
-

-
-
-

-
-

Tektronix, Inc. 
P.O. Box 500 

COMMITTED TO EXCELLENCE 

WARNING 
THE FOLLOWING SERVICING INSTRUCTIONS 
ARE FOR USE BY QUALIFIED PERSONNEL ONLY. 
TO AVOID PERSONAL INJURY, DO NOT 
PERFORM ANY SERVICING OTHER THAN THAT 
CONTAINED IN OPERATING INSTRUCTIONS 
UNLESS YOU ARE QUALIFIED TO DO SO. REFER 
TO OPERATORS SAFETY SUMMARY AND 
SERVICE SAFETY SUMMARY PRIOR TO 
PERFORMING ANY SERVICE. 

PLEASE CHECK FOR CHANGE INFORMATION 
AT THE REAR OF THIS MANUAL. 

2445 
OSCILLOSCOPE 

SERVICE 

INSTRUCTION MANUAL 

Beaverton, Oregon 97077 Serial Number 

070-3829-00 
Product Group 38 

First Printing JAN 1983 
Revised JAN 1984 



Copyright Co, 1983 Tektronix. Inc. All rights reserved. 
Contents of this publication may not be reproduced in any 
form without the written permission of Tektronix, Inc. 

Products of Tektronix, Inc. and its subsidiaries are covered 
by U.S. and foreign patents and/or pending patents. 

TEKTRONIX, TEK. SCOPE-MOBILE, and are 
registered trademarks of Tektronix, Inc. TELEQUIPMENT 
is a registered trademark of Tektronix UK Limited. 

Printed in U.S.A. Specification and price change privileges 
are reserved. 

INSTRUMENT SERIAL NUMBERS 

Each instrument has a serial number on a pane! insert tag, 
or stamped on the chassis. The first number or letter 
designates the country of manufacture. The last five digits 
of the serial number are assigned sequentially and are 
unique to each instrument. Those manufactured in the 
United States have six unique digits. The country of 
manufacture is identified as follows: 

BOOOOOO 
100000 
200000 
300000 
700000 

Tektronix, Inc., Beaverton, Oregon, USA 

Tektronix Guernsey, Ltd., Channel Islands 

Tektronix United Kingdom, Ltd., London 

Sony/Tektronix, Japan 

Tektronix Holland, NV, Heerenveen, 
The Netherlands 



2445 Service 

TABLE OF CONTENTS 

Page Page 

LIST OF ILLUSTRATIONS ................. iv OPERATOR'S CHECKS 

LIST OF TABLES ........................ v AND ADJUSTMENTS ..•......... 2·17 
INTRODUCTION ......•...... 2·17 

OPERATORS SAFETY SUMMARY ......••.•.• vi INITIAL SETUP ..•........... 2·17 
SERVICING SAFETY SUMMARY ............. vii TRACE ROTATION 

ADJUSTMENT .............•. 2·17 
ASTIGMATISM ADJUSTMENT •.. 2·18 
AUTO DC BALANCE 

SECTION 1 SPECIFICATION ADJUSTMENT ....•.......... 2·18 
~ INTRODUCTION •••.......... '·1 PROBE LOW·FREQUENCY 

PERFORMANCE CONDITIONS ... '·1 
COMPENSATION ........•.... 2·18 
MATCHING CHANNEL 2 
DELAY .................... 2·19 
AMPLITUDE CHECK .•........ 2-20 

SECTION 2 OPERATING INFORMATION 
TIMING CHECK .............. 2·20 

PREPARATION FOR USE .....•... 2·' 
SAFETY CONSIDERATIONS ..... 2·1 
LINE VOLTAGE SELECTION .... 2·' 

SECTION 3 THEORY OF OPERATION 

LINE FUSE ................. 2-1 INTRODUCTION .•............. 3-1 
POWER CORD ............... 2·' SECTION ORGANIZATION ...... 3·1 
INSTRUMENT COOLING ....... 2·2 HYBRID AND INTEGRATED 
START·UP ......... , ........ 2·2 CIRCUIT DESCRIPTIONS ....... 3-1 
REPACKAGING FOR BLOCK DIAGRAM ...........• 3·' 
SHIPMENT .........•....... 2·2 BLOCK DESCRIPTION ........• 3-1 

CONTROLS, CONNECTORS, DETAILED CIRCUIT 
AND INDICATORS .............. 2·4 DESCRIPTION ................. 3·5 

POWER AND DISPLAY ......... 2·4 INTRODUCTION ...•......... 3·5 
VERTICAL ................. 2·5 PROCESSOR AND DIGITAL 
HORIZONTAL AND DELTA CONTROL ...............•. 3·5 
MEASUREMENT ............. 2·7 ANALOG CONTROL .......... 3·9 
TRIGGER .•...........•.... 2·10 FRONT·PANEL CONTROLS ..... 3-12 
REAR PANEL ............... 2-12 ATTENUATORS AND 
READOUT DISPLAY .......... 2·13 PREAMPLIFIERS ............. 3·14 

OPERATING CONSIDERATIONS .... 2·15 DISPLA Y SEQUENCER, 
GRATICULE ................ 2·15 TRIGGERS, AND SWEEPS ....... 3·17 
TIME AND VOLTAGE VERTICAL CHANNEL SWITCH 
MEASUREMENTS ............ 2·15 AND OUTPUT AMPLIFIERS ..... 3·23 
GROUNDING ............... 2·15 READOUT ....... '" ....... 3·27 
SIGNAL CONNECTIONS ........ 2-16 HIGH VOLTAGE POWER 
I NPUT·COUPLING SUPPLY AND CRT ............ 3-35 
CAPACITOR PRECHARGING ...• 2-16 LOW VOLTAGE POWER 
EXTERNAL TRIGGERING .•.... 2·16 SUPPLY ................... 3-40 



2445 Service 

TABLE OF CONTENTS (conI) 

Page 

SECTION 3 THEORY OF OPERATION (cont) 

LOW VOLTAGE 
REGULATORS .............. 3·45 
POWER DISTRIBUTION ........ 3-47 
INTERCONNECTIONS ......... 3-47 

SECTION 4 PERFORMANCE CHECK AND 
FUNCTIONAL VERIFICATION 
PROCEDURE 

INTRODUCTION ............... 4·1 
PREPARATION .............. 4·' 

VERTICAL ......•............ 4-4 
TRIGGERING ................. 4-14 
HORIZONTAL. ..•..•.......... 4·18 
CALIBRATOR, EXTERNAL 
Z·AXIS AND GATE OUTPUTS ...... 4·26 
ADDITIONAL FUNCTIONAL 
VERIFICATION ................ 4·28 

SECTION 5 ADJUSTMENT PROCEDURE 

INTRODUCTION. . . . . . . . . . . . . .. 5·' 

ii 

PARTIAL PROCEDURES ....... 5·1 
POWER SUPPLIES .............. 5·2 
CRT ADJUSTMENTS ............ 5·4 
DAC REF, CH 1 AND CH 2 
INPUT CAPACITANCE, AND 
VERTICAL READOUT JITTER 
ADJUSTMENTS. . . . . . . . . . . . . . . . 5·7 
AUTOMATIC CALIBRATION 
CONSTANTS, HORIZONTAL 
AND VERTICAL GAIN, 
CENTERING, AND TRANSIENT 
RESPONSE ADJUSTMENTS . . . . . .. 5·9 

CAL 01-HORIZONTAL ........ 5·9 
CAL 02-VERTICAl. .......... 5·12 
CAL 03-TRIGGERING ......... 5·14 
CAL04-CH 2 DELAY 
ENABLE/DISABLE ............ 5·15 

SECTION 6 

DYNAMIC CENTERING, 
CRT TERMINATION, 
VERTICAL GAIN, 
VERTICAL CENTERING, 
TRANSIENT RESPONSE, HF ADJ, 
READOUT JITTER, 
DC BALANCE, AND 

Page 

X·Y PHASE DIFFERENTIAL 
ADJUSTMENTS. . . . . . . . . . . . . . .. 5-16 

MAINTENANCE 

STATIC-SENSITIVE 
COMPONENTS ................. 6·1 
PREVENTIVE MAINTENANCE ..... 6·2 

INTRODUCTION ............. 6-2 
GENERAL CARE ............. 6-2 
INSPECTION AND 
CLEANING ................. 6-2 
LUBRICATION .............. 6·4 
SEMICONDUCTOR CHECKS ..... 6·4 
PERIODIC READJUSTMENT ..... 6·4 

TROUBLESHOOTING ............ 6·5 
INTRODUCTION ............. 6·5 
TROUBLESHOOTING AIDS ..... 6·5 
TROUB LESHOOT I NG 
EQUiPMENT .......•........ 6-6 
TROUBLESHOOTING 
TECHNIQUES ............... 6-6 
DIAGNOSTIC ROUTINES ....... 6·9 

CORRECTIVE MAINTENANCE ..... 6·18 
INTRODUCTION ............. 6·18 
MAINTENANCE 
PRECAUTIONS. _ ............ 6·18 
OBTAINING REPLACEMENT 
PARTS .' ................... 6·18 
MAINTENANCE AIDS ......... 6·18 
INTERCONNECTIONS ......... 6·19 
TRANSISTORS, INTEGRATED 
CIRCUITS, AND HYBRID 
CiRCUiTS .................. 6-20 
SOLDERING TECHNIQUES ...... 6·20 
REMOVAL AND 
REPLACEMENT 
INSTRUCTIONS .............. 6·22 



2445 Service 

TABLE OF CONTENTS (cont) 

Page 

SECTION 7 OPTIONS 

INTRODUCTION ............. 7·1 
OPTION 22 . . . . . . . . . . . . . . . .. 7·' 
OPTION lR ................. 1·1 
POWER CORD OPTIONS ........ 7·1 
FUTURE OPTIONS ............ 7·2 

SECTION 8 REPLACEABLE ELECTRICAL PARTS 

SECTION 9 DIAGRAMS 

SECTION 10 REPLACEABLE MECHANICAL PARTS 

ACCESSORIES 

CHANGE INFORMATION 

iii 



2445 Service 

iv 

LIST OF ILLUSTRATIONS 

Figure Page 

The 2445 Oscilloscope .................... ". . . . . . . . . . . . . . . . . . . . . . . . . .. viii 

2-1 Line selector switch, line fuse, and detachable power cord ...............•........ 2-2 
2-2 Power and display controls. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-4 
2·3 Vertical controls and CH 1 OR X and CH 2 connectors. . . . . . . . . . . . . . . . . . . . . . . . .. 2-5 
2·4 Channel 3 and Channel 4 controls and connectors and CALIBRATOR output .......... 2-6 
2-5 Horizontal and delta measurement controls ................................. 2-7 
2-6 Trigger controls and indicators ............•............................. 2-10 
2·7 Rear·panel controls and connectors .........•............................. 2·13 
2·8 Readout display locations. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .. 2·14 
2-9 Graticule measurement markings .............. : . . . . . . . . . . . . . . . . . . . . . . . .. 2·15 
2-10 Probe low·frequency compensation ....................................... 2·19 

3-1 Block diagram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. 3·2 
3·2 Address decoding .................................................. 3·7 
3·3 Accept address timing ............................................... 3·11 
3·4 Front·Panel Switch matrix ............................................ 3-13 
3-5 Scale Illumination circuit ............................................. 3·17 
3·6 Sweep generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3·22 
3·7 Developing the readout display . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . .. 3-28 
3-8 Readout display priorities. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . .. 3·32 
3·9 Timing of Refresh Prioritizer. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3·33 
3·10 Dc Restorer circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3·38 
3-11 Timing relationships of the Inverter Drive signals. . . . . • . . . . . . . . . . . . • . . . . . . . . . . . 3·41 
3·12 Simplified schematic of control network ................................... 3·42 

6-1 Multipin connector orientation ....................•.............. ". . . . .. 6·6 
6-2 Rear panel removal • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 6·23 
6·3 Ribbon cable removal. ..........•................................•... 6-24 

9-1 
9·2 
9·3 
9·4 
9-5 
9-6 
9-7 
9-8 
9-9 
9·10 
9-11 
9·12 
9·13 

Color codes for resistors and capacitors. 
Semiconductor lead configurations. 
Locating components on schematic diagrams and circuit board illustrations. 
2445 block diagram. 
A5-Control board. 
A6-Front Panel and A7-Front Panel Variable boards. 
Circuit view of A6-Front Panel. 
Al-Main and A8-Scale Illumination boards. 
A14-Dynamic Centering board. 
A4-Readout board. 
A9-High Voltage board. 
A2-Regulator and A3-lnverter boards. 
A lO-Fan Motor board. 

-
-



n 
n I 

" n 
n 
n 
n 
n , , 

n , f 

n ' , 

P'" 
n 
n 
n , j 

n 
n 
n , J 

n " 

" n 
n 
I ' 

Table 

1-1 
1-2 
1-3 

2-1 

3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 

4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 

5-1 
5-2 
5-3 
5-4 
5-5 

6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 
6-9 
6-10 
6-11 

2445 Service 

LIST OF TABLES 

Page 

Electrical Characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .. 1-2 
Environmental Characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-10 
Mechanical Characteristics. . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . .. 1-11 

Voltage, Fuse, and Power-Cord Data ...................................... 2-3 

I ntensity Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-20 
Trigger Source Selection ........................ _ ..........•...•...... 3-21 
Vertical Display Selection. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-24 
Horizontal Display Selection ..............•........... _ . . . . . . . . . . . . . . .. 3-25 
Blanking and Intensity Control Selection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-26 
Readout Display Mode Selection ............................... _ .... _ ... 3-31 
Operation of Prioritizer Shift Register ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-32 

Test Equipment Required ............................................. 4-2 
Accuracy Limits (vertical) ............................................. 4-7 
CH 3 and CH 4 Accuracy Limits ......................................... 4-8 
CH 1 or CH 2 Triggering Conditions ...................................... 4-15 
CH 3 or CH 4 Triggering Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-15 
Settings for A and B Timing Accuracy Checks and A Cursor Accuracy Limits. . . . . . . . . .. 4-20 
Horizontal Timing Accuracy Checked Against the Graticule .... _ ................. 4-21 
Delta Time Display Accuracy ....................................... _ ... 4-22 
Delayed Sweep Delta Time Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-23 

Power Supply Voltage and Ripple Tolerances. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-3 
Horizontal Timing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5·11 
Horizontal Timing .................................................. 5-12 
Vertical Calibration Signals ............................................ 5-13 
Vertical Calibration Signals ............................................ 5-13 

Susceptibility to Static Discharge Damage .................................. 6-1 
External Inspection Check List . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-2 
Internal Inspection Check List. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-3 
Sequence of Diagnostic Tests and Exerciser Routines ........................... 6-11 
Kernel Test Failure Codes ............................................. 6-13 
Front·Panel LED Option Codes ......................................... 6·13 
Front-Panel LED Device Codes ......................................... 6-13 
Potentiometer Code Numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-15 
DAC Multiplexer "0" Codes ....•...................................... 6-15 
Pots and Switcl\\es Column and Row Code Definitions . . . . . . . . . . . . . . . . . . . . . . . . .. 6-16 
Maintenance Aids . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . • . . 6-19 

v 



2445 Service 

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 1n damage to the equipment or other 
property. 

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

Terms as Marked on Equipment 

CAUTION indicates a personal injury hazard not imme­
diately 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 
cautionary or other information is to be 
found. For maximum input voltage see 
Table 1-1. 

Symbols as Marked on Equ ipment 

/' DANGER - High voltage. 

@ Protective ground (earth) terminal. 

&. 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. 

vi 

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 
protective 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 acces­
sible 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 
you r product. 

Use only a power cord that is in good condition. 

For detailed information on power cords and connectors 
see Table 2-1. 

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 cer­
tified for such operation. 

Do Not Remove Covers or Panels 
To avoid personal injury, do not remove the product 
covers or panels. Do not operate the product without the 
covers and panels properly installed. 

-, 

-. 

--. 

..... 

..... 

....... 
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SERVICING SAFETY SUMMARY 

FOR QUALIFIED SERVICE PERSONNEL ONLY 
Refer also to the preceding Operators Sllfety Summary. 

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

Use Care When Servicing With Power On 
Dangerous voltages exist at several points in this product. 
To avoid personal injury, do not touch exposed connec­
tions or components while power is on. 

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

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. 

vii 
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Section 1-2445 Service 

SPECIFICATION 

INTRODUCTION 

The TEKTRONIX 2445 Oscilloscope is a portable 
150-MHz instrument having a four-channel vertical deflec­
tion system. Channel 1 and Channel 2 provide calibrated 
deflection factors from 2 mVper division to 5 V per 
division. For each of these channels, input impedance is 
selectable between two values: either 1 Mn in parallel 
with 15 pF, or 50 n internal termination. Input-signal 
coupling with l-Mn impedance can be selected as either 
AC or DC. Channel 3 and Channel 4 have deflection factors 
of either 0.1 V or 0.5 V per division. Each of these channels 
has an input impedance of 1 Mn in parallel with 15 pF, 
with DC input-signal coupling. Trigger circuits enable stable 
triggering over the full bandwidth of the vertical system. 

The horizontal deflection system provides calibrated 
sweep speeds from 1.5 s per division to 1 ns per division. 
Drive for the horizontal deflection system is obtained from 
a choice of A, B delayed, A alternated with B delayed 
sweeps, or CH 1 (for the X-Y display mode). 

The 2445 incorporates alphanumeric crt readouts of the 
vertical and horizontal scale factors, the trigger levels, 
time-difference measurement values, voltage-difference 
measurement values, and certain auxiliary information. 

The 2445 Oscilloscope is shipped with the following 
standard accessories: 

2 Probe packages 
1 Snap-lock accessories pouch 
1 Zip-lock accessories pouch 
1 Operators manual 
1 Service manual 
1 Power cord (installed) 
1 2-A, 250-V fuse 
1 Clear plastic crt filter 
1 Blue plastic crt filter (installed) 
1 Front-panel cover 
1 Operators pocket reference guide 

For part numbers and further information about both 
standard and optional accessories, refer to either "Options 
and Accessories" (Section 7) in the Operators manual or 
the Accflssories information at the rear of this manual. 
Your Tektronix representative or local Tektronix Field 
Office can also provide accessories information and 
ordering assistance. 

PERFORMANCE CONDITIONS 

The following electrical characteristics (Table 1-1) 
are valid for the 2445 when it has been adjusted at an 
ambient temperature between +20°C and +30°C, has had 
a warm-up period of at least 20 minutes, and is operating 
at an ambient temperature between -15°C 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. 

Environmental characteristics are given in Table 1-2. 
The 2445 Oscilloscope meets the environmental require­
ments of MI L-T-28800C for Type II!, Class 3, Style C 
equipment; tested as per paragraph 4.5.5.1.2.2 for humidity, 
4.5.5.1.3 for low temperature, and 4.5.5.1.4 for high 
temperature. 

Mechanical characteristics of the 2445 are listed in 
Table 1-3. 

1-1 
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Characteristics 

Table 1-1 

Electrical Characteristics 

I Performance Requirements 

VERTICAL DEFLECTION SYSTEM-CHANNEL 1 AND CHANNEL 2 

Deflection Factor 

Range 2 mV per division to 5 V per division in a 1-2-5 sequence of 11 steps. 

Accuracy 

+15°Cto +35°C Within ±2% at any VOLTS/DIV setting for a 4- or 5-division signal 
centered on the screen. 

-15°C to +15°C and +35°C to +55°C Add 1% to +1~C-to-+35°C specification.8 

~ V Accuracy (using cursors over entire 
graticule area) 

+15°C to +35°C ± (1.25% of reading + 0.03 division + signal aberrations). 

-15°C to +15°C and +35°C to +55°C Add 1% of reading to +15°C-to-+35°C specification.8 

~V Range ± 8 times the VOLTS/DIV switch setting.8 

Variable Range Continuously variable between VOLTS/DIV switch settings. Extends 
deflection factor of the 5 V per division setting to at least 12.5 V 
per division. 

Frequency Response Six-division reference signal from a terminated 50-0 system, with 
VAR VOLTS/DIV control in calibrated detent. 

-3 dB bandwidth -4.7 dB bandwidth 
with 8tandard-accessory with 50-0 extemal 

VOLTS/DIV probe or Intemal termination on 
setting 50-0 termination 1·MO Input 

-15°C to +55°C 2mV DC to SO MHz 
a 

DC to SO MHz 

-15°Cto +35°C 5 mV or greater DC to 150 MHz DC to 150 MHza 

+35° C to +55° C 5 mV or greater DC to 100 MHz8 DC to 100 MHz8 

AC Coupled Lower -3 dB Point 

1X Probe 10 Hz or less.s 

10X Probe 1 Hz or less. 

Step Response 

Rise Time 2.33 ns or less for VOLTS/DIV switch settings of 5 mV and up 
(calculated).8 

4.4 ns or less for VOLTS/DIV switch setting of 2 mV (calculated)_s 

Rise time calculated from: bandwidth x rise time = 0.35. 

-Performance Requirement not checked in manual. 

1-2 REV DEC 1983 
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Specification-2445 service 

Performance Requirements 

VERTICAL DEFLECTION SYSTEM-CHANNEL' AND CHANNEL 2 (cont. 

Common·mode Rejection Ratio (CMRR) At least 20:1 at 50 MHz for common·mode signals of eight divisions 
or less, with VAR VOLTS/DIV control adjusted for best CMRR at 
50 kHz at any VOLTS/DIV switch setting from 5 mV to 5 V; at 
least 20:1 at 20 MHz at 2 mV per division. 

Channel Isolation 100:1 or greater attenuation of the deselected channel at 100 MHz; 
50: 1 or greater attenuation at 150 MHz, for an eight-division input 
signal from 2 mV per division to 500 mV per division, with equal 
VO L TS/D IV switch settings on both channels. 

Displayed Channel 2 Signal Delay with Respect Adjustable through a range of at least -500 ps to +500 ps. 
to Channel 1 Signal 

Input Rand C (1 MO) 

Resistance 1 MO±0.5%.8 

Capacitance 15pF ±2 pF.8 

Maximum Input Voltage & 400 V (de + peak ae); 
800 V Pop ac at 10 kHz or less.8 

Input R (50 0) 

Resistance 500±1%.8 

VSWR (DC to 150 MHz) 1.3:1 or less.8 

Maximum Input Voltage A 5 V rms; 0.5 W·seconds during any 10$ interval for instantaneous 
voltage from 5 V to 50 V. 

Cascaded Operation CH 2 SIGNAL OUT into Channel 1 input; DC coupled using a 
50-0 RG-58C/U coaxial cable, terminated in 50 n at the Channel 1 
input. Channel 1 and Olannel2 VOLTS/DIV switch set to 2 mY. 

Bandwidth Dc to 50 MHz or greater. 

Deflection Factor 400 flV per division ±10%. 

VERTICAL DEFLECTION SYSTEM-CHANNEL 3 AND CHANNEL 4 

Deflection Factor 

Values 0.1 V per division and 0.5 V per division. 

Accuracy Within ±10%. 

Frequency Response Six-division reference signal, from a terminated 50-0 system. 

-3 dB Bandwidth -4.7 dB Bandwidth 
with standard 8CC8tIOI'Y probe with external 50-0 termination 

OCto 150 MHz OCto 150 MHz 

.... rform_ Requinlment not ~ad in 111M ..... 
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Table 1·' (cont) 

Characteristics Performance 

VERTICAL DEFLECTION SYSTEM-CHANNEL 3 AND CHANNEL 4 (cont) 

Step Response 

Rise Time 

Channel Isolation 

Input Rand C 

Resistance 

Capacitance 

Maximum Input Voltage &. 

ns or less (calculated from bandwidth).a 

1 or greater attenuation of the deselected channel at 100 MHz 
an eight-division input signal. 

±1%.a 

pF ±3 pF.a 

V (dc + peak ac); 
V pop BC at 10 kHz or less.a 

VERTICAL DEFLECTION SYSTEM-ALL CHANNELS 

Low-frequency Linearity 0.1 division or less compression or expansion of a two-division, 
center-screen signal when positioned anywhere within the graticule 
area. 

Bandwidth Limiter Reduces upper 3-dB bandpass to a limit of 13 MHz to 24 MHz. 
---~-----~-------~------~--~---~~- ----------~-----

Vertical Signal Delay At least 20 ns of the sweep is displayed before the triggering event 
is displayed.a 

Chopped Mode Switching Rate 

Minimum pop Signal Amplitude for Stable 
Triggering from Channel 1 or Channel 2 Source 

DC Coupled 

NOISE REJ Coupled 

AC Coupled 

Vertical display switches sequentially through the selected channels 
at the chop switching rate. If the B SEC/DIV switch is set to sweep 
speeds outside the range of 20 fJ,S per division to 2 /.1S per division, 
the switching rate is 1 MHz ±0.2% (dual-channel cycle rate of 
500 kHz). If the B SEC/DIV switch is set within the range of 20/.15 
per division to 2 /.15 per division, the switching rate is 2.5 MHz ±0.2% 
(dual-channel cycle rate of 1.25 MHz). At all sweep speeds, the 
chop switching rate is desynchronized with the sweep frequency to 
minimize waveform breaks when viewing repetitive signals.a 

TRIGGERING 

0.35 division from dc to 50 MHz, increasing to 1 division 
at 250 MHz. 

1.2 divisions or less from de to 50 MHz, increasing to 3 divisions 
at 250 MHz. 

0.35 division from 60 Hz to 50 MHz, increasing to 1 division at 
250 MHz. Attenuates signals below 60 Hz. 

~---~-------------~~ 

HF REJ Coupled 0.5 division from dc to 30 kHz. 

LF REJ Coupled 0.5 division from 80 kHz to 50 MHz, increasing to 1 division 
at 250 MHz. 

-~-~--------
aperiormance Requirement not checked in manual. 
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Table 1·1 (oont) 

Characteristics Performance Requirements 

TRIGGERING (cont) 
_. __ . 

. -- --,._------------._-------------_._-----

Minimum p-p Signal Amplitude for Stable Triggering Amplitudes are one-half of Channell or Olannei 2 source 
from Channel 3 or Channel 4 Source specification. 
----- "-------------
Minimum pop Signal Amplitude for Stable Triggering Add 1 division to single-channel source specifications. 
from Composite, Multiple Channel Source in AL T 
Vertical Mode 

Maximum poP Signal Rejected by NOISE REJ 
COUPLING for Signals Within the Vertical Bandwidth 

Channel 1 or Channel 2 Source 0.4 division or greater for VOL TSIDIV switch settings of 10 mV 
and higher. 

-_._--------------------- -.---.--~---.----------. 

Channel 3 or Channel 4 Source 0.2 division or greater. 
--j-- . __ .. _---------------

Jitter Less than 100 ps at 150 MHz with A and B SEC/DIV switch set to 
10 ns and Xl0 MAG on. 

--------- --
LEVEL Control Range 

Channel 1 or Channel 2 Source ± 1B times the VOLTS/DIV switch setting.a 
._--------

Channel 3 or Channel 4 Source ± 9 times the VOLTS/DIV switch setting.a 
._----

LEVEL Control Readout Accuracy (for triggering 
signals with transition times greater than 20 ns) 

Channel 1 or Channel 2 Source 

DC Coupled 

+15°Cto +35°C Within ± [3% of setting + 3% of pop signal + 0.2 division + {0.5 mV 
x probe attenuation factor}] . 

------. -------- ---.-
- lSoC to +55°C Add (1.5 mV x probe attenuation factor) to the specification listed 
(excluding +15°C to +35°C) for +15Q C to +35°C.8 

----
NOISE REJ Coupled Add ±0.6 division to the DC Coupled specification. 

----- ---------.---
Channel 3 or Channel 4 Source 

DC Coupled Within ± [3% of setting + 4% of pop signal + 0.1 division + (0.5 mV 
x probe attenuation factor) J • 

--------___ ,.0_-___ - 1-- _. 

NOISE REJ Coupled Within ± [3% of setting +4% of Pop signal + 0.4 division + (0.5 mV 
x probe attenuation factor) 1 _ 

SLOPE Selection Conforms to trigger-source waveform or ac power-source waveform_ 

AUTO LVL Mode Maximum Triggering Signal Period 

A SEC/DIV Switch Setting Less than 10 ms At least 20 ms.a 

A SEC/D1V Switch Setting from 10 ms to 50 ms At least four times the A SEC/DIV switch setting.a 

A SEC/DIV Switch Setting from 100msto least 200 ms.a 

aparfonnance Requirement not checked in manual. 
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Table 1-1 (cont) 

Olaracteristics Performance Requirements 

TRIGGERING (cont) 

AUTO Mode Maximum Triggering Signal Period 

A SEC/DIV Switch Setting Less than 10 ms At least 80 ms,-

A SEC/DIV Switch Setting from 10 ms to 50 ms At least 16 times the A SEC/DIV switch setting,8 

A SEC/DIV Switch Setting from 100ms to 500ms At least 800 ms,8 

AUTO LVL Mode Trigger Acquisition Time Eight to 100 times the AUTO LVL Mode maximum triggering-signal 
period, depending on the triggering-signal period and waveform,8 

HORIZONTAL DEFLECTION SYSTEM 

A Sweep Time Base Range 1 s per division to 10 ns per division in a 1-2-5 sequence of 25 steps. 
X10 MAG feature extends maximum sweep speed to 1 ns per 
division. 

B Sweep Time Base Range 50 ms per division to 10 ns per division in a 1-2-5 sequence of 
21 steps. X10 MAG feature extends maximum sweep speed to 
1 ns per division. 

SEC/DIV VAR Control Continuously variable and calibrated between settings of the SEC/ 
D IV switch. Extends slowest A Sweep speed to 1.5 s per division. 
Operates in conjunction with the A SEC/DIV switch when A and B 
are locked together; operates in conjunction with the B SEC/OIV 
switch when A and B are not locked together. 

Timing Accuracy (+15°C to +35°C, SEC/DIV 
switch set to 0.1 s per division or less) 

A and B Sweep Accuracy, Time Intervals Unmagnified Magnified 
Measured at Vertical Center with SEC/DIV 
V AR Control in Detent ± (0.7% of time interval ± (1.2% of time interval 

+ 0.6% of full scale). + 0.6% of full scale). 

0.6% of full scale is 0.06 division. 

at Accuracy, Time Intervals Measured with Unmagnified Magnified 
Cursors, Anywhere on the Graticule 
(A Sweep Only) ± (0.5% of time interval ± (1% of time interval 

+ 0.3% of full scale). + 0.3% of full scale)_ 

at Accuracy, Time Intervals Measured with ± (0.3% of time interval + 0.1% of full scale). 
Delayed B Sweep with Both Delays Set at 1% 
or More of Full Scale from Minimum Delay 
(no? displayed in readout) 

Delay Accuracy, A Sweep Trigger Point to Start ± (0.3% of delay setting + 0.6% of full scale) +0 to -25 ns. 
of B Sweep 

Timing Accuracy (A SEC/DIV switch set to 0.5 s or Add ±0.5% of time interval to all accuracy specifications. 
0.2 s per division) 

&p.rformance Requirement not checked in manual. 
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Table 1-1 (coot) 

Olaracteristicsi Performance Requiremants 

HORIZONTAL DEFLECTION SYSTEM (cont) 

Timing Accuracy (A SECIDIV switch set to 1 s per Add ±2% of time interval to all accuracy specifications. 
division) 

Timing Accuracy (SECIDIV VAR control out of Add 2% of time interval to the A and B Sweep Accuracy 
detent) specification. 

Timing Accuracy (-15° C to +15° C and +35° C Add ±O.2% of time interval to all at and delay specifications. Add 
to +55°C) ±0.5% of time interval to A and B Sweep accuracy specifications.-

at Readout Resolution Greater of either 20 ps or 0.025% of full scale.-

at Range ± 10 times the A SEC/DIV switch setting.-

Delay Pickoff Jitter Within 0.004% (one part or less in 25,000) of the maximum 
available delay, plus 100 ps. 

Delay Time Position Range o to 9.95 times the A SEC/DIV switch setting. Main sweep triggering 
event is observable on delayed sweep with zero delay setting.-

X-Y Operation 

X-Axis Deflection Factor 

Range Same as Channel 1.-

Accuracy Same as Channel 1. 

Variable Range Same as Channel 1.· 

X-Axis Bandwidth Octo 3 MHz. 

Input Rand C Same as ChanneI1.· 

Phase Difference Between X and Y with Normal 1° or less from dc to 1 MHz; 
Bandwidth 3° or less from 1 MHz to 2 MHz. 

X-Axis Low-Frequency linearitY 0.2 division or less compression or expansion of a two-division, 
center-screen signal when positioned within the display area. 

CURSOR AND FRONT-PANEL DISPLAY 

Cursor Position Range 

Delta Volts (a V) 

Delta Time (at) 

Minimum Setup Time Required tc> Maintain 
Front-panel Settings at Power-down 

At least the center 7.6 vertical divisions. 

At least the center 9.6 horizontal divisions. 

10 seconds or less.-
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en aracteristics 

Sensitivity 

Dc to 2 MHz 

2 MHz to 20 MHz 

Input Resistance 

Maximum Input Voltage &, 

CALIBRATOR (A SEC/DIV switch set to 1 ms 
per division) 

Voltage 

1 Mn Load 

50 n Load 

Current (short-circuit load) 

Repetition Period 

Accuracy 

Symmetry 

Jitter of Pulse Period or Pulse Width 

CH 2 SIGNAL OUT 

Output Voltage 

Offset 

A GATE OUT and B GATE OUT 

Output Voltage 

Output Drive 

aPerformance Requirement not checked in manual. 
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Table 1·1 (cont) 

Performance Requirements 

Z·AXIS INPUT 

Positive voltage decreases intensity; +2 V blanks a maximum· 
intensity trace. 

+2 V modulates a normal·intensity trace.a 

9 kn ±10%.a 

±25 V peak; 25 V Pop ae at 10 kHz or less.a 

SIGNAL OUTPUTS 

0.4 V ±1%. 

0.2 V ±1.5%_a 

8 mA ±1.5%.a 

Two times the A SEC/DIV switch setting within the range of 200 ns 
ms. 

during sweep time. 

of high portion of output cycle is 50% of output period 
of 500 ns or 25% of period}.s 

per division ±10% into 1 Mn; 
per division ±10% into 50 n. 

mV into 50 n, when de balance has been performed within 
of the operating temperature. 

2.4 V to 5 V positive·going pulse, starting at 0 V to 0.4 V. 

Will supply 400 JiA during HI state; will sink 2 mA during LO state.s 
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O1aracteristi$S 

Display 

Standard Phosphor 

Nominal Accelerating Potential 

Source Voltage 

Ranges 

115 V 

230 V 

Source Frequency 

Fuse Rating 

Power Consumption 

Typical 

Maximum 

Primary Circuit Dielectric Voltage Withstand Test 

Primary Grounding 

&Performance Requirement not checked in manuel. 

Specification-2445 Sel'Yice 

Table ,., (cont) 

Performance Requirements 

CRT 

80 mm x 100 mm.8 

P31.8 

16 kV.8 

AC POWER SOURCE 

90 V to 132 V.8 

180 V to 250 V.8 

48 Hz to 440 Hz.8 

2 A, 250 V, AGC/3AG, Fast blow; 
or 1.6 A, 250 V, 5 x 20 mm, Quick-acting (F).8 

70W (140VA).8 

120W (180VA).8 

1500 V rms, 60 Hz for 10 s without breakdown.8 

Type test to 0.1 n maximum. Routine test to check grounding 
continuity between chassis ground and protective earth ground.8 
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Table 1·2 

Environmental Characteristics 

Characteristics Performance Requirements 

The 2445 Oscilloscope meets the environmental requirements of 
MIL-T-288ooC for Type III, Class 3, Style C equipment; tested 
as per paragraph 4.5.5.1.2.2 for humidity, 4.4.5.1.3 for low 
temperature, and 4.5.5.1.4 for high temperature. 

Temperature 

Operating -15°C to +55°C. 

Nonoperating (storage) -62c C to +85c C. 

Altitude 

Operating To 15,000 ft. Maximum operating temperature decreases laC for 
each 1,000 ft above 5,000 ft. 

Nonoperating (storage} To 50,000 ft. 

Humidity (operating and nonoperating) Stored at 95% relative humidity for five cycles (120 hours) from 
30°C to 60c C, with operational performance checks at 30°C and 
55°C. 

Vibration (operating) 15 minutes along each of three axes at a total displacement of 
0.025 inch pop (4 gat 55 Hz}, with frequency varied from 10 Hz to 
55 Hz in one-minute sweeps. Held 10 minutes at each major 
resonance, or if none existed, held 10 minutes at 55 Hz (75 minutes 
total test time). 

Shock (operating and nonoperating) 50 g, half-sine, l1-ms duration, three shocks on each face, for a 
total of 18 shocks. 

-
Transit Drop (not in shipping package) 12-inch drop on each corner and each face (MIL·T-28800C, 

paragraph 3.9.5.2 and 4.5.5.4.2). 

Bench Handling (with and without cabinet installed) MIL-STD·810C, Method 512.2, Procedure V (MIL-T-2880OC, 
paragraph 4.5.5.4.3). 

EM I (electromagnetic interference) Meets MIL-T-28800C; MI L-STD-461B, part 4 (CE-03 and CS-02), 
part 5 (CS·06 and RS-021. and part 7 (CS-01, RE-02, and RS-03-
limited to 1 GHz); VDE 0871, Catagory B; Part 15 of FCC Rules 
and Regulations, Subpart J, Class A; and Tektronix Standard 
062-2866-00. 

Topple (operating with cabinet installed) Set on rear feet and allowed to topple over onto each of four 
adjacent faces. 

Packaged Transportation Drop Meets the limits of the National Safe Transit ASSociation test 
procedure 1 A-B-2; 10 drops of 36 inches. 

Packaged Transportation Vibration Meets the limits of the National Safe Transit Association test 
procedure 1 A-B-1 ; excursion of 1 inch p-p at 4.63 Hz (1.1 g) for 
30 minutes. 
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Characteristics 

Weight 

With Accessories and Pouch 

Without Accessories and Pouch 

Domestic Shipping Weight 

Height 

With Feet and Accessories Pouch 

Without Accessories Pouch 

Width (with handle) 

Depth 

With Front·Panel Cover 

With Handle Extended 

Cooling 

Finish 

Construction 

Specification-2445 Service 

Table 1-3 

Mechanical Characteristics 

10.2 kg (22.4 Ihi. 

9.3 kg (20.S Ih). 

12.8 kg (28.2Ib}. 

190 mm (7.5 in). 

160 mm (6.3 in). 

330 mm (13.0 in). 

mm (17.1 in). 

505 mm (19.9 in). 

Forced·air circulation. 

Tektronix 81ue vinyl·clad material on aluminum cabinet. 

Aluminum alloy chassis (sheet metal). Plastic laminate front 
panel. Glass laminate circuit boards. 
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Section 2-2445 Service 

OPE*ATING INFORMATION 
! 

This section of the manual provides information on instrument installation and power requirements; and the functions of 
controls, connectors, and indicators are described. Operating considerations, intended to familiarize the operator with basic 
measurement techniques, and o~rator's checks and adjustments for the 2445 are included. For additional operating 
information, refer to the 2445 O!lttrators Manual. 

i 

: PREPARATION FOAUSE 

SAFETY CONSlqERATIONS 
! 

Refer to the Safety Summaries at the front of this 
manual for power source, gro4nding, and other safety 
considerations pertaining to th~ use of the instrument. 
Before connecting the oscilloscppe to a power source, 
read entirely both this section and the Safety Summaries. 

~ 
This instrument may be da",aged if operated with 
the LINE VOL TAGE SELECrOR switch set for the 
wrong applied 8C input-source voltage Jr if the 
wrong line fuse is installed. 

LINE VOLTAGE SELECTION 

The 2445 operates from eifler a 115-V or a 230-V 
nominal ac power-input sou~e having line frequency 
ranging from 48 Hz to 440 Hz. Before connecting the 
power cord to a power-input source, verify that the LINE 
VOLTAGE SELECTOR switch,ilocated on the rear panel 
(see Figure 2-1), is set for the correct nominal ac input­
source voltage. To convert the i instrument for operation 
from one line-voltage range to the other, move the LINE 
VOLTAGE SELECTOR switch to the correct nominal 
ac source-voltage setting (see liable 2-1). The detachable 
power cord may have to be changed to match the particular 
power-source output. i 

LINE FUSE 

To verify that the instrume~t power-input fuse is of 
proper value for the nominal ~c source voltage selected, 
perform the following procedure; 

1. Press in the fuse-holder tap and release it with a 
slight counterclockwise ro+tion. 

2. Pull the cap (with the attached fuse inside) out of 
the fuse holder. 

3. Verify proper fuse value (see Table 2-1). 

4. Install the proper fuse and reinstall the fuse-holder 
cap. 

NOTE 

The two types of fuses listed are not directly inter­
changeablll; thllY require diffllrent typlI$ of fuse caps. 

POWER CORD 

This instrument has a detachable, three-wire power cord 
with a three-contact plug for connection to both the power 
source and protective ground. The power cord is secured to 
the rear panel by a cord-sat-securing clamp. The protective­
ground contact on the plug connects (through the power­
cord protective grounding conductor) to the accessible 
metal parts of the instrument. For electrical-shock pro­
tection, insert this plug into a power-source outlet that has 
a properly grounded protective-ground contact. 

Instruments are shipped with the required power cord 
as ordered by the customer. Available power-cord infor­
mation is presented in Table 2-1. Part numbers are listed 
both in the "Accessories" information at the rear of this 
manual and in the "Options and Accessories" section of 
the Operators Manual (Section 7). Contact your Tektronix 
representative or local Tektronix Field Office for additional 
power-cord information. 
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3830-03 

Figure 2-'. Une .Iector switch, line fu., end detachable power cord. 

INSTRUMENT COOLING 

To prevent instrument damage from overheated com· 
ponents, adequate internal airflow must be maintained at 
all times. Before turning on the power, first verify that both 
the air-intake holes on the bottom of the cabinet and the 
fan-exhaust holes in the rear panel are free of any obstruc· 
tion to airflow. 

START-UP 

The 2445 automatically performs power·up tests each 
time the instrument is turned on. The purpose of these 
tests is to provide the user with the highest possible con­
fidence level that the instrument is fully functional. If no 
faults are encountered, the power-up tests normally will be 
completed in under five seconds, after which the instru­
ment will enter the normal operating mode. A failure of 
any of the power-up tests will be indicated by either a 
flashing TR IG'D indicator on the instrument front panel or 
a bottom-line readout on the crt in the form: TEST XX 
FAil YY (where XX is the test number and YY is the 
failure code of the failed test). 

If a failure of any power-up test occurs, the instrument 
may still be usable for some applications. To put the 
instrument into the operating mode after a power-up test 
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failure, press the AlB TR IG button. If the instrument then 
functions for your particular measurement requirement, it 
may be used, but refer it to a qualified service technician 
for repair of the problem at the earliest convenience. 
Additional informati.on on the power-up tests may be 
found in the "Maintenance" section of this manual and in 
Appendix A of the Operators Manual. Consult your service 
department, your local Tektronix Service Center, or nearest 
Tektronix representative if additional assistance is needed. 

REPACKAGING FOR SHIPMENT 

If this instrument is to be shipped by commercial 
transportation, it is recommended that it be packaged in 
the original manner. The carton and packaging material in 
which your instrument was shipped to you should be saved 
and used for this purpose. 

If the original packaging is unfit for use or is not avail­
able, repackage the instrument as follows: 

1. Obtain a corrugated cardboard shipping carton 
having inside dimensions at least six inches greater 
than the instrument dimensions and having a carton 
test strength of at least 275 pounds. 



2. If the instrument is to be shipped to a Tektronix 
Service Center for service Of repair, attach a tag to 
the instrument showing the following: owner of the 
instrument (with address), the name of a person at 
your firm who can be cOj1tacted, complete instru­
ment type and serial number. and a description of the 
service required. 

3. Wrap the instrument with polyethylene sheeting or 
equivalent to protect the outside finish and prevent 
entry of packing materials into the instrument. 

Table 2·1 
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4. Cushion the instrument on all sides by tightly packing 
dunnage or urethane foam between the carton and 
the instrument. allowing three inches on each side. 

5. Seal the carton with shipping tape or with an indus­
trial stapler. 

6. Mark the address of the Tekronix Service Center and 
your return address on the carton in one or more 
prominent locations. 

Voltage, Fuse, and Power-Cord Data 

Power Cord line Voltage Factory Fuse Plug Voltage Installed' Reference 
Configuration 

Category And Selector Range Instrument Holder 
Standards" Plug Type Setting IACI Fuse Cap 

~ 
U.S. U.S. 2A. 250V ANSI C73.11 

Domestic 120V 115V 90'1 to AGC/JAG AGC/JAG NEMA 5-15-P 
<, l32V Fast-blow IEC83 

'-.-._ -, ,i " , ~ Standatid 15A (UL 198.5) UL 198.6 

-~ 

1.6A,250V EURO CEEm. II, IV, VII 
Option Al 240V 230V 180V to 5x20mm 5x20mm (EC83 

10-1SA 250V Quick-Acting IF) IEC 127 
(IEC 127) 

~~ ~,::~ UKs 1.6A,25OV BS 1363 
/1 Option A2 240V 230V 

l80V to 5x20mm 5x20mm fECa3 'jQ}y SA 250V Quick-Acting IF} IEC 127 
(IEC 127) 

~ 
Australian 1.6A,25OV 

Option A3 240V 230V 
laOV to 5x20mm 

5><20 mm AS C112 
-0.:.r lOA 250V Quick-Acting (F) IEC 127 

(IEC 1271 

~ 
North 2A. 250V ANSI C73.20 

~::::f~ Option A4 American 230V 180Vto AGC/JAG 
AGC/3AG NEMA 6-15-P 

240V 250V Fast-blow IEC83 
15A IUL 198.6) UL 198.6 

Switzerland 
1.6A,250V 

.r';--- Option f\5 220V 230V 180V to 5x20mm 5><20 mm SEV 
,0 -- " 250V Quick-Acting (F) IEC 127 SA (IEC 127) 

a A 614, Type C fuse is also i"..lIed inside the plug of the Option 142 power cord. 

b Reference Standards Abbreyiations: 
ANSI-American Natio"al Standards Institute IEC-Intemational Electrotechnical Commission 
AS-Standards Association of Australia NEMA-National Electrical Manufacturer's Association 
BS-British Standards IMtitution SEV-Schweizeviacher Elektrotechiacher Verein 
CEE-lnternational Commission on Rules for Ul-Underwriters laboratories Inc. 

the Approval of electrical Equipment 
3832-02 
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CONTROLS, CONNECTORS, 
AND INDICATORS 

The following descriptions are intended to familiarize 
the operator with the location and function of the instru­
ment's controls, connectors, and indicators. 

