATTACHING PARTS)
-35 210-0583-00 1 . NUT,PLAIN,HEX.:0,25-32 X 0.312 INCH,BRS 73743  2X20317-402
-36 210-0046-00 1 . WASHER,LOCK:0.261 ID,INTL,0.018 THK,BRS 78189 1214-05-00-0541C
-37 210-0940-00 1 . WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
- - = K - - -
-38 386-2433-00 1 . SUPPORT,VAR RES:CIRCULT CARD MOUNTING 80009 386-2433-00
-39 131-1003-00 5 . CONN,RCPT,ELEC:CKT BD MT,3 PRONG 80009 131-1003-00
-40 337-1759-00 1 SHLD, ELECTRICAL: SWEEP 80009 337-1759-00
-41 136-0269-02 3 SKT,PL~IN ELEK:MICROCIRCULT,14 DIP,LOW CLE 73803 CS9002-14
-42 136-0252-04 B010100 B033189 168 SOCKET,PIN TERM:U/W 0.016-0.018 DIA PINS 22526 75060-007
136-0252-07 B033190 165 . SOCKET,PIN CONN:W/0 DIMPLE 22526 75060-012
-43 131-0608-00 B010100 B033189 43 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
131-0608-00 B033190 41 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
~44  358-0214-00 3 . INSULATOR,BSHG:0.25 DIA X 0.188 INCH L 24011 OBD
-45 124-0092-00 2 . TERMINAL BOARD:3 NOTCH,CERAMIC,CLIP MTD 80009 124-0092-00
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Fig. &
Index  Tektronix Serial/Model No. Mfr
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
2-46 124-0118-00 1 . TERMINAL BOARD:1 NOTCH,CERAMIC,CLIP MTD 80009 124-0118-00
-47  344-0154-00 4 . CLIP,ELECTRICAL:FUSE,CKT BD MT 80009 344-0154-00
-48 131-1261-00 24 . CONTACT,ELEC:F-SHAPED 00779 1-380953-0
-49  131-0566-00 10 . BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
=50 214-0579-00 BO10100 BO10849 17 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
214-0579-00 B010850 B039949 18 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
214-0579-02 B039950 18 . TERM,TEST POINT:BRASS 80009 214-0579-02
-51 131-0382-00 1 . TERMINAL,STUD:0.812 L, INSULATED 71279  572-4822-01-05-1
(ATTACHING PARTS)
-52  210-0586-00 1 . NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
- - = K - - -
198-2850-00 1 . WIRE SET,ELEC: 80009 198-2850-00
-53 384-1159-00 1 EXTENSION SHAFT:10.384 INCH LONG,W/KNOB 80009 384-1159-00
-54 214-1756-00 1 ACTUATOR,SWITCH:POWER 80009 214-1756-00
644-0151-00 1 SWITCH ASSY: 80009 644-0151-00
(ATTACHING PARTS)
-55  211-0244-00 1 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
-56 210-0551-00 1 NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL 83385 O0BD
210-0406-00 1 NUT,PLAIN,HEX.:4-40 X 0.188 INCH, BRS 73743 2X12161-402
210-0994-00 1 WASHER,FLAT:0.125 ID X 0.25" OD,STL 86928 5714-147-20N
- - = K - - -
—————————— - . SWITCH ASSY INCLUDES:
=57 ==——m e 1 . SWITCH,TOGGLE:POWER ON(SEE S14510 EPL)
(ATTACHING PARTS)
-58 210-0562-00 1 . NUT,PLAIN,HEX.:0.25-40 X 0.312 INCH,BBS 73743 2X20224-402
-59  210-0046-00 1 . WASHER,LOCK:0.261 ID,INTL,0.018 THK,BRS 78189 1214-05-00-0541C
- - -k = = -
~60 ———-= e i . SWITCH,SLIDE:LINE SELECT(SEE $14500 EPL)
(ATTACHING PARTS)
-61 211-0101-00 2 . SCREW,MACHINE:4-40 X 0.25" 100 DEG,FLH STL 83385 OBD
- - - K - - -
-62 200-1526-00 1 . CON,INV SW HOLE: 80009 200-1526-00
-63  407-1133-00 1 . BRACKET,ELEC SW:ALUMINUM 80009 407-1133-00
386-2660-00 1 SUPPORT,CKT BD:ACETAL 80009 386-2660-00
=64 ———em e 1 CKT BOARD ASSY:TRIG GEN & SWP LOG(SEE A7 EPL)
(ATTACHING PARTS)
-65 211-0244-00 4 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
- - = K - - -
—————————— - . CKT BOARD ASSY INCLUDES:
-66 131-1003-00 8 . CONN,RCPT,ELEC:CKT BD MT,3 PRONG 80009 131-1003-00
-67 200-0945-00 3 . COVER,HALF XSTR:DUAL TO-18,ALUMINUM 80009 200-0945-00
-68 200-0945-01 3 . COVER,HALF XSTR:DUAL TO-18,W/2-56 THD 80009 200-0945-01
(ATTACHING PARTS)
-69 211-0062-00 1 . SCREW,MACHINE:2-56 X 0.312 INCH,RDH STL 83385 OBD
- - = K - - -
-70 136-0260-02 2 . SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW CLE 71785 133-51-92-008
-71 136-0499-10 1 . CONNECTOR,RCPT,:10 CONTACT 00779 4-380949-0
-72  136-0499-14 1 . CONNECTOR,RCPT,:14 CONTACT 00779 4-380949-4
-73  131-0566-00 3 . BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
-74  136-0634-00 1 . SOCKET,PLUG-IN:20 LEAD DIP,CKT BD MTG 73803 C€S9002-20
-75  211-0244-00 1 . SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
-76 129-0413-01 1 . SPACER,POST:0.538 L,W/4~40 TAP 1 END 80009 129-0413-01
=77  210-0994-00 1 . WASHER,FLAT:0.125 ID X 0.25" OD,STL 86928 5714-147-20N
-78 136-0252-07 108 . SOCKET,PIN CONN:W/O DIMPLE 22526 75060-012
-79  131-0608-00 19 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
-80 214-0579-00 BO10100 B039949 3 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
214-0579-02 B039950 3 . TERM,TEST POINT:BRASS 80009 214-0579-02
-81 407-1157-00 1 . BRACKET,ELEC SW:ALUMINUM 80009 407-1157-00
