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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing personnel.
Specific warnings and cautions will be found throughout the manual where they apply 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 prac-
tices that could result in personal injury or loss of
life.

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not immedi-
ately accessible as one reads the markings, or a hazard to
property, including the equipment itself.

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

Symbols in This Manual

This symbol indicates where applicable cau-

A tionary or other information is to be found. For
maximum and minimum input voltage see
Table 1-2.

Symbols as Marked on Equipment

; DANGER — High voltage.
@ Protective gound (earth) terminal.
A ATTENTION — Refer to manual.

Power Source

This product is intended to operate from a power source
that does 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 cord into a properly wired receptacle before con-
necting to the product input or output terminals. A protec-
tive ground connection by way of the grounding conductor
in the power cord is essential for safe operation.

Danger Arising from Loss of Ground

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

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

Use only a power cord that is in good condition.

Use the Proper Fuse

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

Do Not Operate in Explosive Atmospheres

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

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product cov-
ers or panels. Do not operate the product without the cov-
ers and panels properly installed.
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SERVICE SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

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

Use Care When Servicing With Power On

Dangerous voltages may 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, sol-
dering, or replacing components.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.
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The 2445 Option 06 and Option 09 Osciiloscope.

4631-01

The 2465 Cpiion 06 and Option 09 Oscilloscope.
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Section 1
2445/2465 Option 06 and Option 09 Service

SPECIFICATION

’

INTRODUCTION

The Counter/Timer/Trigger (Option 06) and Counter/
Timer/Trigger with Word Recognizer (Option 09) add the
following four capabilities to the TEKTRONIX 2445 and
2465 Oscilloscopes:

1. Precision time-interval measurement.
2. Event and frequency counting.
3. Delay-by-events triggering.

4. Logic triggering.

The 17-bit Word Recognizer probe of Option 09
extends the capabilities of these functions. The functions
described in this manual which use the Word Recognizer
require the Word Recognizer Option 09 and the 17-bit
Word Recognizer probe.

The Counter/Timer/Trigger and Counter/Timer/Trigger
with Word Recognizer options use the 2445 and 2465
alphanumeric crt readout to display configuration menus
and function results.

The oscilloscope operators manual should be consulted
for operating information regarding the 2445 and 2465
instruments. The operation and specifications of functions
not described in this manual remain unchanged.

There are currently no options available for the C/T/T
and WR. Also, Option 11 (rear panel probe-power connec-
tors), described in the 2465 manuals, and Option 09 (Word
Recognizer), described in this manual, are not available in
the same instrument.

In addition to the standard instrument's standard
accessories, the following standard accessories are pro-
vided with each instrument containing the 2445/2465
Option 06 Counter/Timer/Trigger:

1 2445/2485 Option 06 and Option 08 Counter/
Timer/Trigger and Word Recognizer Operators
Manual.

1 2445/2465 Option 06 and Option 09 Counter/
Timer/Trigger and Word Recognizer Reference Card

1 2445/2465 Option 06 and Option 09 Counter/
Timer/Trigger and Word Recognizer Reference Guide

Each instrument containing the Word Recognizer is pro-
vided with the following standard accessories in addition to
those mentioned for the Counter/Timer/Trigger:

1 P6407 Word Recognizer Probe package.

The following optional accessory is also available for
these options:

1 2445/2465 Option 06 and Option 09 Counter/
Timer/Trigger and Word Recognizer Service Manuat

DESCRIPTION OF FUNCTIONS

Precision Time-Interval Measurements

Precision delay and precision delta-time measurements
are made possible by a precision timer which directly
measures the time interval between the start of the A
Sweep and the start of the B Sweep. Direct measurement
capability operates when the B Sweep is triggerable after
delay as well as in RUN AFT DLY. Direct measurement
increases resolution and accuracy.

Only one of the four functions provided by the
Counter/Timer/Trigger Option (Precision Time-Interval
Measurement, Event Counting, Delay-by-Events Trigger-
ing, and Logic Triggering) can be active at a given time
with the exception that precision time measurements are
available with the Logic Trigger function when the B
Sweep is triggered by the Word Recognizer.

When timing measurements are requested while a
conflicting Counter/Timer/Trigger (C/T/T) function is
operating, the timing measurement is displayed with the
accuracy and resolution associated with a 2445/2465
instrument not equipped with the Counter/Timer/Trigger
Option. The word SET following the time measurement
indicates this condition.

1-1
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Pulse-width measurement is made easier by Alternate
Slope (ALT SLP) mode. When this mode is selected, the
delayed sweep controlled by the A REF OR DLY POS con-
trol triggers on the slope indicated by the SLOPE indicator,
and the delayed sweep controlled by the A control triggers
on the opposite slope.

Event Counting (COUNT)

The Event-Counting function has three modes: Fre-
quency, Period, and Totalize. Either the A Trigger events
or the 17-bit Word Recognizer (WR) events {(if the Option
09 Word Recognizer is present) can be counted.

Delay-by-Events (DLY/EVTS)

The Delay-by-Events function adds the ability to delay a
sweep by a number of events, rather than by an absolute
time interval. Either the A or the B Sweep can be delayed;
the delay period begins when a *“'Start” event occurs, and
the duration of the delay is determined by a number of
occurrences of a “Delaying” event. The sweep to be
delayed, the "Start’” event, the “Delaying” event, and the
number of occurrences of the ‘'Delaying” event are all
operator selected.

Logic Trigger (LOGIC-TRIG)

This function adds logic-triggering capabilities. The A
Sweep can trigger on any of the following:

1. The logical AND of the A and the B triggers going
TRUE.

2. The logical OR of the A and the B triggers going
TRUE.

3. The occurrence of a word recognized by the Word
Recognizer.

1-2

The B sweep can trigger on the word recognized by the
Word Recognizer.

Word Recognizer

The 17-bit Word Recognizer detects any 17-bit digital
word, either synchronously with an externat clock or asyn-
chronously. Word occurrences may be counted for fre-
quency. period, or totalize measurements. A word can
trigger either the A or B Sweep, or the word can be a
delaying event in the Detay-by-Events function. The Word
Recognizer probe is shown in Figure 1-1.

PERFORMANCE CONDITIONS

Except as noted in Tables 1-1 through 1-4 of this
manual, the electrical, environmental, and mechanical
characteristics of Option 06 and 09 instruments are identi-
cal to those specified in the respective 2445 and 2465
Oscilloscope Operators manuals.

The electrical characteristics are valid when the instru-
ment has been adjusted at an ambient temperature
between +20 and +30°C, has had a warm-up period of
at least 20 minutes, and is operated at an ambient tem-
perature between —15 and +55°C (unless otherwise
noted).

items listed in the '‘Performance Requirements” column
are verifiable qualitative or quantitative limits that define
the measurement capabilities of the instrument.
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463105

Figure 1-1. The Word Recognizer probe.
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Table 1-1

Counter/Timer/Trigger Electrical Characteristics

Characteristics

Performance Requirements

SIGNAL INPUT SPECIFICATIONS FOR COUNT, DELAY-BY-EVENTS,
AND LOGIC TRIGGER FUNCTIONS EXCLUDING WORD RECOGNIZER

Maximum Input Frequency =150 MHz.
Minimum Width of High or <3.3ns.
Low State of Input Signal
Sensitivity
DC to 50 MHz (0.5 Hz to 50 MHz
for Frequency and Period)
CH1and CH 2 1.5 divisions.2
CH3and CH 4 0.75 division.2

50 MHz to 150 MHz

CH1andCH 2 4.0 divisions.2
CH3and CH 4 2.0 divisions.2
FREQUENCY
RANGES RANGE LSDbc
1Hz 100 nHz
10 Hz 1 uHz
100 Hz 10 uHz
1 kHz 100 uHz
10 kHz 1 mHz
100 kHz 10 mHz
1 MHz 100 mHz
10 MHz 1Hz
100 MHz 10 Hz
150 MHz 100 Hz

Auto Ranging

Upranges at 100% of full scale; downranges at 9% of full scale.¢

Full scale corresponds to the value given in the Range column.
The maximum displayed value for any range is the Range value
minus the LSD value.

Accuracy

= [Resolution + (Frequency X TBE)] Hz.

Time Base Error (TBE)

10 ppm. Less than 5 ppm per year drift.c

Resolution

1.4 X Frequency? X TJE

+ LSDc
N

Display Update Rate

Twice per second or twice the period of the input signal, which-
ever is slower.c

3performance Requirement not checked in manual {(except Frequency—using CH 1).

b east significant digit.
®Performance Requirement not checked in manual.

14
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Table 1-1 (cont)

Characteristics Performance Requirements
PERIOD
RANGES RANGE LSD®
10 ns 1fs
100 ns 10 fs
1us 100 fs
10 us 1ps
100 us 10 ps
1ms 100 ps
10 ms 1ns
100 ms 10 ns
1s 100 ns
2s 1 us
Minimum Period <6.7 ns°
Auto Ranging Upranges at 100% of full scale; downranges at 9% of full scale.©

Full scale corresponds to the value given in the Range column.
The maximum displayed value for any range is the Range value
minus the LSD value.

Accuracy + [Resolution + (TBE X Period)].c

Resolution + [LSD + (1.4 X TJE)/N}c

Display Update Rate Twice per second or twice the period of the input signal, whichev-
er is slower.©
TOTALIZE

Maximum Count 9999999.¢

Display Update Rate Twice per second or once per event, whichever is slower.c

DELAY BY EVENTS

Maximum Event Count 4194303.c

Minimum Time from Start 4 nsC
Signal to Any Delay Event

LOGIC TRIGGER

Minimum Function True Time 4 ns.

Minimum Function False Time 4 ns.©

Cperformance Requirement not checked in manual.

1-5
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Table 1-1 (cont)

Characteristics

Performance Requirements

DELAY TIME

Run After Delay
Accuracy

LSDY9 4 [0.0012 X (A SEC/DIV)] + [0.03 X (B Time/Divle + A
Trigger Level Error + 50 ns.©

When the A Sweep is triggered by the Word Recognizer in syn-
chronous mode, add 100 ns for probe delay; in asynchronous
mode, add 200 ns for probe delay.

NOTE

Due to changes in the amount of trace that is visible before the
trigger point, caused by changes in intensity and the Z axis, the
C/T/T and the base instrument measure Delay Time from different
points.

Maximum Measurable Delay Time

9.95 times the A SEC/DIV setting.©

Triggerable After Delay
Accuracy

LSDY+ [10 ppm X (measured interval)] + TJE + A Trigger Level
Error + B Trigger Level Error + 0.5 ns.®

If the A and B Sweeps are triggered from different channels, then
add 0.5 ns for channel-to-channel mismatch.

When the A Sweep is triggered by the Word Recognizer in syn-
chronous mode, add 100 ns for probe delay; in asynchronous
mode, add 200 ns for probe delay.

Minimum Measurable Delay Time

70 ns.

Display Update Rate

In Auto Resolution, twice per second or once for every sweep,
whichever is slower.©

In 1 ns, 100 ps, and 10 ps resolution modes, the update rate
depends on the A SEC/DIV setting and the trigger repetition rate.

Cperformance Requirement not checked in manual.

dsee Table 2-2.

€3 time:div includes SEC/DIV, X10 MAG, and VAR.

1-6
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Table 1-1 (cont)

Characteristics

Performance Requirements

DELTA TIME

Run After Delay
Accuracy

LSDY + [0.0008 X (A SEC/DIV)] + [0.01 X {B Time/Div}e] + 83
ps.c

When the A Sweep is triggered by the Word Recognizer in syn-
chronous mode, add 1 ns for probe jitter; in asynchronous mode,
add 20 ns for probe jitter.

Triggerable After Delay
Accuracy
Superimposed Delta Time

LSDY + [0.01 X (B Time/Div)®] + [10 ppm X (A SEC/DIV)] + [10
ppm X (measured interval)] + 50 ps + TJE.€

If CH 3 or CH 4 is one channel of a two-channel measurement,
add 0.5 ns for channel-to-channel delay mismatch.

Non-superimposed Delta Time

LSD? + M — tipg I+ TJE + [(0.005 div) X (1/8Rger +
1/SRpeLt)] + [10 ppm X (A SEC/DIV)] + {10 ppm X (measured
interval)] + 50 ps.

If A and B sweeps are triggered from different channels, add 0.5
ns for channel-to-channel mismatch + {0.5 div X (1/SRggr +
1/SRpg.7)] for trigger offset.

Minimum Displayable Delta Time

0s.C

Maximum Displayable Delta Time

+ 9.95 times the A SEC/DIV setting.©

Display Update Rate

In Auto Resolution, twice per second or once for every four
sweeps, whichever is slower.©

in 1 ns, 100 ps, and 10 ps resolution modes, the update rate
depends on the A SEC/DIV setting and the trigger repetition rate.

ALTERNATE SLOPE

Accuracy

Same as DELTA TIME Triggerable After Delay.¢

Minimum Displayable Width

1ns¢

Maximum Displayable Width

9.95 times the A SEC/DIV setting.©

Cperformance Requirement not checked in manual.
dgee Table 2-2.
€B time/div includes SEC/DIV, X10 MAG, and VAR,

This term assumes the trigger points are between the 10% and 90% points of the waveforms. Fall time is expressed as a negative risetime.

1-7
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Table 1-1 (cont)

Characteristics Performance Requirements

DEFINITIONS

A Trigger Level Error = (A Trigger Level Readout Error)/SRa.
B Trigger Level Error = (B Trigger Level Readout Error)/SRg.

t = risetime, reference trigger signal.

TREF

toeLt = risetime, delta trigger signal.

SR, = slew rate at trigger point, A sweep trigger signal in div/sec.
SRg = slew rate at trigger point, B sweep trigger signal in div/sec.

SRper = slew rate at trigger point, reference trigger signal in div/sec.
SRpg 1 = slew rate at trigger point, delta trigger signal in div/sec.
TJE = trigger jitter error.

= (Trigger Jitter)/\/N.

For delay or delta time, disregarding noise in the signal, this term contributes <1 LSD if the slew rate is greater than
0.03 vertical div/ns or if the slew rate is greater than 30000 vertica! div/horizontal div.

Trigger Jitter = \/(Reference Trigger Signal Jitter)? + (Delta Trigger Signal Jitter)2 +— (A Sweep Trigger Signal Jitter)2.
Reference Trigger Signal Jitter = (eng + enper)/ SRReF:
= 0 for Frequency mode.

eng = SCOpe noise in div.

It

0.05 div for HF REJ trigger coupling.
— 0.1 div for DC trigger coupling, 5 mV to 5 V sensitivity.

0.15 div for DC trigger coupling, 2 mV sensitivity.

enper = reference signal rms noise in div.

Delta Trigger Signal Jitter = (eng + enpe 1)/ SRDELT-
= 0 for Frequency or Delay mode.
enpeLT = delta signal rms noise in div.

A Trigger Signal Sweep Jitter = (eng + enA)/SRA.

€ny = A sweep trigger signal rms noise in div.

1-8
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Table 1-1 (cont)

Characteristics Performance Requirements

When the Word Recognizer supplies a trigger in synchronous mode, the trigger jitter of the associated trigger signal
is <1 ns; in asynchronous mode, the associated trigger signal jitter is <20 ns.

N

number of averages during measurement interval.

see Table 2-2 for Delay or Delta Time.

= (measured frequency) X (Measurement Interval) for Frequency or Period.

Measurement Interval = 0.5 s or two periods of measured signal, whichever is greater.

8performance Requirement not checked in manual (except Frequency—using CH 1).

by east significant digit.

Cperformance Requirement not checked in manual.

dgee Table 2-2.

eg time/div includes SEC/DIV, X10 MAG, and VAR.

'This term assumes the trigger points are between the 10% and 30% points of the waveforms. Fall time is expressed as a negative risetime.

1-9
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Table 1-2

Word Recognizer Electrical Characteristics

Characteristics

SYNCHRONOUS MODE

Data Setup Time 25 ns.
Wo—w15 and Q
Data Hold Time 0 ns.
WQ—W15 and Q
Minimum Clock Pulse Width
High 20 ns.
Low 20 ns.
Minimum Clock Period 50 ns.2
Delay from Selected Clock Edge =< 55 ns.

to Word Out from C/T/T

ASYNCHRONOUS MODE

Maximum Trigger Frequency 10 MHz.2
Minimum Coincidence Between Data Inputs < 85 ns.

(Do—Dys5 & Q) Resulting in a Trigger

Maximum Coincidence Between Any > 20 ns.

Two Data Inputs (Dg—D15 & Q)

Without Producing a Trigger

Delay from Input Word Coincidence to Word Out < 140 ns.

INPUTS AND OUTPUTS

Input Voltages

A

Minimum Input Voltage -05Vv.a
Maximum Input Voltage A 55va
Maximum Input Low Voltage geva
Minimum Input High Voltage 20v.a

WORD RECOG OUT

High > 2.5V LSTTL output.?
Low < 0.5V LSTTL output.@
input High Current 20 nA2
Input Low Current ~0.6 mAZ3

8pgriormance Requirement not checked in manual.

1-10
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Table 1-3

Environmental Characteristics

Characteristics

Performance Requirements

Same as the 2445 and 2465 Oscilloscopes without the C/T/T

All ltems
Option.
Table 1-4
Mechanical Characteristics
Characteristics Description
Weight

With Power Cord. Cover, Pouch,
Test Leads, Probes, Operators
Manual, and Options,

Including Word Recognizer Probe

< 12.0 kg (26.4 Ib).

Word Recognizer Probe

0.27 kg (0.6 Ib).

Domestic Shipping Weight

< 17.6 kg (38.8 Ib).

P6407 Probe Dimensions

Length
Body 11.4 cm (4.5 in).
Cable 2m (6.6 ft).
Width 5.6 cm (2.2 in).
Height 2.21 cm (0.87 in).




Section 2
2445/2465 Option 06 and Option 09 Service

OPERATING INFORMATION

PREPARATION FOR USE

OPERATING CONSIDERATIONS

A GATE OUT Termination

To prevent measurement errors, of as much as
+2.0 ns in Precision Delay and +0.5 ns in Precision Delta
Time, the A GATE OUT signal must not be terminated in
less than 10 kQ.

POWER-UP TESTS

Before initially turning on power to the instrument, read
Section 2, “Preparation for Use,” in the oscilloscope
operators manual and follow the safety and precautionary
information described there.

The power-up tests, automatically performed each time
the oscilloscope is turned on, verify both the oscilloscope
circuitry and the option circuitry. Tests, specifically applica-
ble to Option 06 and Option 09, are integrated into the
power-up tests of the host oscilloscope, and the tests con-
sist of two main parts: Kernel tests and Confidence tests.

A power-up test failure will either flash the A SWP
TRIG'D indicator or display a diagnostic message in the
crt readout. Pressing in the A/B/MENU switch (A/B TRIG
in the crt readout) may place the instrument into a usable
mode. Even if the instrument then functions adequately for
your particular requirement, it should be referred to a
qualified service technician for repair of the problem as
soon as possible.
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CONTROLS, CONNECTORS,
AND INDICATORS

The controls, connectors, and indicators used in the

- operation of the Option 06 Counter/Timer/Trigger and

Option 09 Counter/Timer/Trigger with Word Recognizer
are described in this section, along with any controls
whose function is affected by these options. For details
about the controls used to operate the standard oscillo-
scope, refer to the respective instrument operators
manual. There are no controls added to the front panel to
accommodate these options, but the B TRIGGER MODE

~ indicator group has two extra positions, MENU and ALT

SLP.

+f ROV T RIGGER M w
HOLDOFF (A SWH LEVEL

Q.70 @

S=g=

TRACE
L 5EP G POSITION  VOLTS/DIV £} POSITION
N o LR o

o "6 5@
QY. iy

N 1 CALIBRAYOR

H 3 nsw i | cHa

-ms.f:wou\ oM PROE e | ML 1506 £ 420V B
Uy 2y I P

LAY e AN
- @) ® @,
- = 1 N

4631-03

Figure 2-1. Counter/Timer/Trigger and Word Recognizer
controls.
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Refer to Figure 2-1 for the location of the controls and
indicators described in this section. The circled item
numbers are the same as the corresponding items dis-
cussed in Section 3 of the standard instrument operators
manual.

FRONT PANEL CONTROLS

A REF OR DLY POS Control—This control is used
for configuration menu selection and menu-mode
configuration (for details see "Menu Mode Function
Selection” which follows).

@ A Control—This control is used for configuration
menu selection and menu-mode configuration (for
details see '‘Menu Mode Function Selection™™ which
follows).

TRIGGER MODE Switch and Indicators—The A
TRIGGER MODE switch and indicators are the same
as in the standard instrument. Two new positions
are added to the B TRIGGER MODE switch indica-
tors:

MENU—When this mode is entered, the readout
displays various menus which permit Counter/
Timer/Trigger and Word Recognizer functions to
be selected and configured.

ALT SLP—-in this mode, when the A AND B
SEC/DIV knobs are unlocked, the instrument
makes a precision time-interval measurement
between alternate B sweeps which are triggered
on opposite slopes of the waveform.

@ A/B/MENU Switch—If an A Trigger indicator is
iluminated and the SEC/DIV switches are locked
together, pressing the switch activates MENU mode.
On instruments that do not contain the
Counter/Timer/Trigger, this control is labeled A/B
TRIG.



REAR PANEL

The rear panel is identical to that of the standard
instrument, except that when the Word Recognizer Option
is installed, the Word Recognizer Probe and the WORD
RECOG OUT connectors are installed in the same loca-
tions used by the Probe Power connectors of Option 11
(see Figure 2-2).

Word Recognizer Probe Connector—Connects the
17-Bit Word Recognizer Probe to the instrument.

Word RECOG OUT Connector—Provides an
LSTTL-compatible, positive-going pulse when the
Word Recognizer detects the selected word.

READOUT DISPLAYS

Bottom-Row Readout Displays

The readout displays along the bottom row of the crt
are not affected by the Counter/Timer/Trigger and the
Word Recognizer except for additions to the Diagnostics
menu.

Operating Information
2445/2465 Option 06 and Option 09 Service

Top-Row Readout Displays

The top row of the crt readout is shared according to
the following priority:

1. Menus occupy the entire top row.

2. Delta and Delay displays appear in the right-hand
field of the display.

3. Event-Counting (COUNT), Delay-by-Events
(DLY/EVTS), and Logic-Trigger (LOGIC TRIG) displays
(excluding the WR Logic-Trigger display) appear in the
right-hand field if the field is not occupied by a Delta or
Delay display: otherwise, the displays appear in the left-
hand field.

4. Word-Recognizer displays appear in the left-hand
field of the display.

5. The trigger-level readout appears in the left-hand
field.

(59) (55)

4631-04

Figure 2-2. Rear Panel Word Recognizer connectors.
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OPERATING PROCEDURES

Consult the 2445 and 2465 Operators manuals for
basic operating information and techniques that should be
considered before attempting to make any measurements
with your instrument.

PRECISION TIME-INTERVAL
MEASUREMENTS

Time-Interval Measurements

The Counter/Timer/Trigger Option has no effect on cur-
sor measurements except that At and 1/At measurements
with cursors are available when the B Sweep is delayed by
events.

Precision Delay-Time and Precision Delta-Time
Operation

Operating procedures for precision delay-time and
delta-time functions are the same as the operating pro-
cedures for delay-time and delta-time functions in a 2445
or 2465 instrument without the C/T/T Option.

Whenever the display for precision time-interval meas-
urements is updated, the last letter of the units symbol
blinks. The displayed resolution is selectable (see *‘Resolu-
tion Selection'" in this section).

When a conflicting Counter/Timer/Trigger function
(Delay-by-Events or Event Counting) is active, the preci-
sion time-interval measurement function is not available,
but it is replaced by a time measurement having the reso-
lution and accuracy of a 2445 or 2465 without the
Counter/Timer/Trigger Option. In this case, the word SET
appears following the time-measurement display.

The SET display also occurs during precision time
measurements any time a control switch or delta control is
operated. The SET display remains for two seconds, and
then the precision time measurement is displayed if it's
available; e.g.:

starting display: DLY 213.3693ms

delta control rotated: DLY 198.1ms SET
final display: DLY 197.8849ms

24

If the measurement is not availabie, one of the following
messages is displayed to indicate why:

AVERAGING More sweeps are required
for the selected
measurement resolution.

NO A TRIGGER No A Trigger event was
received.

MISSING B TRIG At least one A Sweep

occurred without a B Trigger
event during the A Sweep.

B Triggered After Delay Mode

The C/T/T Option allows precision time measurements
even while in the B TRIG AFT DLY mode. The B Trigger
controls operate in the same manner with the C/T/T
Option as in a 2445 or 2465 not equipped with the option.

An instrument with a C/T/T measures the time from the
start of the A Sweep to the start of the B Sweep, whether
the B Trigger MODE is RUN AFT DLY or TRIG AFT DLY.
The measurement gives delay times directly when B
Sweep is operated without delta time.

When B Sweep is used with delta time or 1/delta time,
the instrument measures the interval from the start of A
Sweep to the start of B Sweep. A measurement is made
for each of the two delays controlled by the & REF OR
DLY POS and A controls. The difference between these
measurements gives the delta-time result.

If the transition times of the signals being measured are
not negligible relative to the measurement, rotate the B
SEC/DIV switch to provide a magnified view of the signals.

This magnified view shows the intersection points of
the two delayed sweeps. The time interval measured is the
time between these points. Adjusting the B TRIGGER
LEVEL and the VERTICAL POSITION selects various
intersection points. When making a dual-channel delta-time
measurement, if the points of interest can not be made to
intersect by the LEVEL and POSITION controls, the points
can be forced to intersect by reducing the displayed ampli-
tude of the signal that appears later in the display and
then readjusting the LEVEL and POSITION controls.



The relative accuracies of delta-time and delay-time
measurements using cursors (delta time only), RUN AFT
DLY, and TRIG AFT DLY vary as the measured time inter-
val varies. Figure 2-3 shows the relative accuracies for
delta-time measurements. Relative accuracies for delay-
time measurements are shown in Figure 2-4.

The B Trigger-After-Delay mode is deselected when the
Channel 2 Delay-Adjust function is selected.

Alternate Slope Mode Selection

Alternate Slope mode measures the time interval
between two points on opposite slopes of a waveform.
The delayed sweep controlled by the A REF OR DLY POS
control triggers on the slope indicated by the SLOPE indi-
cator, while the delayed sweep controlled by the A control
triggers on the opposite slope.

To select the Alternate Slope mode of Precision Delta
Time:

1. Unlock the SEC/DIV knobs.

2. If an A TRIGGER MODE indicator is illuminated,
push the A/B/MENU switch.

3. Repeatedly press the B TRIGGER MODE switch
down and release it until the ALT SLP MODE indicator is
illuminated.

4. Select the desired B Trigger Source and Coupling.

5. Adjust the B TRIGGER LEVEL to the desired trigger
point.

6. Rotate the A controls until intensified zones appear
on the desired slopes.

7. i the transition times of the signal being measured
are not negligible to the measurement, rotate the B
SEC/DIV control to a faster sweep speed to magnify the
view of the signal. The time interval is measured between
the points where the two delayed sweeps intersect.
Adjusting the B TRIGGER LEVEL moves the area of inter-
section.

The Alternate Slope function is deselected when the
Channel 2 Delay-Adjust function is selected.
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MENU MODE FUNCTION SELECTION

Event-Counting, Delay-by-Events, Logic-Trigger func-
tions, and Resolution selection are selected from a menu.
To select one of these functions:

1. Enter MENU mode by one of the two following
methods:

a. If an A TRIGGER MODE indicator is illuminated:

(1) Press the A/B/MENU select switch to
illuminate a B TRIGGER MODE indicator.

(2) if the MENU indicator is not illuminated, push
the TRIGGER MODE switch up to select MENU.

b. if a B TRIGGER MODE indicator is illuminated,
push the TRIGGER MODE switch up until MENU is
selected.

2. The Main Menu is displayed on the crt:

COUNT DLY/EVTS LOGIC-TRIG RES

3. Turn either the A or the A REF OR DLY POS con-
trol to move the dotted-line cursor under the desired func-
tion.

4. Push the TRIGGER MODE switch up to display the
Configuration Menu for the selected function.

5. See appropriate function descriptions which follow
for further Menu information.

To remove the Menu display without activating a func-
tion, press any one of the following controls:

1. TRIGGER MODE switch down.
2. A/B/MENU switch.
3. At switch.

4. AV switch.

Any MENU function (Event-Counting, Delay-by-Events,
or Logic-Trigger) is deselected when the Channel 2 Delay-
Adjust function is activated.
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TIME INTERVAL ACCURACY
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CONDITIONS:
1) Input signal is 5 vertical divisions with a 2 ns risetime.
2) Measured times are 4 horizontal divisions.
3) TJE is negligible for slew rates greater than 0.1 div/ns.
4) For all B Sweep modes, the beginning and end of the measured interval are visually superimposed.
* Selected resolution. See “Resolution Selections” table for resolutions corresponding to trigger rates
with AUTO resolution.
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Figure 2-3. Delta Time relative accuracies.
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TIME INTERVAL ACCURACY
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3) TJE is negligible for slew rates greater than 0.1 div/ns.

* Selected resolution. See “Resolution Selections” table for resolutions corresponding to trigger rates
with AUTO resolution.
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Figure 2-4. Delay Time relative accuracies.
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Event Counting (COUNT)
To activate Event Counting from the Main menu:

1. After using a delta control to underline COUNT in
the main menu and pushing the TRIGGER MODE switch
up, the Count Configure menu is displayed. If the
instrument contains the Word Recognizer Option, the
Count Configure menu is:

The MODE field allows selection of either FREQuency,
PERIOD, or TOTalize. The EVT field allows selection of
the event that the selected mode operates on. Either the A
Trigger events (A) or the Word Recognizer events (WR)
can be selected. While counting Word Recognizer events,
the A Sweep is triggered by the Word Recognizer event.

If the instrument does not contain the Word Recognizer
Option, the Count Configure menu is:

MODE <FREQ PERIOD TOT> EVT=A TRIG

——

2. Turn the A REF OR DLY POS control to underiine
the field to be configured (i.e., MODE or EVT). Then turn
the A control to underline the selection for that field. If only
one underline is shown, either control may be turned.

3. When the configuration is correct, push the
TRIGGER MODE switch up. f Word Recognizer has been
selected as the event, the Word Recognizer Configure
Menu is displayed (see “‘Word Recognizer” in this sec-
tion); otherwise, the function is activated.

NOTE

When counting high-frequency signals, readjustment
of the Trigger Level may be required to eliminate
jitter of the displayed waveform.

4. If Totalize mode is active, the displayed count is
reset by moving any front panel switch.

5. To deselect any function and exit MENU mode:

a. i the MENU indicator is not illuminated, push the
A/B/MENU switch.

b. Push the TRIGGER MODE switch down.

Any of the following actions will also deselect an active
Count mode:

a. Selecting an A Trigger Source of LINE.
b. Selecting an A Trigger Mode of SGL SEQ.

c. If the Count event is the Word Recognizer,
selecting AUTO LVL for the A Trigger Mode (the Main
menu will be displayed).

d. If the Totalize mode is active, selecting AUTO or
AUTO LVL for the A Trigger Mode {the Main menu will
be displayed).

Delay-by-Events (DLY/EVTS)

The Delay-by-Events function allows the selection of
the sweep to be delayed, the starting event, and the delay-
ing event. The combinations available are shown in Table
2-1.

To activate the Delay-by-Events function from the
Main menu:

1. After using a delta control to underline DLY/EVTS in
the Main menu and pushing the TRIGGER MODE switch
up, the Delay-by-Events Configure menu will be displayed.
If the instrument contains the Word Recognizer Option,
the Delay-by-Events Configure menu is:

it the instrument does not contain the Word Recognizer
(WR), the Delay-by-Events Configure menu is:

SWP<A B> START=A DLYBYB

The sweep to be delayed, either A or B, is selected
from the SWP field. If the B Sweep is selected to be
delayed, the START field is limited to only the A Trigger
event. The event which will start the delay is selected from
the START field. Either the A Trigger event (A) or the
Word Recognizer event (WR) can be selected. If the Word
Recognizer is selected as the START event, SWP defaults
to A. The event counted to give the desired delay is
selected from the EVT field. Either the B Trigger event (B)
or the Word Recognizer event {(WR) can be selected.

2 Turn the A REF OR DLY POS control to underline
the field to be configured (i.e., SWP, START or EVT). Then
turn the A control to underline the selection for that field.



Table 2-1
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Delay-by-Events Combinations

Sweep to be
Delayed Start Event Delaying Event Results

A A Trigger B Trigger Delay begins when the A Trigger event occurs; the A
Sweep runs after the selected number of B Trigger
events.

A Word Recognizer B Trigger Delay begins when a recognized word occurs; the A
Sweep runs after the selected number of B Trigger
events.

A A Trigger Word Recognizer | Delay begins when the A Trigger event occurs; the A
Sweep runs after the selected number of words are
recognized.

A Word Recognizer Word Recognizer | The A Sweep runs after the selected number of words
are recognized.

B A Trigger B Trigger Delay begins when the A Sweep is triggered by the A
Trigger event; the B Sweep runs after the selected num-
ber of B Trigger events, if the A Sweep has not
terminated.

B A Trigger Word Reconizer Delay begins when the A Sweep is triggered by the A

' Trigger event; the B Sweep runs after the selected num-
ber of words are recognized, if the A Sweep has not
terminated.

3. When the configuration is correct, push the To change the number of events:

TRIGGER MODE switch up. If Word Recognizer was

selected,

the Word Recognizer

Configure menu is

displayed (see “‘Word Recognizer" in this section); other-
wise, the function is activated.

If B Sweep Delay-by-Events

is selected and the

SEC/DIV knobs are locked, the message PULL SEC/DIV
appears instead of the Delay-by-Events display.

While the function is active, the number of occurrences
of the Delaying event required to trigger the delayed
sweep is displayed along with a letter identifying the
sweep being delayed by events; e.g.:

A DBE 1234567

The number of occurrences can be changed if the
Delay-by-Events display is on the right side of the crt. The
display is on the right side of the crt if no higher priority
function such as At is also selected.

Turn the A REF OR DLY POS control to underline a
digit of the number. Turn the A control to aiter the
underlined character's value. If a digit is incremented
from 9 to 0 (nine to ten), the digit to its left is incre-
mented; if a digit is decremented from 0 to 9 (ten tc
nine), the digit to its left is decremented. If a digit is
incremented to its maximum permissible value and
all the digits to its left are at their maximum value,
the underline moves to the next digit to the right. If a
digit is decremented to 0 and all digits to its left are
0 (displayed as spaces), then the cursor moves to
the next digit to the right.

If B Sweep Delay-by-Events is displayed and either At

or 1/At is selected, cursors are also displayed. The word
SET in the cursor's display is replaced with BSW to indi-
cate that the displayed time is referenced to the B Sweep.

4. To deselect any function and exit MENU mode:

a. If the MENU indicator is not iluminated, push the
A/B/MENU switch.

b. Push the TRIGGER MODE switch down.
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If the A Sweep is delayed by events, selecting AUTO or
AUTO LVL Trigger Mode for the A Trigger will deselect
Delay-by-Events and display the Main menu.

NOTE

When the time between the start event and the
delaying event is less than 4 ns, whether or not the
delaying event will be counted is ambiguous. In
most cases, the ambiguity can be resolved by
choosing appropriate trigger slopes for the start and
delaying events.

Logic Trigger

To activate the Logic Trigger function from the Main
menu:

1. After using a delta control to underline LOGIC-TRIG
in the Main menu and pushing the TRIGGER MODE
switch up, the Logic-Trigger-Configure menu will be
displayed. If the instrument contains the Word Recognizer
Option, the Logic-Trigger-Configure menu is:

SWP:TRIG <A:A‘B A:A+B A:WR B:WR>

The sweep (SWP) to be triggered and the source
(TRIG) of the trigger are both selected from this menu. The
selections are:

A:A‘B = The A Sweep is triggered when the logical
AND of the A and B Triggers becomes
TRUE.