POWER AND DISPLAY 

Refer to Figure 2-2 for location of items 1 through 9. 

CD INTENSITY Control-Adjusts brightness of the crt 
trace display. This control does not affect intensity of 
the crt readout display. 

BEAM FIND Switch-When held in, compresses the 
display to within the graticule area. Aids the operator 
in locating off-screen displays. 

CD FOCUS Control-Adjusts the display for optimum 
definition. 

(£) TRACE ROTATION Control-Operator-adjusted 
screwdriver control used to align the crt trace with 
the horizontal graticule lines. Once adjusted, it does 
not require readjustment during normal operation of 
the instrument. 

2-4 

READOUT INTENSITY Control-Adjusts the inten­
sity of the crt readout display. This control is also 
used to either enable or disable the scale-factor 
display. Setting the control to MIN reduces the 
readout intensity to minimum. Clockwise rotation 
from midrange increases the readout intensity and 
enables the scale-factor display; counterclockwise 
rotation from midrange also increases the intensity 
but disables the scale-factor display. Delta Volts and 
Delta Time readouts and control messages will 
continue to be enabled even when the scale-factor 
display is disabled. 

ASTIG Control-Operator-adjusted screwdriver con­
trol used in conjunction with the FOCUS control to 
obtain a well-defined display over the entire graticule 
area. Once adjusted, it does not require readjustment 
during normal operation of the instrument. 

(j) SCALE ILLUM Control-Adjusts the light level of 
the graticule illumination. 

POWER Switch-Turns instrument power on and off. 
Press in for ON; press again for OFF. An internal 
indicator in the switch shows green when the switch 
is on and black when it is off. Front-panel settings 
that were unchanged for at least 10 seconds prior to 
power-off will be returned when power is reapplied to 
the instrument. 

CRT-Has an 80·mm vertical and 100-mm horizontal 
display area. Internal graticule lines eliminate parallax­
viewing error between the trace and the graticule 
lines. Rise-time measurement points are indicated 
at the left edge of the graticule. 

3830-04 

Figure 2-2. Power and display controls. 
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VERTICAL 

Refer to Figure 2-3 for location of items 10 through 17. 

® 

® 

CH 1 OR X and CH 2 Input Connectors-Provide 
for application of external signals to the inputs of 
Channel 1 and Channel 2 vertical attenuators. A 
signa! applied to the CH 1 OR X connector provides 
the horizontal deflection for an X-Y display. Any 
one or all of the channels (including Channel 1) 
may supply the signal for the X-Y display vertical 
deflection. These connectors each include a coding­
ring contact that activates the scale-factor-switching 
circuitry whenever a scale-factor-switching probe 
is connected. The internal circuitry recognizes 
Tektronix attenuation-coded probes. 

Input Coupling Switches and Indicators-Select the 
method of coupling input signals to the Channel 1 
and Channel 2 vertical attenuators and indicate the 
selection made. If the Channell and Channel 2 input 
signals are both AC coupled and if both input cou­
pling switches are pushed up together, the instrument 
automatically performs a dc balance of Channel 1 
and Channel 2 vertical circuitry. 

1 Mil AC-Input signal is capacitively coupled to 
the vertical attenuator. The dc component of the 
input signal is blocked. The !ow-frequency limit 
(-3 dB point) is 10 Hz or less when using either 
a lX probe or a coaxial cable and is 1 Hz or less 
when using a properly compensated lOX probe. 

1 Mil GND-The input of the vertical amp;;fier 
is grounded to provide a zero (ground) reference­
voltage display. Input resistance is 1 Mil to ground. 
This position of the switch allows precharging of 
the input-coupling capacitor to prevent a sudden 
shift of the trace if AC input coupling is selected 
later. 

1 Mil DC-AI! frequency components of the input 
signal are coupled to the vertical attenuator. Input 
resistance is 1 Mil to ground. 

1 Mil GND-In this position, the switch operates 
exactly the same as previously described. 

50 n DC-All frequency components of the input 
signal are coupled to the vertical attenuator, with 
the input terminated by 50 n to ground. !f exces­
sive signal is applied to either the CH 1 or the 
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CH 2 input connector while 50 il DC input 
coupling is selected, input coupling will revert to 
1 Mil GND and a crt readout will indicate the 
overloaded condition. Moving the input coupling 
switch of the affected channel removes the over­
load message. While power is off, coupling is at 
1 Mil GND. 

® Channel 1 and Channel 2 VOL TS!DIV Switches­
Select vertical deflection factor settings in a 1-2-5 
sequence with 11 positions. The VAR contro! must 
be in the detent (fully clockwise) position to obtain 
a calibrated deflection factor. Basic deflection factors 
are from 2 mV per division to 5 V per division. 
Deflection factors shown in the crt readout reflect 
actual deflection factors in use when Tektronix 
attenuation-coded probes are connected to the 
inputs. 

@ VAR Controls-Provide continuously variab~e, un­
calibrated deflection factors between the calibrated 
settings of the VOLTS/DIV switches. These controls 
vary the deflection factors from calibrated (fully 
clockwise detent position) to at least 2.5 times the 
calibrated deflection factor (fully counterclockwise 
position). When out of the calibrated detent, a greater 
than (» sign appears in front of the associated 
VOLTS/DIV readout display. 

3832-05 

Figure 2-3. Vertical controls and CH 1 OR X and CH 2 connectors. 
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® MODE Switches-Select the indicated channel(s) 
for display when latched in. Any combination of the 
five possible signal selections can be displayed by 
pressing in the appropriate push buttons. The Chan­
nel 1 signal will be displayed if none of the MODE 
switches are latched in. 

The algebraic sum of Channel 1 and Channel 2 is 
displayed when the ADD push button is latched in. 
When both ADD and INVERT buttons are latched in, 
the waveform displayed is the difference between the 
Channel 1 and Channel 2 signals. The INVERT 
button also inverts the polarity of the signal output 
at the CH 2 SIG OUT connector on the rear panel. 
At the same time, the Channel 2 trigger-signal 
polarity is inverted so that if CH 2 is selected as the 
TR IGGER SOURCE, the displayed slope will agree 
with the TRIGGER SLOPE switch setting. 

When multiple channels are selected, they are dis­
played sequentially in order of priority. The estab­
lished priority order is: CH 1, CH 2, ADD, CH 3, 
then CH 4. 

® POSITION Controls-Set vertical position of the 
Channel 1 and Channel 2 signal displays. Clockwise 
rotation of a control moves the associated trace 
upward. When the X-V display feature is in use, 
Channel 1 POSITION control moves the display 
horizontally; clockwise moves it to the right. The 
Channel 2, Channel 3, and Channel 4 vertical POSI­
TION controls move the associated X-V display 
vertically. 

@ CHOP-OUT: AL T Switch-Selects the vertical display 
mode for multiple-channel displays. 

2-6 

CHOP (latched in)-When more than one channel 
is selected, the vertical display switches sequen­
tially through the selected channels at the chop­
switching rate. 

The chop frequency changes between 1 MHz and 
2.5 MHz, depending on the SEC/D IV switch 
setting. At all sweep speeds, the chop-switching 
rate is desynchronized with the sweep frequency 
to minimize waveform breaks when viewing 
repetitive signals. 

OUT: AL T (released oud-When more than one 
channel is selected, the vertical display switches 
sequentially through the selected channels. Alter­
nate switching occurs during sweep-retrace times. 
If both A and B Sweeps are displayed, alternate 
switching occurs at the completion of the B Sweep. 

The position of this switch has no effect on the 
switching rate of multiple X-V displays. When more 
than one X-V display is selected, switching occurs 
at 2.5 MHz. 

@ 20 MHz BW LIMIT Switch-Reduces upper 3 dB 
bandpass of the vertical deflection system to a limit 
of 13 to 24 MHz when latched in. Full instrument 
bandwidth is available when push button is out. 

Refer to Figure 2-4 for location of items 18 through 22. 

® CH 3 and CH 4 Input Connectors-Provide for 
application of external signals to Channel 3 and 
Channel 4. Input coupling from these connectors is 
DC only. Coding-ring contacts, identical in operation 
to the CH 1 OR X and CH 2 input connectors, are 
also provided. Channel 3 and Channel 4 are most 
useful as digital signal and trigger signal input chan­
nels, given their limited choice of deflection factors. 

® POSITION Controls-Set vertical position of the 
Channel 3 and Channel 4 signal displays. The controls 
operate identically to the Channel 2 POSITION con­
trol, but with less range on their associated traces. 

@ Channel 3 and Channel 4 VOL TS/DIV Switches­
Select either of two basic deflection factors for Chan­
nel 3 and Channel 4. With the push button OUT, the 
basic deflection factor (using a 1 X probe or a coaxial 
cable input connection) is 0.1 V per division; when it 
is latched IN, deflection factor is 0.5 V per division. 

3832·06 

Figura 2-4. Channal 3 and Channa! 4 controls and connectors 
and CALIBRATOR output. 
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® CALIBRATOR Connector-Provides a 0.4-V POp 
square-wave signal into a l-Mil load, a 0.2-V Pop 
square-wave signal into a50-il dc-coupled load, or 
an SomA Pop square-wave current signal into a short 
circuit at a sweep speed of 1 ms per division. The 
CALIBRATOR output signal is useful for checking 
the sweep, the delays, and the vertical deflection 
accuracies, as well as compensating voltage probes 
and checking the accuracy of current probes. The 
repetition rate of the square wave changes with the 
setting of the A SEC/DIV switch. For all sweep-speed 
settings from 100 ms per division to 100 ns per 
division, the A Sweep display, as seen on the instru­
ment supplying the CALIBRATOR signal, will be 
five cycles per 10 divisions. At 100 ms per division 
and slower, the CALIBRATOR frequency will be 
5 Hz; at 100 ns per division and faster, the frequency 
will be 5 MHz. The signal amplitude at 5 MHz will be 
at least 50% of the signal amplitude obtained when 
the sweep speed is set to 1 ms per division. 

NOTE 

Due to internal circuitry constraints, the 
calibrator signal is not synchronized during 
trace holdoff. This does not affect the accuracy 
of the calibrator signal that is present during 
a trace display. However, if the 2445 CALI­
BRATOR signal is used to calibrate other 
instruments, the sweep of the 2445 must be 
shut off. If it is not, the signal will appear to 
jitter and will give false (low) frequency counts. 
The sweep of the 2445 is easily shut off by set­
ting the TRIGGER MODE switch to SGL SEQ. 

@ Auxiliary Ground Jack-Provides an auxiliary signal 
ground when interconnecting equipment under test 
and the oscilloscope. Hookup is made via a banana·tip 
connector. 

HORIZONTAL AND 
DELTA MEASUREMENT 

Refer to Figure 2-5 for location of items 23 through 33. 

@ A SEC/DIV Switch-Selects 25 calibrated A Sweep 
speeds from 1 s per division to 10 ns per division, or 
delay ranges from 10 s to 200 ns, in a 1-2-5 sequence. 
Extreme counterclockwise switch rotation selects the 
X-V display mode. In X-V, the signal applied to the 
CH 1 OR X input connector drives the horizontal 
deflection system. 
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® B SEC/DIV Switch-Selects 21 calibrated B Sweep 
speeds from 50 ms per division to 10 ns per division 
in a 1·2-5 sequence. This switch also controls Hori­
zontal Display Mode switching, as explained in the 
following descriptions. 

Knobs Locked-When both the A SEC/D IV and 
B SEC/DIV switches are set to the same sweep 
speed and the B SEC/D IV knob is pushed in, the 
two knobs are locked together; in this position, 
only the A Sweep is displayed on the crt. 

PULL-INTEN-Pulling the B SEC/DIV knob to the 
out position intensifies the A Sweep display for 
the duration of the B Sweep time. When both the 
A SEC/DIV and B SEC/DIV switches are set to the 
same sweep speed, the B Sweep is not displayed, 
but it runs at one of two speeds: either 100 times 
faster than the A Sweep speed or at 5 ns per 
division, whichever is slower. The A and B SEC/ 
D IV knobs are interlocked to prevent the B SEC/ 
D IV switch from ever being set to a slower sweep 
speed than the A SEC/DIV switch setting. 

The position of the intensified zone on the A 
Sweep indicates the delay time between the start 
of the A Sweep and start of the B Sweep interval. 
Its position is controlled by the .6. REF OR DL V 
POS control. 

For single-trace displays, when either the Delta 
Time (.6.t) or the reciprocal Delta Time (l/.6.t) 
function is activated, two intensified zones will 

3830-07 

Fillure 2-5. Horizontal and delta rnaasurement controlL 
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appear on the A Sweep ifthe B TRIGGER MODE 
is set to RUN AFT DLY. When the B TRIGGER 
MODE is set to TRIG AFT DLY, intensified zones 
appear on the A Sweep only if proper B Sweep 
triggering occurs before the end of the A Sweep. 
When set to RUN AFT DL Y, the positIon of the 
Reference zone is controlled by the .::1 REF OR 
o L Y POS control as before, and the position of 
the Delta zone is controlled by the .::1 control. In 
TR IG AFT 0 L Y mode, if the B Sweep is triggered, 
the positions of both intensified zones are deter­
mined by the first triggering events that occur 
after delay times set by the .::1 REF OR DL Y POS 
and the .::1 controls have elapsed. 

When more than one trace is displayed using AL T 
VERT MODE, and if the A Sweep is being trig­
gered from a single source, with the .::1t or 1/.::1t 
function selected, the Reference zone will appear 
on the first selected trace from the following 
sequence: CH 1, CH 2, ADD, CH 3, then CH 4. 
The Delta zone appears on the second selected 
trace, and both zones appear on any additional 
traces. With CHOP VERT MODE or multiple­
channel triggering, both zones appear on all traces. 

Pulling the B SEC/DIV knob to the out position 
will cancel the Delta Volts (.::1 V) function, if it is 
activated. Pushing in the B SEC/DIV knob to 
the locked position will cancel the NO .::1 V WITH 
DELAY message on the crt readout, if it is being 
displayed. 

PULL-ADJ CH 2 DLY-When the A SEC/DIV 
switch is set to 10 ns per division, pulling the 
B SEC/DIV knob to the out position activates 
the Channel 2 delay-offset (CH 2 DL Y) adjust­
ment feature. See "Matching Channel 2 Delay" in 
Section 5, "Operator's Checks and Adjustments," 
to use this feature. 

TURN-ALT -Pulling the B SEC/DIV knob to the 
out position, then turning it to a faster sweep­
speed setting than the A SEC/D IV sweep-speed 
setting, produces the Alternate (AL T) Horizontal 
Display Mode. The A Sweep with an intensified 
zone will be alternately displayed with the B 
Sweep, provided the B TRIGGER MODE is set 
either to RUN AFT DLY or to TRIG AFT DLY 
with a proper B triggering signal occurring before 
the end of the A Sweep. The position of the 
intensified zone on the A Sweep indicates the 
approximate delay of the B Sweep, and the length 
of the intensified zone indicates the approximate 
B Sweep duration set by the B SEC/D IV switch. 

If either .::1t or 1/.::1t is also activated. intensified 
zones and associated B Sweeps will be established 
in the same manner as described in "PULL­
INTEN." 

PUSH-B-Pushing in the B SEC/DIV knob when 
the B SEC/DIV switch is set to a faster sweep 
speed than the A SEC/DIV switch presents only 
the B Sweep trace(s) on the crt display_ 

@ SEC/DiV VAR Control-Continuously varies the 
sweep speed between settings of either the A or the 
B SEC/DIV switch. This control affects the A Sweep 
speed when the A and B SEC/DIV switches are 
locked together. When any of the delayed-sweep 
horizontal modes are displayed, the control affects 
only the B Sweep speed. 

® 

® 

Fully counterclockwise rotation extends the sweep 
speed of the slowest A SEC/DIV switch setting 
(1 s per division) to 1.5 s per division. Fully clock­
wise rotation (detent position) produces the sweep 
speed indicated by the position of the SEC/DIV 
switches. The crt readout displays the actual time­
per-division scale factor for all settings of the VAR 
control. 

This control produces fine resolution over a portion 
of its range, after which it changes to coarse reso­
lution. It reenters the fine-resolution range upon 
reversing the direction of rotation. 

TRACE SEP Control-Provides for vertical position­
ing of the B trace downward from the A trace when 
TURN-ALT Horizontal Display Mode is selected. 
Counterclockwise rotation moves the B trace down­
ward. At the fully clockwise stop position of the 
control, there is no separation between the A and B 
traces. When the PUSH-S Horizontal Display Mode 
is selected and when either .::1t or l/.::1t measurement 
mode is active, the TRACE SEP control provides for 
vertical positioning of the trace or traces associated 
with the.::1 control. 

Horizontal POSITION Control-Sets the horizontal 
position of the sweep displays on the crt. Clockwise 
rotation of the control positions the display to the 
right. This control produces fine resolution over a 
portion of its range, after which it changes to coarse 
resolution. It reenters the fine-resolution range upon 
reversing the direction of rotation. The Horizontal 
POSITION control does not affect the X-V display 
position on the crt. 
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@ X10 MAG Switch-Horizontally magnifies the por­
tion of the sweep display positioned at the center 
vertical graticule line by a factor of 10 when pressed 
in_ When the A trace and the B trace are displayed 
alternately (TURN-ALT Horizontal Display Mode 
selected). only the B trace is magnified_ Using Xl0 
magnification extends the fastest sweep speed to 1 ns 
per division. The push button must be pressed in a 
second time to release it and regain the X 1 sweep­
speed magnification. 

@ !:lV Switch-Activates the Delta Volts (!:lV) measure­
ment function, when momentarily pressed in alone, 
and cancels any other Delta measurement function 
in effect. In the A Sweep mode (A and B SEC/DIV 
switches locked together), two horizontal cursors 
are superimposed on the crt display_ The crt readout 
displays the equivalent voltage represented by the 
separation between the two cursors. The position of 
one cursor on the display is set by the !:l REF OR 
DLY POS control and the position of the other is 
set by the !:l control. With multiple-channel displays, 
the deflection factor of the first channel selected in 
the display sequence determines the scale factor of 
the Delta Volts readout on the crt. The Delta Volts 
readout is displayed as a percentage ratio if either one 
of the following conditions exists: (1) the channel 
determining the scale factor is uncalibrated (VAR 
control out of detent), or (2) ADD is displayed alone 
when the Channel 1 and Channel 2 deflection factors 
are not the same (VOL TS/DIV switches are at dif­
ferent settings or are uncalibrated). Either pressing in 
the !:lV switch or pulling the B SEC/DIV knob to 
the out position when the Delta Volts function is 
active, cancels it. Attempting to activate the Delta 
Volts function while the A and B SEC/DIV knobs 
are unlocked causes the message NO !:lV WITH 
DE LAY to appear in the top row of the crt readout. 
If displayed, the error message will be canceled 
(removed from the display) by any of the following 
actions: pressing either the!:lV or!:lt switch; pushing 
in the B SEC/DIV if it is out or pulling it out if it is 
in; or locking the A and B SEC/DIV knobs together 
(set to the same sweep speed with the B SEC/DIV 
knob in). 

@ !:It Switch-Activates the Delta Time measurement 
function and cancels any other Delta measurements 
in effect, when momentari,Jy pressed in alone. When 
the Delta Time function is active, momentarily 
pressing in the !:It push button cancels the function. 

When the A and B SEC/DIV knobs are locked together 
(A trace only), two vertical cursors are superimposed 
on the crt display while the Delta Time function is 
active. In any of the delay-time Horizontal Display 
modes (PU LL-INTEN, TURN-AL T, or PUSH-B), 
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two separate delay times are established by the 
Delta Time function. One cursor position (or delay 
time) is set by the !:l REF OR DLY POS control, 
and the other is set by the !:l control. The crt readout 
displays either the time difference between the two 
delays or the equivalent time difference between the 
two vertical cursors. 

If the SEC/DIV VAR control is not in the detent 
position, !:It cursor difference on the A trace only 
displays is expressed as a ratio, with five divisions 
corresponding to a 100% ratio. For the delay-time 
Horizontal Display modes, the SEC/DIV VAR 
control varies the B-sweep scale factor as it is rotated, 
but it has no effect on the delay time. 

Pressing in the !:lV and !:It push buttons together 
activates the 1/!:lt measurement function and cancels 
any other Delta measurement functions in effect. The 
crt waveform display and operation of both the !:l 
REF OR DL Y POS and !:l controls remain the same 
as explained for !:It operation. However, with 1/!:lt 
selected, the crt readout shows the reciprocal of the 
time-difference measurement, with units being 
frequency (Hz, kHz, MHz, or GHz). 

For A trace only displays, with the SEC/DIV VAR 
control out of the detent (fully clockwise) position, 
the time difference between 1/!:lt cursors is displayed 
in degrees of phase, with five divisions equal to 360 
degrees. As with !:It measurements, the position of 
the SEC/DIV VAR control has no effect on delay­
time displays except to change the B Sweep scale 
factor, and the readout remains in units of frequency. 

When the 1/!:lt function is active. pressing both the 
!:l V and the !:It push buttons together cancels the 
function and exits the Delta measurement mode. 
Pressing either !:l V or !:It alone cancels the 1/!:lt 
function and activates the function associated with 
the button pressed. 

® !:l REF OR DL Y POS Control-Sets the reference B 
Sweep delay time or positions the Reference cursor 
when !:lV, !:It, or 1/!:lt Measurement Mode is active. 
When any delay-time Horizontal Display Mode 
(PULL-INTEN, TURN-ALT, or PUSH-B) is selected, 
the reference B Sweep delay time is determined by 
the rotation of the !:l REF OR DL Y POS control in 
conjunction with the A SEC/DIV switch setting. 

This control produces fine resolution over a portion 
of its range, after which it changes to coarse reso­
lution. It reenters the fine·resolution range upon 
reversing the direction of rotation. 

2-9 



Operating Information-2445 Service 

@ ~ Control-Sets the alternate B Sweep delay time or 
positions the Delta-time cursor (vertical line) when 
either the ~t or 1/~t Measurement Mode is active. 
When the ~ V Measurement Mode is active (A Sweep 
Horizontal Display Mode only), the control positions 
one of the two horizontal voltage cursors that appear 
on the crt display. 

This control produces fine resolution over a portion 
of its range, after which it changes to coarse reso­
lution. It reenters the fine:resolution range upon 
reversing the direction of rotation. 

® TRACKING-OUT: INDEP Switch-Selects either the 
TRACKING or INDEP (independent) mode for the 
~ REF OR DLY POS control. When in the TRACK­
ING mode (push button latched in), the difference 
between alternate delay times or cursors (in either 
time or volts Measurement Mode) does not change 
with rotation of the ~ REF OR DLY POS control. 
When the ~ REF OR DLY POS control is rotated, 
the positions of both delays or of both cursors move 
equally until the limit of either is reached. 

If OUT:INDEP is selected (push button released), 
the cursors (or delay positions) are independently 
movable using the ~ REF OR DL Y POS and ~ 
controls. In either mode (TRACKING or INDEP) 
the Delta cursor remains independently movable 
using the ~ control. 

TRIGGER 

Refer to Figure 2-6 for location of items 34 through 42. 

® MODE Switch and Indicators-Selects the trigger 
mode of either the A Sweep or the B Sweep. A single 
push of the switch steps the MODE selection once; 
holding the switch up or down causes the MODE 
selection to step repeatedly. Indicators show the 
selected trigger mode of either the A Sweep or the 
B Sweep according to the selected Horizontal Display 
Mode and as directed by the AlB TR IG switch. 

2·10 

A Trigger Modes: 

AUTO L VL-Automatically establishes the trigger 
level on a triggering signal and free runs the sweep 
in the absence of a triggering signal. The LEVEL 
control covers a range between the positive and 
negative peaks of repetitive triggering signals. If 
the triggering signal amplitude changes, the trigger 
level does not change unless a trigger is no longer 
produced at the established level. The signal 

peak·reference levels and the trigger level are 
redefined whenever triggering ceases, whenever the 
LEVEL control is turned to either extreme, or 
when the MODE switch is pushed up. If the 
LEVEL control is set near either end position, the 
trigger level set by AUTO LVL will be near the 
corresponding signal peak. If the LEVEL control is 
set in the midrange between either end, the trigger 
level set by AUTO LVL will be near the midpoint 
of the trigger signal amplitude. The established 
trigger level remains in effect when switching 
to AUTO or NORM Trigger MODE unless the 
LEVEL control is moved. 

If VERT TRIGGER SOURCE is selected, the 
lowest-numbered displayed channel (or the 
algebraic sum of Channel 1 and Channel 2 if ADD 
vertical display is selected) becomes the trigger­
signal source. If Trigger MODE is changed from 
AUTO LVL to AUTO while more than one 
channel is displayed, the single-channel trigger 
source is retained, and the VERT SOURCE 
indicator is turned off. To regain the VERT 
TRIGGER SOURCE, press up momentarily on 
the SOURCE switch. 

AUTO-Sweep free runs in the absence of a 
triggering signal. The triggering level changes only 
when the LEVEL control is adjusted to a new 
position. 

NORM-Sweep is triggered and runs when a 
triggering signal compatible with the LEVEL 
setting is applied. Sweep free runs either when the 
input coupling of the selected trigger SOURCE is 

Figure 2·6. Trigger controls and indicators. 
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set to GND or when the input coupling of both 
Channel 1 and Channel 2 is set to GND, with 
ADD VERTICAL MODE and VERT TRIGGER 
SOURCE selected. 

SGL SEQ-When armed by pushing the MODE 
switch down momentarily, the sweep runs one or 
more times to produce a single sweep of each of 
the traces defined by the following controls: 
VERTICAL MODE, A and B SEC/DIV, and At. 
Each sweep requires a distinct A Sweep triggering 
event. The READY indicator remains illuminated 
until the final trace in the sequence is completed. 
At the end of the sequence the crt readout is 
written once to present scale factors and other 
readout data, and scale illumination flashes on 
momentarily for oscilloscope photography 
purposes. 

B Trigger Modes: 

RUN AFT DL Y - The B Sweep runs immediately 
after the established delay time has elapsed. 
Delay time is set by the A SEC/DIV switch and 
the A POS OR DLY REF control when no Delta 
Time measurements are selected (neither At nor 
1/At). 

When either At or l/At measurements are made, 
two delay times are established: one by the t:. 
REF OR DLY POS control and the other by the 
A control. 

TRIG AFT DLY-The B Sweep runs when trig­
gered by a triggering signal after the established 
delay time has elapsed, provided the A Sweep has 
not terminated. Since the B Sweep runs at the 
time the triggering signal occurs, the display is 
stable, even with jittering signals; but the actual 
delay time is greater than the delay-time setting. 
Therefore, the crt readout shows a question mark 
in this mode. 

@ SOU RCE Switch and Indicators-Selects the trigger 
signal source for either the A or the B Sweep. 
Indicators show the selection made. A single push of 
the switch steps the SOURCE selection once; holding 
the switch up or down causes the SOURCE selection 
to step repeatedly. Indicators do not illuminate for 
B triggering signals when RUN AFT DLY is selected. 

VERT-The sweep triggers on the displayed 
channel when only one channel is selected. If 
multiple vertical displays are selected, both the 
Trigger MODE in use and position of the CHOP/ 
A L T button affect the trigger-source selection. 
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When ALT VERTICAL MODE is selected, each 
displayed channel in turn provides the triggering 
signal, and the respective LED indicator for each 
displayed channel is illuminated, except in the case 
of AUTO LVL MODE triggering. For AUTO LVL 
triggering or CHOP VERTICAL MODE, the lowest 
numbered channel, or ADD if it is displayed, is the 
triggering-signal source. The LED indicator for the 
lowest numbered channel displayed is illuminated, 
except if ADD is selected. Then, the CH 1, CH 2, 
and VERT indicators are illuminated. 

CH 1, CH 2, CH 3, or CH 4-A triggering signal is 
obtained from the corresponding vertical channel. 

LINE (A Trigger Onlyl-A triggering signal is 
obtained from a sample of the ac power-source 
waveform. This trigger source is useful when 
vertical input signals are time related (multiple or 
submultiple) to the frequency of the ac power­
source voltage. 

@ COUPLING Switch and Indicators-Selects the 
method of coupling the triggering signal to the A and 
the B trigger generator circuitry. A single push of the 
switch steps the COUPLING selection once; holding 
the switch up or down causes the COUPLING selec­
tion to step repeatedly. Indicators show the coupling 
method selected for either the A triggering signals 
(when an A TRIGGER MODE is in effect) or the B 
triggering signals when TR IG AFT DL Y is selected 
for the B TRIGGER MODE. Indicators do not 
illuminate for B triggering signals when RUN AFT 
DL Y is selected. 

DC-All frequency components of the signal are 
coupled to the trigger-generator circuitry. This 
coupling method is useful for triggering on most 
signals. 

NOISE REJ-AII frequency components of the 
input signal are coupled to the trigger-generator 
circuitry, but the peak-to-peak signal amplitude 
required to produce a trigger event is increased. 
This coupling method is useful for improving 
trigger stability on signals accompanied by low­
level noise. 

HF REJ-Attenuates high-frequency triggering­
signal components above 50 kHz. This coupling 
method is useful for eliminating radio-frequency 
interference and high·frequency noise components 
from the signal applied to the trigger-generator 
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circuitry; it allows stable triggering on the low­
frequency components of a complex waveform. 

IF REJ-Signals are capacitively coupled, and the 
de component of the triggering signal is blocked. 
Attenuates the low-frequency signal components 
below 50 kHz. This coupling method is useful for 
producing stable triggering on the high-frequency 
components of a complex waveform. Low­
frequency components such as power-supply hum 
are removed from the signal applied to the trigger­
generator circuitry. 

AC-Signals are capacitively coupled. Frequency 
components below 60 Hz are attenuated, and the 
dc component of the input signal is blocked. This 
coupling method is useful for signals that are 
superimposed on slowly changing dc voltages. 
This method will work for most signals when 
trigger-level readout is not desired. 

AlB TRIG Switch-Directs the MODE, SOURCE, 
COUPLING, SLOPE, and LEVEL controls to either 
the A Trigger or the B Trigger, under the allowed 
switching conditions. Controls are normally directed 
to the A Trigger when the A and B SEC/DIV knobs 
are locked together (A Sweep display only). Controls 
are normally directed to the B Trigger when the 
B TRIGGER MODE is set to TRIG AFT DLY and 
the A and B SEC/DIV knobs are unlocked (PULl­
INTEN, TURN-ALT. or PUSH-B Horizontal Display 
Mode). Pressing and holding in the AlB TR IG switch 
will direct the trigger controls away from their 
normal trigger direction, but releasing the A/B TR tG 
switch will redirect the trigger controls back to the 
original triggers. 

If the A and B SEC/D IV knobs are unlocked and 
either the B TRIGGER MODE is set to RUN AFT 
Dl Y or the A TRIGGER MODE is set to SGL SEQ, 
the AlB TR IG switch wil! direct the trigger controls 
to the opposite trigger each time it is momentarily 
pressed and released. 

Locking the A and B SEC!DIV knobs together will 
switch the trigger controls to the A Trigger if they 
are currently directed to the B Trigger. Pulling the 
B SEC/DIV knob to the out position will cause the 
trigger controls to revert to the B Trigger if the B 
TRIGGER MODE is set to TRIG AFT DLY. How­
ever, if the B TRIGGER MODE is set to RUN AFT 
DL Y when the B SEC/DIV knob is unlocked from 
the A SEC/DIV knob, the trigger controls remain 
directed to the A Trigger until the B Trigger is 
reselected by the AlB TR IG switch. 

® 

® 

® 

LEVEL Control-Sets the amplitude point on the 
triggering signal at which either A or B Sweep trig­
gering occurs. Th is control produces fine resolution 
for a portion of its range, after which it changes to 
coarse resolution. It reenters the fine-resolution range 
upon reversing the direction of rotation. 

When the A TRIGGER MODE is set to AUTO LVL, 
the effect of the LEVEL control is spread over the 
A Sweep triggering-signal amplitude from peak to 
peak. In this case, rotating the control to either 
extreme causes the triggering level to be redefined 
by tile AUTO LVL circuitry. 

SLOPE Switch and Indicators-Selects tile slope of 
the signal that triggers either the A Sweep or the 
B Sweep. Indicators illuminate to show slope selec­
tion made for the A Sweep and for TRIG AFT DLY 
B Sweeps. The + and - indicators do not illuminate 
for B triggering when RUN AFT 0 L Y is selected. 

A SWP TRIG'D Indicator-Illuminates to indicate 
that the A Sweep is triggered. It extinguishes after 
a nominal length of time when a triggering signal is 
not received following completion of the sweep. 

® READY Indicator-Illuminates when SGL SEQ 
MODE is selected and the A Sweep is armed and 
waiting for a triggering event to occur. It extinguishes 
following the completion of all the traces selected 
for the SGL SEQ display. 

@ HOlDOFF Control-Varies the amount of holdoff 
time between the end of the sweep and the time a 
triggering signal can initiate the next sweep. The 
ability to obtain stabie triggering on some aperiodic 
signals is improved using this control. In the BENDS 
A position (fully clockwise) trigger holdoff time is 
reduced to minimum, and the A Sweep terminates 
immediately at the end of the B Sweep. This enables 
the fastest possible sweep-repetition rate at slow A 
Sweep speeds. 

REAR PANEL 

Refer to Figure 2-7 for location of items 43 through 49. 

@ A GATE OUT and B GATE OUT Connectors­
Provide TTL-compatible, positive-going gate signals 
that are HI during their respective sweeps and LO 
while the sweep is not running. 
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@ CH 2 SIGNAL OUT Connector-Provides an output 
signal that is a normalized representation of the 
Channel 2 input signal. The output amplitude into a 
l-Mn load is approximately 20 mV per division 
of input signal. Into a 50-n load, the output ampli­
tude is approximately 10mV per division of input 
signal. 

® EXT Z-AXIS IN Connector-Provides an input con­
nection point to apply external Z-axis modulation 
signals to the Z-Axis Amplifier. Either the sweep or 
the X- Y display may be intensity modulated. Positive­
going signals decrease the intensity. From dc to 
2 MHz, an input-signal amplitude of +2 V will blank 
a maximum·intensity trace; from 2 MHz to 20 MHz, 
an input·signal amplitude of +2 V will produce 
noticeable modulation on a normal·intensity trace. 

Modulating signals with fast rise and fall times produce 
the most abrupt intensity changes. External Z-axis 
signals must be time related to the displayed signal 
frequency to obtain a stable intensity·modulation 
pattern on the crt. 

Operating Information-2445 Service 

@ Fuse Holder-Contains the ac power-source fuse. 

® Detacha~e Power Cord Receptacle-Provides the 
connectIon point for the ac power source to the 
instrument. 

® LINE VOLTAGE SELECTOR Switch-Selects the 
nominal instrument operating voltage range. When 
set to 115V, the instrument operates from a power­
source voltage having a range of 90 V to 132 V ac. 
Set to 230V, the instrument operates on an input­
voltage range of 180 V to 250 V ac. 

® Mod Slots-Contain the identification numbers of any 
installed instrument modifications. 

READOUT DISPLAY 

The Readout System provides an alphanumeric display 
of information on the crt along with the analog waveform 
display. The readout is displayed in two rows of 32 char­
acters each. One row is within the top graticule division, 
and the other row is within the bottom graticule division. 

Figure 2·7. Rear-panel controls and connectors. 
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The locations and types of information displayed under 
normal operating modes are illustrated in Figure 2-8. 

The Trigger-level readout shows the signal voltage 
(at the probe tip of encoded probes) that will initiate 
the sweep. The readout appears only if the following con­
ditions exist: a single vertical channel is selected as the 
trigger source, the vertical input coupling is not AC, the 
VOL TS/DIV VAR control of the source channel is in the 
calibrated detent, and trigger coupling is either DC or 
NOISE REJ. 

NOTE 

Other information is displayed when the instrument 
is in a diagnostic mode or has experienced a fault. 
The diagnostic displays are explained in the "Main­
tenance" section of this manual. 

If the bottom row of the readout contains dots in 
the normally blank spaces, a wrong calibration 
constant has been encountered. The instrument must 
be readjusted to remove the incorrect calibration 
constant from the EAROM. 

Each of the scale-factor displays appears when the 
respective vertical channel or sweep is displayed. When X-Y 
mode is selected, the Channel 1 scale factor is displayed, 
and CH 1 X appears in place of the A Sweep scale factor. 

Special characters or abbreviations are displayed to 
indicate GND or AC coupling of Channel 1 or Channel 2 
signals, ADD, CH 2 INVERT, Vertical bandwidth limited, 
or HOlDOFF not set to minimum. 

TRIGGER LEVEL INDICATOR 

TRIGGER SOURCE 
(1,2,3, OR 41 

A question mark may appear in a Dl Y (delay time), a 
.::It (delta time), or a 1/.::lt readout when the SEC/DIV 
knobs are unlocked (not with cursors). This indicates that 
either the delay time (or one of the two delay times) is set 
at less than 0.5% of the maximum delay or the B TRIG· 
GER MODE is set to TRIG AFT DLY. A question mark 
will also appear in a 1/.::lt display readout when the 
difference between the two delays (or the distance between 
the two cursors displayed when the A and B SECIDIV 
knobs are locked together) is less than 1% of full scale. 

The 50 n OVER LOAD display appears if excessive signal 
is applied to either the CH 1 or the CH 2 input connector 
while 50 n DC input coupling is selected. The readout will 
return to the normal display when the input coupling of the 
overloaded channel is switched. 

50 n OVER LOAD 
INDICATION 

SWEEP DELAY TIME 
DELTA VOLTAGE 

DELTA TIME 
1/DELTA TIME 

TRIGGER CURRENTLY UNDER ---l-f-~~~~~~-~--r-~-I-~-j-••• j 
CONTROL (A OR BI 1 
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ADD INDICATOR (+) 

CHANNEL 1 
SCALE FACTOR 

•................................... 
I 

B SWEEP SCALE FACTOR 

A SWEEP SCALE FACTOR 

INVERT INDICATOR HI BANDWIDTH 
LIMIT INDICATOR 

(BWLI 

CHANNEL 4 SCALE FACTOR 

CHANNEL 2 
SCALE FACTOR 

CHANNEL 3 
SCALE FACTOR 

Figura 2-B. Raadout display locations 
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OPERATING CONSIDERATIONS 

This part contains basic operating information and 
techniques that should be considered before attempting to 
make any measurements with your instrument. 

GRATICULE 

The graticule is internally marked on the faceplate of 
the crt to eliminate parallax·viewing error and to enable 
accurate measurements (see Figure 2-9). It is marked with 
eight vertical and ten horizontal major divisions. In addition, 
each major division is divided into five subdivisions. The 
vertical deflection factors and horizontal timing are cali­
brated to the graticule so that accurate measurements 
can be made directly from the crt. Also, percentage marks 
for the measurement of rise and fall times are located on 
the left side of the graticule. 

1 ST OR LEFT 11TH OR RIGHT 
VERTICAL VERTICAL 

GRATICULE GRATICULE 
LINE LlNE/ " +' : . I / 

li~ ,~: .. i=I-t.t1-~~-=-rT-~ -j-- -+--t---r--I----r---- - .-
i !: l 
, 1 

--I-H-+--~4 1'-r++- .j.+~ ~t-++t +1-+.... +t-I- + +-++<=-

It=fXttJ 1+: .:r 
I ' ; , I 

RISE AND 
FAll TIME 

MEASUREMENT 
PERCENTAGE 

MARKERS 

CENTER 
VERT,CAl 

GRATICUlE 
LINE 

CENTER 
HORIZONTAL 
GRATICUlE 

LINE 

4207·09 

Figure 2-9. Graticule measurement markings. 

TIME AND VOLTAGE 
MEASUREMENTS 

The 2445 provides three basic ways to make time 
measurements and two basic ways to make voltage measure­
ments. These methods require varying degrees of time and 
care and can result in varying degrees of accuracy. 

Using graticule markings for determining voltage or time 
values produces the least accurate measurement values. 
This method should be used only for measuring very-Iow­
repetition-rate signals or for single-shot measurements 
which require a photograph for viewing. 

The .It and AV cursors provide for better accuracy and 
easier operation than using the graticule, and they should 
be used in most measurement situations. Use of the cursors 
avoids vertical- and horizontal-gain errors and crt·linearity 
errors. Cursors also eliminate the inconvenience of counting 
and interpolating graticu!e markings. 

The Delayed Sweep mode provides the highest accuracy 
for making time measurements. This method avoids errors 
introduced either by visual-resolution limits or by slight 
mismatches between the sweep and the cursors. 

More details relating to various measurement techniques 
are contained in "Basic Applications," Section 6 of the 
Operators Manual. 

GROUNDING 

The most reliable signal measurements are made when 
the 2445 and the unit under test are connected by a com­
mon reference (ground lead) in addition to the signal 
lead or probe. The probe's ground lead provides the best 
grounding method for signal interconnection and ensures 
the maximum amount of signal·lead shielding in the probe 
cable. A separate ground lead can also be connected from 
the unit under test to the oscilloscope ground receptacle on 
the front panel. 
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SIGNAL CONNECTIONS 

Probes 
Generally, probes offer the most convenient means of 

connecting an input signal to the instrument. Shielded 
to prevent pickup of electromagnetic interference, the 
standard 10X probes supplied with this instrument offer 
a high input impedance that minimizes circuit loading. This 
allows the circuit under test to operate with a minimum of 
change from the normal, unloaded condition. Also, the 
subminiature body of these probes has been designed for 
ease of use either when probing circuitry containing close 
lead spacing or when probing in a confined space. 

Both the probe itself and the probe accessories should 
be handled carefully at all times to prevent damage. Avoid 
dropping the probe body. Striking a hard surface can cause 
damage to both the probe body and the probe tip. Exercise 
care to prevent the cable from being crushed or kinked. 
Do not place excessive strain on the cable by pulling. 

The standard·accessory probe is a compensated 10X 
voltage divider. It is a resistive voltage divider for low 
frequencies and a capacitive voltage divider for high­
frequency signal components. Inductance introduced by 
either a long signal or ground lead forms a series-resonant 
circuit. This circuit will affect system bandwidth and will 
ring if driven by a signal containing significant frequency 
components at or near the circuit's resonant frequency. 
Oscillations (ringing) can then appear on the oscilloscope 
display and distort the true signal waveform. Always keep 
both the ground lead and the probe signal-input connec­
tions as short as possible to maintain the best waveform 
fidelity. 

Misadjustment of probe compensation is a common 
source of measurement error. Due to variations in oscillo­
scope input characteristics, probe compensation should 
be checked and adjusted, if necessary, whenever the probe 
is moved from one oscilloscope to another or between 
channels of a multichannel oscilloscope. See the procedure 
in the "Operator's Checks and Adjustments" part of this 
section or consult the probe instruction manual. 

Coaxial Cables 
Cables may also be used to connect signals to the input 

connectors, but they may have considerable effect on the 
accuracy of a displayed waveform. To maintain the original 
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frequency characteristics of an applied signal, only high­
quality, low-loss coaxial cables should be used. Coaxial 
cables should be terminated at both ends in their char­
acteristic impedance. If this is not possible, use suitable 
impedance-matching devices. 

INPUT-COUPLING CAPACITOR 
PRECHARGING 

When the input coupling switch is set to GND, the input 
signal is connected to ground through the input-coupling 
capacitor in series with a 1-Mn resistor to form a pre­
charging network. This network allows the input-coupling 
capacitor to charge to the average dc voltage level of the 
signal applied to the probe. Thus, any large voltage tran­
sients that may accidentally be generated will not be 
applied to the amplifier input when input coupling is 
switched from GND to AC. The precharging network also 
provides a measure of protection to the external circuitry 
by reducing the current levels that can be drawn from the 
external circuitry during capacitor charging. 

EXTERNAL TRIGGERING 

Both the A and the B trigger signals may be independ~ 
ently obtained from any of the four vertical input channels. 
When viewing signals that require a trigger source different 
from one of the displayed vertical signals (traditionally 
referred to as "external triggering"), any free vertical 
channel may be used to input a trigger signal. The signal 
can be viewed on the crt to aid in setting the trigger circuit 
controls by selecting that respective channel for the vertical 
display (replaces the usual "trigger view" feature). After 
establishing the correct triggering, the trigger signal display 
can then be removed from the vertical signal display or 
allowed to remain, at the operator's descretion. 

Channel 1 and Channel 2 can condition a wide range of 
signals to produce triggers-over the full vertical deflection 
range of the channel from millivolts to hundreds of volts 
in amplitude. Channel 3 and Channel 4 inputs have a much 
more limited choice of vertical deflection ranges available 
(0.1 volt and 0.5 volt per division without external attenu­
ation) and are more useful for digital signal amplitudes. 
However, signals much larger can be processed, provided 
they do not exceed the maximum-rated signal amplitude 
for the input. 

-
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OPERATOR'S CHECKS 
AND ADJUSTMENTS 

INTRODUCTION 

This part contains procedures that may be used to verify 
the operation and basic accuracy of your instrument before 
making measurements. Adjustment procedures provided 
enable the user to optimize the display for viewing as well 
as compensate several of the oscilloscope control functions 
for variations in ambient operating temperature. Adjust­
ments beyond the scope of "Operator's Checks and Adjust­
ments" are in the "Adjustment Procedures," Section 5 of 
this manual. 

Before proceeding with ~hese instructions, refer to 
"Preparation for Use" in this section for first-time start-up 
considerations. 