-82 386-2376-00 1 PLATE,LEVER MTG:SLIDE SWITCH 80009 386-2376-00
(ATTACHING PARTS)
-83  210-0657-00 2 . EYELET,METALLIC:0.089 OD X 0.218 L,BR 57771 GS3-7
- - = K - - -
-84 214-1770-00 4 . LEVER,SLIDE SW: 80009 214-1770-00
(ATTACHING PARTS)
-85 354-0165-00 4 . RING,RETAINING:0.114 FREE IDX 0.025 INCH 97464 1000-15
- - - K - - -
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2-86 384-1160-00 4 . EXTENSION SHAFT:3.05 INCH LONG 91260 OBD
-87 376-0142-00 4 . ADPT,SHAFT,CPLG:SLIDE TO SHAFT 80009 376-0142-00
-88 213-0048-00 1 . . SETSCREW:4-40 X 0.125 INCH,HEX SOC STL 74445 OBD
—————————— 1 . SWITCH ASSY:B COUPLING(SEE S7015 EPL)
351-0355~01 1 . GUIDE,SLIDE SW:W/SPRINGS AND ROLLERS 80009 351-0355-01
-89 351-0355-00 1 . . GUIDE,SLIDE SW: 80009 351-0355-00
-90 214-1126-01 2 . SPRING,FLAT:GREEN COLORED 80009 214-1126-01
-91 214-1127-00 2 . . ROLLER,DETENT:0.125 DIA X 0.125 INCH L 80009 214-1127-00
-92  105-0804-00 1 . . ACTUATOR,SL SW:4 OF 5 POSITIONS 80009 105-0804-00
-93 131-2235-07 1 . . CONTACT,ELEC:COPPER BERYLLIUM 80009 131-2235-07
210-0779-00 1 . . RIVET TUBULAR 0.051 OD X 0.115 INCH LONG 42838 RA~29952715
—————————— 1 . SWITCH ASSY:B SOURCE(SEE S7112 EPL)
351-0355-01 1 . GUIDE,SLIDE SW:W/SPRINGS AND ROLLERS 80009 351-0355-01
=94 351-0355-00 1 . GUIDE,SLIDE SW: 80009 351-0355-00
-95 214-1126-01 2 . . . SPRING,FLAT:GREEN COLORED 80009 214-1126-01
-96 214-1127-00 2 . . . ROLLER,DETENT:0.125 DIA X 0.125 INCH L 80009 214-1127-00
-97 105-0807-00 1 . . ACTUATOR,SL SW:5 OF 6 POSITIONS 80009 105-0807-00
-98 131-2235-07 1 . . CONTACT,ELEC:COPPER BERYLLIUM 80009 131-2235-07
210-0779~00 1 . . RIVET,TUBULAR:0.051 OD X 0.115 INCH LONG 42838 RA~29952715
—————————— 1 . SWITCH ASSY:A COUPLING(SEE S7415 EPL)
351-0355-01 1 . . GUIDE,SLIDE SW:W/SPRINGS AND ROLLERS 80009 351-0355-01
-99 351-0355-00 1 . . . GUIDE,SLIDE SW: 80009 351-0355-00
-100 214-1126-01 2 . . SPRING,FLAT:GREEN COLORED 80009 214-1126-01
-101 214-1127-00 2 . ROLLER,DETENT:0.125 DIA X 0.125 INCH L 80009 214-1127-00
-102 105-0805-00 1 . ACTUATOR,SL SW:4 OF 6 POSITIONS 80009 105-0805-00
-103 131-2235~07 1 . CONTACT,ELEC:COPPER BERYLLIUM 80009 131-2235-07
210-0779-00 1 . . RIVET,TUBULAR:0.051 OD X 0.115 INCH LONG 42838 RA-29952715
---------- 1 SWITCH ASSY:A SOURCE(SEE S$7312 EPL)
351-0355-01 1 . GUIDE,SLIDE SW:W/SPRINGS AND ROLLERS 80009 351-0355-01
-104 351-0355-00 1 . GUIDE,SLIDE SW: 80009 351-0355-00
-105 214-1126-01 2 . . SPRING,FLAT:GREEN COLORED 80009 214-1126-01
-106 214-1127-00 2 . ROLLER,DETENT:0.125 DIA X 0.125 INCH L 80009 214-1127-00
-107 105-0805-00 1 . ACTUATOR,SL SW:4 OF 6 POSITIONS 80009 105~0805-00
-108 131-2235-07 1” . . CONTACT,ELEC:COPPER BERYLLIUM 80009 131-2235-07
210-0779-00 1 RIVET, TUBULAR 0.051 OD X 0.115 INCH LONG 42838 RA-29952715
-109 384-1136-00 3 EXTENSION SHAFT:0.95 INCH LONG 80009 384-1136-00
-110 384-1059-00 4 EXTENSION SHAFT:6.58 INCH LONG 80009 384-1059-00
672-0781-00 1 CKT BOARD ASSY:TIMING 80009 672-0781-00
(ATTACHING PARTS)
-111 211-0244-00 1 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
-112 129-0386-00 1 POST,ELEC-MECH:HEX,1.593 INCH LONG 80009 129-0386-00
- - -k - - -
—————————— - . TIMING ASSY INCLUDES:
~113 384-1105-00 1 . EXTENSION SHAFT:8.241 L X 0.081 INCH OD 80009 384-1105-00
131-0963-00 1 . CONTACT,ELEC:GROUNDING 000EX OBD
334-3448-00 1 . MARKER, IDENT:MARKED NOTICE 80009 334-3448-00
—————————— 1 SW CAM ACTR AS:TIME/CM(SEE S6111 EPL)
(ATTACHING PARTS)
-114 211-0244-00 8 . SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
- — = K - = -
—————————— - . ACTUATOR ASSY INCLUDES:
-115 200-2314-00 1 . COVER,CAM SW:43 ELEMENTS,ALUMINUM 80009 200-2314-00
(ATTACHING PARTS)
-116 211-0673-00 6 . SCREW,MACHINE:6-32 X 3.0 L,HEX,STL
~-117 210-0004-00 7 . WASHER,LOCK:#4 INTL,0.015THK,STL CD PL 78189 1204-00-00-0541C
-118 211-0101-00 1 . SCREW,MACHINE:4-40 X 0.25" 100 DEG,FLH STL 83385 OBD
- — = K = e -
-119 337-2621-00 1 . SHIELD,ELEC:SWITCH 80009 337-2621-00
. (ATTACHING PARTS)
-120 211-0673-00 1 . SCREW,MACHINE:6-32 X 3.0 L,HEX,STL,CD PL 80009 211-0673-00
-121 210-0004-00 1 . WASHER,LOCK:#4 INTL,0.015THK,STL CD PL 78189  1204-00-00-0541C
- - - K - = =
-122 131-0963-00 1 . CONTACT, ELEC: GROUNDING 000EX OBD
-123 210-0406-00 4 . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743  2X12161-402
~-124 214-1139-02 1 . SPRING,FLAT:GREEN COLORED 80009 214-1139-02
214-1139-03 1 . SPRING,FLAT:RED COLORED 80009 214-1139-03
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2-125 214-1752-00 2 . . ROLLER,DETENT: 80009 214-1752-00
-126 401-0180-00 1 . BEARING,CAM SW:FRONT 80009 401-0180-00