A:A+B = The A Sweep is triggered when the logical
OR of the A and B Triggers becomes

TRUE.
A:WR = The A Sweep is triggered when the Word
Recognizer detects the selected word.
B:WR = The B Sweep is triggered when the Word

Recognizer detects the selected word.

NOTE

The trigger is TRUE if + SLOPE is selected and the
trigger-source voltage is more positive than the
trigger level, or if — SLOPE is selected and the
trigger-source voltage is more negative than the
trigger level.

When the B Sweep is triggered by the Word Recog-
nizer, delay time and delta time are measured by the
crystal-controlied timer, but when any other Logic-Trigger
function is active, delay-time and delta-time measurements

are limited to the capabilities of the 2445 or 2465 without
the C/T/T Option.

If the instrument does not contain the Word Recognizer
Option, the Logic-Trigger-Configure menu is:

TRIG A SWEEP BY <A‘B A+B>

2. Turn either delta control to move the underline cur-
sor to the desired selection.

3. When the configuration is correct, push the
TRIGGER MODE switch up. If Word Recognizer has been
selected, the Word-Recognizer-Configuration menu is
displayed (see “Word Recognizer" in this section). other-
wise, the function is activated.

If the Word Recognizer is selected in Logic-Trigger
mode, the Word Recognizer display takes the place of the
respective trigger-level display.

While a Logic-Trigger function other than WR is active,
one of the following Logic-Trigger displays is normally
displayed on the right half of the crt readout. It is
displayed on the left haif of the crt readout if a deita or
delay function is also active:

ASWPAB and ASWPA4B

4. To deselect any function and exit MENU mode:

a. If the MENU indicator is not illuminated, push the
A/B/MENU switch.

b. Push the TRIGGER MODE switch down.

Selecting AUTO LVL A Trigger Mode while any Logic
Trigger function other than B Sweep triggered by the
Word Recognizer (B:WR}) is active results in the function
being deselected and the Main menu being displayed.

Resolution Selection

Four resolutions are available for Delay Time, Delta
Time, and 1/Delta Time precision measurements. in AUTO,
the display update rate is either every 1/2 second or every
time a measurement sample is available, whichever is
greater. For 1 ns, 100 ps, and 10 ps resolution, the display
is updated only when enough sweeps have occurred to
display the indicated resolution. For low sweep repetition
rates, the time interval between updates is noticeably long.
Table 2-2 lists the displayed resolution for each resolution
selection and the number of sweeps (N) required for each
measurement.
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Table 2-2
Resolution Selections
A SEC/DIV? Selected Resolution LSD N
10nstols AUTO See AUTO RESOLUTION See AUTO RESOLUTION
10 ns to 5 us 10 ps 10 ps =108
100 ps 100 ps >10"
1ns 1t ns >100
10 ps to 50 us 10 ps or 100 ps 100 ps >10°
1ns 1ns >100
100 us to 500 us 10psto1ns 1ns >100
1mstoS5ms 10pstoins 10ns >1
10 ms to 50 ms 10psto1ns 100 ns >1
100 ms to 500 ms 10psto1ns 1us >1
1s 10psto 1ns 10 us >1
AUTO RESOLUTION
A SEC/DIV*® Trigger Repetition Rate LSD N
10 ns to 2 us >20kHz 100 ps >10*
10nsto 2 us 200 Hz to 20 kHz ins . >100
5 us to 200 us >200 Hz ins >100
10 ns to 200 us <200 Hz 10ns >1
500 us to 5 ms Any 10 ns >1
10 ms to 50 ms Any 100 ns >1
100 ms to 500 ms Any 1us >1
1s Any 10 us >1

82445 A SEC/DIV settings range from 20 ns to 1 s. 2465 A SEC/DIV settings range from 10 ns to 500 ms.

To activate the Resolution Selection function from
the Main menu:

1. After using either delta control to underiine RES in
the Main menu and pushing the TRIGGER MODE switch
up, the Resolution Selection menu is displayed:

RESOLUTION <AUTO 1ns 100ps 10ps>

2. Turn either delta control to underline the desired
resolution.

3. Push the TRIGGER MODE switch up when the
configuration is correct.

Word Recognizer Configuration

The Word-Recognizer-Configuration menu is used to
set the Word Recognizer's radix and clock parameters.
When Word Recognizer (WR) is selected for use by a

menu function and the TRIGGER MODE switch is pushed
up to exit the Function-Configuration menu, the Word-
Recognizer-Configuration menu is displayed:

The Word Recognizer's configuration is displayed in the
radix selected from the RADIX field. The choices are
binary (BIN). octal (OCT), and hexadecimal (HEX).

The clock edge, used to acquire data in the Word
Recognizer. is selected from the clock field. The choices
are:

T = rising edge of clock.

| = falling edge of clock.

X = no clock used (asynchronous mode).
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To set the Word Recognizer's parameters:
in a Function-

1. Select the Word Recognizer
Configuration menu.

2. Exit the function's menu by pushing up on the
TRIGGER MODE switch. The Word-Recognizer-
Configuration menu is then displayed.

3. Turn the A REF OR DLY POS control to underline
the field to be configured (i.e., RADIX or CLOCK). Turn the
A control to underline the selection for that field.

4. When the configuration is correct, push the
TRIGGER MODE switch up to activate the function.

When a menu function uses the Word Recognizer, the
status of the Word Recognizer is displayed in the following
format:

tcq word

The t is the trigger selected (A or B); the c is the clock
mode, rising (1) or falling (1) edge, or asynchronous (X):
the g is the qualifier bit; and ‘word' is a value displayed in
the selected radix.

The A REF OR DLY POS control is turned to underline
the clock mode, qualifier, or a digit of the word. The A con-
trol changes the selection for the underlined field.

If some bits of a hexadecimal or octal digit are
irrelevant (don't care or 'X’) the digit is ambiguous. Ambig-
uous digits are displayed as question marks; e.g.:

ATOTIXX XXX1  A70 1?2X077  A10 ??3F
. 0011 1111
BIN oCcT HEX

When the status of the Word Recognizer and the event
count for Delay-by-Events are both displayed, the A REF
OR DLY POS control will move the selection cursor across
both fields.

WORD OUT SIGNAL

The WORD OUT signal, at a BNC connector on the
rear panel, is high when the selected word is recognized.
This signal is valid after the Word Recognizer word has
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been defined using the C/T/T menu. The signal remains
valid even if the menu function is not in use. The relation
of the word coincidence relative to other signals can be
observed by connecting the WORD OUT signal to one
vertical channel and using the remaining vertical channels
for the other signals.

The WORD QUT signal is delayed after the clock tran-
sition in synchronous mode or after the recognized coin-
cidence in asynchronous mode. Because of this defay, the
signal transition which generates the trigger cannot be
displayed by the oscilloscope when the oscilloscope is trig-
gered by the Word Recognizer or when the oscilloscope is
triggered by the WORD OUT signal.

CONTROLLING INSTRUMENT FUNCTIONS
WITH THE GPIB

This information pertains to controlling the 2445 and
2465 Oscilloscopes containing Counter/Timer/Trigger
(Option 06), or the Counter/Timer/Trigger with the Word
Recognizer (Option 09) via the IEEE-488-1978 digital inter-
face (commonly referred to as the General Purpose Inter-
face Bus, or GPIB). This information applies only if the
instrument also contains the GPIB (Option 10) interface.

NOTE

If either the Counter/Timer/Trigger or Word Recog-
nizer option is not contained in the instrument, refer-
ence to it in a GPIB command will cause an SRQ
error. ’

The 2445/2465 Option 10 GPIB Operators Manual
should be consulted for a complete description of remote
control of oscilloscope functions by way of the GPIB.

A complete description of additional commands for con-
troling the Counter/Time/Trigger Option and the
Counter/Timer/Trigger with the Word Recognizer Option is
listed in Table 2-3 and Table 2-4 respectively.

NOTE

C/T/T measurements are requested with the CTSend
command. DELAy? and DTIme? queries, which are
common to the 2445/2465 without the C/T/T Option.
return settings, not measurements.
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Table 2-3
Counter/Timer/Trigger GPIB Commands

C/T/T Measurement Commands

Header

Argument

Argument Comments

CTRdy?

Query response is 1 if a C/T/T measurement is available, 0 if
not. This flag is always valid regardless of the OPC state. if no
measurement function is active, or a measurement function is
suspended due to another option using the display, an option-
not-in-correct-mode SRQ error is sent.

CTSend?

IMMediate
WAIt

This command is used to request any one of the following
measurements: FREQuency, PERiod, TOTalize, Delay, Delta
Time, or 1/Delta Time. The measurement returned is that
generated by the currently operating function. The format of
the returned measurment is <nr3>. The *?” following CTSend
is optional and does not affect the operation of the command.

if the currently available measurement is invalid, an error code
is returned in place of the normal measurement. The error
codes are:

I.0E+99 for a missing B trigger.
1.0E+98 for a missing A trigger.

1.0E + 97 when the time being measured in a 1/at
mode is less than 1% of full scale.

1.0E + 96 for Totalize mode overflow.

If no measurement function (count, precision deita, or delay) is
active, or a measurement function is suspended due to another
option using the display, an option-is-not-in-correct-mode SRQ
error is sent.

Any given measurement is only sent once. The current
measurement is always sent immediately if it has not already
been sent once.

The argument following CTSend controls the manner in which
the instrument responds when a measurement is in progress
and no current measurement is available to send. CTSend with
no argument defaults to WAIt for a measurement. If a
measurement is not available and the IMMediate argument is
received, a null message (talked with nothing to say) is sent. If
a measurement is not available and the IMMediate argument is
not received, the instrument will not respond until a new
measurement has been acquired.

2-13
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Table 2-3 (cont)

Header

Argument

Argument

Comments

OoPC

ON
OFF

This is an extension of the main instrument's OPC command.
When OPC is ON, an SRQ is generated when a C/T/T
measurement is completed.

Generation of SRQ can be turned off by the RQS OFF
command.

The EVENT? query, as described in the 2445/2465 GPIB
Operators Manual, may be used to determine the status of the
C/T/T Option. The event code, returned through the EVENT?
query, may be used to determine if a C/T/T measurement is
complete {event code 778) even when RQS is OFF. However,
the event code is only available when OPC is ON.

Once the event code is generated, to indicate a measurement
is available, SRQs and the event code are not generated again
on measurement completion until a measurement has been
read. The event code is generated only on completion of the
next measurement after a measurement is read via the GPIB.

C/T/T Setup Commands

BTRigger

BTRigger?

MODe:

MQODe

ALT Slope
RUN
TRIGGerable

This command is an extension of the BTRigger MODe:
command of the Main instrument. RUN and TRIGGerable
function the same as in the main instrument.

Setting mode to ALTSlope or TRIGGerabie will conflict with
any Count, Delay-by-Events, or Logic-Trigger mode, and a
setting-conflict SRQ error is sent.

Query response is identical to the Main instrument BTRigger?
response except that MOD: ALTS can be sent.

COUNt

COUNt?

EVEnt:

MODe:

EVEnt
MODe

ATRigger
WREcognizer

FREquency
TOTal
PERlod

This command configures the Count function. if the Word
Recognizer Option is not installed and If EVEnt: WRE is
received, an option-not-installed SRQ error is sent.

Query response is: COUN MOD: string, EVE: string or COUN
arg: string if an argument is given in the query.

CTT

cT1?

COUNt
DBEvents
LTRigger
OFF
RESET

This command will either turn on a C/T/T function or turn off
any active C/T/T function. Selecting any function will turn off
any other selected function. Functions cannot be active at the
same time. B TRIGGER MODE is set to RUN AFT DLY. CTT
RESET resets any counter or precision measurement currently
in progress.

Query response is: CTT string, where “string” is the current
C/T/T function.
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Table 2-3 (cont)

Header Argument Argument Comments
DBEvents COUNTI: <nri> This command configures the Delay-by-Events function.
The format of <nr1> is a positive integer in the range 1-
4194303 inclusive. If a number is received that is out of range
or noninteger, a numeric-argument SRQ error is sent.
EVEnt: BTRigger If the Word Recognizer Option is not installed and if
WREcognizer EVEnt:WREcognizer or STArt: WREcognizer is received, an
option-not-installed SRQ error is sent.
STArt: ATRigger Selecting STArt: WREcognizer sets SWEep to ASWeep.
WREcognizer
SWEep: ASWeep Selecting SWEep: BSWeep sets STArt to ATRigger.
BSWeep
DBEvents: COUNt Query response is: DBE SWE: string, STA: string, EVE: string,
EVEnt COUN: <nr1>, or DBE arg: string if an argument is given in
STArt the query.
SWEep
ID? . This query is an extension of the 1D? query of the main
instrument. Query returns CTT:FVn for the C/T/T's portion of
[string:FV <nr1>,] (see 2445/2465 Option 10 GPiB Option
Operators Manual); where <nr1> is the version number of the
C/T/T Option.
LTRigger ASWeep: AANdb This command configures the Logic-Trigger function If the
AORD Word Recognizer Option is not installed and if either the ASW:
WREcognizer WRE, or BSW: WRE command is received, then an option-not-
installed SRQ error is sent.
BSWeep: WREcognizer
LTRigger? Query response is: LTR ASW: string or LTR BSW: WRE.
RESolution AUTO This command sets the resolution of precision measurements.
R1Ns
R100ps
R10Ps
RESolution? Query response is : RES string.
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Table 2-4

Word Recognizer GPIB Commands

Header

Argument

Argument

Comments

WREcognizer

WREcognizer?

CLOck:

RADix:

WORd:

CLOck
RADix
WORd

ASYnch
DNClock
UPClock

BiNary
HEX
OCTal

< ASCIi binary
data>

This command configures the Word Recognizer.

The RADix: argument only controls the format of the Word
Recognizer settings display on the crt.

The format of ASCI! binary data is #Y foilowed by 17 digits,
where each digit may be either 0, 1, or X {don’t care). Spaces
may be used anywhere to separate groups of digits. The option
will accept ASCII binary data command arguments without the
#Y prefix. The following are all valid and equivalent:

WOR: #Y1 00X01X10 0X0X110X,
WOR: #Y100X01X100X0X110X,
WOR: 1 00X0 1X10 0X0X 110X,
WOR: #Y1 0 0X0 1X1 00X 0X1 10X

The order of the digits is: qualifer bit, then a 16-bit wod in most-
significant to least-significant bit order. Alt 17 digits must be
sent. If an error is detected in the ASCIl binary data argument,
a command-argument SRQ error is sent.

if the Word Recognizer Option is not installed and any word
recognizer command or query is received, an option-not-
instalied SRQ error is sent.

Query response is: WRE RAD: string, CLO: string,
WOR: <ASCII binary data>. An example of the output format
of WRE? WOR is: WOR: #Y1 00X01X10 0X0X110X.
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OPERATOR’S CHECKS

INTRODUCTION

To verify the operation and accuracy of your instrument
before making measurements, perform the following check
procedures. If indications specified in these procedures
cannot be obtained, refer the instrument to a qualified ser-
vice technician.

Before proceeding with these instructions, refer to
“Preparation for Use" in this section and in Section 2 of
the standard instrument's Operators manual.

Verify that the POWER switch is OFF (push button
out); then plug the power cord into a power outlet.

NOTE

The initial setup, all verifications, and each step
within them must be performed in the sequence
presented and in their entirety to ensure that control
settings are correct for the following step.

INITIAL SETUP

1. Press in the POWER switch button (ON) and attow
the instrument to warm up for 20 minutes.

2. If an A TRIGGER MODE indicator is illuminated,
push the A/B/MENU switch.

3. Push the TRIGGER MODE switch down to deac-
tivate any MENU selected function.

4. Set instrument controls to obtain a baseline trace as
follows:

Vertical
CH 1 POSITION Midrange
MODE CH 1
BW LIMIT Off (button out)
CH 1 VOLTS/DIV 10 mV
CH 1 Input Coupling 1 MQ DC

Horizontal
A AND B SEC/DIV Locked together at 50 ms
SEC/DIV VAR Calibrated detent
POSITION Midrange
X10 MAG Off (button out)
At and AV Off (press and release until
readout display disappears)
Trigger
HOLDOFF Fully counterclockwise
LEVEL Midrange
A MODE AUTO
A and B SOURCE VERT

A and B COUPLING DC
A and B SLOPE +

5. Adjust the INTENSITY, READOUT INTENSITY, and
FOCUS controls for desired display and readout bright-
ness and best trace definition.

6. Connect a 10X probe to the CH 1 OR X input con-
nector and connect the probe tip the the CALIBRATOR
output.

7. Adjust the Vertical and Horizontal POSITION con-
trols to position the trace within the graticule area.

8. Adjust the A TRIGGER LEVEL to 0.200 V.

FREQUENCY VERIFICATION

1. Enter MENU mode (see '‘Menu Mode Function
Selection” in this section).

2. Use the A REF OR DLY POS control to underline
COUNT.

3. Push up on the TRIGGER MODE switch.

2-17
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4. Use the A REF OR DLY POS control to underline
MODE.

5. Use the A control to underline FREQ.
6. If the instrument contains the Word Recognizer
Option:

a. Use the A REF OR DLY POS control to underline
EVT.

b. Use the A control to underline A.
7. Push up on the TRIGGER MODE switch.

8. Verify the displayed frequency is between 9.99 Hz
and 10.01 Hz.

9. Exit Menu mode (see “"Menu Mode Function Selec-
tion” in this section).

DELAY VERIFICATION

1. Select AUTO Resolution (see ‘‘Resolution Selection”
in this section).

2. Set. the A AND B SEC/DIV switches to 0.5 us.

3. Pull out the B SEC/DIV switch.
4. Set the B TRIGGER MODE to TRIG AFT DLY.
5. Adjust the B TRIGGER LEVEL to 0.200 V.

6. Move the intensified zone as far left as possible
using the A REF OR DLY POS control.

7. Verify the displayed delay is between 989.5 ns and
1010.5 ns.
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DELTA VERIFICATION

1. Select the delta time mode using the At switch.

2. Move the intensified zone as far left as possible
using the A REF OR DLY POS control.

3. Move the second intensified zone two divisions to
the right of the first intensified zone using the A control.

4. Verify the displayed delta time is between 999.0 ns
and 1001.0 ns.

5. Deselect the delta time mode using the At switch.

6. Lock together the A AND B SEC/DIV switch.

DELAY-BY-EVENTS

1. Set the A TRIGGER SLOPE to —.

2. Enter Menu mode.

3. Use the A REF OR DLY POS control to underline
DLY/EVTS.

4. Push up on the TRIGGER MODE switch.

5. Use the A REF OR DLY POS and A controls to
select SWP B, START A, DLY BY B (see ‘‘Delay-by-
Events’' in this section).

6. Push up on the TRIGGER MODE switch.

7. Pull out the B SEC/DIV switch.

8. Use the A REF OR DLY POS and the A controls to
set the number of delaying events to 1.

9. Verify that the intensified zone moves to each
succeeding rising edge as the delaying event count is
changedto 2, 3, 4, and 5.~
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THEORY OF OPERATION

INTRODUCTION .

SECTION ORGANIZATION

This section contains a functional circuit description of
the Option 06 Counter/Timer/Trigger (C/T/T) and Option 09
Counter/Timer/Trigger with Word Recognizer (WR} circuitry
for the 2445 and 2465 Oscilloscopes. The discussion
begins with an overview of option functions and continues
with detailed explanations of each major circuit. Reference
is made to supporting schematic and Dblock diagrams
which aid in understanding the text. These diagrams show
interconnections between parts of the circuitry, identify cir-
cuit components, list specific component values, and show
interrelationships with the standard oscilloscope.

The block and schematic diagrams are located in the
tabbed *‘Diagrams’ section at the rear of this manual. The

particular schematic diagram associated with each circuit
description is identified in the text, and the diagram
number is shown {enclosed within a diamond symbol) on
the tab of the appropriate foldout page. For the best
understanding of the circuit being described, refer to both
the applicable schematic and block diagrams.

DIGITAL LOGIC CONVENTIONS

Digital logic circuits perform many functions within the
instrument. The operation of these circuits is represented
by specific logic symbology and terminology. Logic-function
descriptions contained in this manual use the positive-logic
convention. The specific voltages which constitute a HI or
a LO vary between individual devices. For specific device
characteristics, refer to the manufacturer’s data book.

GENERAL CIRCUIT DESCRIPTION

Before individual circuits are discussed in detail, a gen-
eral block-level discussion is provided to aid in understand-
ing overall operation of the option circuitry. A simplified
block diagram of the option, showing basic interconnec-
tions, is shown in Figure 7-2. The diamond-enclosed
numbers in the blocks refer to the schematic diagrams at
the rear of this manual in which the corresponding circuitry
is located. Throughout this discussion, standard oscillo-
scope refers to the 2445 and 2465 Oscilloscopes without
option circuitry.

The activities of the options are directed by the
microprocessor contained in the standard oscilloscope.
The microprocessor, under the control of firmware present
in the options, monitors each option’s functions and sets
up the operating modes according to instructions received.

While executing the control program, the microproces-
sor retrieves previously stored calibration constants and
front-panel settings and, as necessary, places program-
generated data in temporary storage for later use. The
electrically alterable read-only memory (EAROM), random

access memory (RAM), and ultraviolet erasable program-
mable read-only memory (EPROM) contained in the Buffer
and option circuit boards provide these storage locations.

BUFFER BOARD
The option circuit board connects to the standard oscil-
loscope through the Buffer circuit board. The Buffer board
performs the following functions:

1. Buffers and modifies the timing of the microproces-
sor bus.

2. Distributes the microprocessor bus, power sup-
plies, and analog signals from the standard oscilio-
scope to the options.

3. Provides additional ROM for interfacing options to
the standard instrument.

4. Provides an EAROM for options use.

5. Provides a mechanical interface.



Theory of Operation
2445/2465 Option 06 and Option 09 Service

The microprocessor control bus, address bus, and data
bus are buffered by Buffer board circuitry. Microprocessor
bus timing for the options is modified by buffers on the
Buffer board to make bus timing compatible with the
options. The EAROM bus allows the microprocessor to
access the option EAROM located on the Buffer board.
Address bus decoding allows individual circuits to be
addressed.

These signal paths are used for communications
between the options and the standard oscilloscope and
involve both data and control signals. The standard oscillo-
scope circuitry uses them to control the options. The
options use them to send information to the standard
oscilloscope for display and to control the standard oscillo-
scope.

C/T/T BOARD

The C/T/T board utilizes signals from the standard
instrument and the Word Recognizer to produce accurate
measurements for display. Functionally the C/T/T circuitry
is divided into four blocks:

1. Microprocessor interface.
2. Time base.
3. Counters and gating.

4. Word Recognizer interface and control.

The microprocessor interface contains the bus buffers,
memory, registers, and address decoding that allows the
microprocessor in the standard oscilloscope to control the
option.

The time base contains the Oscillator and Phase-
Locked Loop circuitry which provides the 131 MHz refer-
ence clock for the counters and the 5.24 MHz clock used
by the counter-reloading state machine for the Delay-by-
Events functions.

The Complex Counter integrated circuit (IC) is
configured as three counters. The least significant bits of
each counter are contained in the gate array.

For the counting and timing functions, the microproces-
sor initializes the circuitry by writing to registers. The con-
tents of the registers, in turn, cause the proper input sig-
nals to be selected and applied to the counters through
tevel shifting and multiplexing circuitry. Once the system is
initialized, the microprocessor allows the counters to start
when they see the proper edge of the selected start signal.

When the selected edge of the stop signal is detected, the
counters stop and the microprocessor reads the counters,
calculates, and then displays the measurement. The pro-
cess is then repeated.

The procedure just described is different in Totalize
mode. In Totalize, the count is read and displayed by the
microprocessor while counting is actively occurring. The
count is reset from the front panel.

Logic Trigger functions use the Gate Array to perform
logic functions on the A and B triggers. The result of the
logical combination triggers the standard instrument.

WORD RECOGNIZER

The Word Recognizer provides an external 17-bit com-
binational trigger input to the C/T/T. Input data matching
states are individually selectable via the oscilloscope front
panel to match either a logic 0, 1, or don't care (X). Either
a rising or falling clock edge may be selected as the active
edge in synchronous mode.

Control Register

The Control Register is a serial input, paraliel output
register, controlled by the microprocessor, that controls
the circuitry in the Word Recognizer probe. Desired input
match bits (WDATA) are clocked into the Control Register
by WCLOCK. Forty clocks after a data bit is shifted into
the Control Register, it appears on the DATA RTRN out-
put. This output is used to:

1. Detect if the WR is plugged into the oscilloscope.

2. Detect if the shift register was clocked extra times
by static or other transients.

3. Perform diagnostic tests of WR circuitry.

Seventeen control register bits (don't cares) determine
if the input gating will allow the 17 input signals to reach
the Comparator. Seventeen other control register bits
determine whether the Comparator will look for a matching
HI or LO on the corresponding input from the input gating.
When all data inputs from the input gating match the
control register bits, the Comparator sends a LO to the
Synchronizer and the Output Multiplexer.

Synchronizer and Output Multiplexer

The Synchronizer synchronizes the Comparator's.out-
put with the external clock input (C). A control bit selects
the active edge of the Synchronizer's clock input.



The  Output  Multiplexer  selects  either  the
Synchronizer's output or the Comparator's output to pass
on to the C/T/T. One bit of the Control Register selects
either synchronous or asynchronous mode. If asynchro-
nous mode is selected, the Output Multiplexer transfers
the Comparator's output via the WORD signal to the
C/TIT. If synchronous mode is selected, the Output Multi-
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plexer selects the Synchronizer's output instead of the
Comparator's output to pass on to the C/T/T. In the
C/T/T, the WORD signal is sent to the WORD RECOG
OUT connector and also to the Level Shifting and Multi-
plexing circuitry where it can be selected as one of the
trigger events.

DETAILED CIRCUIT DESCRIPTION

INTRODUCTION

The following discussion provides detailed information
concerning the electrical operation and circuit relationships
of the 2445 and 2465 Buffer board, Counter/Timer/Trigger,
and Word Recognizer circuitry. Unique circuitry is
described in detail, while circuits common in the electronics
industry are not. The descriptions are accompanied by
supporting illustrations and tables.

BUFFER BOARD DIGITAL
DISTRIBUTION

The Buffer Board Digital Distribution circuitry (see
Diagram 20) interconnects the standard oscilloscope and
the C/T/T board. Most of the microprocessor signals are
buffered and have their timing modified. In addition, some
of the memory used for option functions is included on the
Buffer board.

Electrically Alterable ROM

Nonvolatile storage for the calibration constants and
power-down settings is provided by EAROM U4207. By
using different clock sources, the microprocessor is able to
select either EAROM U2008 in the standard oscilloscope
or Buffer board EAROM U4207. The clock source for the
Bufter board EAROM comes from U2308 pin5 (see
Diagram 2 in the standard oscilloscope service manual).
Mode control inputs C1 and C3 are interchanged between
the two EAROMs to prevent data contention. A TTL-to-
MNOS fevel shift of the clock signal is provided by Q4201.
For additional information on EAROM operation, consult
the "“Theory of Operation’ section of the standard oscillo-
scope service manual.

Address Decoding

Gates U4240A and U4240C partially decode the
address bus. Enable BVMA U4240C pin 8 is HI for
addresses from 1000-7FFF (this and all other address
references are in hexadecimal), the address space used by
the options including the Buffer board.

Enable BUFEN U4250C pin 8 is LO for the address
space of 1000-1FFF. Address strobe LOWAD is active LO
for the address space of XFFC-XFFF (where X is a don't
care). These decoded address signals are used in selecting
ROM U4260 on the Buffer board and disabling data bus
buffer U4255.

Buffer Board ROM

Buffer board ROM U4260 is used to interface the
option to the standard oscilloscope. Its output enable (at
pin 20) is ROMEN. The signals ROMEN and BUFEN are
the same if P4256 is present. With ROMEN and BUFEN
the same, the Buffer board ROM address space is 1000-
1FFF. Whenever the Buffer board ROM is addressed, shift
register U4275 (that controls the data bus buffer) is reset
by ROMEN. This prevents the Buffer board data bus
buffer and the Buffer board ROM from driving the
microprocessor side of the data bus at the same time.

With Option 01 (DMM) to the 2445 and 2465 instalied,
P4256 is not installed. In this case BUFEN is further
decoded by circuitry in the DMM. The ROMEN signal pro-
duced makes the Buffer board ROM active over the
address space of 1000-1FFB.

Bus Buffers

The 10MHz clock signal of the standard oscilloscope is
buffered by U4265D. The buffered clock (B10MHZ) clocks
shift register U4275 and is also sent to the options.

The E clock, RESET, VMA, and R/W are buffered by
latch U4225. The pull-up on U4225 pin 12 allows RESET
and E to pass through the latch unmodified. The buffered
E clock is delayed >30ns by R4265, C4265, and
U4265C. This delayed BE clock latches VMA, R/W
(U4225) and the address bus (U4235 and U4245), which
provides extra hold time on these signals for the options.
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Data Bus Buffer

Data bus buffer U4255 is a bidirectional bus driver that
is controlled by the signals on pin 1 and pin 19. Pin 1 con-
trols the direction of data flow through the buffer, and
pin 19 turns the drivers on and off. When pin 1 is HI, the
buffer is configured to drive data from the microprocessor
to the options. Conversely, when pin 1 is LO, the buffer is
configured to drive data from an option to the micropro-
cessor. Pin 1 is HI, except when the microprocessor is
reading data from an option.

Signals on pin 1 and pin 19 coordinate the states of
U4255 so that data bus contention never occurs. Buffer
U4255 drives two buses: the bus between U4255 and the
Control board of the standard oscilloscope, and the bus
between U4255 and the options. Both of these must be
kept free of contentions (i.e., it is not allowed for more
than one device to drive the bus at the same time). These
two buses will be examined individually.

The bus between the Control board and U4255 is
driven by the Control board during a write bus cycle,
driven by the Control board during a read cycle from non-
option space (0000-OFFF and 8000-FFFF), driven by
U4255 during a read cycle from option space (2000-7FFF),
and driven by U4260 during a read from Buffer board
ROM (1000-1FFF). The Control board changes its drivers
from output to input on the rising edge of E (this is the HI-
true E, not the LO-true E used by the option) when going
from a write to a read cycle. It changes from input to out-
put on the falling edge of R/W when going from a read to
a write cycle. Data buffer U4255 drives the Control board
data bus only when BVMA and BR/W are both true; i.e., a
read cycle from the option is being performed. This is done
by driving U4255 pin 1 from BVMA NANDed with BR/W
(after passing through a delay consisting of two cycles of
the 10 MHz clock). Pin 19 of U4255 is driven by E delayed
for two cycles of the 10 MHz clock. This two-cycle delay
ensures that U4255 will be driving the Control board data
bus only in a read cycle from option address space, during
a time interval starting after the rising edge of E and end-
ing after the falling edge of E. A delay of two cycles of the
10 MHz clock is necessary to guarantee that the Control
board data bus drivers have turned off before U4255
starts driving the bus. This is a period of time when the
Control board never drives the data bus during a read
cycle. Shift register stages in U4275 are cleared by
ROMEN, forcing U4255 pin 19 HI while Buffer board ROM
is being read.

The bus between U4255 and the options must be
driven by U4255 during a write cycle to the options (2000-
7FFF) and may be driven by an option only during a read
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cyclie from the option (2000-7FFF). Bus driver U4255 actu-
ally drives the bus to the option during all cycles except
read cycles from 1000-7FFF. The bus is driven by an
option only while E is true during an option read cycle.
Address bus driver U4255 drives the bus during an option
write cycle while U4255 pin 19 is LO, but in this case
pin 19 is delayed from E only by one cycle of the 10 MHz
clock, driving the data to the options as soon as it is avail-
abile from the microprocessor.

C/T/T CIRCUITRY

Counter/Timer/Trigger circuitry is divided functionally
into the microprocessor interface, time base, counters and
gating, and the Word Recognizer interface and control.
The circuitry is shown on Diagram 26.

Microprocessor Interface

The microprocessor interface contains the circuitry that
allows the microprocessor in the standard oscilloscope to
control the option.

DATA BUS BUFFER. Bi-directional buffer U5940 buffers
the data bus and has two control inputs. Direction control
(pin 1) is provided by the microprocessor's buffered
read/write signal BR/W. The buffer is enabled at pin 19
whenever the C/T/T is selected and an address in the
4000-7FFF range is generated.

OPTION SELECT REGISTER. Whenever there is a
write to an address in the 7FC0 to 7FFF range, data bus
line BBD7 is latched by the Option Select flip-flop
(U6252A). When the Option Select flip-flop is set, the
C/T/T circuitry responds to addresses in the 4000-7FFF
range. When the fiip-flop is reset, the C/T/T only responds
to microprocessor bus signals in the range of 7FCO-7FFF
(the Option Select flip-flop).

MEMORY AND (/O DECODERS. The upper 128 bytes
of C/T/T address space are decoded by U5942. The upper
half of these locations enable the Option Select flip-flop.
The lower 64 addresses are further decoded by address
decoder U5S950 to allow addressing of individual C/T/T 1/0
devices. While U5942 allows selection of C/T/T l/O dev-
ices, it also prevents (through U6150A) EPROM U5930
from appearing on the bus at these locations.

Address decoder U5850 decodes the option /O space.
Address space for C/T/T /O devices extends from 7F80 to



7FBF. Due to incomplete address bus decoding, each out-
put of this decoder appears eight times in the address
space. A memory map of the C/T/T Option is shown in
Table 3-1.

Table 3-1
C/T/T and WR -Memory Map

Address Device Description

4000-7F7F ROM

7F80-7F83 Gate Array register 2 (MCA-2), write only

7F84-7F87 Gate Array register 1 (MCA-1), write only

7F88-7F8B Gate Array register 3 (MCA-3), write only

7F8C-7F8F Not used

7F90-7F91 Complex Counter data register (AM-RD),
read only

7F92-7F93 Complex Counter status register (AM-
RS), read only

7F94-7F95 Complex Counier data register (AM-
WD), write only

7F96-7F97 Complex Counter command register
(AM-WC), write only

7F98-7F9B Gate Array status, read only

7F9C-7F9F Hardware Control register 1 (HW-1),
write only

7FAQ-7FBF images of the above registers

7FCO-7FFF Option Select register

HARDWARE REGISTER 1. Hardware Register 1
(U5952) is written to by the microprocessor. Four of its
outputs control multiplexing of signals to the Gate Array.
The other four outputs are control data inputs to the Gate
Array.

STATUS REGISTER. Register U6250 is a 3-state bus
driver. This register is read by the microprocessor to deter-
mine the status of the WR and the Gate Array. The Gate
Array status (00, O1, 02) is first converted to TTL by
U6290 before being sent to U6250.

PAGED EPROM. A 32k-byte EPROM provides storage
for C/T/T firmware. Since the option is allowed only 16k-
bytes of address space, an output of the Complex Counter
(U6140 pin 2) divides the EPROM address space into two
16k-byte pages. The EPROM is enabled (pin 20) when the
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Option Select flip-flop is set and addresses from 4000-
7FFF appear on the address bus. Except for the top 128
bytes of C/T/T address space (the address space used by
the Option Select Register), the EPROM outputs are
enabled over the same address range (4000-7F7F).

Time Base

The Time Base consists of an oscillator, divider, and
phase-locked loop. It generates the clocks used by the
rest of the circuitry.