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

INITIAL SETUP 

1. Press in the POWER switch button (ON) and allow 
the instrument to warm up (20 minutes is recommended 
for maximum accuracy). 

2. Set instrument controls to obtain a baseline trace: 

Display 

READOUT 
INTENSITY 

FOCUS 

Vertical 

POSITION 
MODE 
BW LIMIT 
CH 1 VOL TS/DIV 
CH 1 Input Coupling 

Midrange between MIN 
and fully clockwise 
Midrange 

Midrange 
CH 1 
Off (button out} 
10mV 
1 MQGND 

Horizontal 
A AND B SEC/DIV 
SEC/DIV VAR 
POSITION 
10X MAG 

Trigger 

HOLDOFF 
LEVEL 
MODE 
SOURCE 
COUPLING 
SLOPE 

Locked together at 1 ms 
Calibrated detent 
Midrange 
Off (button out) 

Fully counterclockwise 
Midrange 
AUTO LVL 
VERT 
DC 
+ 

3. Adjust the INTENSITY and READOUT INTENSITY 
controls for desired display and readout brightness and best 
trace definition. 

4. Adjust the Vertical and Horizontal POSITION 
controls to position the trace within the graticule area. 

TRACE ROTATION ADJUSTMENT 

1. Preset instrument controls and obtain a baseline trace 
as described in "Initial Setup." 

2. Use the Channel 1 POSITION control to move the 
baseline trace to the center horizontal graticule line. 

NOTE 

Normally, the resulting trace will be parallel to the 
center horizontal graticule fine, and the Trace Rota­
tion adjustment should not be required. 

3. If the trace is not parallel to the center horizontal 
graticule line, use a small-bladed screwdriver to adjust the 
TRACE ROTATION control (see Figure 2-2) and align the 
trace with the center horizontal graticule line. 
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ASTIGMATISM ADJUSTMENT 

1. Preset instrument controls and obtain a baseline 
trace as described in "Initial Setup." Set 20 MHz BW 
LIMIT On (in) 

2. Connect a lOX probe to the CH 1 OR X input 
connector and connect the probe tip to the CALIBRATOR 
output. 

3. Adjust the Channel 1 POSITION control to center 
the display on the screen. 

4. Set A and B SEC/D IV controls at 1 IlS. 

5. Slowly adjust the FOCUS control to its optimum 
setting (best·defined display). 

NOTE 

If the ASTIG adjustment is correctly set already, 
all portions of the trace will come into sharpest focus 
at the same position of the FOCUS control. 

6. If focusing is not uniform over the entire graticule 
area, use a small·bladed screwdriver to adjust the ASTIG 
control (see Figure 2·2). 

7. Since the ASTIG and FOCUS adjustments interact, 
repeat steps 5 and 6 until the best·defined display over the 
entire graticule area is obtained. 

NOTE 

Once it is set, the ASTIG adjustment should be 
correct for any display. However, it may be necessary 
to reset the FOCUS control slightly when the 
INTENSITY control setting is changed. 

AUTO DC BALANCE ADJUSTMENT 

The 2445 can automatically perform a dc-balance 
adjustment of Channel 1 and Channel 2. This adjustment 
assures that the trace shifts associated with attenuator 
stepping, changing the variable volts per division setting, 
and switching Channel 2 between noninverted and inverted 
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operation are within nominal limits. The de balance 
attained by the Auto DC Balance adjustment remains 
valid as long as the instrument is operating within 5°C of 
the ambient temperature at which the adjustment was 
performed provided a 20·minute warm·up period is allowed 
before -performing the adjustment. To initiate the adjust· 
ment, set both the Channell and Channel 2 input coupling 
switches to AC. Then simultaneously push up on both 
switches. An alternate method of entering the auto· 
adjustment mode is possible with only one of the input 
coupling switches set to AC. Press up and hold the input 
coupling switch that is not set to AC, then press up the 
other input coupling switch. With either method, the 
instrument will enter an auto·adjustment mode for about 
ten seconds. When the Auto DC Balance adjustment cycle 
is complete, the instrument will return to the normal 
operating mode. 

NOTE 

If a circuit defect prevents accurate dc balance, the 
routine halts and LIMIT is displayed. Push the Trigger 
COUPLING switch up to continue balancing the 
remainder of the circuitry. 

If power to the instrument is interrupted before the 
balancing cycle is completed, an error will be detected 
by the next power-on self test. Press AlB TRIG to 
exit the diagnostic monitor and restart the Auto 
DC Balance adjustment to allow the cycle to be 
completed. 

PROBE LOW-FREQUENCY 
COMPENSATION 

Misadjustment of probe compensation is one of the 
sources of measurement error. The attenuator probes 
are equipped with compensation adjustments. To ensure 
optimum measurement accuracy, always check probe 
compensation before making measurements. Probe low­
frequency compensation is accomplished as follows: 

1. Preset instrument controls and obtain a baseline trace 
as described in "Initial Setup." Set 20 MHz BW LIMIT 
On (in). 

2. Connect the two lOX probes (supplied with the 
instrument) to the CH 1 OR X and the CH 2 input con­
nectors. Observe that the CHANNEL 1 SCALE FACTOR 
on the readout display changes from 10 mV to 100 mV 
when the lOX probe is attached. ...--", 
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3. Connect the Channel 1 probe (using the probe hook 
tip) to the oscilloscope CALIBRATOR output. 

4. Set triggering controls for a stable display. The dis­
play should be five cycles of the CALIBRATOR square­
wave signal, with an amplitude of four divisions. Center the 
display on the screen. 

5. Check the waveform for overshoot and rolloff (see 
Figure 2-10). If necessary, use a small-bladed screwdriver to 
adjust the probe low-frequency compensation for a square 
front corner on the waveform. 

6. Release the CH 1 VERTICAL MODE switch, select 
CH 2 VERTICAL MODE, and connect the Channel 2 probe 
input to the CALIBRATOR output. Observe that the 
CH 2 SCALE FACTOR on the readout display indicates 
100 mV with the 10X probe attached. 

7. Use the Channel 2 POSITION control to vertically 
center the display and repeat step 5 for the Channel 2 
probe. 

NOTE 

Refer to the instruction manual supplied with the 
probe for more complete information about low­
frequency and high-frequency compensation of 
the probes. 
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Figure 2-10. Probe low·frequency compensation. 
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MATCHING CHANNEL 2 DELAY 

The apparent signa! delay in Channel 2 may be adjusted 
up to ±500 ps to match the apparent delay present in any 
of the other three channels. This adjustment is most com­
monly used to eliminate delay differences between Chan­
nel 1 and Channe! 2 that may be introduced by the probes 
and has no effect on common-mode rejection when ADD 
VERTICAL MODE is selected. Matching Channel 1 and 
Channel 2 delay is accomplished as follows: 

1. Preset the instrument controls and obtain a baseline 
trace as described in "!nitial Setup." 

2. Connect the two lOX probes (supplied with the 
instrument) to the CH 1 OR X and CH 2 input connectors. 

3. Check and adjust, if necessary, the probes' low­
frequency compensation. Refer to "Probe Low-Frequency 
Compensation" in this section. 

4. Connect both probes via hook tips to a pulse gener­
ator fast-rise output. 

5. Press in both the CH 1 and CH 2 VERTICAL MODE 
switches. 

6. Set oscilloscope triggering controls for a stable 
display. 

7. Set the A AND B SEC/DIV switches to 10 os. 

8. Adjust the Channel 1 and Channel 2 POSITION 
controls to vertically overlay the two displayed signals. 

9. Pull out the B SECJDIV switch and observe the 
message CH 2 DELAY - TURN ~ in the upper right·hand 
corner of the screen. 

NOTE 

The 2445 can be set to preclude operator adjustment 
of Channel 2 delay. If the delay-offset feature is 
disabled, the message CH 2 DL Y DISABLED appears 
in the top row of the readout when attempting to 
activate the feature. Refer the instrument to a 
qualified service technician if adjustment of the 
delay matchl'ng is required. 
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10. Set Xl0 MAG ON (button in) and adjust the ~ 
control until the two signals are overlaid horizontally. 

NOTE 

The ~ REF OR DL Y POS control may also be used 
to make the Channel 2 delay-offset adjustment when 
the feature is enabled. 

11. Push in the B SEC/DIV switch. 

AMPLITUDE CHECK 

1. Preset instrument controls and obtain a baseline 
trace as described in "Initial Setup." 

2. Connect a lOX probe to the CH 1 OR X input con­
nector and connect the probe tip to the CALIBRATOR 
output. 

3. Adjust the Channel 1 POSITION control to center 
the display on the screen. 

4. Adjust triggering controls to obtain a stable display. 

5. CHECK-Amplitude of the CALIBRATOR signal is 
between 3.88 and 4.12 divisions as measured on the center 
vertical graticule line. 

6. Repeat this procedure using the Channel 2 connector 
and controls. 
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TIMING CHECK 

The CALIBRATOR signal on the 2445 automatically 
changes repetition rate with the setting of the A SEC!DIV 
switch within the range of 100 ms to 100 ns. This feature 
allows the operator to make a quick and easy check of the 
basic operation and adjustment of the oscilloscope timing. 
Use the following procedure: 

1. Preset instrument controls and obtain a baseline trace 
as described in "Initial Setup." 

2. Connect a 10X probe to the CH 1 OR X input con­
nector and connect the probe tip to the CALIB RATO R 
output. 

3. Adjust the Channel 1 POSITION control to center 
the display on the screen. 

4. Adjust triggering controls to obtain a stable display. 

5. CHECK--Timing accuracy by confirming that five 
complete cycles of the square-wave signal are displayed 
over 10 major divisions (±O.l division) along the center 
horizontal graticule line for all A SEC!DIV settings from 
100 ms to 100 ns. Confirm that the number of cycles 
displayed in 10 divisions goes to 2 1/2 and 1 for respective 
A SEC/DIV settings of 50 ns and 20 ns and that the 
displayed transition time of the signal remains approxi­
mately the same when the A SEC/DIV switch is changed 
to 10 ns. (The horizontal divisions in which the transition 
time of the signal at 10 ns per division is displayed should 
be two times the horizontal divisions occupied by the 
transition at 20 ns per division.) Return the A SEC!DIV 
switch to 1 ms and confirm that the display changes to 
1/2 cycle over 10 divisions when the X10 MAG switch is 
pressed in. 
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Section 3-2445 Service 

THEORY OF OPERATION 

INTRODUCTION 

SECTION ORGANIZATION 

This section contains a functional description of the 
2445 Oscilloscope circuitry. The discussion begins with an 
overview of the instrument functions and continues with 
detailed explanations of each major circuit. Reference is 
made to supporting schematic and block diagrams which 
will facilitate understanding of the text. These diagrams 
show interconnections between parts of the circuitry, 
identify circuit components, list specific component values, 
and indicate interrelationships with front-panel controls. 

The detailed block diagram and the schematic diagrams 
are located in the tabbed "Diagrams" section at the rear of 
this manual, while smaller functional diagrams are con­
tained within this section near the associated text. 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 optimum 
understanding of the circuit being described, refer to both 
the applicable schematic diagram and the functional block 
diagram. 

HYBRID AND INTEGRATED 
CIRCUIT DESCRIPTIONS 

Digital Logic Conventions 
Digital logic circuits perform many functions within this 

instrument. The operation of these circuits is represented 
by specific logic symbology and terminology. Most logic­
function descriptions contained in this manual use the 
positive-logic convention. Positive logic is a system of 
notation whereby the more positive of two levels is the 
TRUE (or 1) state; the more negative level is the FALSE 
(or 0) state. In the logic descriptions, the TRUE state is 
referred to as HI, and the FALSE state is referred to as LO. 
The specific voltages which constitute a HI or a LO vary 
between individual devices. For specific device character­
istics, refer to the manufacturer's data book. 

Hybrids 
Some of the circuits in this instrument are implemented 

in hybrid devices. The hybrids are specialized electronic 
devices combining thick-film and semiconductor tech­
nologies. Passive, thick-film components and active, semi· 
conductor components are interconnected to form the 
circuit on a ceramic carrier. The end result is a relatively 
small "building block" with enhanced performance char­
acteristics, all in one package. Hybrid circuits are shown 
on schematics simply as blocks with inputs and outputs 
identified. Information about hybrid functioning is 
contained in the related portion of the Detailed Circuit 
Description. 

Linear Devices 
The operation of individual linear integrated circuit 

devices is described in this section using waveforms or other 
graphic techniques to illustrate their operation. 

BLOCK DIAGRAM 

The following discussion is provided as an aid in under­
standing overall operation of the 2445 Oscilloscope cir­
cuitry before the individual circuits are discussed in detail. 
A simplified block diagram of the 2445 Oscilloscope, 
showing basic interconnections, is shown in Figure 3-1. 
The diamond-enclosed numbers in each block refer to the 
schematic diagram(s) at the rear of this manual in which 
the related circuitry is located. 

BLOCK DESCRIPTION 

The Low Voltage Power Supply is a high-efficiency, 
switching supply with active output regulation that trans­
forms the ac source voltage to the various dc voltages 
required by the 2445. The High Voltage Power Supply 
circuit develops the high accelerating potentials required 
by the crt, using voltage multiplication techniques, and the 
DC Restorer provides interfacing for the low-potential 
intensity signals from the Z-Axis Amplifier to the crt 
control grid. 
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Figure 3·1. Block diagram. 
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Most of the activities of the 2445 are directed by a 
Microprocessor. The Microprocessor, under firmware 
control (firmware is the programmed instructions contained 
in read-only memory that tells the processor how to 
operate), monitors instrument functions and sets up the 
operating modes according to the instructions received. 

Various types of data to and from the Microprocessor 
(program i'nstructions, constants, control data, etc.) are 
transferred over a group of eight bidirectional signal lines 
called the Data Bus. The Data Bus is dedicated solely to 
Microprocessor-related data transfer. 

Another group of signal lines, called the Address Bus, 
are responsible for selecting or "addressing" the memory 
location or device that the Microprocessor wants to com­
municate with. Typically, depending on the instruction 
being executed, the processor places an address on the 
Address Bus to identify the location the Microprocessor 
must communicate with. This address, along with some 
enabling logic, opens up an appropriate data path via the 
Data Bus; and data is then either read from or written to 
that location by the processor. 

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

When power is applied to the 2445, a brief initialization 
sequence is performed, and then the processor begins 
scanning the front-panel controls. The switch settings 
detected and the retrieved front-panel data from the 
EAROM causes the processor to set various control registers 
and control voltages within the instrument that define the 
operating mode of the instrument. These register settings 
and voltage levels control the vertical channel selection 
and deflection factors, the sweep rate, the triggering 
parameters, the readout activity, and sequencing of the 
display. Loading the control data into the various registers 
throughout the instrument is done using a common serial 
data line (CD). Individual control clock signals (CC} deter­
mine which register is loaded from the common data line. 

Coordination of the vertical, horizontal, and Z-Axis 
(intensity) components of the display most be done in real 
time. Due to the speed of these display changes and the 
precise timing relationships that must be maintained 
between display events, direct sequencing of the display is 
beyond the capabilities of the processor. Instead, control 
data from the processor is sent to the Display Sequencer 
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(a specialized integrated circuit) which responds by setting 
up the various signals that control the stages handling the 
real-time display signals. The controlled stages are stepped 
through a predefined sequence that is determined by the 
contro! data. Typically, as the sequence is being executed, 
the Display Sequencer will be changing vertical signal 
sources, Z-Axis intensity levels, triggering sources, and 
horizontal sweep signal sources. The specific activities 
being carried out by the Display Sequencer depend on 
the display mode called for by the control data. 

Vertical deflection for crt displays comes from one or 
more of the four front-panel vertical inputs and, when 
displaying readout information, from the Readout circuitry. 
Signals applied to the front-panel Channell and Channel 2 
inputs are connected to their respective Preamplifiers 
via processor-controlled Attenuator networks. Control data 
from the Microprocessor defining the attenuation factor 
selected for each channel is serially loaded into the 
Auxiliary Control Register and then strobed into the 
Attenuator Mag-Latch Relays in parallel. The relay switches 
of each Attenuator network are either opened or closed, 
depending on the data supplied to the Mag-Latch Relay 
Drivers. The relays are magnetically latched and remain as 
set until new control data is strobed in. The Auxiliary 
Control Register is therefore available, and different mode 
data is clocked into the register to set up the operating 
mode of other portions of the instrument. 

Attenuated Channel 1 and Channel 2 input signals are 
amplified by their respective Preamplifiers. The gain factor 
for the Channel 1 and Channel 2 Preamplifiers is settable 
by control data from the processor. The Channel 3 and 
Channel 4 input signals are amplified by their respective 
Preamplifiers by either of a choice of two gain factors set 
by control bits from the Auxiliary Control Register. All 
four of these preamplified signals are applied to the Vertical 
Channel Switch where they are selected by the Display 
Sequencer for display when required. 

Each of the vertical signals is also applied to the A and 
B Trigger circuitry via trigger pickoff outputs from the 
Preamplifier stages. Anyone of the signals may be selected 
as the trigger SOURCE for either the A or the B Trigger 
circuitry as directed by the Display Sequencer. The line 
trigger signal provides an added trigger source for A Sweeps 
only. Control data from the Microprocessor is written to 
the Trigger circuitry to define the triggering LEVE L, 
SLOPE, and COUPLING criteria. When the selected trigger 
signal meets these requirements, a sweep can be initiated. 
The Trigger circuit initiates both the A Sweep and the B 
Sweep as required by the display mode selected. 

In the case of A Sweeps, the LO state of the trigger 
holdoff (THO) signal from the Display Sequencer enables 
the A Sweep circuit and the next A Trigger signa! initiates 
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the sweep. For B Sweeps, and in the case of intensified 
sweeps, the A Sweep Delay Gate &ignal (DG) enables the B 
Sweep circuit. Depending on the B Trigger mode selected, a 
B Sweep will be initiated either immediately (RUN AFT 
Dl Y) or on the next B Trigger signal (TRIG AFT Dl Y). 
The slope of the sweep ramp is dependent on Micro­
processor-generated control data loaded into the internal 
control register of the A and B Sweep circuit hybrids. 

Sweep signals generated by each of the Sweep hybrids 
are applied to the Horizontal Amplifier. The Horizontal 
Amplifier is directed by the Display Sequencer to select 
one of the sweep ramps for amplification in sequence. 
In the case of Readout and X-Y displays, the X-Readout 
and CH 1 input signals are selected to be amplified, also 
under direction of the Display Sequencer. 

To control the display intensity, the Display Sequencer 
directs the Z-Axis circuit to unblank the display at the 
appropriate time for the sweeps and readout displays. When 
the display is unblanked, the Display Sequencer selects the 
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display intensity for either waveform displays or for read­
out displays by switching control of the Z-Axis beam 
current between the front-panel INTENSITY and READ­
OUT INTENSITY potentiometers as appropriate. 

During readout displays, the vertical dot-position signal 
from the Readout circuitry is applied to the Vertical 
Amplifier via the Vertical Channel Switch. Horizontal 
dot-position deflection for the readout display is selected 
by internal switching in the Horizontal Amplifier. 

The vertical, horizontal, and Z-Axis signals are applied 
to their respective amplifiers where they are raised to crt­
drive levels. The output signals from the Vertical and 
Horizontal Amplifiers are applied directly to the crt deflec­
tion plates. The Z·Axis Amplifier output signal requires 
interfacing to the high-potential crt environment before 
application to the crt control grid. The necessary Z-Axis 
interfacing is provided by the DC Restorer circuit located 
on the High·Voltage circuit board. The resulting display 
may be of waveforms, alphanumeric readout, or a combina­
tion of both. 

DETAILED CIRCUIT DESCRIPTION 

INTRODUCTION 

The following discussion provides detailed information 
concerning the electrical operation and circuit relation­
ships of the 2445 Oscilloscope. Circuitry unique to the 
2445 is described in detail, whil~ circuits common in the 
electronics industry are not. The descriptions are accom­
panied by supporting illustrations and tables. Diagrams 
identified in the text, on which associated circuitry is 
shown, are located at the rear of this manual in the tabbed 
foldout pages. 

PROCESSOR AND 
DIGITAL CONTROL 

The Processor and Digital Control circuitry (diagram 1) 
directs the operation of most oscilloscope functions by 
following fimware control instructions stored in memory. 
These instructions direct the Microprocessor to monitor 
the front-panel controls and to send control signals that 
set up the various signal processing circuits accordingly. 

Microprocessor 
The Microprocessor (U2092) is the center of control 

activities, It has an eight-bit, bidirectional data bus for data 
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transfer (DO through 07) and a 16-bit address bus (AO 
through A 15) for selecting the source or destination of the 
data. Precise timing of instruction execution, addressing, and 
data transfer is provided by an external, crystal-controlled 
clock signal. 

The clock signal is developed by the Microprocessor 
Clock stage and applied to the Microprocessor at pin 39. 
Using the external clock as a reference, the Microprocessor 
generates synchronized control output signals [RIW (read­
write), E (enable), and VMA (valid memory address)] 
that maintain proper timing relationships throughout the 
instrument. 

Microprocessor Clock 

The Microprocessor Clock stage generates a 5-MHz 
square-wave clock signal to the Microprocessor and a 
10-MHz clock signal to portionS of the Readout circuitry. 
Inverter U2556A acts as an oscillator with crystal Y2568 
providing feedback at the resonant frequency. The required 
phase shift for oscillation to occur is produced by C2565, 
C2566. R2564. and the crystal. The RC network composed 
of R2571, C2572. R2553. and R2573 biases input pin 1 of 
U2556A in the active region and establishes approximate 
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symmetry of the oscillator output. The signal is buffered 
and inverted by U2556B to provide the 10-MHz clock 
signal. 

Flip-flop U2468A is a divide-by-two circuit that reduces 
the lO-MHz clock down to a 5-MHz square-wave signal used 
to clock the Microprocessor and the Display Sequencer. 
The 10-MHz clock is supplied to the Readout Board for dot 
timing and is also available for use with option circuitry. 

Reset Control 
The Reset Control circuitry ensures that, at power-up, 

the Microprocessor begins program execution from a 
known point in memory and with all the processor registers 
in known states. It also alfows the processor to reset itself 
when power is turned off so that the instrument powers 
down in a known state. 

POWER-UP SEQUENCE. Operational amplifier U2435 
is configured as a comparator that generates the power-up 
reset. As power is applied to the instrument, the various 
power supplies start turning on and pull the non inverting 
input of U2435C (pin 10) above the inverting input level 
(pin 9). This action forces output pin 8 HI, and the refer­
ence level for the comparator at pin lOis set to +3.7 volts 
by the divider network of R2648, R2646, and R2647. The 
HI from U2435C pin 8 is inverted by U2656A and applied 
to the processor RESET input (pin 40). When all the power 
supplies are operating, the PWR UP signal from J251 pin 12 
goes HI, and capacitor C2661 begins charging positive 
through R2652. The time required for C2661 to charge to 
the comparator switching threshold is approximately 
100 ms. When the voltage across C2661 reaches the +3.7-V 
reference level, the comparator switches states and pin 8 of ---U2435C goes LO. The RESET signal to the processor then 
goes H I to enable normal execution to begin, and the pro­
cessor is directed to the starting address of the power-up 
routine, which it then performs. 

POWER-DOWN SEQUENCE. When the instrument 
power switch is turned off, the PWR UP signal from J251 
pin 12 immediately goes LO. This LO generates the NMI 
(non-maskab!e interrupt) request to the processor on pin 6 
which causes the processor to br.anch to the power-down 
routine. Under direction of that routine, the processor 
begins shutting down the instrument in an orderly fashion 
before the power supply outputs can drop below the 
operating thresholds. This routine also places the EAROM 
in standby to prevent loss of data from the EAR OM and 
disconnects the CH 1 and CH 2 50-n input terminations to 
protect them from accidental application of excessive 
voltage during storage or bench handling. 
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As the operating voltages are falling, the Reset circuitry 
must not generate a false RESET signal to the processor. 
Such a restart when the power supply voltages are outside 
their normal operating range would produce unpredictable 
processor operation that could possibly alter the contents 
of the EAROM. When the processor has completed all 
the other power-down tasks, it finally sets the PWR DOWN 
signa! HI via U2208 (diagram 2). This signal is applied to 
inverter U2118A at pin 1. Pin 16 of U2118A goes LO and 
immediately pulls pin 10 of Reset Comparator U2435C LO 
to prevent a reset to the processor. This LO also forward 
biases CR2651, and C2661 begins discharging through 
CR2651 and R2552 to allow the voltage on pin 9 of the 
comparator to fall to zero. After about 1 ms, C2661 is fully 
discharged, and the processor sets the PWR DOWN signal to 
U2118A LO. The output of inverter U2118A then goes HI, 
and Reset Comparator U2435C immediately switches state ----- -----
to assert the RESET signal to the processor. The RESET 
signal is held LO until the power supplies have fully 
discharged_ 

For diagnostic purposes, the PWR DOWN reset signal 
can be disabled. Moving jumper P503 to the DrAG (diag­
nostic) position prevents C2661 from being discharged. 
The RESET signal is therefore held HI, and the processor 
can execute a free-running NOP (no operation) loop with­
out interruption if the PWR DOWN bit is set HI while the 
Address Bus is incrementing. 

Data Bus 
Trl-state buffer U2194 is used to buffer the data signals 

to the Microprocessor from other devices on the bus. When 
not enabled, the device is switched to its high·impedance 
state to isolate the processor from the buffered Data Bus. 
Buffer U2194 is enabled via Read-Write Latch U2468B 
when the processor reads data from another device on the 
bus. 

When the processor writes data onto the bus, Octal 
Latch U2294 is enabled by Read-Write Latch U2468B. 
When the E (enable) signal at pin 11 of U2294 is HI, 
processor data bits are passed asynchronously through the 
latch to the buffered Data Bus. When the E signal goes LO, 
data bits meeting setup times are latched into the device. 
The latched Q outputs provide the required drive current 
to the various devices on the bus and ensure that data 
ho!d times are met for correct data transfer. When the 
Read-Write Latch places a H I on pin 1 of U2294, the 
latch is disabled, and the outputs are switched to their 
high-impedance state. 

Data transfer to and from the processor may be inter­
rupted by removing Diag/Norm Jumper P503. This forces 
a NOP (no operation) condition that is useful for verifying 
the functionality of the processor (when a data-bus device 
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is suspected of causing a system failure) or for trouble­
shooting the Address Bus and Address Decode circuitry. 
Removing the jumper removes the operating power from 
both U2194 and U2294 to disconnect the Microprocessor 
from the buffered Data Bus. With the Data Bus discon­
nected, a resistor network pulls the processor Data Bus lines 
(DO through 07) to a NOP (no operation) instruction. A 
NOP causes the Microprocessor to continuously increment 
through its address field. The Address Decode circuitry may 
then be checked to determine if it is operating properly. 

various devices and circuit functions. The controlling signals 
are generated as a result of the Microprocessor placing 
specific addresses on the Address Bus. Figure 3-2 illustrates 
the enables and strobes generated by the Address Decode 
circuitry. 

Address decoding is performed by a series of three-line­
to-eight-line decoders attached to the Address Bus. The 
three most significant address bits are decoded by U2480. 
This device initially separates the total addressable-memory 
space (64k-bytes) into eight, 8k-byte blocks. Addresses in 
the top 32k-bytes (address bit A 15 H I) select one of four 
read-only memories (ROM), U2162, U2178, U2362, or 
U2378. When the VMA (Valid Memory Address) and E 
(Enable) outputs from the Microprocessor go HI, the 

Address Decode 

The Address Decode circuitry generates enabling signals 
and strobes that allow the Microprocessor to control the 
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selected ROM is enabled, and data from the selected 
address location is read out of the ROM. 

Of the bottom 32k·bytes of addresses, only the lowest 
8k·bytes are further decoded. When addresses in this 
8k·byte range are decoded, the VO output of U2480 
enables decoder U2770. This three-line-to-eight·line decoder 
separates the lowest 8k·byte address block into 2k·byte 
blocks. Any address falling into the lowest 2k·byte block 
of addresses will cause U2770 to generate an enable to the 
RAM (random-access memory) U2496. Addresses in the 
next highest 2k·byte block of addresses will enable U2580 
to do the next stage of address decoding. The remaining 
2k·byte blocks decoded by U2770 are not used. 

The level of decoding performed by U2580 uses address 
bits A6, A7, and A8 to separate the addresses within the 
2k·byte block of addresses 0800 to OFFF into 32 groups 
of 64 addresses each. Address bits A9 and A 10 are not used 
in the decoding scheme, so each of these 32 blocks is not 
uniquely identified. This results in four duplicate sections 
within the address block, each consisting of eight groups 
of 64 addresses. The upper three sections in the address 
space are never used; therefore, decoding by U2580 may be 
more simply thought of as eight groups of 64 address 
locations. Addresses within these eight groups generate 
control signals to other portions of the instrument. 

The final level of address decoding is done by four·line· 
to·sixteen·line decoder U2596. When enabled by the V7 
output of U2580, this decoder separates the highest 64-
address group decoded by U2580 into 16 individual control 
signals. In this level of decoding, address bits A4 and A5 are 
not decoded, so that the 64 possible addresses consist of 
four overlayed blocks of 16 addresses each. 

Each of the control signals generated by the Address 
Decode circuitry are present only as long as the specific 
address defining that signal is present on the Address Bus. 
However, four of the addressable control signals decoded 
by U2596 are used to either set or reset flip·flops U2656B 
and U2656D. The control signals are, in effect, latched and 
remain present to enable multiplexers U2335 (diagram 2) 
and U170 (diagram 4). When enabled, these multiplexers 
route analog control signals from DAC (digital·to·analog 
converter) U2235 (diagram 2) to the various analog control 
circuits. 

Read-only Memory (ROM) 

The Read·only Memory consists of four, 8k·byte ROMs 
that contain the operating instructions (firmware) used to 
control processor (and thus oscilloscope) operation. 
Addresses from the Microprocessor that fall within the top 
32k·bytes of addressable space cause one of the four 
read·only memory integrated circuits to be enabled. (See 
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Address Decode description.) Instructions are read out of 
the enabled ROM (or PROM) IC from the address location 
present on its 13 address input pins (AO through A 12). 
The eight·bit data byte from the addressed location is 
placed onto the buffered Data Bus (BOO through BD7) to 
be read by the Microprocessor. 

Random·Access Memory (RAM) 

The RAM consists of integrated circuit U2496 and 
provides the Microprocessor with 1 k·byte of temporary 
storage space for data that is developed during the execu· 
tion of a routine. The RAM is enabled whenever an address 
in the lowest 2k·byte of addresses is placed on the Address 
Bus. When writing into the RAM, the write-enable signal 
(WE) on....E.in 21 of U2496 is set LO along with the chip 
enable (CE) signal on pin 18. At the same time, the output· 
enable signal (OE) on pin 20 is HI to disable the RAM out· 
put drivers. Data is then written to the location addressed 
by the Microprocessor. If data is to be read from the RAM, 
the WE signal is set HI to place the RAM in the read mode, 
and the OE signal is set LO to enable the output drivers. 
This places the data from the addressed location on the 
buffered Data Bus where it can be read by the Micro· 
processor. 

Timing Logic 

The Timing Logic circuit composed of U2468B, U2556F, 
U2556C, and U2656C generates time· and mode·dependent 
signals from control signals output from the Microprocessor. 
The enable (E) signal output from the Microprocessor is 
a 1.25-MHz square wave used to synchronize oscilloscope 
functions to processor timing. 

Data applied to the Address Bus, Data Bus, and various 
control signals are allowed to settle (become valid) before 
any of the addressed devices are enabled. This is accom· 
plished by switching the E signal HI a short time after each 
processor cycle begins. The delayed enable signal is inverted 
by U2556C to provide the active LO signal {E) that enables 
the Address Decode circuit after the Address Bus has 
settled. 

Read·Write Latch U2468B is used to delay the read/ 
write signal (RIW) from the Microprocessor to meet hold· 
time requirements of the RAM. At the same time, it gen· 
erates delayed read and write enabling signals of both 
polarities to meet the requ irements of Buffer U2194 and 
Latch U2294 (i n the Microprocessor Data Bus) and various 
other devices in the Readout circuitry (diagram 7). 

When R/W goes LO for a write cycle, Read-Write Latch 
U2468B is reset, and the Q output (pin 9) is held LO. 
Latch U2294 is in its transparent state at this time, and 
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data from the Microprocessor is applied asynchronously 
to the buffered Data Bus. At the end of the write cycle, the 
R/W signal goes HI, and the reset to U2468B is removed. 
The E signal also goes through a negative transition, and 
data on the Microprocessor data bus lines is latched into 
U2294. The next positive transition of the 1.25-MHz E 
signal (1/2 E cycle after the R/W signal goes HI) clocks the 
HI level at U2468B pin 12 (the D input) to the 0 output 
and the 0 output (pin 8) goes LO. The 1/2 E cycle dela~ 
between the time R/W goes HI and the time that the 0 
output of U2468B goes H I keeps Latch U2294 outputs 
on long enough to meet the data hold time for the RAM. 
At the end of that delay time, pin 1 of U2294 goes HI, 
and the Latch outputs are switched to the high-impedance 
state to isolate it from the buffered Data Bus. 

A write-enable signal to the RAM is generated by the· 
circuit composed of U2656C and U2556F _ The processor 
R/W signal is inverted by U2556F and NANDed with the 
enable signal (E) by U2656C. The write enable to the RAM 
at U2656C pin 9 is produced after the address data has 
settled. This action prevents writing to improper RAM 
address locations. 

READOUT FRAMING ANO INTERRUPT TIMING. 
Binary Counter U2668 is used to generate a readout­
framing clock to the Readout circuitry and a real-time 
interrupt request to the Microprocessor via inverter 
U2556E. The readout-framing clock is a regular square­
wave signal obtained from U2668 pin 14 by dividing the 
1.25-MHz E signal from U2556C pin 6 by 1024 (2'0). This 
clock tells the readout circuitry to load the next block 
(subframe) of readout information to be displayed. (See 
"Readout" description for further information concerning 
the alphanumeric display.) The real-time interrupt request, 
which occurs every 3.3 ms, is obtained from pin 2 by 
dividing the E signal by 8192 (2'3 ). 

When the real-time interrupt request occurs, IRO (pin 4 
of U2092) goes LO, and the processor breaks from execu­
tion of its mainline program. The Microprocessor first 
resets Binary Counter U2668 by setting pin 19 of U2043 
(diagram 2) HI (to generate the reset), then it resets pin 19 
LO to allow the counter to start again. At this time, the 
Microprocessor sets analog control voltages and reads 
trigger status from the Display Sequencer (diagram 11). 
When this is completed, it reverts back to the mainline 
program. 

In addition to the analog control and trigger status 
update that occurs with each interrupt, on every fifth 
interrupt cycle the Microprocessor also scans the front­
panel potentiometers. Every tenth interrupt cycle, scanning 
the front-panel switches and checking the 5O-n DC inputs 
for overloads is added to the previously mentioned tasks. 
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If all the tasks are not completed at the end of one inter­
rupt cycle, the real-time interrupt request restarts the 
analog updates, but as soon as those are accomplished, 
the Microprocessor will pick up with its additional tasks 
where it was before the interrupt occurred. This continues 
until all tasks are completed. If any pot or switch changes 
are detected, the Miroprocessor updates the analog control 
voltages and the control register data to reflect those 
changes prior to reverting back to the mainline program 
instructions. 

ANALOG CONTROL 

The Analog Control circuitry (diagram 2), under Micro­
processor control, reads the front-panel controls and sets 
various analog control voltages to reflect these front-panel 
settings. The calibration constants determined during 
instrument calibration and the last "stable" front-panel 
setup conditions (unchanged for approximately seven 
seconds) are stored In EAR OM (elecrically-alterable read­
only memory). At power-on the stored front-panel infor­
mation is used to return the instrument to its previous 
operating state. 

Status Buffer 
Data transfer from the Analog Control circuitry to 

the Microprocessor is via Status Buffer U2108. Data bits 
applied to the input pins are buffered onto the Data Bus 
when enabled by the Address Decode circuitry. Via the 
Status Buffer, the processor is able to (1) determine the 
settings of front-panel pot and switches, (2) read the 
EAROM data, (3) find out if the readout display should 
be switched on or off, (4) determine if a triggered sweep is 
in progress, and (5) read the contents of the Readout RAM. 
When disabled, the buffer outputs are switched to high 
impedance states to isolate them from the buffered Data 
Bus. 

Front Panel Switch Scanning 
The Front Panel Switches are arranged in a matrix of ten 

rows and five columns. Most of the row-column inter­
sections contain a switch. When a switch is closed, one of 
the row lines is connected to one of the column lines 
through a diode. Reading of the switches is accomplished 
by setting a single row line LO and then checking each of 
the five column lines sequentially to determine if a LO is 
present (signifying that a switch is closed). After each of 
the five columns has been checked, the current row line 
is reset H I and the next row line is set LO for the next 
column scan cycle. A complete Front Panel Switch scan 
consists of setting all ten row lines LO in sequence and 
performing a five-column scan for each of the rows. 

Row lines are set LO when the Microprocessor writes 
a LO to one of the flip-flops in octal registers U2034 and 
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U2134. The Row data placed on the buffered Data Bus by 
the Microprocessor is clocked into the registers as two, 
eight-bit words by clocks from the Address Decode cir­
cuitry (DAC LSB CLK for the lower eight bits and DAC 
MSB CLK for the upper eight bits). All eight outputs of 
register U2134 and two outputs of register U2034 drive the 
ten rows of the front-panel switch matrix (the eleventh 
line is not used in the matrix). Series resistors in the lines 
limit current flow and eliminate noise problems associated 
with excessive current flow. 

While each row is selected, the processor will scan each 
of the five lines in sequence. To scan the columns, the 
processor increments the three data select bits to U2034 
that define the column to be checked. Eight-line data 
selector U2456 connects the associated column line to 
Status Buffer U2108. As each line is selected, the Micro­
processor reads the Status Buffer to determine if the 
associated switch is open or closed. 

In addition to the front-panel switches, the CALINO 
CAL jumper (P501) is checked to determine whether 
the instrument should be allowed to execute the calibration 
routines. The levels on U2456 pins 7 and 9 are read by 
scanning two additional columns at power-up. If the jumper 
is pulling the CAL bit LO, the operator will be allowed to 
use the calibration routines stored in firmware. If the NO 
CAL bit is pulled LO, the calibration routines may not be 
performed. If the jumper is removed, and neither bit is 
pulled LO, the Microprocessor is forced into a special 
diagnostic mode (CYCLE) used to record certain operating 
failures during long-term testing of the instrument. (See the 
"Maintenance" section of this manual for an explanation of 
the diagnostic modes.) Removing P501 or switching it 
between the CAL and NO CAL positions will not be 
recognized by the Microprocessor until the instrument is 
powered down and then turned back on. 

The SI (scope identification) bit is checked at power-up 
to determine if the instrument is a 2445. Some parts of the 
firmware are shared with a similar instrument, the 2465, 
and the check is necessary for the Microprocessor to 
distinguish between the two instruments. A HI on the SI 
bit indicates that the instrument is a 2445. 

The resistors in series with the input lines to U2456 are 
current-limiting resistors that protect the CMOS eight-line 
data selector from static discharges. The resistors con­
nected from the input lines to the +5-V supply are pull-up 
resistors for the front-panel column lines. 

Digital-to-Analog Converter (DAC) 
DAC U2234 is used to set the various analog references 

in the instrument and is used to dptDrmil"n ~h,., ~ .. ttil"lJ~ of 
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the front-panel potentiometer. The 12-bit digital values to 
be converted are written to octal registers U2034 and 
U2134 for application to the DAC input pins. The DAC 
then outputs two complementary analog currents that are 
proportional to the digital input data. (Complementary, in 
this case, means that the sum of the two output currents is 
always equal to a fixed value.) 

The maximum range of the output currents is estab­
lished by a voltage-divider network composed of R2127, 
R2227, R2228, and R2229 connected to the positive and 
negative reference current inputs of the DAC (pins 14 and 
15 respectively). A +10·V reference voltage applied to the 
DAC through R2228 sets the basic reference current. 
Resistor R2229 and potentiometer R2127 provide a means 
to adjust this current over a small range for calibration 
purposes. The nominal reference current is 1 mA, and the 
DAC full-scale output current is 4 mAo The output currents 
flow through series resistors R2324 and R2325, connected 
to the +1.36-V reference, and proportional voltages result. 

Pot Scanning 
The Pot Scanning circuitry, in conjunction with the 

DAC, derives digital values for each of the various front­
panel potentiometers. Scanning of the pots is accomplished 
by data selectors U2408 and U2418. Three bits are written 
to register U2208 and select the pot to be read. The bits are 
latched in the register and keep the pot selected until the 
register is reset. The Microprocessor writes a LO to the 
inhibit input (pin 6) of either U2408 or U2418 via register 
U2308 to enable the device. The enabled data selector 
connects the analog voltage at the wiper of the selected pot 
to comparator U2214. 

Comparator U2214 compares the analog voltage of each 
pot to the output voltage from the DAC (pin 18). To 
determine the potentiometer output voltage, the processor 
performs a binary search routine that changes the output 
voltage from the DAC in an orderly fashion until it most 
closely approximates the voltage from the pot. 

The conversion algorithm is similar to successive approx­
imation and generates an eight-bit representation of the 
analog level. When the pot's value is determined, the Micro­
processor stores that value in memory. Once all the pots 
have been read and the initial value of each has been stored, 
the processor uses a shorter routine to determine if any pot 
setting changes. To do this the DAC output is set to the last 
known value of the pot (plus and minus a small drift value), 
and the status bit is read to see that a HI and LO occurs. If 
within the limits, the processor assumes that the pot setting 
has not changed and scans the next pot. When the processor 
detects that a pot setting has changed, it does another 
binary search routine to find the new value of that pot. 
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Analog Control 

The operating mode and status of the 2445 require 
that various analog voltages (for controlling instrument 
functions) be set and updated. The digital values of the 
controlling voltages are generated by the Microprocessor 
and converted by the DAC. Analog multiplexers U2335 (on 
diagram 2) and U170 (on diagram 4) route the DAC 
voltages to sample-and-hold circuits that maintain the 
control voltages between updates. 

The Microprocessor writes three selection bits to register 
U2034 that directs the DAC output to the appropriate 
sample-and·hold circu it and charges a capacitor (or cap­
acitors) to the leve! of the DAC. When the processor 
disconnects the DAC voltage from the sample-and-hold 
circuit (by disabling the multiplexer) the capacitor(s) 
remains charged and holds the control voltage near the 
level set by the DAC. Due to the extremely high input 
impedance of the associated operational amplifiers, the 
charge on the capacitor(s) remains nearly constant between 
updates. 

EAROM 
EAROM (electrically-alterable read-only memory) 

U2008 provides nonvolatile storage for the calibration 
constants and the power-down front-panel settings. When 
power is applied to the 2445, the Microprocessor reads the 
calibration constants and generates control voltages to set 
up the analog circuitry. The front-panel settings that were 
present at power-off are recalled to return the instrument 
to that same operating mode. 
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Theory of Operation-2445 Service 

The EAROM is a metal-nitride-oxide-semiconductor 
device (MNOS) and requires a TTL-to-MNOS leve! shift of 
the input control and data signals. A MNO&-to-TTL level 
shift of the output data is also required. Inputs to U2008 
are shifted to MNOS levels by U2118B through U2118F 
and the associated components while output data is shifted 
back to TTL leve!s by Q2025, U2118G, and the associated 
components. 

The EAROM data, address, and mode-control bits are 
written by the Microprocessor to five flip-flops of register 
U2208. The register outputs drive the level-shifting network 
in the associated line. Three of thise latched bits define the 
EAROM mode and will direct data into and out of the 
device. These three mode control bits are applied to pins 7, 
8, and 9 of U2008 and set the mode to either Accept 
Address, Accept Data, Write Data, Read Data, or Shift­
Data-Out. 

When writing data into the EAROM, the made is first set 
to Accept Address, then the address of the location to be 
altered is applied to the I/O port (pin 12i as a specially 
encoded sequence of 20 single bits via U2118C, R2020, and 
CR2021. This sequence of bits is two, one-af-ten codes 
where the position of the first LO bit in the sequence 
represents the most-significant bit of the address (in 
decimal) and the position of the second LO represents the 
least-significant digit (see Figure 3-3). 

The processor clocks each of the 20 bits into the internal 
address register by clocking U2008 pin 6 via the clock level 
shifting network (U2118C and associated components). 
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Figure 3-3. Accept address timing. 

3-11 



Theory of Operation-2445 Service 

Internal address decoding within U2008 then enables the 
selected address location. The three mode-control bits are 
then set to the Accept Data mode, and the new 14-bit serial 
data word is applied to the I/O pin. The data bits are 
clocked into a temporary data-storage register and the 
mode-control bits are set to the Write mode. A series of 
clock pulses then writes the data from the temporary data 
storage register to the addressed location. 

When reading from the EAROM, the processor first 
sets the three-bit mode-control word to Accept Address 
as in writing, and the 20-bit address is clocked into the 
EAROM. Now the mode-control word is set to Read Data, 
and a single clock pulse moves the data from the addressed 
location to the temporary data-storage register in parallel. 
The EAROM mode .is then set to Shift Data Out, and the 
14-bit data word is clocked serially from the temporary 
storage register to the I/O pin. 

The output data is applied to Q2025, U2118G, and 
the associated components, to shift it to TTL levels. The 
Status Buffer U21 08 applies the data to the Data Bus where 
the Microprocessor may read it. 

FRONT-PANEL CONTROLS 

The Front Panel is the operator's interface for control­
ling the user-selectable oscilloscope functions. Along with 
the crt, it provides visual feedback to the user about the 
present operating state of the instrument. 

Most of the Front-Panel controls (diagram 3) are "cold" 
controls; they are not connected directly into the signal 
path. Therefore, associated circuits are not influenced by 
the physical parameters (such as capacitance, resistance, 
and inductance) of the controls. In addition, translating the 
analog output levels of some of the potentiometers to 
digital equivalents allows the processor to handle the data 
in ways that result in a variety of enhanced control 
features. 