(ATTACHING PARTS)
-127 354-0390-00 1 . RING,RETAINING:0.338 ID X 0.025" THK,STL 79136 5100-37MD
- - -k - = -

-128 105-0801-01 1 . . ACTUATOR,CAM SW:TIME/CM,DRUM 80009 105-0801-01
210-1160-00 1 . . WASHER,NONMETAL:0.109 ID X 0.25 INCH OD 86445 OBD
214-1416-00 1 . . SPRING,HLCPS:0.176 OD X 0.835 INCH LONG 27143 OBD

-129 384-0878-02 1 . . SHAFT,CAM SW: 80009 384-0878-02

-130 210-0406-00 4 . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743  2X12161-402

-131 407-1199-00 1 . BRACKET,COVER:ABS 80009 407-1199-00

-132 210-0406-00 4 . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743  2X12161-402

-133 401-0178-02 1 . BEARING,CAM SW:0.428 ID,PLASTIC 80009 401-0178-02

-134 352-0464-00 1 . HOLDER,STOP PIN:ACTUATOR 80009 352-0464-00
213-0075-00 1 SETSCREW:4-40 X 0.094,STL BK OXD,HEX SKT 000BK OBD

-135 105-0733-00 1 . STOP,SLIDE:0.314 L,BRASS 80009 105-0733-00

~136 354-0392-00 1 . RING,RETAINING: 79136 5555-12MD

-137 214-2478-00 1 . SPR,HLCL,TRSN:0.015 DIA MUSIC WIRE 80009 214-2478-00

-138 384-0882-06 1 . SHAFT,CAM SW:7.875 L, INTMDCNCTRC,W/DRIVER 80009 384-0882-06

139 105-0802-01 1 . ACTUATOR,CAM SW:TIME/CM DRUM 80009 105-0802-01
(ATTACHING PARTS)
-140 354-0390-00 1 . RING,RETAINING:0.338 ID X 0.025" THK,STL 79136 5100-37MD
- - - X - = =

-141 210-0406-00 4 . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743 2X12161-402

-142 214-1139-02 1 . SPRING,FLAT:GREEN COLORED 80009 214-1139-02
214-1139-03 1 . SPRING,FLAT:RED COLORED 80009 214-1139-03

~143 214-1752-00 2 . ROLLER,DETENT: 80009 214-1752-00

-144 401-0180-00 1 . . BEARING,CAM SW:FRONT 80009 401-0180-00

-145 376-0039-00 1. ADPT SHAFT,CPLG:0.128 AND 0.082"DIA SHAFT 80009 376-0039-00
213-0022-00 2 . . SETSCREW:4-40 X 0.188 INCH,HEX SOC STL 74445 OBD

-146 ——--— ———— 1 . RES.,VAR,NONWIR:(SEE R6155 EPL)

-147 361-0515-00 1 SPACER, SWITCH: PLASTIC 80009 361-0515-00

-148 ~—=—= ——mem | . CKT BOARD ASSY:TIMING(SEE A6 EPL)