OSCILLATOR. The TTL-compatible 13.10669 MHz
oscillator (Q5921 and Q5920) performs two functions:

1. It provides the Gate Array with a clock for the
Delay-by-Events End-of-Sweep Counter-Reloading
state machine.

2. It provides a 1.310669 MHz reference to the
Phase-Locked Loop through divider U5910.

DIVIDER. Divider U5910 divides the 13.10669 MHz
clock by 2.5, 5, and 10. Complex Counter U6140 uses the
2.62134 MHz (U5910 pin 8), while the Phase-Locked Loop
uses the 1.310669 MHz output (U5910 pin 12) as a refer-
ence. The 5.24267 MHz output goes to the Gate Array as
the state machine clock.

PHASE-LOCKED LOOP. The Phase-lLocked Loop con-
sists of phase comparator U6010, loop filter U6230, volt-
age controiled oscillator (VCO) U6120, and divider U6130.

Phase comparator U6010 has two 1.310669 MHz
inputs. The first (pin 1) is the divided output of the
13.10669 MHz oscillator, while the second (pin 3) is the
divided output of the VCO. The output of the phase com-
parator (pins 5 and 10) goes to the loop filter. A voltage
reference (pin 8) is also supplied by the phase comparator
to the loop filter. The phase comparator adjusts the fre-
quency of the VCO so that the falling edges of the refer-
ence and feedback inputs of the phase comparator are
coincident.

Loop filter U6230 is an active filter. Resistor R6232 and
capacitor ©6232 make up the filter's feedback path.
Buffered address bit 0, through R6222, injects about one
cycle of phase jitter into the loop to reduce aliasing effects.

Voltage-controlled oscillator U6120 provides a 131.0669
MHz reference to the Gate Array for frequency and time
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measurements. The output is also divided by 100 by
U6130 and fed back to the phase comparator. Voltage-
variable-capacitor CR6210 and inductor L6210 are the
external tank circuit for the oscillator, with CR6210 also
being the oscillator’s tuning element.

Counters and Gating

The Counters and Gating Circuitry contains the Level
Shifting and Multiplexing circuitry. 1t also contains the
counters (Gate Array and the Complex Counter) and
trigger driver circuitry of the option. The circuitry is dis-
cussed as it applies to each input signal; then the
counters are discussed.

The A Trigger Status (TSA) comes from the standard
oscilloscope (P6221 pin 2) as an active LO signal driven
from a current sink. The standard oscilloscope either sinks
10 mA or presents an open circuit on the line. The signal
path to the C/T/T is approximately 75 Q. Termination on
the line is controlled by register HW-1 (U5952 pin 16). If
U5952 pin 16 is HI, the termination is 75 Q to +2.3 V. if
pin 16 is LO, the termination is 22K to +5 V.

The 75 Q termination results in TSA being converted to
ECL levels (with ECL powered between +5 V and ground)
and sent to the Gate Array. For 75 Q, U5952 pin 16 is Hi
and holds Q5980 off. Diode CR5970 is reverse biased put-
ting +3 V on the base of Q5981. With +3 V on its base,
Q5981 is allowed to conduct. Resistor R5970 and the
emitter resistance of Q5981 combine to provide the 75 Q
termination to +2.3 volts. The drive from TSA makes the
base of Q5982 swing between +4 V and +5 V. Emitter
follower Q5982 provides the ECL drive to the Gate Array
(U180 pin 36) and to the muitiplexer {U6070 pin 13). The
output of U5990A is also kept H! by the HI at U5852
pin 16. This blocks the return path to the standard instru-
ment for TSA (P4221 pin 2 to pin 3).

The 22 kQ termination results in TSA being looped
through the C/T/T and sent back to the standard oscilio-
scope (P4221 pin 3). As far as the standard oscilloscope is
concerned, the C/T/T does not affect the TSA signal.

For 22 kQ termination, U5952 pin 16 is LO. This turns
on Q5980, terminating TSA through 22 kQ. Diode CR5970
is now on, keeping Q5981 off (the 470 kQ resistor on its
emitter prevents Q5981 from turning completely off),
preventing TSA from reaching the Gate Array and multi-
plexer. With U5952 pin 16 LO, U5990A allows TSA to
return to the standard oscilloscope.
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The B Trigger Status {TSB) also comes from the stand-
ard oscilloscope (P4221 pin 8). This signal is treated basi-
cally the same as TSA except:

1. It doesn’t go to multiplexer U6070.
2. It has its own multiplexer consisting of Q6091 and

Q6092 which selects either TSB or WORD from
the WR, and sends one of them to the Gate Array.

3. Thereis a 10 k@ pult up to +15 V on the collector
of Q5983 to compensate for the drop through
Q6092.

The A Sweep Gate (SGA) is an active LO TTL signal
from the standard oscilloscope (P4221 pin 14). A voltage
divider converts it to ECL before it reaches the Gate Array
(U180 pin 33).

The B Sweep Gate (SGB) is also an active LO TTL sig-
nal from the standard oscilloscope (P4221 pin 11). It is
also converted to ECL by a voltage divider before it
reaches the Gate Array (U6180 pin 8).

The A Hold Off (AHO) and the B Hold Off (BHO) come
to the C/T/T (P4221 pin 20 and pin 24) as ECL signals
requiring no level shifting. However, AHO is pulled up and
clamped to +5 V to compensate for the loading of U6070.
Both AHO and BHO go to muitiplexer U6070. The AHO
signal also goes to the multiplexer through an RC delay
(C5961 and R6060). The multiplexer sends the selected
hold off signal to the hold off (HO) input of the Gate Array
(U6180 pin 2). The HO input of the Gate Array can be
forced HI by the microprocessor through U6140 pin 40 and
Q6292 to reset the Gate Array trigger hardware.

Delay Select {DS) is an active LO TTL signal from the
standard oscilloscope (P4221 pin 17). Resistors R6172,
R6050, and R6277 convert DS to ECL and balance
currents through CR6170. Balancing the currents reduces
cross talk from DS on the Gate Array inputs, improving
the accuracy of delta-time measurements.

Because gate array U6180 uses emitter coupled logic
(ECL), most signals that leave the Gate Array are con-
verted to TTL, and signals entering the Gate Array are
converted to ECL. The Gate Array has 9 ECL inputs con-
trolled by the microprocessor: DO, D1, D2, D3, D4, DS,
G1, G2, and G3. Each input signal is shifted to ECL by a
resistive divider.



Complex counter U6140 has 5 outputs. Four of the out-
puts (02, 03, 04, and O3) are controlled by the micropro-
cessor independently of the rest of the IC. The outputs
control memory paging, hold off selection, enabling of the
B trigger status, and the WR clock respectively. Output
O1 is used in Delay-by-Events modes to tell the Gate
Array that the terminai count (TC) has been reached. Tc
make certain TC is seen by the Gate Array, TC is latched
by U6252B until HO arrives.

GATE ARRAY AND COMPLEX COUNTER. Both the
Gate Array (U6180) and the Complex Counter (U6140) are
complex multi-function microprocessor-controlled devices.
The discussion that follows will describe the basic inter-
connection of the Gate Array and the Complex Counter.
Specific setups for each C/T/T mode are located in accom-
panying tables.

The circuitry is connected to form three counters.
Counter A contains a total of 38 bits; Counter B, 37 bits;
and Counter C, 17 bits. Counter use for each mode is
shown in Table 3-2. The least significant bits of each
counter are in the Gate Array. The emitter-coupled pair
(Q6290 and Q6291 for counter A) between the iCs con-
nects the least significant bits of the counters in the Gate
Array to the most significant bits of the counters in the
Complex Counter. The emitter-coupled pair also converts
the Gate Array's ECL signals to TTL for the Complex
Counter.

Both the Gate Array and the Complex Counter contain
registers which the microprocessor uses to set up the
desired operating mode. Hardware Register 1 (HW-1) and
two of the Gate Array registers (MCA-1 and MCA-2) are
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used to select the desired input signals and function. In all
modes the microprocessor will initialize the hardware
before the function starts. For each function, the content
of each register is shown in Table 3-3. The values are hex-
adecimal except for register MCA-1 where only bits 3 and
2 are shown. Bit 3 enables A AUX TRIG and bit 2 enables
B AUX TRIG.

The input signals applied to the Gate Array for each
C/T/T mode are shown in Table 3-4. If either the 131 MHz
or 5.24 MHz clocks are used by a mode, an "X appears
in its respective column.

Table 3-5 shows the signals used by and buffered by
the C/T/T Option for each particular mode. Signals used or
buffered by the C/T/T are shown in the “From WR™ and
“From Standard Instrument” columns. Those signals that
are buffered by but not used by the C/T/T in a particular
mode and affect the standard instrument are denoted by
an ». Signals being produced by or buffered by the C/T/T
for each particular mode are shown in the “To Standard
Instrument” column.

In Delta Time all three counters are used. Counter A
counts cycles of the 131 MHz clock during delay 0.
Counter B counts cycles of the 131 MHz clock during
delay 1. Counter C counts the number of sweeps that
occur. All three counters start counting on the leading
edge of the A Sweep Gate {SGA). On the leading edge of
the B Sweep Gate all counters stop counting. When the
counters stop, the microprocessor reads the counters and
calculates the Delta Time. The microprocessor can then
reinitialize the hardware and restart the procedure.

Table 3-2
Counter Use

Mode A B

Cc Start Stop

131 MHz clock Frequency

being counted

Frequency

A and B start on
selected edge of B

A and B stop on
selected edge of B

Totalize Frequency MODE switch Count is reset
being counted by movement of any
L front-pane! switch
Delay Time 131 MHz clock Sweeps A starts with the A stops with the
A sweep gate B sweep gate
Deita Time 131 MHz clock 131 MHz clock Sweeps A and B start with A and B stop with

during delay 0

during delay 1

the A sweep gate

the B sweep gate

Delay-by-Events

Events

Hardware controlled

Hardware controlled

3-7
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Delay-by-Events mode differs from the other modes by
having the Delay-by-Events Counter-Reloading  State
machine in the Gate Array reload and reenable counter A
(the only counter used in Delay-by-Events) at the end of
the A sweep. At the end of the delay, the Gate Array also
generates AAUXTRG or B AUX TRG to trigger the
selected sweep.

Frequency mode uses Counter A and Counter B.
Counter A counts the 131 MHz clock while Counter B
counts cycles of the unknown signal. Both counters are
started and stopped on the selected edge of the unknown
signal being measured.

Totalize mode only uses Counter B. The unknown sig-
nal is counted by Counter B. The count in B is displayed
after being read while counting is actively occurring. When
counting is started or restarted, the B Trigger level is run
to both its minimum and maximum levels to force a clock
edge to enable the count circuitry. This may generate an
extra count. If an extra count occurs, it is removed by the
microprocessor.

Boolean Trigger mode uses the Gate Array to perform
the selected logic function on the A and B triggers. The
result of the logical combination of the triggers is sent to
the standard instrument as the signal A AUX TRG.

WORD RECOGNIZER CIRCUITRY

Word Recognizer circuitry is divided into the following
functional blocks: Control Register, Input Gating, Com-
parator, Output Multiplexer, and Synchronizer. The cir-
cuitry is located on Diagram 28. Connector P2732 con-
nects the C/T/T and the WR probe.

Control Register

This 40-bit register consists of five cascaded eight-bit
serial input, parallel output shift registers (U6330, U6325,
U6420, UB430, and U6425). Pin 2 of U6330 is the Word
Recognizer serial data (WDATA) input. The WR clock
(WCLOCK) connects to pin 8 of each IC making up the
register. Pull up resistor R6492 converts WCLOCK to
CMOS input levels. The Control Register's first 36 bits are
control bits. The last four control register bits are used to
detect extra shifts. The last bit of the Control Register is
always set Hi, while the preceding three control register
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Table 3-3
Control Register Setup

HW-1 MCA-1 MCA-2 C/T/T Mode

00 00 00 Inactive

Cco 08 10 Bootean AND

Cco 04 10 Boolean AND, free run

Co 08 §4] Boolean OR

Co 04 00 Boolean OR, free run

01 08 08 Word Recognizer,
A Sweep

01 04 08 Word Recognizer,
A Sweep, free run

03 04 08 Word Recognizer,
B Sweep

co 08 05 A Delay-by-Events
(ADBE), start=A,
events=8

80 08 05 ADBE, start=A,
events=WR

41 08 05 ADBE, start=WR,
events=B

01 08 0D ADBE, start=WR,
events=WR

c2 04 04 B Delay-by-Events
(BDBE), start=A,
events=B

82 04 0C BDBE, start=A,
events=WR

40 00 00 . Freg/Totalize A
(actually B)

01 08 09 Freg/Totalize WR

00 00 02 Precision Delay

00 00 13 Precision 1/Delta Time

00 00 03 Precision 1/Delta Time
with ALT SLP

bits are set LO. If there are one, two, or three extra con-
trol clocks, DATA RTRN (U6425 pin 13) will be LO. A LO
DATA RTRN signal indicates, to the microprocessor, an
erroneous set up. Table 3-6 lists the function, setup
states, and location of each bit of the Control Register.
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Table 3-4
Gate Array Inputs

131 5.24 EXT ATS BTS ASG BSG HO DS C/T/T Mode
MHz MHz
Inactive
TSA TSB AHOD Boolean AND
TSA TSB AHOD Boolean OR
WORD AHOD Word trig, A Sweep
WORD BHO Word trig, B Sweep
X TSA TSB AHOD ADBE, start=A, events=B
x TSA WORD AHOD ADBE, start=A, events=WR
X WORD TSB AHOD ADBE, start=WR, events=B
x WORD AHOD ADBE, start=WR, events=WR
X TSA TSB AHO BDBE, start=A, events—B
x WORD  TSA AHO BDBE, start=A, events=WR
x TSB Frequency A (actually B)?
TSB Totalize A (actually B)?
X WORD Frequency WR
WORD Totalize WR
X SGA SGB Precision Delay Time
x SGA SGB DS | Precision Delta Time
x SGA SGB DS | Precision 1/Delta Time
X SGA SGB DS | Precision Delta Time, ALT SLP
X SGA SGB DS | Precision 1/Delta Time, ALT SLP

3B trigger is the same as A trigger and the B events are counted in this mode.
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Table 3-5

Signals To/From C/T/T for C/T/T Modes

From
WR

From

Standard Instrument

To
Standard Instrument

C/T/T Mode

WORD

TSA

TSB

SGA

SGB

AHO

BHO DS

AATa

BAT2 TSA

TSB

X

X

Inactive

Boolean
AND

Boolean
AND,
free run

Boolean OR

Boolean OR,
free run

Word trig,
A Sweep

Word trig,
A Sweep,
free run

Word trig,
B Sweep

ADBE,
start=A,
events=8B

ADBE,
start=A,
events=WR

ADBE,
start=WR,
events=B

ADBE,
start=WR,
events=WR

BDBE,
start=A,
events=0B

BDBE,
start=A,
events=WR

Freq/
Totalize A
(actually B)P

Freq/
Totalize WR

Precision
Delay Time

Precision
Delta Time

3-10
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Table 3-5 {cont)
Signals To/From C/T/T tor C/T/T Modes
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From From To
WR Standard Instrument Standard Instrument C/T/T Mode
WORD | TSA TSB SGA SGB AHO BHO DS | AAT® BAT2 TSA TSB
* * X X X X X Precision
1/Delta Time
* * X X X X X Precision
Detlta Time,
ALT SLP
. * X x X X X Precision
1/Delta Time,
ALT SLP
2AAT and BAT are actually A AUX TRG and B AUX TRG.
bB trigger is the same as A trigger, and the B events are counted in this mode.
Table 3-6
Control Register Setup Table 3-6 (cont)
Word Word
Recognizer | Control Recognizer | Control
Status Register Status Register
IC Pin Function Display® Bit? IC Pin Function Display? Bit?
U6330 3 | Data input 8 0 H U6325 3 | Datainput 8 0 H
match bit 1 L input enable 1 H
X H X L
U6330 4 | Datainput9 0 H U6325 4 | Data input 9 0 H
match bit 1 L input enable 1 H
X H X L
u6330 5 | Data input 10 0 H u6325 5 | Data input 10 0 H
match bit 1 L input enable 1 H
X H X L
U6330 6 Data input 11 0 H Uu6325 6 Data input 11 0 H
match bit 1 L input enable 1 H
X H X L
U6330 10 | Data input 12 0 H U6325 10 | Data input 12 0 H
match bit 1 L input enable 1 H
X H X L
U6330 11 | Data input 13 0 H U6325 11 | Data input 13 0 H
match bit 1 L input enable 1 H
X H X L
U6330 12 | Data input 14 0 H U6325 12 | Data input 14 0 H
match bit 1 L input enable 1 H
X H X L
U6330 13 | Data input 15 0 H u6325 13 | Data input 15 0 H
match bit 1 L input enable 1 H
X H X L

aX = don’t care, H = high, and L = low.
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Table 3-6 (cont)

Table 3-6 (cont)

Word Word
Recognizer | Control Recognizer | Control
Status Register Status Register
IC Pin Function Display? Bit? IC Pin Function Display? Bit?
ue420 3 | Datainput 0 0 H U6430 | 11 | Datainput5 0 H
input enable 1 H match bit 1 L
X L X H
u6420 4 | Datainput 1 0 H U6430 | 12 | Data input 6 0 H
input enable 1 H match bit 1 L
X L X H
u6420 5 | Data input 2 0 H U6430 | 13 | Datainput 7 0 H
input enable 1 H match bit 1 L
X L X H
U420 | 6 | Datainput3 0 H ue425 | 3 | Qualifier 0 L
input enable 1 H input enable 1 L
X L X H
U6420 | 10 | Datainput 4 0 H u6425 4 | Qualifier 0 L
input enable 1 H match bit 1 H
X L X H
U6420 | 11 | Datainput 5 0 H U6425 5 | Clock edge ! L
input enable 1 H set ! H
X L X X
U6420 12 | Data input 6 0 H U425 6 | Synchronous/ 1 H
input enable 1 H Asynchronous i H
X L set X L
U420 | 13 | Datainput 7 0 H u6425 | 10 L
input enable 1 H
X L ue42s | 11 L
U430 3 | Datainput 0 0 H
match bit 1 L U6425 12 L
X H UB425 | 13 | (first bit H
C/T
U6430 4 | Datainput 1 0 H sent by C/T/T)
match bit 1 L
X H aX = don’t care, H == high, and L = low.
U6430 5 | Datainput 2 0 H
match bit 1 L
X H input Gating
U6430 6 | Datainput 3 0 H The Input Gating circuitry determines whether or not an
match bit 1 L input reaches the Comparator.
X H
u6430 10 | Data input 4 0 H When don't care is selected for an input, that input is
match bit 1 L prevented from reaching the Comparator by the input Gat-
X H ing circuitry. tnput gating is performed on data inputs DO-
D15 by NAND gates U6310, U6315, UB405, and UB409.

3-12




Input gating on the quatifier input is performed by OR gate
U6335C. The resistors in series with the qualifier and data
inputs provide over-voltage protection for the WR circuitry.

When a NAND gate's don't care input (from the Control
Register) is Hi, the NAND gate's output will be the inverse
of its data input. When a NAND gate's don't care input is
LO {don't care), its output is HI, preventing the input data
from reaching the Comparator. When the don't care input
bit (from the Control Register) for OR gate U6335C pin 10
is LO, its output will equat the qualifier input (Q). When the

OR gate's don't care input bit is HI (don't care) the OR

gate output will be HI, preventing the qualifier input from
reaching the Comparator.

Comparator

The comparison between the data inputs, the qualifier,
and their match bits (from the Control Register) is done by
the Comparator (U320, U6415, UB435A, and uU6335D).
Each comparator input pair is connected to a data and
match control line. Comparator U6320 compares data
inputs D8-D15 with their control register match bits. Since
U6320 pin 1 is tied LO, the IC is always enabled, and the
output pin 19 will go LO when all of its input pairs match.

When the Q input equals its control register match bit,
pin 3 of UB435 goes LO enabling U6415. Comparator
UB415 compares inputs DO-D7 with their control register
match bits. When the IC is enabled, its output will go LO
when all its input pairs match. The output of both com-
parators is ORed together by U6335D. Its output {pin 11)
will be LO when all comparator input pairs (data and
match bit) are equal.

Output Multiplexer

Gating of either the synchronous output signal or the
asynchronous comparator output signal to WORD is done
by the Output Multiplexer (U6356).
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The synchronous output signal is input to the multi-
plexer on pin 8 of UB356C. The asynchronous comparator
output is input to the multiplexer on pin 11 of U6356D.
The synchronous controt line (Control Register bit 35) goes
to pin 12 of U6356D and through resistor R6336 to the
base of Q6334. The resistor, transistor, and R6340 form
an inverter. When the synchronous control line is HI the
transistor is on and saturated. When the synchronous con-
trol line is LO the transistor is cut off. When the synchro-
nous control line is HI, UB356C is enabled and the syn-
chronous output U6350A pin 5 is gated to the paralleled
WORD driver UB356A and U6356B. When the synchro-
nous control line is LO, the asynchronous gate UB356D is
enabled, gating the asynchronous comparator output
(U6335D pin 11) to the paralieled WORD driver UB356A
and UB356B. The filter between U6356D and U6356A and
UB356B slows Hl-going edges between U6356 output
pin 13 and the NOR gate inputs by between 35 to 60 ns.
The LO-going edge is transferred much faster.

Synchronizer

The Synchronizer synchronizes the Comparator's out-
put with the external clock input (C). A bit of the Control
Register selects the active edge of the Synchronizer's
clock input.

Clock edge selection is performed by U6435B. When
edge select is LO (U6435B pin 4), the output clock
(UB435B pin 6) will equal the input clock (U6435B pin 5).
When edge select is HI, the output clock will be the
inverse of the input clock. This insures that synchronizer
flip-flop UB350A will always see a rising edge clock.

Synchronizer flip-flop UB350A produces a LO (true) out-
put when input pin 2 is LO on the rising edge of the clock
(pin 3). Pin 5 is set back HI when the flip-flop set input
(pin 4) is pulsed LO (true). The set input is driven by
UB335A. When UB350A pin 5 is LO, the set input will go
LO on the falling edge of the clock (UB335A pin 1}). Since
this makes U6350A pin 5 Hi, the set input will return Hi
(false) readying the synchronizer flip-fiop for the next
active clock edge.
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PERFORMANCE CHECK AND
CALIBRATION PROCEDURES

INTRODUCTION

This section contains the Option 06 (Counter/
Timer/Trigger) and Option 09 (Counter/Timer/Trigger with
Word Recognizer) portion of the instrument's performance
check and calibration procedures. The '‘Performance
Check Procedure’ is used to check the instrument's per-
formance against the requirements listed in the
“'Specification” (Section 1). The “'Calibration Procedure” is
used to restore optimum performance or return the
options to conformance with its “‘Performance Require-
ments” as listed in the “Specification’ (Section 1).

instrument performance should be checked after every
2000 hours of operation or once each year if used infre-
quently. A more frequent interval may be necessary if the
instrument is subjected to harsh environments or severe
usage. The results of these periodic checks will determine
the need for recalibration.

Before performing these procedures, ensure that the
LINE VOLTAGE SELECTOR switch is set for the ac

power source being used (see “Preparation for Use" in
Section 2 of the standard instrument’s service manual).
Connect the instrument to be checked and the test equip-
ment to an appropriate power source.

LIMITS AND TOLERANCES

The tolerances given in these procedures are valid for
an instrument that is operating in and has been previously
calibrated at an ambient temperature between —15°C and
+55°C. The instrument also must have had at least a 20
minute warm-up period. To assure instrument perform-
ance, perform all steps in the following procedures at the
same ambient temperature. When performing option
checks and calibration, it is assumed that the standard
instrument meets all of its “‘Performance Requirements”
as stated in the '*Specification’ (Section 1) of the standard
instrument’s service manual.

PERFORMANCE CHECK PROCEDURE

This procedure is used to verify proper operation of the
options and may be used to determine the need for cali-
bration. This check may also be used as an acceptance
test and as a preliminary troubleshooting aid. Perform all
steps, both in the sequence presented and in their entirety,
to ensure that control settings are correct for the following
step.

PREPARATION

Removing the wrap-around cabinet is not necessary to
perform this procedure. All checks are made using the
operator-accessible front- and rear-panel controls and con-
nectors.

Test equipment listed in Table 4-1 is required to per-
form this procedure. Since detailed operating instructions

for the test equipment are not provided in this procedure,
refer to the appropriate test-equipment instruction manual
if additional information is required. To assure accurate
measurements, it is important that test equipment used for
making these checks meet or exceed the specifications
described in Table 4-1. When considering use of equip-
ment other than that recommended, use the ‘‘Minimum
Specification” column to determine whether available test
equipment will suffice.

Turn the oscilloscope on by pressing in the POWER
button. Check that it enters its normal operating mode and
that no error message is displayed on the crt. If an error
message is present, have the instrument repaired or cali-
brated by a qualified service technician before performing
this procedure.
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Table 4-1
Test Equipment Required

Item No. and
Description

Minimum
Specification

Examples of Suitable
Test Equipment

1. Pulse Generator
{2 required)

Frequency: 10 MHz. Pulse width: 50 ns.
Pulse width accuracy: 5%. Positive
trigger input, 1 V to 5 V into 50 Q. Posi-
tive trigger output, 1 V into 50 Q. Vari-
able pulse duration.

TEKTRONIX PG 502 Pulse Generator.?

2. Time-Mark Generator

Markers: 10 ns to 2 s in a 1-2-5 se-
quence. Accuracy: *0.00005%.

TEKTRONIX TG 501A Option 01
Time Mark Generator.2

3. Leveled Sinewave Generator

Frequency: 250 kHz to 250 MHz. Accu-
racy: + 1 LSD of generator's indicated
frequency.

TEKTRONIX SG 503 Leveled Sinewave
Generator.2

4. BNC Cable (4 required)

Impedance: 50 Q. Length: 42 in.

Tektronix Part Number 012-0057-01.

5. T connector (2 required)

Connectors: BNC.

Tektronix Part Number 103-0030-00.

6. Adaptor

Connectors: BNC-male-to-subminiature-
probe tip.

Tektronix Part Number 013-0195-00.

7. Adaptor (2 required)

Connectors:  BNC-male-to-dual-binding

post.

Tektronix Part Number 103-0035-00.

3Requires a TM 5000-Series power-module mainframe.

COUNTER/TIMER/TRIGGER CHECKS

Initial Control Settings

Control settings not listed do not affect the procedure.

VERTICAL MODE
CH1,CH 2 CH3,
CH 4, ADD,
and iINVERT

CHOP/ALT
20 MHz BW LIMIT

VOLTS/DiV
CH1and CH 2

CH 1 and CH 2 VAR
CH 3 and CH 4

Input Coupling
CH1and CH 2

A and B SEC/DIV
A and B SEC/DIV VAR

X10 MAG

4-2

At and AV Off (press and release
until associated readout
is off)

TRACKING Off (button out)

TRACE SEP Fully CW

TRIGGER

Off (buttons out) HOLDOFF Fully CCW
ALT (button out) A and B LEVEL Midrange
Off (button out) A and B SLOPE + (plus)

A MODE AUTO LVL

B MODE RUN AFT DLY
0.5V A and B SOURCE VERT
In detent A and B COUPLING DC
0.1 V (buttons out)

MENU Functions OFF

502 DC
10 ns (knobs locked)
In detent

Off (button out)

1. Check Maximum Input Frequency at Minimum
Sensitivity

a. Connect the leveled sinewave generator’s output via
a 50  cable to the CH 1 input connector.



b. Set generator to produce a 150 MHz, 4 division
display.

c. Push the A B/MENU switch to enter MENU mode.

d. Turn either delta control to underline COUNT.

e. Push the TRIGGER MODE switch up.

f. Turn the A REF OR DLY POS control to underline
MODE.

g. Turn the A control to underline FREQ.

h. Turn the A REF OR DLY POS control to underline
EVT.

i. Turn the A control to underline event A.

j- Push the TRIGGER MODE switch up to enter Fre-
quency mode.

k. Push the TRIGGER MODE switch up to reinitialize
the auto-trigger level.

. CHECK—Reading is 149 MHz and

151 MHz and is stable.

between

2. Check Minimum Sensitivity at 50 MHz

a. Set the generator to produce a 50.0 MHz, 1.3 divi-
sion display.

b. Push the TRIGGER MODE switch up to reinitialize
the auto trigger level.

¢. CHECK—Reading is between 49.9 MHz and 50.1
MHz and is stable.

d. Disconnect the test equipment from the instrument.

3. Check Frequency Accuracy

a. Connect the time-mark generator output via a 50 Q
cable to the CH 1 input connector.
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b. Set the generator to produce 10-ns time markers
four divisions in amplitude.

c. Push the TRIGGER MODE switch up to reinitialize
the auto-trigger level.

d. CHECK—Reading is between 99.9995 MHz and
100.0005 MHz.

4. Check Minimum input Frequency

a. Set the time-mark generator to produce 2-s time
markers.

b. Set:

CH 1 VOLTS/DIV 0.1V
A TRIGGER MODE NORM
A and B SEC/DIV 50 ms

c. Adjust the A TRIGGER LEVEL control for a stable
trigger.

d. CHECK—Reading is between 4989.9975 mHz and
500.0025 mHz.

e. Disconnect the test equipment from the instrument.

5. Check Delay Time
a. Set:

CH 1 VOLTS/DIV 05V
CH 1 Input Coupling GND

A and B SEC/DIV 10 ns
A TRIGGER MODE AUTO

b. Connect the output of the time-mark generator via a
50 @ cable to the positive trigger input of the puise
generator.

¢. Connect the output of the pulse generator via a 50 @
cable to the CH 1 input connector.

d. Set the time-mark generator to produce 10-ns time
markers.
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e. Set the pulse generator to produce a positive 5-ns
pulse when externally triggered.

f. Adjust the CH 1 POSITION control to center the
Channel 1 display.

g. Set the CH 1 Input Coupling switch to 50 @ DC.

h. Adjust the pulse generator to produce a 2.5 division
peak-to-peak display, centered about ground.

i. Adjust the A TRIGGER LEVEL control for a readout
of 0.00 V.

j. Pull out the B SEC/DIV switch.
k. Push the A/B/MENU switch.

. Set the B TRIGGER MODE switch to TRIG AFT
DLY.

m. Adjust the B TRIGGER LEVEL control for a readout
of 0.00 V.

n. Turn the A REF OR DLY POS control counterciock-
wise until the intensified zone stops moving to the left.

0. CHECK—Reading is either 59.5 ns to 60.5ns or
69.5 ns to 70.5 ns.

6. Check Delta Time Accuracy
a. Set the B TRIGGER MODE switch to MENU.

b. Turn either delta contro! to undertine RES.
c. Push the TRIGGER MODE switch up.

d. Turn either delta control to underline 10 ps.
e. Pu§h the TRIGGER MODE switch up.

f. Set the A and B SEC/DIV switches to 1 us.

g. Push the TRIGGER MODE switch down to enter
TRIG AFT DLY mode.
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h. Set the time-mark generator to produce 1-us time
markers.

i. Set the pulse generator to produce a positive 0.5 us
puise when externally triggered.

j. Push and release the At switch until the Delta Time
readout appears.

k. Turn the A control to intensify the rising edge of the
second square wave.

I. Turn the A REF OR DLY POS control to intensify the
rising edge of the second square wave.

m. CHECK—Reading is between +0.00005 us and
—0.00005 ps.

n. Turn the A control to intensify the rising edge of the
eleventh square wave.

0. CHECK—Reading is between 8.99990 us and
9.00010 us.

p. Set the A and B SEC/DIV switches to 0.1 ms.

q. Set the time-mark generator to produce 0.1-ms time
markers.

r. Set the pulse generator to produce a positive 50 us
pulse when externally triggered.

s. Turn the A control to intensify the rising edge of the
eleventh square wave.

t. Turn the A REF OR DLY POS control to intensify
the rising edge of the second square wave.

u. CHECK—Reading is between +899.996 us and
+900.004 us.

7. Verify Delay-by-Events
a. Lock together the A and B SEC/DIV knabs.

b. Set the A TRIGGER SLOPE switch to —.



c. Push the At switch until the At display disappears.
d. Push the A/B/MENU switch.

e. Use either delta control to underline DLY/EVTS.

f. Push the TRIGGER MODE switch up.

g. Use the A REF OR DLY POS and A controls to
select SWP B, START A, and DLY BY B.

h. Push up on the TRIGGER MODE switch.
i. Pull out the B SEC/DIV switch.

j. Use the A REF OR DLY POS and the a controls to
set the number of delaying events to 1.

k. VERIFY—That the intensified zone moves to each
succeeding rising edge as the delaying event count is
changed to 2, 3, 4, and 5.

8. Check Logic Trigger
a. Set the A and B SEC/DIV switches to 10 ns.

b. Set the pulse generator to produce a positive pulse
of about 10 ns every 0.1 ps.

c. Set the B TRIGGER MODE switch to TRIG AFT
DLY.

d. Set the B TRIGGER SOURCE switch to CH 1.
e. Set the B TRIGGER MODE switch to MENU.

f. Turn either delta control clockwise to underline
LOGIC-TRIG.

g. Push the TRIGGER MODE switch up.
h. Turn the A control to underline A:A'B.

i. Push the TRIGGER MODE switch up.
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j. Lock together the A and B SEC/DIV knobs.

k. Adjust the B TRIGGER LEVEL control for a readout
of 0.00 V.

|. Push the A/B/MENU switch to illuminate an A
TRIGGER MODE indicator.

m. Adjust the A TRIGGER LEVEL control for a readout
of 1.00 V.

n. Set the CH 1 Input Coupling switch to GND.

o. Turn the CH 1 POSITION control to align the trace
with the center horizontal graticule line; do not readjust
the CH 1 POSITION control during the remainder of this
step.

p. Set the CH 1 Input Coupling switch to 50 ¢ DC.

g. Turn the HORIZONTAL POSITION control to align
the rising edge of the displayed signal with the intersection
of the second vertical graticule and the center horizontal
graticule lines.

r. Decrease the duration of the pulse until decreasing
the duration any further would produce an unstable
display.

s. CHECK—Width of the pulse measured at the center
horizontal graticule line is less than 4 ns.

t. Push the TRIGGER MODE switch up.

u. Push the TRIGGER MODE switch down.

9. Verify Alternate Slope

a. Set the pulse generator to produce a positive 50 ns
pulse every 0.1 us.

b. Push the TRIGGER MODE switch up to reinitialize
the auto-trigger level.

¢. Turn the A and B SEC/DIV switches to 0.2 us.

d. Pull out the B SEC/DIV knob.
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e. Push the A/B/MENU switch.

f. Set the B TRIGGER MODE switch to ALT SLP.

g. CHECK—The B Trigger Level readout is 0.00 V.

h. Push the TRIGGER SLOPE switch to illuminate the

— SLOPE indicator.

i. Turn the HORIZONTAL POSITION control to center

the display.

j. VERIFY—That the reference cursor intensifies the

falling edge of a pulse.

k. VERIFY-—That the A cursor intensifies the rising

edge of a pulse.

|. Disconnect the test equipment from the instrument.

WORD RECOGNIZER CHECKS

1. Initial Setup

a. Set:

VERTICAL
MODE
CH 1, CH 2,
and CH 3

VOLTS/DIV
CH 1 and CH 2

CH3
CH4

HORIZONTAL
A and B SEC/DIV

At and AV

POSITION

TRIGGER
A SOURCE

A MODE

On (buttons in)

2v
05V
01V

10 ns (knobs locked)

Off (press and release until
associated readout is off)

Adjust so trigger point is at
the third vertical graticule.