To maintain the front-panel operating setup between 
uses of the instrument, the digitized values of the potenti­
ometers and front-panel switch settings are stored in 
EAROM at regular intervals (approximately every seven 
seconds) so that when the instrument power is turned off, 
these control settings are not lost. Then, when power is 
next applied, the instrument will power up to the same 
configuration as when the power was last removed 
(assuming the settings of the nondigitized pots and switches 
remail: +he same). 

The Front-Panel controls also allow the user to initiate 
and direct the diagnostic routines (and when enabled, 
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the calibration routines) programmed into the read-only 
memory (ROM). These routines are explained in the 
Maintenance section of this manual. ~, 

Front-Panel Switches 
The Front-Panel Switches are arranged in a ten-row-bY­

five-column matrix, with each switch assigned a unique 
location within the matrix (see Figure 3-4). A closed switch 
connects a row and a column together through an isolating 
diode. To detect a switch closure, the switch matrix is 
scanned once every 32 ms (every tenth Microprocessor 
interrupt cycle). When scanning, the Microprocessor 
sequentially sets each individual row line LO. A closed 
switch enables the LO to be passed through the associated 
diode to a column line. When the processor checks each of 
the five column lines associated with the selected row, the 
LO column is detected. The intersection of the selected row 
and the detected column uniquely identifies the switch that 
is closed. Further information about switch scanning is 
found in the "Front-Panel Switch Scanning" description 
located in the "Analog Control" discussion. 

As each switch is read, the processor compares the 
present state of the switch to its last-known state (stored 
in memory) and, if the same, advances to check the next 
switch. When a switch is detected as having changed, the 
processor immediately reconfigures the setup conditions 
to reflect the mode change and stores the new state of the 
switch in memory. The detected status of the switch on 
each of the following scan cycles is then compared against 
the new stored data to determine if the switch changes 
again. The 32-ms delay between the time a switch is 
detected as having changed and the next time it is read 
effectively eliminates the effects of switching noise (switch 
bounce) that may occur after the switch is actuated. 

Front-Panel Potentiometers 
The thirteen Front-Panel Potentiometers are "cold" 

controls that control the linear functions of the instrument. 
(SCALE ILLUM, READOUT INTENSITY, INTENSITY, 
and FOCUS are not considered part of the Front-Panel 
Control circuitry for the purposes of this description.) Of 
these, eight are digitized and control their functions indi­
rectly. The remaining five potentiometers (four vertical 
POSITION pots and the TRACE SEP pot) control their 
respective circuit functions directly. Data Selectors U2048 
and U2148 in the Analog Control circuitry (diagram 2) 
route the wiper arm voltage of the pot being read to 
comparator U2214 where it is compared with the output of 
DAC U2234. The processor changes the DAC output until 
it most closely matches the output voltage of the pot, then 
stores the digital value of that "match". See the "Front­
Panel Switch Scanning" description in the "Analog Control" 
discussion for further information on the reading of pot 
values. 
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Like the switch matrix scanning, the Front·Panelpot 
scanning routine is performed every 32 ms. When entered, 
the routine reads the settings of the last-moved pot and one 
unmoved pot. Each succeeding scan continues to read the 
last·moved pot, but a new unmoved pot is read. In this way, 
each pot is monitored, but most of the scan time is devoted 
to the pot that is most likely to still be moving (needing 
continuous updating). 

As the initial pot settings are determined, a digital 
representation of each value is stored in memory. The pro­
cessor then checks each pot against its last-known value to 
determine if a pot has moved. If a pot is detected as moving, 
the processor executes a routine that converts the move­
ment (displacement from last-set value) into a corre­
sponding control voltage. 

FROM DATA 
LATCHES U2"34 

AND U2134 o 

ROW " 

ROW 1 

1- --

SWITCH MATRIX* 

Theory of Operation-2445 Service 

When producing the actual analog control levels, the 
processor can manipulate the digital values read for the 
various pots before sending the output data to the DAC. 
This allows many of the oscilloscope parameters to vary in 
an enhanced fashion. The pot data is manipulated by the 
processor in a manner that produces such features as 
variable resolution, continuous rotation, fine-resolution 
backlash, and electrically detented controls. 

In the cases of the TRIGGER LEVEL, Horizontal POSI­
TION, VOLTS/DIV VAR, and SEC/DIV VAR controls, the 
processor reads the magnitude and direction of pot rotation 
and produces variable-resolution control voltages. If a pot's 
direction of rotation changes, the magnitude of the change 
from the last-set position remains small, or if it was not the 

---..., 

1 TO 
COL" CHANNEL 
COL 1 SWITCH 

U2456 

COL 4T 0 

*NOTE:NOT ALL MATRIX POSITIONS ARE USED 

3831-04 

Figure 3-4. Front-Pane' Switch matrix. 
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last pot moved, a fine-resolution control voltage results. 
In the fine-resolution range, a given rotational displacement 
will cause a small control voltage change. The same dis­
placement farther away from the last-set reference will 
cause a proportionally larger control voltage change, pro­
ducing a coarse-resolution effect. If the changing pot is 
the last one moved and the direction of rotation remains 
the same, the algorithm continues from where it left 
off during the preceding scan; producing control voltage 
changes with the same increment as it was last using. 

The delta reference controls (.6. REF OR DL Y POS and 
.6.) are continuous-rotation potentiometers. They each 
consist of two pots ganged together with their wiper arms 
electrically oriented 1800 apart. As the wiper of one pot is 
leaving its resistive element, the wiper of the other pot 
comes onto its element. The Microprocessor has the ability 
to watch the output voltage from each wiper and when it 
detects that the controlling wiper is nearing the end of its 
range, it will switch control over to the other wiper. The 
routi ne the processor uses to watch these pots sets the 
associated control voltage on the basis of relative voltage 
changes (.6. V) that occur. Switching between the pots to 
change control to the opposite wiper arm is based on the 
specific voltage levels being sensed. 

Sensing specific voltage levels is also used when reading 
the VOLTS/DIV VAR and SEC/DIV VAR controls. These 
pots have both a mechanical detent and a' processor­
generated electrical detent. As one of these controls is 
moved out of the mechanical detent position, the processor 
watches the analog voltage changes that occur; but the 
associated control voltage will not change until a specific 
voltage level (the electrical detent level) is reached. Once 
the electrical detent value is exceeded, the processor begins 
to vary the associated control voltage in response to further 
pot rotation. When returning to the mechanical detent 
position, the electrical detent level is reached first, and the 
variable voltage action is stopped before the mechanical 
detent is entered. 

Front-Panel Status LED 
Light-emitting diodes (LED) are used to provide visual 

feedback to the operator about the oscilloscope status and 
operating mode by backlighting front-panel nomenclature. 
A 32-bit status word, defining the diodes to be illuminated, 
is generated by the processor and then serially clocked into 
the four LED-Status Registers (U3300, U3325, U3350, 
and U3375). The registers hold the selected diodes on until 
the next update. Whenever the processor detects that a 
front-panel control has changed (and a different status 
display is required), a new status word is generated and 
applied to pin 1 of U3300. As each of the bits is clocked 
into the Q A position of U3300, the preceding bit is shifted 
to the next register position. After 32 bits have been 
clocked into (and 24 bits through) U3300, all four LED­
Status registers are full and contain the LED illumination 
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pattern to be displayed to the user. A LO at any Q output 
of the registers illuminates the corresponding front-panel 
LED. 

The TR IG'D LED is not driven by the LED-Status 
Register. It is driven by the Analog Control circuitry and 
illuminated whenever a triggered sweep is in progress. 

ATTENUATORS AND 
PREAMPLIFIERS 

The Attenuators and Preamplifiers circuitry (diagram 4) 
allows the operator to select the vertical deflection factors. 
The Microprocessor reads the Channel VOL TS/DIV 
switches and VOL TS/DIV VAR controls and then digitally 
switches the attenuators and sets the preamplifier gains 
accordingly. 

Channel 1 and Channel 2 Attenuators 
The Channel 1 and Channel 2 Attenuators are identical 

in operation, with corresponding circuitry in each channel 
performing the same function. Therefore. only the Chan­
nel 1 circuitry is described. 

Input signals from the Channel 1 input connector are 
routed through an attenuator network by four pairs of 
magnetic-latch relay contacts. The position of the relays 
is set by Microprocessor data placed into Auxiliary Control 
Register U140. Relay buffer U110 provides the necessary 
drive current to the relays. 

Four input coupling modes (1 Mil AC, GND. 1 Mn DC, 
and 50 n DC) and three attenuation factors (1X, +10, and 
+100) may be selected by closing different combinations 
of relay contacts. The three attenuation factors, along 
with the variable gain factors of the Vertical Preamplifier, 
are used to obtain the crt deflection factors. The relays are 
magnetically latched and once set, remain in position until 
new attenuator-relay-setting data and strobes are generated. 
(See the "Auxiliary Control Register" description for a 
discussion of the relay-latching procedure.) 

The 50 n termination resistor has a thermal sensor 
associated with it that produces a dc voltage (CH 1 OVL) 
proportional to the input power. Should the input power 
exceed the normal safe-operating level for the 50 n DC 
input, the termination resistor temperature will exceed the 
normal operating limit and will change the output voltage 
of the thermal sensor. The amplitude of this dc level is 
periodically checked via comparator U2214 and DAC 
U2234 (on diagram 2) and allows the Microprocessor to 
detect when an overload condition is present. When an 
overload occurs, the processor switches the input coupling 
to the 1 Mil position to prevent damage to the attenuator 
and displays 50 n OVERLOAD on the crt. 



Compensating capacitor C105 is adjusted at the time 
of calibration to normalize input capacitance of the pre­
amplifier to the attenuator. 

A probe-coding ring around the BNC input connector 
passes probe-coding information (a resistance value to 
ground) to the Analog Control circuitry for detection of 
probe attenuation factors. The readout scale factors are set 
to reflect the detected attenuation factor of the attached 
probe. 

Auxiliary Control Register 

The Auxiliary Control Register allows the Micro­
processor to control various mode and range dependent 
functions of the 2445. Included in these functions are: 
attenuation factors, Channel 3 and Channel 4 gains, vertical­
bandwidth limiting, and the X-Y display mode. 

When the Microprocessor sets the input coupling mode 
and attenuation factors for Channel 1 and Channel 2, a 
series of eight, 16-bit control words are serially clocked 
into shift registers U 140 and U 150 (eight bits in each 
register). Each control word is used to set the position of 
one of the eight attenuator and coupling relays (four relays 
are in each attenuator assembly). Each control word will 
have only the bit corresponding to the specific relay con­
tact to be closed set HI. Relay buffers U110 and Ul30A 
(for Channel 1) and U 120 and U 130B (for Channel 2) are 
Darlington configurations that invert the polarities of all 
bits. This results in a LO being applied to only the coil lead 
associated with the contact to be closed; all other coil leads 
are held HI. 

To set a relay once the control word is loaded, the 
Microprocessor generates a ATTN STRB (attenuator 
strobe) to U130G pin 7 via R129 and C130. The strobe 
pulses the output of U130G LO for a short time. This 
output pulse attempts to turn on both Q130 and Q131 
(relay drivers) via their identical base-bias networks. Due to 
the lower level from the turned on Darlington relay buffer 
(coupled through the associated coil diode and either 
CR130 or CR131 to one' of the bias networks), one tran­
sistor will turn on harder as the ATTN STRB pulse begins 
to forward bias the transistors. The more positive collector 
voltage of the transistor turning on harder is fed through 
the bias diode (again either CR 130 or CR 131} to further 
turn off the opposite transistor. Th is action results in one 
transistor being fully on and the other one being fully off. 
The saturated transistor sources current through the two 
stacked relay coils to the LO output of either U 140 or 
U150 (current sink} to close the selected contacts. Once 
set, the magnetic-latch feature will hold the relay set to this 
position until opposing data is clocked into the Auxiliary 
Control Register and strobed into the relay. All coil leads 
for the remaining relays are set HI, and only the selected 
relay will be set. 

Theory of Operation-2445 Service 

To set the seven remaining Attenuator and coupling 
relays, the sequence just described is repeated seven more 
times. Whenever the Microprocessor determines that the 
attenuation factor or input coupling has changed, the entire 
relay-setting procedure is repeated for all eight relays. 

After the coupling and attenuator relays have been 
latched into position, the Auxiliary Control Register is 
free to be used for further circuit-controlling tasks. Eight 
more bits of control data are then clocked into U140 either 
to enable or disable the following functions: vertical 
bandwidth limiting (BWL), triggered X-V mode (TXY), the 
A and B Sweep Delay Comparators (BOCA and BDCB)' and 
slow-speed intensity limit (Sll); or to alter the Channel 3 
and Channel 4 gain factors (GA3 and GA4). Two other 
bits are clocked into register U150: one to produce the 
CTC signal and the other to control the scale illumination 
circuit during SGL SEQ display mode. The CTC control 
bit is used to enable a sweep-start linearity circuit in the A 
Sweep circuitry (diagram 5) on the 2 ns and 20 ns per 
division sweeps. 

Analog Control Multiplexer 

When enabled by the Address Decode circuitry, Analog 
Control Multiplexer U170 directs the analog levels applied 
to pin 3 from DAC U2234 (diagram 2) to one of six sample­
and-hold circuits_ In the Preamplifier circuitry, the sample­
and-hold circuits maintain the VAR gain and DC Bal 
control-voltage levels applied to both the Channel 1 and 
Channel 2 Preamplifiers Ul00 and U300 between updates. 
Two of the Multiplexer outputs direct analog levels to the 
Holdoff and Channel 2 Delay Offset sample-and-hold 
circuits (diagram 5). Routing is determined by the three-bit 
address from register U2034 (diagram 2) applied to Multi­
plexer U170 on pins 9,10, and 11. 

Channel 1 Preamplifier 

Channel 1 Preamplifier Ul00 converts the single-ended 
input signal from the Channel 1 Attenuator to a differential 
output signal used to drive the Vertical Channel Switch. 
The device produces either amplification Of attenuation in 
predefined increments, depending on the control data 
written to it from the Microprocessor. The Preamp also has 
provisions for V AR gain, vertical positioning, and a trigger 
signal pickoff. 

The Channel 1 vertical input signal is applied to pin A of 
Channel 1 Preamp U 1 00. Control data from the processor 
is clocked into the internal control register of the device via 
pin 22 (CD) by the clock signal applied to pin 23 (CC). The 
data sets the device to have an input-to-output gain ratio 
of either 2.5 or 1 or to have an attenuation factor of 2, 4, 
or 10, depending on the VOLTS/DIV control setting. 
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Two analog control voltages set by the DAC and the 
Channel 1 vertical position dc level modify the differential 
output signal at pins 9 and 10. The front-panel Channel 1 
POSITION control supplies a dc level to Ul00 pin 17 that 
vertically positions the Channel 1 display on the crt. A DC 
Bal signal is applied to pin 2 of Ul00 from the DAC via the 
sample-and-hold circuit composed of U 160A and C177. 
This DC Bal signal is a dc offset-null level that is determined 
during the automatic DC Bal procedure. The offset value 
is stored as a calibration constant in the EAROM and is 
recalled at regular intervals to set the DC Bal level, holding 
the Preamp in a dc balanced condition. 

The Channel 1 VOL TS/DIV VAR control is monitored 
by the Microprocessor during the front-panel scanning 
routine. When the processor has determined where the 
VOLTS/DIV VAR control is positioned, it causes DAC 
U2234 (diagram 2) to produce a corresponding control 
level and routes it to the VAR gain sample-and·hold circuit 
composed of U 160D, C179, and associated components. 
The control voltage at the output of U160D (pin 14) sets 
the variable gain of the Preamp. 

A pickoff amplifier internal to U100 conditions the 
trigger signal and provides the proper signal level at pin 15 
to drive the AlB Trigger Generator (U50a, diagram 5). 
The pickoff point for the trigger signal is prior to the 
addition of the vertical position offset, so the position of 
the signal on the crt has no effect on the trigger operation. 
However, the pickoff point is after the DC Bal and Variable 
gain signals have been added to the signal so both of these 
functions will affect trigger operation. 

Common-mode signals are rejected from the trigger 
signal by the circuitry composed of operational amplifier 
U450A and associated components. The inverting input of 
U450A (pin 6) is connected to the common-mode point 
between APO+ (pin 12) and TPO- (pin 15) of Ul00. Any 
common-mode signals present are inverted and applied to 
a common-mode point between R451 and R453 to cancel 
the signals from the differential output. A filter network 
composed of LR180 and the built-in circuit board capacitor 
(5_6 pF) reduces trigger noise susceptibility. Trigger signals 
for options are obtained by removing Pl00A and con­
necting the appropriate connector. 

The Channel 1 input signal used to provide the hori­
zontal deflection for the X-Y displays is obtained from 
U100 pin 11. The components between pin 11 and the 
Horizontal Output Amplifier provide phase compensation 
of the signal. During instrument calibration, the delay 
produced by Cll5, Cll6, L115, R 115, and variable cap­
acitor CllS is matched to the 78-ns delay of the vertical 
delay line (Dl100, diagram 6). 
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Channel 2 Preamplifier 

Operation of Channel 2 Preamplifier U200 is nearly 
identical to that of the Channel 1 Preamplifier just 
described. The exceptions are that the output polarity of 
the Channel 2 signal may be either norma! or inverted and 
that the signal obtained from the BPO+ output {pin 11) is 
conditioned differently for a different purpose than in the 
Channell Preamplifier circuitry. 

Inverting the Channel 2 signal for the CH 2 INVERT 
feature is accomplished by biasing on different amplifiers. 
The control data clocked into the internal control register 
from pin 22 sets up the necessary switching. 

The Channel 2 BPO+ signal at U200 pin i 1 provides an 
accurate representation of the Channel 2 signal at the 
rear-panel CH 2 OUT connector. The BPO+ output signal 
is reduced by divider R460 and R461 and is applied to the 
emitter of Q460B. Transistor Q460B, configured as a diode, 
provides thermal compensation for the bias voltage of 
Q460A and reduces dc level shifts with varying temperature. 
Emitter-follower Q460A provides the drive and impedance 
matching to the CH 2 OUT connector and removes the 
diode drop added by Q460B. Clamp diodes CR460 and 
CR461 protect Q460B should a drive signal be accidentally 
applied to the CH 2 OUT connector. 

Channel 3 and Channel 4 Preampl ifier 

The functions provided by the Channel 3 and Channel 
Preamplifier are similar to those provided by the Channel 1 
and Channel 2 Preamplifiers. The single-ended CH 3 and 
CH 4 input signals are converted to differential signals, and 
vertical gain and vertical positioning information is added 
to the output signals. Trigger pickoff signals are generated 
for both channels and are routed to the Trigger hybrid. 

Channel 3 and Channel 4 gains may be either 0.1 volt 
per division or 0.5 volt per division. The logic levels of 
control bits applied to U300 pin 30 (GA3) and pin 31 
(GA4) from Auxiliary Control Register U140 sets the gain 
of the Channel 3 and Channel 4 Preamplifiers respectively. 
Vertical positioning of the Channel 3 and Channel 4 signals 
on the crt is controlled by the variable voltage levels applied 
to pin 29 (POS3) and pin 30 (POS4) from the front-panel 
CH 3 and CH 4 POSITION potentiometers_ 

Dc offsets in the output signal due to any tracking 
differences between the +5-V and the -5-V supply to 
U300 are reduced by the tracking regulator circuit com­
posed of U165A, Q190, and associated. components. 
Operational amplifier U165A and Q190 is configured so 
that the output of voltage at the emitter of 0190 follows 
the -5-V supply applied to Rlga. This tracking arrange- .~ ... 
ment ensures that the supply voltages are of equal magni-
tudes to minimize dc offsets in the output signals. 
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Scale Illumination 
The Scale Illumination circuit consists of U130C, 

U130D, U130E, U130F, and associated components. The 
circuit enables the operator to adjust the illumination level 
of the graticule marks on the crt face plate using the 
SCALE I LLUM control. 

Components U130C through U130F, depicted on 
diagram 4 as inverters, are actually Darlington transistor 
pairs. Figure 3-5 is a simplified illustration of the Scale 
Illumination circuitry, redrawn to show U130C through 
F as Darlington transistor pairs for the purpose of the 
following description. 

Darlington transistors U130D and U130E control the 
current flow to scale-illumination lamps DS100, DS101, 
and DS102. Base drive current for U130D and U130E via 
R133 is set by the front-panel SCALE ILLUM pot R134. 
Voltage at the more negative end of the pot is set by the 
self-biasing configuration of Ul30F and R135. The voltage 
level established by these two components is two diode 
drops above ground (R:: 1.2 V) so that, at full counter­
clockwise rotation, the wiper voltage of the SCALE I LLUM 
pot will just match the turn-off point of U130D and 
U 130E. The voltage at the other end of the pot is set by the 

+15V 
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Figure 3-6. Seale lUumination circuit. 
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collectors of U130D and U130E. As the SCALE ILLUM 
pot is advanced, the base drive to U130D and U130E 
increases, and the voltage on their collectors moves closer 
to ground potential. This increases the current through the 
scale-illumination lamps to make them brighter and pro­
duces some negative feedback to the base circuit through 
the SCALE ILLUM pot. Negative feedback stabilizes the 
base drive to U130D and U130E to hold the illumination 
level constant at the selected setting of the SCALE I LLUM 
control. 

During SGL SEa display mode, the graticule is illumi­
nated only once during the sequence for photographic 
purposes. In this mode, a HI is initially written to Auxiliary 
Control Register U150 (bit a H ). This turns on U130Cand 
shunts the base drive current of U130D and U130E to 
ground. At the point in the sequence when the graticule 
should be illuminated, the processor writes a LO to bit a H, 

and U130C is turned off. This enables U130D and U130E 
to turn on the lamps to the illumination level set by the 
SCALE ILLUM pot. 

DISPLAY SEQUENCER, 
TRIGGERS, AND SWEEPS 

The Display Sequencer circuitry (diagram 5) controls 
and sequences the "analog-type" oscilloscope functions 
in real time, dependent on control data it receives from 
the Microprocessor. The AlB Trigger circuitry, under 
control of the Display Sequencer, detects when triggering 
requirements are met and initiates the appropriate sweep . 
The A Sweep and B Sweep circuits generate sweep ramps 
under control of the Display Sequencer when triggered by 
the AlB Trigger circuitry. 

Display Sequencer 
The Display Sequencer stage consists primarily of 

integrated circuit U650. This IC accepts analog and digital 
control signals from various parts of the instrument and, 
depending on the control data string clocked into its 
internal control register from the Microprocessor, will 
change control signals that it sends to other, signal-handling 
circuits . 

Fifty-five bits of serial data from the processor defining 
the instrument's operating sequence are applied to the 
Display Sequencer data input, pin 25. The data string is 
clocked into U650 to the internal control register by the 
processor-generated control clock applied to pin 24. The 
data string is organized in several fields, with each field 
defining the operating mode of one specific instrument 
function. 
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Display Sequencer U650 controls the various functions 
defined by the data fields by setting the levels of the 
associated control lines. The functions and controlling 
signal lines for each function are as follows: 

Vertical Display Selection 

CH 1, CH 2, CH 3, CH 4, ADD, and Readout V signals 

are selected by the VS1, VS2, VS3, and VS4 control 
signa!s. See the Vertical Channel Switch description for 
further information. 

Horizontal Display Selection 

A Sweep, B Sweep, CH 1 (for X-V displays) and Read­
out X are selected by the HSA and HSB control signals 
See the Horizontal Output Amplifier description for 
further information. 

Trigger Source Selection 

CH 1, CH 2, CH 3, CH 4, ADD, Line, and a sample of 
the vertical output signal (for calibration purposes only) 

are selectable as the Trigger SOURCE by the SROA. -- -- -- -- --
SR 1 A, SR2A, SROS, SR 1 B, and SR2B control lines 
(pins 28, 27, 29, 32, 31, and 30 respectively). See the 
AlB Trigger description for further information. 

Trigger Holdoff 

Sweep recovery time and the circuit initialization time 
required when front-pane! controls are changed are 
controlled by the THO (trigger holdoff) signal. 

Delta Time (lit) Delay Selection 

DL V REF a or DL V REF 1 is selected by the DS (delay 
select) signal. 

Trigger and Sweep Activity (Status) 

The activity of the Trigger and Sweep circuits, as --- --- --- ---indicated by the SGA, SGB, TSA. and TSB lines, is 
reported to the Microprocessor via the TSO (trigger 
status output) line when clocked by the TSS (trigger 
status strobe) signal. 

Intensity Control 

The readout intensity, display intensity, and display 
intensity compensation are controlled by the BRIGHT 
output level. 

Display Blanking 

Display blanking for CHOP VERTICAL MODE, Read­
out transitions, and front-pane! control changes is 
controlled by the BLANK output. 
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Readout Control 

The vertical selection, horizontal selection, and intensity 
controls are all set to their readout modes either at the 
end of an A Sweep (SGA goes HI) or in response to a 
readout request (ROR) from the Readout circuitry 
(diagram 7). While in the readout mode, the BLANK 
control signal is driven by the readout blank (ROB) 
input signal on pin 5 (also from the Readout circuitry). 
The readout active line (ROA, pin 6), when set LO, 
tells the Readout circuitry that readout dots may be 
displayed if necessary. The ROA signa! is always set 
LO at the start of the trigger holdoff time following 
sweeps, and it is held there until the holdoff time is 

almost over. This allows the majority of holdoff time 
to be used for displaying readout dots. The Display 
Sequencer wi!! switch the ROA signal back to H I before 
the end of holdoff so that the readout display does not 
interfere with display of the vertical signal at the 
triggering event. 

Trace Separation 

Vertical separation between the A Sweep trace and the 
B Sweep traces (for alternate horizontal sweep displays), 
and between the reference B Sweep trace and the delta 
B Sweep trace (when delta time is selected in B Sweep 
only mode). is enabled by the TS1 + TS2 output. 

Xl0 Horizontal Magnification 

Horizontal Xla magnification is controlled by the MAG 
output. 

Calibrator Timing 

The 5-Hz to 5-MHz drive signa! to the Calibrator cir­
cuitry is provided by the CT output. 

In the course of developing waveform displays, the 
Display Sequencer selects one or more vertical channel, 
sets the trigger source, and selects the horizontal display 
mode. In most cases, the trigger selection does not change 
after it has been set unless a front-panel trigger control is 
changed. An exception is that in VERT TRIGGER MODE, 
the trigger source tracks the sequencing of the vertical 
channels (unless AUTO LVL MODE, or CHOP VERTICAL 
MODE is also selected). Trigger source selection lines are 
changed only during trigger holdoff time between sweeps. 

HOLDOFF RAMP. The holdoff ramp circuit, used to 
delay the start of a sweep until all circuits have recovered 
from the previous sweep, is made up of U165C, Q154, 
Q155, and associated components. Operational Amplifier 
U165C and capacitor C1Ba form a sample-and-hold buffer 
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used to set the charging current for holdoff-ramp inte­
grating capacitor C660. A control voltage from digital-to­
analog converter (DAC) U2234 (diagram 2) via multiplexer 
U170 (diagram 4) is stored on C180. The stored voltage 
level sets the base voltage for both 0154 and 0155 via 
amplifier U165C_ Transistors 0154 and 0155 form a 
current-mirror with nearly equal collector currents. 
Transistor 0154 is a current-to-voltage converter that 
provides negative feedback to U165C, setting loop gain. 
Transistor 0155 acts as a constantcurrent source that 
charges integrating capacitor C660, producing a linear 
hold off ramp_ 

A comparator circuit in U650 detects when the ramp 
crosses a predefined threshold voltage (approximately 
+3 V). When the threshold is reached, pin 10 of U650 
(HRR) goes LO and the integrating capacitor is discharged. 
At that same time, an internal counter that keeps track 
of the holdoff ramp cycles is incremented. The ramps 
continue to be generated and reset until the holdoff ramp 
counter has counted the number of ramp cycles defined 
by the sweep-rate-dependent holdoff data field stored in 
the Display Sequencer control register. At all sweep speeds 
except 5 ns per division, the count is at least two holdoff 
ramp cycles. The front-panel variable HOLDOFF control 
affects holdoff time by varying the HOLDOFF control 
voltage to U165C (from the DAC), changing the charging 
rate of integrating capacitor C660. 

When holdoff time requirements are met (determined 
by the number of ramps counted), the Display Sequencer 
sets the THO (trigger holdoff) signal LO. This enables both 
the A Sweep hybrid (U700) and the A Trigger circuitry 
in U500. The Trigger circuit begins monitoring the selected 
trigger source line and, when a triggering event is detected 
that meets the triggering requirements defined by the 
stored control data, initiates the A Sweep and sets the TSA 
(trigger status, A Sweep) line to Display Sequencer U650 
LO (indicating that the A Sweep has been triggered). 

As the A Sweep circuit (U700) responds to the trigger, 
it sets the SGA (sweep gate A) line LO (via U980A) 
indicating that an A Sweep is in progress. After the sweep 
has run to completion, U700 sets the SGA line HI signaling 
the end of sweep. The Display Sequencer then sets the THO 
line HI, resetting the AlB Trigger hybrid U500 and A 
Sweep hybrid U700 in preparation for the next sweep. 

DELAY GATE OPERATION. Analog Switches U850B 
and U850C select the delay references for each sweep. 
Depending on the display mode and point in the display 
sequence, the OS control signal (U650 pin 40) routes one 
of the two analog delay references through U850B and 
U850C to the two sweep hybrids. The selected reference 
level is compared against the changing sweep ramp voltages 
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to generate the delay gates that control each sweep's 
functions. 

After an A Sweep has been initiated by a trigger, a delay 
gate circuit within U700 compares the A Sweep ramp 
voltage to the selected delay reference. When the sweep 
ramp reaches the delay reference level, the DG (delay gate) 
output goes LO, enabling the B trigger portion of U500 and 
B Sweep hybrid U900. Then, when B triggering occurs (for 
TRIG AFT DLY mode), the AlB Trigger hybrid sets the 
TGB (trigger gate B) signal LO, initiating the B Sweep. In 
RUN AFT DL Y mode, however, the TGB signal to U900 is 
held LO, and the B Sweep is initiated at the end of the A 
Sweep delay time when the A Sweep delay gate goes LO. 

STATUS MONITORING. As the Display Sequencer 
controls the display system in real time, it continually 
monitors the trigger and sweep operations and updates the 
internal trigger status register accordingly. The Micro­
processor checks the contents of this register every 3.3 ms 
to determine the current status of the trigger and sweep 
circuitry. The Microprocessor reads the trigger status 
register by generating a series of trigger status strobe (TSS) 
pulses (U650 pin 19) to serially clock the contents of the 
register out to the TSO (trigger status output) line and onto 
the Data Bus (via Status Buffer U2108 on diagram 2). The 
system status information obtained by this check is used 
for AUTO LVL triggering, AUTO free-run triggering, 
detecting the completion of all the sweeps in a SGL SEO 
display, and during instrument calibration. 

INTENSITY CONTROL. The Display Sequencer con­
trols the intensity for both sweep and readout displays. 
The analog levels at pins 22 and 23 (set by the front-panel 
INTENSITY and READOUT INTENSITY controls) deter­
mine the basic intensity level of the displays. Two inter­
nally generated DAC currents (developed by multiplying 
the IREF current at pin 20 by two processor-generated 
numbers stored internally) are added to the basic intensity 
level currents to produce the display intensity seen on the 
crt (see Table 3·1). The two DAC currents added to the 
I NTENSITY current are dependent on sweep speed, num­
ber of channels being displayed, and whether or not the 
Xl0 MAG feature is in use. These added currents increase 
crt beam current and hold the display intensity some­
what constant under the varying display conditions. The 
resulting current is applied to Z-Axis Amplifier U950 
(diagram 6) from the BRIGHT output of the Display 
Sequencer (pin 21). 

To produce the intensified zone on the A Sweep trace 
for A intensified by B Sweep displays, an additional current 
is added to the crt drive signal by the Z-Axis Amplifier 
during the concurrence of the SGAZ and SGBZ (sweep gate 
A and B z-axis) signals. 
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Type 
of 

Display 

X/Y 

A Sweep 

B Sweep 

Readout 

Table 3-1 

Intensity Control 

Horizontal Resulting Current 
Selects at BRIGHT 

HSA HSB Output 

LO LO 01 (display intensity) only 

LO HI D I + A Swp DAC current 

HI LO DI + B Swp DAC current 

HI HI ROI (readout intensity) only 

The readout intensity (ROI) level, controlled from the 
front-panel READOUT INTENSITY pot, is conditioned 
by U350A and associated components. Operational 
Amplifier U350A, configured as a full-wave rectifier, 
increases readout intensity when the pot is rotated either 
direction from center. Resistor R360 sets the minimum 
readout intensity current that occurs at the midpoint of the 
READOUT INTENSITY pot rotation. 

Readout On-Off Comparator U350B detects to which 
side of center the READOUT INTENSITY control is set. 
The Microprocessor reads the output of omparator U350B 
via Status Buffer U210a (diagram 2) at regular intervals. 
Depending on the status received, the processor sets up the 
Readout circuitry (diagram 7) to display either all of the 
readout information or just the "delta type" readouts. 

Blanking of the crt display during CHOP VERTICAL 
MODE displays or when switching between dot positions 
in the readout displays is controlled by the Display 
Sequencer's BLANK output (pin 3). When the signal is LO, 
the crt z-axis is turned on to the selected intensity level; 
when HI, the crt display is blanked. 

READOUT CONTROL. Readout displays are controlled 
by the readout request {if<)R') signal, the readout active 
(ROA) signal, and the readout blank (ROB) signal. During 
the first part of the holdoff time, up until one or two hold­
off ramps before holdoff time ends (dependent on the 
sweep rate), the Display Sequencer sets the ROA signal 
line LO. While the ROA line is LO, the Readout circuitry 
may display readout character dots if necessary. During 
readout displays, the horizontal and vertical select signals 
(HSA, HSB, VS1, VS2, VS3, and VS4) are all set HI. This 
deselects the waveform-related sweep and deflection signals 
and gives display control to the Readout circuitry. While 
readout information or cursors are being displayed, the 
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BLANK output signal (pin 3) is controlled by the readout 
blank (ROB) signal from the Readout circuitry, and the 
readout intensity (ROI) signal (pin 23) controls the 
BRIGHT output level. 

During holdoff, the Display Sequencer always sets 
the readout active (ROA) line LO. As previously described, 
setting the ROA signal LO allows the Readout circuitry 
to display readout dots. In some settings of the SEC/DIV 
switch, with adequate trigger rates, holdoff time is provided 
for the Readout circuitry to display all the readout infor­
mation without causing noticeable display flicker. 

In those cases where the holdoff time is insufficient 
to prevent flicker, a portion of the Readout circuitry will 
request display control by setting the readout request 
(ROR) signal LO. The Display Sequencer recognizes all 
readout requests immediately and switches the horizontal 
and vertical select lines to the readout display mode. The 
Readout circuitry displays one readout dot and then resets 
the readout request HI to switch back to the display of 
waveforms. Readout requests occur as required during 
sweep times to keep the readout display caught up. (See 
"Readout" description for further information). 

TRACE SEPARATION. The TRACE SEP feature is 
used to position the alternate B Delayed Sweep trace down­
ward from the A Sweep when Alternate Horizontal Display 
Mode (TURN-ALT) is active. It is also used when either 
the At or 1/At measurement function is used with B Sweep 
only displays. In the latter case, the TRACE SEP control 
vertically positions the trace(s) associated with the A 
control. 

When the Display Sequencer determines that trace 
separation should be active, the LO TSIN level at pin 7 is 
routed to pins 9 and a, the TS1 and TS2 outputs (con­
nected together). This LO output turns off transistor 
0600 (diagram 6), thereby enabling the trace separation 
voltage from the front-panel TRACE SEP pot to be applied 
to pin 42 of Vertical Output Amplifier U600. To disable 
the trace separation function, the Display Sequencer sets 
the TS1 + TS2 control line HI, turning on 0600 and 
shunting the trace separation signal to ground. 

X10 MAG SELECT. The MAG (sweep magnifier) output 
(pin 39) drives the magnifier control input (pin 14) of 
Horizontal Output hybrid uaoo and the select input 
(pin 9) of analog switch Ua60C (diagram 6). Analog switch 
Ua60C routes a magnifier gain-control voltage to the 
Horizontal Amplifier to set the horizontal gain for the X10 
magnified displays. 
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CH 2 DELAY OFFSET. The VS2 (vertical select, chan­
nel 2) output applied to analog switch U860B at pin 10 
routes a calibrated offset voltage from sample-and-hold 
buffer U165D to both sweep hybrids when the Channel 2 
vertical signal is being displayed. The offset voltage is used 
to eliminate the apparent propagation delay between the 
Channel 2 and the Channel 1 (or CH 2 and either one of the 
other channels). A step in the calibration procedure allows 
use of the front-panel Channel 2 Delay Offset feature to be 
either enabled or disabled. When enabled, the Channel 2 
offset may be adjusted up to ±500 ps (with respect to 
Channell) using the Ll control. 

CALIBRATOR TIMING. The Calibrator timing signal 
(eT) from the Display Sequencer is generated by an 
internal counter. The counter divides the 5-MHz clock 
input at pin TC (timing clock) by a value that is a function 
of sweep speed_ The resulting square-wave output signal 
drives the Calibrator circuit. For ease of sweep rate 
verification, the Calibrator signal provides a display of five 
complete cycles on the crt at sweep speeds from 100 ms 
per division to 0.1 j.1S per division. Below 100 ms per 
division, the Calibrator output frequency remains at 5 Hz; 
and above 0.1 j.1s per division, the Calibrator frequency 
remains at 5 MHz. 

When chopping between vertical channels, the Display 
Sequencer adds a 200-ns skew at the end of some sweeps 
to desynchronize the chop frequency from the sweep speed 
(to prevent the sweep from locking onto the chop fre· 
quency). Due to this, the Calibrator signal has an irregular 
pulse repetition characteristic between sweeps. This will not 
be apparent when observing the Calibrator signal on the crt 
of the 2445 since the skew is synchronized to the sweep, 
but may be observed when the Calibrator output signal is 
used with other instrumentation. The skew can be elimi­
nated by setting the 2445 to SGL SEQ Mode (to shut off 
the sweeps). 

A/B Trigger 
The AlB Trigger hybrid (U500) and associated circuitry 

select the triggering signal source for each horizontal sweep 
as directed by the Display Sequencer. When the proper 
triggering criteria to initiate a sweep are detected, a trigger­
ing gate signal is produced to start the selected sweep. 

Control data from the processor defining trigger mode, 
coupling, and slope parameters for each trigger is clocked 
into two storage registers internal to U500 by the A TRIG 
CLK signal on pin 23 (CCAI and the B TRIG ClK signa! 
on pin 47 (CCB)_ The Display Sequencer selects the A 
trigger source with the SROA, SR1A, and SR2A signal 
lines; the B trigger source is selected using the SROB, SR 1 B, 
and SR2B signa! lines. Table 3-2 illustrates trigger source 
selection. 
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aDuring calibration routines from the Diagnostic Monitor. 

To initiate the A Sweep, the trigger hybrid compares 
the selected signal to the analog trigger level input at 
pin 13, TLA (trigger level A). B trigger signals are compared 
to the TLG (trigger level B) signal at pin 37 when triggered 
B Sweeps are required. When the proper trigger signal is -- -detected, U500 outputs a trigger gate (TGA or TGB) to 
the appropriate sweep circuit to initiate that sweep. 

When an A Sweep is initiated, the trigger-status line 
(TSA) (trigger status A, U500 pin 20) goes LO to signal 
the Display sequencer that a trigger has occurred. Until 
the sweep is completed, the TGA signal on pin 18 (or TGB 
signal on pin 42 for B Sweeps) remains LO. After the A 
Sweep is completed, the A Sweep Gate (SGA) from A 
Sweep hybrid U700 (via U980A) will go HI, causing the 
Display Sequencer to set its THO (trigger holdoff) line 
{pin 13) HI. This resets the sweep hybrid and the trigger 
hybrid in preparation for the next trigger event. 

The B Trigger Holdoff input (THOB, U50a pin -39) is 
held HI (keeping the B Trigger reset) until the A Sweep 
Delay Gate (DG, U700 pin 41) goes LO (see the following 
A Sweep description). When DG goes LO, the B Trigger 
portion of U500 is enabled. The B Sweep Trigger functions 
in a manner similar to that of the A Sweep Trigger just 
described. 

A Sweep 

When properly triggered, the A Sweep circuit generates 
linear sweep ramps of selectable slopes. When amplified, 
these ramp signals horizontally sweep the crt beam across 
the face of the crt. The A Sweep circuitry consists of U70a, 
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0709, 0741, U860A, U910B, U980A, and associated 
components. 

The A Sweep ramp signal is derived by charging one 
of several selectable capacitors from a programmable 
constant-current source. Capacitor selection depends on 
the sweep-rate-dependent control data (CD) on pin 29 that 
is clocked into A Sweep hybrid U700 by the A SWP ClK 
on pin 28 (CC). This sweep-rate data causes some internal 
logic to select either hybrid-mounted capacitors CTO or 
CT1 or capacitor C708 at the CT2 (timing capacitor two) 
pin. An additional capacitor, C709, may be selected (via 
0709) if the control data asserts the TCS (timing capacitor 
select) signal on pin 9. TCS will be H I for A Sweep speeds 
slower than 1 ms per division. Capacitor C707 and associ­
ated circuitry form a linearity compensation circuit. 

The constant current to charge the selected capacitor 
is derived from the DAC-controlled voltage, A TIM REF 
(A timing reference), generated on the Control Board. The 
ITREF input (U700 pin 24) is held at zero volts by an 
internal programmable current-mirror circuit at that input 
(see Figure 3-6). The A TIM REF voltage is applied to the 
current mirror via series resistors R723 and R724 to 
establish the input reference current (ITREF). The output 
of this current mirror is related to the input reference 
current by a multiple "M" that is set by a control data 
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Figure 3-6. Sweep ganenrtor. 

field stored in the internal control register of U700. The 
derived output current (M x ITREF) is connected to 
another programmable current-mirror circuit, U910B, 
external to the hybrid. The output of U910B provides 
the actual charging current and is a control-data-selected 
multiple of the M x ITREF current. 

At the time of calibration, the processor will vary the 
ITREF input current until the slope of the output ramp 
for specific current-mirror/timing capacitor combinations 
is precisely set. The values of A TIM REF at these settings 
allow the processor to precisely calculate the characteristics 
of the current-mirror circuits at their various multiplication 
factors and the charging characteristics of the timing 
capacitors. These values are stored as calibration constants 
in nonvolatile memory (EAROM U2008, diagram 2). 

Once the calibration constants are set, any setting of the 
SEC/DIV switch causes the Microprocessor to recall the 
associated calibration constants from the EAROM. The 
processor then calculates the proper value of A TIM REF 
based on the selected timing capacitor and the current­
mirror multiplication factors. 

If the SEC/O IV VAR control is out of the calibrated 
detent position, the processor will decrease the A TIM REF 
voltage from the maximum, in-detent value by an amount 
proportional to the position setting of the VAR control. 
At the maximum, fully counterclockwise setting of the 
VAR control, the ITREF current is one-third that of the 
normal, in-detent current. 

For A Sweep hybrid U700 to initiate a sweep at the 
selected rate, the AUXTR IG (auxiliary trigger) input 
(pin 3), the THO (trigger holdoff) line from the Display 
Sequencer (on pin 11. and the TR IG (trigger) line from the 
trigger hybrid (on pin 2) must all be LO. With these three 
inputs lO, the A SWEEP ramp begins, and the sweep gate 
(SG) output (pin 45) goes lO. The buffered sweep gate 
signal (SGA) at the output of U980A returns to the Display 
Sequencer through R981 to indicate that the A Sweep is 
active. The sweep gate signal is used by various other 
circuits for their timing activities and is held LO until the A 
SWEEP ramp ends. The buffered (negative) sweep gate is 
inverted and routed to the rear-panel A GATE output 
connector via U975B. 

The A Sweep Delay Gate (DG) signal acts as the trigger 
holdoff (THO) signal for the B Sweep and the B Trigger 
circuitry. It is generated by comparing the A SWEEP ramp 
voltage to the selected delay reference (DR) level from 
analog switch U850C. As the ramp voltage crosses the delay 
reference level, the delay gate (OG) output signal goes LO, 
removing the HI THO level to the B Sweep. This enables 
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The BOCA (A Sweep bypass·delay comparator) input 
(pin 39) is a data bit from Auxiliary Control Register U140 
(diagram 4) that, when HI, sets the A Sweep DG output 
LO at the beginning of the A Sweep. This enables the B 
Sweep to run immediately at the start of the A Sweep and 
is used for calibration purposes and for options. 

The capacitive load (part of the etched·circuit board) 
at the RDA (retrace delay adjust) input (pin 4) is used to 
delay the retrace of the sweep until the Z-Axis drive is 
fully turned off in response to the SGAz gate going HI. 
This delay prevents any part of the retrace from being 
seen. 

B Sweep 
Operation of B Sweep hybrid U900 is similar to that just 

described for the A Sweep with the following exceptions: 
The THO input (and thus sweep enabling) is controlled by 
the A Sweep hybrid and not the Display Sequencer (see 
the preceding A Sweep description). The timing capacitor 
select output, TCS, is not used, and only three timing 
capacitors are selectable (two on the B Sweep hybrid at r ~ CTO and CTl and one externally at CT2). Unlike the A 

t ' Sweep, the delay reference (DR) input (pin 37) and the B 
Sweep bypass-delay comparator signal (BDCB) input (at pin 

r 

r 

r 

39) are used only for factory calibration. 