~-149 131-0604-00 42 . . CONTACT,ELEC:CKT BD SW,SPR,CU BE 80009 131-0604-00

-150 131-1261-00 26 . CONTACT,ELEC: F-SHAPED 00779 1-380953-0

-151 131-0608-00 17 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357

-152 136-0252-07 12 . SOCKET,PIN CONN:W/O DIMPLE 22526 75060-012

~153 —mmmm —mmme 1 . SW,PUSHBUTTON:3 WIDE(SEE $6205 EPL)

=154 —mmmm —mmee 1 . SW,PUSHBUTTON:4 WIDE(SEE $6260 EPL)

-155 361-0542-00 8 SPACER SWITCH:PLASTIC 71590 J-64281

-156 384-1007-01 2 EXTENSION SHAFT:8.428 L X 0.124 OD PLSTC 80009 384-1007-01

-157 384-1149-00 2 EXTENSION SHAFT:7.0 INCH LONG 80009 384-1149-00

-158 376-0029-00 B010100 B010849 2 CPLG,SHAFT,RGD:0.128 ID X 0.312 0D X 0.5"L 80009 376-0029-00
376-0051-01 B010850 2 CPLG,SHAFT,FLEX:0.127 ID X 0.375 OD 80009 376-0051-01
213-0022-00 4 . SETSCREW:4-40 X 0.188 INCH,HEX SOC STL 74445 OBD
384-1542-00 1 EXTENSION SHAFT:11.682 L X 0.187 SQ,PLSTC 80009 384-1542-00

-159 384-1060-00 1 . EXTENSION SHAFT:7.831 INCH LONG 80009 384-1060-00

-160 384-1101-00 1 . EXTENSION SHAFT:4.14 INCH LONG 80009 384-1101-00

-161 384-1560-00 1 EXTENSION SHAFT:4.834 L GL FILLED NYLON 80009 384-1560-00

-162 384-1129-00 5 EXTENSION SHAFT:5.607 INCH LONG 80009 384-1129-00

-163 ~——m= —mmmm 1 CKT BOARD ASSY:VERT PREAMP(SEE Al EPL)

(ATTACHING PARTS)
-164 211-0244-00 2 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD
- -em K - - -
---------- - . CKT BOARD ASSY INCLUDES:

-165 131-0566-00 . BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1

-166 136-0252-07 171 . SOCKET,PIN CONN:W/0 DIMPLE 22526 75060-012

-167 136-0260-02 2 . SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW CLE 71785 133-51-92-008

~168 136-0269-02 2 . SKT,PL-IN ELEK:MICROCIRCUIT,14 DIP,LOW CLE 73803 CS9002-14

-169 131-0608-00 14 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357

-170 214-0579-00 B010100 B039949 5 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
214-0579-02 B039950 5 . TERM,TEST POINT:BRASS 80009 214-0579-02

-171 131-1003-00 10 . CONN,RCPT,ELEC:CKT BD MT,3 PRONG 80009 131-1003-00

=172 —m=me e 2 RES.,VAR,NONWIR: POSITION(SEE R1055,R1558 EPL)

-173 361-0607-00 2 . SPACER,SWITCH:PLASTIC 80009 361-0607-00

174 =m-mm e 2 . RES.,VAR,NONWIR:(SEE R1285 EPL)
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2-175 361-0515-00 2 . SPACER,SWITCH:PLASTIC 80009 361-0515-00

e 1 . SW,PUSHBUTTON:BW LIMIT(SEE S1414 EPL)

~-177 - 1 . SW,PUSHBUTTON:INVERT(SEE $1995 EPL)

-178 361-0411-00 4 . SPACER,PUSH SW:0.13 W X 0.375 INCH L,PLSTC 71590 J64285-00
334-3448-00 2 MARKER, IDENT :MARKED NOTICE 80009 334-3448-00
672-0791-00 1 CKT BOARD ASSY:ATTENUATOR 80009 672-0791-00

-179 200-1439-00 2 . COVER,CHASSIS:ATTENUATOR 80009 200-1439-00

(ATTACHING PARTS)

-180 213-0055-00 2 . SCR,TPG,THD FOR:2-32 X 0.188 INCH,PNH STL 93907 O0BD

-181 210-0938-00 2 . WASHER,FLAT:0.109 ID X 0.25 INCH OD,STL 75497 AN960-3

-182 211-0097-00 B010100 B042994 8 . SCREW,MACHINE:4-40 X 0.312 INCH,PNH STL 83385 OBD
211-0661-00 B042995 8 . SCREW,MACHINE:4-40 X 0.25 INCH,PNH,STL 83385 OBD

-183 210-0994-00 B010100 B022379 8 . WASHER,FLAT:0.125 ID X 0.25" OD,STL 86928 5714-147-20N
210-1307-00 B022380 8 . WASHER,LOCK:0.115 ID,SPLIT,0.025 THK 86928 A384-25N

- - = K - a -
-184 == e 2 . CKT BOARD ASSY:ATTENUATOR(SEE A3 EPL)
(ATTACHING PARTS)

-185 211-0244-00 8 . SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 OBD

-186 210-0580-00 8 . NUT,PLAIN,HEX.:0.312-32 X 0.474 INCH,BRS 73743 0BD

-187 129-0299-00 8 . POST,ELEC-MECH:HEX,0.333 INCH LONG 80009 129-0299-00

-188 210-1307-00 8 . WASHER,LOCK:0.115 ID,SPLIT,0.025 THK 86928 A384-25N

- - - K = = =
---------- - . EACH CKT BOARD ASSY INCLUDES:
-189 131-0679-02 2 . . CONNECTOR,RCPT,:BNC,MALE,3 CONTACT 24931 28JR270-1
(ATTACHING PARTS)
-190 220-0695-00 2 . . NUT,PLAIN,DODEC:0.500-28 X 0.90 INCH,BRS 73743 OBD
-191 210-1039-00 2 . . WASHER,LOCK:INT,0.521 ID X 0.625 INCH OD 24931 0BD
- - = R - e -