CH 1
AUTO LVL

b. Connect the + trigger output of pulse generator 1
via a 50 @ cable to the + trigger input of pulse genera-

tor 2.
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¢. Connect the output of pulse generator 1 via a 50 Q
cable and T connector to the CH 1 input connector. Use
the T connector at the CH 1 input.

d. Connect the output of pulse generator 2 via a 50 Q
cable and T connector to the CH 2 input connector. Use
the T connector at the CH 2 input.

e. Connect the Word Recognizer probe to the P6407
input connector at the rear of the instrument.

f. Connect a BNC-male-to-dual-binding post adaptor to
the T connector on the CH 1 input, and connect another
BNC-male-to-dual-binding post adaptor to the T connector
on the CH 2 input.

g. Connect a 4-inch bare wire (suitable for connecting
a scope probe) to the red binding post of the adaptor con-
nected to the CH 1 input.

h. Connect a 4-inch bare wire (suitable for connecting
a scope probe) to the red binding post of the adaptor con-
nected to the CH 2 input.

i. Connect a 2-inch bare wire (suitable for connecting a
scope probe) to the black binding post of the adaptor con-
nected to the CH 2 input.

j. Connect both ground leads from the Word Recog-
nizer probe to the bare wire on the black binding post on
the CH 2 input.

k. Connect the CH 3 input to the WORD RECOG QUT
connector using a P6131 probe and a BNC-male-to-
probe-tip adaptor.

I. Set pulse generator 1 to produce a positive 0.5 us
pulse every 1 us.

m. Set pulse generator 2 to produce a positive 400 ns
pulse when it receives an external trigger.

NOTE

The lowest point of the HI must not be lower than
20V.

n. Set both pulse generators to produce puises of
+0.6 ViOand +2.0VHIL



o. Push the A/B/MENU switch.

p. Use the A REF OR DLY POS control to underline
LOGIC-TRIG.

g. Push up on the TRIGGER MODE switch.
r. Turn either delta control to underline B:WR.
s. Push up on the TRIGGER MODE switch.

t. Turn the A REF OR DLY POSITION control to
underline RADIX.

u. Turn the A control to underline HEX.
v. Push up on the TRIGGER MODE switch.

w. Connect the clock (C) input of the Word Recognizer
to the wire on the red binding post of the CH 1 input.

x. Connect the Q and WO0-W15 inputs of the Word
Recognizer to the wire on the red binding post of the CH 2
input.

2. Check Data Setup Time
a. For each test setup described in Table 4-2:

1. Vary (increase) the pulse duration of pulse gen-
erator 2 until the active edge of the channel 2 signal
falls about 10 ns after the trigger edge of the channel 1
signal.

2. CHECK—Channet 3 is not displaying a signal.

3. Vary (decrease) the pulse duration of pulse gen-
erator 2, moving the active edge of the channel 2 signal
to the left until channel 3 displays a stable signal.

4. Push the At switch.

5. Turn the A REF OR DLY POS control to align the
delta reference cursor with the first edge of the channel

2 signal.

6. Turn the A control to align the delta cursor with
the first edge of the channel 1 signal.

7. CHECK—Reading is < 25 ns.

8. Push the At switch.
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Table 4-2
Data Setup Time Checks

Polarity
Word
Pulse Pulse Recognizer A
Generator Generator Word TRIGGER
1 2 Definition SLOPE
+ + 1-0-0000 —
+ - 1-1-FFFF —
— — 1-1-FFFF +
- + 1-0-0000 +
Table 4-3
Data Hold Time Checks
Polarity
Word
Pulse Pulse Recognizer A
Generator Generator Word TRIGGER
1 2 Definition SLOPE
+ + 1-1-FFFF —
+ - 1-0-0000 -
— - 1-0-0000 +
- + 1-1-FFFF +

3. Check Data Hold Time

a. For each test setup described in Table 4-3:

1. Vary the pulse duration of pulse generator 2 until
the first edge of the channe! 2 signal fafls about 10 ns
after the trigger edge of the channel 1 signal.

2. CHECK—A stable signal is displayed on chan-
nel 3.

3. Vary the pulse duration of pulse generator 2,
moving the first edge of the channe! 2 signal to the left
until channel 3 no longer displays a stable signal.

4. Push the At switch.

5. Turn the A REF OR DLY POS control to align the
delta reference cursor with the first edge of the channel

2 signal.

6. Turn the A control to align the delta cursor with
the first edge of the channel 1 signal.

7. CHECK—Reading is > 4 ns.
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4. Check Minimum Clock Pulse Width

a. Set pulse generator 1 to produce a 5-ns positive
puise every 1 us.

b. Push the A/B/MENU switch.

c. Push the TRIGGER MODE switch up to reinitialize
the auto-trigger level.

d. Push the A/B/MENU switch.

e. For each test setup described in Table 4-4:

1. If there is not a stable signal displayed on chan-
nel 3, vary (increase) the pulse duration of pulse gen-
erator 1 until channel 3 displays a stable signal.

2. Push the At switch.

3. Turn the A REF OR DLY POS control to align the
delta reference cursor with the leading edge of the
channel 1 pulse.

4. Turn the A control to align the delta cursor with
the trailing edge of the channel 1 pulse.

5. CHECK—Reading is < 20 ns.

6. Push the At switch.

5. Check Delay from Selected Edge to WORD
RECOG OUT

a. Set:
CH 3 VOLTS/DIV 01V
A and B SEC/DIV 20 ns

b. Connect a P6131 probe to the CH 4 input connector
and the probe tip to the wire on the red binding post of the
CH 1 input.

¢. Set pulse generator 1 to produce a 50-ns positive
pulse every 5 us.

d. Set the A TRIGGER SOURCE switch to CH 4.

e. For each test setup described in Table 4-5:

1. Push the At switch.
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Table 4-4
Minimum Clock Puise Width Checks

Polarity
Word
Puise Pulse Recognizer A
Generator Generator Word TRIGGER
1 2 Definition SLOPE
+ + 1-X-XXXX +
- + 1-X-XXXX -
Table 4-5
Delay From Selected Edge to
WORD RECOG OUT Checks
'Polarity
Word
Pulse Pulse Recognizer A
Generator Generator Word TRIGGER
1 2 Definition SLOPE
+ + T-X-XXXX +
— + 1-X-XXXX —

2. Turn the A REF OR DLY POS control to align the
delta reference cursor with the active edge of the chan-
nel 4 signal.

3. Turn the A control to align the delta cursor with
the rising edge of the channet 3 signal.

4. CHECK—Reading is < 55 ns.

5. Push the At switch.

6. Check Word Recognition Delay

a. Set pulse generator 1 to produce a positive 0.5 us
pulse every 1 us.

b. Disconnect the C input of the Word Recognizer from
the wire on the red binding post of the CH 1 input.

c. Connect the Q and WO0-W15 inputs of the Word
Recognizer to the wire on the red binding post of the CH 1

~ input.

d. For each test setup described in Table 4-6:

1. Push the At switch.



2 Turn the A REF OR DLY POS control to align the
delta reference cursor with the first edge of the channel
4 signal.

3 Turn the A control to align the delta cursor with
the rising edge of the channel 3 signal.

4, CHECK—Reading is < 140 ns.

5. Push the At switch.

e. Disconnect the probe on the CH 4 input.

7. Check Data Input Coincidence

a. Set pulse generator 1 to produce a positive 0.5 us
pulse every 1 us.

b. Set pulse generator 2 to produce a negative 400 ns
pulse when it receives an external trigger.

c. Set:

A and B SEC/DIV 20 ns
A TRIGGER SOURCE CH2
A TRIGGER SLOPE —

d. Set the Word Definition of the Word Recognizer
probe to BX0 0000.

e. Connect the Q and WO-Wi5 inputs of the Word
Recognizer to the wire on the red binding post of the CH 2
input.
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Tabie 4-6
Word Recognition Deiay

Polarity
Word
Pulse Pulse Recognizer A
Generator Generator Word TRIGGER
1 2 Definition SLOPE
+ + X-1-FFFF +
— + X-0-0000 —

f. Vary (increase) the pulse duration of pulse genera-
tor 2 until channel 3 displays a stable signal.

g. Push the At switch.

h. Turn the A REF OR DLY POS control to align the
delta reference cursor with the falling edge of the channel
2 signal. :

i. Turn the A control to afign the delta cursor with the
rising edge of the channel 2 signal.

j. CHECK—Reading is = 20 ns and < 85 ns.
k. Push the At switch.
I. Disconnect the test setup.

m. Push the TRIGGER MODE switch down.
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CALIBRATION PROCEDURE

The ‘Calibration Procedure” is used to restore
optimum performance or return the options to conform-
ance with their “‘Performance Requirements’ as listed in
the "Specification” (Section 1). The options should be cali-
brated only when the standard instrument is known to
meet its “Performance Requirements” as stated in the
“Specification’” section of its manual. Performing this pro-
cedure while the instrument’'s temperature is drifting may
cause erroneous calibration settings.

Remove the wrap-around cabinet from the instrument
as described in the ‘‘Maintenance” section of the standard

instrument Service manual. Then set the CAL/NO CAL
jumper P501 in the standard instrument to the CAL posi-
tion (between pins 1 and 2).

Turn the oscilloscope on by pressing in the POWER
button. Check that it enters its normal operating mode and
that no error message is displayed on the crt. if an error
message is present, have the instrument repaired or cali-
brated by a qualified service technician before performing
this procedure.

COUNTER/TIMER/TRIGGER CALIBRATION PROCEDURE

Equipment Required (see Table 4-1):
Pulse Generator (item 1)
BNC Cable (2 required) (item 4)

Time-Mark Generator (item 2)

Initial Oscilloscope Control Settings.

Controt settings not listed do not affect the procedure.
Set:

VERTICAL MODE

CH1,CH2,CH3,
CH 4, ADD,
and INVERT

CHOP/ALT
20 MHz BW LIMIT

VOLTS/DIV
CH1and CH 2

CH 1 and CH 2 VAR
CH 3 and CH 4

Input Coupling
CHtand CH2

A and B SEC/DiV

A and B SEC/DIV VAR
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Off (buttons out)
ALT (button out)
Off (button out)

02V

In detent

0.1 V (buttons out)
502 DC

10 ns (knobs locked)

In detent

X10 MAG Off (button out)

At and AV Off (press and release
until associated readout
is off}

TRACKING Off (button out)

TRACE SEP Fully CW

TRIGGER

HOLDOFF Fully CCW

A and B LEVEL Midrange

A and B SLOPE +

A MODE AUTO LVL

B MODE RUN AFT DLY
A and B SOURCE VERT

A and B COUPLING DC

a. Connect the output of the time-mark generator via a
50 Q@ cable to the positive trigger input of the pulse
generator.



b. Connect the output of the pulse generator via a
50 Q cable to the CH 1 input connector.

¢. Set the pulse generator to produce a positive 0.5 us
pulse when externally triggered.

d. Set the time-mark generator to produce 1-us time
markers.

e. Adjust the pulse generator to produce a 5-division
display centered about ground.

f. Push the TRIGGER SLOPE switch while hoiding in
both the AV and At switches to access the Diagnostic
Menu.

g. Repeatedly push the TRIGGER MODE switch up
until the message CT CAL 81 appears in the Diagnostic
Menu of the crt readout.

NOTE

If the calibration feature is disabled (the CAL/NO
CAL jumper is in the NO CAL position), CAL mes-
sages will not appear in the Diagnostic Menu of the
crt readout.

h. Push the TRIGGER COUPLING switch up.
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i, CHECK—The message 1 MHZ CH1 1VOLT PEAK
TO PEAK appears in the Diagnostic Menu of the crt
readout.

j. Push up on the TRIGGER COUPLING switch to start
the calibration routine.

NOTE

If either the frequency of the signal generator or the
frequency of the oscillator within the C/T/T is not
within tolerance, the message FREQ OUT OF LIM-
ITS will appear in the crt readout.

If the calibration routine is unable to calculate a
delay offset calibration constant that is within toler-
ance, the message OFFSET LIMIT will appear in the
crt readout.

k. After about 10 seconds, the DIAGNSTIC. PUSH A/B
TRIG TO EXIT message should appear in the Diagnostic
Menu of the crt readout.

1. Push the A/B/MENU switch to exit the Diagnostic
Menu.

m. Disconnect the test equipment from the instrument.

n. Return the CAL/NO CAL jumper to its NO CAL posi-
tion and reinstall the instrument cabinet.
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Section 5
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MAINTENANCE

This section contains information for troubleshooting the 2445 and 2465 Options 06 and 09, Counter/Timer/Trigger
(C/T/T) and Word Recognizer {WR) options. Maintenance information contained in the standard instrument Service Manual
still applies to maintenance of these options. To function properly, the option requires a working standard oscilloscope and

Buffer board.

TROUBLESHOOTING

Preventive maintenance performed on a regular basis
should reveal most potential problems before an instru-
ment malfunctions. However, should troubleshooting be
required, the following information is provided to facilitate
location of a fault. In addition, the material presented in
the “Theory of Operation” and “"Diagrams” sections of
this manual and the "'Troubleshooting” section of the
standard instrument’s service manual may be helpful while
troubleshooting.

GENERAL TROUBLESHOOTING
PROCEDURE

The information presented here is intended to comple-
ment the information contained in the "'Troubleshooting
Procedures” part of the *Diagrams’ section of the
manual. Become familiar with the rest of the information in
this section before proceeding with instrument trouble-
shooting. If the instrument will run the diagnostic routines
as described in the “'Diagnostic Routines’ part of this sec-
tion, perform the routines to help localize the instrument
problems.

First make sure that the standard instrument functions
properly. The option assembly will have 1o be removed to
verify this. Then make sure that the Buffer board functions
properly. To do this, the board will have to be connected
to the standard instrument using the extender cables and
all the option boards will have to be removed. Then verify
that each option works properly by checking the operation
of each option one at a time. Consult each option’s service
manual for operating and troubleshooting information and
extender cable use. After all the options are working
correctly, reassemble the instrument.

DIAGNOSTIC ROUTINES

Control of Diagnostic routines and their display format
is the same as for the standard instrument.

Kernel Tests

The standard instrument’'s Kernel tests include checks
to determine if the Buffer board and any options are
present. A ROM checksum test is performed on the Buffer
board and each option ROM contained in the instrument.

A failure of a Kernel test is considered “fatal” to the
operation of the microprocessor system. Kernel test
failures will result in an attempt to flash the front-panel
TRIG'D indicator and illuminate certain other front-panel
indicators with an error code. The code points to the
failure area as indicated in Table 5-1. Tables 5-2 and 5-3
are used to determine the option and device numbers used
in Table 5-1.

Even if a failure is reported, the A/B/MENU switch may
be pushed (or the GPIB command NORM may be used) to
try to resume normal instrument operation. However,
because of the failure, operation of particular instrument
functions is unpredictable.

Confidence Tests

Option 06 and 09 related Confidence tests, Exerciser
routines, and their associated error codes are listed in
Table 5-4. The error codes listed are in hexadecimal. For
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each test number, any combination (through binary addi-
tion) of one or more of the listed error codes is possible.
Option-related Confidence tests are performed automati-
cally at power up if the Kernel tests are completed suc-
cessfully. These tests may also be initiated by the operator
from the Diagnostics Monitor by:

1. Pushing the TRIGGER SLOPE switch while holding
in both the AV and At switches to access the Diagnostic
Menu.

Table 5-1

Kernel Test Failure Codes

Failure Codes
Failing Device

Option Device

0 0 Control Board RAM U2496

0 1 Control Board ROM U2178

0 2 Control Board ROM U2378

0 3 Control Board ROM U2362

0 4 Control Board ROM U2162

1 1 GPIB Option ROM U4715

1 2 GPIB Option ROM U4710

1 4 GPIB Option RAM U4811

6 1 TV Option ROM U5565

7 1 DMM Option ROM U52802

7 2 DMM Option ROM U5281a

8 1 CTT Option ROM U5930

F 1 Buffer Board ROM U4260

When only one ROM is used, either device code indicates
ROM U5281 is the failing device.

2. Select the desired test number by repeatedly push-
ing the TRIGGER MODE switch up, until the test number
appears in the Diagnostic Menu of the crt readout.

3. Start the test procedure by pushing up on the
TRIGGER COUPLING switch.

4. If a failure is reported in the Diagnostic Menu, refer
the instrument to a qualified service technician.

5. When the procedure ends, exit the Diagnostic Menu
by pushing the A/B/MENU select switch.

EAROM TEST (BU TEST 01). Checks EAROM to verify
its contents and the interface circuitry.

Read/Write Test—The contents of one location are
read, modified, and then reread to verify functioning of the
device interface.

Test checks: EAROM input and output lines, EAROM
mode control, EAROM reading and writing, and EAROM
clock.

Checksum Test—The contents of locations containing
calibration constants and power-down settings are check-
summed using a spiral-add technique. The result is com-
pared to the contents of location 0.

Test checks: EAROM addressing and EAROM con-
tents.

Table 5-2
Front-Panel LED Option Codes

Option Code Option Option
CH 1 TRIGGER CH 2 TRIGGER CH 3 TRIGGER CH 4 TRIGGER Number Name
SOURCE LED SOURCE LED SOURCE LED SOURCE LED
(bit 3) (bit 2) (bit 1) (bit 0) (in hex)
OFF OFF OFF OFF 0 Standard Instrument
OFF OFF OFF ON 1 GPIB (Option 10)
OFF ON ON OFF 6 TV (Option 05)
OFF ON ON ON 7 DMM (Option 01)
ON OFF OFF OFF 8 C/T/T (Option 06)
ON OFF OFF OFF 8 WR (Option 09)
ON ON ON ON F Buffer Board




Table 5-3

Front-Panel LED Device Codes

Maintenance
2445/2465 Option 06 and Option 09 Service

CALIBRATION CONSTANT TEST (CT TEST 81).
Checks the C/T/T calibration constants to see if they are
within set limits.

Device Codes Device
Ready + SLOPE - SLOPE Number
LED LED LED
(bit 2) (bit 1) {bit 0) GATE ARRAY 1/0 PATH TEST (CT TEST 82). Checks
the 1/0 paths into and out of the Gate Array. The tested
OFF OFF OFF 0 circuitry includes Hardware Register 1 and the ECL-to-TTL
OFF OFF ON 1 tevel shifters and data buffers.
OFF ON OFF 2
OFF ON ON 3
ON OFF OFF 4
8: %ZF g::: 2 The Gate Array is written to six times; each time one
7 data line is HI and the others are LO. After each write, the
ON ON ON data is read back and checked.
Table 5-4
Diagnostic and Exerciser Routines
Routine Test Routine Error Error Code
Type Number Name Code Meaning
Buffer Test F1 EAROM Test X8 Bad read after write.
1X Bad checksum.
T C/T/T and WR Test 81 Calibration 01 Delay Offset constant out of limit. Recali-
constant test. brate the C/T/T.
02 Ciock Frequency constant out of limit. Re-
calibrate the C/T/T.
82 Gate Array (U6180) 01 Gate Array bit 0 Read/Write error. Check
i/O path test. U6180, R6162, U6290C, U6250, and
U5950.
02 Gate Array bit 1 Read/Write error. Check
Us5952, U6180, UB290A, U6250, US5950,
and R6160.
04 Gate Array bit 2 Read/Write error. Check
U59852, U6180, U6290B, U6250, US5950,
and R6176.
08 Gate Array bit 3 Read/Write error. Check
Us5952, U6180, UB290C, U6250, US5950,
and R6260.
10 Gate Array bit 4 Read/Write error. Check
U5952, U6180, UB290A, U6250, U5950,
and R6261.
20 Gate Array bit 5 Read/Write error. Check
U5952, U6180, U6290B, U6250, US950,
— and R6161.
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Table 5-4 (cont)

Routine Test Routine Error Error Code
Type Number Name Code Meaning

83 Complex Counter 08 Complex counter bit 0 Read/Write error.
(U6140) I/O path test. Check U6140, U5950, and for U5930 pin 22
stuck LO.

09 Complex counter bit 1 Read/Write error.
Check U6140, U5950, and for U5930 pin 22
stuck LO.

0B Complex counter bit 2 Read/Write error.
Check U6140, U5950, and for U5930 pin 22
stuck LO.

0C Complex counter bit 3 Read/Write error.
Check U6140, U5950, and for U5930 pin 22
stuck LO.

0D Complex counter bit 4 Read/Write error.
Check U6140, U5950, and for U5930 pin 22
stuck LO.

0E Complex counter bit 5 Read/Write error.
Check U6140, U5950, and for U5930 pin 22
stuck LO.

e OF Complex counter bit 6 Read/Write error.
Check U8140, U5950, and for U5930 pin 22
stuck LO.

10 CLK A path error. Check U6140, U180,
Q6290, Q6291, and U5950.

20 GATE A path error. Check U6140, U6180,
Q6273, Q6271, and U5950.
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Table 5-4 (cont)

Routine Test Routine Error Error Code
Type Number Name Code Meaning
84 Gate Array (U6180) 0C Boolean OR trigger failed to generate a
trigger path tests. sweep on the rising edge of ATS. Check

U6180, Q5981, Q5982, Q5983, Q6090,
Q6092, Q6091, U5952, and U6070.

oD Boolean OR trigger generated multiple
sweeps on rising edge of ATS. Check
U6180, U6070, HO, and MT.

OE Boolean OR trigger generated sweep on
falling edge of ATS. Check R5981 and look
for glitch on ATS.

10 Boolean OR trigger failed to generate a
sweep on rising edge of BTS. Check BTS
into U6180.

14 Boolean AND trigger failed. There were no

sweeps but one was expected. Check
U6180, and HO into U6180.

15 Boolean AND trigger generated multiple
sweeps. Check HO into U6180.

16 Sweep occurred on rising edge of EXT
when driven from ATS. Check for a glitch
on EXT into U6180.

17 Muitiple sweeps occurred on rising edge of
EXT when driven from ATS. Check HO into
U6180 and look for a glitch on EXT into
U6180.

18 Expected sweep did not occur on EXT
when driven from ATS. Check both HO and
EXT into U6180.

19 Muitiple sweeps occurred, only one was ex-
pected, when EXT was driven from ATS.
Check HO into U6180.

40 Either the ATS to TSA or the BTS to TSB
signal path is bad. Check the trigger status
from and to the Main board, Q5981, 05980,
U5990A, Q5983, Q6093, US5990D, and
U5952.
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Table 5-4 (cont)

Routine Test Routine Error Error Code
Type Number Name Code Meaning
85 Counters, Phase 01 Top byte of 131 MHz counter too low.
Locked Loop, and Check U6180 pin 40.
Oscillator test.

02 Top byte of 2.65 MHz counter too low.
Check Q5920, Q5921, U6140 pin 4, and
U6140.

04 Phase Locked Loop not locked. Check
Phase Locked Loop.

08 Wrong oscillator frequency. Check Y5910
and associated circuitry.

86 Delay-by-Events 0N in Trigger After Delay mode with the delay
circuitry test. time set shorter than the delay, a sweep
was produced. Check B AUX TRIG and HO

at U6180.

02 in Trigger After Delay mode with the delay
time set longer than the delay, there was no
sweep. Check B AUXTRG and HO at
U6180 and output O1 at U6140.

04 BHO path into Gate Array stuck low.

08 Forced HO (U6140 pin 40) doesn't work.
Check U6140 pin 40 and associated cir-
cuitry.

10 Complex counter (U6140) reset sequence
fails.

20 AHO turn off too slow. Check R5962.

5-6
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Table 5-4 (cont)

Routine Test Routine Error Error Code
Type Number Name Code Meaning
87 Delta Time 01 BSG to Gate Array bad.
measurement test.
02 DS to Gate Array bad.
04 Delay difference is bad. Check the stability
of the 131.0669 MHz clock.
08 Counter C contains a bad count.
10 Counter B contains a bad count. Check
CLKB path between U6180 and U6140.
18 Counter A contains a bad count. Failure
should be caught by earlier tests.
20 Clock C or ASG path bad.
40 Clock B path bad.
Buffer Exerciser F1 Option Identification. None
F2 Page Selection. None
Exerciser 02 EAROM Examine. None
Word Recognizer 81 Word Recognizer None
Exerciser Probe Exerciser

COMPLEX COUNTER 1/0 PATH TEST (CT TEST 83).
Checks the 1/O paths to and from the Complex Counter.
The test involves circuitry in the Gate Array, Complex
Counter, and the CLK A-to-S1 and GATE A-to-G1 signal
paths between the Gate Array and Complex Counter. The
only IC not involved in earlier tests is U6140.

Each data bit, starting with DO, is set HI and written to
U6140. This data is read back in order while recording
errors. The CLK A-to-S1 and the GATE A-to-G1 interfaces
between UB180 and U6140 are then checked. Counters 1
and 2 of U6140 count CLK A and GATE A respectively.
The Gate Array is initialized to cycle both GATE A and
CLK A. Counters 1 and 2 of U6140 are then checked to
see if they received the count.

GATE ARRAY TRIGGER PATH TEST (CT TEST 84).
Checks the following signal paths: TSA to and from the
Buffer board. TSB to and from the Buffer board, the three
AHO paths to the Gate Array, the EXT inputs, and the
A AUX TRG output. This test also checks to see if the
AHO paths clear the A AUX TRG output between sweeps.

Circuitry not involved in earlier tests includes U6070 and
the circuitry in the TSA and TSB to U6180 signal paths.

This test is performed with the triggers set to fast com-
pare. The trigger status inputs are manipulated by chang-
ing the A and B trigger levels. Both the A and B trigger
status pass-through paths are checked in both the HI and
LO states. With the trigger status inputs in ECL mode
(status inputs to U6180), the ATS and BTS inputs, the
EXT input, and the A AUX TRG output are checked with
the C/T/T in LOGIC AND, LOGIC OR, and simulated exter-
nal trigger modes. Then each AHO path is checked to see
if it clears A AUX TRG between sweeps.

COUNTER, PHASE LOCKED LOOP, AND OSCILLA-
TOR TEST (CT TEST 85). Checks the time base by com-
paring the count in two of the counters after about 20 ms.
One counter is counting the 131 MHz Phase Locked Loop
clock; the other counter counts the 2.62 MHz clock. The
count in the 131 MHz counter should contain 50 times the
count contained in the 2.62 MHz counter. The count in the
2.62 MHz counter must be within 1000 parts per million of
the correct value, referenced to the 6802 clock.
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DELAY-BY-EVENTS CIRCUITRY TEST (CT TEST 86).
Checks the Delay-by-Events circuitry, BHO input,
B AUX TRG output, the HO output of the complex
counter, and the TC input to the Gate Array.

This test uses the B Sweep Delayed-by-Time mode,
where the A Trigger is the starting event and 131 MHz
clocks are the delaying event. The oscilloscope is run in
the B Sweep Triggerable-After-Delay mode with the B
Delay set at half sweep. The delay-by-events time is set
shorter than the B Delay; a Delay Sweep should not
occur. The time is then set longer than the B Delay; a
Delayed Sweep should occur. Checks are also made to
see that Delay-by-Events mode resets and that
B AUX TRG clears between sweeps. During one sweep,
auto holdoff is exerted; a Delay Sweep should not occur.
In a Delay-by-Events test, holdoff turn-off time is checked.

DELTA TIME MEASUREMENT TEST (CT TEST 87).
Makes a one-sample (two-sweep) Defta Time measure-
ment. Checks ASG, BSG, DS, and the three counters in
the Gate Array and Complex Counter.

The sweeps are triggered by grounding the A Trigger
input and then changing the A Trigger level. Each time the
3.3 ms interrupt occurs, the levels are changed. The refer-
ence delay is set to 800 ns (~ 105 ciocks) and the delta
delay is set to 400 ns (~ 52 ciocks). When the sample is
taken, the difference between the two counters must be
within two counts of 52.

Exerciser Routines

Operation of Exerciser routines is the same as for the
standard instrument. The Exerciser routines allow the
operator to set and examine various bytes of control data
used in determining option function.

PAGE SELECTION (BU EXER F2). This routine con-
tinuously selects and deselects each of the option page
registers.

EAROM EXAMINE (EXER 02). This is the standard
instrument EAROM Examine routine. Locations 64 (hex) to
C7 (hex) access the Buffer Board EAROM.

WORD RECOGNIZER EXERCISER (CT EXER 81). This
routine continuously exercises the Word Recognizer Data
line by repeatedly sending a Hl followed by 39 L.Os over
the WDATA signal line, to the Word Recognizer probe.

EXTENDER CABLE USE

Extender Cable Kit

An extender cable kit, which can be ordered from
Tektronix, Inc., is needed when troubleshooting an instru-
ment containing options. The kit is used when trouble-
shooting the standard instrument by itself or when con-
necting a removed option assembly to the standard instru-
ment for troubleshooting purposes.

Table 5-6 lists ail cables contained in the kit (Tektronix
Part Number 020-1075-00). In addition to the cables, the
kit contains 12 zero-chm jumpers (Tektronix Part Number
131-0983-00). The procedures that follow reference the
cables by numbers as shown in column one. See Figure
5-1 for a pictorial representation of each cable to aid in
cable identification.

Table 5-6

Extender Cables

. Cable Tektronix Option
OPTION IDENTIFICATION (BU EXER F1). This routine Number Part Number Usage
displays across the top line of the crt readout, the option
designator for all installed options. Option designators are 1 175-7183-00 All
listed in Table 5-5. 2 175-7184-00 All
3 175-9178-00 All
Table 5-5 4 175-9181-00 All
Option Designators 5 175-7215-00 GPIB
6 175-9179-00 GPIB
Option 7 175-9182-00 GPIB
Option Designator 8 175-9175-00 TV
Buffer Board BU 9 175-9180-00 v
GPIB GP 10 175-9183-00 TV
TV TV 11 175-9174-00 TV, C/T/T
DMM DM 12 175-7932-00 WR
Counter/Timer/Trigger CcT 13 175-9176-00 cam
Counter/Timer/Trigger and WR CcT 14 175-9177-00 cAm

5-8



Maintenance
2445/2465 Option 06 and Option 09 Service

L G €

pjojojalojojojajaja|ojo|ajojoja o

CABLE 1 CABLE 4
—_ M N = R e
% w I Y f—
7‘% N wm
- 13—t
~
7.75"——————————]
CABLE 5
.

CABLE 2 ﬁ\

]

N

a H——————jﬂl
o =qs
=]
a
a -
a
= _ \
o
E 6.25" -
a
=]
g CABLE 6
o
a :; ;n—
a oo a0
a ao Bg
o aa oo
oo oo
J S§ S§
" a D
6.5 - =) e
-t 8" -
CABLE 3 " CABLE 7
4 EE — ; ;
%—S I — AN L
= = — —— == T
— =/ -z —
_— — ——— —— )
3 = f——m
" - S —
13 —————) Tr—— ——
-~ 10" ————>

4640-14

Figure 5-1. Option extender cables.
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Figure 5-1 (cont). Option extender cables.
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Instrument Troubleshooting Without Options

When it is desired to troubleshoot the standard instru-
ment with the option assembly removed, perform the fol-
lowing steps to complete the signal paths required for
operation of the standard instrument circuitry. Note that all
the steps will not necessarily be performed, depending on
which options were included in the instrument.

NOTE

In the following steps, P100, P101, and P102 are all
located on the Main board in the standard instru-
ment.

1. ¥ the instrument contained the GPIB Option, use
Cable 7 to connect front-panel cable connector P4256 and
Control-board connector P651.

2 if the instrument contained the TV Option, connect
pins 1 and 2 of P100 and pins 9 and 10 of P100, using the
extender cable kit jumpers.

3. If the instrument contained the TV or C/T/T Options,
connect pins 3 and 4 of P102 and pins 7 and 8 of P102,
using the extender cable kit jumpers.

Maintenance
244572465 Option 06 and Option 09 Service

4. If the instrument contained the C/T/T Option, con-
nect pins 1 and 3 of P101 and pins 6 and 8 of P101, using
the extender cable kit jumpers.

Instrument Troubleshooting With Options

To operate the instrument and its options with the
option assembly removed for troubleshooting, the assem-
bly is placed upside down and to the right of the standard
instrument (see Figure 5-2). The arrows represent the
extender cables that are connecting the option assembly
and the standard instrument.

Connecting all the extender cables is not required for
each option. Column three in Table 5-6 lists which
extender cables are used to connect and operate a partic-
ular option whose operation is in question. Cable number
and Buffer board-standard instrument interconnection
information for the C/T/T and WR options are shown in
Figure 5-3. The '‘Troubleshooting Procedures” in the
“Diagrams” section of this manual contain information
about cable usage during the troubleshooting session.

EXTENDER
CABLES

~

OPTION
ASSEMBLY

C/T/T BOARD

ONONC,

i\ 1\\W

_J

N

AN

EXTENDER
CABLES

l

4632-06

Figure 5-2. Orientation of assemblies when using extender cables.
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Figure 5-3. Extender cable connection points for troubleshooting.
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CORRECTIVE MAINTENANCE

Corrective maintenance for these options is the same
as for the standard instrument unless stated otherwise in
this section.

REMOVAL AND REPLACEMENT
INSTRUCTIONS

The C/T/T and WR Option board and the Buffer board
may be removed for repair or replacement using the fol-
lowing procedures. Before beginning any procedure, read
the information at the beginning of the “Removal and
Replacement Instructions’ section in the standard instru-
ment manual. If additional options are installed in the
instrument, consult that particutar option’s service manual
for removal and replacement information that may impact
the following procedures.

C/T/T and WR Board Removal

Removal of the C/T/T and WR board for repair or
replacement is accomplished by:

1. Perform the ‘Cabinet Removal” procedure as out-
lined in the manual.

2. Perform the first six steps of the "‘Top-Cover Plate
Removal’" procedure as outlined in the “Removal and
Replacement Instructions™ in the standard instrument ser-
vice manual.

3. Remove the two top securing screws located at the
right-center portion of the top-cover plate.

4. Disconnect the cables at the left edge of the Buffer
board (P101, P102, and P104).

5. Lift the top-cover plate above the instrument
approximately 2 inches.

6. Disconnect two cables at the right-front edge of the
Buffer board (P4207 and P4210).

7. Disconnect the Word Recognizer cable (P5990) and
the WORD RECOG OUT cable (P5991) from the C/T/T
and WR board.

8. Lift and rotate the option assembly about the front
panel until the assembly is almost upside down.

9. Disconnect two cables at the front edge of the
Buffer board (P4258 and P651).

10. Remove the C/T/T and WR board from the option
assembly by lifting it straight out from the Buffer board.
Note the option assembly slot that the C/T/T and WR
board is removed from for installation reference.

CAUTION

When securing the option' assembly back into the
main instrument, be sure that the connector cables
are indexed correctly. Also check that the cables are
not crimped and that P203 and P303 are seated
correctly in their connectors. The two circuit board
retainers located along the right edge of the top-
cover plate should securely engage the Readout
board.

To reinstall the C/T/T and WR board and option assem-
bly into the standard instrument, perform the reverse of
the preceding steps.

Buffer Board Removal

Removal of the Buffer board for repair or replacement
is accomplished by:

1. Perform the preceding “C/T/T and WR Board
Removal” procedure.

2. Remove the five securing screws that attach the
Buffer board to the Vertical Board support.

3. Remove the Buffer board from the top-plate cover
and option assembly.

To reinstali the Buffer board and option assembly into
the standard instrument, perform the reverse of the
preceding steps.
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Word Recognizer Probe Disassembly

Disassembly of the Word Recognizer Probe for repair
or replacement is accomplished by:

1. If the cable from the Word Recognizer probe is con-
nected to the instrument, disconnect it from the oscillo-
scope rear panel.

2. If the 10-wide combs are connected to the probe,
disconnect them from the probe by pulling them straight
out of the probe body.

3. Remove the four screws securing the probe covers.

5-14

4. Remove the probe covers.

5. Remove the two Word Recognizer boards by hold-
ing the board that contains J6300 and pulling the other
board straight to the front toward J6300.

6. Remove P6370 by pulling it straight back between
J6380 and J6385.

To reassemble the Word Recognizer probe, perform the
reverse of the preceding steps, making certain that the
probe cover with D8 to D15 markings covers the board
containing J6300.
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REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are availatie from or through yourtocal
Tektronix, Inc Field Otffice 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, to inciude the following information in
your order: Part number, instrument type or number, senal
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. :s 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 arelistedinnumerical order.
When the complete component number of a partis known, thistist
will identify the assembly in which the part is located.