Calibrator 
The Calibrator circuit, composed of 0550, U165B, 

U550A, B, C, and 0, and associated components, generates 
a square-wave output of precise amplitude and frequency 
characteristics. The CALIBRATOR signal provided at the 
front-panel output connector is useful for adjusting probe 
compensation and verifying VOLTS/DIV, SEC/DIV, and ~t 
(delta time) calibration. Output frequency is controlled by 
the Display Sequencer and is set to display five cycles 
across the ten crt graticule divisions at sweep speed settings 
from 100 ns per division to 100 ms per division. This 
feature allows quick and easy verification of the sweep 
rates. The Calibrator circuitry is essentially a voltage 
regulator that is alternately switched on and off, producing 
the square-wave output signal. 

When the timing signal (CAL) from the Display 
Sequencer to the base of U550D is LO, U550C (configured 

r. ·i·. as a diode) is forward biased, shunting bias current away 
. from 0550, keeping it turned off. When transistor 0550 is 

".,.., off, the front-panel CAL OUT connector is pulled to 
, .~ ground potential through R558, setting the lower limit of 

Ii If, , 

the CALIBRATOR output signal. 
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As the CAL signal goes from LO to HI, the emitter of 
U550D is pulled HI to reverse bias U550C. Bias current for 
0550 is established, and the transistor is turned on. The 
voltage at the emitter of 0550 rises to a level of +2.4 volts, 
determined by the voltage regulator composed of U165B, 
U550A, U550B, and associated components. This reg­
ulated level is applied to the front-panel CALIBRATOR 
connector through a voltage-divider network composed of 
R557 and R558. This produces an output voltage of 
400 mV with an effective output impedance of 50 n. 

Since the frequency of the CALIBRATOR signal is 
controlled by the same divider chain that controls oper­
ation of the vertical chopping rate, the intentional 2oo-ns 
shift added to the chop signal at the end of some sweeps 
(to desynchronize the chopping rate from the sweep 
rate) shows up on the CALIBRATOR signal as an irregular­
width pulse. This shift is not apparent when viewing the 
CALIBRATOR signal on the instrument providing the 
signal (since the skew occurs during sweep-retrace time), 
but it should be taken into account when using the 2445 
CALIBRATOR signal with other instrumentation. The 
skew can be eliminated from the signal by setting the 2445 
TRIGGER MODE to SGL SE~ (to shut off the sweeps). 

VERTICAL CHANNEL SWITCH 
AND OUTPUT AMPLIFIERS 

The Vertical Channel Switch (diagram 6) selects the 
signal source for vertical deflection of the crt beam. The 
Vertical, Horizontal, and Z-Axis output amplifiers provide 
the signal amplification necessary to drive the crt. 

Vertical Channel Switch 
The Vertical Channel Switch circuitry consists of hybrid 

Channel Switch U4OO, that selects one of the vertical 
signals for application to the Vertical Output Amplifier, 
and a combined switch/amplifier circuit that converts the 
single-ended readout vertical signal into a differential signal 
for application to the Channel Switch. 

Channel selection is controlled by the Display Sequencer 
VSl through VS4 signals applied to the vertical channel 
selection pins (pin 24, pin 25, pin 13, and pin 14 respec­
tively). (See Table 3-3 for the Vertical Display Selection.) 
When a vertical select line is LO, the associated input signal 
pins are connected to the differential output (+OUT, pin 1 
and -OUT, pin 3). The CH 5 input signal (Readout 
Vertical) is added to the output whenever both the VS3 
and VS4 select signals are H I but will only contain readout 
information when the readout select logic (U97OC and 
U975A) detects that the Display Sequencer has set both the 
Horizontal Select signals (HSA and HSB) HI (readout 
selected). 
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Table 3-3 

Vertical Display Selection 

Select Inputs 
Vertical - - - -VS1 VS2 VS3 VS4 Display 

L H H H CH 1 

H L H H CH 2 

L L H H ADD 

H H L L CH3 

H H H L CH4 

H H H H Readout (Y) 

READOUT SWITCH/AMPLIFIER. Transistors U485A, 
U485B, U485C, U485D, and U475C, along with their 
associated components, make up an analog switch circuit 
that routes either the readout vertical signal at the base of 
U485A or the ground reference at the base of U485C to 
the output at the emitter of U475C. The signal selected 
depends on the complementary voltages applied to the 
emitter junctions of the two emitter·coupled transistor 
pairs, U485A and Band U485C and D. The selection 
voltages are developed by voltage.cJivider networks on the 
complementary logic outputs of U975C and U975A. 

When readout information is to be displayed, the hori­
zontal select inputs to U980B and U980C go H I and the 
output of NAND-gate U975C goes La. The LO applied to 
the divider network of R498, R484, and R471 pulls the 
anode of CR484 low enough to reverse bias it. This forward 
biases the emitter-coupled pair U485A and B via R483. 
NAND-gate U975A inverts the La and applies a HI to the 
junction of R497 and R485. The HI forward biases CR485, 
and the emitters of U485C and D are pulled to a level in 
excess of +2 V, reverse biasing the transistor pair. With 
U485C and D reverse biased, the ground reference level at 
the base of U485C is isolated from the output, while the 
readout vertical information is allowed to pass through the 
forward-biased transistor pair. 

When readout information is not being displayed, a HI 
is present at the output of NAND-gate U975C. The HI 
forward biases CR484 and, when inverted by U975A, 
reverse biases CR485. With the biasing conditions reversed, 
the transistor pair of U485C and D becomes forward biased 
and U485A and B become reverse biased. The ground 
reference level present at the base of U485C is coupled to 
the output, while the readout vertical signal is isolated. 
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The output signal (either the readout vertical signal or 
the ground reference level) is applied to the CH5+ input of 
Channel Switch U400 via R495 and R412. The inverting 
amplifier circuit composed of U475A, U475B, U475D, and 
associated components inverts the readout vertical signal 
for application to the CH5- input. The amplifier is an 
inverting unity-gain configuration with transistors U475A 
and U475B connected as an emitter-coupled pair. The base 
of U475A is referenced to ground through R482. The base 
of U475B is pulled to the same level by the negative feed­
back from emitter-follower U475D through R478. The 
noninverted signal applied is to the base of U475B through 
R492 and will attempt to increase or decrease the current 
to the base of U475B, depending on the amplitude and 
polarity of the signal. However, the negative feedback 
from the collector of U475B (via U475D and R478) will 
hold the base of U475B at the ground reference level. 
The feedback current through R478 develops a voltage 
drop across R478 that is equal in amplitude but opposite in 
polarity to the noninverted vertical readout signal. The 
inverted readout signal is applied to the Channel Switch on 
pin 2 (CH5-) via R476 and R402. 

Resistor R416 (connected to pin 16) sets the high­
frequency response of the Channel Switch hybrid. 

Delay Line 
Vertical deflection signals from the Vertical Channel 

Switch are delayed approximately 78 ns by Delay Line 
DL 100. This delay allows the Sweep and Z-Axis circuits to 
turn on before the triggering event begins vertical deflection 
of the crt beam, thereby permitting the operator to view 
the triggering event. The pi-filter network, composed of 
inductors and capacitors built into the circuit board, and 
adjustments R403 and C404 correct phase-distortion 
introduced by the delay line and set the overall higher 
frequency response of the vertical deflection system. 

Vertical Output Amplifier 
Vertical Output Amplifier U600 is a hybrid device that 

provides the final amplification of the selected vertical 
signal, raising it to the level required to drive the crt deflec­
tion plates. The vertical signal from the Delay Line is 
applied to pins 10 and 3 of U6CO. The RL network con­
nected between pins 8 and 5 (CaMPA and COMPB) of 
U600 compensates the signal for the skin-effect losses 
associated with the delay line. 

Amplifier gain and vertical centering are adjusted by 
R638 and R639 respectively, primarily to match the 
amplifier hybrid to the crt installed in the instrument. 
An intensity.cJependent correction current is sinked away 
from the vertical centering input at pin 39 by the Dynamic 
Centering circuit. The correction signal holds the vertical 
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centering stable over a wide range of varying display 
intensity. Readout jitter adjustment pot R618 is used to 
minimiZe thermal distortion in the output amplifier to 
reduce jitter in the display readout. 

The vertical output signal at pins 28 and 33 of U600 
(OUT A and OUT BI is applied to the vertical deflection 
plates of the crt (diagram 8) via L628 and L633. The 
deflection plates form a distributed-deflection structure 
that is terminated by a hybrid resistor network. One 
element of the terminating network is an adjustment 
potentiometer used to match the network impedance to 
that of the crt. 

BANDWIDTH LIMITING. Bandwidth-limiting coils 
l644 and L619, along with capacitors built into U600, 
form a three-pole filter used to roll off high-frequency 
response of the Vertical Output amplifier above 20 MHz. 
To limit the vertical bandwidth, the BWl (bandwidth limit) 
input to U600 (pin 16) is pulled lO. It may be set LO 
either by the BWl control data bit from Auxiliary Control 
Register U14D (diagram 4) when the operator selects the 
Bandwidth Limit feature or automatically by the output 
of NAND-gate U975A in the Vertical Channel Switch 
circuitry (via CR616) when the readout is being displayed. 

TRACE SEPARATION. The voltage applied to the TS 
(trace separation) input of U60a (pin 42) is used to offset 
the output levels of the hybrid to vertically shift the 
position of trace on the crt. During normal sweep displays, 
the TSl + TS2 signal applied to the base of 0600 by the 
Display Sequencer (diagram 5) is HI, and the transistor is 
turned on. The TRACE SEP level at the junction of R642 
and CR600 is shunted to ground, and no offsetting of 
the output signal will occur. For those displays in which 
trace separation should occur, the Display Sequencer 
switches the base of 0600 to ground leve! to turn off the 
transistor. The trace separation level set by front-panel 
TRACE SEP control R3190 is now applied to the TS input 
of U6DO, and a corresponding offset of the displayed trace 
will occur. 

BEAM FIND. As an aid in locating off-screen or over­
scanned displays, the 2445 is provided with a beam-finding 
feature. When the front-panel BEAM FIND button is 
pushed, the beam-find input pin (BF, pin 15) of U600 will 
be pulled HI. While BF is HI, the dynamic range of Vertical 
Output Amplifier U6aO is reduced, and all deflected traces 
will be held to within the vertical limits of the crt graticule. 

OUTPUT PROTECTION CIRCUIT. A current-limit 
circuit composed of transistors 0623 and 0624 protects 
the Vertical Output Amplifier from a short-circuited output 
or a bias-loss condition. Either of these fault conditions will 
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cause excessive current to flow into pins 30 and 31 of 
U600. Current in FET 0624 is limited to the lOSS current, 
so the voltage at pins 24, 30, and 31 will drop. This 
decreases the forward bias on pass-transistor 0623 and 
lowers the voltage at pin 23 of U6Da enough and provides 
some degree of protection for the device. 

Horizontal Amplifier 
The Horizontal Amplifier circuitry consists of Hori­

zontal Output Amplifier usoa, a unity-gain buffer 
amplifier made up of the five transistors in U735, and 
associated components. 

UNITY-GAIN BUFFER AMPLIFIER. The amplifier 
circuit composed of U735A, B, C, 0, and E along with 
their associated components, form a unity-gain amplifier 
that buffers the ramp signal from A Sweep Generator U70a 
to the Horizontal Output Amplifier. Transistors U735C and 
D form a differential pair with the negative excursion of 
their emitters limited to -5 V (clamped by U735E). 
Negative feedback from the collector of U735C to its 
base is via emitter-followers U735A and B (in parallel) 
which drive to the A Sweep input (pin 1 B, A+) to Hori­
zontal Output Amplifier usao. 

HORIZONTAL OUTPUT AMPLIFIER. Integrated 
circuit usoa provides the final amplification of the selected 
horizontal-deflection signa! required to drive the crt. One of 
the sing!e-ended input signals applied to the four input pins 
is converted to a differential-output signal at the output 
pins of the amplifier. The four deflection signals to U800 
are: the A Sweep (pin 18, A+), the B Sweep (pin 16, 
B+), the Readout Horizontal signa! (pin 17, RO), and the 
Channel 1 signal {used for horizontal deflection of the X- Y 
displays} at pin 20, the X+ input pin. Signal selection is 
done by an internal channel switch and is controlled by the 
HSA (horizontal select A) and HSB (horizontal select B) 
signals from the Display Sequencer (see Table 3-41. 

Table 3-4 

Horizontal Display Selection 

Control Level Ii 
Selected 

HSA HSB Signal 

H H Readout (X) 

H L B Sweep Ramp 

L H A Sweep Ramp 

L L X Input (from CH 1} 

3-25 

-----------------------_._------------------



Theory of Operation-2445 Service 

Switching between unmagnified (Xl) gain and magnified 
(Xl0 gain) is also controlled by signals from the Display 
Sequencer. For normal horizontal deflection, the MAG 
signal on pin 14 of U800 is HI, and the gain of the output 
amplifier produces normal sweep deflection. Precise Xl 
deflection gain is set by adjusting Xl Gain pot R860. 
When the Xl0 MAG feature is selected, amplifier gain for 
the magnified sweeps is increased by a factor of 10. The 
MAG signal from the Display Sequencer goes LO when 
magnified sweep is to be displayed. This switches the 
amplifier gain and switches analog switch U860C from the 
Xl position to the Xl0 position. Amplifier gain in the 
magnified mode is adjusted by adding or subtracting a 
small bias current using Xl0 Gain control R850. Dc offsets 
in the amplifier and crt are compensated for, using Horiz 
Centering pot R801 to precisely center the display. An 
intensity·dependent position correction signal, used to hold 
the horizontal centering stable over a wide range of varying 
display intensities, is added at this point by the Dynamic 
Centering circuitry. 

As with the Vertical Output Amplifier, the Beam Find 
feature reduces the dynamic range of the Horizontal 
Output Amplifier. While the front-panel BEAM FIND 
button is pressed in, a H I is placed on U800 pin 15 via 
pull·up resistor R615, and the horizontal deflection is 
reduced, moving horizontally off·screen displays to within 
the graticule viewing area. 

its display sequence. The BR IGHT (brightness) signal 
applied to U950 pin 44 from the Display Sequencer U650 
(diagram 5) is amplified to the level required to drive the 
crt control grid (via the DC Restorer circuitry) and sets 
the crt beam intensity. The BLANK input signal applied to 
U950 pin 5, also from the Display Sequencer, blanks the 
trace during sweep retrace, chop switching, and readout 
blanking by reducing the VZOUT signal to a blanked level. 
Sweep gate z-axis signals (SGAZ and SGBZ) from the A 
Sweep and B Sweep hybrids (U700 and U900 respectively, 
diagram 5) are applied to the Z·Axis Amplifier on pins 4 
and 5. These signals turn the beam current on and off for 
the related displays and, when used in conjunction with the 
BLANK signal on pin 5, enable the sweeps to be blanked 
while still allowing the Readout circuitry to blank and 
unblank the crt for the readout displays. 

Control signals applied to U950 pin 48, pin 2, and 
pin 1 (HSA, HSB, and TXY respectively) switch some 
internal logic circuitry to enable or disable different input 
signals for the various types of displays. Table 3·5 illustrates 
the effects of the various input signals on the output signal 
for different combinations of HSA, HSB, and TXY. 

The Z-Axis hybrid has an internal limiter circuit that 
prevents th~ crt from being damaged during high·intensity, 
high-repetition-rate displays. For high-rep-rate displays, 
capacitor C956 is shunted to ground via U850A. A signal ~" 

Timing and linearity of the sweep is set by voltage 
divider R802·R803. 

representative of the intensity setting and the sweep 
repetition rate is integrated on C957 and results in a control 

Z-Axis Amplifier 

level at pin 7 of U950 used to limit intensity of the crt 
beam. For the slower repetition rate displays, the SI L bit 
(slow intensity limit) from Auxiliary Control Register U140 
(diagram 4) opens CMOS switch U850A, gently reducing 

Z·Axis Amplifier U950 turns the crt beam off and on at 
the desired intensity levels as the oscilloscope goes through 

the effective capacitance at pin 7. In this slow-sweep mode, 
limiting depends primarily on the intensity setting. 

Table 3-5 

Blanking and Intensity Control Selection 

Control Inputs Intensity Blanking Typical 
Affected Affected Display 

TXY HSA HSB By By 

xa H H BRIGHT (RO level) BLANK Readout 

X H L BR IGHT, Z EXT BLANK, SGAZ, SGBZ Delayed Sweep 

X L H BRIGHT, SGBZ, Z EXT BLANK, SGAZ Main Sweep 

L L L BRIGHT, SGBZ, Z EXT BLANK X-Y 

H L L BR IGHT, SGBZ, Z EXT BLANK,SGAZ X-Y 

ax .. State doesn't matter. 
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Focus tracking for intensity IVZOUT) level changes is 
provided by the VQOUT (quadrapole output voltage) signal 
at pin 22 of U950. The VQOUT signal varies the focusing 
voltages (and thus the focusing strenth) of two quadrapole 
lenses in the crt (diagram 8). The VQOUT signal is related 
to the VZOUT level exponentially and provides the greatest 
auto-focus control at high-intensity levels. Gain of the 
VQOUT signal is set by the High-Drive Focus adjustment, 
R1842. The VQOUT signal also drives the Dynamic Cen­
tering circuit and holds the display position stable during 
wide-range intensity level changes. 

Transient response of the Z-Axis Amplifier is adjusted 
by potentiometer R1834, connected to U950 at pin 13_ 

Dynamic Centering 
The circuit composed of U3401, U3402, and associ­

ated components generates compensating signals to offset 
positioning effects that occur in the crt when the intensity 
is varied over a wide range. The VQOUT signal from Z-Axis 
Amplifier U950 is exponentially proportional to the 
display intensity and dynamically controls the intensity­
dependent offsets. 

Dynamic Centering adjustment pots R3401 and R3407 
set the gain and polarity of the signals at their related 
outputs by varying the current in the emitter circuit of 
one of two emitter-coupled pairs of transistors. Adjusting 
the bias level at pin 4 above e:! -10.6 volts (determined by 
R3410 and R3411 at the complementary input, pin 1) 
will generate an inverted signal, while adjusting the bias 
level below -10.6 volts will cause a non inverted signal. 
Amplitude of the resulting signal is dependent on how far 
from the -10.6-volt reference the bias is set. The output 
signal is added or subtracted from the position voltage 
applied to the Vertical and Horizontal Output Amplifiers. 
Both pots are adjusted so that position shifts due to display 
intensity variations are minimized. 

READOUT 

The Readout circuitry (diagram 7) is responsible for 
displaying the alphanumeric readout characters on the crt. 
An eight-bit character code specifying each character (or 
cursor segment) to be displayed is written from the Micro­
processor to a corresponding location in the Character 
RAM U2920 (a 128-x-8-bit, random-access memory 
integrated circuit). Each of the lower 64 locations in the 
RAM corresponds to one of the 64 possible character 
locations in the crt readout display (see Figure 3-7); 32 
locations in the upper graticule row and 32 in the lower 
graticule row. The upper 64 RAM locations are used to 
store cursor segment information for the display of the 
.:i V and .:it measurement cursors. The eight-bit character 
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code written to each location in RAM points to a block of 
addresses in Character ROM U2930. This block in the ROM 
contains the dot-position information for the specific 
character to be displayed at the associated crt position. 

Each character is made up of zero (for a space character) 
or more dots displayed in an eight-wide by sixteen-high 
dot matrix. Specific blocks of ROM addresses contain all 
the X-V offset coordinates for the dots in a particular 
character in the readout. The coordinates are referenced 
to the lower-left corner of the character dot matrix. Each 
individual data byte in the block of ROM addresses con­
tains both the X and the V coordinates for one dot of the 
associated character. 

To display a character, a combination of the character 
position on the crt (the RAM address) and the byte of X-V 
position data from Character ROM U2930 (relative to that 
character position) is appled to Horizontal and Vertical 
DAC (digital-to-analog converters) circuits, U2910 and 
U2905 respectively. In these circuits, the X-V position 
data is converted to analog deflection signals used to 
position each dot in the crt readout display. Each of the 
position bytes are read from the block of ROM defining 
the character under control of the readout timing and 
sequencing circuitry. The resulting dots, when displayed 
in sequence, form the character at the proper location on 
the crt. 

Readout I/O 
The Readout I/O circuitry, composed of U2860, U2865, 

U2960, and associated components, provides the interface 
between the Microprocessor and the Readout board. Two 
types of data, Readout mode data and character data, are 
written to the Readout board serially via data bus line BOO. 

STORING A CHARACTER. Displaying a character 
starts with serially clocking 15 of the 16 character data 
bits into a 16-bit shift register formed by registers U2960 
and U2860. The ROS1 strobe (readout strobe one) from 
the Address Decode circuitry (diagram 1) is the clocking 
signal. The first eight bits of the loaded data indicate the 
character to be displayed, while the last seven bits select the 
location on the crt that the character is to be displayed. 

On positive-going transitions of the ROS1 strobe, the 
data bit present on the BOO data line is shifted into the 
first latch of character address register U2960. The follow­
ing negative-going edges of the ROS1 strobe are inverted by 
U2965A to produce a positive transition that shifts the data 
bit present at U2960 pin 9 (QSH) into U2860. After 
15 ROS1 strobes have occurred, seven bits of character 
data are latched into U2860, and the eighth character bit 
and seven of the character address bits are latched into 
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character address register U2960 (though they have not 
been shifted into their correct positions for addressing 
the RAM). 

At this point, the last character bit remains to be shifted 
into the registers, but the operating mode must be set up 
first to ensure correct operation upon shifting the final bit. 
The eight bits of mode data are shifted into the mode 
control register U2865 by the ROS2 strobe. Bit 04 
(WR ITEl.. along with the ROS2 and the RtW Dlyd signal 
are applied to the RAM enabling circuitry and determine 
when new character information will be written into the 

Character RAM. With U2865 loaded with the mode data, a 
final ROS1 strobe clocks the eighth bit of character data 
from U2960 to U2860 on the negative edge, and the 
positive edge of the strobe clocks the eighth character 
address bit (an unused bit) into U2960. 

With control bit 04 from U2865 LO, the outputs 
of U2860 are enabled and the eight bits of character data 
(COO through CD7) are written in parallel into the Char­
acter RAM at the location selected by the seven·bit address 
from U2960. Register U2960 is enabled only when the 
Readout is not displaying characters (the R EST signal at 
pin 15 of U2960 is HI). 
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Figure 3·7. Developing the readout display. 



The character data register U2860 also provides a means 
for the Microprocessor to read data from the Character 

~ RAM for partial verification of Readout circuit operation 
(during the power-up tests). The eight bits of parallel data 
from the Character RAM location selected by character 
address register U2960 are loaded into U2860 by setting 
bit 03 of mode control register U2865 lO. Inverter 
U2965C converts the lO to a HI and applies it to character 
register U2860 at pin 1. The HI on pin 1, in combination 
with the fixed HI on pin 19 of U2860, switches the char­
acter register ~e Load mode. The next positive tran­
sition of the ROS1 strobe loads the eight data bits placed 
on the COO through C07 bus lines into the register in 
parallel. Bit 03 is then returned HI, and the next positive 
transition of the ROS1 strobe shifts the 0A bit to pin 8 
(QA'l, the RO DO (readout data out) line. Seven more 

ROS1 strobes shift the remaining seven bits of character 
data out onto the RO DO line to Status Buffer U2108 
(diagram 2) to be read, one at a time, by the processor. 

Character RAM 
Character RAM U2920 provides temporary storage of 

the readout character selection data. This character data is 
organized as 128 eight-bit words that define the character 
that should be displayed at any given readout position on 
the crt. Cursor information is also stored in U2920 when 
cursors are to be displayed. 

RAM locations may be addressed either from the Read-
out I/O stage by character address register U2960, as 
previously described, or by the Character Counter stage. 
The lower 64 address locations in RAM each correspond to 
a specific readout location on the crt, while the upper 64 
address locations store cursor information. The eight bits of 
data written to one of these locations from the Readout 
I/O stage is a code that identifies the specific character (or 
cursor segment) that should be displayed at the associated 
crt location. After the display data is written into the RAM, 

~ the Character Counter is allowed to address the RAM, 
incrementing through the RAM address field. The eight-bit 
character codes for each display location are output to 
Character ROM U2930 in sequence. 

Character Counter 
The Character Counter stage consists of two four-bit 

counters (U2940A and B) cascaded together to form an 
eight-bit counter (only seven of which are used) and tri­
state buffer U2935 which drives the RAM address lines. 

As the Character Counter addresses each RAM location, 
a sequence of "dot display cycles" is performed in which 
the individual dots that make up the character are 
positioned on the crt and turned on. The EOCH (end of 
character) signal applied to U2885A prevents the counter 
from incrementing until all dots of the character have 
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been displayed. As the last dot of a character is addressed, 
the E'O'C'H bit at pin 2 of U2855A goes LO. The next 
GETOOT pulse increments U2940B, and the next RAM 
location is addressed to start the display of the next 
character. Space characters have the EOCH bit set LO for 
the first "dot" of the character and merely advance the 
Counter to the next character address without displaying 
any dots. See the Character ROM description for further 
explanation of the EOCH bit. 

Character ROM 
Character ROM U2930 contains the horizontal and 

vertical dot-position information for all of the possible 
characters (or cursor segments) that may be displayed. 
The eight bits of character data from the Character RAM 
are applied to the eight most-significant address inputs (A4 
through A 11) of the Character ROM and select a block of 
dot-positioning data unique to the character to be displayed. 
The Dot Counter increments the four least-significant 
address lines (AO through A3), causing the ROM to output 
a sequence of eight-bit words, each defining dot position 
for the selected character. 

The three least-significant bits of a ROM dot-data word 
(000 through D02) select one of eight horizontal positions 
for the dot within an eight-by-sixteen character matrix (see 
Figure 3-7). The next four bits (003 through 006) define 
the vertical position of the dot within the matrix. These 
dot-data bits are applied to the Horizontal and Vertical 
Character OACs, where they are converted to the analog 
voltages used to position the dot on the crt. 

The last dot-data bit 007 is the EOCH (end of char­
acter) bit and, when lO, indicates that the last dot of the 
character is addressed. It is used to reset the Dot Counter 
(via U2855B) and enables the Character Counter to be 
incremented (via U2855A) after the last dot of a character 
has been displayed. 

Two servicing jumpers, J401 and J402, have been pro­
vided to disable the Character ROM and force the 007 bit 
(EOCH) LO. In certain instances, these two conditions 
may be useful when troubleshooting the Readout circuitry. 
To prevent damage to the ROM output circuitry, J402 
should only be installed after J401 is installed (to disable 
the ROM). 

Dot Counter 
The Dot Counter consists of two four-bit counters 

(U2870A and B), OR-gate U2835A, inverter U29800, and 
inverting input AND-gate U2855B. It sequences through a 
block of addresses containing dot-position data for a 
selected character. The Dot Counter is incremented when 
a dot is finished (via Inverter U29800) by the GETOOT 
signal from the Dot Cycle Generator. 
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The counter increments through the block of dot­
position data until the last byte of the block is encountered 
(last dot). This last data byte has the EaCH (end of char­
acter) bit (DD7) set La. The dot is positioned and dis­
played in the normal manner, but when the GETDOT 
signal occurs for the next dot display cycle, the EaCH bit 
is latched into U2905 and generates the EOCH 1 (end of 
character, delayed one dot) signal at U2905 pin 19. With 
EaCH and EOCH1 both LO, the HI reset pulse produced 
at pin 4 of NOR-gate U2855B resets the counter and, 
except for space characters, the EOCH bit returns HI. As 
the reset is removed from the Dot Counter, it is reenabled 
for display of the next character. For space characters, the 
EOCH bit will be detected as a LO when the first dot is 
read from the Character ROM, and the Character Counter 
will advance to the next character on the next rising edge of 
GETDOT. 

Counter U2870A and OR-gate U2835A enable char­
acters of more than 16 dots to be displayed. Since most of 
the readout characters are small, using 16 dots or less, 
efficient data storage is achieved by storing the dot-position 
data as 16 consecutive bytes. For displaying these smaller 
characters, the four bits from U28708 are sufficient to 
address the 16 possible dot-position bytes. 

When larger characters (up to 32 dots) are to be dis­
played, an additional bit of counter data must be used 
to address the ROM. This fifth bit comes from U2870A 
pin 3 and is ORed by U2835A with bit CDO from the 
Character RAM. The block address for these larger char­
acters always has bit CDO set la, so the counter bit from 
U2870A pin 3 is in control of the ROM address line at 
pin 4 of U2930_ When displaying these larger characters, 
the dot count goes beyond 16 dots before the EOCH bit is 
set LO. On the seventeenth character, the fifth counter bit 
(pin 3 of U2870A) will go HI to address the next lS-byte 
block of character data in ROM U2930. The lower four bits 
of the Dot Counter then sequence through this additional 
block in the normal manner until the EOCH bit is encoun­
tered, resetting the counter. 

Horizontal DAC 
The Horizontal DAC generates the voltages used to 

horizontally position dots of the readout display on the crt. 
Five data bits (CAD through CA4) from the Character 
Counter stage position a character to the correct column 
in the display (32 possible columns across the crt), while 
three data bits from Character ROM U2930 (DDD through 
DD2) horizontally position the dots within the eight-by­
sixteen character matrix (see Figure 3-7). 
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The eight bits of position data are written to the perma­
nently enabled DAC each time a new dot is requested by 
the Dot Cycle Generator. The GETDOT signal applied to 
pin 11 (Chip Select} enables the DAC to be written into, 
and the falling edge of the 5-MHz clock applied to pin 12 
(Write) writes the data at the eight DAC input pins into an 
internal latch. The voltage at the DAC output pin changes 
to reflect the data present in the latch. 

Vertical Character DAC 
The function of Vertical Character DAC U2905 is 

similar to that of the Horizontal DAC just described. It is 
responsible for vertically positioning each character dot on 
the crt. The Vertical DAC circuit is made up of five, D-type 
flip-flops (contained within U2905) and an accompanying 
resistor weighting network. The outputs of the flip·flop 
source different amounts of current to a summing node 
through a resistor weighting network. 

The five data bits are latched into U2905 on the rising 
edge of the GETDOT signal. One bit of character address 
data (CA5) from the Character Counter switches the 
vertical display position between the upper and lower 
readout display lines. When the display is to be in the 
bottom line, bit CA5 is set LO. With CA5 LO, zener diode 
VR2925 is biased off and a small current is sourced to the 
summing node via R2925. Vertical position above this 
reference is determined by dot data bits DD3 through DD6. 
When the top line is to be displayed, the CA5 bit is set HI, 
biasing VR2925 on. A larger current is now sourced into 
the summing node via R2925 and enough voltage is devel­
oped across R2926 to move the display to the top row of 
the crt. As before, the individual dots are then positioned 
above this reference level by dot data bits DD3 through 
006. 

Mode Select Logic 
The Mode Select Logic circuitry is composed of analog 

switches U2800 and U2805, buffers U2820A and B, gates 
U2810A, B, C, and D, U2900B and C, and part of U2905. 
It controls the readout display mode by selecting which 
deflection signals should drive the Horizontal and Vertical 
Deflection Amplifiers during a readout display. Five display 
modes are decoded by the Mode Select Logic: character 
display, vertical cursor 0, vertical cursor 1, horizontal 
cursor 0, and horizontal cursor 1. 

For normal character displays, cursor select bit CA6 
on U2800 pin 1 is lO. This LO signal passes through 
analog switch U2800 and is latched into U2905 when the 
GETDOT request from the Dot Cycle Generator goes HI. 
This latched LO selects the character display mode by 
forcing the outputs of U2900B and C and U2810A and 



B HI. The HI outputs of U2900B and C applied to the 
select input pins of analog switch U2805 cause the Hori­
zontal DAC output signal applied to U2805 pin 11 to be 
routed to the Horizontal Amplifier (diagram 6) via buffer 
U2820B. The same HI logic levels cause NOR-gates U2810C 
and D to produce a LO at their outputs. This causes analog 
switch U2BOO to route the Vertical DAC output signal 
applied to pin 12 to the Vertical Output Amplifier (also 
diagram 6) via buffer U2820A. 

For cursor displays, cursor select bit CA6 goes HI. 
This HI is routed through analog switch U2800 and latched 
into U2905 when GETDOT next goes HI. This produces a 
H I at U2905 pin 5, enabling the Mode Select Logic to 
decode output bits DD3, DD4, and DD5 (from U2905i to 
determine which of the four possible cursor modes is 
selected (see Table 3-6). Once one of the cursor modes is 
entered, analog switch U2800 routes a fixed HI from pin 5, 
pin 2, or pin 4 to U2905 to keep the Mode Select Logic 
enabled. Character display mode is reentered only when 
return-to-character-mode data is decoded (DD4 and DD5 
both LO). When that occurs, U2800 routes the CA6 bit to 
U2905 and, if the bit is LO, the cursor display mode is 
halted. 

CURSOR DEVELOPMENT. Cursors are displayed in 
short sections, alternating between both vertical positions 
(for the delta voltage cursors) or both horizontal positions 
(for the delta time cursors). When displaying delta voltage 
cursors, the DL Y REF 0 level is routed to the Vertical 
Amplifier by analog switch U2800. This level determines 
the vertical position of one of the voltage cursors. 
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Horizontal-positioning voltages for one segment of the 
cursor are routed from Horizontal DAC through analog 
switch U2805 and buffer U28208 to horizontally position 
each of the dots making up the cursor segment. DL Y 
REF 1 is then used to vertically position the second cursor, 
and the Horizontal DAC positions each of the dots for that 
cursor segment. The cycle is repeated until all segments of 
both cursors are displayed_ 

Delta time cursor displays are similar in that the DL Y 
REF 0 and DL Y REF 1 signals are used to position the 
cursors. In this case, however, analog switch U2805 selects 
the DL Y REF 0 and DLY REF 1 signals alternately to 
position the cursors horizontally, and the Horizontal DAC 
output is routed via analog switch U2800 and buffer 
U2820A to vertically position the dots within each cursor 
segment. 

Refresh Prioritizer 
The Refresh Prioritizer circuitry consists of U2850A 

and B, U2950A, U2990A, and U2985. It keeps track of 
how well the Readout circuitry is doing in displaying all the 
required readout information and maintains the overall 
refresh rate. Since the readout display must remain flicker­
free and at a constant intensity over the entire sweep rate 
range, various modes of displaying readout information are 
provided. The Refresh Prioritizer keeps track of the display 
status and enables the various readout-display modes as 
required to produce minimal interference with the dis· 
played waveform trace(s). 

Table 3·6 

Readout Display Mode Selection 

Control Bits 

CA6 DD5 DD4 

! 
003 Mode Horizontal Vertical 

(Cursor Select) Selected Signal Signal 
! 

L Xa X X Character Display Hortz DAC Vert DAC 

H L H L Vert Cursor 1 Horiz DAC DLY REF 1 

H L H H Horiz Cursor 1 DLY REF 1 Horiz DAC 

H L L Vert Cursor 0 DAC DLY REF 0 

H H L H Horiz Cursor 0 REF Horiz DAC 

H L L X Return to Character Display Mode 

ax .. State doesn't matter. 
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Ideally, readout information should be displayed only 
when the oscilloscope is not trying to display waveform 
traces. These times occur before a trace commences, after 
a trace is completed, or between consecutive traces. Dis· 
playing in this mode corresponds to "priority one" in 
Figure 3-8 and causes no interference with the displayed 
waveforms. If the Readout circuitry is able to display all 
the required readout dots during the holdoff time between 
sweeps, the prioritizer U2985 will tum off the Dot Start 
Govemor until the next subframe of readout information 
is to be displayed. When the sweep times are either too fast 
to finish a readout display during holdoff (at 5 ns per 
division no identifiable holdoff time exists) or too slow to 
allow flicker-free readout, readout display modes other 
than priority one are initiated. 

The next most desirable time for dots to be displayed 
is during "triggerable" time; that time between sweeps 
when the oscilloscope is waiting for a sweep trigger event 
to occur. This is designated priority two and may cause 
slight interference on the leading edge of the displayed 
trace if a dot is being displayed when the actual trigger 
occurs. 

Finally, the least desirable dot display time is during a 
waveform trace display. This display time is designated 
either priority three or priority four. (Priority four 
indicates a higher demand of display time.) In priorities 
three and four, dot displays occur during the main portion 
of the waveform display. However, the waveform blanking 
associated with these displays is relatively random in nature 
and is usually not noticeable. 

To start a readout display, the ROSFRAME (readout 
subframe) request from the Timing Logic (diagram 1) 
clocks the a output of flip-flop U2850A HI. ROSFRAME 
is a periodic clocking signal used to hold the overall refresh 
rate constant and occurs at regular intervals, regardless of 
the state of the display. 

DISPLAY I 
PRIORITY~ 2 3 OR 4 

SWEEP --1 
GATE IL... ___ .............. ___ ...1 
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As the Dot Cycle Generator runs, it resets U2830B in 
the Dot Timer at somewhat irregular intervals with the 
STARTDOT signal (via inverter U2890A). The Dot Timer 
then starts a timing sequence, and the rising edge of the 
REFRESH signal from U2830A pin 4 clocks the latched 
ROSFRAME request from U2850A pin 5 to the a output 
(pin 9) of flip-flop U2850B. This HI, applied to the Sl 
input (pin 10) of prioritizer U2985, sets it up to increment 
with the next REFRESH clock applied to its clock input 
(pin 11). The LO a output of U2850B (pin 8) applied to 
the reset input of U2850A resets the latched ROSFRAME 
request. See Figure 3-9 for an illustration of the timing 
sequence involved. 

The next REFRESH clock increments the display 
priority to one by clocking a HI to the aD output (pin 12) 
of prioritizer shift register U2985. (Table 3-7 illustrates 
the operation of U2985. The same clock latches the now 
LO ROSFRAME request at U2850B pin 12 to the a 
output (pin 9), where it is applied to the S1 input (pin 10) 
of prioritizer U2985. The LO on the S1 input of the 
prioritizer will remain until another ROSFRAME request 
from the Timing Logic occurs, and the encoded priority 
at the output pins of U2985 will remain as it is presently 
set. 

As each of the consecutive dots of the readout frame are 
displayed, the Dot and Character Counters increment until 
all dots of the subframe have been displayed (eight char-~, 
acters). As the Character Counter increments to address 
the next character of the display (first character of the 
next frame), the fourth bit of counter U2940B goes HI 
and sets. the SO input (pin 9) of prioritizer U2985 HI via 
exclusive-OR-gate U2990A. The Dot Timer then clocks the 
prioritizer with a REFRESH clock on pin 11 of U29B5, and 
the priority is decremented back to zero (indicating that 
the subframe is completed). The next ROSFRAME request 
starts the process over again to display the next subframe of 
readout display. The sequence just described is the priority 
one display mode and is used when holdoff time between 
sweeps allows all dots of the subframe to be displayed 
before the next ROSFRAME request occurs. 

Table 3-7 

Operation of Prioritizer Shift Register 

Select Inputs Mode 

SO 81 

H H Parallel Load 

H L L"'" QA (decrease priority) 

L H H ..". QD (increase priority) 

L L Hold Data 

.~. 

-
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Figure 3-9. Timing of Refresh Prioritizer. 

If a second ROSFRAME request occurs before the 
Character Counter indicates the end of the subframe (to 
decrement the prioritizer back to zero), input S1 of U2985 
will be set HI (while the SO input pin remains LO) and the 
Prioritizer will increment to priority two (outputs ac 
and aD go HI) on the next ST ARTDOT cycle. If this 
display priority still is inadequate to complete the subframe 
display before the next ROSF RAME request occurs, prior­
ity two will be incremented up to priority three, or even to 
priority four should the condition persist. Priority four is 
operationally the same as priority three, but it is used to 
keep the readout circuitry continuously displaying readout 
data on through the next subframe, thus allowing the 
display to catch up. If priority four is in effect, the next 
decrement that occurs at the end of a subframe only 
returns the prioritizer to priority three, not to priority two. 

The circuit composed of flip-flop U2950A and exclusive­
OR-gate U2990A enables either edge of the CA3 bit to 
decrement the priority of the display when a subframe 
is completed. Either a negative or positive transition on 
pin 2 of U2990A will cause the output at pin 3 to go HI 
since the a output of U2950A is still at the opposite level. 
The HI from U2990A indicates that the end of the present 
subframe has occurred, and it sets up the prioritizer to 
decrement with the next REFRESH clock. At the same 
time that the prioritizer decrements, the changed level of 

the CA3 bit is clocked through U2950A and causes the 
output of exclusive-OR-gate U2990A to return LO until 
the next subframe is completed. 

If the subframe is completed (SO on U2985 goes HI) 
when a ROSFRAME request is also pending (S1 is also HO, 
U2985 does a parallel load, reloading the present priority 
back into the prioritizer. Since, in this case, the subframe 
display was completed at the same rate as the ROSFRAME 
request occurred. the readout display priority is not 
changed. 

Dot Start Governor 
The Dot Start Governor detects the display priority 

from the Refresh Prioritizer and initiates dot-display cycles 
as the appropriate conditions are met. The conditions 
tested include display priority, sweep gate completion. dot 
completion. readout control status, and the readout active 
enable from the Display Sequencer. 

When the readout board status line (ACTIVE! 
ADDRESSABLE) is HI (signifying display) and the REST 
line goes HI to indicate that the dot cycle is complete, 
AND-gate U2970C generates a HI at pin 8 (DOTOK) to 
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signal that a new dot display is allowed. The HI from 
U2970C enables most of the gating in the Dot Start 
Governor. If the Refresh Prioritizer has encoded a display 
priority of either one or two, the output of exclusive-OR­
gata U2990B is HI. When DOTOK from U2970C goes HI 
to enable a dot display, the LO reset from pin 6 of U2970B 
to pin 1 of flip·flop U2880A is removed. Now, when the 

A Sweep gate (SGA) goes HI (beginning of Holdoff), the 
HI at th!.. 0 input of U2880A is clocked to the Q output 
and the Q output at pin 6 will go LO, requesting display of 
a priority one or two dot. This LO dot request is propa­
gated through U2885B, U2890D, U2890B, and U2890C 
and sets the ST A RTDOT signal LO. ST ARTDOT going 
LO resets Dot Cycle Generator shift register U2995 and 
counter U2830B of the Dot Timer. Resetting the Dot Cycle 
Generator shift register causes the REST signal from 
U2995 pin 13 to go to a LO, removing the HI DOTOK 
signal at U2970C pin 8. As DOTOK goes LO, STARTDOT 
at pin 8 of U2890C goes H I to start the Dot Cycle Gener­
ator. At the same time the reset to U2880A is asserted via 
U2970B and the dot request is removed. Both the Dot 
Timer and the Dot Cycle Generator are now enabled and 
start the first dot-display cycle during holdoff time. 

After the Display Sequencer U650 (diagram 5) has time 
to respond to the end of the sweep gate, it sets the readout 
active signal (ROA) to pin 4 of U2880A LO. This sets pin 5 
of U2855B lO, and the signal is propagated through 
U2855B, U2890D, U2890B, and U2890C, as before, reset­
ting the Dot Timer and the Dot Cycle Generator. REST 
then goes LO as before and starts the Dot Cycle Generator 
and Dot Timer. This cycle continues, displaying one dot per 
cycle (except for the first nondispiayed dot of a character 
which is automatically initiated by EOCH2), until the 
Display Sequencer determines that the readout time is over 
(sets ROA HI) or until the display priority is decremented 
to zero. 

When a display priority of three or four exists, the out­
put of U2990B will be LO, and U2970B, U2880A, and the 
associated logic gates following it will not be able to initiate 
a dot cycle. In either of these display priorities, U2970D, 
U2835C, U2980A, U2965B, and flip-flop U2950B detect 
the higher priority and generate a readout request signal 

(ROR) to the Display Sequencer. The LO from U2950B 
pin 8 propagates through U2890B and U2890C to initiate a 
STARTDOT cycle. When the Display Sequencer recognizes 
that the readout request signal is LO, it will perform the 
mode-dependent setup functions necessary to give display 

control to the Readout Board and will then set the ROA 
(readout active) line LO. The LO will be clocked into 
U2880B, and the Dot Cycle Generator will generate a 
GETDOT signal, resetting the readout request from flip­
flop U2950B. Only one dot is displayed for each readout 
request. 
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A similar readout display request will be generated when 
priority-two-or-higher displays are required when sweep 
gates are not present (dot display during triggerable time 
after holdoff). This condition is detected by NAND-gate 
U2885A. AND-gate U2970D allows a readout request to be 
generated when in the interfere mode. This mode is invoked 
only during a single-sequence waveform display and ensures 
that all of the selected sweep combinations are displayed 
once, followed by a complete readout frame (for the 
purpose of crt photography). 

Dot Cycle Generator 
The Dot Cycle Generator, composed of shift register 

U2995, flip-flop U2880B, and associated gating circuitry, 
generates time-related signals for the following purposes: 
unblanking the crt to d [splay a dot; requesting the next 
byte of dot data in preparation for displaying the next 
dot; and reenabling itself to repeat the tasks, via the Dot 
Start Governor (dependent on the display priority). 

The timing relationships of the Dot Cycle Generator 
output signals are controlled by shift register U2995. 
When the Dot Start Governor initiates a STARTDOT 
cycle as previously described, the ST ARTDOT signal 
initially goes LO, resetting all the Q outputs of U2995 
LO and setting the 0 output of flip-flop U2880B to a HI. 
The STARTDOT signal is then returned HI, and Dot Timer 
counter U2830A and shift register U2995 are enabled. The 
shift register begins to consecutively shift HI logic levels to 
its Q output pins with each 5-MHz clock from Dot Timer. 
After approximately 400 ns, pin 5 (OC) of the shift register 

will go H I. The HI at Q c propagates through exclusive-OR­
gate U2990D and AND-gate U2970A to unblank the crt by 
setting the readout blanking signal (ROB) HI. 

When the OF output of U2995 goes HI (1 j1S after 
ST A RTDOT), the output of U2990D goes LO and the out­
put of U2990C goes HI. The LO from U2990D propagates 
through U2970A to blank the crt (ROB goes LO) and to 
clock flip-flop U2880B via inverter U2890C. The ROA 
(readout active) !evel from the Display Sequencer (dia· 
gram 5) is clocked from the 0 input (pin 12) of U2880B to 
the ° output; and, if LO (indicating that the readout 
circuitry had control of the crt when unblanking occurred; 
thus the dot was displayed), the output of U2980B is set 
HI. With three HI levels applied to NAND-gate U2885C, a 
G ETDOT request is generated to get the next byte of 
dot-position data for display. The next 5-MHz clock sets 
the 0G output of U2995 HI, and the output of U2990C 
goes LO, removing the LO GETDOT signal. 