~192 136-0252-07 24 . SOCKET,PIN CONN:W/0 DIMPLE 22526 75060-012
136-0333-00 2 . . SOCKET,PIN TERM:0.138 INCH LONG . 00779 1-331677-4

-193 131-1030-00 10 . . CONT ASSY,ELEC:CAM SWITCH,BOTTOM 80009 131-1030-00
131-1031-00 10 . . CONTACT ASSY,EL:CAM SWITCH,TOP 80009 131-1031-00

-194 210-3082-00 10 . . EYELET,METALLIC:0.047 OD X 0.133 L,BRASS 80009 210-3082-00

-195 441-1058-02 1 . . CHASSIS,SCOPE:ATTENUATOR 80009 441-1058-02

(ATTACHING PARTS)

-196 211-0001-00 2 . SCREW,MACHINE:2-56 X 0.25 INCH,PNH STL 83385 OBD

-197 210-0053-00 2 . . WASHER,LOCK:INTL,0.092 ID X 0.175"0D,STL 83385 OBD

~198 210-0405-00 2 . . NUT,PLAIN,HEX.:2-56 X 0.188 INCH,BRS 73743  2X12157-402
210-0845-00 1 . . WASHER,FLAT:0.500 ID X 0.625 INCH OD,STL 89663 634-R
210-1008-00 2 . . WASHER,FLAT:0.09 ID X 0.188" OD,BRS 12360 OBD

- = e K - o
-199 337-1406-00 1 . . SHLD,ELECTRICAL:CAM CONTACTS 80009 337-1406-00
~200 ————= —--—- 2 CKT BOARD ASSY:PROBE CODING(SEE A9 EPL)
(ATTACHING PARTS)
-201 211-0065-00 2 SCREW,MACHINE:4-40 X 0.188 INCH,PNH STL 77250 OBD
- - — % - = =
—————————— - . CKT BOARD ASSY INCLUDES:
-202 131-0608-00 3 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
-203 —=—m= ——-mm 1 . CKT BOARD ASSY:VERT MODE SW(SEE A5 EPL)
(ATTACHING PARTS)

-204 211-0244-00 1 . SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 0BD

-205 129-0457-00 1 . SPACER,POST:1.07L,W/4-40 TAP 1 END 80009 129-0457-00
—————————— - . CKT BOARD ASSY INCLUDES:

-206 131-0589-00 8 . TERM,PIN:0.46 L X 0.025 SQ.PH BRZ GL 22526 47350
131-0608-00 21 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357

-207 136-0252-07 18 . SOCKET,PIN CONN:W/O DIMPLE 22526 75060-012

-208 136-0269-02 1 . SKT,PL-IN ELEK:MICROCIRCUIT,14 DIP,LOW CLE 73803 €S9002-14

-209 337-0896-00 2 . . PLATE,ELEC SHLD:CKT BOARD MOUNT,BRS 80009 337-0896-00

=210 —==== —=—m- 1 . SWITCH,PB:(SEE S5210 EPL)

-211 361-0411-00 4 . SPACER,PUSH SW:0.13 W X 0.375 INCH L,PLSTC 71590 J64285-00

-212 105-0243-00 2 . ACTUATOR, SWITCH: AC,DC 80009 105-0243-00

(ATTACHING PARTS)
-213 213-0214-00 2 . SCREW,CAP SCH:2-56 X 0.375"HEX HD STL 70278 OBD
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2- 263-1065-00 2 . . . SW CAM ACTR AS:VOLTS/DIV 80009 263-1065-00
—————————— - . . . EACH CAM SW ACTR INCLUDES:
-214 131-0963-00 1 . . . CONTACT,ELEC:GROUNDING 000EX OBD
-215 210-0406-00 2 . . . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743 2X12161-402
-216 214-1139-02 2 . . . SPRING,FLAT:GREEN COLORED 80009 214-1139-02
-217 214-1752-00 2 . . . ROLLER,DETENT: 80009 214-1752-00
-218 401-0180-00 1 BEARING,CAM SW:FRONT 80009 401-0180-00
(ATTACHING PARTS)
-219 354-0390-00 1 . . . RING,RETAINING:0.338 ID X 0.025" THK,STL 79136 5100-37MD
- - = K - - -
~220 384-0878-02 1 . . . SHAFT,CAM SW: 80009 384-0878-02
-221 105-0282-01 1 . . ACTUATOR,CAM SW:DC,GND,AC 80009 105-0282-01
-222 210-1189-00 1 . . . WASHER,FLAT:0.195 ID X 0.367 INCH OD,BRS 51316 O0BD
214-2043-00 1 . . . SPRING,HLCPS:CONICAL,0.20 INCH LONG 80009 214-2043-00
-223 210-0406-00 4 . . . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743  2X12161-402
-224 401-0178-00 1 . . . BEARING,CAM SW:CENTER/REAR 80009 401-0178-00
(ATTACHING PARTS)
-225 354-0443-00 1 . . . RING,RETAINING:0.328 FREE IDX 0.448 0D 97464 200-37
- - =% - - -

226 384-0880-00 1 . . SHAFT,CAM SW:REAR 80009 384-0880-00
-227 105-0521-00 1 . . ACTUATOR,CAM SW:ATTEN 80009 105-0521-00
-228 210-0406-00 4 . NUT,PLAIN,HEX.:4-40 X 0.188 INCH,BRS 73743 2X12161-402
-229 214-1139-02 1 SPRING,FLAT:GREEN COLORED 80009 214-1139-02