CROSS INDEX-MFR. CODE NUMBER TO
MANUFACTURER

The Mfr. Code Number to Manutacturer index for the
Electrical Parts List is located immediately after this page. The
Cross |ndex provides codes. names and addresses of manufac-
turers of components listed in the Electrical Parts List.

ABBREVIATIONS

Abbreviations conformto 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

—— e —
A23R1234 A23 R1234

Assembly number Circuit number

Read: Resistor 1234 of Assembly 23

Example b. component number

r————— ™ e —
A23A2R1234 A23 A2 R1234
Assembly Subassembly Circutt
number number number

Read: Resistor 1234 of Subassembly 2 of Assembly 23

Only the circuit number will appear on the diagrams and
circuit board illustrations. Each diagram and circuit beard
illustration s 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
assembhies in numerical sequence (e.g., assembly Al with its
subassemblies and parts, precedes assembly A2 with its sub-
assemblies and parts).

Chassis-mounted parts have no assembly number prefix
and are tocated 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 [tem
Name may sometimes appear as incomplete. For further Item
Name identification, the U.S. Federal Cataloging Handbook H6-1
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
immediately after this page.)

MFR. PART NUMBER (column seven of the
Electrical Parts List)

Indicates actual manufacturers part number.
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" Mir. Code

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Manufacturer Address City. State. Zip
0000M SONY/TEKTRONIX CORPORATION P O BOX 14, HANEDA AIRPORT TOKYO 148. JAPAN
00779 AMP, INC. P.0. BOX 3608 HARRISBURG. PA 17105
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, Wi 53204
01295 TEXAS INSTRUMENTS, INC.

SEMICONDUCTOR GROUP P.0. BOX 5012 DALLAS. TX 75222
01536 CAMCAR DIV OF TEXTRON INC. SEMS

PRODUCTS UNIT 1818 CHRISTINA ST. ROCKFORD. IL 61108
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
04222 AVX CERAMICS, DIVISION OF AVX CORP. P O BOX 867 MYRTLE BEACH, SC 29577
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD.PO BOX 20923  PHOENIX. AZ 85036
06383 PANDUIT CORPORATION 17301 RIDGELAND TINLEY PARK, IL 60477
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042

, 09922 BURNDY CORPORATION RICHARDS AVENUE NORWALK, CT 06852

12969 UNITRODE CORPORATION 580 PLEASANT STREET WATERTOWN, MA 02172
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 9505t
27264 MOLEX, INC. 2222 WELLINGTON COURT LISLE. IL 60532
33096 COLORADO CRYSTAL CORPORATION 2303 W 8TH STREET LOVELAND, CO 80537
34335 ADVANCED MICRO DEVICES 901 THOMPSON PL. SUNNYVALE, CA 94086
50434 HEWLETT-PACKARD COMPANY 640 PAGE MILL ROAD PALO ALTO, CA 94304
51642 CENTRE ENGINEERING INC. 2820 E COLLEGE AVENUE STATE COLLEGE. PA 16801
55680 NICHICON/AMERICA/CORP. 6435 N PROESEL AVENUE CHICAGO, IL 60645
57668 R-OHM CORP. 16931 MILLIKEN AVE. IRVINE, CA 92713
72982 ERIE TECHNOLOGICAL PRODUCTS. INC. 644 W. 12TH ST. ERIE. PA 16512
73743 FISCHER SPECIAL MFG. CO. 446 MORGAN ST. CINCINNATI, OH 45206
76493 BELL INDUSTRIES. INC.,

MILLER, J. W., Div. 19070 REYES AVE.. P O BOX 5825 COMPTON, CA 90224
78189 ILLINOIS TOOL WGRKS, INC.

SHAKEPROOF DIVISION ST. CHARLES ROAD ELGIN, IL 60120

~oJ009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077

91637 DALE ELECTRONICS, INC. P. 0. BOX 609 COLUMBUS, NE 68601
91836 KINGS ELECTRONICS CO.. INC. 40 MARBLEDALE ROAD TUCKAHOE. NY 10707
93907 TEXTRON INC. CAMCAR DIV 600 18TH AVE ROCKFORD, IL 61101
96733 SAN FERNANDO ELECTRIC MFG CO 1501 FIRST ST SAN FERNANDO, CA 91341
T1319 MORELLIS Q & D PLASTICS 1812 16TH AVE FOREST GROVE OR 97116
T1557 TEKA PRODUCTS, INC. 45 SALEM ST, PROVIDENCE, R! 02907
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Replaceable Parts List
2445/2465 Option 06/09 Service

Tektronix Serial Model No. Mir

Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number

ASSEMBLIES

Al 670-7276-XX CKT BOARD ASSY:MAIN 80009 670-7276-01
__________ (2465 OPT.06.09-SEE MANUAL 070-3831-00)

Al 670-7285-XX CKT BOARD ASSY:MAIN 80009 670-7285-01
__________ {2445 OPT.06.09-SEE MANUAL 070-3829-00)

A20 670-7830-01 CKT BOARD ASSY:BUFFER 80009 670-7830-01

A0 (2445/2465 OPT.06 AND/OR OPT. 09 ONLY)

A20 670-7830-04 CKT BOARD ASSY:BUFFER 80009 670-7830-04

A20 (2445/2465 COMBO OF OPT.05 & OPT. 06

A20 AND/OR OPT.09)

A27 670-7997-01 CKT BOARD ASSY:COUNTER TIME/ TRIGGER 80009 670-7997-01
.......... (2445/2465 OPTION 06 ONLY)

A32 670-7999-00 CKT BOARD ASSY:WORD RECOGNIZER PROBE #1 80009 670-7999-00
.......... (2445/2465 OPTION 09 ONLY)

A33 670-7998-01 CKT BOARD ASSY:WORD RECOGNIZER PROBE #2 80009 670-7998-01
.......... (2445/2465 OPTION 09 ONLY)

A20 670-7830-01 CKT BOARD ASSY:BUFFER 80009 670-7830-01

A0 (2445/2465 OPT.06 AND/OR OPT. 09 ONLY)}

A20 670-7830-04 CKT BOARD ASSY:BUFFER 80009 670-7830-04

A20 (2445/2465 COMBO OF OPT.05 & OPT. 06

A20 AND/OR OPT.09)

A20C4215 283-0421-00 CAP.FXD.CER DI:0.1UF. + 80-20%,50V 04222 DGO15E1042

A20C4215 L OPT.06 AND/OR OPT.09 ONLY)

A20C4215 281-0809-00 CAP.FXD,CER DI:0.022UF,20%.50V 80009 281-0909-00

A20C4215 (OPT.05,0PT.06 AND/OR OPT.09 COMBO)

A20C4224 283-0421-00 CAP_FXD.CER DI:0.1UF, + 80-20%.50V 04222 DGO015E104Z

A20C4224 (OPT.06 AND/OR OPT.08 ONLY)

A20C4224 281-0909-00 CAP FXD,CER DI:0.022UF 20%.50V 80009 281-0909-00

A20C4224 (OPT.05,0PT.06 AND/OR OPT.Q9 COMBO)

A20C4240 283-0421-00 CAP. FXD.CER DI:0.1UF, + 80-20%.50V 04222 DGO015£1042

A20C4240 e (OPT.06 AND/OR OPT.09 ONLY)

A20C4240 281-0909-00 CAP,FXD,CER DI:0.022UF.20%.50V 80009 281-0909-00

A20C4240 (OPT.05,0PT.06 AND/OR OPT.09 COMBO)

A20C4241 283-0421-00 CAP.FXD,CER DI:0.1UF, + 80-20%,50V 04222 DGO15E1042Z

A20C4240 (OPT.06 AND/OR OPT.09 ONLY)

A20C4241 281-0909-00 CAP.FXD,CER D!:0.022UF.20%.50V 80009 281-0909-00

A20C424y L (OPT.05,0PT.06 AND/OR OPT.09 COMBO)

A20C4255 283-0421.00 CAP.FXD,CER DI:0.1UF, + 80-20%.50V 04222 DGO15E1042

A20C4255 L (OPT.06 AND/OR OPT.09 ONLY)

A20C4255 281-0909-00 CAP,FXD,CER DI:0.022UF,20% .50V 80009 281-0909-00

A20C4255 (OPT.05,0PT.06 AND/OR OPT.09 COMBO)

A20C4260 283-0421-00 CAP.FXD,CER DI:0.1UF, + 80-20%.50V 04222 DGO15E104Z

A20C4260 (OPT.06 AND/OR OPT.09 ONLY}

A20C4260 281-0909-00 CAP,FXD,CER Di:0.022UF,20%.50V 80009 281-0909-00

A20C4260 (OPT.05,0PT.06 AND/OR OPT.09 COMBO)

A20C4265 283-0764-00 CAP..FXD.MICA D:22PF, + 1-0.5PF 500V 0000M 283-0764-00

A20C4270 283-0421-00 CAP.,FXD,CER DL:0.1UF, +80-20°.50V 04222 DGO15E104Z

A20C4270 e (OPT.06 AND/OR OPT.09 ONLY)

A20C4270 281-0909-00 CAP,FXD.CER DI:0.022UF 20%.50V 80009 281-0909-00

A20C4270 (OPT.05.0PT.06 AND/OR OPT.09 COMBO)



Replaceable Parts List

2445/2465 Option 06/09 Service

Tektronix Serial/Model No. Mir
Component No. Part No. Eff Dscont Name & Description Code Mir Part Number
A20C4280 283-0421-00 CAP..FXD.CER DI:0.1UF, + 80-20%,50V 04222 DGO15E104Z
A20C4280 - - (OPT.06 AND/OR OPT.09 ONLY)
A20C4280 281-0909-00 CAP FXD,CER DI:0.022UF,20%,50V 80009 281-0909-00
A20C4280 - e (OPT.05,0PT.06 AND/OR OPT.08 COMBO)
A20J651 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A200651 0 e - (QUANTITY OF 20)
A20J4203 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A2004203 —— (QUANTITY OF 3)
A2044207 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A20J4207 — (QUANTITY OF 7)
A20J4210 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A20J4210 e (QUANTITY OF 34)
A20J4220 131-0589-00 TERMINAL PIN:0.46 L X 0.025 SQ 22526 48283-029
A20J4220 —— (QUANTITY OF 14)
A2044221 131-0589-00 TERMINAL,PIN:0.46 L X 0.025 SQ 22526 48283-029
A20J4221 e e (QUANTITY OF 24)
A20.J4228 131-2919-00 CONN.RCPT,ELEC:HEADER,1 X 4,0.1 SPACING 00779 87232-4
A2044230 131-2920-00 CONN.RCPT.ELEC:HEADER,2 X 5,0.1 SPACING 00779 86479-3
A20J4232 131-2920-00 CONN,RCPT.ELEC:HEADER.2 X 5,0.1 SPACING 00779 86479-3
A2044234 131-2919-00 CONN,RCPT.ELEC:HEADER,1 X 4,0.1 SPACING 00779 87232-4
A20J4236 131-2920-00 CONN,RCPT,ELEC:HEADER,2 X 5,0.1 SPACING 00779 86479-3
A20J4238 131-0589-00 TERMINAL,PIN:0.46 L X 0.025 SQ 22526 48283-029
A20J4238 S (QUANTITY OF 12)
A20J4240A 131-1742-00 TERMINAL,PIN:0.662 L X 0.025 SQ PH BRS 22526 48283-086
A20J424DA e e’ (QUANTITY OF 40)
A20442408 131-0589-00 TERMINAL,PIN:0.46 L X 0.025 SQ 22526 48283-029
A20J4240B e - (QUANTITY OF 4)
A2004242 131-0589-00 TERMINAL,PIN:0.46 L X 0.025 SQ 22526 48283-029
A20J4242 [T (QUANTITY OF 44)
A2004243 131-0589-00 TERMINAL PIN:0.46 L X 0.025 SQ 22526 48283-029
A2004243 e - (QUANTITY OF 44)
A20J4256 131-1742-00 TERMINAL PIN:0.662 L X 0.025 SQ PH BRS 22526 48283-086
A20J4256 e (QUANTITY OF 2)
A20J4258 131.0608-00 TERMINAL.PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A20J4258 e - (QUANTITY OF 20)
A20J4330 131-0608-00 TERMINAL.PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A20J4330 e (QUANTITY OF 14)
A20J4330 131-1742-00 TERMINAL.PIN:0.662 L. X 0.025 SQ PH BRS 22526 48283-086
A2004330 - - (QUANTITY OF 2)
A20P203 131.2924-00 CONN,RCPT.ELEC:HEADER,1 X 6,0.2 SPACING 27264 10-51-1061
A20P303 131-2923-00 CONN,RCPT.ELEC:HEADER.1 X 2,0.2 SPACING 27264 10-51-1021
A20Q4201 151-0190-00 TRANSISTOR:NPN,SI,70-92 04713 SPS7969
A20R4200 321-0085-00 RES..FXD,FILM:75 OHM,1%.0.125W 91637 MFF1816G75R00F
A20R4201 321-0085-00 RES..FXD,FILM:75 OHM,1%,0.125W 91637 MFF1818G75R00F
A20R4202 321-0122-00 RES. FXD.FILM:182 OHM,1%,0.125W 91637 MFF1816G182R0F
A20R4203 321-0105-00 RES.FXD,FILM:121 OHM,1%,0.125W 01121 ORD BY DESCR
A20R4204 315-0512-00 RES. FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A20R4205 315-0103-00 RES..FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
A20R4206 315-0512-00 RES..FXD.CMPSN:5.1K OHM 5%,0.25W 01121 CB5125
A20R4207 321-0105-00 RES..FXD,FILM:121 OHM,1%,0.125W 01121 ORD BY DESCR
A20R4208 321-0122-00 RES..FXD,FILM:182 OHM,1%,0.125W 91637 MFF1816G182R0F
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Replaceable Parts List
2445/2465 Option 06/09 Service

Tektronix Serial/Modet No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A20R4210 315-0471-00 RES..FXD.CMPSN:470 OHM,5%,0.25W 01121 CB4715
A20R4224 315-0102-00 RES.,FXD.CMPSN:1K OHM 5%,0.25W 01121 CB1025
A20R4265 315-0102-00 RES..FXD.CMPSN: 1K OHM.5%,0.25W 01121 CB1025
A20U4207 156-1566-00 MICROCIRCUIT,DI:EPROM, 100 X 14 80009 156-1566-00
A20U4225 156-1318-00 MICROCIRCUIT,DI:4-BiT BISTABLE LATCH SCR 01295 SN74LS375
A20U4235 156-1065-01 MICROCIRCUIT,DI:OCTAL D TYPE TRANS LATCHES 34335 AM741L8373
A20U4235 156-1065-01 MICROCIRCUIT.DI:OCTAL D TYPE TRANS LATCHES 34335 AM74L8373
A20U4240 156-0718-03 MICROCIRCUIT.DI: TRIPLE 3-INP NOR GATE 01295 SN74LS27
A20U4245 156-1065-01 MICROCIRCUIT,DI:OCTAL D TYPE TRANS LATCHES 34335 AM74LS373
A20U4250 156-0386-02 MICROCIRCUIT,DETRIPLE 3-INP NAND GATE 27014 DM74LS10N
A20U4255 156-1111-02 MICROCIRCUIT,DI:OCTAL BUS TRANSCEIVERS 01295 SN74LS245JP3
A20U4260 160-1833-05 MICROCIRCUIT,Di:4096 X 8 EPROM,PRGM 80009 160-1833-05
A20U4265 156-0383-02 MICROCIRCUIT Di:QUAD 2-INP NOR GATE 01295 SN74LS02
A20U4275 156-0392-03 MICROCIRCUIT,DI:QUAD LATCH W/CLEAR 01295 SN74S175NP3
A20U4280 156-0866-02 MICROCIRCUIT,DI: 13 INP NAND GATES ,SCRN 80008 156-0866-02
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Replaceable Parts List
2445/2465 Option 06/09 Service

Tektronix Serial/Model No. Mir
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A27 670-7997-01 CKT BOARD ASSY:COUNTER/TIMER/TRIGGER 80009 670-7997-01
A27C5920 281-0757-00 CAP.,FXD,CER DI:10PF,20%,100V 72982 8035-D-COG-100G
A27C5921 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA
A27C5922 281-0759-00 CAP.,FXD,CER DI:22PF,10%,100V 96733 R2735
A27C5923 281-0767-00 ’ CAP.,FXD,CER DI:330PF,20%,100V 12969 CGB331MEN
A27C5924 281-0767-00 CAP.,FXD,CER DI:330PF,20%.100V 12969 CGB331MEN
A27C5940 281-0775-00 CAP. FXD,CER Di:0.1UF,20%,50V 04222 MAZ205E104MAA
A27C5950 281-0775-00 CAP.,FXD,CER DI:0.1UF . 20%,50V 04222 MAZ20SE104MAA
A27C5960 290-0804-00 CAP.,FXD,ELCTLT:10UF, +50-10%,25V 55680 ULATE100TEA
A27C5961 281-0765-00 CAP.,FXD,CER DI:100PF 5%,100V 51642 G1710-100NPO101J
A27C5980 281-0811-00 CAP.,FXD,CER DI:10PF,10%.100V 96733 R2911
" A27C5981 281-0811-00 CAP.,FXD,CER DI:10PF,10%,100V 96733 R2911
A27C5990 290-0804-00 CAP.FXD,ELCTLT:10UF, +50-10%,25V 55680 ULA1E100TEA
A27C5991 281-0775-00 CAP_FXD,CER DI:0.1UF,20%.50V 04222 MAZ205E104MAA
A27C6010 281.0775-00 CAP..FXD,CER DI:0.1UF 20%.50V 04222 MAZ205E104MAA
A27C6020 281-0773-00 CAP.,FXD,CER D!:0.1UF,20%,50V 04222 MAZ205E104MAA
A27CB021 281-0773-00 CAP.FXD,CER DI:0.1UF 20%.50V 04222 MA205E104MAA
A27C6030 290-0804-00 CAP..FXD.ELCTLT:10UF, +50-10%,25V 55680 ULA1E100TEA
A27C6040 281-0775-00 CAP..FXD,CER DI:0.1UF,20%.50V 04222 MAZ205E104MAA
A27C6080 281-0763-00 CAP.FXD,CER DI:47PF,10%.100V 04222 GA101A470KAA
A27C6081 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%.50V 04222 MA205E104MAA
A27C6110 281-0773-00 CAP.FXD,CER DI:0.1UF 20%,50V 04222 MAZ05E104MAA
A27C6111 281-0773-00 CAP. FXD,CER DL0.1UF,20%,50V 04222 MA205E104MAA
27C6112 281-0812-00 CAP.,FXD,CER DI 1000PF,10%,100V 04222 MA101C102KAA
7C6113 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%.50V 04222 MAZ205E104MAA
TA27C6120 281.0773-00 CAP_FXD,CER DI:0.1UF,20%.50V 04222 MA205E104MAA
A27C6121 281-0775-00 CAP. FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA
A27C6130 281.0773-00 CAP..FXD,CER DI:0.1UF,20%.50V 04222 MA205E104MAA
A27C6160 281-0763-00 CAP..FXD,CER D1:47PF,10%.100V 04222 GA101A470KAA
A27C6170 290-0804-00 CAP.,FXD,ELCTLT:10UF, +50-10%,25V 55680 ULATE100TEA
A27C6192 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA
A27C6230 281-0773-00 CAP. FXD,CER DI:0.1UF 20% 50V 04222 MAZ205E104MAA
A27C6231 281-0773-00 CAP.FXD.CER DI:0.1UF 20%,50V 04222 MA205E104MAA
A27C6260 281-0775-00 CAP. FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA
A27C6270 281-0775-00 CAP.FXD,CER Di:0.1UF,20%.50V 04222 MAZ05E104MAA
A27C6290 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%.50V 04222 MA205E104MAA
A27CR5960 152-0141-02 SEMICOND DVC.DI:SW,SI,30V,150MA 30V,DO-35 01295 1N4152R
A27CR5961 152-0141-02 SEMICOND DVC,DI:SW.S1.30V,150MA,30V,D0-35 01295 1N4152R
A27CR5870 152-0141-02 SEMICOND DVC.DI:SW,S1,30V,150MA 30V,DO-35 01295 1N4152R
A27CR6020 152-0141.02 SEMICOND DVC.DI:SW,S1,30V,150MA,30V,D0-35 01295 1N4152R
A27CR6162 152-0141-02 SEMICOND DVC.DI:SW,S1,30V,150MA,30V,DO-35 01295 1N4152R
A27CR6170 152-0141-02 SEMICOND DVC.DI:SW,S1,30V,150MA,30V,DO-35 01285 1N4152R
A27CR6190 152-0141-02 SEMICOND DVC.DL:SW,S1,30V,150MA,30V,DO-35 01295 1N4152R
A27CR6210 152-0269-00 SEMICOND DEVICE:SILICON,VAR V CAP. 4V 33PF 04713 SMV 1263
A27CR6211 152-0141-02 SEMICOND DVC,Dt:SW.S1.30V,150MA 30V,DO-35 01285 1N4152R
A27J5990 131-3058-00 CONN RCPT,ELEC:HEADER,RTANG,2 X 3,0.1 CTR 00779 1-86479-5
A275991 131.2621-00 . CONN RCPT.ELEC:HEADER,1 X 2,0.1 SPACING 00779 1-86479-3
A27J6135 131-0608-00 TERMINAL.PIN.0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A27J)6144 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 48283-036
A27L5990 108-0245-00 COIL,RF:3.9UH 76493 B6310-1
A271.6030 108-0245-00 COIL.RF:3.9UH 76493 B6310-1



Replaceable Parts List
2445/2465 Option 06/09 Service

Tektronix SerialiModel No. Mir
Componedst No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A2716210 108-0606-00 COILRF:37NH 80009 108-0606-00
A27P4221 131-2890-00 CONN,RCPT.ELEC:CKT BDHORIZ,2 X 12,0.1 8P 00779 86063-8
A27P4240 131-2887-00 CONN,RCPT,ELEC:CKT BDHORIZ.2 X 22,0.1005P 00779 1-86063-8
A27P5990 131-0993-00 BUS.CONDUCTOR:2 WIRE BLACK 00779 850100-01
A2705820 151-0190-00 TRANSISTOR:NPN,SI, TO-92 04713 SPS7969
A27Q5921 151-0190-00 TRANSISTOR:NPN,SI,TO-92 04713 SPS7969
A27Q5961 151-0190-00 TRANSISTOR:NPN.S1,70-92 04713 SPS7969
A27Q5970 151-0190-00 TRANSISTOR:NPN,SI1,TO-92 04713 SP37969
A27Q5980 151-0188-00 TRANSISTOR:PNP,SI,TO-92 T0058 2N3906
A270Q5981 151.0424-00 TRANSISTOR:SILICON,NPN 04713 SP38246
A27Q5982 151-0427-00 TRANSISTOR:SILICON,NPN 80009 151-0427-00
A27Q5983 151-0424-00 TRANSISTOR:SILICON.NPN 04713 SPS8246
A27Q6090 151-0427-00 TRANSISTOR:SILICON,NPN 80009 151-0427-00
A27Q6091 151.0188-00 TRANSISTOR:PNP,SI,.TO-92 T0058 2N3306
A27Q6092 151-0188-00 TRANSISTOR:PNP,S1,TO-82 T0058 2N3906
A27Q6093 151-0188-00 TRANSISTOR:PNP,S1,TO-92 T0058 2N3906
A27Q6190 151-0188-00 TRANSISTOR:PNP,SI,TO-92 T0058 2N3806
A27Q6191 151-0188-00 TRANSISTOR:PNP,SI,TO-92 T0058 2N3906
A27Q6270 151-0188-00 TRANSISTOR:PNP,SI,TC-92 T0058 2N3906
A27Q6271 151-0188-00 TRANSISTOR:PNP,S1,T0O-92 T0058 2N3906
A2706272 151-0188-00 TRANSISTOR:PNP,S1.TO-92 T0058 2N3906
A27Q6273 151-0188-00 TRANSISTOR:PNP,S1,TO-92 T0058 2N3906
A27Q6274 151-0188-00 TRANSISTOR:PNP,S1,TO-92 T0058 2N3906
A27Q6290 151-0188-00 TRANSISTOR:PNP,SI,TO-92 T0058 2N3906
A27Q6291 151-0188-00 TRANSISTOR:PNP,S1,TO-92 70058 2N3906
A27Q6292 151-0190-00 TRANSISTOR:NPN,SI1,70-92 04713 SPS7969
A27R6292 315-0512-00 RES.,FXD,CMPSN:5.1K OHM.5%.0.25W 01121 CB5125
A27R5921 315-0102-00 RES..FXD,CMPSN:1K OHM,5%.0.25W 01121 CcB1025
A27R5950 315-0113-00 RES..FXD,CMPSN: 11K OHM,5%.0.25W 01121 CB1135
A27R5951 315-0222-00 RES. FXD.CMPSN:2.2K OHM,5%.0.25W 01121 cB2225
A27R5952 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%.0.25W 01121 CB1035
A27R5960 315-0201-00 RES..FXD,CMPSN:200 OHM,5%.0.25W 01121 CcB2015
A27R5961 315-0131-00 RES.,FXD.CMPSN:130 OHM,5%.0.25W o2 CB1315
A27R5962 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%.0.25W 01121 cB1025
A27R5963 315-0202-00 RES.,FXD.CMPSN:2K OHM 5%.0.25W 01121 CB2025
A27R5964 315.0474-00 RES.,FXD,CMPSN:470K OHM.5%,0.25W 01121 CB4745
A27R5970 315-0680-00 RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
A27R5971 315-0223-00 - RES..FXD,CMPSN:22K OHM,5%,0.25W 01121 CB2235
A27R5972 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%.0.25W 01121 CB2025
A27R5973 315-0103-00 RES..FXD,CMPSN:10K OHM,5%.0.25W 01121 CB1035
A27R5980 315-0223-00 RES. FXD,CMPSN:22K OHM,5%,0.25W 01121 cB2235
A27R5981 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
A27R5982 315-0302-00 RES..FXD,CMPSN:3K OHM,5%,0.25W o121 €B3025
A27R5983 315-0680-00 RES.,FXD,CMPSN:68 OHM,5%.0.25W 01121 CB6805
A27R5984 315-0101-00 RES..FXD,CMPSN:100 OHM,5%.0.25W 01121 CB1015
A27R5985 315-0474-00 RES. . FXD,CMPSN:470K OHM,5%.0.25W 01121 CB4745
A27R5990 315-0681-00 RES.,FXD.CMPSN:680 OHM,5%.0.25W 01121 CB6815
A27R5991 315.0330-00 RES.,FXD,CMPSN:33 OHM,5%,0.25W 01121 CB3305
A27R5992 315-0301-00 RES.,FXD.CMPSN:300 OHM,5%.0.25W 01121 CB3015
A27R5993 315-0750-00 RES..FXD,CMPSN:75 OHM,5%,0.25W 01121 CB7505
A27R6020 315-0223-00 RES.,FXD,CMPSN:22K OHM,5%.0.25W 01121 CB2235



Replaceable Parts List

2445/2465 Option 06/09 Service

Tektronix Serial-Model No. Mr
Component No. Part No. Eff Dscont Name & Description Code Mtr Part Number
A27R6021 315-0152-00 RES..FXD.CMPSN:1.5K OHM.5%.0.25W 01121 CB1525
A27R6022 315-0102-00 RES..FXD.CMPSN:1K OHM 5%,0.25W 01121 CB1025
A27R6042 315-0103-00 RES.,FXD,CMPSN: 10K OHM.5%,0.25W 01121 CB1035
A27R5050 315.0122-00 RES..FXD,CMPSN:1.2K OHM,5%,0.25W 01121 CB1225
A27R6060 315-0102-00 RES..FXD.CMPSN:1K OHM,5%,0.25W 01121 CB1025
A27R6062 315-0131-00 RES..FXD.CMPSN:130 OHM.5%,0.25W 01121 CB1315
A27R6063 315-0201-00 RES.,FXD.CMPSN:200 OHM,5%,0.25W 01121 cB2015
A27R6064 315-0222-00 RES..FXD.CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
A27R6081 315-0222-00 RES.,FXD,CMPSN;2.2K OHM.5%,0.25W 01121 CB2225
A27R6083 315-0101-00 RES..FXD.CMPSN:100 OHM,5%,0.25W 01121 CB1015
A27R6084 315-0391-00 RES..FXD.CMPSN:390 OHM.5%.0.25W 01121 CB3915
A27R6085 315-0182-00 RES. FXD.CMPSN:1.8K OHM,5%,0.25W 01121 cB1825
* A27R60%0 315-0131-00 RES..,FXD,CMPSN:130 OHM,5%,0.25W 01121 CB1315
A27R6091 315-0181-00 RES.,FXD.CMPSN:180 OHM.5%.0.25W 01121 CB1815
A27R6092 315-0202-00 RES..FXD,CMPSN:2K OHM.5%.0.25W 01121 CB2025
A27R6093 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%.0.25W 01121 CB1035
A27R6094 315-0101-00 RES..FXD,CMPSN:100 OHM.5%,0.25W on21 CB1015
A27R6121 315-0102-00 RES..FXD,CMPSN:1K OHM.5%.0.25W ot121 CB1025
A27R6160 315-0152-00 RES..FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
A27R6161 315-0152-00 RES..FXD.CMPSN:1.5K OHM.5%,0.25W 01121 cB1525
A27R6162 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
A27R6163 315-0152-00 RES.,FXD.CMPSN:1.5K OHM,5%.0.25W o121 CcB1525
A27R6164 315-0102-00 RES.,FXD,CMPSN: 1K OHM.5%,0.25W 01121 CB1025
A27R6165 315-0182-00 RES..FXD.CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
A27R6166 315.0102-00 RES..FXD.CMPSN:1K OHM,5%.0.25W 01121 CB1025
A27R6170 315-0152-00 RES. FXD,CMPSN:1.5K OHM.5%.0.25W 01121 CB1525
A27R6172 315-0152-00 RES.,FXD.CMPSN:1.5K OHM.5%,0.25W 01121 CB1525
A27R6173 315-0152-00 RES..FXD,CMPSN:1.5K OHM.5%.0.25W 01121 CB1525
A27R6174 315-0391-00 RES. FXD,CMPSN:390 OHM.5%.0.25W 01121 CB3915
A27R6175 315-0152-00 RES.,FXD,CMPSN:1.5K OHM.5%.0.25W 01121 CB1525
A27R6176 315-0152-00 RES.,FXD.CMPSN:1.5K OHM.5%.,0.25W 01121 CB1525
A27R6177 307-0541-00 RES.NTWK.THK Fi:(7)1K OHM,10%,1W 91637 MSPO8BA01-102G
A27RB6178 307-0541-00 RES NTWK, THK FL{7)1K OHM.10%.1W 91637 MSP08AD1-102G
A27R6191 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 GB4715
A27R6192 315-0221-00 RES.,FXD,CMPSN:220 OHM.5%,0.25W 01121 CB2215
A27R6193 315.0302-00 RES.,FXD.CMPSN:3K OHM,5%,0.25W 01121 CB3025
A27R6194 315-0202-00 RES..FXD,CMPSN:2K OHM,5%.0.25W 01121 CB2025
A27R6195 315-0101-00 RES..FXD,.CMPSN:100 OHM,5%,0.25W 01121 CB1015
A27R6197 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
A27R6198 315-0103-00 RES. FXD,CMPSN: 10K OHM,5%.0.25W 01121 CB1035
A27R6199 315-0512-00 RES..FXD.CMPSN:5.1K OHM.5%,0.25W 01121 CB5125
A27R6222 315-0823-00 RES.,FXD.CMPSN:82K OHM.5%.0.25W 01121 CB8235
A27R6230 315-0103-00 RES..FXD.CMPSN:10K OHM.5%,0.25W 01121 CB1035
A27R6231 315-0910-00 RES.,FXD,CMPSN:81 OHM,5%,0.25W 0112t CB9105
A27R6232 315-0102-00 RES..FXD.CMPSN:1K OHM.5%,0.25W 01121 CB1025
A27R6233 315-0102-00 RES..FXD.CMPSN:1K OHM.5%.0.25W 01121 CB1025
A27R6245 315-0101-00 RES.,FXD.CMPSN:100 OHM.5%,0.25W 01121 CB1015
A27RB250 307-0542-00 RES.NTWK.FXD.FI: 10K OHM,5%,0.125W 01121 106A103
A27R6251 315-0102-00 RES..FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A27R6252 315-0102-00 RES..FXD.CMPSN: 1K OHM 5%,0.25W 01121 CB1025
A27R6260 315-0152-00 RES..FXD.CMPSN:1.5K OHM 5%,0.25W 01121 CB1525
A27R6261 315-0152-00 RES..FXD.CMPSN:1.5K OHM.5%.0.25W 01121 cB1525
A27R6262 315-0391-00 RES..FXD.CMPSN:390 OHM.5%,0.25W 01121 CB3915
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Component No. Part No. Eff Dscont Name & Description Code Mir Part Number
A27R6263 315-0621-00 RES. FXD.CMPSN:620 OHM.5%,0.25W 01121 €B6215
A27R6264 315-0101-00 RES..FXD.CMPSN:100 OHM.5%,0.25W 01121 cB1015
A27R6266 315-0510-00 RES..FXD,CMPSN:51 OHM,5%,0.25W 011214 CB5105
A27R6267 315.0511-00 RES..FXD.CMPSN:510 OHM.5%,0.25W 01121 CB5115
A27R6270 315-0391-00 RES.,FXD.CMPSN:390 OHM .5%,0.25W 01121 CB3915
A27R6271 315-0511-00 RES..FXD.CMPSN:510 OHM,5%,0.25W 01121 CB5115
A27R6273 315-0391-00 RES.,FXD.CMPSN:390 OHM,5%,0.25W 01121 CB3915
A27R6274 315.0511-00 RES.,FXD,CMPSN:510 OHM.5%,0.25W 01121 CB5115
A27R6275 . 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
A27R6276 307-0541-00 RES NTWK.THK FL:(7)1K OHM,10%,1W 91637 MSPOBAQ1-102G
A27R6277 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CB7525
A27R6290 321-0157-00 RES. FXD.FILM:422 OHM,1%,0.125W 91637 MFF1816G422R0F
A27R6291 321-0066-00 RES. FXD.FILM:47.5 OHM,1%,0.125W 91637 MFF1816G47RS50F
A27R6293 315-0510-00 RES..FXD,CMPSN:51 OHM,5%,0.25W o112 CB5105
A27R6294 315-0511-00 RES. FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
A27U5910 156-0656-02 MICROCIRCUIT,DI:DECADE COUNTER, BURN-IN 01295 SN74LS90
A27U5930 160-2298-00 MICROCIRCUIT,Di:32768 X 8 EPROM,PRGM
A27U5940 156-1111-02 MICROCIRCUIT,DI:OCTAL BUS TRANSCEIVERS 01295 SN74L52454P3
A27U5942 156-0866-02 MICROCIRCUIT,D!:13 INP NAND GATES,SCRN 80009 156-0866-02
A27U5950 156-0469-02 MICROCIRCUIT,DI:3/8 LINE DCDR 01295 SN74LS138NP3
A2705952 156-0865-02 MICROCIRCUIT,DI:OCTAL D-TYPE FF W/CLEAR 01295 SN74LS273NP3
A27U5990 156-1340-01 MICROCIRCUIT,DI:QUAD 2-INP OR GATE 02735 CD4071BFX
A27U6010 156-0124-02 MICROCIRCUIT,D:PHASE/FREQ DETECTOR.SCRN 80009 156-0124-02
A27U6070 156-1795-00 MICROCIRCUIT,DI:DUAL 4 TO 1 MUX SCRN 04713 MC10H174
A27U6120 1568-0266-00 MICROCIRCUIT,LI.EMITTER COUPLED OSCILLATOR 04713 MC1648P/L
A27U6130 156-1248-00 MICROCIRCUIT,DI:PRESCALER/DIVIDE BY 100 80009 156-1248-00
A27U6140 156-1550-00 MICROCIRCUIT,DI:SYSTEM TiIMING CONTROLLER 34335 AM9513(PCTB OR D
A27U6150 156-0386-02 MICROCIRCUIT, DI TRIPLE 3-INP NAND GATE 27014 DM74LS10N
A27U6152 156-0383-02 MICROCIRCUIT,DI:QUAD 2-INP NOR GATE 01295 SN74LS02
A27U6230 156-1134.00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 02735 CA3140EX
A27U6250 156-0852-02 MICROCIRCUIT.DI:HEX DRVR W/3 STATE INP 01295 SN74LS367NP3
A27U6252 156-0388-03 MICROCIRCUIT,DI:DUAL D FLIP-FLOP 07263 74L.S74A
A27U6290 156-0411-02 MICROCIRCUIT,LI:QUAD COMPARATOR,SEL 04713 LM339JDS
A27W6210 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200E0
A27Y5810 158-0269-00 XTAL UNIT.QTZ:13.10669 MHZ 33096 OBD
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Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A32 670-7999-00 CKT BOARD ASSY:WORD RECOGNIZER PROBE #1 80009 670-7999-00
A32C6303 283-0423-00 CAP..FXD,CER DI:0.22UF, +80-20%,50V 04222 DGO015E224Z
A32C8334 283-0423-00 CAP.,FXD,CER DI:0.22UF, + 80-20%,50V 04222 DGO15E224Z
A32C6338 281-0767-00 CAP.,FXD,CER DI:330PF.20%,100V 12969 CGB331MEN
A32CR6330 152-0141-02 SEMICOND DVC,DI:SW.S1,30V,150MA,30V,DO-35 01295 1N4152R
A32CR6335 152-0664-00 SEMICOND DEVICE:SWITCHING,S1.70V 50434 5082-2800
AJ2CR6340 152-0664-00 SEMICOND DEVICE:SWITCHING,SI,70V 50434 5082-2800
A32J6300 131-3046-00 TERM SET,PIN:HEADER.1 X 10,0.155 SPACING 22526 oBD
A3246370A 131-1425-00 TERM SET,PIN:(36) 0.025 SQ RTANG.0.150L 22526 65521-136
A32J6370B 131-1426-00 TERM SET.PIN:(36) 0.025 SQ RTANG,0.25L 22526 65524-136
A32J6380 131-3045-00 CONN.RCPT,ELEC:CKT BD,RTANG,1 X 5,0.1 5P
A32J6385 136-0547-00 CONNECTOR,RCPT,:6 PIN.FEMALE 00779 1-380949-6
A32L6354 108-0245-00 COIL,RF:3.9UH 76493 B6310-1
A32Q6334 151-0190-00 TRANSISTOR:NPN,S1,T70-92 04713 SPS7969
A32R6301 315-0301-00 RES.,FXD,CMPSN:300 OHM.5%,0.25W 0t121 CB3015
A32R6302 . 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 cB3015
A32R6303 315.0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
A32R6304 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W on21 CB3015
A32R6305 315-0301-00 RES. FXD,CMPSN:300 OHM,5%,0.25W 01121 €B3015
32R6306 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 0112t CcB3015