At 1.4 fJ.S after STARTDOT goes HI, U2995 pin 13 
(OH) goes HI to produce the REST signal, indicating that 
the current dot cycle is complete and the Dot Cycle Gener­
ator is at REST. If the readout ACTIVE/ADDRESSABLE 
mode bit at U2970C pin 10 is still HI, the REST signal 
going HI produces a HI DOTOK signal (next dot is allowed) 
at pin 8. This HI applied to pin 10 of U2890C, along with 
any of the possible dot requests from the Dot Start 
Governor, will initiate another ST ARTDOT cycle for the 
next dot of the display. As long as the Display Sequencer 
holds the readout active line (ROA) La, U2885B, U2890D, 
and U2890B of the Dot Start Governor will automatically 
initiate dot cycles as soon as the previous one ends (REST 
goes HIl, until the Refresh Prioritizer is decremented to 
zero. 

When the last dot of the character is called from the 
Character ROM, the EOCH bit (007) applied to latch 
U2905 at pin 8 (in the Mode Select Logic circuitry) is LO. 
At the end of that dot display cycle, the GETDOT signal 
clocks the LO EOCH bit into latch U2905. The latched bit 
becomes the EOCH1 signal (end of character, delayed one 
dot request) and is applied to U2855B, along with the 
already LO EOCH bit, to reset Dot Counters U2870A and 
B. The least-significant bits to the Character ROM address 
pins (AO through A4) are then zeros, and the first dot of 
the next character is addressed. The Horizontal and Vertical 
DACs don't write this first dot position data into their 
registers until the end of the next GETDOT signal. That 
same GETDOT signal also clocks EOCHl into U2905 which 
becomes EOCH2 at pin 6 (end of character, delayed by two 
dot requests). EOCH2 is applied to AND-gate U2970A and 
disables the gate prior to the time the Dot Cycle Generator 
attempts to unblank the crt for the first dot display; thus 
the first dot of a character is never displayed. 

Disabling the unblanking path for the first dot of each 
character in the manner just described allows the more 
radical voltage changes between characters to settle before 
the actual display of the next character begins. When the 
dot data for one of these undisplayed dots also has the 
EOCH bit set LO, it is a space character, and the display is 
advanced to the next character. 

Dot Timer 

The Dot Timer, composed of U2890A and U2830A and 
B, generates three, time-related $ignals used to synchronize 
the display and maintain the proper sequencing of the 
individual character dots. 
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The two least-significant bits of the Dot Timer, from 
U2830B pins 11 and 10, are reset at the beginning of a 
dot cycle by a LO STARTDOT signal applied to the reset 
input of the counter via U2890A. As the dot-display cycle 
begins, the STARTDOT signal returns HI and the Dot 
Timer begins counting in a binary fashion. The 10-MHz 
clock applied to pin 13 is divided by two to produce the 
5·MHz clocking signa! at output pin 11. The 5-MHz clock 
sequences the Dot Cycle Generator through the various 
phases of the dot-display cycle. The REFRESH output 
signal from U2830A pin 4 updates the Refresh Prioritizer 
as each subframe is displayed. 

A third clock, from U2830A pin 6, occurs at approx­
imately 8-j.ls intervals and allows any pending dot requests 
to generate a ROR signal to the Display Sequencer via 
flip-flop U2950B. {Readout request generation is described 
in the Dot Start Governor discussion.} 

HIGH VOLTAGE POWER 
SUPPLY AND CRT 

The High Voltage Power Supply and CRT circuit 
(diagram 8) provides the voltage levels and control circuitry 
for operation of the cathode-ray tube (crt). The circuitry 
consists of the High Voltage Oscillator, the High Voltage 
Regulator, the Cathode Supply, the Anode Multiplier, the 
DC Restorer, Focus Amplifiers, the CRT, and the various 
CRT Control circuits. 

High Voltage Oscillator 

The High Voltage Oscillator transforms power obtained 
from the -15 V unregulated supply into the various ac 
levels necessary for the operation of the crt circuitry. The 
circuit consists primarily of transformer T1970 and 
switching transistor 01981 connected in a power oscillator 
configuration. The low-voltage oscillations set up in the 
primary winding of T1970 are raised by transformer action 
to high-voltage levels in the secondary windings. These ac 
secondary voltages are applied to the DC Restorer, the 
Cathode Supply, and the Anode Multiplier circuits that 
provide the necessary crt operating potentials. 

Oscillation occurs due to the positive feedback from the 
primary winding (pin 4 to pin 5) to the smaller base-drive. 
winding {pin 3 to pin 6) that provides base drive to 
switching transistor 01981. The frequency of oscillation is 
approximately 50 kHz and is determined primarily by the 
resonant frequency of the transformer. 
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OSCILLATION START-UP. Initially, when power is 
applied, the High Voltage Regulator circuit detects that the 
crt cathode voltage is too positive and pulls pin 6 of trans­
former T1970 negative. The negative level is applied to 
switching transistor 01981 through the transformer 
winding and forward biases it. Current begins to flow in 
the primary winding through the transistor collector circuit 
and induces a magnetic field around the transformer 
primary winding. The increasing magnetic field induces a 
current in the base-drive winding that further increases 
the base drive to the transistor. This inphase feedback 
causes 01981 to quickly saturate, at which point the 
current in the primary winding reaches its maximum value. 
As the rate of change in the primary current peaks and 
then reverses, the induced magnetic field begins to decay. 
This decreases the base-drive current and begins to turn 
Q1981 off. 

As 01981 turns off, the magnetic field around the 
primary winding continues to coliapse, and a voltage of 
opposite polarity is induced in the base-drive winding. 
This turns the switching transistor completely off. Once 
again, as the magnetic field builds and then reverses, the 
current induced in the base-drive winding changes direction, 
forward biasing 01981. At that point, the primary-winding 
current starts increasing again, and the switching transistor 
is again driven into saturation by the feedback supplied to 
the base-drive winding. This sequence of events occurs 
repetitively as the circuit continues to oscillate. 

The oscillating magnetic field couples power from the 
primary winding into the secondary windings of the trans­
former. The amplitudes of the voltages induced in the 
secondary windings are functions of the turns ratios of the 
transformer windings. 

High Voltage Regulator 
The High Voltage Regulator consists of U1956A and B 

and associated components. It monitors the crt Cathode 
Supply voltage and varies the bias point of the switching 
transistor in the High Voltage Oscillator to hold the 
Cathode Supply voltage at the nominal level. Since the 
output voltages at the other secondary winding taps are 
related by turns ratios to the Cathode Supply voltage, all 
voltages are held in regulation. 

When the Cathode Supply voltage is at the proper level 
(-1900 Vl, the current through R1945 and the 19-MQ 
resistor internal to High Voltage Module U1830 holds the 
voltage developed across C1932 at zero volts. This is the 
balanced condition and sets base drive in Q1981 via inte· 
grator U1956A and voltage-follower U1956B. Varying base 
drive to 01981 holds the secondary voltages in regulation. 
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If the Cathode Supply voltage level tends too positive, 
a slightly positive voltage will develop across C1932. This 
voltage causes the outputs of integrator U1956A and 
voltage-follower U1956B to move negative. The negative 
shift charges capacitor C1951 to a different level, around 
which the induced feedback voltage at the base-drive 
winding will swing. The added negative bias causes 01981 
to turn on earlier in the oscillation cycle, and a stronger 
current pulse is induced in the secondary windings. The 
increased power in the secondary windings increases the 
secondary voltages until the Cathode Supply voltage returns 
to the balanced condition (zero volts across C1932). 
Opposite action occurs should the Cathode Supply voltage 
tend too negative. 

Cathode Su pply 
The Cathode Supply circuit is composed of a voltage 

doubler and an RC filter network contained within High 
Voltage Module U1830. This supply produces the -1900-V 
accelerating potential applied to the CRT cathode and the 
-900-V slot lens voltage. The -1900-V supply is monitored 
by the High Voltage Regulator to maintain the regulation 
of all voltages from the High Voltage Oscillator. 

The alternating voltage from pin 10 of transformer 
T1970 (950 V peak) is applied to a conventional voltage­
doubler circuit at pin 7 of the High Voltage Module. On 
the positive half cycle, the input capacitor of the voltage 
doubler (0.006 j1.f) is charged to -950 V through the 
forward-biased diode connected to ground at pin 9 of the 
module (charging path is through the diode, so stored 
charge is negative). The following negative half cycle adds 
its ac component (-950 V peak} to this stored dc value 
and produces a total peak voltage of -1900 V across the 
capacitor. This charges the 0.006-j1.f storage capacitor 
(connected across the two doubler diodes) through the 
second diode (now the forward-biased diode) to -1900 V. 
Two RC filters follow the voltage doubler to smooth out 
the ac ripple. A resistive voltage divider across the output 
of the filter network provides the -900-V slot lens 
potential. 

Anode Multiplier 
The Anode Multiplier circuit (also contained in High 

Voltage Module U18301 uses voltage multiplication to 
produce the +14-kV CRT anode potential. Circuit 
operation is similar to that of the voltage-doubler circuit 
of the Cathode Supply. 

The first negative half cycle charges the 0.001-j1.f input 
capacitor (connected to pin 8 of the High Voltage Module) 
to a positive peak value of +2.33 kV. The following positive 
half cycle adds its positive peak amplitude to the voltage 
stored on the input capacitor and boosts the charge on the 
second capacitor of the mu Itiplier (and those following) 



to +4.66 kV. Following cycles continue to boost up 
succeeding capacitors to values 2.33 kV higher than the 
preceding capacitor until all six capacitors are fully charged. 
This places the output of the last capacitor in the multiplier 
at +14 kV above ground potential. Once the multiplier 
reaches operating potential, succeeding cycles replenish 
current drawn from the Anode Multiplier by the crt beam. 
The 1-MQ resistor in series with the output protects the 
multiplier by limiting the anode current to a safe value. 

Focus Amplifier 
The Focus Amplifier, in conjunction with the auto-focus 

circuitry of Z-Axis hybrid U950 (diagram 61, provides 
optimum focus of the crt beam for all settings of the 
front-panel INTENSITY control. The Focus Amplifier 
itself consists of two shunt-feedback amplifiers composed 
of 01851,01852, and associated components. The outputs 
of these amplifiers set the operating points of a horizontally 
converging quadrapole lens and a vertically converging 
quadrapole lens within the crt. The convergence strength 
of each lens is dependent on the electric field set up 
between the lens elements. 

Si nce the bases of 01851 and a 1852 are held at 
constant voltages (set by their emitter potentials), changing 
the position of the wiper arms of the ASTIG and FOCUS 
pots changes the amount of current sourced to the base 
junctions through R 1856 and R 1857 respectively. This 
changes the base-drive currents and produces different 
output levels from the Focus Amplifiers; that, in turn, 
changes the convergence characteristics of the quadrapole 
lenses. 

Initially, at the time of adjustment, the FOCUS and 
ASTIG potentiometers are set for optimum focus of the 
crt beam at low intensity. After that initial adjustment, 
the ASTIG pot normally remains as set, and the FOCUS 
control is positioned by the user as required when viewing 
the displays. When using the FOCUS control, transistor 
01852 is controlled as described above; however, an 
additional current is also supplied to the base node of 
01851 from the FOCUS pot through R1855. This 
additional current varies the base·drive current to 01851 
and provides tracking between the two lenses as the FOCUS 
control is adjusted during use of the instrument. 

The convergence strengths of the quadrapole lenses 
also dynamically track changes in the display intensity. 
The VQOUT signal, applied to the crt at pins 5 and 6, is 
exponentially related to the VZOUT (intensity) signal 
driving the crt control grid and increases the strength 
of the lenses more at higher crt beam currents. (A higher 
beam current requires a stronger lens to cause an equal 
convergence of the beam.) 
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DC Restorer 

The DC Restorer provides crt control-grid bias and 
couples both the dc and the low-frequency components of 
the Z-Axis drive signal to the crt control grid. This circuit 
allows the Z-Axis Amplifier to control the display intensity 
by coupling the low-voltage Z·Axis drive signal (VZOUTj to 
the elevated crt control-grid potential (about -1.9 kV). 

The DC Restorer circuit (Figure 3-10) operates by 
impressing the crt grid bias setting and the Z-Axis drive 
signal on an ac voltage waveform. The shaped ac waveform 
is then coupled to the crt control grid through a coupling 
capacitor that restores the de components of the signal. 

GRID BIAS lEVEL. An ac drive voltage of approxi­
mately 300 V peak-to-peak is applied to the DC Restorer 
circuit from pin 7 of transformer T1970. The negative 
half cycle of the sinusoidal waveform is clipped by 
CR 1953, and the positive half cycle (150 V peak) is applied 
to the junction of CR1930. CR1951, and R1941 via 
R1950 and R1953. Transistor 01980, operational amplifier 
U 1890A, and associated components form a voltage clamp 
circuit that limits the positive swing of the ac waveform 
at the junction. 

Transistor 01980 is configured as a shunt-feedback 
amplifier, with C1991 and R1994 as the feedback elements. 
The feedback current through R1994 develops a voltage 
across the resistor that is positive with respect to the 
+42.6 V on the base of the transistor. The value of this 
additive voltage plus the two diode drops across CR 1950 
and CR 1951 sets the upper clamping threshold. Grid Bias 
potentiometer R 1878 sinks varying amounts of current 
away from the base node of the transistor and thus sets 
the feedback current through R 1994. The adjustment range 
of the pot can set the nominal clamping level between 
+71 V and +133 V. 

When the amplitude of the ac waveform is below the 
clamping threshold, series diodes CR1950 and CR1951 
will be reverse biased and the ac waveform is not clamped. 
During the time the diodes are reverse biased, transistor 
01980 is kept biased in the active region by the charge 
retained on C1971 from the previous cycle. As the 
amplitude of the ac waveform at the junction of CR 1930 
and CR1950 exceeds the voltage at the collector of Q1980, 
the two series diodes (CR 1950 and CR 1951) become 
forward biased, and the ac waveform is clamped at that 
level. Any current greater than that required to maintain 
the clamp voltage will be shunted to the +42-V supply 
by transistor 01980. 
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Operational amplifier U1890A sinks a time-dependent 
variable current away from the base node of Q1980 that 
modifies the crt control-grid bias during the first few 
minutes of instrument operation. The circuit compensates 
for the changing drive characteristics of the crt as it warms 
up. 

At power-up, capacitor C1990 begins charging through 
R1991 toward the +l5-V supply. The output of U1890A 
follows the rising voltage on pin 3; and after about ten 
minutes (for all practical purposes), it reaches +15 V. As 
the output voltage slowly increases, the charging current 
through R1992 causes the Grid Bias voltage to gradually 
lower about ten volts from its power-on level. The charge 

r----l- +8V TO +73V 

-.J L +8V 

on C1990 dissipates slowly; therefore, if instrument power 
is turned off and then immediately back on again, the 
output of U1890A will still be near the +15-V limit rather 
than starting at zero volts as when the crt was cold. 

Z-AXIS DRIVE LEVEL. The variable-level Z-Axis signal 
(VZOUT) establishes the lower clamping level of the ac 
waveform applied to the High Voltage Module. When the 
amplitude of the waveform drops below the Z·Axis signal 
level, CR1930 becomes forward biased, and the ac wave­
form is clamped to the Z-Axis signal level. The VZOUT 
level may vary between +8 V and +75 V, depending on the 
setting of the front-panel INTENSITY and READOUT 
INTENSITY controls. 

CATHODE VOLTAGE 
- - - -191i110V 
r----l- -1928V 

-.J L -l985V 

Z-AXIS ________ ""'-__ .... _-'"1"" __ ..... CONTROL GRID 
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+185V~ +78V 
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AC DRIVE Cl950 R1950 
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IV 
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The ac waveform, now carrying both the grid-bias 
information and the Z-Axis drive information, is applied 
to a DC Restorer circuit in the High Voltage Module where 
it is raised to the high-voltage levels of the crt control grid. 

DC RESTORATION. The DC Restorer circuit in the 
High Voltage Module is referenced to the crt cathode 
voltage via a connection within Ul830. Capacitor C (in 
Figure 3-10), connected to pin 15 of U1830, initially 
charges to a level determined by the difference between 
the Z-Axis signal level and the crt cathode potential. The 
Z-Axis signal sets the level on the positive plate of capacitor 
C through R1920, CR1930, and R1941; the level on the 
negative plate is set by the crt cathode voltage through 
resistor E and diode A. Capacitor D is charged to a similar 
dc level through resistor F and R 1922. 

When the ac waveform applied to pin 15 begins its 
transition from the lower clamped level (set by the Z-Axis 
signal) towards the upper clamped level (set by the Grid 
Bias potentiometer), the charge on capacitor C increases. 
The additional charge is proportional to the voltage differ­
ence between the two clamped voltage levels. 

When the ac waveform begins its transition from the 
upper clamped level back to the lower clamped level, 
diode A becomes reverse biased. Diode B becomes forward 
biased, and an additional charge proportional to the 
negative excusion of the ac waveform (difference between 
the upper clamped level and the lower clamped level) is 
added to capacitor D through diode B and resistor G. The 
amount of charge added to capacitor D depends on the 
setting of the front-panel INTENSITY control, as it sets 
the lower clamping level of the ac waveform. This added 
charge determines the potential of the control grid with 
respect to the crt cathode. 

The potential difference between the control grid and 
the cathode controls the beam current and thus the display 
intensity. With no Z-Axis signal applied (INTENSITY 
control off), capacitor D will be charged to its maximum 
negative value, since the difference between the two 
clamped voltage levels is at its maximum value. This is the 
minimum intensity condition and reflects the setting of the 
Grid Bias potentiometer. During calibration, the Grid Bias 
pot is adjusted so that the difference between the upper 
clamping level (set by the Grid Bias pot) and the "no 
signal" level of the Z-Axis drive signal (VZOUT) produces a 
control grid bias that barely shuts off the crt electron beam. 

As the INTENSITY control is advanced, the amplitude r'.; of the square-wave Z-Axis signal increases accordingly. 
. This increased signal amplitude decreases the difference 

""'- between the upper and lower clamped levels of the ac 
f " waveform, and less charge is added to capacitor D. The r 
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decreased voltage across capacitor 0 decreases the potential 
difference between the control grid and the cathode, and 
more crt beam current is allowed to flow. Increased beam 
current increases the crt display intensity. 

During the periods that capacitor C is charging and 
discharging, the control-grid voltage is held stable by the 
long-time-constant discharge path of capacitor D through 
resistor F. Any charge removed from capacitor 0 during 
the positive transitions of the ac waveform will be replaced 
on the negative transitions. 

The fast-rise and fast-fall transitions of the Z-Axis signal 
are coupled to the crt control grid through capacitor D. 
This ac-coupled fast-path signal quickly sends the crt 
electron beam to the new intensity level, then the slower 
DC Restorer path "cathes up" to handle the dc and low­
frequency components of the Z-Axis drive signal. 

Neon lamps DS90 and OS91 prevent arcing inside the 
crt should the control grid potential or cathode potential 
be lost for any reason. 

CRT Control Circuits 
The CRT Control circuits provide the various potentials 

and signal attenuation factors that set up the electrical 
elements of the crt. The control circuitry is divided into 
two separate catagories: (1) level setting and (2) signal 
handling. The level-setting circuitry produces voltages and 
current levels necessary for the crt to operate, while the 
signal-handling portion is associated with changing crt 
signal levels. 

LEVEL-SETTING CIRCUITRY. Operational amplifier 
U1890B, transistor 01980, and associated components 
form an edge-focus circuit that sets the voltages on the 
elements of the third quadrapole lens. The positive lens 
element is set to its operating potential by Edge Focus 
adjustment pot Rl864 (via R1897). This voltage is also 
divided by R 1893 and R 1982 and applied to the non· 
inverting input of U1890B to control the voltage on the 
other element of the lens. 

The operational amplifier and transistor are configured 
as a feedback amplifier, with R 1891 and R 1990 setting the 
stage gain. Gain of the amplifier is equal to the attenuation 
factor of divider network R 1893 and R 1892, so total over· 
all gain of the stage from the wiper of R1864 to the 
collector of 01890 is unity. The offset voltage between lens 
elements is set by the ratio of R1891 and R1990 and the 
+10·V reference applied to R1990. This configuration 
causes the two voltages applied to the third quadrapole lens 
to track each other over the entire range of Edge Focus 
adjustment pot R1864. 
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Other adjustable level-setting circuits include V-Axis 
Alignment pot R1848, used to rotate the beam alignment 
after vertical deflection. This adjustment controls the 
amount of current through the V-Axis Alignment coil 
around the neck of th~ crt and is set to produce precise 
perpendicular alignment between x- and y-axis deflections. 
The TRACE ROTATION adjustment R975 is a front­
panel screwdriver-adjustable control. The effect of the 
adjustment is similar to the V-Axis Alignment pot, but 
when adjusted, it rotates both the x-axis and the y-axis 
deflections of the trace on the face of the crt. A final 
adjustable level-setting control is the Geometry pot R 1870, 
adjusted to optimize display geometry. The potential at 
pin 8 for the vertical shield internal to the crt is produced 
by zener diode VR1891 and associated components. 

SIGNAL-HANDLING CIRCUITRY. The crt termination 
adjustment R1301 is set to match the loading character­
istics of the crt's vertical deflection structure to the Vertical 
Output Amplifier. 

LOW VOLTAGE POWER SUPPLY 

The low voltages required by the 2445 are produced 
by a high-efficiency, switching power supply. This type of 
supply directly rectifies and stores charge from the ac 
line supply; then the stored charge is switched through a 
special transformer at a high rate, generating the various 
supply voltages. 

Line Rectifier 
Ac line voltages of either 115 V or 230 V may provide 

the primary power for the instrument, depending on the 
setting of the LINE VOLTAGE SELECTOR switch S90 
(located on the instrument rear panel). Power Switch S350 
applies the selected line voltage to the power supply 
rectifier (CR10l1). 

With ,the selector switch in the 115-V position, the 
rectifier and storage capacitors Cl021 and Cl022 operate 
as a full-wave voltage doubler. When operating in this 
configuration, each capacitor is charged on opposite half 
cycles of the ac input, and the voltages across the two 
capacitors in series will approximate the peak-to-peak value 
of the source voltage. For 230·V operation, switch S90 
connects the rectifier as a conventional bridge rectifier. 
Both capacitors charge on both input half cycles, and the 
voltage across Cl021 and Cl022 in series will approximate 
the peak value of the rectified source voltage. For either 
configuration, the dc voltage supplied to the power supply 
inverter is the same. 

Thermistors RT1010 and RT1016 limit the surge 
current when the power supply is first turned on. As 
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current flow warms the thermistors, their resistances 
decrease and have little effect on circuit operation. Spark-
gap electrodes El001 and El002 are surge-voltage pro--., 
tectors. If excessive source voltage is applied to the 
instrument, the spark-gaps conduct, and the extra current 
flow quickly exceeds the rating of F90. The fuse then 
opens to protect the instrument's power supply. The EMI 
(electromagnetic interference) filter, inductors L 1011 and 
L1012, capacitors C1014 and C1016, and resistors Rl011, 
R1014, and Rl016 form a line·filter circuit. This filter, 
along with common-mode rejection transformer Tl020, 
prevents power-line interference from entering the 
instrument and prevents power supply switching signals 
from entering the supply line. 

Preregulator Control 
The Preregulator Control circuit monitors the drive 

voltage applied to the Inverter output transformer Tl060 
and holds it at the level that produces proper supply 
voltages at each of the secondary windings. 

The Preregulator Control circuit consists primarily of 
control IC Ul030, its switching buffers, and its power 
supply components. The control IC senses voltage on the 
primary winding of T2060 and varies the "on time" of a 
series-switching transistor, depending on whether the sensed 
voltage is too high or too low. The switching transistor 
01050, rectifier CR1050, choke n050, and capacitor 
Cl050 form a buck-switching regulator circuit. The output 
voltage at Wl060 is proportional to the product of the 
rectified line voltage on C1020-C1022 and the duty cycle 
of 01050. In normal operation, 01050 is on about one-half 
of the time. When 01050 is off, current flows to Wl060 
and n060 through CR1050. 

PREREGULATOR CONTROL POWER SUPPLY. Since 
the Preregulator control network controls supply startup 
and preregulates the secondary supplies, an independent 
power source must be established for it before any of the 
other power supplies will operate. The independent power 
supply for the control circuitry is composed of 01021, 
01022, and the associated components. 

Initially, when instrument power is applied, the positive 
plate of capacitor Cl025 is charged toward the positive 
rectified line voltage through R 1 020. The voltage at the 
base of 01022 follows at a level determined by the voltage 
divider composed of Rl022, Rl024, CR1023, and the load 
within Ul030. When the voltage across Cl025 reaches 
about +21 V, the base voltage of 01022 reaches +6.8 V and 
01022 turns on, saturating 01021. The +21 V on the 
emitter of 01021 appears at its collector and establishes the 
positive voltage supply for the Preregulator IC. With 01021 
on, R1024 is placed in parallel with Rl022, and both 
01022 and 01021 remain saturated. 
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The +21-V level begins to drain down as the control 
IC draws current from Cl025. If the Preregulator Control 
IC doesn't start the switching supply (and thus recharge 
C1025 and Cl023 via CR1022) by the time the voltage 
across C1025 reaches about +8 V, 01021 will turn off. 
Resistor Rl024 pulls the base of 01022 low and turns 
that transistor off also. (Capacitor Cl025 would only 
discharge low enough to turn off the transistors under a 
fault condition.) In this event, Cl025 would then charge 
again to +21 V, and the start sequence would repeat. 
Normally, the control IC will start Inverter action before 
the +8-V level is reached, and current is drawn through 
T1050 via 01050. This induces a current in the secondary 
winding of T1050 and charges Cl025 positive via diode 
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CR 1 022_ The turns ratio of T1050 sets the secondary 
voltage at approximately +15 V; and, as long as the supply 
is being properly regulated, Cl025 will be charged up to 
that level and held there. 

PREREGULATOR START-UP. As the supply for the 
Preregulator Control IC is established, an internal switching 
oscillator begins to run. The oscillator generates a repetitive 
triangular wave (as shown in Figure 3-11) at a frequency 
determined primarily by Rl032 and Cl032. The simplified 
schematic of Figure 3-12 illustrates the voltage control 
functions of Ul030. 

NORMAL OPERATION 
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I WINDOW 
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Figure 3-11. Timing relationships of the Inverter Drive lignals. 

3-41 



Theory of Operation-2445 Service 

As the Preregulator power supply turns on, capacitor 
C1034 charges from the +5-V reference level toward 
ground potential through R 1 034 and R 1 037. As it does, 
the voltage at pin 4 (one input of Dead-Time Comparator 
U 1) will pass through the positive-peak value of the tri­
angular waveform on the other input of the Dead-Time 
Comparator. The comparator will then begin outputting 
narrow pulses that become progressively wider as the 
voltage on pin 4 settles to zero volts. These pulses drive 
switching transistor Q1050, and their slow progression from 
narrow to wide causes the various secondary supplies to 
gradually build up to their final operating levels. The slow 
buildup prevents a turn-on current surge that would cause 
the current-limit circuitry to shut down the supply. 

FB 

During the startup, capacitor Cl072 acts as a substantial 
load, and a relatively large current will flow in the windings 
of T1050 for the first few cycles of Preregu!ator switching. 
These strong current pulses ensure that storage capacitor 
C1066 becomes charged sufficiently to start the Inverter 
Drive circuit. Once the Inverter Drive stage is operating, 
the normal switching current through Tl050 maintains 
the required charge on Cl0B6. (The Inverter Drive power 
supply is discussed later in this description.) 

Dead-Time Comparator Ul is referenced at approxi­
mately 0.1 V above the ground level at pin 4 (established 
when C1034 becomes fully charged) and outputs a narrow, 
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Figure 3-12. Simplified schematic of control network. 
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negative-going pulse that turns off switching transistor 
01050 for a portion of each switching cycle. This off time 
ensures that flip-flop U1064B in the Inverter Drive circuit 
toggles every cycle {thereby maintaining the proper duty 
cycieL independent of the voltage conditions being sensed 
by the remainder of the voltage control circuitry. 

PREREGULATION. Once the initial charging at power­
up is accomplished, as iust described, the voltage-sensing 
circuitry begins controlling the Inverter switching action. 
The actual voltage sensing is done by error amplifier U2. 
The level at the center tap of output transformer T1060 is 
applied to pin 1 and is compared to the reference estab­
lished by R 1 045 and R 1046 at pin 2. If the sensed level 
at pin 1 is lower than the reference level at pin 2 (as it will 
always be for the first few switching cycles), the output 
of error-amplifier U2 will be LO. The La, applied to the 
inverting input of U3, results in a !ong-duty-cycle drive 
signal to transistor 01050 (via CR1030). Since the Inverter 
Drive stage will alternately turn either 01060 or 01070 on, 
relatively large current pulses will result in the primary 
winding of inverter output transformer Tl 060. 

These large current pulses, over the period of a few 
cycles, will increase the charge on the storage capacitors 
on the secondary side of the transformer and witl reduce 
the current demand on the inverter output transformer. 
As the demand decreases, the voltage across the primary 
winding will increase until it reaches the point where the 
two inputs of U2 are at the same potential. At this point, 
the output of U2 (to U3) will settle to a leve! approxi­
mately equal to the midpoint of the triangular waveform 
applied to the other input of U3. The resulting drive signal 
has an approximate 50% duty cycle and will respond to 
changes in either the ac line voltage or supply load con­
ditions. Depending on the output levels sensed, the duty 
cycle of the drive signal will change (sensed level rises or 
falls with respect to the triangular waveform) to hold the 
secondary supplies at their proper levels. 

Opto-isolator Ul040 and resistor Rl044 form a control 
network that allows a voltage sensed at the feedback input 
(FB) to slightly alter the voltage-sense reference applied 
to pin 2 of U2. The FB signal is generated by the +5-V 
Inverter Feedback amplifier (U 1371, diagram 10) and 
is directly related to the level of the +5-V D supply line. 
Base drive to the shunt transistor (in opto-isolator Ul040) 
is increased should the FB signal go below its nominal 
value. Additional current is shunted around R1045 (via 
R 1 044) and raises the voltage-sense reference level to 
error-amplifier U2. This increases the voltage applied to 
the primary winding of the output transformer, since U2 
sensing depends on a balanced condition. Higher currents 
are induced in the secondary windings, and the secondary 
voltages begin to return to their nominal values. As the 
+5-VD line returns to its nominal level, base drive to the 
shunt transistor will be reduced and the voltage in the 
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primary winding will follow. Should the FB signal level 
tend too high, opposite control responses occur. Further 
information about the F8 signal is given in the +5 V 
Inverter Feedback description. 

Error amplifier U4 and the voltage divider composed 
of R1035 and R1031 provide a backup sensing circuit. 
Its operation is similar to that of error amplifier U2, iust 
described, but it senses at a slightly higher level. As long as 
U2 is operating properly. U4 will be inactive. However, 
should a failure occur in the U2 sensing circuitry, the 
voltage on the primary winding of T1060 will rise to the 
sensing level at pin 15 of U4. Sense amplifier U4 will then 
take over, preventing a damaging over-voltage condition. 

Inverter Drive 

The Inverter Drive circuit performs the necessary 
switching to drive the Inverter output transformer. Like 
the Preregu!ator Control IC, the Inverter Drive circuit 
requires an independent power supply, since it must be 
operational before any of the secondary supply voltages 
can be generated. 

INVERTER DRIVE POWER SUPPLY. This power 
supply consists of 01062, VR1062, and their associated 
components. As power is first applied, the initial charging 
current through Tl050 induces a current in the transformer 
secondary winding (pins 8 and 9). The alternating current 
is rectified by the diode bridge composed of CR1062, 
CR1063, CR1064, and CR1065 and stored on C1066, 
providing power for the Inverter Drive circuitry. 

When the Preregu!ator Control IC turns switching tran­
sistor Q1050 on for the first time, the charge stored on 
Cl066 during the initial charging period is sufficient to 
properly turn on one of the current-switching transistors 
{either 01060 or 01070} for the first cycle. After that, 
the alternating drive signals continue to induce current into 
the secondary winding of T1050 to provide operating 
power as long as the instrument is turned on. 

The current rectified by the diode bridge and stored on 
capacitor C1066 is regulated down to the required voltage 
level by R1061, VR1062, and 01062. Zener diode VR1062 
references emitter-follower 01062 and holds the supply 
output at approximately +11.4 V. 

INVERTER DRIVE GENERATOR. The Inverter Drive 
generator consists of U1062, U1064, Ul066, switching 
transistors 01060 and 01070, and the associated com­
ponents. The circuitry alternately switches- current through 
each leg of the output transformer primary winding and 
produces the ac current required for transformer action. 
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Out-of-phase input signals to comparator Ul062C come 
from two resistive voltage dividers placed in either leg of 
one secondary winding of Tl050. The comparator detects 
the phase changes (crossover points) of the secondary 
current caused as 01050 switches on and off. Every 
complete on-off cycle of 01050 produces a positive clock 
at pin 14 of Ul062C that toggles flip-flop U1064B. The 
toggling alternately turns switching transistors 01060 and 
01070 on, each with an approximate 50% duty cycle. 

Comparators Ul062A and Ul062B, at the 0 and 0 
output of the flip-flop, detect the precise crossing point of 
the toggling drive signals and ensure that only one switching 
transistor will be on at anyone time. These mutually­
exclusive drive signals are buffered by inverters U 1066A 
and Ul066B and applied to switching transistors 01060 
and 01070 to alternately turn them on and off at one-half 
the switching rate of 01050. By alternately switching 
opposite ends of the primary winding to ground, the 
current flowing through switching transistor 01050 will 
flow alternately in each half of the primary winding. This 
produces ac voltages at the secondary windings that are 
rectifiied, providing the various unregulated dc supply 
voltages. 

Current Limit 
The Current Limit circuit, composed of transistor 

01040 and the associated components, limits the maximum 
current flow in the output transformer to about 1 ampere. 
Resistor R1040 (connected to the Preregulator Control 
IC +15-V supply} forward biases germanium diode CR 1040 
and applies approximately +0.3 V across the base-to-emitter 
junction of 01040. Current flowing to the output trans­
former develops a voltage drop across R1050 that adds to 
the bias developed by CR1040. As the current to the 
transformer increases, the voltage drop across R 1050 also 
increases until, at around 1 A, the combined voltage drop 
across R1050 and CR1040 forward biases transistor 01040. 
The base of 01022 is pulled negative through R1042, and 
the +15-V supply for the Preregulator IC turns off (see 
Preregulator Contro! discription). The power supply will 
try to restart itself; but, as long as the excessive-current 
condition persists, the current-limit circuit will keep 
shutting the supply down, protecting the instrument. 

Rectifiers 
The Rectifiers convert the alternating current from the 

secondary windings of the inverter output transformer to 
the various dc supply voltages required by the instrument. 
Rectification is done by conventional diode rectifier 
circuits, and filtering is done by conventional LC networks. 

The +87-V unregulated supply is produced by a voltage­
doubler circuit. The positive plate of C1130 at the anode of 
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CR1132 is referenced at approximatel,y +45 V through 
diode CR1131 (to the +42-V unregulated supply). As the 
positive half cycle from the 42-V secondary winding 
(actually about +45 V peak) is applied to the negative plate 
of C1130, the positive plate is elevated to a peak value of 
approximately +90 V. Diode CR1132 becomes forward 
biased and storage capacitor C1132 is charged to about 
+90 V. Following cycles replenish the charge drawn off by 
the loads on the +87-V supply line. 

line Signal 
A sample of the ac line voltage is coupled to the Trigger 

circuit by transformer T1229 and provides the LINE TRIG 
signal to the Trigger hybrid. Transformer current is limited 
to a safe value by resistors Rl014 and Rl015 placed in 
series with the primary winding leads. The transformer's 
output characteristics are matched to the input of the 
Trigger circuit hybrid by R1208 and C1208. 

Line Up Signal 
The circuit composed of 01029, opto-isolator Ul029, 

and their associated components, detects when power has 
been applied to the instrument and the Preregulator 
Control power supply is functioning properly. When the 
rectified line voltage reaches proper operating voltage, the 
voltage divider composed of R 1 027 and R 1 028 forward 
biases 01029. As soon as the Preregutator Control power 
supply turns on, current flows through R1029, 01029, 
and the opto-isolator LEO. The illuminated LEO saturates 
transistor Ul029 and the LINE UP signal to the Power-Up 
Delay circuit (diagram 1) is pulled HI, indicating that the 
Preregufator Control circuit should now be functioning 
properly. 

POWER DOWN. When instrument power is turned off, 
the voltage across the primary storage capacitors (C1021 
and Cl022) begins to fall as the capacitors discharge. As 
the voltage drops, the bias current through R1027 to the 
base of Q1029 also drops until the bias voltage across 
R 1 028 reaches a point about 2 V above the average trans­
former drive leve! at pin 2 of U 1 029. At this point, 01029 
turns off, and the LINE UP signal to the Power-up Delay 
circuit goes LO. This LO signals the Microprocessor that it 
should start its power down routine. 

The Line Up circuit tells the Microprocessor that the 
primary capacitors have started discharging while there is 
still a stored charge (set by Rl027 and R1028) about 40% 
in excess of that required to keep the power supply voltages 
in regulation. This allows the Microprocessor to complete 
the power-down sequence before the supplies drop below 
their normal operating levels. Further information about 
the power-down sequence is given in the Microprocessor 
Reset Control description. 



LOW VOLTAGE REGULATORS 

The Low Voltage Regulators remove ac noise and ripple 
from the various unregulated dc supply voltages. Each 
regulator output is automatically current limited if the 
output current exceeds the requirements of a normally 
functioning instrument. This limiting prevents any further 
component damage. 

+10 V Reference 
Each of the power-supply regulators control their 

respective outputs by comparing their output voltages to 
a known reference level. In order to maintain stable supply 
voltages, the reference voltage must itself be highly stable. 
The circuit composed of U1290, U1300C, and associated 
components establishes this reference. 

Resistor R1400 and capacitor C1400 form an RC filter 
network that smooths the unregulated +15-V supply before 
it is applied to voltage-reference IC U1290. The +2.5-V 
output from pin 2 of U1290 is applied to the noninverting 
input of operational amplifier U1300C. The output of 
U1300C is the source of the +10-V reference level used 
by the various regulators. The output level is set by the 
voltage divider formed by R1291, R1293, and potenti­
ometer R 1292. The Volt Ref Adjust pot in the divider 
allows the reference level to be precisely set. Zener diode 
VR1292 prevents the reference from exceeding +11 V 
should a failure in the reference circuitry occur. 

+87 V Regulator 
The +87 V Regulator is composed of 01220, 01221, 

01222, 01223, U1281A, and the associated components. 
The circuit regulates and limits both the voltage and current 
of the supply output. 

Initially, as power is applied, the voltage applied to pin 2 
of U1281A from the voltage divider formed by R1227 and 
R1228 is lower than the +10-V reference level applied to 
pin 3. The output of U1281A is forced high, reverse biasing 
the base-emitter junction of 01222 and turning it com­
pletely off. With 01222 off, all the current through R 1212 
is supplied as base current to Darlington transistor pair 
01221 and 01220, and maximum current flows in series­
pass transistor 01220. This charges up the various loads on 
the supply line, and the output level charges positive. 

As the regulator output charges toward +87 V, the 
voltage divider applies a positive'going voltage to the 
inverting inputs of U1281A. When the output level reaches 
+87 volts, the inverting input equals the +10-V reference 
at the non inverting input. The output voltage at pin 1 of 
U1281A will go negative and the base·emitter junction of 
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01222 will be biased into the active region. As 01222 turns 
on, base drive for the Darlington pair (01221 and pass 
transistor 01220) is reduced. The output will be held at 
the level required for voltage at the two inputs of amplifier 
U1281A to be in balance (+87 V). 

Current limiting is a foldback design and is performed 
by 01223 and its associated components. Under normal 
current demand conditions, 01223 is off. If the regulator 
output current exceeds approximately 100 mA (as it might 
if a component fails), the voltage drop across R1221 and 
CR1220 reaches a point that forward biases 01223 via the 
bias divider formed by R1222 and R1223. As 01223 turns 
on, a portion of the base-drive current to 01221 is shunted 
away by 01223. This reduces the base-drive current (and 
thus the output current) of series,pass transistor 01220. 

+42 V Regulator 

The circuit configuration and operation of the +42 V 
Regulator is identical to that of the +82 V Regulator. 
Current limiting of the +42-V supply occurs at approxi­
mately 400 mA. Base drive to Darlington pair 01241 and 
01240 is via R1244 and is dependent on proper operation 
of the +87 V Regulator. This dependency ensures that the 
relative polarities of the two supplies are never reversed 
(preventing semiconductor-junction damage in the associ­
ated load circuitry). 

+15 V Regulator 
The +15 V Regulator uses three-terminal regulator 

U1260 and operational amplifiers U1371A and U1371B, 
arranged as voltage sensors, to achieve regulation of the 
+15-V supply. The three-terminal regulator holds its output 
voltage at pin 2 at 1.25 volts more positive than the refer­
ence input level at pin 1. The voltage at the reference pin 
is established by current flow in either diode CR1262 or 
CR1263. 

Resistors R1261 and R1262 at the regulator output 
divide the +15-V level down for comparison with the +10-V 
reference applied to pin 5 of operational amplifier U1371 B. 
When the input voltage at pin 6 (supplied by the voltage 
divider) is lower than the +10-V reference, the output of 
amplifier U1371B is high and the output voltage of U1260 
is allowed to rise. As the regulator output reaches +15 V, 
the voltage on pin 6 of U 1371 B approaches the level on 
pin 5, and the amplifier begins sinking current away from 
the reference pin of the three-terminal regulator via diode 
CR1263. This lowers the voltage on the reference pin and 
holds the ouput at +15 V. 

The other voltage-sensing amplifier (U1371A) ensures 
that the relative polarity between the +15-V supply and the 
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+42-V supply is maintained, preventing component damage 
in the load circuitry. Should the +42-V supply be pulled 
below +15 V (excessive loading or supply failure), the 
voltage at pin 3 of U1371A falls below the voltage at pin 2 
and the amplifier output voltage goes low. This forward 
biases CR1262 and lowers the reference voltage for U1260, 
reducing the output voltage. 

Current limiting for the +15-V supply is provided by 
the internal circuitry of the three-terminal regulator. 

+5 V Regulator 
Regulation of the +5-V supply is provided by a circuit 

similar to those of the +87 V and the +42 V Regulators. 
As long as the relative polarity between the +15-V and the 
+5-V supplies is maintained, base drive to 01281 is supplied 
through R1283. The current through 01281 provides base 
drive for series-pass transistor 01280. 

When voltage-sense amplifier U13008 detects that the 
output voltage has reached +5 V, it begins shunting base­
drive current away from 01281 via CR1281 and holds the 
output voltage constant. 

Current limiting for the +5-V supply is done by U1300A 
and associated components. Under normal current-demand 
conditions, the output of U1300A is high and diode 
CR1282 is reverse biased. However, should the current 
through current-sense resistor R1281 reach approximately 
2 A, the voltage developed across R 1281 will raise the 
voltage at pin 2 of U1300A (via divider R1282 and R1286) 
to a level equal to that at pin 3. This causes the output of 
U1300A to go low, forward biasing CR1282. This sinks 
base drive current away from 01281 and lowers the output 
current in series-pass transistor 01280. 

-15 V Regulator 
Operation of the -15 V Regulator, composed of three­

terminal regulator U1330, operational amplifier U1270C, 
and their associated components, is similar to that of the 
+15 V Regulator with the following major changes. The 
control voltage at the three-terminal regulator's reference 
pin (pin 1) is established by the current through series­
resistors R1333 and R1334. The reference pin is clamped 
by CR1332 at about -5.6 V should a failure in the sensing 
network occur. (Clamping also prevents latchup of the 
operational amplifier during startup of the power supply.) 
Finally, the sensing divider formed by R1331 and R1332 is 
referenced to the +10-V reference instead of ground to 
enable sensing of negative voltage. 
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-8 V Regulator 
Operation of the -8 V Regulator is similar to that of the ~, 

+87 V and +42 V Regulators. Due to the lower operating 
voltages of the -8 V Regulator, the common-base transistor 
present in both the +87 V and the +42 V Regulators is 
not required. Current limiting in the -8-V supply occurs 
at about 480 mAo 

-5 V Regulator 
Operation of the -5 V Regulator is similar to that of the 

+5 V Regulator. Current limiting in the -5-V supply occurs 
at about 2 A. 

+5 V Inverter Feedback 

Operational amplifier U1371 C and associated com­
ponents are configured as a frequency-compensated voltage­
sensing network. The circuit monitors the +5-V digital 
power supply line from the rectifiers and provides feed­
back to the Preregulator Control IC (U1030) via opto­
isolator U1040 (both on diagram 9). The feedback is used 
to slightly vary the voltage-sensing characteristics of the 
Preregulator Control circuitry. The feedback (FB) signal 
slightly varies the voltage to the Inverter output trans­
former and holds the output of the 5-V secondary windings 
at an optimum level. Output levels of the other secondary 
windings are related to the +5-Vo level and are also held 
at their optimum values. This technique minimizes power 
losses in the series-pass transistors and increases regulator 
reliability. 

Power-Up Delay 

The Power-Up Delay circuit, composed of 01370, 
01376, U1371D, and the associated components, ensures 
that the various regulated power supplies have time to 
reach their proper operating voltages before signaling the 
Microprocessor that the supplies are up. 