214-1139-03 1 . . SPRING,FLAT:RED COLORED 80009 214-1139-03
~230 214-1752-00 1 . . ROLLER,DETENT: 80009 214-1752-00
-231 401-0180-00 1 . . BEARING,CAM SW:FRONT 80009 401-0180-00
-232 348-0253-00 1 GROMMET,PLASTIC:BLACK,0BLONG, 3.0X0.925 80009 348-0253-00
-233 407-1127-00 1 BRACKET,PREAMP:REAR, BRASS CU-SN-ZN PL 80009 407-1127-00
(ATTACHING PARTS)
-234 210-0586-00 2 NUT,PL,ASSEM WA:4-40 X 0.25,STL CD PL 83385 211-041800-00
- - = K - - -
=235 —=—== - 1 CKT BOARD ASSY:VERT OUTPUT(SEE A2 EPL)
(ATTACHING PARTS)
-236 211-0244-00 2 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 0BD
- - -k - - =
---------- - . CKT BOARD ASSY INCLUDES:
-237 131-0566-00 1 . BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 55210 L-2007-1
-238 136-0514-00 1 . SKT,PL~IN ELEC:MICROCIRCUIT,8 DIP 73803 €S9002-8
-239 131-0608-00 6 . TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
=240 136-0252-07 41 . SOCKET,PIN CONN:W/0 DIMPLE 22526  75060-012
=24] -~ —mmee 1 . MICROCIRCUIT:(SEE U2260 EPL)
42 407-1149-00 1 BRACKET, GND:MICROCIRCUIT, BRASS 80009 407-1149-00
(ATTACHING PARTS)
-243 220-0456-00 1 NUT,PLAIN,HEX.:6-32 X 0.25 INCH,STL 73743 9038
~-244 210-0055-00 1 WASHER,LOCK:SPLIT,0.145 ID X 0.253 OD,STL 83385 0BD
- - — % - = -
-245 361-0008-00 3 SPACER,SLEEVE:0.11 ID X 0.25 OD X 0.28"H 80009 361-0008-00
-246 210-0202-00 1 TERMINAL,LUG:0.146 ID,LOCKING,BRZ TINNED 78189  2104-06-00-2520N
(ATTACHING PARTS)
-247 211-0507-00 1 SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 83385 0BD
- - =k - - -
386-4225-00 1 SUPPORT,CLAMP : ALUMINUM 80009 386-4225-00
-248 407-1128-00 1 BRKT,CRT SHIELD:REAR,NYLON 80009 407-1128-00
(ATTACHING PARTS)
-249 211-0507-00 2 SCREW,MACHINE:6-32 X 0.312 INCH,PNH STL 83385 O0BD
-250 220-0419-00 2 NUT,PLAIN,SQ:6-32 X 0.312 INCH,STL 83385 0BD
-251 210-0803-00 1 WASHER,FLAT:0.15 ID X 0.032 THK,STL CD PL 12327 OBD
-252 210-0202-00 1 TERMINAL,LUG:0.146 ID,LOCKING,BRZ TINNED 78189 2104-06-00-2520N
-253 210-0457-00 1 NUT,PL,ASSEM WA:6-32 X 0.312 INCH,STL 83385 0BD
- - -k = - =
-254 343-0217-00 1 CLAMP,COIL:Y-AXIS 80009 343-0217-00
(ATTACHING PARTS)
-255 211-0147-00 2 SCREW,MACHINE:4-40 X 0.25 INCH,PNH STL 83385 0BD
-256 210-0994-00 2 WASHER,FLAT:0.125 ID X 0.25" OD,STL 86928 5714-147-20N
- - =k - = =
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Fig. &

Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscomt  Qty 12345 Name & Description Code  Mfr Part Number
5-1 016-0535-02 1 POUCH,ACCESSORY :W/HARDWARE , STANDARD 80009 016-0535-02
016-0594-00 1 POUCH,ACCESSORY:W/HARDWARE, (WITH DM) 80009 016-0594-00
-2 016-0537-00 1 POUCH,ACCESSORY :VINYL,W/ZIPPER 05006 OBD
-3 010-6105-03 2 PROBE,VOLTAGE:P6105,2 METER, 10X,W/ACCESS 80009 010-6105-03
010-6430-00 1 LEAD,TEST:1.5 METERS LONG,TEMP(WITH DM&44) 80009 010-6430-00
-4 337-1674~01 1 SHLD,IMPLOSION:CLEAR 80009 337-1674-01
-5 134-0016-01 1 PLUG,TIP:W/BINDING POST 80009 134-0016-01
-6 159-0016-00 2 FUSE,CARTRIDGE:3AG, . 5A,250V,FAST-BLOW 71400 AGC 1 1/2
m————————— -~ % FOR 115V OPERATION
159-0042-00 1 FUSE,CARTRIDGE:3AG,0.75A,250V,FAST-BLOW 71400 AGC 3/4
———— e -~ % FOR 230V OPERATION
161-0094-00 1 CABLE ASSY,PWR:3 WIRE,36 INCHES LONG 16428 KHT7667
_________ - % OPTION 7 ONLY
003-0120-00 1 LEAD,TEST:PAIR(WITH DM) 80009 003-0120-00
070-2756-00 1 MANUAL,TECH:OPERATORS,465B W/DMbk 80009 070-2756-00
070-2757-00 1 MANUAL,TECH:SERVICE,465B 80009 070-2757-00
070-2036-01 1 MANUAL,TECH: SERVICE ,DM44 80009 070-2036-01

@ 465B OSCILLOSCOPE
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Replaceable Mechanical Parts—465B Service