. -A32R6307 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
A32R6308 315.0301-00 RES.,FXD,CMPSN:300 OHM.5%.0.25W 01121 ©B3015
A32R6325 315-0301-00 RES..,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB30t5
A32R6330 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
A32R6336 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035
A32R6340 315-0222-00 RES..FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
A32R6350 315.0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
A32U6310 156-1707-00 MICROCIRCUIT,DI: QUAD 2-INPUT NAND GATE 07263 74FO00PCQR
A32U8315 156-1707-00 MICROCIRCUIT,DI: QUAD 2-INPUT NAND GATE 07263 74F0OPCQR
A32U6320 156-0441-00 MICROCIRCUIT,DI:8 BIT IDENTITY COMPARATOR 07263 74F521
A32U6325 156-0572-02 MICROCIRCUIT,DI:8 BIT SERIAL IN/PRL OUT,SE 27014 MM74C164JA +
A32U6330 156-0572-02 MICROCIRCUIT,DI:8 BIT SERIAL IN/PRL OUT SE 27014 MM74C164JA +
A32U6335 156-1724-00 MICROCIRCUIT,DI:QUAD 2 INPUT OR GATE,SCRN 04713 74F32(ND OR JD)
A32U6350 156-1611-00 MICROCIRCUIT,DI:DUAL D TYPE EDGE-TRIGGERED 07263  74F74
A32U8356 156-1743-00 MICROGIRCUIT,DI:QUAD 2 INPUT NOR GATE 07263 74F02(PCQR OR DC
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A33 670-7998-00 CKT BOARD ASSY:WORK RECOGNIZER PROBE #2 80009 670-7998-00
A33CB410 283-0423-00 CAP..FXD,CER D}:0.22UF, =+ 80-20%.50V 04222 DGO15E2242Z
A33C5440 283-0423-00 CAP..FXD,CER DI:0.22UF, + 80-20%,50V 04222 DGO15E224Z
A33J6400 131-3046-00 TERM SET,PIN:HEADER.1 X 10,0.155 SPACING 22526 0BD
A33P6380 131-3153-00 TERM SET,PIN:(36)0.025 SQ.RTANG,0.22 L T1557  082-3643-RS20
A33P6385 131.3153-00 TERM SET,PIN:(36)0.025 SQ,RTANG,0.22 L T1557 082-3643-RS20
A33R6400 315-0301-00 RES. FXD,CMPSN:300 OHM,5%,0.25W o121 CB3015
A33R6401 315-0301-00 RES..,FXD,CMPSN:300 OHM,5%,0.25W o1121 CB3015
A33R6402 315-0301-00 RES.,FXD.CMPSN:300 OHM,5%,0.25W 01121 CB3015
A33R6403 315-0301-00 RES..FXD,CMPSN:300 OHM.5%,0.25W 01121 CB3015
A33R6404 315-0301-00 RES..FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
A33R6405 315-0301-00 RES..FXD,CMPSN:300 OHM,5%,0.25W o121 CB3015
A33R6406 315-0301-00 RES..FXD,CMPSN:300 OHM,5%,0.25W 01121 CcB3015
A33R6407 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
A33R6408 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W o2 CB3015
A33R6432 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
A33R6443 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
A33U6405 156-1707-00 MICROGCIRCUIT,DI: QUAD 2-INPUT NAND GATE 07263 74F00PCQR
A33U6409 156-1707-00 MICROCIRCUIT,DI: QUAD 2-INPUT NAND GATE 07263 74F00PCQR
A33U6415 156-0441-00 MICROCIRCUIT,DI:B BIT IDENTITY COMPARATOR 07263 74F521
A33U6420 156-0572-02 MICROCIRCUIT,DI:8 BIT SERIAL IN/PRL OUT,SE 27014 MM74C164.JA +
A33U6425 156-0572-02 MICROCIRCUIT,Di:8 BiT SERIAL IN/PRL OUT,SE 27014 MM74C164JA +
A33U6430 156-0572-02 MICROCIRCUIT,DI:8 BIT SERIAL IN/PRL OUT,SE 27014 MM74C164JA +
A33U6435 156-1800-00 MICROCIRCUIT,DI:QUAD 2 INPUT EXCLUSIVE OR 07263 74F86(PCQR OR DC
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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 compaonents as they become available.
and to give you the benefit of the latest circuit improvements
developed n our engineering department. it is theretore
important, when ordering parts. to include the following
information in your order Part number. instrument type or
number. serial number. and modification number if applicable

it a part you have ordered has peen replaced with a new or
improved part. your local Tektromix. inc. Field Office or
representative will contact you concerning any change in part
number

Change information. 1f any. is located at the rear of this

marnual N

ITEM NAME

In the Parts List. an ltem Name 1S separated from the
description by a colon (). Because of space limitations, an ltem
Name may sometimes appear as incomplete. For further item
Name identification. the U S Federat Cataloging Handbook HE-1
can be utilized where possible

FIGURE AND INDEX NUMBERS

Iterns 1n this section are referenced by figure and index
numbers to the tlustrations

INDENTATION SYSTEM

This mechanical parts list is ndented to indicate item
relationships. Following is an example of the indentation system
used tn the description column.

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 \n 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.

ABBREVIATIONS

INCH ELCTRN ELECTRCON
] NUMBER SIZE ELEC ELECTRICAL
ACTR ACTUATOR ELCTLT ELECTRQLYTIC
ADPTR ADAPTER 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 80OARD FLTR FILTER
BRKT BRACKET FR FRAME or FRONT
8RS BRASS FSTNR FASTENER
BRZ BRONZE FT FOOT
BSHG BUSHING FXD FIXED
CAB CABINET GSKT GASKET
cap CAPACITOR HOL HANOLE
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 G VOLTAGE
CPLG COUPLING iC INTEGRATED CIRCUIT
CRT CATHODE RAY TUBE iD INSIDE DIAMETER
DEG DEGREE IDENT INENTIFICATION
DWR DRAWER IMPLR PAFELLER
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IN NCH SE SINGLE END
INCAND iNCANDESCENT SECT SECTION
INSUL INSULATOR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDR  LAMPHOLDER SHLDA SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL 5L SLIDE

MTG MOUNTING SLFLKG SELF-LOCKING
NP NIPPLE SLVG SLEEVING

NON WIRE NOT WIRE WOUND SPR SPRING

o8B0 ORDER BY DESCRIPTION SQ SQUARE

(e]0] DUTSIDE DIAMETER SST STAINLESS STEEL
QVH 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 PG TAPPING

RES RESISTOR TRH TRUSS HEAD
RGD RIGID v VOLTAGE

ALF AELIEF VAR VARIABLE
RTNR RETAINER w WITH

SCH SOCKEY HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR TRANSFORMER
SCR SCREW XSTR TRANSISTOR
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2445/2465 Option 06/09 Service

Fig. &
Index Tektronix Serial/Mode! No. Mir
No. Part No. Eff Dscont Qty 12345 Name & Description Code Mfr Part Number
T 1 COUNTER/TIMER/TRIGGER.OPT.06 2445/2465
-1 407-1473-00 1 'BRACKET,SUPPORT:CKT BD,ALUMINUM 80009 407-1473-00
-2 200-2871-00 1 .COVER,ELEC CONN:PLASTIC T1319 ORD BY DESCR
129.1032-00  B020000  BO21649 1 SPACER,POST:6.75L W/6-32 INT THD
...... - (2445 ONLY)
361-1286-00  B021650 1 _SPACER,BRACKET:7.5L POLYCARBONATE, BLACK
________ - - (2445 ONLY)
129-1032-00 B020000 B022909 1 SPACER,POST:6.75L. W/6-32 INT THD
......... - (2465 ONLY)
361-1286-00  B022910 1 SPACER,BRACKET:7.5L,POLYCARBONATE BLACK
.......... - (2465 ONLY)
I 1 .CKT BOARD ASSY:BOUNTER TIMER TRIGGER
I - {SEE A27 REPL)
.4 136-0755-00 1 ..SKT.PL-IN ELEK:MICROCIRCUIT,28 DiP 09922 DILB28P-108
5 175.7927-00 1 .CA ASSY.SP,ELEC:10.28 AWG,11.0 L,RIBBON 22526 81246-002
I - (BUFFER BOARD TC MAIN BOARD AT POSITION C
-6 175-7929-00 1 .CA ASSY SP,ELEC:4,26 AWG,18.0 L,RIBBON 22526 81064-004
I— - {BUFFER BOARD TQ MAIN BOARD AT POSITION D
7 175-7928-00 1 .CA ASSY,SP,ELEC:10,28 AWG,18.75 L RIBBON 80009 175-7928-00
R - {BUFFER BOARD TO MAIN BOARD AT POSITION E
-8 175-7183-00 1 .CA ASSY,SP ELEC:7,22 AWG,7.75 L,RIBBON ‘80009 175-7183-00
9 175-7184-00 1 .CA ASSY.SP ELEC:34,28 AWG,6.5 L,RIBBON 80009 175-7184-00
10 S 1 .CKT BOARD ASSY:BUFFER(SEE A20 REPL)
srsnessevness ATTACHING PARTS) ™"+
RE 211-0711-00 5 SCR,ASSEM WSHR:6-32 X 0.25 L.PNH.TORX 01536 ORD BY DESCR
reaneeesens *(END ATTACHING PARTS) "+
I - .BUFFER BOARD ASSY INCLUDES:
-12 361-1252.00 5 ..SPACER,CKT BD:0.1ID X 0.188 OD X 0.185
-13 136-0751-00 1 _.SKT,PL-IN ELEK:MICROCKT 24 PIN 09922 DILB24P108
14 131-0993-00 1 ..BUS.CONDUCTOR:2 WIRE BLACK 00779 850100-01
214-3474-00 1 ..HEAT SINK,ELEC:ALUMINUM,ANODIZED & DYE B
e 1 WORD RECOGNIZER,OPT.09 2445/2465
010-6407-01 1 .PROBE,WORD RECO:P6407, W/ACCESSORIES 80009 010-6407-01
010-6407-00 1 ..PROBE,WORD RECQ:P6407 80009 010-6407-00
334-0001-00 1 ...MARKER,IDENT:MKD WORD RECOGONIZER IN/OU
-15 334-5200-00 1 ..MARKER,IDENT:MKD WORD RECOGNIZER PROBE
-16 334-5201-00 1 ..MARKER,IDENT:MKD WORD RECOGNIZER PROBE
A7 380-0710-00 1 ...HOUSING PROBE:POLYCARB, SLATE GRAY.LOWER 80009 380-0710-00
174 380-0711-00 1 ...HOUSING,PROBE:POLYCARB.SLATE GRAY,UPPER 80009 380-0711-00
+=**ATTACHING PARTS FOR EACH HOUSING)™*
-18 211-0318-00 4 ...SCREW MACHINE:4-40 X 0.75,FLH,100 DEG 93907 ORD BY DESCR
19 210-0408-00 4 .NUT.PLAIN HEX.:6-32 X 0.312 INCH,BRS 73743 3040-402
-------- “(END ATTACHING PARTS)™*****="*
-20 358-0675-00 1 ..STRAIN RLF,CA:UPPER
-21 358-0347-00 1 ...STRAIN RLF,CA:LOWER,PLASTIC
.22 175-8853-01 1 ...CA ASSY,SP.ELEC:6/26 AWG,81.0 L.8-N 80009 175-8853-01
.23 361-0758-01 1 ...SPACER,PROBE:ACETAL SLATE GRAY 80009 361-0758-01
.24 e 1 ...CKT BOARD ASSY:WORD RECOGNIZER PROBE #2
I - ...(SEE A33 REPL)
25 e - 1 ....TERM SET.PIN:HEADER.1 X 10,0.15 SPACIN
e - ....(SEE A33J6400 REPL}
26 ——— e AR ...CONTACT,SET ELEC:R ANGLE,0.250 L STRIP
R - ...{SEE A33P6380,P6385 REPL)
27 [ 1 ...CKT BOARD ASSY:WCRD RECOGNIZER PROBE #1
..... - ..(SEE A32 REPL)
OB e — ....TERM SET,PIN:HEADER,1 X 10,0.15 SP RTA
I - ...{SEE A32J6300 REPL)
29 e 1 ....CONN RCPT ELEC:CKT BD.RTANG,1 X 5,0.1
_______ - ...(SEE A32J6380 REPL)
30 e ....CONN,RCPT ELEC:CKT BD,RTANG.1 X 5,0.1
........ - ...{SEE A32)6385 REPL)
31 e e AR ...CONTACT SET.ELEC:RTANG,10.150 L

....{SEE A32J6370 A REPL)

6-13
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Index Tektronix Serial/Model No. Mfr
No. Part No. Eff Dscont Qty 12345 Name & Description Code Mfr Part Number
132 e - AR ..CONTACT SET,ELEC:RTANG,0.250 L(3 WIDE)
.......... ...(SEE A32J3708 REPL)
-33 175-7932-00 1 CA ASSY.SP.ELEC:6.26 AWG,15.0 L.9-N 80009 175-7932-00
creeeeeee s ATTAGHING PARTS) "
-34 220-0006-00 1 NUT,PLAIN,HEX: 12MM X 1MM
.35 210-0021-00 | 'WASHER,LOCK:INTL,0.476 1D X 0.60"0D ST 78189 1222-01-00-0541C
.......... 1 {FURNISHED WITH CONN/CABLE ASSY)
sesaesavnte o END ATTACHING PARTS) ™" "
-36 346-0120-00 1 STRAP,TIEDOWN:5.5 L MIN,PLASTIC 06383 SST 1.5M
37 131-0103-00 i .CONN,RCPT,.ELEC:BNC,FEMALE 91836 K79-304M06
131-1343-00 1 TERM. SET,PIN:36-0.525 L X 0.025 SQ 22526 65501-136
-38 175-7931-00 1 .CABLE ASSY,RF:50 OHM COAX 4.25 L 80009 175-7931-00
333-2877-00 1 JPANEL,FRONT: 80009 333-2877-00
......... - {2445/2465 OPT.06 ONLY)
! 333-2993-00 1 PANEL,FRONT: 80009 333-2993-00
P - (2445 OPT.06 & OPT.09 COMBINED)
333-2994-00 1 'PANEL.FRONT:2445 OPT.05/06 OPT COMBO 80009 333-2994-00
........ - - (2445 OPT.05 & OPT. 06 COMBINED)
333-2990-00 1 PANEL.FRONT: 80009 333-2990-00
.......... - (2465 OPT.06 & OPT. 09 COMBINED)
333-2991-00 1 'PANEL.FRONT:2485 OPT.05/06 COMBO 80009 333-2991-00
PO - (2465 OPT. 05 & OPT.06 COMBINED)
STANDARD ACCESSORIES
010-6407-00 1 PROBE,WORD RECO:P6407 80009 010-6407-00
-39 012-0747-00 2 .LEAD SET.ELEC:10 WIDE,25 CML 80009 012-0747-00
-40 206-0222.00 20 TIP,PROBE:MICROCIRCUIT TEST 80009 206-0222-00
070-4631-00 1 MANUAL . TECH:OPERATORS,2445/2465 80009 070-4631-00
070-5366-00 1 CARD.INFO:REF.CTT OPT & WORD REC MENU 80009 070-5366-00
070-4181-00 1 MANUAL, TECH:REFERENCE,2445/2465 80009 070-4181-00
OPTIONAL ACCESSORIES
070-4632-00 MANUAL, TECH:SERVICE,2445/2465 80009 070-4632-00
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Section 7-—2445/2465 Option 06 and Option 09 Service

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols
Graphic symbols and class designation letters are
based on ANS} Standard Y32.2-1875.

Logic symbology is based on ANS! Y¥32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer's data.

The overline on a signal name indicates that the signal
performs its intended function when it is in the low state.

Abbreviations are based on ANSI Y1.1-1972.

Other ANSI standards that are used in the preparation
of diagrams by Tektronix, Inc. are:

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number (e.g., A20). The assembly number
appears on the circuit board outline onthe diagram,inthe
title for the circuit board component location iflustration,
and in the lookup table for the schematic diagram and
corresponding component locator iltustration. The
Replaceable Electrical Parts listis arranged by assemblies
in numerical sequence; the components are listed by
component number *(see following illustration for
constructing a component number).

A B

The information and special symbols below may appear in this manual.

Y14.15, 1966  Drafting Practices.
Y14.2, 1973 Line Conventions and Lettering.
Y10.5, 1968 Letter Symbols for Quantities Used in

Electricai 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 picotfarads (pF).
Values less than one are in microfarads
(uF).

Resistors = Ohms (Q).

The schematic diagram and circuit board component
location illustration have grids. A lookup table with the
grid coordinates is provided for ease of locating the
component. Only the components iliustrated on thefacing
diagram are listed in the lookup table. When more than
one schematic diagram is usedtoillustrate the circuitry on
a circuit board, the circuit board iltustration may only
appear opposite the first diagram on which it was il-
lustrated: the lookup table will list the diagram number of
other diagrams that the circuitry of the circuit board
appears on.

Function Block Title

Moditied Component—See
Parts List (Depicted in grey,
or with grey outline)

Internal
Screwdriver

Strap or Link

Adjustment [ SV sETUR 0s9e
- o« 2@

cmomen, 4 ||TOF T CEES e 3 Lo g

osure Char ; 5 LA
(Dot indicates | GEES —> >—ao!
switch closure) caz \,D_ 2K I *«l PBE ~ Plug to E£.C. Board

1 ’
Etched Circuit Board +sv 678 gupd e 182! eB2 J1e0 Moo
Outlined in Black 1S It4 +5Vv — O (e SYNC | = - identifies Panel
~ [_2.4 d + SV ~ “ ontrols, Connectors and
Refer to Waveform TP4 Indicators
¢ b S h .
Function Block 2 "1 ,' fERTS) 49.8K = Coaxial connectors:
Qutiine (—-—§o = ok 8.0v - maie
Q > " >—[| _ female
IC 1ype -79?23 CRS4 74 (Q5g ] |1 - Plug Index, signifies pin No. 1
Test Voltage ! l ;g: LE'C_‘ o" External Screwdriver Ad].
—1sy, 1 Shielding
Heat Sink 3 . 3\\ | I
] S 2 sge Selected value. see Parts List
Board Name > | and Maintenance Section for
- Selection Criteria
P/O—Part of JLEzoas TiminG soaro §
circuit board 4 '
‘ : Decoupled or Filtered

TO R332 | -

Voltage

Assembly Number

Tektronix Part No.

for circuit boards

B7D-XXXX~XX
-

* COMPONINT NUMBER EXAMPLE

Component Huymper

Lomeonen b
A23A2R1234
LI
doent - Ot
umbe Stisimdy ool
[l

Zagaies reaAtED (A Dty Taee ne daurmDiy Nrte:
P01 e e 3 Sepsceane ettica et L8l

SYNC GENERATOR <‘5>

48 Refer to Diagram Number
and Gnd Coordinates

bl
Schematic Name

and Number



COLOR CODE

COMPOSITION SMALL DISC
RESISTORS CAPACITORS

DIPPED
TANTALUM
ELECTROLYTICS

METAL-FILM
RESISTORS

CERAMIC
CAPACITORS

e @@ and @ — 1st, 2nd, and 3rd significant figures
@ —multiplier @ —tolerance

@ —temperature coefficient
@ and/or @ color code may not be present
@ —polarity and voltage rating on some capacitors

COLOR SIGNIFICANT RESISTORS CAPACITORS DIPPED
FIGURES ["MULTIPLIER | TOLERANCE | MULTIPLIER TOLERANCE friiv
over 10 pF under 10 pF RATING
BLACK 0 1 —_— 1 +20% 2 pF 4vDC
BROWN 1 10 1% 10 1% +0.1 pF 6 VDC
RED 2 107 or 100 +2% 10% or 100 2% — 10VDC
ORANGE 3 10% or1 K 3% 10% or 1000 3% —_— 15VDC
YELLOW 4 10% or 10K +4% 10* or 10,000 +100% 9% | ——— 20 VDC
GREEN 5 10° or 100 K A 10° or 100,000 5% +0,5 pF 25 VDC
BLUE 6 10%6r1 M % 10° or 1,000,000 _— —— 35 VDC
VIOLET 7 —— +1/10% — _— — 50 VDC
GRAY 8 _— - 102 or 0.01 +80% —20% | *0.25pF _—
WHITE 9 S S 10" or 0.1 +10% +1 pF —_—
GOLD - 107! or 0.1 +5% — - —— S
SILVER - 1072 or 0.01 +10% S N — _
NONE - _— +20% —— +10% 1 pF -

e {1861-20A)4206-31

Figure 7-1. Color code for resistors and capacitors.



STANDARD
0SCILLOSCOPE

ANALOG SICNALS
FROM
BUFFER BOARD

BUFFER BOARD

ANALOGTOS 1GNALS
BUFFER BOARD

ANALOG AND
POWER
DISTRIBUTION

POWER SUPPLIES

\

&

MI1CROPROCESSOR

EAROM BUS

BUS
———————— >

C/T/T CONTROLLED
TRIGGER SIGNALS

0SCILLOSCOPE
TRIGGER AND
HORIZONTAL SIGNALS

COUNTER/

POWER SUPPLIES

TIMER/
TRIGGER

BUFFER BOARD
DIGITAL

DISTRIBUTION

MICROPROCESSOR
BUS

\

W DATA

SWVHDVIO—L NOU.D3S

-1 '9ld "HVYId XD014 a3HNdWIS

W CLOCK

-

WORD

DATA RTRN

POVER

WORD
RECOGNIZER
PROBE

¥T OUT

Figure 7-2. Simplified block diagram.
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CONNECTOR
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SIGNAL
SOURCES
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2445/2465 Option 06 and Option 09 Service

2. Determine the Circuit

To identify any component 1. Locate the Circuit Board Hlustration
mounted on a circuit board and
to locate that component in the a. In the instrument identity the Assembly Number of the a. Compare the circu

circuit board in question. The Assembly Number is usually the desired compo
printed an the upper left corner of the circuit board on the tion.

component side.

appropriate schematic diagram

) b. Scanthetableadja
b. Inthe manual locate and pull out tabbed page whose title find the Circuit Nu
corresponds with the Assembly Number of the circuit

=
o
o
=
o]
(&
[}
Z
-
<
Q
(o}
i

]

=

e board. Circuit board assembly numbers and board

5 nomenclature are printed on the back side of the tabs c. Determine the Sci
x {facing the rear of the manual). component is loca

e

! & -
§§\3";}, 872 Lszl7 -
Lo &
w32 /-] ¥
CFE -
A 3; (if- s _iu:i. e %
F¥ ... g -

Fgure B-7 A% CRT board component locetions. . .
1

A6 CRT BOARD

S foesstive Ouweces
S Mt Lachae

CONPONTNT NUBBEN {XANPE

PULL OUT PAGE
TABS FOR CIRCUIT ASSEMBLY NUMBER tLLUSTR.
BOARD ILLUSTRATION s AND CIRCUIT INSTRUME
3 BOARD NAME BOARD

4. Determine the Circuit Board lllustration and C

5. Locate the Component on the Circuit Board
Location

a. Inthe manual, locate and pull out the tabbed page whose
title and Assembly Number correspond with the desired . a. From the schematic diagram, determine t:
circuit board. This information is on the back side of the Number of the circuit board on which the ¢
tabs. mounted. This information is boxed andlocat

of the heavy line that distinguishes the boa

b. Using the Circuit Number and grid coordinates, locate the
component on the Circuit Board lilustration. b. Scan the Component Location Table for t
Number just determined and findthe Circuit !

desired component.
¢. In the circuit board location illustration, determine the

jocation of the circuit board in #he instrument.
c. Under the BOARD LOCATION column, r

coordinates for the desired component.

d. Find the circuit board in the instrument and compare it
with its illustration in the manual to locate the desired

component on the board. Figure 7-3. Locating components on schematic dia




he Circuit Number

e circuit board with its illustration and locate
i mponent by area and shape on the illustra-

e table adjacent tothe Circuit Boardlltustration and
- Circuit Number of the desired component.

: i i mber in which the
ne the Schematic Diagram Nu A6 CRT BOARD
ent is located.
-
/\ COMPONENTS LOCATED ON SCHEMATIC DIAGRAM
/eﬂ/ Q668 R625
c64a1 R626
c643 R604 R627
cen cest R605 R630 COMPONENT LOCATION
C615 R608 RE32 TABLE
C616 Q606 R609
c617 Q610 RE10
cers Q615 Re14 CRT CIRCUIT DIAGRAM 4G
c619 Q645 R616
ARD
A6 CRT BO c624 Q656 R623 y—
C626 Q665 7624 "

COWMIRIAIE LOCATID Gh LCHAUATE DiORAW @ .
o e o] cacer | cwn

mAls OEANON \OTATON WoMTR \OCA +

: +

1

COMPONENTS LOCATED ON SCHEMATIC DIAGRAM @

EETEIEE PETL

ComPamIATS 1GCATID T ACHINATC CibuaLM @

[F A R

PriemxaxSRITRaZTATES

e C670 Q670 R677 & i

EX B cB71 Q672 R679 = s o=

- o c673 Q673 RE80 @ Pl E G

Lo . €680 - w " o H
ce81 R671 us17 2ot E o
P603 R673 U618 o R R !
P607 R674 U619 woe o ow | B
Q669 R675 -

LY Y )

*
LT ERNS P

was

CRT CIRCUIT DIAGRAM

CHASAB MOUNIED FaaTe

T MANUAL BINDER LT N A
» A6 ASSEMBLY R
e
e CIRCUIT SCHEM | BOARD CIRCUIT SCHEM | BOARD
NUMBER [LOCATION|LOCATION| NUMBER |LOCATION|LOCATION
- 3cC Q656 2F 2B
€603 j\lc Q665 G 18
3] aE == 0668 2G 28
ILLUSTRATION FOR C612 7C 3E MANUAL BINDER
NSTRUMENT CIRCUIT C615 7C
BOARD LOCATION Cé16 2C
ce17 7D
c618 7E
c619 6E
c624 aF
C626 7G
ion and Component /égf% gg
L. C651 3E
S B
termine the Assembly \3\
-hich the component is \0§°v~
dandlocatedinacorner 86?8 ‘;E
2s the board outline. Q615 70
0645 3E
able for the Assembly -l
ve Circuit Number of the
CHASSIS MOUNTED PARTS 3
solumn, read the grid CIRCUIT SCHEM | BOARD CIRCUIT SCHEM BOARD
nent. NUMBER |[LOCATION |{LOCATION| NUMBER [LOCATION [LOCATION >
L635 51 CHASSIS V635 6J CHASSIS aq
:matic diagrams and circuit board illustrations.



(facing the front of the manual).

desired component.

3. Locate the Component on the Schematic Diagram

a. Locate and pull out tabbed page whose number and title [
correspond with the Schematic Diagram Number just
determined in the table. Schematic diagram nomenclature
and numbers are printed on the front side of the tabs

Under the SCH
coordinates for t

EM LOCATION column, read the grid
he desired component.

d.  Using the Circuit Number and grid coordinates, locate the

component on the schematic diagram.

b. Scan the Component Location- Table adjacent to the
schematic diagram and find the Circuit Number of the

PULL OUT
PAGE TABS
FOR SCHEMATIC

DIAGRAMS

AcuIT DIAGRAM & -
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] 3]
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t5ge . e SHEEMIIILEIY
3 ]
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| PARTIAL A6 CRT CIRCUIT soarp |

Numeral and letter at signal lines
to or from other diagrams
indicates the grid coordinates on
aré(;thar schematic (for example:
a4

To identify any component in a
schematic diagram and to locate
that component on its respective
circuit board.

CRT CIRCUIT

SCHEMATIC DIAGRAM
NAME AND NUMBER

(3516-8144206-33




STANDARD
0SCILLOSCOPE

BUFFER BOARD ANALOG
AND POWER DISTRIBUTION

@

[}

ANALOG
SIGNALS
FROM CPTION

ANALOG
SIGNALS A
TO OPTION

ANALOG SIGNALS
FROM

| BUFFER BOARD

ANALOG SIGNALS
TO BUFFER BOARD

POWER SUPPLIES

y

POWER TO ALL CIRCUITS

J

MICROPROCESSOR BUS

EAROM BUS

DATA BUS \
| BUFFERS DATA BUS N
U4255 N
N
N
4
\ ADDRESS BUS
, »|  BUFFERS ADORESS N
U4235, U4245 BUS
/
N
CONTROL BUS
N BUFFERS | |
4225, U4265 TATh
BUS
— ™ BUFFE
U594g
ROM
N U4268
PTION \contro. %
Y ]  EAROM BUS
u42e7
BUFFER BOARD
DIGITAL DISTRIBUTION




WORD

A

A

- A AUX TRIC
A_ § AUX TRIG
2.62MHz L
7] OSCILLATOR | 43 {ppz 5.24MHz
Q5929 GATE
Q5921 | ARRAY i
Y PHASE 57
LOCKED o DAT.
LOOP MT
DIVIDER | 1.31M4z Y usgiaa | 131MHz
Use1g use1P8 >
Yy U6238
us120 Og > STATUS
ue130 04 LEVEL > REGISTER |
02 SHIFTING - UB258
Us290 -
05192 - > \W
H! REF Q6191
A 06278
Q6271
Q6272
WORD ATS CLK C© o] 6273 o S5 s4
™ TSA ———&—= 8BTS 06298
»| LEVEL SHIFTING CLK B g6291 ——*S
N 158 AND MULTIPLEXING »{ 05 LK A o COMPLEX
N B3 UBa78 , USI98A RC oare A o1 COUNTER
h =B Us9980 , Q5981 B E > >
Q5968 , 05982 -
. 5CA Q5983 , Q6233 EXT TERMINAL
- AHO Q5092 , Q6892 D2-1 Tc oot 1! 05
BrO Q6R91 D2-5
" L e»{H0 UB140
A | PACE 0o
MEMORY BTS EN PAGED 03 04
AND 1/0 EPROM [
DECODERS -’ Us180 U5938
USe58 12 7 ]
Us942
wp || ws | [y | [
BUS SELECT
BUFFER ﬂg}ggg REGISTER U5952 Y
U5940 US152 UB252A C1-3 'y
| 1 |
SELECT
Y
/ - / / 4
/ - / /
/ . / / - / /
- HO
- BTS EN
o ¥ DATA TO WORD RECOCNIZER

COUNTER/TIMER/TRIGGER <<:>

Figure 7-4. Detailed block diagram.



2445/2465 Option 06 and Option 09 Service

WORD
RECOG
ouT
CONNECTOR
! I VORD
I i
DATA RTRN SYNCHRONOLS OUTPUT
MULTIPLEXER
CONTROL REGISTER >
W CLOCK | l USTIB  UB32S, UB420 UG356 , 06334 EE
UB425, UB43@
¥ _DATA l l - ' EDGE SELECT QE:
“ 2o
+— 1
\ 17} INPUT INPUT >
AenaBLES  17d MATCH ! 2
p— _ \ BITS SYNCHRONIZER z
INPUT ‘ N Ueasse
GATING >
COMPARATOR U358
UB315 Ue32B
ueste [l 415 -
s4 UB485 17 UBS3SD 5
UB488 §
-}
U6235C &
2 [} c
16
-
De-15 Q
WORD RECOGNIZER @
3 04
| B |
Yy
/
_/
— 4632-12




FIG. 7-5

A20—BUFFER BOARD

2445/2465 Option 06 and Option 09 Service

Y
T
1 J4228 ot o
o 7r R42005: J4230 J4232 J4236
L R i
o RAZ0T-
! :
3 R J4241_ e o
> U4240 § ° u4z2s0
Q
L g P303
5 *P4256 is removed if the DMM Option is installed. ' .U4250
**Located on the back side of the board. 8
N
U4255 S
>
b
-
o - o
q U4235 S
6 3
7 w [=}
- N 3
T X U4245 g
> N 4225 O o
@ R4206
. _J4210 R4205
T Jaoo7 R4204

Figure 7-5. A20—Buffer board.