When power is first applied, the LINE UP signal from 
the Preregulator Control circuit goes HI, indicating that 
the power switch has been closed and that ample supply 
voltage is available for driving the Inverter transformer. 
The H I is applied to the base of 01370, but since the 
collector is not properly biased yet, no transistor current 
will flow. As the Inverter begins to run, the various voltages 
from the secondary rectifiers begin coming up to their 
proper levels. A +2.5-V reference voltage is applied to 
operational amplifier U1371 D pin 12 and forces the output 
high, biasing Q1376 on. The resulting LO at the transistor's 
collector signals the Microprocessor that the power supplies 
are not yet stable. '_'%. 
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Before any of the Low Voltage Regulators may function 
properly, the +10-V reference voltage must be established 
as previously described. When the +15 V Regulator turns 
on, current flows through 01370, and pin 2 of U1371D is 
pulled above the +2.5-V reference through divider R1370 
and R1372. The output of U1371D goes low, turning off 
01376. The PWR UP signal at the collector goes HI. 
signaling the Microprocessor that the power supplies should 
now be operating properly. 

When power to the instrument is turned off, the LINE 
UP signal goes LO (as explained in the Line Up Signal 
description). The falling LINE UP signal turns 01370 off 
and drives the output of U1371D high. The output level 
from U1371D turns on 01376 and pulls the PWR UP signal 
to the Microprocessor LO. This LO initiates the power­
down sequence used to store the current front-panel setup 
conditions in EAROM and to shut down the instrument in 
an orderly fashion. The delay between the time that the 
PWR UP signal goes LO and when the regulated power 
supplies fall below their normal operating levels provides 
ample time for the Microprocessor to complete the power­
down sequence. 

Fan Circuit 
The fan motor used in this instrument is a brush less, 

dc motor that uses Hall-effect devices to control its rotation 
speed. The two Hall-effect devices sequentially drive the 
four field-control transistors (U1690A, B, C, and D) which 
in turn control field current to the fan motor windings. The 
fan's speed is determined by the amount of drive current 
supplied by 01698 and varies with ambient temperature. 

As the ambient temperature in the cabinet increases, 
the resistance of RT1696 decreases, and additional base 
drive is provided to 01698. The transistor conducts harder, 
and the fan's motor speed is increased to provide more 
cooling capacity. 
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The back EMF produced by the motor field windings 
is also proportional to motor speed. This back EMF is 
rectified by diodes CR1691, CR1692, CR1694, and 
CR 1696 and is applied to the base node of 01698 via 
R1697. This current opposes the normal bias current of 
the transistor and acts as a form of negative feedback to 
stablilize the motor speed from cycle to cycle. 

POWER DISTRIBUTION 

Schematic diagrams 11 and 12 illustrate the power 
distribution of the 2445. The connections to the labeled 
boxes (representing the hybrids and ICs) show the power 
connections to each device, while connections to non­
power lines are shown by the component and schematic 
number. Power supply decoupling is done with traditional 
LRC networks as shown on the diagrams. 

Several intermediate supply voltages are generated by 
devices shown on diagrams 11 and 12. An approximate 
+32-volt supply for the A and B Sweeps is developed by 
emitter-follower 0700 and its associated components. 
Zener diodes VR125 and VR225 develop approximate 
+6.2-volt supplies for the CH 1 and CH 2 Preamps respec­
tively, and zener diode VR2805 establishes an approximate 
-a.8-volt supply for U2800 and U2805. 

INTERCONNECTIONS 

Schematic diagram 13 illustrates the circuit board 
interconnections of the 2445. Connector numbers and 
cabling types are shown. 
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INTRODUCTION 

This procedure is used to verify proper operation of instrument controls and to check the instrument's performance against 
the requirements listed in the ·Specification" (Section 1). This procedure verifies instrument function and may be used to 
determine need for readjustment. These checks may also be used as an acceptance test and as a preliminary troubleshooting 
aid. 

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 connectors. 

Within the procedure, steps to verify proper operation of an instrument control or function that is not specified in the 
'Specification" section begin with the word ·VERIFY". These functions ARE NOT specifications and should not be interpreted 
as such. Steps to check performance specifications begin with the word ·CHECK". 

PREPARATION 

Test equipment items 1 through 17 listed in Table 4-1 are 
required to perform this procedure. The specific pieces of 
equipment required to perform the checks within each sec­
tion are listed at the beginning of that section. The item 
numbers in parenthesis next to each piece of equipment 
refer to the numbered equipment list of Table 4-1. Items 18 
through 22 are used only for instrument calibration (see the 
Adjustment Procedure in Section 5). 

Before performing this procedure, ensure that the LINE 
VOLTAGE SELECTOR switch is set for the ac power 
source being used (see 'Preparation for Use" in Section 2). 
Connect the instrument to be checked and the test equip­
ment to an appropriate power source. Tum the instrument 
on and ensure that no error mes$age is displayed on the crt. 

If an error message is present, have the instrument repaired 
or calibrated by a qualified service technician before per­
forming this procedure. 

The procedure is divided into sections to permit function­
al and performance verifications of individual sections of the 
instrument without performing the entire procedure. Perform 
all steps within a section, both in the sequence presented 
and in their entirety to ensure that control settings are cor­
rect for the following step. 

When performing partial procedures. the Initial Control 
Settings at the first of the section should be setup first; then 
make any changes noted at the first of the subsection to be 
performed. When performing the procedures in sequence, 
merely change those controls that have changed from the 
previous step. 

4-1 



Performance Check-2445 Service 

Table 4-1 
Test Equipment Required 

Item and Minimum Specification Use Example of Applica-
Description ble Test Equipment 

1. Variable Power Variable output voltage: OV to + 16V. Check input overload TEKTRONIX PS 503A. 
Supply switching. 

2. Leveled Sine-Wave Frequency: 50 kHz to 150 MHz. Output: 0 V Check bandwidth and TEKTRONIX SG 503.' 
Generator to 5 V. Reference frequency: 50 kHz. triggering. 

3. Calibration Fast-rise, low-abberation amplitudes: to 1 V. Signal source for gain TEKTRONIX PG 506. 
Generator Rise time: 1 ns or less. Repetition rate: and transient response. 

1 kHz to 100 kHz. Precision amplitudes: 
0.01 V to 50 V ± 0.25%. 

4. Function Generator Repetition rate: 1 kHz to 1 MHz. Output to Check triggers and TEKTRONIX FG 501A. 
15 V p.p. coupling. 

5. Time-Mark Markers: 2 ns to 5 s in a 1-2-5 sequence. Check horizontal timing. TEKTRONIX TG 501. 
Generator Marker accuracy: ± 0.1 %. 

6. Oscilloscope with Bandwidth: 150 MHz. General Purpose. Check power supply rip. TEKTRONIX 2445. 
P6131 10X Standard pie and output signals. 
Accessory Probe. Troubleshooting. 

7. T -Connector Impedance: 50 n. Connectors: BNC. Signal interconnection. TEKTRONIX Part 
Number 103-0030-00. 

8. Precision BNC Impedance: 50 n. Connectors: BNC. Signal interconnection. TEKTRONIX Part 
Cable Length: 36 in. Number 012-0482-00. 

9. BNC Cable Impedance: 50 n. Connectors: BNC. Signal interconnection. TEKTRONIX Part 
(2 required) Length: 42 in. Number 012-0057-01. 

10. Dual-Input Coupler Connectors: BNC female-to-dual-BNC male. Signal interconnection. TEKTRONIX Part 
(2 required) Number 067-0525-02. 

11. Termination Impedance: 50 n. Connectors: BNC. Signal interconnection. TEKTRONIX Part 
(2 required) Number 011-0049-01. 

12. Adapter Mini probe-tip.to-BNC male. Signal interconnection. TEKTRONIX Part 
Number 013-0195-00. 

13. Adapter BNC female-to-BNC female. Signal interconnection. TEKTRONIX Part 
Number 103-0028-00. 

14. Adapter Connectors: BNC female-to-dual banana. Signal interconnection. TEKTRONIX Part 
Number 103-0090-00. 

15. Attenuator Attenuation factor: 2X. Impedance: 50 n. Signal attenuation. TEKTRONIX Part 
Connectors: BNC. Number 011-0069-02. 

16. Attenuator Attenuation factor: 5X. Impedance: 50 n. Signal attenuation. TEKTRONIX Part 
Connectors: BNC. Number 011-0060-02. 

17. Attenuator Attenuation factor: 10X. Impedance: 50 n. Signal attenuation. TEKTRONIX Part 
Connectors: BNC. Number 011-0059-02. 

18. Digital Multimeter DC volts range to +20 V. Accuracy ±0.2%. Check power supplies TEKTRONIX OM 502A. 
(DMM) and CALIBRATOR. 
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Table 4·1 
Test Equipment Required 

Item and Minimum Specification Use Example of Appliea-
Description ble Test Equipment 

19. Low-Capacitance Shaft length: 2 in. Adjust variable resistors TEKTRONIX Part 
Alignment Tool and capacitors. Number 003-0675-00. 

20. 1X Probe Attenuation: 1 X. Bandpass: <20 MHz. Check power supply TEKTRONIX 
ripple. P6101. 

21. Normalizer Input resistance: 1 MQ. Input capacitance: Check input TEKTRONIX Part 
15 pt capacitance. Number 067-0537-00. 

22. Tunnel Diode Rise time: 125 ps or less. Check transient TEKTRONIX Part 
Pulser response. Number 067-0681-01. 
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Performance Check-2445 Service 

VERTICAL 

Equipment Required (see Table 4-1) 

Power Supply (Item 1) 

Leveled Sine-Wave Generator (Item 2) 

Calibration Generator (Item 3) 

P6131 lOX Probe (supplied with 2445) (Item 6) 

Precision 50 n BNC Cable (Item 8) 

50 n BNC Cable (Item 9) 

Dual-Input Coupler (Item 10) 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

Set: 

VERTICAL MODE 
CH 1 On (button in) 
CH 2, CH 3, CH 4, 
ADD, and INVERT Off (buttons out) 
CHOP/ALT ALT (button out) 
20 MHz BW LIMIT Off (button out) 

VOLTS/DIV 
CH 1 and CH 2 1 V 
CH 1 and CH 2 VAR In detent 
CH 3 and CH 4 0.1 V (buttons out) 

Input Coupling 
CH 1 and CH 2 1 Mn GND 

A and B SEC/DIV 10 ms (knobs locked) 

A and B SEC/DIV VAR In detent 

X10 MAG Off (button out) 

,It and ,lV Off (press and release until 
associated readout is off) 

TRACKING Off (button out) 

TRACE SEP Fully CW 

TRIGGER 
HOLDOFF Fully CCW 
LEVEL Midrange 
SLOPE + (plus) 
AlB TRIG SELECT A 
MODE AUTO LVL 
SOURCE VERT 
COUPLING DC 
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50 n BNC Termination (Item 11) 

Mini Probe Tip-ta-BNC Adapter (Item 12) 

BNC Female-to-BNC Female Adapter (Item 13) 

BNC Female-ta-Dual Banana Adapter (Item 14) 

2X Attenuator (Item 15) 

5X Attenuator (Item 16) 

10X Attenuator (Item 17) 

1. Verify CH 1 and CH 2. 50 n OVERLOAD 
Protection. 

a. Connect the Power Supply to the CH 1 OR X input 
connector via a 50 n BNC cable and a BNC female-to-dual 
banana adapter. 

b. Using the CH 1 VERTICAL POSITION control, posi­
tion the trace on the bottom horizontal graticule line. 

c. Change the CH 1 Input Coupling switch to 1 Mn DC. 

d. Turn the Power Supply on. 

e. Adjust the Power Supply output level until the CH 1 
trace rises to 1 division above the center graticule line 
(+5 V). 

f. Change the CH 1 Input Coupling switch to 50 Q DC. 

g. VERIFY -For a period of one minute, the readout dis­
play does not indicate any overload condition (50 n 
OVERLOAD). 

h. Change the CH 1 VOLTS/DIV control to 5 V and the 
CH 1 Input Coupling to 1 Mn DC. 

i. Increase the Power Supply output level until the CH 1 
trace rises to the center graticule line (+ 20 V). 



To prevent damage to the input circuitry when in 50 fJ 
DC, the 20 V source must not be applied to the CH 1 
OR X or CH 2 input connectors for longer than 15 
seconds, If the automatic OVERLOAD switching does 
not occur within 15 seconds, turn the Power Supply 
off immediately. 

j. Set the CH 1 Input Coupling switch to 50 !J DC. 

k. VERIFY -Approximately 10 seconds after the CH 1 
input coupling switch is set to 50 il DC, the readout display 
indicates "50 !J OVERLOAD", the CH 1 Input Coupling 
switch changes to 1 M!J GND automatically, and the trace 
returns to the bottom horizontal graticule line. 

I. Turn the Power Supply Off. 

m, Disconnect the Power Supply. 

n. Clear the OVERLOAD condition by pressing up on the 
CH 1 Input Coupling switch. 

0, VERIFY -The CH 1, 1 Mil DC indicator is lit and the 
readout display no longer indicates "50 ~} OVERLOAD". 

p. Set the VERTICAL MODE switches to display CH 2 
and repeat parts a through 0 to verify 50 !J OVERLOAD 
protection for that channel. 

2. Check CH 1 and CH 2 Low-Frequency AC 
Coupling. 

a, Set: 

VERTICAL MODE 
CH 1 
CH 2 

A and B SEC/DIV 

VOLTS/DIV 
CH 1 and CH 2 

Input Coupling 
CH 1 and CH 2 

In (button in) 
Off (button out) 

10 ms (knobs locked) 

10mV 

1 M!J GND 

Performance Check-2445 Service 

NOTE 

Prior to performing the fo/Iowing steps, the t OX probe 
must be properly compensated. Refer to ·Probe Low­
Frequency Compensation" in Section 2 of this 
manual. 

b. Connect the CALIBRATOR output signal to the CH 1 
OR X input connector using a 10X probe. 

c. Position the ground-reference trace 2 divisions below 
the center horizontal graticule line. 

d. Set the CH 1 Input Coupling switch to 1 MQ DC. 

e. CHECK-Displayed signal is vertically centered and 
has an amplitude of 3.88 to 4.12 divisions. 

f. Set the CH 1 Input Coupling to the upper 1 MQ GND 
position. 

g. Using the CH 1 POSITION control, align the trace 
with the center horizontal graticule line. 

h. Set the CH 1 Input Coupling switch to 1 M!J AC. 

i. CHECK-Displayed signal is a tilted square wave, 4.5 
to 4.9 divisions in amplitude, vertically centered on the 
graticule. 

j. Move the probe to the CH 2 input connector. 

k. Set the VERTICAL MODE switches to deselect CH 1 
and display CH 2. 

I. Repeat parts c through i for CH 2. 

m. Disconnect the test setup. 

3. Check CH 1 and CH 2 VOLTS/DIV, CH 2 INVERT. 
~ V and TRIGGER LEVEL Readout Accuracies, 
Variable VOLTS/DIV, Vertical Linearity, and ADD. 

a. Set: 

Input Coupling 
CH 1 and CH 2 1 M!JAC 
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VERTICAL MODE 
BW LIMIT 

tN 

VOLTS/DIV 
CH1andCH2 

A and B SEC/DIV 

TRIGGER 
MODE 

On (button in) 

On (press and release for a 
AV readout) 

2mV 

1 ms (knobs locked) 

AUTO 

NOTE 

The instrument must have had at least 20 minutes 
warmup prior to performing the following steps. 

b. Press up and momentarily hold the CH 1 and CH 2 
Input Coupling switches in their 1 MO AC positions until a 
moving dot display replaces the normal signal and readout 
displays (for approximately 15 seconds). This performs a 
DC Balance of CH 1 and CH 2. 

c. When the signal and readout displays automatically 
return to normal, set the CH 1 and CH 2 Input Coupling to 
1 Mn DC. 

d. Connect the Calibration Generator to the CH 1 OR X 
input connector via a 50 0 BNC cable. Do not use a 
termination. 

e. CHECK-CH 1 and CH 2 VOLTS/DIV, AV, and TRIG­
GER LEVEL readout accuracies as follows: 

1. Set VOLTS/DIV control to the first position listed in 
Table 4-2. . 

2. Set the Calibration Generator STD AMPLITUDE 
output level to the corresponding Standard Ampli­
. tude Input Level in Table 4-2. 

NOTE 

To property verify TRIGGER LEVEL Readout Accu­
racy, the Calibration Generator's STD AMPLITUDE 
output must have rising and falling transition times 
(10% to 90%) > 20ns. No overshoot should appear 
on the waveform. 

3. Verify that the generator output meets the require­
ments noted above. 

4. Return the A and B SEC/DIV switch to 1 ms (knobs 
locked). . 
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5. Use the VERTICAL POSITION control to set the 
bottom of the signa! 2 divisions below graticule 
center. 

6. Rotate the AREF OR DLY POS control to align the 
reference cursor with the bottom of the waveform. 

7. Rotate the A control to align the A cursor with the 
top of the signal display. 

8. CHECK-Vertical Deflection Accuracy (measured 
against the graticule) and A V Readout Accuracy are 
within the limits listed in Table 4-2. 

9. Set the TRIGGER LEVEL control at the most posi­
tive voltage that produces a barely triggered. jittering 
display for each position of the SLOPE switch. 

10. CHECK-The A Trigger Level readings (see Figure 
2-8) are within the limits given in the + Peak column 
of Table 4-2. 

11. Set the TRIGGER LEVEL control at the most nega­
tive voltage that produces a barely triggered. jittering 
display for each position of the SLOPE switch. 

12. CHECK-The A Trigger Level readings are with­
in the limits given in the - Peak column of Table 4-2. 

13. Set the TRiGGER LEVEL for a stable display. 

14. Pull the SEC/DIV knob out and set the B TRIGGER 
MODE to TRIG AFT DLY. 

15. Adjust AREF OR DLY pas control for a delay read­
out of 0.000 ms. 

16. Set the TRIGGER LEVEL control to the most posi­
tive voltage that produces an intensified point on the 
waveform display for each position of the SLOPE 
switch. 

17. CHECK-The B Trigger Level readings are with­
in the limits given in the + Peak column of Table 4-2 . 

18. Set the TRIGGER LEVEL control to the most nega­
tive voltage that produces an intensified point on the 
waveform display for each position of the SLOPE 
switch. 

19. CHECK-The B Trigger Level readings are with­
in the limits given in the - Peak column of Table 4-2. 

20. Push the B SEC/DIV knob in. 

21. Change the VOLTS/DIV switch to the next position 
listed in Table 4-2. 

22. Set the Calibration Generator to the corresponding 
signal amplitude setting. 
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23. Press and release the b.V pushbutton to reobtain the 
b.V readout display. 

24. Repeat subparts 5 through 23 of part e for each 
VOLTS/DIV setting listed in Table 4-2. 

25. Set the TRIGGER COUPLING switch to NOISE 
REJ. 

26. Set the CH 1 and CH 2 Input Coupling switches to 
50 mY. 

27 . CHECK-Trigger Level Readout is within the limits 
given in Table 4-2 for NOISE REJ Coupling. 

f. Return the TRIGGER COUPLING switch to DC. 

g. Set the CH 1 VOLTS/DIV switch and the Calibration 
Generator output level to produce a vertical signal display 5 
divisions in amplitude. 

Performance Check-2445 Service 

h. CHECK-Display amplitude reduces to 2 divisions or 
less when the VOLTS/DIV VAR control (of the channel un­
der test) is rotated fully CCW. Return the VOLTS/DIV VAR 
control to its maximum CW (detent) position. 

i. Set the Calibration Generator output level and VERTI­
CAL POSITION controls for a 2-division display vertically 
centered on the graticu!e. Use the CH 1 VAR control if nec­
essary to obtain the correct display amplitude. 

j. Set the VERTICAL POSITION control to align the top 
edge of the display with the top graticule fine. 

k. CHECK-Signal display amplitude is 1.9 to 2.1 
divisions. 

I. Set the VERTICAL POSITION control to align the bot­
tom edge of the signal display with the bottom graticu!e line. 

Table 4·2 
Accuracy limits 

CH 1, CH 2, CH 2 INVERT, and Delta Volts Readouts 

VOLTSI Stand- Vertical Delta Volts Limits of Trigger U:VEl 
DIV ard Deflection Readout Readout 

Switch Ampli- Accuracy Accuracy 
Setting tude (±2% in (limits) DC Coupling NOISE REJ 
CH 1 Input divisions) 1.25% + .03 div Coupling 
and level 
CH 2 + Peak -Peak + Peak -Peak 

-
2mV 10mV 4.90 to 5.10 9.81 mV to 10.20 mV 8.5 mV to 11.5 mV +1.2 mV to -1.2 mV 

5mV 20mV 3.92 to 4.08 19.6 mV to 20.4 mV 17.3 mY to 22.7 mV +2.1 mV to -2.1 mV 

10mV 50mV 4.90 to 5.10 49.0 mV to 50.9 mV 44.5 mV to 55.5 mV +4mV to -4 mV 

20mV 0.1 V 4.90 to 5.10 98.1 mV to 102.0 mV 89 mV to 111 mV + 7.5 mV to ·-7.5 mV 

50mV 0.2 V 3.92 to 4.08 196 mV to 204 mV 177 mV to 223 mV +17 mV to -17 mV 147 mV +47mV 
to to 

253mV -47mV 

0.1 V O.5V 4.90 to 5.10 490 mV to 509 mV 0.449 V to 0.551 V +0.036 V to -0.036 V 

0.2V 1.0V 4.90 to 5.10 0.981 V to 1.020 V O.90Yto 1.10V +0.07 V to -0.07 V 
-

0.5 V 2.0V 3.92 to 4.08 1.96 V to 2.04 V 1.78 V to 2.22 V +0.14 V to -0.14 V 

1.0V 5.0V 4.90 to 5.10 4.90 V to 5.09 V 4.50 V to 5.50 V +0.35 V to -0.35 V 

2.0V 10.0V 4.90 to 5.10 9.81 V to 10.2 V 9.0 V to 11.0 V +0.7 V to -0.7 V 

S.OV 20.0 V 3.92 to 4.08 19.6 V to 20.4 V 17.8 V to 22.2 V + 1.4 V to -1.4 V 
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m. CHECK-Signal display amplitude is 1.9 to 2.1 
divisions. 

n. Move the test signal to CH 2 and set the VERTICAL 
MODE controls to display CH 2. 

o. Repeat parts e through m for CH 2. 

p. Rotate the AREF OR Dl Y control CCW until the 
cursor stops moving. 

q. CHECK-Cursor is aligned with the bottom graticule 
line within ±0.2 division. 

f. Rotate the A control CW until the cursor stops 
moving. 

s. CHECK-Cursor is aligned with the top graticule line 
within ± 0.2 division. 

t. Turn the INVERT function on (button in), return the CH 
2 VOLTS/DIV VAR control to the calibrated detent position, 
and reobtain a 5-division signal as explained in part 9 above. 

u. VERIFY -A down-arrow symbol appears to the left of 
the CH 2 VOLTS/DiV readout. 

v. CHECK-Display amplitude is between 4.9 divisions 
and 5.1 divisions in amplitude (5 divisions ± 2 %). Turn the 
INVERT function off (button out) when finished. 

w. Connect a 5 V standard-amplitude signa! from the 
Calibration Generator to the CH 1 OR X and CH 2 input 
connectors via a 50 n BNC cable and a Dual-Input Coupler. 

x. Set: 

VOlTS/DIV 
CH 1 and CH 2 

VERTICAL MODE 
CH 1 and CH 2 
ADD 

2V 

Off (buttons out) 
On (button in) 

y. CHECK-Vertical deflection amplitude is 4.9 to 5.1 
divisions. 

z. CHECK-Signal amplitude reduces to 0.2 division or 
less when CH 2 INVERT is on (button in). 

aa. Set: 

VERTICAL MODE 
CH 3 
CH 1, CH 2, CH 4, 
ADD, and INVERT 

On (button in) 

Off (buttons out) 

bb. Move the Dual-Input Coupler to the CH 3 and CH 4 
Input connectors. 

cc. CHECK-VOLTS/DIV and TRIGGER LEVEL Read­
out accuracies for both switch setting-input level combina­
tions listed in Table 4-3 as in subparts 5 through 23 of 
part e. 

dd. Set the Calibration Generator output level and VER­
TICAL POSITION controls for a 2-division display vertically 
centered on the graticule. 

ee. Set the VERTICAL POSITION control to align the 
top edge of the display with the top graticule line. 

ft. CHECK-Signal display amplitude is 1.9 to 2.1 
divisions. 

Table 4-3 
CH 3 and CH 4 Accuracy Limits 

VOLTS/DIV Standard Ampli- Vertical Deflection Trig~er LEVEL Readout When Barely 
Switch Setting tude Signal Accuracy (±10% in Triggered at the Indicated Peak 
CH 3 and CH 4 Input Level divisions) 

+Peak -Peak 

0.1 V 0.5 V 4.50 to 5.50 0.454 V to 0.545 V +0.03 V to -0.03 V 

0.5 V 2.0 V 3.60 to 4.40 1.81 V to 2.19 V +0.13 V to -0.13 V 
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99. Set the VERTICAL POSITION control to align the 
bottom edge of the signal display with the bottom graticu!e 
line. 

hh. CHECK-Signal display amplitude is 1.9 to 2.1 
divisions. 

Ii. Set the VERTICAL MODE switches to disable CH 3 
and display CH 4. 

ii. Repeat parts cc through hh for CH 4. 

kk. Disconnect the test setup. 

4. Check Channel 2 Delay. 

a. Set: 

VERTICAL MODE 
CH 1 and CH 2 
CH 3 and CH 4 

Input Coupling 
CH 1 and CH 2 

VOLTS/DIV 
CH 1 and CH 2 

A and B SEC/DIV 

TRiGGER 
SOURCE 

On (buttons in) 
Off (buttons out) 

50n DC 

10 mV 

1 flS (knobs locked) 

CH 1 

b. Connect a 100 kHz, fast-rise, positive-going signa! 
from the the Calibration Generator to the CH 1 OR X and 
the CH 2 input connectors via a 50 n BNC cable, a 5X atten­
uator and a Dual-Input Coupler. 

c. Set the output level of the Calibration Generator for 
an approximate 5-division, vertically-centered display for 
both channels. 

d. Use either the CH 1 or CH 2 VAR control to match 
signal amplitude between both channels. 

e. Set: 

A and B SEC/DIV 

X10 MAG 

10 ns (knobs locked) 

On (button in) 

f. Use the Horizontal POSITION control to move the ris­
ing edges of the CH 1 and CH 2 displays to graticule center. 

Performance Check-2445 Service 

g. Pull the 8 SEC/DIV knob out to activate the CH 2 
DLY feature. 

NOTE 

If the readout displays ~CH 2 DLY DISABLED" 
instead of "CH 2 DLY - TURN .1", the delay matching 
feature has been disabled and the remainder of this 
subsection cannot be performed. In this case, proceed 
to subsection 5 below. 

h. CHECK-~ control will position the CH 2 display 1/2 
division or more (500 ps) to either side of the CH 1 display. 

i. Superimpose the rising edges of the pulses using the ~ 
control. 

j. Turn X10 MAG off (button out) and push in the 
B SEC/DIV knob. 

k. Disconnect the test setup. 

5. Check Vertical Bandwidth-All Channels . 

a. Set: 

A and B SEC/DIV 

TRIGGER 
SOURCE 

VOLTS/DIV 
CH 1 and CH 2 
CH 3 and CH 4 

VAR 
CH 1 and CH 2 

VERTICAL MODE 
CH 1 
CH 2, CH 3, and CH 4 

Input Coupling 
CH 1 and CH 2 

50 flS (knobs locked) 

VERT 

2mV 
0.1 V (buttons out) 

Calibrated (in detent) 

On (button in) 
Oft (buttons out) 

50n DC 

b. Connect the output of the Leveled Sine-Wave Gener­
ator to the CH 1 OR X input connector via a precision 50 n 
BNC cable and any combination of the 10X, 5X, or 2X At­
tenuators needed to reduce the signal amplitude to the level 
called out in the next step. 

c. Set the generator output level for a 6-division display 
at the reference frequency, then change ttte output frequen­
cy to 80 MHz. 
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d. CHECK-Signal display amplitude is 4.25 divisions or 
greater. 

e. Move the signal to the CH 2 input connector and set 
the VERTICAL MODE switches to disable CH 1 and display 
CH 2. 

f. Repeat parts c and d for CH 2. 

g. Set the CH 1 and CH 2 VOLTS/DIV switch setting to 
20mV. 

h. Set the generator output level for a 6-division display 
at the reference frequency, then change the generator out­
put to 80 MHz. 

i. CHECK-Signal display amplitude is 4.25 divisions or 
greater while sweeping the generator frequency from 80 
MHz to 150 MHz. 

j. Set the VOLTS/DIV switch to 0.5 V and repeat parts h 
and i. 

k. Set the VOLTS/DIV switch to 1 V and the generator 
output level for a 4-division display at the reference frequen­
cy, then change the generator frequency to 80 MHz. 

I. CHECK-Signal display amplitude is 2.82 divisions or 
greater while sweeping the generator frequency from 80 
MHz to 150 MHz. 

m. Move the signal to CH 1 OR X input connector and 
set the VERTICAL MODE switches to disable CH 2 and 
display CH 1. 

n. CHECK-Repeat parts h through I for CH 1. 

o. Set the VERTICAL MODE switches to display CH 3 
only. 

p. Attach the standard-accessory lOX probe (supplied 
with the instrument) to the CH 3 input connector and the 
probe tip to the CALIBRATOR terminal. 

q. Set the A and B SEC/DIV (knobs locked) to 1 ms. 
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r. Adjust probe compensation for the best flat top on the 
square-wave signal display. 

s. Disconnect the probe tip from the CALIBRATOR ter­
minal. Remove the grabber tip from the probe, unscrew and 
remove the plastic barrel, and connect the probe to the out­
put of the Sine-Wave Generator via a 50 n termination and a 
Mini probe-tip-to-BNC adapter. 

t. Set the A and B SEC/DIV to 50 p,S (knobs locked). 

u. Set the generator output for a 4-division display at the 
reference frequency. then change the generator frequency 
to 80 MHz. 

v. CHECK-Signal display amplitude is 2.82 divisions or 
greater while sweeping the generator frequency from 80 
MHz to 150 MHz. 

w. Move the signal to CH 4 and set the VERTICAL 
MODE switches to display CH 4 only. 

x. CHECK-Repeat parts p through v for CH 4. 

y. Disconnect the test setup. 

6. Check Common Mode Rejection Ratio (CMRR). 

a. Set: 

VERTICAL MODE 
CH 1, ADD, and INVERT 
CH 2, CH 3, and CH 4 

VOLTS/DIV 
CH 1 and CH 2 
CH 1 and CH 2 VAR 

Input Coupling 
CH 1 and CH 2 

A and B SEC/DIV 

TRIGGER 
MODE 
SOURCE 

On (button in) 
Off (buttons out) 

10mV 
In detent 

son DC 

50 p's (knobs locked) 

AUTO LVL 
CH 1 

b. Connect a reference frequency signal from the Lev­
eled Sine-Wave Generator to the CH 1 OR X and CH 2 input 
connectors via a 50 n BNC cable, a 5X attenuator, and a 
Dual-Input Coupler. 
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c. Set the generator output level for an a-division display 
of the reference signal on CH 1. 

d. Adjust either the CH 1 VAR control or the CH 2 VAR 
control for a minimum ADD display amplitude while leaving 
the other control in the calibrated detent (whichever pro­
vides the best CMRR). 

e. Set the generator frequency to 50 MHz. 

f. Set the SEC/DIV switch to 20 ns. 

g. CHECK-ADD display amplitude is 0.4 division or 
less (discount trace width). 

h. Set ADD and INVERT Off (buttons out) and rotate the 
CH 1 and CH 2 VAR controls CW to their calibrated detent 
positions. 

i. Disconnect the test setup. 

7. Check Channel Isolation. 

a. Set: 

VERTICAL MODE 
CH 1, CH 2, 
CH 3, and CH 4 
CHOP/ALT 

Input Coupling 
CH 1 and CH 2 

VOLTS/DIV 
CH 1 and CH 2 
CH 3 and CH 4 

TRIGGER 
SOURCE 

A and B SEC/DIV 

On (buttons in) 
ALT (button out) 

50n DC 

0.1 V 
0.1 V (buttons out) 

CH 1 

20 os (knobs locked) 

b. Connect the Leveled Sine-Wave Generator to the CH 
1 OR X input connector via a 50 n BNC cable. 

c. Set the generator frequency to 100 MHz and adjust 
the output level for an 8-division display. 
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d. CHECK-Amplitude of each trace other than CH 1 is 
0.08 division or less (discount trace width). 

e. Move the signal to the CH 2 input connector and 
change the TRIGGER SOURCE switch to CH 2. 

1. CHECK-Amplitude of each trace other than CH 2 is 
0.08 division or less (discount trace width). 

g. Add a 50 n BNC termination to the BNC cable and 
move the signal to CH 3. 

h. Set the TRIGGER SOURCE switch to CH 3 and ad­
just the generator output for a signal display amplitude of 8 
divisions. 

i. CHECK-Amplitude of each trace other than CH 3 is 
0.16 division or less (discount trace width). 

j. Move the signal to CH 4 input connector and set 
TRIGGER SOURCE to CH 4. 

k. CHECK-Amplitude of each trace other than CH 4 is 
0.16 division or less (discount trace width). 

I. Connect the generator to the CH 1 OR X input 
connector. 

m. Set the TRIGGER SOURCE switch to CH 1. 

n. Set the generator output frequency to 150 MHz and 
the output level for an 6-division display. 

o. CHECK-Amplitude of each trace other than CH 1 is 
0.16 division or less (discount trace width). 

p. Move the signal to the CH 2 input connector and set 
the TRIGGER SOURCE switch to CH 2. 

q. CHECK-Amplitude of each trace other than CH 2 is 
0.16 division or less (discount trace width). 

r. Disconnect the test setup. 
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8. Set CH 1 and CH 2 DC Balance. 

NOTE 

For an accurate DC Balance setting, the instrument 
MUST be allowed to warmup for 20 minutes before 
performing the following steps. 

a. Press up and hold both the CH 1 and CH 2 Input 
Coupling switches in the 1 Mfl AC position for approximate­
ly 1 second, then release them. 

NOTE 

At the completion of the automatic DC Balance, the 
Input Coupling settings will return to the states they 
previously held (if they were in those states for at least 
7 seconds prior to performing the DC Balance 
procedure). 

b. VERIFY -A moving dot display replaces the normal 
display for approximately 10 seconds (while the DC Balance 
levels are automatically reset), then the display returns to 
normal. 

c. VERIFY-There is less than 0.2 division vertical trace 
shift between adjacent settings of the CH 1 and CH 2 
VOLTS/DIV switches as they are rotated through each of 
their positions. 

d. VERIFY-There is less than 1.0 division vertical trace 
shift as the CH 1 and CH 2 VOLTS/DIV VAR controls are 
rotated fully CCW. 

e. VERIFY -There is less than 0.5 division vertical trace 
shift when the INVERT button is pressed in. 

1. Return the VERTICAL VAR controls to their detent 
positions and tum the CH 2 INVERT function off (button 
out). 

9. Check CH 2 SIGNAL OUT and Cascaded 
Operation. 

a. Set: 

VERTICAL MODE 
CH 1 
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CH 2, CH 3, and CH 4 
BW LIMIT 

On (button in) 
Off (buttons out) 
On (button in) 

VOLTS/DIV 
CH 1 and CH 2 2mV 

Input Coupling 
CH 1 50 fl DC 
CH2 1 MODC 

A and B SEC/DIV 1 ms 

TRIGGER MODE AUTO LVL 
SOURCE VERT 
COUPLING NOISE REJ 

b. Connect a 1 kHz, 2 mV standard-amplitude signal 
from the Calibration Generator to the CH 2 input connector 
via a 50 0 BNC cable. 

c. Connect the CH 2 signal from the rear-panel CH 2 
SIGNAL OUT connector to the CH 1 OR X input connector 
via a precision 50 fl BNC cable. 

d. CHECK-Display amplitude is 4.5 to 5.5 divisions 
(discount trace width). 

e. Set CH 1 Input Coupling to GND and align the trace 
with the center graticule line. 

f. Return CH 1 Input Coupling to 50 0 DC. 

g. Set the CH 1 VOLTS/DIV switch to 5 mV. 

h. CHECK-The baseline of the display is within 2 divi­
sions of the ground reference set above (discount trace 
width). 

i. Set the CH 1 Input Coupling to 1 MO DC. 

j. CHECK-Display amplitude is 3.6 to 4.4 divisions (dis­
count trace width). 

k. Disconnect the signal from the CH 2 input connector. 

I. Set the CH 1 and CH 2 Input Coupling to 50 0 DC. 

m. Press and release the BW LIMIT button to tum the 
function off. 

.... 



n. Connect a 50 kHz signal from the Leveled Sine-Wave 
Generator to the CH 2 input connector via a precision 50 n 
BNC cable and a 10X attenuator. 

o. Set the CH 1 VOLTS/DIV switch to 2 mY. 

p. Adjust the generator output level to produce a 
6-division CH 1 display. 

q. Increase the generator frequency to 50 MHz. 

r. CHECK-Display amplitude is 4.24 divisions or 
greater. 

s. If the following step (step 10) is to be performed, skip 
part t below. 

t. Disconnect the test setup. 

10. Check BW LIMIT Operation. 

a. Set: 

VERTICAL MODE 
CH 1 
CH 2 
BW LIMIT 

Off (button out) 
On (button in) 
On (button in) 
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A and B SEC/DIV 

VOLTS/DIV 
CH 2 

50 J,ts (knobs locked) 

10mV 

b. Connect the Leveled Sine-Wave Generator output to 
the CH 1 OR X input connector via a precision 50 n BNC 
cable. 

c. Set the generator frequency to 50 kHz and adjust the 
output level for a 6-division display on the crt. 

d. Gradually increase the generator output frequency 
until: the display amplitude decreases to 4.24 divisions. 

e. CHECK-Generator frequency is between 13 MHz to 
24 MHz. 

f. Turn BW LIMIT off (button out). 

g. Disconnect the test setup. 

4-13 



Performance Check-2445 Service 

TRIGGERING 

Equipment Required (see Table 4-1) 

Leveled Sine-Wave Generator (Item 2) 
Function Generator (Item 4) 
10X Probe (supplied with 2445) (Item 6) 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

Set: 

VERTICAL MODE 
CH 1 and CH 2 On (buttons in) 
CH 3, CH 4, ADD and 
INVERT Off (buttons out) 
CHOP/ALT ALT (button out) 
20 MHz BW LIMIT Off (button out) 

VOLTS/DIV 
CH 1 0.1 V 
CH 2 0.5 V 
CH 1 and CH 2 VAR In detent 
CH 3 and CH 4 0.5 V (buttons in) 

Input Coupling 
CH 1 1 Mil DC 
CH 2 50n DC 

A and B SEC/DIV 2 p.S (knobs locked) 

A and B SEC/DIV VAR In detent 

X10 MAG Off (button out) 

M and fN Off (press and release 
until associated readout 
is off) 

TRACKING Off (button out) 

TRACE SEP Fully CW 

TRIGGER 
HOLDOFF B ENDS A (fully CW) 
LEVEL Midrange 
SLOPE + (plus) 
MODE AUTO LVL 
SOURCE VERT 
COUPLING DC 
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Precision 50 n BNC Cable (Item 8) 
50 n BNC Cable (2 required) (Item 9) 
Dual-Input Coupler (2 required) (Item 10) 
50 il BNC Termination (2 required) (Item 11) 

1. Check A and B Triggers. 

NOTE 

The Trigger Level Readout Accuracies are checked in 
the Vertical Performance Checks. 

a. Refer to Table 4-4 to determine what the A Trigger 
requirements are and at what frequencies various checks 
are made. 

b. Using a 50 n BNC cable, connect one of the following 
test generators to the CH 1 input connector. Select the gen­
erator that produces the proper frequency range for the 
conditions being tested as called out in Tables 4-4 and 4-5. 
When using the Leveled Sine-Wave Generator, the output 
must be terminated into 50 il (either the 50 12 input coupling 
or a 50 n termination may be used). 

1. Function Generator (30 kHz and 80 kHz) 

2. Leveled Sine-Wave Generator (50 MHz to 250 MHz) 

NOTE 

To obtain signal amplitudes less than 1 divisiOn, first 
set the signal for either 4, 5, or 10 times the specified 
amplitude; then reduce the amplitude by a factor of 4, 
5, or 10 by increasing the VOLTS/OIV settings as 
necessary. 

c. For each combination listed in the table, set the gener­
ator Test Frequency and the 2445 TRIGGER COUPLING as 
indicated, performing the following steps to verify the Trig­
gering levels in each setup. 
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d. Set the VOLTS/DIV switch and the generator output 
level to obtain the test signal amplitude indicated for the 
particular combination being tested. 

e. Set the SEC/DIV switch and the Xl0 MAG switch to 
obtain a well-defined display of the test signal. 

NOTE 

Normally, unless trigger sensitivity is vety close to the 
specified limits, it is sufficient to check each of the 
indicated frequency-coupling combinations listed in 
the table in Channel 1 only; checks for Channels 2, 3 
and 4 need only be done in DC COUPLING (to verify 
signal path). 

f. CHECK-For a stably triggered display (unless other­
wise indicated) for each of the Test Frequency-TRIGGER 
COUPLING combinations listed in Table 4-4. When testing 
the 250 MHz triggering, check that trigger jitter is < 50 ps 
(0.05 division at 10 ns/div with X10 MAG). 

Table 4-4 
CH 1 or CH 2 Triggering Conditions 

Test Minimum Vertical Display Levels at Which 
Fre- Triggering Should Occur 

quency 
TRIGGER COUPLING 

DC NOISE HFREJ LFREJ AC 
REJ 

60 Hz a a a No 0.35Div 
Trigger, 
Freeruns 

30 kHz a a 0.5Div a a 

80 kHz a a a 0.5Div a 

50 MHz 0.35Div 1.2Div No Trigger, 0.5Div 0.35 Div 
Freeruns 
at 1.2 Div 

250 MHz 1.0Div 3.0Div No Trigger, 1.0Div 1.0Div 
(trigger Freeruns 

jitter at 3.0 Div 
< 50 ps) 

eNot necessary to check • 

g. Press in the ADD button to select the function and 
press and release the CH 1 button to tum off the CH 1 
display. 
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h. Repeat the DC TRIGGER COUPLING tests of Table 
4-4 while in the ADD mode. 

i. Move the 50 MHz and 250 MHz signals to the CH 2 
input connector and repeat the DC TRIGGER COUPLING 
tests of Table 4-4 while in ADD mode. 

j. Press the CH 2 button in to select the channel and 
press and release the ADD button to tum off the ADD 
display. 

k. Repeat the DC TRIGGER COUPLING tests of Table 
4-4 while in CH 2 mode. 

I. If trigger sensitivity is close to the specified limits given 
in steps c through k above, test all of the frequency-coupling 
combinations given in Table 4-4 for CH 2. 

m. Move the test signal to CH 3 and CH 4 in tum and 
repeat parts c through f using Table 4-5. 

Table 4-5 
CH 3 or CH 4 Triggering Conditions 

Test Minimum Vertical Display Levels at Which 
Fre- Triggering Should Occur 

quency 
TRIGGER COUPLING 

DC NOISE HFREJ LFREJ 
REJ 

60Hz a a a No 
Trigger, 
Freeruns 

30 kHz a a 0.25 Diy a 

80kHz a a a 0.25Div 

50 MHz 0.18Div 0.6Div No Trigger, 0.25 Diy 
Freeruns 
at 0.6 Div 

250 MHz 0.5Div 1.5 Div No Trigger, 0.5Div 
(trigger Freeruns 

jitter at 1.5 Div 
< 50 ps) 

-Not necessary to check. 

n. Set: 

TRIGGER 
MODE 
LEVEL 

AUTO 
Fully clockwise 

AC 

0.18Div 

a 

a 

0.18 Diy 

0.5 Diy 

4-15 
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o. Pull the B SEC/DIV knob out and set it 1 switch set­
ting (CW) faster than the A SEC/DIV setting. then push the 
B SEC/DIV knob back in. 

p. Verify that the crt readout displays DlY and not At. If 
At is displayed. press the At button in and release it to select 
the DlY function. When DlY is displayed. rotate the .iREF 
OR DlY POS control CCW until the readout display indi­
cates zero delay. (The display will indicate DlY? which is 
normal.) 

q. Press the A/B TRIG button to select the B TRIGGER. 

r. Set B TRIGGER MODE to TRIG AFT DlY and adjust 
TRIGGER lEVEL for a stable signal display. 

s. Repeat parts a through m for B TRIGGER. changing 
the A and B SEC/DIV and X1 0 MAG switches as required to 
maintain a well-defined display. 

t. Disconnect the test setup. 

2. Check Composite Triggering. 

a. Set: 

VERTICAL MODE 
CH 1. CH 2. CH 3. 
and CH 4 
ADD 
CHOP/AlT 

Input Coupling 
CH 1 
CH 2 

TRIGGER 
NBTRIG 
MODE 
SOURCE 
COUPLING 

A and B SEC/DIV 

On (buttons in) 
Off (button out) 
AlT (button out) 

500 DC 
1 MODC 

A 
NORM 
VERT 
DC 

10 ~s 

b. Connect the Function Generator to the CH 1 and 
CH 2 inputs via a 500 BNC cable and a Dual-Input Coupler. 

c. Set the Function Generator for a 50 kHz. 1.35-division 
display for CH 1 and CH 2. 
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d. Connect the leveled Sine-Wave Generator to the 
CH 3 and CH 4 input connectors using a 50 0 BNC cable. a 
500 termination and a Dual-Input Coupler. 

e. Set the generator output level for a 50 kHz. 0.7-
division display for CH 3 and CH 4. 

f. CHECK-Display will trigger as the TRIGGER lEVEL 
control is rotated through its range. 

g. Pull the B SEC/DIV knob out. rotate it to 5 ~s. and 
push it back in. 

h. Press the A/B TRIG button and set the B TRIGGER 
MODE to TRIG AFT DlY. 

i. Rotate the .iREF OR DlY POS control CCW until the 
delay readout indicates DlY? 0.00 ~s. 

j. CHECK-Display will trigger as the TRIGGER lEVEL 
control is rotated through its range. 

k. Rotate the B SEC/DIV knob back to 10 ,.,.s (knobs .~. -
locked). 