Fig. &
Index  Tektronix Serial/Model No. Mtr
No. Part No Eft Dscont Qty 12345 Name & Description Code  Mfr Part Number
2-257 —=—m ————m 1 COIL,DEFLECTION:Y-AXIS(SEE L14165 EPL)
-258 348-0145-00 1 GROMMET,PLASTIC:U-SHP,1.0 X 0.42 INCH 80009 34B-0145-00
~259 200-1459-00 1 COVER,CRT:REAR 80009 200-1459-00
(ATTACHING PARTS)
-260 211-0244-00 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH STL 78189 0BD
- - = - - -
-261 386-2246-00 1 SUPPORT,CRT:REAR 80009 386-2246-00
-262 337-1644-00 1 SHLD,ELECTRICAL:CRT NECK 80009 337-1644-00
198-4146-00 1 WIRE SET,ELEC: 80009 198-4146-00
-263 175-0825-00 FT . WIRE,ELECTRICAL:2? WIRE RIBBON 80009 175-0825-00
-264 175-0826-00 FT . WIRE,ELECTRICAL:3 WIRE RIBBON 80009 175-0826-00
-265 175-0827-00 FT . CABLE,SP,ELEC:4,26 AWG,STRD,PVC JKT,RBN 08261 5504267(1061)0C
-266 175-0828-00 FT . WIRE,ELECTRICAL:S5 WIRE RIBBON 08261 S$S-0526-710610C
-267 175-0829-00 FT . WIRE,ELECTRICAL:6 WIRE RIBBON 08261 SS-0626-710610C
-268 175-0830-00 FT . WIRE,ELECTRICAL:7 WIRE RIBBON 08261 SS5-0726-710610C
~269 131-0707-00 111 . CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
131-0472-00 4 . CONNECTOR,PIN:FEMALE 0Q0GE OBD
-270 352-0169-00 14 . HLDR,TERM CONN:2 WIRE BLACK 80009 352-0169-00
-271 352~-0161-00 8 . HLDR,TERM CONN:3 WIRE BLACK 80009 352-0161-00
-272 352-0162-00 BO10100 BO10799 1 . HLDR,TERM CONN:4 WIRE BLACK 80009 352-0162-00
352-0162-01 BO1080O I . CONN BODY,PL,EL:4 WIRE BROWN 80009 352-0162-01
-273 352-0163-00 3 . CONN BODY,PL,EL:5 WIRE BLACK 80009 352-0163-00
-274 352-0164-00 3 . CONN BODY,PL,EL:6 WIRE BLACK 80009 352-0164-00
-275 352-0165-00 3 . CONN BODY,PL,EL:7 WIRE BLACK 80009 352-0165-00
-276 352-0166-00 1 . CONN BODY,PL,EL:8 WIRE BLACK 80009 352-0166-00
195-0528-00 XBO10850 1 LEAD ELECTRICAL:22 AWG,2.0 L,0-N 80009 195-0528-00

REV A, JUN 1980
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MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with latest electronic developments
by adding circuit and component improvements to our instruments as soon as they
are developed and tested.

Sometimes, due to printing and shipping requirements, we can't get these
changes immediately into printed manuals. Hence, your manual may contain new
change information on following pages.

A single change may affect several sections. Since the change information sheets
are carried in the manual until all changes are permanently entered, some
duplication may occur. if no such change pages appear following this page, your
manual is correct as printed.

SERVICE NOTE

Because of the universal parts procurement problem, some electrical parts in your
instrument may be different from those described in the Replaceable Electrical Parts
List. The parts used will in no way alter or compromise the performance or reliability
of this instrument. They are installed when necessary to ensure prompt delivery to
the customer. Order replacement parts from the Replaceable Electrical Parts List.
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CALIBRATION TEST EQUIPMENT REPLACEMENT

Calibration Test Equipment Chart

This chart compares TM 500 product performance to that of older Tektronix equipment. Only those
characteristics where significant specification differences occur, are listed. In some cases the new instrument
may not be a total functional replacement. Additional support instrumentation may be needed or a change in
calibration procedure may be necessary.

Comparison of Main Characteristics

DM 501 replaces 7D13

PG 501 replaces 107

PG 501 - Risetime less than 3.5 ns into
50 Q.

107 - Risetime less than 3.0 ns into
50 Q.

108 | PG 501 - 5 V output pulse; 3.5 ns Risetime. 108 - 10 V output pulse; 1 ns Risetime.

111 | PG 501 - Risetime less than 3.5 ns; 8 ns 111 - Risetime 0.5 ns; 30 to 250 ns
Pretrigger pulse delay. Pretrigger Pulse delay.

114 | PG 501 - £5 V output. 114 - £10 V output. Short proof output.

115 | PG 501 - Does not have Paired, Burst, Gated, 115 - Paired, Burst, Gated, and Delayed

or Delayed pulse mode; £5 V dc
Offset. Has +5 V output.

pulse mode; +10 V output.
Short-proof output.

PG 502 replaces 107

108 | PG 502 - 5 V output 108 - 10 V output.

111 | PG 502 - Risetime less than 1 ns; 10 ns 111 - Risetime 0.5 ns; 30 to 250 ns
Pretrigger pulse delay. Pretrigger pulse delay.

114 | PG 502 - £5 V output 114 - £10 V output. Short proof output.

115 | PG 502 - Does not have Paired, Burst, Gated, 115 - Paired, Burst, Gated, Delayed & Un-
Delayed & Undelayed pulse mode; delayed pulse mode; =10 V output.
Has 5 V output. Short-proof output.

2101 | PG 502 - Does not have Paired or Delayed 2101 - Paired and Delayed pulse; 10 V

pulse. Has 5 V output.

output.