A20—BUFFER BOARD

50 ?_i.
Yo}
©o
=
J4330""
J4256
P4256" -
o U4260 o
2 o
N
J4258 .
- . (2] -
3 vel
3 U4275 o U4265
- £4265 .
S o - R4265 -
S 4207
Q R 4632-07
4206° o
4205 &
4204 s
Static Sensitive Devices
See Maintenance Section
COMPONENT NUMBER EXAMPLE
Component Number
fr——————
N A23 A2 R1234
o ‘—-"-r—' ! Schematic
Assembly J Lo “picut
Number Subassembly Number
Number (if used}

Chassis-mounted components have no Assembly Number

prefix—see end of Repiaceable Electrical Parts List



A20—BUFFER BOARD

CIRCUIT | SCHEM CIRCUIT | SCHEM CIRCUIT SCHEM CIRCUIT | SCHEM
NUMBER | NUMBER | NUMBER | NUMBER | NUMBER | NUMBER] NUMBER | NUMBER

C4215 21 J4238 21 R4203 21 U4250 20
C4224 21 J4240 20 R4204 20 U4250 20
C4240 21 J4240 21 R4205 20 U4250 20
C4241 21 Jaz41 20 R4206 20 U4250 21
C4255 21 J4244 21 R4207 21 4255 20
C4260 21 J4242 20 R4208 21 u4255 21
C4265 20 J4242 21 R4224 20 U4260 20
€4270 21 J4243 20 R4265 20 U4260 21
C4280 21 J4243 21 U4207 20 U4265 20
J651(B) 21 J4256 20 u4207 20 u4265 20
J4203 21 J4258 21 4225 20 4265 20
J4207 20 J4330 20 U4225 21 U4265 20
J4210 20 J4330 21 L4235 20 4265 21
J4220 21 P203 21 U4235 21 U4275 20
J4221 21 P303 21 U4240 20 U4275 21
J4228 21 P4256 20 U4240 20 U4280 20
J4230 21 Q4201 20 U4240 20 U4280 21
J4232 21 R4200 21 U4240 21

J4234 21 R4201 21 u4245 20

44236 21 R4202 21 U4245 21




o : a TngamkinEmEEmEE

e

BUFFER BOARD DIGITAL DISTRIBUTION @

ASSEMBLY A20

CIRCUIT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER | LOCATION; LOCATION NUMBER | LOCATION| LOCATION NUMBER | LOCATION| LOCATION NUMBER | LOCATION|LOCATION
Ca265 2C 6G P4256 10H 4G 4207 7C 6F U4250C 10F 5E

u4207 8C 6F 4255 3G 5E
J4207 78 7F Q4201 98 7F u4225 28 ke U4260 5F 5G
J4210 18 m U4235 4B 6E U4265A 3F 6G
J4240 3L 3D R4204 9B 7F U4240A 4D 3E u4265B 4F 6G
J4241 3J 3D R4205 98 7F u42408 9F 3E U4265C 2C 6G
J4242 3N 30 R4206 9B 7F U4240C 4D 3E U42650D 18 6G
J4243 18 2D R4224 28 D U4245 3B 6E U4275 3E 6F
J4256 9G 4G R4265 2C 6G U4250A 8G SE U4280 8F 3F
J4330 7J 4G U4250B 4E 5&

Partial A20 aiso shown on diagram 21.

’ CHASSIS MOUNTED PARTS
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT | SCHEM BOARD
NUMBER |LOCATION|LOCATION NUMBER | LOCATION!LOCATION NUMBER | LOCATION|LOCATION NUMBER { LOCATIONILOCATION
P500 1A CHASSIS P4207 7A CHASSIS w4207 9A CHASSIS
P502 7A CHASSIS P4210 1A CHASSIS w4210 6A CHASSIS
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2445/2465 Option 06 and Option 09 Service

CHASSIS MOUNTED PARTS

CIACUIT | SCHEM SCHEM CIRCUIT | SCHEM SCHEM CIRCUIT SCHEM SCHEM CIRCUIT | SCHEM SCHEM
NUMBER | NUMBER| LOCATION NUMBER | NUMBER | LOCATION NUMBER { NUMBER | LOCATION NUMBER | NUMBER | LOCATION
J59 26 28 P4210 20 1A P8307 28 4C
42732 28 1B P4228 21 3B P6308 28 4ac W4203 21 98
P4230 21 3B P8309 28 4C w4207 20 9A
P100 21 3A P4232 3 48 PE310 28 5C W4210 20 8A
P101 21 6A P4234 21 5B P6370 28 1C w4228 21 38
P102 21 4A P4236 21 68 P6400 28 6C W4230 21 48
P103 21 3A P4258 21 1P P6401 28 8C w4232 21 58
P104 21 S5A P5990 28 1A PE402 28 8C w4234 21 6B
P109 21 3A P5991 26 28 P8403 28 8C w4236 21 7B
P500 20 1A P6300 28 3C P6404 28 7C w4258 21 38
P502 20 7A P6301 28 3C P8405 28 7C W5990 28 18
P602 21 8s P&302 28 ac P6406 28 7C W6300 28 5C
P651(B) 21 18 PE303 28 ac P6407 28 7c w6370 28 2C
P2732 28 1B P304 28 4c P6408 28 7C
P4203 21 8P P6305 28 4C P6409 28 7C
P4207 20 TA P6306 28 4C P8410 28 6C
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BUFFER BOARD ANALOG AND POWER DISTRIBUTIONS @

ASSEMBLY A20

CIRCUIT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT| SCHEM BOARD
NUMBER | LOCATION|LOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION|LOCATION NUMBER| LOCATION|LOCATION
C4215 sC 6E J4221 54 3B J4330 7F 4G U4225 9D 70
C4224 9C 6E J4228 k] 1c U4235 9D 6E
C4240 9C 6F J4230 38 1C P203 98 4C U4240 9E 3E
C4241 9C 6F J4232 48 1D P£303 8B 5F U4245 aD 6E
C4255 9C 6G J4234 58 10 4250 9E 5
C4260 9C 5F J4236 6B 1€ R4200 4B 18 U4255 9D SE
C4270 ac 3E J4238 5P 2E R4201 4C 2A U4260 oC 5G
C4280 10B 3A J4240 7J kis] R4202 sD 3B U4265 SE 6G
J4241 7F kis] R4203 5D 48 4275 oD 6F
J651(8) 18 4G J4242 7L 3D R4207 4C 3A U4280 9D 3F
J4203 8P 5G J4243 6P 2D R4208 4C 4A
J4220 5L 3A J4258 1P 5G
Partial A20 aiso shown on diagram 20.
CHASSIS MOUNTED PARTS
CIRCWT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD
NUMBER | LOCATIONILOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION [LOCATION
P100 3A CHASSIS P602 8s CHASSIS P4234 5B CHASSIS W4230 48 CHASSIS
P101 6A CHASSIS P651(B) 18 CHASSIS P4236 68 CHASSIS w4232 5B CHASSIS
P102 4A CHASSIS P4203 8P CHASSIS P4258 1P CHASSIS W4234 6B CHASSIS
P103 3A CHASSIS P4228 3B CHASSIS W4236 78 CHASSIS
P104 SA CHASSIS P4230 38 CHASSIS w4203 98 CHASSIS w4258 38 CHASSIS
P109 3A CHASSIS P4232 48 CHASSIS w4228 3B CHASSIS




10

2 B | A

c , D

G

v H

SR N A e SN A Bt
'.;ssuB)-
(DAC MUXI IN€ PAC M
GND p; G
HORIZ POS €4 HORIZ
TG R
DY 4 &8 P
AANE€ DA
AB €8 af?
TO/FROM ‘
PE8T' Horrs e € TORIZ
35 | TRIG LEVE. €D TR‘Q&’
OLDORF €
n - |.7.F:.'\ W
CH{ VAR _GH! >
CHZ VAR €1 CHZ
TRACE SEP TRACE
CHI Posell _CHI
& pozde ooy
CH pOS L BN EY
PIOANCHA POS 20— CHa 7
RN rooad] pazas | 4226
4H® GND; 32 55/
PIG3 i)
FROM[ EHZ_ (T 35 CH2 OF
RStNoredar> B
8L 6 &
% 4230
(TO MAIN_BDARD) CHZ ¥
by S CFROM MATN BOARD) CHLF
e CHZ
To/ Z i;{;zou
FROM
i b
17 A +5v
K RA?{)‘)#
1et B BUX T
R420B ATC
181 oK
+5v
Ra20
7
5!0@ R420
aF @ 182
4K A
8K
FR
fif
4
12 &
%
e
e DMM
NUMERAL AND LETTEN AT SIGMNAL LINES TO
OR FROM OTHER DIAGAAMS INDICATES THE
GHID COORDINATES ON ANOTHER BCHEMATIC J43?O-
w‘:},}b (FOR EXAMPLE: 4E) ,
72 SVD} Pag30
. . ) 325600
Static Sensitive Devices 1A
parrin. D20 surres soaro I See Maintenance Section J424(-|
1 325+ 5y
'—jg_; o
COMPONENT NUMBER EXAMPLE +5vp
32+ 15V
+5vp TOI R4224 Lomporert Naaer SIGND
353 423 A2 R1234 Q&0 | 1o
U4780-1,23 AL s R GRD > P4241
- Scherats GND
B e  E 0o (4D
Numbe: it usen - GND
Chass:s monted Comporenty Bve 46 Assemdxy Nymber 40 ?9“\){
P303- orebs—se end a! Repaceable Eectuca Parls Lt 15
FRD 2 | =i
2% {*c,i“gzx_E Lx wcaz® 4] 26! el 3
as® O E:%}g U420-2732A-3 | [LA23S14L5373] [U8225-74L5315] [U4240-74L52]7
Cagal Tz 002457015313 [L4215-7405178| [4250- 140518
garss [ 4255-1415245|  [4280-7418133| |Ua2eB-IaLSP2
P203- C4270 o] g, 7,
+41v<'1 +42)
L +15)
]
3 + 5V
FROM | +5V€
oy i Ig:mo | S R4102
se® | GNbEeR T i
-5y ! -5V
!
TPl =15
1SY < .
2445/24065 OPTIONS 06 AND 09 sz



H ,__!,,,,w,,,,,’:'! R SO K

=]

Y

1 o SOOI, LN RS L - e
Jar5elra 1
DAC MUN_IN oo RSt
oA MU N
HORIZ GND
+1.36V TACHORIZ POS
~1.2 SX ——< +1\?§\‘ll RicF¢
DLY [ 157"
7Y} 3 Mol G
5B DA 5P2BB8Q
o 5,
BORIZ_ V. [ 19
TRIG LEVEL X HoriZ vAR
O DNE T2 TRIG LEVEL
1,26V TS HOLDORF
THI VAR, NSRS 2V
CHIVAR ST CHI VAR
YRALE SEP —! 1aSCHZ VAR
ZH D05 20T 7S TRACE SEP
[oF; % [ G- N T4
[XF T TR CHZ PO
Cria PO o s CHs Pos
——> CH4 PCB
W,
SSA 258
CH2 OFFSET
CH2 POS
CHZ POS
THT PO
AHO
BT
- /T - v we]  GPIB
AAEORTRG - S ~ 12 CRa POS
— e R g ot Loy
= 3 CH2
1O TAN TS 23¢H2 pOSLTO TV BD) w3 :.3: A0°
= 780 5CH PO 3 TRACE SEP o/
N ‘ % R AOX TRG e GND &=
~ AHO SPa720 22 DAC MUXi IN
$TSRCTO /77T BD) 05 e TRACE SEP 188D
TSB(TO /777 8D) SIGND oA YCTHI POS o[!S
E> TSR (FROM C/T/T BD) £IGND s H2 POS GEig
>TEB(FROM C/T/T BDY | 1O/ GND s £2CH3 POS b
TIGND | Ehom T GND ! 3 CHA POS
7> GHD GND
2
GG:g lg® GND J
GND 18
&b
_— s 14243
GND 5
o @133"
&Ng 4242 3> +a2
< =3 wiby
GO J EEORw AE5 45y
- < E H:;gsg(’
GND
‘}.1 GND IEND G »PaZa3
GND i GND G [yp,
GND TO GHhD G
GND  pPazd2 ,G:g g
GND o
E TG P 332 GO
GND 40"‘)—5V
—-—%-)-usv -y
b
B STES
l Fd Z 1423 P03 P
TLINES} 0
e 273 i FIDT pieb2
+5Vp g [E} AC
WAZ03
+42Y
15V
haad
L -5V
_ ~i5v
“sz-16 BUFFER BOARD ANALOG AND POWER DISTRIBUTIONS &

T
&<
mm
X3
=3}
O
=45
I3
o
c

3Z
o2
%o
o
o

y ©



2445/2485 Option 06 and Option 09 Service
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Figure 7-6. A27—Counter/Timer/Trigger board.

Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Component Number

e
A23 A2 R1234
T : Schematic

s—e Circutl
Number

Assembly ¥
Number Subassembly
Number (if used)

Chassis-mounted compenents have no Assembly Number
pretix—see end of Repuaceatle Blectr:cal Parts List
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A27—COUNTER/TIMER/TRIGGER BOARD

A27—COUNTER/TIMER/TRIGGER BOARD

CIRCUIT | SCHEM | CIRCUIT | SCHEM | CIRCUIT | SCHEM | CIRCUIT | SCHEM | CIRCUIT | SCHEM | CIRCUIT | SCHEM | CIRCUIT | SCHEM
NUMBER | NUMBER | NUMBER | NUMBER| NUMBER | NUMBER| NUMBER | NUMBER | NUMBER | NUMBER | NUMBER | NUMBER | NUMBER | NUMBER
C5920 26 c6270 27 Q6270 26 R6022 26 RB192 26 RE276 2 U6130 27
cs5921 7 C6290 26 Q8271 26 R6042 % R6193 2 R6276 26 U6140 %6
C5922 2 CR5960 26 Q6272 26 RE050 26 R6194 26 RE277 26 U6140 27
C5923 % CR5961 26 Q6273 26 R6060 26 R6195 26 R6290 26 UB150 26
c5924 2 CR5970 26 Q6274 2% RE062 2% RB197 26 R6291 2 UB150 26
C5940 27 CR6020 2 Q6290 26 RE063 26 RG198 26 R6293 2 UB150 26
C5950 a7 CR6162 2 Q6291 2 RE064 % R6189 2 RE294 26 U6150 27
C5960 27 CR6170 27 Q6292 26 RE0B1 26 R6221 26 TPE030 26 U6152 2%
C5961 % CR6190 2% R5920 2 R6082 26 R6222 26 TP6040 27 us1s2 2
5980 2 CR6210 % R5921 26 RE083 26 R6230 26 Us910 2 Us152 %
C5981 26 CRB211 2 R5950 26 RB084 26 R6231 2 Us5910 27 Ug152 26
C5990 27 J5880 26 R5951 26 R6085 2 R6232 26 Us930 2 Ug152 27
C5991 27 J5991 2 R5952 26 R6090 2 R6233 26 U5930 27 U6180 2
CB010 27 L5990 27 R5960 2 RE091 2 R6245 2 U5940 26 U6180 27
C6020 27 L6030 27 R5961 26 RE092 26 RE250 26 U5940 27 U6230 26
Ce8021 2 L6210 26 R5962 26 RE093 26 R6250 26 U5942 26 U6230 27
€6030 27 P4221 26 R5963 26 RB094 % RE251 2 5042 27 U6250 26
C6040 27 pa221 26 R5964 26 RE121 26 R6260 26 U5950 26 U6250 27
C6080 2 P4221 27 R5970 26 RE160 26 RE261 26 U5950 27 U6252 2
C6081 27 P4240 2 R5971 2 RE161 2% R6262 26 Usgs2 2 U6252 26
c6110 2 P4240 27 R5972 26 RE162 2% R6263 2 uses2 27 us252 27
C6111 2 P5990 26 R5973 % R6163 26 RE264 26 U5990 2 U6290 26
ce6112 % Q5920 26 R5980 26 RE164 26 R6266 26 U5990 % U6290 26
CE113 27 Q5921 26 R5981 2 R6165 26 RE267 26 Us990 2 U6290 26
C6120 26 Q5980 2 R5982 2 R6166 2 R6270 26 US5990 26 U6290 26
ce121 27 Q5981 26 R5983 26 RE170 2 RE271 26 Us930 27 U6290 27
C6130 26 Q5982 26 R5984 2 R6172 2% R6273 2 Us010 26 |ws210 27
C6160 2% Q5983 26 R5985 26 R6173 2 RE274 26 U6010 % X5910 26
C6170 27 Q6090 2 R5990 26 R6174 2 R6275 2 U6010 27

ce192 27 Q6091 26 R5991 2 R6175 2 R6276 26 Us070 26

€6230 26 Q6092 2 R5992 26 R6176 2% RE276 26 U070 27

C6231 21 Q6093 2 R5993 26 R6177 2 R6276 26 U6120 2

C6232 26 Q6190 26 R6020 26 R6178 26 R6276 26 U6120 27

C6260 27 06191 2 R6021 26 R6191 2% R6276 2 U6130 26
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TEST WAVEFORM SETUP INFORMATION

The numbered waveforms below were obtained at the test points indicated on the schematic diagram. The waveforms
are representative of signals that may be expected at the associated points when the following setup conditions are
observed. Any changes from the given setup conditions required to produce a given waveform are noted with that
waveform iflustration.

2445/2465 OPTION 06 SETUP

Connect a 6 division, 1 MHz square wave to the CH 2 input. Set the C/T/T Menu mode to count the frequency of the A
Trigger event. Set initial front-panel controls as follows:

Trigger
MODE AUTO LVL
SOURCE CH1
COUPLING DC
. HOLDOFF MIN (Fully CCW)
SLOPE +

TEST OSCILLOSCOPE SETUP

Using a X10 probe with the test oscilloscope, set its Trigger Slope, Trigger Level, Volts/Div, and Time/Div ranges as
required to obtain the indicated displays.

24V —

+5V—

+4V —
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COUNTER/TIMER/TRIGGER

ASSEMBLY A27
CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD
NUMBER | LOCATION{LOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION| LOCATION NUMBER | LOCATION{LOCATION
5920 1A 18 Q6270 5L 4E R6093 4D 2G R6276C 5K 4F
C5922 1B 1B Q6271 7L 4E R6094 6G 2G R6276D BK 4F
5923 28 1B Q6272 SL 4E R6121 2G 3B RE276E 4L 4F
C5924 1B 28 Q6273 7L 4E RE160 6H 3E R6276F 4L 4F
C5961 5F 2E Q6274 7™ 4E R6161 ™ 3E RE276G LS 4F
5980 4D 1F Q6230 6L 4F R6162 6J 3E R6277 8H aD
5981 ln] 2F Q6291 6L 4G RE163 8J 4G R6290 4L 4G
C6021 iB 2B Q6292 7P 4G RE6164 kld 3E R6291 LIR 4G
C6080 28 2F R6165 3C 3E R6293 6L 4G
C6110 2G 3A R5920 1B 1B R6166 5L 3E R6204 6L 4G
ce111 1G 3A R5921 28 2B R6170 84 ki
C6112 1G 3A RS5950 5C 1E RE6172 8G 3E TP6030 1E 3B
C8120 2+ 38 R5951 58 2E R6173 8J 3E
C6130 2H 3B R5952 7C 2D R6174 28 3E Use10 1D 2A
C6160 B 3E R5960 2L 2E R6175 aJ 3E U5930 8S 28
C6230 2F 4B R5961 | 2L 2E R6176 €J 3E U5940 68 2C
C6232 1F 4B R5962 6G 2E R6177 7J 3E Us942 oC 2C
CB2%80 4L 4E R5963 4D 2E R6178 5J 3F U5950 8F 2D
R5964 3C 2E R6191 5G 3G us952 6D 2D
CR5960 sC 2E R5870 3C 2E R6192 4H 3G U5990A 3E 2G
CR5961 5B 2E R5371 3E 2E R6193 4C 3G 059908 4F 2G
CR5970 D 2E R5972 30 2E R6194 4C 3G U5990C 6F 2G
CR6020 1C 38 R5973 3E 2E R6185 SL 3G U5990D 5H 2G
CR6162 8J 3E R5980 5E 1F R6187 5G 3G UG010A 1D 3A
CR§190 4D 3G R5981 3C 2F R6198 4E 3G Us010B 1E 3A
CR6210 2G 4A R5982 3C oF R6199 5H 3G Us070 6F 2E
i CR6211 1G 4A R5983 4ac 1F R6221 iC 4B u6120 1H 48
} R5984 4E 2F RE222 2F 48 U6130 2J 3B
- J5990 25 1G R5985 4C 2F A6230 2F 48 Ue140 6N 3c
J593 2s 1G R5390 2P 2G R6231 2G 4B UB150A 10F 3c
R5991 5E 2G R6232 1F 4B 81508 gE 3c
L6210 2G 3A R5992 5E 2G R6233 2F 48 U6150C o] 3C
R5993 5 2G R6245 7N 4ac UB152A 8C ab
P4221 18 1F R6020 1B 28 R6250 3N 4D U6152B 8F kis]
P4221 2B 1F R6021 1B 28 RE250 8D 4D us152C 10F an
P4240 6B 10 R6022 1cC 2B R6251 6L 40 U6152D0 2P 3D
PS5990A 3s 1G R6042 8N 3C RE260 6H 4 U6180 < 3F
R6050 8H 3b R6261 7J 3G u6230 2F 3B
Q5920 1C 28 RB060 5F 2E R6262 2C 3G u6250 38 4C
Q5921 1B 2B R6062 1L 2E R6263 14 4E U6252A 9E 4D
Q5980 3E 2F R6063 2L 2E R6264 5L 4E u62528 8 4D
Qss8t 3D 2F RE064 6D 3E RE266 6L 4E U6290A M 4G
Q5982 3F 2F RE081 6E 2F R6267 7L 4E U62908 am 4G
Q5983 4D oF RE082 3F 2F R6270 1 4E U6290C M 4G
Q6090 4F 2G R6083 3E 2F R6271 7G 4E 62900 M 4G
Q6091 4H 2G R6084 2B 2F R6273 2C 3G
Q6092 4G 2G R6085 2C 2F R6274 H 4E X5910 1A 1A
Q6093 4E 2G R6090 1J 2G R6275 8H 4E
Q6120 5L 3G A6091 2J 3G RE276A 4t 4F
Q6181 5L 3G R6092 7P 3G R62768 6K 4F
Partial A27 also shown on diagram 27.
CHASSIS MOUNTED PARTS
CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD CIRCUIT | SCHEM BOARD
NUMBER | LOCATION |LOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION|LOCATION NUMBER | LOCATION|LOCATION
J59 28 CHASSIS P5991 2s CHASSIS
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POWER DISTRIBUTION @

ASSEMBLY A27

CIRCUIT | SCHEM BOARD CIRCUIT| SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT| SCHEM BOARD
NUMBER | LOCATION|LOCATION NUMBER | LOCATIONILOCATION NUMBER | LOCATIONILOCATION NUMBER | LOCATION| LOCATION
C5921 4C 1B C6170 klo 3E TP6040 =] 3c Ug140 4G 3C
C5840 4C 1C Cce192 4C 3G U6150 4E 3C
C5950 4C 1D C6231 sC 48 usg10 2E 2A U6152 4E 3D
C5960 48 2E C6260 4C 4E u5930 4C 2B 6180 4G 3F
C5990 3C 1G C6270 4C 4E U5940 4D 2C us230 5C =3
C5991 3D 2G us942 4D 2C u6250 4D 4C
C8010 20 2A CR6170 3C 3E Us9s0 4D 2D U6252 4E 4D
C6020 58 2B U5952 4D 2D L6290 5D 4G
C6030 2C 3B 15980 2C 2G U5980 4E 2G

C6040 4C 2C L6030 2C 3B Ueo10 2F 3A w6210 68 4A
c6081 4C 2F U6070 4F 2E

Ce113 2D 3A P4221 2B 1F u6120 2G 48

C6121 2E 3B P4240 3B 10 Us130 2H 3B

Partial A27 also shown on diagram 26.




P42
(GND > L&030
ENDSE 3 |
GND >3 H o030 lcooio lceliz  lcol2l
GNDX3 /I\o,n: Io.n ;l:o.\ ,Io.l
GND2g @
FROM | GND 511
J472U< GNDOE—4 LEA40
544> GNDY2 ot +5Vy TO: J5990-5
{ Y . . o J -
GND s a0 1csal W
GND a1 O F 0.1
GND277 1 »
GND)Tsl—"
LGNDJ\,J % CRGITO
AR TO Ro\T1-
PA240 + lc(.)e,r'io Rei18-1
‘-A
oo % ®
el tHcseo | x
5V Tiow jL;o.l 28 20 I 14
UBA30-27256-3| [USA40-14L5245| [USA42-714LSI33 | {USIA0-
% CEAL A USq52-74L5273| |USAB0-14LSI38| |Ubl50-
44 CEq 5 U6250-14L536T] |UbI52-
+4N )>—— E_Eggé) ‘ I')'I % Ue252-
Ce08 P
Celal
CE260
Ce210
39 , _ . _ .
FIBV ) Tecn l':o“]m 71 \ 5t +1BV TO: Rzgé
: . = [Uez90-33
EROM il Ue230-T41 [ L—@;L] Re0"
J4%40< =

gL 4] @

yov e

i,
SNETD SR
GND S
GNDYZ
GNDX
GNDZ
GNDYSe4 TREO
38
GND>44
GNDS O
'43|

lud_

\—\SVW—‘

-5V

2445/2465 OPTION Ob(COUNTER/TIMER



—e 45V TO: G610
) Colll
5 4 4 1[4 \[B Relz)
USa10-T4Lo90lE [Ue0i0- 4044 | [Ue120-1648 | [Uei30-8629 | & 26
9 1’J’ = : 35
® EF
g3
»+5Vp TO: CREAL0
[ErE et S8
14 \[Te | o[BI 76l esl =i gEa81
7 3904071 | [Ceoto-loniia] [Uel4o-Amas 3] [Ut180-MCAGOOECL 3coa
3| 150-74Ls10 2N Z]] T Gezat
1| “Tob!B2-14LSHL REAL|
Ub252-74L574 RSAe
7 ' 897
sag1

! TO: 9
1 To B2 Rola
%‘é%%é RG2S
RGZ3 EE%
& RG2S
o2
NUMERAL AND LETTER AT SIGNAL LINES TO UEa20-1
O D D SevEe Usere oz
R
(FOR EXAMPLE: 48) 8&‘7_“;32:‘20‘71;73 y2152e,27)28
Static Sensitive Devices Qé’?-""'
See Maintenance Section (a%‘?g
COMPONENT NUMBER EXAMPLE @
Component Number
e ——
A23 A2 R1234
Assembly , . ch fg;:’c
Number Subassembly Number
Number (if used)
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prefix—see end of Replaceable Electrical Parts List.

PARTIAL A27 COUNTER /TIMER/TRIGGER BOARD

IMER / TRIGGER) we POWER DISTRIBUTION €@




2445/2465 Option 06 and Option 09 Service

FIG. 7-7

A33—WORD RECOGNIZER

BOARDS

l
o
]
<

4632-09

Figure 7-7. A32—Word Recognizer board 1 (top), and
A33—Word Recognizer board 2 (bottom).

Static Sensitive Devices
See Matntenance Section

COMPONENT NUMBER EXAMPLE

Component Number

f—-_—~_—\
A?S A2 R1?34
! Schematic
Assembly e Circut
Number Subassembly Numbe:
Number (if used)

Chassis-mounted components have no Assembly Number
prafix—see end of Repiaceable Electncal Parls List
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A33—WORD RECOGNIZER BOARD 2

A32—WORD RECOGNIZER BOARD 1



A32—WORD RECOGNIZER BOARD 1

CIRCUIT | SCHEM | CIRCUIT SCHEM | CIRCUIT SCHEM CIRCUIT | SCHEM
NUMBER | NUMBER ] NUMBER | NUMBER | NUMBER | NUMBER NUMBER | NUMBER
C6303 28 RE301 28 U6310 28 U6330 28
C6334 28 R6302 28 Ue310 28 U6335 28
6338 28 R6303 28 U6310 28 U6335 28
CR6330 28 RE304 28 U6310 28 uge33s 28
CR6333 28 R6305 28 U635 28 6335 28
CR6340 28 RE6306 28 us31s 28 U6335 28
J6300 28 RE307 28 ue31s 28 U350 28
J6370 28 RB308 28 uUe3is 28 u63s0 28
J6380 28 RE325 28 L6315 28 U83aso 28
J6380 28 R6330 28 ue320 28 U6356 28
J6385 28 RE336 28 U6320 28 U6356 28
J6385 28 RE340 28 U6325 28 U6356 28
LB354 28 R6350 28 U6325 28 ue3se 28
Q6334 28 ue310 28 Ue330 28 V6356 28
A33—WORD RECOGNIZER BOARD 2

CIRCUIT | SCHEM CIRCUIT ;| SCHEM CIRCUIT | SCHEM CIRCUIT SCHEM
NUMBER | NUMBER | NUMBER | NUMBER| NUMBER | NUMBER | NUMBER NUMBER
C6410 28 R6404 28 L6405 28 U425 28
C6440 28 RE405 28 U6409 28 U6430 28
J6400 28 R6406 28 Ue409 28 U6430 28
P6380 28 R6407 28 U6409 28 Us435 28
PE380 28 R6408 28 us409 28 8435 28
P6385 28 RE432 28 Ue409 28 Ue435 28
P6385 28 R6443 28 Ue415 28 UB435 28
R640C 28 16405 28 Ue415 28 UB435 28
R6401 28 U6405 28 UB420 28

RE402 28 U405 28 U6420 28

R6403 28 U6405 28 U425 28




RN 7 T

WORD RECOGNIZER

ASSEMBLY A32

CIRCUIT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER | LOCATION| LOCATION NUMBER | LOCATION|LOCATICN NUMBER |LOCATION|LOCATION NUMBER |LOCATIONILOCATION
C6303 N 2A Q6334 58 28 U6310A 4J 1A UB335A 3P 2B
C6334 1N 2C Us310B8 4J 1A U8e3358 4aN 28
C6338 38 2C RE301 4D 1A U6310C 44 1A U6335C 4M 28
R6302 4D 1A U6310D 5H 1A 163350 4M 2B
CRB330 28 2C R6303 4D 2A u6310 1S 1A UB335 28 2B
CR6335 3P 2C R6304 4D 1A UB315A 3K 2A UB350A 4P 1C
CR6340 2P 2C R6305 4D 2A U63158 3K 2A uesseB 3N 1C
R6306 lo] 2A Ue315C 4K 2A ueaso 28 1c
J6300 : 3c 2A R6307 3D 2A Ug315D 4K 2A U6356A 28 2C
J6370 ! 1C 2C R6308 30 2A ue315 18 2A u63568 4S 2C
J6380 i 5€ 1C R6325 5D 28 U6320 1P 18 U6356C 45 2C
J6380 5N 1C RE&330 28 1C U320 3L 18 Ue3s6D i 2C
J6385 5D 2C R6336 4P 2C u6325 18 2B U63s6 2S 2C
J6385 SF 2C R6340 4S8 2C ue32s 2F 2B
RE350 2P 1Cc U6330 1E 18
L6354 ’ 2P 2C U6330 28 1B
ASSEMBLY A33
CIRCUIT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT | SCHEM BOARD
NUMBER | LOCATION|LOCATION NUMBER | LOCATION| LOCATION NUMBER | LOCATION!LOCATION NUMBER | LOCATION| LOCATION
C6410 9E 38 R6402 70 3A ue405C 7K 3A ue42s 10G 4B
C6440 9F 4C R6403 D 3A UB405D 7K 3A V6425 9J 4B
RE404 70 4A U6405 10G 3A U430 10G 3ac
J6400 6C 4A R6405 8D 4A U6409A 7 4A U6430 8H 3C
RE406 6D 4A U64098 74 4A U6435A ™ 4ac
PB38O SE 4C R6407 70 4A U6409C a8+ 4A U64358 7N 4ac
P&380 5N 4C RE408 0 4A Us409D 8J 4A U6435C 8N 4C
PE385 sD 3c R6432 10J 4c U6409 10G 4A 184350 BN 4C
P638S 5F 3c RB443 SE 4aC U6415 10F 4B U6435 10G AC
Ug415 8L 48
R6400 0 3A UB405A 6K 3A L6420 10G B
R6401 0 4A U64058 7K 3A U6420 5G B
CHASSIS MOUNTED PARTS
CIRCUIT | SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD
NUMBER |LOCATION|LOCATION NUMBER | LOCATION;LOCATION NUMBER |LOCATION; LOCATION NUMBER | LOCATION LOCATION
J2732 1B CHASSIS P6304 4C CHASSIS PB6400 6C CHASSIS P6408 7C CHASSIS
PE305 4C CHASSIS PE8401 8C CHASSIS P8409 7C CHASSIS
P2732 1B CHASSIS PE306 4C CHASSIS PB402 8C CHASSIS PB410 6C CHASSIS
P5930 1A CHASSIS PE307 4C CHASSIS P6403 8C CHASSIS
P6300 3C CHASSIS P6308 4aC CHASSIS PB404 7C CHASSIS W5990 1B CHASSIS
P6301 3c CHASSIS P6309 4C CHASSIS PB405 7C CHASSIS W6300 5C CHASSIS
P6302 3C CHASSIS P§310 5C CHASSIS PB406 7C CHASSIS W6370 2C CHASSIS
PB303 ac CHASSIS PB370 1iC CHASSIS PE407 7C CHASSIS WE400 8C CHASSIS
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2445/2465 Option 06 and Option 09 Service

J100 A1 TO A20 J/P500 A5 TO A20 J651(B)/P651/W651 A6 TO A20
Pin Line Name Schem Pin Line Name Schem Pin L.ine Name Schem
1 | CH1 PO TERM 4 1 | A7 1,20 1 DAC MUX1 IN 3,21
2 | CH1 PO 4 2 | Ats 1,20 2 | GND 12,21
3 | GND 4 3 | A6 1,20 3 | HORIZ POS 3,21
4 | GND 4 4 | A4 1,20 4 | +1.38v 3,21
5 | CH2 POS 4 5 | MR 1,20 5 | -1.25V 3,21
6 | CH2 POS 4 6 | A3 1,20 6 | DLY A 3,21
7 | GND 4 7 | A5 1,20 7 | AA 3,21
8 | GND 4 8 | A12 1,20 8 | AB 3,21
9 | cH2 PO 4 9 | A4 1,20 9 | bLys 3,21
10 | CH2 PO TERM 4 10 | A1 1,20 10 | HORIZ VAR 3,21

11 | A3 1,20 11 | TRIG LEVEL 3,21
12 | A10 1,20 12 | HOLDOFF 3,21
P100 A1 TO A20 13 | GNDC 1,20 13 | -1.25V 3,21
14 | A9 1,20 14 | TRACE SEP 3,21
pin | Line Name Schem 15 | A2 1,20 15 | CH1 VAR 3,21
16 | A8 1,20 16 | CH2 VAR 3,21
17 | A1 1,20 17 | CH1POS 3,21
1 |GND 21 18 | A0 1,20 18 | CH2POS 3,21
o |CH2 PO 21 19 | AW 1,20 19 | CH3 POS 3,21
20 | BD7 1,20 20 | CH4 POS 3,21
21 | GNDC 1,20
J/P101 A1TO A20 22 | BD6 1.20
23 | BD3 1,20
24 | BDS 1,20
Pin Line Name Schem 25 | BD2 1,20
26 | GNDC 1,20
27 | BD1 1,20
1 | TSA 5,21 28 | BD4 1,20
2 | GND 5,21 29 | BDO 1,20
3 | TSA 521 0l F 1,20 J651/P651(B) A20 TO AS
4 | GND 5,21 31 | GNDC 1,20
5 | GND 5,21 32 | 10MHz 1,20
6 IS8 5.21 33 VMA 1.20 Pin Line Name Schem
7 GND 5,21 34 | RESET 1,20
8 | TS8B 5.21 1 DAC MUX1 IN 2,21
190 ggc:am :2 2 | GND 12,21
’ 3 | HORIZ POS 2,21
4 | +1.36V 2,21
J/P102 A1TO A20 5 | -1.25v 2,21
6 | DLYA 2,21
7 | aA 2,21
Pin Line Name Schem J/P502 A5 TO A20 8 AB 2.21
9 | DLYB 2,21
10 | HORIZ VAR 2,21
1 BHO 521 Pin Line Name Schem 11 TRIG LEVEL 2,21
2 | GND 5,21 12 | HOLDOFF 2,21
3 | AAUXTRG 5,21 13 | -1.25v 2,21
4 | GND 5,21 1 OEA35 2,20 14 | TRACE SEP 2,21
5 | AHO 5,21 2 | OEACLK 2,20 15 | CH1 VAR 2,21
6 | NOPIN 5,21 3 | GNDC 2,20 16 | CH2 VAR 2,21
7 | GND 5,21 4 | OEAI/O 2,20 17 | CH1POS 2,21
8 | BAUXTRG 521 5 | OEAC2 2,20 18 | CH2POS 2,21
9 | GND 5.21 6 | OEAC3 2,20 19 | CH3POS 2,21
10 | DS 5,21 7 | OEAC1 2,20 20 | CH4 POS 2,21
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J/P/WA4207 A5 TO A20 J/Pa220 A20 TO A25 J4230 A1TO A20
Pin Line Name Schem Pin Line Name Schem Pin Line Name Schem
1 | OEAS35 20 1 { DS 21,25 1 | CH1 PO TERM (GND) 21
2 | OEACLK 20 2 | GND 21,25 2 { CH1 PO 21
3 | GNDC 20 3 | GND 21,25 3 | GND 21
4 QEAI/O 20 4 AHO 21,25 4 GND 21
5 | OEAC2 20 5 | A AUX TRG 21,25 5 | CH2 POS 21
6 | OEAC3 20 6 | GND 21,25 6 | CH2 POS 21
7 | OEAC1 20 7 | GND 21,25 7 | GND 21
8 | CH2PO 21,24 8 | GND 21
9 | SSA 21,24 g | CH2 PO 21
10 | GND 21,25 10| cH2 PO TERM(GND) 21
11 | GND 21,25 L
12 | GND 21,25
13 | GND 21,25
14 | CH2 OFFSET 21,24
J/P/W4210 A5 TO A20
Pin Line Name Schem
1 | A7 20 P4230 A1 TO A20
2 | At5 20
3 | A6 20
4 Al4 20 Pin | Line Name Schem
5 | MR 20 J/Pa22 A20 TO A27
& | A13 20 1] GND 21
7| AS 20 2| CH2 PO 21
8 | A12 20 Pin Line Name Schem
g | A4 20
i0 | A1 20
11 | A3 20 1 | GND 21,27
12 | A10 20 2 _T_"é__"é 21,26
13 GND C 20 3 TSA 21,26
14 | A9 20 4 | GND 21,27
15 | A2 20 5 | TSB 21,26
16 | A8 20 6 | GND 21,27
17 | A1 20 7 | GND 21,27
18 | A0 20 8 | TsB 21,26
19 | RAW 20 g | GND 21,27
20 | BD7 20 10 | GND 21,27 J/P/WA232 A20TO A1
21 | GNDC 20 11 | SGB 21,26
22 8D6 20 12 GND 21,27 Pin Line Name Schem
23 | BD3 20 13 | GND 21.27
24 | BDS 20 14 | §GA 21,26
25 | BD2 20 15 | GND 21,27 1+ | BHO 21
26 | GNDC 20 16 | BAUXTRG 21,26 2> | GND 21
27 | BD1 20 17 | BB 21,26 3 | AAUXTRG 21
28 | BD4 20 18 | GND 21,27 4 GND 21
29 | BDO 20 19 | GND 21,27 5 | AHO 21
30| E 20 20 | AHO 21,26 6 | GND 21
31 GND C 20 21 | A AUXTRG 21,26 7 GND 21
32 | 10MHz 20 22 | GND 21,27 8 | BAUXTRG 21
33 | vMA 20 23 | GND 21,27 9 { GND 24
34 | RESET 20 24 | BHO 21,26 10! DS 21




J/P/W4236 A1TO A20 J/P4240 A20 TO A27 JIPAWa241 A20 TO A29

Pin Line Name Schem Pin Line Name Schem Pin Line Name Schem

1 | TSA 21 1 | BA? 20,26 1 | BA?7 20,31

2 | GND 21 2 | GND 21,27 2 | GND 21,33

3 | TSA 21 3 | BA6 20,26 3 | BA6 20,31

4 | GND 21 4 | BA14 20,26 4 | BA14 20,31

5 | GND 21 5 | MR 20,26 5 | MR 20,31

6 | TSB 21 6 | BA13 20,26 6 | BA13 20,31

7 | GND 21 7 | BAS 20,26 7 | BAS 20,31

8 | TSB 21 8 | BA12 20,26 8 | BA12 20,31

9 { GND 21 9 | BA4 20,26 9 | BAd 20,31

10 | NOPIN 21 10 | BAN 20,26 10 | BA1M 20,31
11 | BA3 20,26 11 | BA3 20,31
12 | BA10 20,26 12 | BA1O 20,31
13 | GND 21,27 13 | GND 21,33
14 | BA9 20,26 14 | BA9 20,31
15 | BA2 20,26 15 | BA2 20,31
16 | BAS8 20,26 16 | BAS8 20,31
17 | BA1 20,26 17 | BAft 20,31
18 | BAO 20,26 18 | BAO 20,31
19 | BR/W 20,26 19 | BR/W 20,31
20 | BBD? 20,26 20 | BBD7 20,31
21 | GND 21,27 21 | GND 21,33
22 | BBDS 20,26 22 | BBD6 20,31
23 | BBD3 20,26 23 | BBD3 20,31
24 | BBDS5 20,26 24 | BBD5 20,31
25 | BBD2 20,26 25 | BBD2 20,31
26 | GND 21,27 26 | GND 21,33
27 | BBD1 20,26 27 | BBD1 20,31
28 | BBD4 20,26 28 | BBD4 20,31
29 | BBDO 20,26 29 | BBDO 20,31
30| E 20,26 30 | E 20,31
31 | GND 21,27 31 | GND 21,33
32 | B1OMHz 20,26 32 | B1OMHz 20,31
33 | BVMA 20,26 33 | BVMA 20,31
34 BRESET 20,26 34 BRESET 20,31
35 | +5vo 21,27 35 | +5vp 21,33
36 | GND 21,27 36 | GND 21,33
37 | +5v0 21,27 37 | +5Vo 21,33

J/P4a238 A20 TO A23 38 | GND 21,27 38 | GND 21,33

39 | +15V 21,27 39 | +15V 21,33
40 | -15v 21,27 40 | -15V 21,33

Pin Line Name Schem 41 +42V 21,27
42 | +sv 21,27

1 | DAC MUX1IN 21,22 :i E;Sr::lo g:z:

2 | GND 21,22 '

3 | cH2POS 21,22

4 | TRACE SEP 21,22

5 | CH4POS 21,22

6 | CH1POS 21,22

7 | TRACE seP 21,22

8 | CH3POS 21,22

9 | CH1POS 21,22

10 | CH2 POS 21,22

11 | CH3 POS 21,22

12 | CH4 POS 21,22




J/p4242 A20 TO A25 J/P4243 A20 TO A23 J/P/W4258 A20 TO AS
Pin Line Name Schem Pin Line Name Schem Pin Line Name Schem
1 BA7 20,25 1 BA7 20,22 1 DAC MUX1 IN 21
2 | GND 21,25 2 | GND 21,23 2 | GND 21
3 | BA6 20,25 3 | BA6 20,22 3 | HORIZ POS 21
4 | BA14 20,25 4 | BA14 20,22 4 | +1.36V 21
5 | MR 20,25 5 | MR 20,22 5 | -1.25V 21
6 | BA13 20,25 6 | BA13 20,22 6 | DLYA 21
7 | BAS 20,25 7 | BAS 20,22 7 | 2aA 21
8 | BA12 20,25 8 | BA12 20,22 8 | AB 21
9 | BA4 20,25 9 | BA4 20,22 9 | DLY®B 21
10 | BAM1 20,25 10 | BAT11 20,22 10 | HORIZ VAR 21
11 | BA3 20,25 11 | BA3 20,22 11 | TRIG LEVEL 21
12 | BA10 20,25 12 | BA10 20,22 12 | HOLDOFF 21
‘13 | GND 21,25 13 | GND G 21,23 13 | -1.25V 21
14 | BA9 20,25 14 | BA9 20,22 14 | TRACE SEP 21
15 | BA2 20,25 15 | BA2 20,22 15 | CH1VAR 21
16 | BA8 20,25 16 | BA8 20,22 16 | CH2 VAR 21
17 | BAt 20,25 17 | BA1 20,22 17 | CH1POS 21
18 | BAO 20,25 18 | BAD 20,22 18 | CH2 POS 21
19 | BR/W 20,25 19 | BR/W 20,22 19 | CH3POS 21
20 | BBD7 20,25 20 | BBD7 20,22 20 | CH4 POS 21
21 | GND 21,25 21 | GNDG 21,23
22 | BBD6 20,25 22 | BBD6 20,22
23 | BBD3 20,25 23 | BBD3 20,22
24 | BBDS 20,25 24 | BBDS 20,22 J/P4330 A20 TO A30
25 | BBD2 20,25 25 | BBD2 20,22
26 | GND 21,25 26 | GNDG 21,23
27 BBD1 20,25 27 BBD1 20,22 Pin Line Name Schem
28 | BBD4 20,25 28 | BBD4 20,22
29 | BBDO 20,25 26 | BBDO 20,22
30| E 20,25 30| E 20,22 1 +5Vo 21,32
31 | GND 21,25 31 | GNDG 21,23 2 GND 21,32
32 | B1OMHz 20,25 32 | B1OMHz 20,22 3 | BA1 20,32
33 | BVMA 20,25 33 | BYMA 20,22 4 [ BAO 20,32
34 | BRESET 20,25 34 | BRESET 20,22 5 | ROMEN 20,32
35 | +5Vp 21,25 35 | +5Vo 21,23 6 | BR/W 20,32
36 | GND 21,25 36 | GNDG 21,23 7 | BUFEN 20,32
37 | +5Vp 21,25 37 | +5vo 21,23 8 | LOWAD 20,32
38 | GND 21,25 38 | GNDG 21,23 9 | BBDO 20,32
ag | +1sv 21.25 39 | +15V 21,23 10 | BBD1 20,32
40 | -15V 21,25 40 | -15v 21,23 11 | BBD2 2032
41 | FLD2 21,25 41 | +42v 21,23 12 | BBD3 20,32
42 | FLD1 21,25 42 | +5V 21,23 13 | BBD4 20,32
43 | LINES 21,25 43 | -5V 21,23 14 | BBDS 20,32
44 | GND 21,25 44 | GND 21,23 15 { BBD6 20,32
16 | BBD7 20,32
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J/P4ag8o0 A23 TO GPIB CONNECTOR J/P5290 A20 TO A29
Pin Line Name Schem Pin Line Name Schem
1 DIO1 22 1 BA7 31
2 DIO5 22 2 GND 33
3 D102 22 3 BAG 3
4 DIO6 22 4 BA14 31
5 DIO3 22 5 MR 31
6 DIO7 22 6 BA13 31
7 DIO4 22 7 BAS 31
8 DIO8 22 8 BA12 31
9 EOI 22 9 BA4 31
10 | REN 22 10 | BAM 31
11 | DAV 22 11 | BA3 31
12 | GNDG 22 12 | BA10 31
13 | NRFD 22 13 | GND 33
14 | GND G 22 14 | BA9S 31
15 NDAC 22 15 BA2 31
16 | GND G 22 16 | BAS 31
17 IFC 22 17 BA1 31
18 | GND G 22 18 | BAO 31
19 | SRQ 22 19 | BRW 31
20 | GND G 22 20 | BBD7 31
21 ATN 22 21 GND a3
22 GND G 22 22 | BBD6 31
23 GND 22 23 BBD3 31
24 | GND G 22 24 | BBDS 31
25 BBD2 31
26 | GND 33
27 BBD1 31
28 BBD4 31
29 BBDO 31
30| E 31
31 GND 33
32 B10OMHz 31
33 BVMA 31
34 | BRESET 31
35 | +5Vo 33
36 GND 33
37 +5Vo 33
38 GND 33
39 +15V 33
40 -15v 33

J/P/W5990 A27 TO WORD
RECOGNIZER CONNECTOR
Pin Line Name Schem
1 | WORD 26,28
2 WDATA 26,28
3 WCLOCK 26,28
4 GND 26,28
5 +5Vw 26,28
6 DATA RETURN 26,28
J/P/W6370 WORD RECOGNIZER
CONNECTOR TO A32
Pin Line Name Schem
1 WORD 28
2 WDATA 28
3 WCLOCK 28
4 GND 28
5 +5Vw 28
6 DATA RETURN 28
7 GND 28
J/P6380 A32 TO A33
Pin Line Name Schem
1 +5Vw 28
2 WCLOCK 28
3 SYNCH 28
4 GATED CLOCK 28
5 GND 28
J/F6385 A32 TO A33
Pin Line Name Schem
1 GND 28
2 LOWBYTEEQUAL| 28
3 SERIAL DATA 28
4 GATED Q 28
5 Q DONT CARE 28
6 DATA RETURN 28
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IS “"TEST
F1 FAIL 1X"
DISPLAYED?

N

EXIT THE DIAGNOSTIC
MONITOR AND PERFORM THE
DC BALANCE ROUTINE. THE

BUFFER BOARD CHECKSUM

WILL BE INITIALIZED

WAIT FOR BALANCE
T0 COMPLETE

TURN POWER OFF
TURN POWER ON

|

1S "TEST
Ft FAIL Xx“
DISLPLAYED?

YES

PRESS THE TRIGGER
SLOPE SWITCH WHILE
HOLDING IN THE
AV AND At SWITCHES

'

A

PRESS UP ON TRIGGER
MODE SWITCH UNTIL
"EXER F1" 1S DISPLAYED
OR INITIAL DISPLAY

o

IS SEEN AGAIN

WAS
"EXER F1"
FOUND?

[}

:: YES

U4235, U4245, OR OTHER
DEVICES ATTACHED TO BA
LINES MAY BE FAULTY.

REPAIR FAULT

MOVE CONTROL
BOARD JUMPER

—_

YES

Y

REPLACE
U4260

PS@3 TO THE
NORM POSITION

YES

INSTALL OPTION
ASSEMBLY AND
OMM BOARD

GO TO GP1B BOARD
TROUBLESHOOTING

BUFFER BOARD
TROUBLESHOOT ING
PROCEDURE

4182-18

QHvYO08 H34d4ng

FHNAIDOHd DNILOOHS3TENOHL



C/1/7
TROUBLESHOOT ING

Y
[
[}

TURN POWER ON

Is

IS CH 1 THE YES | MOVE CONTROL BOARD BBD9°A33°35 07 ¥
TRIG’D LED ONLY TRIGGER JUMPER PS@3 TO MOVE BETWEEN VALID R

BLINKING? OR UB

STl

SOURCE LED

T Al TION
ON? HE DIAG POSITIO

LOGIC LEVELS?

NO

DO BA@-
BA14 FOLLOW
A BINARY COUNT
SEQUENCE?

MOVE CONTROL BOARD
JUMPER P5@3 TO
THE DIAG POSITION

YES

1S
"DIAGNOSTIC
PUSH A/B TRIG T0
EXIT" DISPLAYED?

Is
“CT BU
DISPLAYED?

START BU
"] EXER F1

YES

PRESS

Do
T GoER, MODE SLOPE SITCH CAN
LEDS RESPOND TO VHILE HOLDING "BU EXER F1m\ YES
MOVING TRIGGER MODE BE FOUND?
SWITCH UP AND IN BOTH THE
DOWN? AV AND At
SWITCHES o TROUBLE-
SHOOTING STARTED
BECAUSE FREQUENCY DID
NOT MEET BANDW1OTH
SPECIFICATION?
C/T/T 1S HOLDING E Y

Hl OR LO OR IS
HOLDING VMA HI. FIND
AND REPAIR FAULT

¥AS TROUBLE-

SHOOTING STARTED
BECAUSE THE C/T/T AND
ANOTHER OPTION DO NOT
WORK TOGETHER?

MOVE CONTROL

YES | BOARD JUMPER
PS@3 TO THE

DIAGC POSITION

DO
BBD@-BBO7
MOVE BETWEEN
VALID LOGIC
LEVELS?

DO BAB-
BA1S FOLLOW
A BINARY COUNT
SEQUENCE?

ARE
ALL POWER
SUPPLIES
OK?

IS B1@
MHz SIGNAL
OoK?

AN




THE TROL
1S Us14a 1S M1CROPROCESSOR FIND AND HOVE CON
oR UB152 PIN T USHe PIN ! SICNALS ARE ‘ REPAIR o OO0 JUMPER
STUCK HI? CORRUPTED BY FAULT NORM POSITION
THE C/T/T

y

00 US942
PIN 15, US948
PIN 1, U252 PIN 5,
AND USS3B8 PIN 28 MOVE
BETYEEN VALID
TTL LEVELS?

DO Uss3@

PIN 22, UB250
PIN 1, UB1408 PIN 11,
AND US94@ PIN 1S MOVE
BETWEEN VALID
TTL LEVELS?

ROM CHECKSUM
1S BAD.
REPLACE US938

NO FIND AND START
BU EXER F2

NO

y

FIND AND REPAIR
THE FAULT

i =1t
3=
PUSH A/B/MENU ENTER FREQ MODE DOES Us16a YES c=
TO EXIT THE AND APPLY A BETWEEN 1.6V PIN 37 CO BETWEEN P
DIAGNOSTICS MONITOR 15@MHz SIGNAL AND 2.1V? 3.2V AND 4.9V? mS
XD
80
NO 2
- =
[~]
y
FIND AND REPAIR -
D0 US252 THE FAULT
PIN 5, U5252
FIND_AND PIN 6, USS38 PIN 20, REPAIR ~
START BU AND USS4@ PIN 18 MOVE THE OTHER
EXER F2 BETWEEN VALID TTL OPTION ')
LEVELS?
REINSTALL BOTH
OPTIONS AND
CHECK THEIR
PERFORMANCE
FIND AND REPAIR -
THE FAULT o m
<" ARE THE C/1/7
€, BR/V, MICROPROCESSOR REPAIR TROUBLESHOOTING

SIGNALS ARE

CORRUPTED BY FAULT
THE C/T/T
)

MOVE CONTROL
BOARD JUMPER
P583 TO THE
NORM POSITION

AND BVMA SIGNALS
ACTIVE?

o
-

4632-10




REPEATEDLY PUSH
UP ON THE TRICGGER
MODE SWITCH AND
RECORD ALL TESTS
THAT FAIL

01D
CT TEST 82
FAIL?

DID
CT TEST 83
FAILY

YES

YES

RUN CT TEST
82 IN LOOP MODE

RUN CT TEST
83 IN LOOP MODE

|

IS ERROR
CODE IN THE
RANGE OF 28
TO @F?

1S
ug18@ PIN 6
MOVING BETWEEN

ARE
Us14@ PINS
9, AND 11 THROUGH
19 MOVING BETWEEN
VALID TTL LOGIC
LEVELS?

INPUTS TO UG180
MOVE BETWEEN 3.2V

DO D8-DS

AND 4.09v?

YES BY

3.2V AND
4.0V?

YES

1S U6188
PIN 14 MOVING

NO

"} REP

IS U688

PIN 23 MOVING

BETWEEN 3.2V
AND T;f::”,///

BETWEEN 3.2V
AND 4.8v7?

IS UB148
PIN 4 MOVING
BETWEEN VALID TTL
LOGIC LEVELS?

FIND AND REPAIR
FAULT BY CHECKING

REPLACE
ue140

REPLACE
ue18g

POSSIBLE CAUSE
LISTED IN TABLE 5-4




2445/2465 Option 06 and Option 09 Service

-

J DB-D5 1S UG180 Do 08-02 FIND AND REPAIR
S TQ U180 PIN 9 MOVING OUTPUTS OF UG182 YES FAULT BY CHECKING
ETWEEN 3.2V BETWEEN 3.2V MOVE BETWEEN 3.2V us298, UB250,
D 4.8v? AND 4.8V7? AND 4.B8V? AND R6276
FIND AND REPAIR FAULT FIND AND REPAIR FAULT
BY CHECKING THE +15V
BY CHECKING CRE17@ AND
SUPPLY , U629@, R6276,
POSSIBLE CAUSE LISTED
N UB258, AND LASTLY
TABLE 5-4 REPLACING US332
Y
G0 TO
(S FIND AND REPAIR FAULT
BY CHECKING US150A ,8,C,
> Us152A 8, U252, US942,
AND ASSOCIATED CIRCUITRY
FIND AND -
™1 REPAIR FAULT >
Ue18@ IS UB140
3 PIN 33 MOVING YES
ZENHO.?Y lszG BETWEEN VALID TTL REZ',‘QSE
4.0V? LOGIC LEVELS?
~N
NO NO
E
y Y
PLACE FIND AND
5180 REPAIR FAULT
=1 (
=1
O:
C-
o,
o
m¢
[
X.
[e)
9
Ay > (G0 TO 3
- c/T/7 o
TROUBLESHOOT ING

®

G
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A NO s | INe
»< ERROR CODE ERROR CODE EXIT DI
487 eE? CONNECT
CH 1 Ve
- NO A AND E
YEs A TRIGH
DID C/T/T

€T ST 84 INSTRUMENT CONTROL SETUP

FAIL?
, EXIT DIAGNOSTICS MONITOR.

CONNECT CH 1| PROBE TO CALIBRATOR.
CH 1 VOLTS/DIV - 188mV/DIV.

DISABLE ALL C/T/T FUNCTIONS. \
UNLOCK THE A AND B SEC/DIV KNOBS.

RUN CT TEST 84 B TRIGGER MODE - TRIG AFT DLY,
IN LOOP MODE A AND B SWEEPS - TRIGGERED. IS ERROR NO
A SEC/DIV - 1 ps/DI CODE gf?THRU

YES

ARE TSA AND TSB (FROM AND TO BUFFER

UB18@ PINS ——
6 AND 35 MOVING YES - BOARD) SHOULD MOVE BETWEEN VALID Y
BETWEEN 3.2V > TTL LEVELS, AND US98 PINS 2 AND S—
AND 4.8V7 12 SHOULD BE LO. EXIT
FIND AND REPAIR FAULT CONNE!
CAL!
CH 1
A AND
B A AND
- C/T/T
FIND AND REPAIR \ )
THE FAULT
INSTRUMENT CONTROL SETUP
EXIT DIAGNOSTICS MONITOR. e
CONNECT CH 1 AND CH 2 PROBES TG THE
CAL IBRATOR.
CH 1 AND CH 2 VOLTS/DIV ~ 128mV/DIV,
A AND B SEC/DIV - S598ns/DIV.
A AND B TRIGGER LEVEL - 8.2V,

C/T/T MODE - LOGIC TRIGGER
A SWEEP A+B.

DO UB180
PINS 36 AND 37
MOVE BETWEEN 3.2V
AND 4.8vV?

DO
TSA AND TSB
(FROM BUFFER BOARD)
MOVE BETWEEN 1.5V
AND 2.4V?

ARE
TSA AND TSB
(FROM BUFFER BOARD)
A 1MHz SQUARE
WAVE?

YES

ARE US952
PINS 2 AND 16
A TTL HI?

y
)

FIND AND REPAIR
FAULT BY
CHECKING POSSIBLE
CAUSE LISTED IN
TABLE S-4

4
|

s S THE INSTRUMENT
efET,. US188 PIN 2 AND SAME SIGNAL AT yEs  |CONTROL SETUP bIN 19 M0
278 PIN UBB78 PIN 4 MOVING UBB72 PINS 4 AND 2 C/T/T MODE - BETWEEN 3
x4, BETWEEN 3.2V AND U618 LOGIC TRIGGER AND 4.0
_ AND 4.8V7? PIN 27 A SWEEP A+B




—

s

L7 INSTRUMENT CONTROL SETUP
VEXIT DIAGNOSTICS MONITOR.
NNNECT CH 1 PROBE TO CALIBRATOR.
JH 1 VOLTS/DIV - 1@8mV/DIV.

THERE IS A GLITCH ON
THE FALLING EDGE OF
Us18@ PIN 36.

A AND B SEC/DIV - 1@8Bms/DIV,
A TRIGER LEVEL - 8.2V.
C/T/T MODE - LOGIC TRIGGER

’AIR

IBLE
IN

A

" | FIND AND REPAIR FAULT BY
CHECKING RS5981 AND OTHER
ASSOCIATED CIRCUITRY

Y

.

2445/2465 Option 06 and Option 09 Service

~0
[
oz
C -
i
o
L
e,
i
IX
QU
@ o
3
<
[7}

A SWEEP A+B.
1S ERROR YES
- CODE t4 OR
157
NO

INSTRUMENT CONTROL SETUP

EXIT DIAGNOSTICS MONITCR.
CONNECT CH 1 AND CH 2 PROBES TO THE
CALIBRATOR.

CH 1 AND CH 2 VOLTS/DIV - 188mV/DIV.

A AND B SEC/DIV - SB8Bns/DlV.

A AND B TRIGGER LEVEL - 8.2V.

C/T/T MODE - DELAY BY EVENTS
SWEEP = A
START = A
DELAY BY = B.

Y

YES

)

INSTRUMENT
CONTROL SETUP
C/T/T MODE -

B DELAY BY EVENTS

1S
UeB70 PIN 7
< 3.8Y?

is Ustse
P 18 MOVING

4 4.8ve

Y

ARE U6@7@
PINS 7 AND 8
< 3.8v7?

ARE UB180
PIN 38 AND UEB70
PINS 13 AND 15 A 1MHz
SQUARE WAVE MOVING
BETWEEN 3.2V
AND 4.BV?

0

INSTRUMENT CONTROL

SETUP

REMOVE CONNECTOR P5998.

TURN POWER OFF.
TURN POWER ON.

EXIT OIAGNOSTICS MONITOR.

RECONNECT CONNECTOR

C/T/T MODE - LOGIC TRIGGER
A SWEEP WORD RECOGNIZER,
A TRIGGER MODE - AUTO.

P5990.

1S
uep7@ PIN 7
~4.5v?

1S
UGa7@ PIN 9
< 3.8V7?

ARE
Us@78 PINS
S AND 2 MOVING
BETWEEN 3.2V
AND 4.8v?

YES

ARE
Ue@7@ PINS
2 AND 3 AND Ucise
PIN 2 THE SAME
SIGNAL?

SEN 3.2V

POSSIBLE CAUSE

FIND AND REPAIR
FAULT BY CHECKING

LISTED IN TABLE S-4

C/1/T7
TROUBLESHOOT ING

©,
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IS

UBe1a PINS 1 ue21d PIN 1
AND 3 SYNCHRONIZED A 1.319686MHz
AND 1.310868MHz +26 PPM TTL

25 PPM? SIGNAL?

DID .
CT TEST 85
FAIL?

YES

IS
ue120 PIN 3
A 131.0680MHz +25
PPM SIGNAL MOVING
BETWEEN 3.2V
AND 4.@V?

IS BIT 3
OF ERROR CODE
A1?

YES RUN CT TEST 86

IN LOOP MODE

THE FALLING EDGE
OF U618@8 PIN 2
IS TOO SLOW. FIND
AND REPAIR FAULT
BY CHECKING R6852

IS BIT 4
OF ERROR CODE
A7

REPLACE

IS
U148 PIN 3
A TTL LO?

NO
Y 1@MHz CLOCK ON uomIsp s
CONTROL BOARD IS OSCILLATOR -
OUT OF SPEC FAULTY, A TTL SIGNAL VITH | REPLACE
(%1080 PPM). FIND AND A&“é%‘ﬁ"ggmﬁm Us13@
FIND AND REPAIR REPAIR FAULT -
AT PIN 77
FAULT
Y
ARE

STANDARD INSTRUMENT CONTROL SETUP
INSTRUMENT SVEEP “NJES TURN POVER OFF. ;
SPEEDS REMOVE CONNECTOR P5990. P!

CALIBRATED? TURN POWER ON.
EXIT DIAGNOSTICS MONITOR.
RECONNECT CONNECTOR P5898,
C/1/T MODE - LOGIC TRIGGER
B SWEEP VORD RECOGNIZER.
CALIBRATE STANDARD
INSTRUMENT SWEEP SPEEDS
PUSH DOWN ON

THE TRIGGER MODE
SWITCH TO EXIT
MENU MODE

FIND AND REPAIR

FAULT BY CHECKING
us14e

1S
U6148 PIN
48 MOVING BETWEEN
8V AND 5.8v?

WHEN UG142 PIN 42
AT +5V THE EMITTEF
Q6292 AND U6188 PI

SHOULD BE AT 4.2

FIND AND
REPAIR FAULT

y

U6188




2445/2465 Option 06 and Option 09 Service

1S Us238 Ge230 PINS YES PAIR FAU
NC PIN 6 6.8V 2 AND 3 THE SAME B GECKING

T0 9.8v7? VOLTAGE? Ue230

FIND AND FIND AND !

REPAIR FAULT REPAIR FAULT
o Moo BY CHECKING BY CHECKING 00170
| 6129 U610
—™1 uveizo
[}
\ > !
[

T |

usa78 PINS 6
AND 2 THE SAME AND
MOVING BETWEEN
3.2V AND
4.8V7

YES

US18d PIN 28 SHOULD BE £3.2v,

NO FAULT IS HOLDING SIGNAL LO.

FIND AND REPAIR FAULT BY CHECKING

U188 AND REMOVE P4232 TO ISOLATE

THE FAULT TO THE OPTION ASSEMBLY
OR THE STANDARD INSTRUMENT

! <

ONILOOHSIT19N0Y L

4 !
FIND AND REPAIR FAULT

B o T0
SH DOWN ON FAULT IS HOLDING SICNAL HI.
TRIGGER MODE ue16a PIN 28 o] FIND AND REPAIR FAULT BY
TCH TO EXIT I1s 24.8V CHECKING US188 AND REMOVING
JENU MODE Pa232 TO ISOLATE THE FAULT

TO THE OPTION ASSEMBLY OR

THE STANDARD INSTRUMENT

1
50110
Us14@ PIN 48 1S
V THE EMITTER OF
> AND UG188 PIN 2
LD BE AT 4.3V
e
FIND AND
REPAIR FAULT
C/T/7
TROUBLESHOOTING

@

4632-23




DID
CT TEST 87
FAIL?

DID
CT TEST 81
FAIL?

NO

GO TO

YES

NO

RUN CT TEST 87

1S P4232
ATTACHED CORRECTLY
T0 BUFFER BOARD?

FIND AND REPAIR

FAULT BY MAKING

CERTAIN P4234 IS
ATTACHED CORRECTLY

TG BUFFER BOARD

YES

~ ] IN LOOP MODE

IS BIT @
OF ERROR CODE
A7

IS BIT 1
OF ERROR CODE
Al?

IS

BIT 3 OR
BIT 4 OF ERROR
CODE A 1?

RECALIBRATE
THE C/T/7

IS "FREQ
OUT OF LIMITS"
DISPLAYED IN
READOUT?

1S
"OFFSET LIMIT"
DISPLAYED IN
READOUT?

X5819 OR INPUT
FREQUENCY 1S OUT
OF SPECIFICATION.
FIND AND REPAIR

FAULT




YES U188 PIN 8 SHOULD

2445/2465 Option 06 and Option 09 Service

> BE MOVING BETWEEN

< 3.2V AND %X 4.8V

vES UB188 PIN 4 SHOULD

Y

>———#] BE MOVING BETWEEN

< 3,2V AND % 4.9V

ARE
ue180 PINS
23, 12, AND 29
MOVING BETWEEN
3.2V AND
4.8V?

us148 PINS 33, 31,

YES AND 29 SHOULD BE

MOVING BETWEEN VALID
TTL LOGIC LEVELS

Y

ARE
U188 PINS
12 AND 23 MOVING
BETWEEN 3.2V
AND 4.0vV?

ARE
U6148 PINS
31 AND 29 MOVING
BETWEEN VALID
TTL LOGIC
LEVELS?

UB188 PINS 8 AND
YES 33 SHOULD BE MOVING

BETWEEN VALID +5V >
ECL LOGIC LEVELS
(<3.3V - 23.8V)

FIND AND REPAIR
FAULT BY CHECKING
POSSIBLE CAUSE IN

TABLE 5-4
\
GO1T0
THE DIFFERENCE BETWEEN THE
is DELAY FROM U788 PIN 45 TO THE FALL TIME (90X-18X)
TLIMIT" YES US8BA PIN 3 (A SWEEP GATE) | oF U9BB PIN 41 MINUS THE
\YED IN | AND THE OELAY FROM U988 PIN *1 FALL TIME (S@8%-18%) OF
ouT? 45 AND J184 PIN 3 (B SWEEP U7@3 PIN 45 MUST BE <1@ns
GATE) IS NOT >4ns AND <2@ns
<
NO \
IFIND AND REPAIR FAULT]
Y
e it
c/T/7
TROUBLESHOOT ING
4632-24
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Counter/Timer/Trigger GPIB Command Summary

APPENDIX A

Appendix A

2445/2465 Option 06 and Option 09 Servic_e

GPIB COMMAND REFERENCE

Table A-1

C/T/T Measurement Commands

Header Argument Argument
CTRdy?
CTSend? iMMediate
WAIt
oPC ON
OFF
C/T/T Sstup Commands
BTRigger MODe: ALTSlope
RUN
TRIGGerable
BTRigger?
MODe
COUNt EVent: ATRigger
WREcognizer
MOPDe: FREquency
TOTal
PERiod
COUNt?
EVEnNt
MODe
CTT COUNt
DBEvents
LTRigger
OFF
RESET
Cc1T1?
DBEvents COUNt: <nri>
EVEnt: BTRigger
WREcognizer
STArt: ATRigger
WREcognizer
SWEep: ASWeep
BSweep
DBEvents?
COUNt
EVEnNt
STAr
SWEep

Table A-1 (cont)

Header Argument Argument
LTRigger ASWeep: AANdb
AORb
WREcognizer
BSWeep: WREcognizer
LTRigger?
RESolution AUto
R1Ns
R100ps
R10Ps
RESolution?
Table A-2

Word Recognizer GPIB Command Summary

Header Argument Argument
WREcognizer |CLOck: ASYnch
DNClock
UPClock
RADix: ‘BiNary
HEX
OCTal
WORd: <ASCII binary
data>
WREcognizer?
CLOck
RADix
WORd

A-1



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.

AAE e R AR 8.



M(tronix@) MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 11-10-84 Change Reference: MS55997
Product: 2445/2465 OPTIONS 06 & 09 SERVICE Manual Part No.: 070-4632-00
DESCRIPTION PG 38

EFFECTIVE SERIAL NUMBERS: B025500 (2445 Oscilloscope)
B028060 (2465 Oscilloscope)

REPLACEABLE ELECTRICAL PARTS LIST CHANGES

CHANGE TO:
A20 670-7830-05 CKT BOARD ASSY: BUFFER
' (OPTION 01 WITH ANY COMBINATION OF OPTIONS 06, 09, OR 10)
A20 670-7830-08 CKT BOARD ASSY: BUFFER
(OPTION 01 & 05, WITH ANY COMBINATION OF OPTIONS 06, 09, OR 10)
A20R4202 321-0132-00 RES,FXD,CMPSN: 232 OHM,5%,0.125W
A20R4203 321-0101-00 RES,FXD,CMPSN: 110 OHM,5%,0.125W
A20R4207 321-0101-00 RES,FXD,CMPSN: 110 OHM,5%,0.125W
A20R4208 321-0132-00 RES,FXD,CMPSN: 232 OHM,5%,0.125W

DIAGRAM CHANGES

DIAGRAM @ BUFFER BOARD ANALOG & POWER DISTRIBUTION

Change R4202 (location 5D) to a 232(! resistor.
Change R4203 (location 5D) to a 110 resistor.
Change R4207 (location 4C) to a 110Q resistor.
Change R4208 (location 4C) to a 232 resistor.
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