PG 506 replaces 106

067-0502-01

PG 506 - Positive-going trigger output signal
at least 1 V; High Amplitude out-
put, 60 V.

PG 506 - Does not have chopped feature.

106 - Positive and Negative-going trigger
output signal, 50 ns and 1 V; High
Amplitude output, 100 V.

0502-01 - Comparator output can be alter-
nately chopped to a reference
voltage.

SG 503 replaces 190,

190A, 190B | SG 503 - Amplitude range 5 mV to 5.5 V p-p. 190B - Amplitude range 40 mV to 10 V p-p.
191 | SG 503 - Frequency range 250 kHz to 250 MHz. 191 - Frequency range 350 kHz to 100 MHz.
067-0532-01 | SG 503 - Frequency range 250 kHz to 250 MHz. |0532-01 - Frequency range 65 MHz to 500 MHz.
TG 501 replaces 180,
180A | TG 501 - Marker outputs, 5 sec to 1 ns. 180A - Marker outputs, 5 sec to 1 us.
Sinewave available at 5, 2, and 1 ns. Sinewave available at 20, 10,
Trigger output - slaved to marker and 2 ns. Trigger pulses 1, 10,
output from 5 sec through 100 ns. 100 Hz; 1, 10, and 100 kHz.
One time-mark can be generated at a Multiple time-marks can be
time. generated simultaneously.
181 | TG 501 - Marker outputs, 5 sec to 1 ns. Sine- 181 - Marker outputs, 1, 10, 100, 1000,
wave available at 5, 2, and 1 ns. and 10,000 us, plus 10 ns sinewave.
184 | TG 501 - Marker outputs, 5 sec to 1 ns. Sine- 184 - Marker outputs, 5 sec to 2 ns. Sine-
wave available at 5, 2, and 1 ns. wave available at 50, 20, 10, 5,
Trigger output - slaved to marker and 2 ns. Separate trigger pulses
output from 5 sec through 100 ns. of 1 and .1 sec; 10, 1, and .1 ms;
One time-mark can be generated at 10 and 1 us. Marker amplifier pro-
a time. vides positive or negative time
marks of 25 V min. Marker
intervals of 1 and .1 sec; 10, 1,
and .1 ms; 10 and 1 us.
2901 | TG 501 - Marker outputs, 5 sec to 1 ns. Sine- 2901 - Marker outputs, 5 sec to 0.1 us.

wave available at 5, 2, and 1 ns.
Trigger output - slaved to marker
output from 5 sec through 100 ns.
One time-mark can be generated at
a time.

Sinewave available to 50, 10,

and 5 ns. Separate trigger pulses,
from 5 sec to 0.1 us.

Multiple time-marks can be gene-
rated simultaneously.

NOTE: All TM 500 generator outputs are short-proof. Ail TM 500 plug-In Instruments require TM 500-Series Power Module.

REV. A, OCT 1975
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'I'Ekt'-or'ixB MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 8-13-80 Change Reference: M40609
Product: 465B SERVICE SN BO46449 Manual Part No.: ©70-2757-00
DESCRIPTION

REPLACEABLE ELECTRICAL PARTS LIST AND SCHEMATIC CHANGES

CHANGE TO:
Al 670-5997-03 CKT BOARD ASSY:VERTICAL PREAMP
Al1R1035 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,0.25W

Al1R1035 is located on the Al VERTICAL PREAMP board and is shown on
CH 1 VERTICAL PREAMP diagram 1.

Page
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'IEktll'or'ix® MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 8-27-80 Change Reference:

Product: _ 465B SERVICE EFF SN B045775-UP

DESCRIFTION

REPLACEABLE ELECTRICAL PARTS AND SCHEMATIC CHANGES

CHANGE TO:

Al 670-5997-01 CKT BOARD ASSY:VERTICAL PREAMP
Al1Q1028 151-0438-00 TRANSISTOR:SILICON,PNP,MPSH81
ADD:

A1C1906 281-0799-00 CAP.,FXD,CER DI1:62PF,27%,100V

Manual Part No.; __070-2757-00

Above components apply to the Al VERTICAL PREAMP board. Q1028 is located on
CH 1 VERTICAL PREAMP diagram 1 and C1906 is added in parallel with R1906 on

VERTICAL SWITCHING LOGIC diagram 3.

NOTE
The new Q1028 emitter and base leads
are transposed with respect to previous
version (leads must be crossed to fit

existing socket).

Page 1 of 1
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Tektronix: MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 2-20-80 Change Reference: M38666

465B SERVICE SN B039950-UP
Product: 0% 8 Manual Part No.: 070-2757-00

DESCRIPTION

ELECTRICAL PARTS LIST AND SCHEMATIC CHANGES
REMOVE :
A7C7192 281-0773-00 CAP.,FXD,CER DI1:0.01UF,10%,100V
C7192 is removed from the A7 TRIGGER GEN & SWEEP LOGIC board and

SWEEP & Z-AXIS LOGIC diagram 7.

Page 1 of 1
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"Ektronix® MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 6-17-80 Change Reference: M40219

Product: 4658 SERVICE SN BO45400-up Manual Part No.: 070-2757-00

DESCRIPTION

465B OPTION 05 ELECTRICAL PARTS LIST AND SCHEMATIC CHANGES

CHANGE TO:
C13009 (CH 1 & CH 2) SELECTED AND ADDED WHEN REQUIRED
(VALUE BETWEEN 0.0 PF AND 0.8 PF TO PROVIDE

TOTAL INPUT CAPACITANCE OF = 24 PF FOR OPTION
05 INSTRUMENTS)

Page 1 of 1
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