I. Disconnect the test setup. 

3. Check Trigger Noise Rejection-All Channels. 

a. Set: 

VERTICAL MODE 
CH 1 

Input Coupling 
CH 1 and CH 2 

VOlTS/DIV 
CH 1 
CH 2 
CH3andCH4 

A and B SEC/DIV 

TRIGGER 
MODE 
SOURCE 

On (button in) 

1 MODC 

10mV 
0.1 V 
0.1 V (buttons out) 

10 ,.,.s (knobs locked) 

AUTO lVl 
VERT 

-



b. Connect the Function Generator to the CH 1 input via 
a 50 Q BNC cable, a 50 Q termination, and a 10X attenuator. 

c. Set the Function Generator output frequency and 
level for a 50-kHz, 4-division display. 

d. Set the CH 1 VOLTS/DIV switch to 0.1 V. 

e. Set the TRIGGER COUPLING switch to NOISE REJ. 

f. CHECK-Display wi!! not trigger (freeruns). 

g. Pull the B SEC/DIV knob out, rotate it to 5 p'S and 
push it back in. 

h. Press the A/B TRIG button to select the B TRIGGER. 

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

j. CHECK-Display will not trigger for any setting of the 
LEVEL control. 

k. Rotate the B SEC/DIV switch back to 10 ILS (knobs 
locked). 

I. Move the input signal to CH 2, CH 3, and CH 4 in turn, 
selecting each channel as the display source. Repeat parts f 
through k for each channel. 

REV OCT 1983 
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4. Check Slope Selection and Verify line Trigger. 

a. Set: 

A and B SEC/DIV 

X10 MAG 

TRiGGER 
MODE 
SOURCE 
COUPLING 

VOLTS/DIV 
CH 1 

Input Coupling 
CH 1 

2 ms (knobs locked) 

Off (button out) 

AUTO 
LINE 
AC 

5V 

1 Mn DC 

In the next part, DO NOT connect the probe ground 
lead to the ac power source. 

b. Attach the 10X probe to the CH 1 OR X input connec­
tor and connect the probe tip to the ac power source. 

c. CHECK-Display can be triggered in both the 
+ (plus) and - (minus) positions of the SLOPE switch 
using the TRIGGER LEVEL control and that the displayed 
slope agrees with the selected slope. 

d. CHECK-Display phase shifts slightly as the TRIG­
GER COUPLING switch is changed from AC to DC. 

e. Disconnect the test setup. 
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HORIZONTAL 

Equipment Required (see Table 4-1) 

Leveled Sine-Wave Generator (Item 2) 
Calibration Generator (Item 3) 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

Set: 

VERTICAL MODE 
CH 1 
CH 2, CH 3, CH 4, 
ADD, and INVERT 
CHOP/ALT 
20 MHz BW LIMIT 

VOLTS/DIV 
CH 1 
CH 1 VAR 
CH 3 and CH 4 

Input Coupling 
CH 1 

A and B SEC/DIV 

A and B SEC/DIV VAR 

X10 MAG 

AV and At 

TRACKING 

TRACE SEP 

TRIGGER 
HOLDOFF 
LEVEL 
SLOPE 
MODE 
SOURCE 
COUPLING 

On (button in) 

Off (buttons out) 
ALT (button out) 
Off (button out) 

0.5 V 
In detent 
0.1 V (buttons out) 

sou DC 

200 ns (knobs locked) 

In detent 

Off (button out) 

Off (press and release 
until associated readout 
is off) 

Off (button out) 

Fully CW 

B ENDS A 
Midrange 
+ (plus) 
AUTO LVL 
VERT 
DC 

1. Check Horizontal Display Modes (A, A INTEN, 
ALT. and B). 

8. Use a 50 U BNC cable to connect 200 ns time mark­
ers from the Time-Mark Generator to the CH 1 OR X input 
connector. 
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Time-Mark Generator (Item 5) 
Precision 50 U BNC Cable (Item 8) 

b. Adjust the TRIGGER LEVEL control as necessary for 
a stable signal display. 

c. Pull the B SEC/DIV knob out and set the B TRIGGER 
MODE to RUN AFT DLY. 

d. Set the AREF OR DLY control for a DLY readout of 
approx 1000 ns. 

e. VERIFY -An intensified zone appears on the dis­
played signal near graticule center. 

f. Rotate the AREF OR DLY POS control to center the 
intensified zone on one of the time markers near graticule 
center. 

g. Set the B SEC/DIV control to 50 ns (knob out). 

h. Rotate the TRACE SEP control CCW to separate the 
the A and B sweep displays. 

i. CHECK-The B sweep is displayed with the A sweep. 

j. Push the B SEC/DIV knob in. 

k. CHECK-Only the B sweep is displayed. 

2. Check A and B Timing, A Cursor Accuracies, 
and A Cursor Range. 

a. Set: 

A and B SEC/DIV 

TRACE SEP 

At 

5 ns (knobs locked) 

Fully CW 

On (press and release 
for At display) 



b. Select 5 ns time markers from the Time-Mark Genera­
tor and adjust the TRIGGER LEVEL control for a stable 
display. 

c. Use the Horizontal POSITION control to align the 2nd 
time marker with the 2nd verticalgraticule line (2nd from the 
left edge of the display). 

NOTE 

The 2 ns and the 5 ns time markers are sinusodial. 
Use either the rising or falling zero-crossings as align­
ment points. 

d. Align the .lREF cursor with the 2nd time marker and 
align the A cursor with the 10th time marker. 

e. CHECK-The A Sweep timing and cursor readout 
accuracies are within the limits given in Tables 4-6 and 4-7. 
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NOTE 

If the 2nd and 10th time markers are within ± 0.06 
division of the 2nd and 10th vertical graticule fines for 
unmagnified sweeps and within ± O. 1 division for 
magnified sweeps, the sweep timing accuracy is con­
servatively within limits. When the timing accuracy is 
checked at each sweep speed, note any SEC/OIV set­
ting at which the timing error exceeds the 0.6-division 
limit. Check these sweep speeds against the major­
division time-interval limits given in Table 4-7. 

NOTE 

For A and B SECIOIV switch settings of 10 ns, the 
time-marker period is greater than 1 division when the 
sweep is magnified. At 1 ns per division, 1 ns per divi­
sion (SECIOIV setting of 10 ns with X10 MAG), check 
for 4 cycles between the 2nd and 10th vertical grati­
cute lines (± O. 1 division). 

f. Repeat parts c, d, and e for each A SEC/DIV-time 
marker combination given in Table 4-6 for both unmagnified 
and magnified sweeps. 
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A and B SECI 
DIV Switch 

Time 
Markers 

10 ns 10 ns 

20 ns 20 ns 

50 ns 50 ns 

0.1 I-lS 0.1 {J.S 

0.2/.Ls 0.2 J.tS 

0.5 f.tS 0.5 J.tS 

1 J.lS 1 {J.S 

2 liS 2 liS 

5 f.tS 5fts 

10 itS 10 J.lS 

20 jJ.S 20 jJ.S 

50 I-lS 50 jJ.S 

0.1 ms 0.1 ms 

0.2 ms 0.2 ms 

0.5 ms 0.5 ms 

1 ms 1 ms 

2 ms 2 ms 

5 ms 5 ms 

10 ms 10 ms 

20ms 20 ms 

50 ms 50 ms 

A SEC/DIV ONLY 

0.1 s 0.1 s 

0.2 s 0.2 s 

0.5 s 0.5 s 
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Table 4-6 
Settings for A and B Timing Accuracy Checks 

and A Cursor Accuracy Limits 

Unmagnified 

limits of At Cursor Time 
Readout Markers 

79.30 ns to 80.70 ns 2 ns 
2 Div/cycle 

158.60 ns to 161.40 ns 2 ns 

396.5 ns to 403.5 ns 5 ns 

793.0 ns to 807.0 J.lS 10 ns 

1586.0 ns to 1614.0 ns 20 ns 

3965 ns to 4035 ns 50 ns 

7.930 J.lS to 8.070 liS 0.1 I-lS 

15.860 I-lS to 16.140 f.tS 0.2 liS 

39.65 liS to 40.35 ftS 0.5fts 

79.30 J.lS to S0.70 J.lS 1 jJ.S 

158.60 liS to 161.40 liS 2 J.lS 

396.5 {J.S to 403.5 {J.S 5 {J.S 

793.0 f.tS to 807.0}.ls 10 {J.S 

1586.0 jJ.S to 1614.0 itS 20 I-lS 

3965 jJ.S to 4035 jJ.S 50 jJ.S 

7.930 ms to 8.070 ms 0.1 ms 

15.S60 ms to 16.140 ms 0.2 ms 

39.65 ms to 40.35 ms 0.5 ms 

79.30 ms to 80.70 ms 1 ms 

158.60 ms to 161.40 ms 2 ms 

396.5 ms to 403.5 ms 5 ms 

X10 

Limits of At Cursor 
Readout 

7.89 ns to 8.11 ns 
(4 cycles) 

15.78 ns to 16.22 ns 

39.45 ns to 40.55 ns 

78.90 ns to 81.10 ns 

157.80 ns to 162.20 ns 

394.5 ns to 405.5 ns 

789.0 ns to 811.0 ns 

1578.0 os to 1622.0 ns 

3945 ns to 4055 os 

7.890 f.tS to 8.110 /LS 

15.780 jJ.S to 16.220 J.lS 

39.45 f.tS to 40.55 I-lS 

78.90 jJ.S to 81.10 jJ.S 

157.80 jJ.S to 162.20 jJ.S 

394.5 jJ.S to 405.5 /-lS 

789.0 jJ.S to 811.0 J.LS 

1578.0 J.LS to 1622.0 jJ.S 

3945 I-lS to 4055 itS 

7.890 ms to 8.110 ms 

15.780 ms to 16.220 ms 

39.45 ms to 40.55 ms 

(8 Sweep does not have these sweep speeds) 

793.0 ms to 807.0 ms 10 ms 78.90 ms to 81.10 ms 

1578.0 ms to 1622.0 ms 20ms 157.00 ms to 163.00 ms 

3945 ms to 4055 ms 50 ms 392.5 ms to 407.5 ms 
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Table 4-7 
Horizontal Timing Accuracy Checked Against the Graticule 

OYer Any 

1 Div 2 Div 3 Diy 

Time-marker Accuracy ± 0.07 ± 0.07 ± 0.08 
(X10 MAG off) Should Be Div Div Div 

or 
(with X10 MAG on) ± 0.07 ± 0.08 ± 0.1 

Diy Div Div 

As Measured Against These 1-2 1-3 1-4 
Time-Marker Pairs 

2-3 2-4 2-5 

3-4 3-5 3-6 

4-5 4-6 4-7 

5-6 5-7 5-8 

6-7 6-8 6-9 

7-8 7-9 7-10 

8-9 8-10 8-11 

9-10 9-11 

10-11 

g. Rotate the aREF OR DLY POS control CCW until the 
cursor stops moving. 

h. CHECK-aREF cursor aligns with the 1 st graticu!e 
line within ± 0.2 division. 

i. Rotate the a control CW until the cursor stops moving. 

j. CHECK-a cursor aligns with the 11 th gratlcule line 
within ± 0.2 division. 

k. Set the A and B SEC/DIV switches to 10 ns. 

I. Rotate the aREF OR DLY and the a controls to pre­
cisely superimpose the cursors near the 2nd graticule line. 

m. CHECK-at readout indicates a difference of 0.30 ns 
or less. 

n. Rotate the aREF OR DLY and the a controls to pre­
cisely superimpose the cursors near the 10th graticule line. 

4 Diy 5 Diy 6 Diy 7 Diy 8 Diy 9 Diy 10 Div 

± 0.09 ± 0.10 ± 0.10 ± 0.11 ± 0.12 ± 0.12 ± 0.13 
Div Div Diy Div Div Diy Diy 

± 0.11 ± 0.12 ± 0.13 ± 0.14 ± 0.16 ± 0.17 ± 0.18 
Div Div Div Div Div Div Div 

1-5 1-6 1-7 1-8 1-9 1-10 1-11 

2-6 2-7 2-8 2-9 2-10 2-11 

3-7 3-8 3-9 3-10 3-11 

4-8 4-9 4-10 4-11 

5-9 5-10 5-11 

6-10 6-11 

7-11 

o. CHECK-at readout indicates a difference of 0.30 ns 
or less. 

p. Set: 

B SEC/DIV 

B TRIGGER 
MODE 

X10 MAG 

at 

aREF OR DLY pas 

10 ns (knob in) 

RUN AFT DLY 

Off (button out) 

Off (OLY) 

Set for zero delay 

q. CHECK-The B sweep timing accuracy as in parts b 
through f, making sure that the A SEC/DIV switch is set 
slower than the B SEC/DIV switCh. Disregard the cursor 
accuracy data. 

3. Check Delta Time Accuracy using the Delayed 
Sweep. 

a. Set: 

A SEC/DIV 

B SEC/DIV 

tM: II !ill 

20 ns 

10 os (knob in) 
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X10 MAG 

At 

TRIGGER 
MODE 
SOURCE 
COUPLING 
SLOPE 
LEVEL 

BTRIG MODE 

On (button in) 

Off (DL Y readout) 

AUTO LVL 
VERT 
DC 
+ (plus) 
As required for a stable 
display 

RUN AFT DLY 

NOTE 

Certain time marks from the TG 501 (and other 
Time-Mark Generators) will vary in width and may be 
displace in time. This will happen in a repeatable se­
quence and is caused by the loading and interaction of 
the 2, 5, and 10 dividers. This is most noticable with 
10 ns, 20 ns, and 50 ns markers. The following pr0ce­
dure will use the above markers to set up the proper 
references but the 5 ns markers will be used to make 
the actual measurement. Close inspection of apparent 
jitter or mistrigger of the time marks will show the 
trigger point to be stable with the apparent jitter to be 
variable with unique combinations of trigger holdoff 
and sweep speed. This is normal behavior with this 
type of Signal and is not an instrument defect. 

It is not necessary to count the number of marks 
given in the tables. Switching to 10 ns, 20 ns, or 50 ns 
markers as required and then to 5 ns will show the 
proper 5 ns mark to be used. 

b. Set the Time-Mark Generator for 20 ns markers. Ad­
just the Vertical VOLTS/DIVas required for a display of 3 to 
6 divisions. 

c. Adjust the a REF OR DLY POS control for a readout 
display of DLY 21.25 ns. 

d. Adjust the Horizontal POSITION control CCW until 
the cursor stops moving, then CW to display the leading 
edge of the 2nd time marker near the graticule center. This 
becomes the reference point for the following procedure. 
Set the Time-Mark Generator to 5 ns and adjust the Vertical 
VOLTS/DIV and Trigger LEVEL as required. 

e. Press and release the At button to obtain the At dis­
play and rotate the A control for a readout display of At 
-20.0 ns. If the time marks are not superimposed, adjust 
the A control to do so. 
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f. CHECK-At readout is within the limits listed in Table 
4-8 for the 1 st 5 ns time marker; then check that the 4th 
through 36th time markers are within the given limits as the 
A control is rotated CW to superimpose each successive 
time marker on the reference time marker. 

Table 4-8 
Delta Time Display Accuracy 

Time-
Marker Marker 
Period Super-
and A BSEC/ imposed 

SEC/DIV DIV using the 
Switch Switch a (Delta) Delta Time Readout 
Setting Setting Control Accuracy Limits 

20 ns 1 ns8 1st -19.25 ns to 20.25 ns 
4th -0.20 ns to 0.20 ns 
8th 19.25 ns to 20.25 ns 

12th 39.70 ns to 40.30 ns 
16th 59.60 ns to 60.40 ns 
20th 79.55 ns to 80.45 ns 
24th 99.50 ns to 100.50 ns 
28th 119.45 ns to 120.55 ns 
32nd 139.40 ns to 140.60 ns 
36th 159.30 ns to 160.70 ns 

50 ns 1 ns8 1st -49.3 ns to -50.7 ns 
20th 49.3 ns to 50.7 ns 
90th 398.3 ns to 401.70 ns 

-10 ns with X10 MAG on (button in). 

g. Set: 

A SEC/DIV 

at 

50 ns 

Off (DLY readout) 

h. Set the Time-Mark Generator for 50 ns time markers 
and adjust the AREF OR DLY POS control for a readout 
display of 53.2 ns. 

i. Position the leading edge of the 1 st time marker near 
graticule center using the Horizontal POSITION control. Set 
the Time-Mark Generator to 5 ns and adjust the Vertical 
VOLTS/DIV and Trigger LEVEL as required. 

j. Press and release the at button to obtain a At display 
and adjust the a control for a readout display of At 
-50.00 ns. If the time markers are not superimposed, ad­
just the A control to do so. 
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k. CHECK-At readout is within the limits listed in Table 
4-8 for the 1 st 5 ns time marker; then check that the 30th 
and l00th time markers are within the given limits as the 
A control is rotated CW to superimpose each time marker 
on the reference time marker. 

I. Set: 

TRACKING/INDEP 

A SEC/DIV 

B SEC/DIV 

Xl0 MAG 

TRACKING (button in) 

0.1 #LS 

10 ns (knob out) 

On (button in) 

m. Select 0.1 itS time markers from the Time-Mark 
Generator. 

n. Adjust the A and AREF OR DlY POS controls for a At 
readout display of At 800.0 ns. 

o. Adjust the Horizontal POSITION control to align the 
leading edge of the 2nd time marker on the A sweep with 
the 2nd vertical graticule line. 

p. Rotate the TRACE SEP control CCW to separate the 
traces. 

q. Adjust the AREF OR DlY POS control to intensify the 
2nd and 10th time markers (of the A sweep) and display the 
leading edges of the displayed B sweep time markers in the 
center area of the graticule. 

r. VERIFY-The horizontal distance between the lead­
ing edges of the B sweep time markers is within the conser­
vative guideline listed in Table 4-09. If this guideline is met, 
accuracy between each marker is ensured, and the follow­
ing CHECK step need not be performed. 

s. CHECK-The horizontal distance between the lead­
ing edges of the B sweep time markers is within the speci­
fied limits given in Table 4-09. The limit given is for separation 
between the 2nd and 10th marker; however, separation be­
tween the 2nd marker and each· suceeding marker should 
also be checked, calculating the limits from the specification 
as listed at the top of the table. 

t. Repeat part r (and s if necessary) for each combina­
tion of A SEC/DIV, B SEC/DIV, and Xl0 MAG settings 
listed in Table 4-09. The At readout should be set to indicate 
eight times the A SEC/DIV setting. At the slowest sweep 
speeds, the B SEC/DIV knob will need to be pushed in 
(B Sweep only) to increase the display repetition rate. 

4. Check Delay Jitter. 

a. Set: 

TRACKING 

A SEC/DIV 

B SEC/DIV 

Off (button out) 

1 ms 

0.5 itS (knob out) 

b. Select 1 ms time markers from the Time-Mark 
Generator. 
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c. Align the intensified zones with the 10th time marker 
using the AREF OR DlY POS and A controls. Superimpose 
the zones to obtain a At readout display of 0.000 ms. 

d. Push in the B SEC/DIV knob and adjust TRACE SEP 
to separate the traces. 

e. CHECK-For 0.8 division or less of horizontal jitter on 
the rising edge of both time markers. 

Table 4-9 
Delayed Sweep Delta Time Accuracy 

A SEC/DIY B SEC/DIY Displayed Separation of 
and Time as Displayed Delayed Time Markers 
Markers on Readout (for 2nd and 10th markers) 

Conservative Specified 
Guideline Umit: 
(divisions) (±0.3% time) 

interval 
+0.1% of 
full scale 

(divisions) 

0.1 itS 1 ns8 2.4 3.4 
0.2 #LS 2 ns8 2.4 3.4 
0.5 itS 5 nsb 2.4 3.4 
1 itS 10 ns 2.4 3.4 
2#LS 20 ns 2.4 3.4 
5#LS 50ns 2.4 3.4 

10 #LS 100 ns 2.4 3.4 
20 itS 200 ns 2.4 3.4 
50 itS 500 ns 2.4 3.4 

0.1 ms 1 itS 2.4 3.4 
0.2ms 2 itS 2.4 3.4 
0.5ms 5 itS 2.4 3.4 
1 ms 10 #LS 2.4 3.4 
2ms 20 itS 2.4 3.4 
5ms 50 #LS 2.4 3.4 
10ms 100 #LS 2.4 3.4 
20ms 200 #LS 2.4 3.4 
50ms 500 #LS 2.4 3.4 
0.1 s 1 ms 2.4 3.4 
0.2 s 2ms 6.4 7.4 
0.5 s 5ms 6.4 7.4 

• X10 MAG On (button in). 

b For remainder of Table, tum X10 MAG off. 

5. Check A and B SEC/DIV VAR Range and 
Accuracy. 

a. Set: 

A and B SEC/DIV 

A and B SEC/DIV VAR 

10 itS (knobs locked) 

In detent 
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At Off (press and release 
to eliminate At 
readout) 

b. Select 10 J.LS time markers from the Time-Mark Gen­
erator and adjust the Time-Mark Generator variable timing 
control for exactly 1 time marker per division. Note the vari­
able timing % error on the Time-Mark Generator. 

c. Adjust the SEC/DIV VAR control for a sweep-speed 
readout (on bottom line) of 20 f.LS and adjust the Time-Mark 
Generator variable timing control for exactly 2 time markers 
per division. 

d. CHECK-The Time-Mark Generator variable timing 
"/,, of error has changed 2% or less from the reading noted in 
part b. 

e. Adjust the SEC/DIV VAR control fully CCW. 

f. CHECK-Sweep speed readout displays 30.0 J.LS. 

g. Set the Time-Mark Generator variable timing control 
for exactly 3 time markers per division. 

h. CHECK-The Time-Mark Generator variable timing 
% of error has changed 2% or less from the reading noted in 
part b. 

i. Set: 

A SEC/DIV 50 IlS 

B SEC/DIV 10 J.LS (knob in) 

SEC/DIV VAR CW (in detent) 

At Off (DLY readout) 

AREF OR DLY POS Zero delay 

B TRIGGER 
MODE RUN AFT DLY 

1. Repeat parts b through h for the B Sweep. 

k. Rotate the SEC/DIV VAR control CW to the detent 
position and disconnect the test setup. 
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6. Check X-Axis Gain. 

a. Set: 

VERTICAL MODE 
CH 2 
CH 1, CH 3, CH 4, 
ADD, and BW LIMIT 

A and B SEC/DIV 

VOLTS/DIV 
CH 1 and CH 2 

Input Coupling 
CH 1 
CH 2 

On (button in) 

Off (buttons out) 

X-Y (knobs locked) 

10 mV 

1 MnDC 
1 Mn GND 

b. Connect a 50 mV standard-amplitude Signal from the 
Calibration Generator to the CH 1 OR X input connector via 
a 50 n BNC cable. 

c. CHECK-Signal display amplitude is 4.9 to 5.1 hori­
zontal divisions. 

d. Disconnect the test setup. 

7. Check X-Axis Bandwidth. 

a. Set the CH 1 Input Coupling to 50 n DC. 

b. Connect a 50 kHz signal from the Leveled Sine-Wave 
Generator to the CH 1 OR X input connector via a precision 
50 n BNC cable. 

c. Set the generator output for a 6-division horizontal 
display. 

d. Change the generator frequency to 3 MHz. 

e. CHECK-Signal display is ;;... 4.2 horizontal divisions. 

8. Check X-Y Phase Differential. 

a. Set the Leveled Sine-Wave Generator for a 1 MHz, 6-
division horizontal display. 

b. Press and release the CH 2 VERTICAL MODE switch 
( CH 2 off ). CH 1 displays automatically. 
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c. Use the CH 1 VERTICAL POSITION control to verti­
cally center the display on the graticule. 

d. CHECK-Elipse opening is 0.1 division or less, mea­
sured horizontally. 

e. Press in the CH 2 VERTICAL MODE switch (CH 2 
on). 

f. Set the generator for a 2 MHz, 6-division horizontal 
display. 

g. Press and release the CH 2 VERTICAL MODE switch 
(CH 2 off). 

h. CHECK-Elipse opening is 0.3 division or less, mea­
sured hOrizontally. 

i. Press in the CH 2 VERTICAL MODE switch (CH 2 on). 

REV DEC 1983 

Performance Check-2445 Service 

9. Check X-Axis Low-Frequency Linearity. 

a. Set the Leveled Sine-Wave Generator and the CH 1 
POSITION control for a 50 kHz, 2-division horizontal display 
centered on the graticule. 

b. Use the CH 1 POSITION control to align the left edge 
of the signal with the left side vertical graticule line. 

c. CHECK-Signal display is 1.8 to 2.2 divisions, mea­
sured hOrizontally. 

d. Use the CH 1 POSITION control to position the right 
edge of the signal on the right side vertical graticule line. 

e. CHECK-Signal display is 1.8 to 2.2 divisions, mea­
sured horizontally. 

f. Disconnect the test setup. 
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CALIBRATOR, EXTERNAL Z-AXIS AND GATE OUTPUTS 

Equipment Required (see Table 4-1) 

Calibration Generator (Item 3) 
Time-Mark Generator (Item 5) 
Oscilloscope with lOX Probe (Item 6) 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

Set: 

VERTICAL MODE 
CH 1 and CH 2 
CH 3, CH 4, ADD, 
and INVERT 
CHOP/ALT 
20 MHz BW LIMIT 

VOLTS/DIV 
CH 1 and CH 2 
CH 1 and CH 2 VAR 

Input Coupling 
CH 1 
CH 2 

A and B SEC/DIV 

A and B SEC/DIV VAR 

Xl0 MAG 

!:N and Dot 

TRIGGER 
HOLDOFF 
LEVEL 
SLOPE 
MODE 
SOURCE 
COUPLING 

On (buttons in) 

Off (buttons out) 
CHOP (button in) 
Off (button out) 

0.1 V 
In detent 

1 Mn DC 
50n DC 

1 ms (knobs locked) 

In detent 

Off (button out) 

Off (press and release 
until associated 
readout is off) 

B ENDS A (fully CW) 
Midrange 
+ (plus) 
AUTO LVL 
CH 1 
DC 

1. Check CALIBRATOR Repetition Rate. 

NOTE 

Refer to the Adjustment Procedure to check the accu­
racy of the CALIBRATOR output levels. 
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50 n BNC T-Connector (Item 7) 
50 ~2 BNC Cables (2 required) (Item 9) 

a. Connect a 10X probe from the CALIBRATOR termi­
nal to the CH 1 OR X input connector. 

b. Connect 1 ms time markers from the Time-Mark Gen· 
erator to the CH 2 input connector via a 50 n BNC cable. 

c. Adjust the CH 2 VOLTS/DIV switch for several divi­
sions of marker display_ 

d. CHECK-Horizontal drift for any time marker is 1 divi­
sion or less per second (10 seconds or more for 1 marker to 
drift 10 horizontal divisions). 

e. Set the CH 2 VERTICAL MODE switch to Off (button 
out). 

f. CHECK-1 cycle is displayed per 2 horizontal divi­
sions for each position of the A SEC/DIV switch from 0.1 s 
to 0.1 JLs. 

g. Disconnect the test setup. 

2. Check External Z-Axis Operation. 

a. Set: 

INTENSITY Fully clockwise 

A and B SEC/DIV 1 ms 

VOLTS/DIV 
CH 1 0.5 V 

b. Connect a 1 kHz, 2 V standard-amplitude signal from 
the Calibration Generator to the CH 1 OR X input connector 
and the rear-panel EXT Z-AXIS input connector using a 50 n 
BNC T-Connector and two 50 n BNC cables. 



c. CHECK-The positive portion of the 4-division signal 
display is blanked out. 

d. Disconnect the test setup and adjust the crt INTENSI­
TY as desired. 

3. Check A and B GATE Outputs and Verify 
TRIGGER HOLDOFF. 

a. Set: 

A SEC/DIV 

B SEC/DIV 

At 

AREF OR DLY pas 

TRIGGER 
MODE 
HOLDOFF 

100 p,s 

50 ~s (knob in) 

Off (DLY readout) 

Zero DLY readout 

AUTO 
Minimum (CCW) 

b. Connect a test oscilloscope to the A GATE OUT con­
nector (located on the 2445 rear panel) via a 50 n BNC 
cable. 

c. CHECK-Test oscilloscope displays a signal with a 
high level between 2.4 V and 5 V and a low level between 
OV and 0.4 V. 

Performance Check-2445 Service 

d. VERIFY -Duration of the high level is between 1 ms 
and 1.2 ms. 

e. VERIFY-Duration of the low level is between 80 J.lS 

and 150 f.ts. 

f. VERIFY -Duration of the low level increases to at 
least 10 times the time measured in part e when the 2445 
HOLDOFF control is rotated to the maximum CW position 
(but not in the detent). 

g. Move the 50 11 BNC cable from the A GATE OUT 
connector to the B GATE OUT connector. 

h. CHECK-Test OSCilloscope displays a signal with a 
high level between 2.4 V and 5 V and a low level between 
OV and 0.4 V. 

i. VERIFY -Duration of the high portion of the signal is 
between 500 J.lS and 600 p,S. 

j. Disconnect the test setup. 
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ADDITIONAL FUNCTIONAL VERIFICATION 

Equipment Required (see Table 4-1) 

10X Probe supplied with Oscilloscope (Item 6) 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

Set: 

VERTICAL MODE 
CH 1, CH 2, CH 3, 
CH 4, ADD, and 
INVERT 
CHOP/AlT 
20 MHz BW LIMIT 

VOLTS/DIV 
CH 1 and CH 2 
CH 1 and CH 2 VAR 
CH 3 and CH 4 

Input Coupling 
CH 1 and CH 2 

A and B SEC/DIV 

A and B SEC/DIV VAR 

X10 MAG 

j.V and j.t 

TRACKING 

TRACE SEP 

TRIGGER 
HOLDOFF 
LEVEL 
SLOPE 
AlB TRIG Select 
MODE 
SOURCE 
COUPLING 

Off (buttons out) 
ALT (button out) 
Off (button out) 

0.1 V 
In detent 
0.1 V (buttons out) 

1 MQ DC 

1 ms (knobs locked) 

In detent 

Off (button out) 

Off (press and release 
until associated 
readout is off) 

Off (button out) 

Fully CW 

B ENDS A (fully CW) 
Midrange 
+ (plus) 
A 
AUTO LVL 
VERT 
DC 

1. Verify ALT, CHOP, and ADD Modes and TRACE 
SEP. 

a. VERIFY-CH 1 trace is visible with no VERTICAL 
MODE buttons selected (all out). 

b. Press the CH 2 VERTICAL MODE button in. 
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C. VERIFY -CH 1 trace is not displayed and the CH 2 
trace is displayed. 

d. Press the CH 1 VERTICAL MODE button in. 

NOTE 

Separate the traces by approximately 1 division using 
the VERTICAL POSITION controls. Do not position 
either trace precisely at graticule center. 

e. VERIFY-Both the CH 1 and the CH 2 traces are 
displayed. 

f. Press in the ADD button. 

g. VERIFY -A third trace (ADD) is displayed. 

h, Press in the CH 3 VERTICAL MODE button. 

i. VERIFY -The CH 3 trace is added to the display. 

j. Press in the CH 4 VERTICAL MODE button. 

k, VERIFY -The CH 4 trace is added to the display. 

I. Set the A and B SEC/DIV controls to 50 ms (knobs 
locked). 

m. VERIFY -5 traces are alternately displayed in the fol­
lowing sequence: CH 1, CH 2, ADD, CH 3, CH 4. 

n, Set the TRIGGER MODE switch to SGL SEQ. 

o. VERIFY-After the current sequence of traces is 
complete, no further traces are displayed. 
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p. Set the TRIGGER SOURCE switch to LINE. 

q. Press down and release the TRIGGER MODE switch. 

r. VERIFY-Each time the TRIGGER MODE switch is 
pressed down and released, the 5 signal traces appear once 
(in sequence), the readout display flashes once and the 
scale illumination flashes on and off. 

s. Set the TRIGGER MODE switch to AUTO LVL and 
press the CHOP button in. 

t. VERIFY -The 5 traces appear to be displayed 
simultaneously. 

u. Set: 

TRIGGER 
SOURCE 

A SEC/DIV 

B SEC/DiV 

CHOP/ALT 

TRACE SEP 

CH4 

20 ItS 

10 ItS (knob out 
and rotated) 

ALT (button out) 

CCW until traces 
are separated 

v. VERIFY-An alternate B sweep trace appears for 
each A sweep trace (10 traces total). 

2. Verify BEAM FIND Operation. 

a. Set: 

A and B SEC/DIV 

VERTICAL MODE 
CH 1 
CH 2, CH 3, 
CH 4 and ADD 

X10 MAG 

Horizontal POSITION 

Vertical POSITION 

1 ms (knobs locked) 

On (button in) 

Off (buttons out) 

On (button in) 

Midrange 

Midrange 

Performance Check-2445 Service 

b. Press and hold the BEAM FIND button in. 

c. VERIFY -The trace is less than 10 divisions long and 
remains in the graticule area as the CH 1 POSITION control 
and the Horizontal POSITION control are rotated through 
their complete ranges. 

d. Release the BEAM FIND button and set the VERTI­
CAL POSITION and Horizontal POSITION controls to 
midrange. 

3. Check Probe Encoding. 

NOTE 

Refer to Ftgure 2-8, Readout Display Locations, for 
the positioning of the readout display information. 

a. Set: 

VOLTS/DIV 
CH 1, CH 2, CH 3, 
and CH 4 0.1 V 

b. Connect the standard accessory lOX probe (encoded) 
to the CH 1 input connector. 

c. CHECK-CH 1 readout changes from 100 mV to 1 V. 

d. Move the probe to CH 2 and repeat part c for that 
channel. 

e. Move the probe to CH 3. 

1. CHECK-Readout changes from 0.1 to 1. 

g. Move the probe to CH 4 and repeat part f for that 
channel. 

h. Disconnect test setup. 
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Section 5-2445 Service 

ADJUSTMENT PROCEDURE 

INTRODUCTION 

IMPORTANT -PLEASE READ BEFORE USING THIS PROCEDURE 

The • Adjustment Procedureft is used to restore optimum performance or return the instrument to conformance with its 
·Performance Requirementsft as listed in the ·Specification- (Section 1). As a general rule, these adjustments should be 
performed every 2000 hours of operation or once a year if used infrequently. 

PARTIAL PROCEDURES 

This procedure is divided into subsections to permit cali­
bration of individual sections of the instrument whenever 
complete instrument calibration is not required. To perform 
a partial procedure, first set the instrument as directed in the 
Initial Setup Conditions at the beginning of the section, then 
make any changes called for within the procedure. Perform 
all steps within a subsection, both in the sequence present­
ed and in their entirety to ensure that control settings will be 
correct for the following steps. 

The adjustments in CAL 01, 02, 03, and 04 should be 
performed in numerical sequence, i.e., CAL 01 should be 
done before CAL 02, CAL 02 should be done before CAL 
03, etc. Performing partial procedures when setting the 
automatic calibration constants (i,e. only one or two of the 
CAL steps) is not recommended and should only be done if 
the calibration constants set In the preceding steps are 
known to be correct. 

BEFORE YOU BEGIN: 

NOTE 

When performing any of the automatic calibration 
routines (CAL 01 through CAL 04), the CAUNO CAL 
jumper P501 must be moved to its CAL position (be­
tween pins 1 and 2) before turning the ppwer on. 
When the desired calibration has been performed, ~ 
tum the jumper to its NO CAL position. 

a. Turn instrument Power on. 

NOTE 

The instrument MUST have a 2O-minute warmup peri­
od before making any adjustments. Performing the 
adjustment procedure while the temperature is drifting 
may cause erroneous caHbration settings. 
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Adjustment Procedure-2445 Service 

POWER SUPPLIES 

Equipment Required (see Table 4-1) 

Oscilloscope With 10X P6131 Probe (Item 6) 
Digital Multimeter (Item 18) 

See 

Alignment Tool (Item 19) 
1 X Probe (Item 20) 

at the rear of this manual for test point and adjustment locations. 

NOTE 

If the instrument displays "DIAGNSTIC. PUSH AlB 
TRIG TO EXlr at power on, one of the power-up 
tests has failed. If the error message on the bottom 
line of the display is "TEST 04 FAIL xx· where "xx· is 
01, 10 or 11, stored calibration data is in error, and the 
instrument should be recalibrated. If this is the case, 
pressing the AlB TRIG button will force entry to the 
normal operating mode; however, the accuracy of any 
measurement taken could be in error. 

If any other error message occurs, the failure is proba­
bly not related to calibration. In this case, the instru­
ment should be repaired before attempting calibration. 

Initial Control Settings. 

Controls settings not listed will not affect the procedure. 

VERTICAL VOLTS/DIV 
CH2 
CH 3 and CH 4 
CH 1 and CH 2 VAR 

Input Coupling 
CH 1 and CH 2 

VERTICAL MODE 
CH 1 
CH 2. CH 3, and CH 4 
ADD. INVERT. and 
BW LIMIT 
ALT/CHOP 

VERTICAL POSITION 

A and B SEC/DIV 

5-2 

0.1 V 
0.1 V (buttons out) 
In detent 

1 Mn DC 

On (button in) 
Off (buttons out) 

Off (buttons out) 
ALT (button out) 

Midrange 

X-Y(knobslocked) 

A and B SEC/OIV VAR In detent 

Horizontal POSITION Midrange 

TRIGGER 
MODE AUTO LVL 
SOURCE VERT 
COUPLING DC 
SLOPE + (plus) 
LEVEL Midrange 
HOLDOFF In detent 

eN and.1t Off (press and release until 
readout display disappears 

INTENSITY Visible display 

READOUT INTENSITY Visible display (CCW from 
MIN) 

SCALE ILLUM Fully CCW 

FOCUS Defocused dot 

1. Checkl Adjust Power Supply DC Levels, 
Regulation, and Ripple (R1292). 

a. Connect the Digital Multimeter (DMM) negative lead 
to chassis ground. Connect the positive lead to the first test 
point listed in Table 5-1 (all test points are on the Main 
Board). 

b. CHECK-That the reading is within the limits given in 
Table 5-1. 

c. ADJUST-Volt Ref Adj (R1292) for a DMM reading of 
precisely 10.00 V. The adjustment is accessable through a 
hole in the top cover plate. 

.~ -
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Table 5-1 
Power Supply Voltage and Ripple Tolerances 

pop Ripple at Two 
Power Supply Test Point (+ Lead) Reading Total pop Ripple Times Line Frequency 

+10V J119-4 + 9.99 to +10.01 100mV 1 mV 

+87V J119-8 +S5.26 to +SS.74 80mV 5mV 

+42.4 V J119-9 +41.55 to +43.25 SOmV 2mV 

+15 V J119-6 +14.775 to +15.225 15mV 11mV 

Digital +5 V J119-2 +4.85 to +5.15 150mV 30mV 

Analog +5 V J119-12 +4.925 to +5.075 15mV 1 mV 

-5V J119-5 -4.965 to -5.035 15mV 1 mV 

-8V J119-11 -7.S8 to -8.12 100mV '1 mV 

--15 V J119-1 -14.775 to -15.225 10mV 2mV 

d. Repeat parts a and b for the other test points listed in 
Table 5-1. 

g. Using a 1 X probe, connect the test oscilloscope probe 
ground lead to chassis ground. Connect the probe tip to the 
first test point listed in Table 5-1. 

e. Disconnect the DMM. 

f. Set the test oscilloscope as follows: 

Sweep Speed 

Input Coupling 
CH 1 

Vertical controls 

Trigger controls 

Volts/Division 

8W Limit 

5 ms/div 

1 M!lAC 

To display CH 1 

Line source, triggered 
display 

2mV 

20 MHz (button in) 

h. CHECK-Ripple at two times the line frequency and 
the total peak-to-peak ripple do not exceed the values given 
in Table 5-1. 

i. Repeat part h for each test point in Table 5-1. 

j. Disconnect the test oscilloscope. 
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CRT ADJUSTMENTS 

Equipment Required (see Table 4-1) 

Primary Leveled Sine-Wave Generator (Item 2) 
Time-Mark Generator (Item 5) 

See 

50 n BNC Cable (2 required) (Item 9) 
Alignment Tool (Item 19) 

at the rear of this manual for location of adjustments and test points. 

NOTE 

All crt adjustments (other than the Front-Panel 
ASTlG, FOCUS, and TRACE ROTATION adjust­
ments) are accessed through the High Voltage shield 
located on the left side of the instrument near the rear 
of the crt. The location of each adjustment is indicated 
on the shield. 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

VERTICAL VOLTS/DIV 
CH 1 and CH 2 0.1 V 
CH 1 and CH 2 VAR In detent 

Input Coupling 
CH 1 and CH 2 

VERTICAL MODE 
CH 2 and BW LIMIT 
CH 1. CH 3, and CH 4 
ADD and INVERT 
ALT/CHOP 

VERTICAL POSITION 
A and B SEC/DIV 
A and B SEC/DIV VAR 
Horizontal POSITION 

TRIGGER 
MODE 
SOURCE 
COUPLING 
SLOPE 
LEVEL 
HOLDOFF 

tN and Llt 

5-4 

1 MQ GND 

On (buttons in) 
Off (buttons out) 
Off (buttons out) 
ALT (button out) 

Midrange 
X-Y (knobs locked) 
In detent 
Midrange 

AUTO LVL 
VERT 
DC 
+ (plus) 
Midrange 
In detent 

Off (press and release until 
readout display disappears 

TRACKING/INDEP 

INTENSITY 

READOUT INTENSITY 

SCALE ILLUM 

FOCUS 

INDEP (button out) 

Visible display 

Scale factors off (CCW 
from MIN) 

FullyCCW 

Best focused display 

1. Adjust ASTIG Preset (R977) and Grid Bias 
(R1878). 

a. Position the dot in the center area of the graticule 
using the CH 1 and CH 2 POSITION controls. 

b. Focus the displayed dot as well as possible using the 
front-panel FOCUS control. 

c. ADJUST -ASTIG (R977 on the front panel). in con­
junction with the FOCUS control, for the sharpest possible 
dot. 

d. Set the INTENSITY control knob CCW so the index 
mark points directly left (less than full CCW rotation). 

e. ADJUST-Grid Bias (R1878) for a barely visible dot. 

f. CHECK-No dot is visible when the INTENSITY con­
trol is rotated fully CCW. 

g. If necessary, repeat parts d and e until the CHECK in 
part f is correct. 

..... 



2. Adjust TRACE ROTATION (R975) and Y-Axis 
Alignment (R1848). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings at the beg;nning of the CRT 
adjustments, then proceed as follows. 

a. Set: 

A and B SEC/DIV 

INTENSITY 

~t 

INTENSITY 

50 }J.s (knobs locked) 

As required for a well de­
fined trace 

(tl.t readout) 

As required for well de­
fined vertical cursors 

b. Using the CH 2 Vertical POSITION control, align the 
trace with the center horizontal graticule line. 

c. Position one of the tl.t cursors to the center vertical 
graticule line using either the A or the tl.REF OR DLY POS 
control. 

d. ADJUST -TRACE ROTATION (R975 on the front 
panel) to align the trace with the center horizontal graticule 
line. 

e. ADJUST -Y-Axis Alignment (R1848) to align the At 
cursor with the center vertical graticule line. 

f. Repeat parts d and e as necessary for the best aligned 
display. 

3. Adjust Geometry (R1870). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings at the beginning of the CRT 
adjustments, then proceed as follows. 

a. Set: 

Input Coupling 
CH 2 

AV and.c:..t 

500 DC 

Off (no readout) 

Adjustment Procedure-2445 Service 

b. Connect 10}J.s time markers from the Time-Mark 
Generator to the CH 2 input connector via a 50 0 BNC 
cable. 

c. Use the Horizontal POSITION control to align the time 
markers with the vertical graticule lines. Use the CH 2 POSI­
TION control to align the base of the signal with the bottom 
graticule line. 

d. Set the CH 2 VOLTS/DIV switch for at least a 6-divi­
sion vertical display. 

e. Use the CH 2 POSITION control to set the tops of the 
time markers to graticule center. 

f. Set the CH 2 VOLTS/DIV switch one position clock­
wise to overscan the display. 

g. ADJUST-Geometry (R1870) for minimum curvature 
of the time markers across the entire graticule. 

h. Disconnect the test setup. 

4. Adjust Edge Focus (R1864). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings at the beginning of the CRT 
adjustments, then proceed as follows. 

a. Set: 

Input Coupling 
CH 2 

VOLTS{DIV 
CH 2 

INTENSITY 

50n DC 

O.2V 

Midrange 

b. Connect a 50 kHz, a-division signal from the Primary 
Leveled Sine-Wave Generator to the CH 2 input connector 
via a 50 0 BNC cable. 

c. Center the display on the graticule. 

d. ADJUST-Edge Focus (R1864), FOCUS {front-panel 
control}. and ASTIG (R977, front-panel preset) for the most 
uniform focus over the entire display. 

e. Disconnect the test setup. 
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5. Adjust Z-Axis Transient Response (R1834). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings at the beginning of the CRT 
adjustments, then proceed as follows. 

a. Set: 

A and B SEC/DIV 

Input Coupling 
CH 2 

INTENSITY 

50 ns (knobs locked) 

1 Mfl GND 

Slightly left of center 

b. Use the Horizontal POSITION contra! to place the 
beginning of the trace within the graticule. 

c. ADJUST-Z-Axis Transient Response (R1834) for 
the most uniform intensity across the first division of 
display. 

6. Adjust High Drive Focus (R1842). 

NOTE 
If the previous step was not performed, first set up the 
Intial Control Settings at the beginning of the CRT 
adjustments, then proceed as follows. 

The following adjustment has the most effect on the 
first two divisions of the trace which will probably 
cause the readout to be compromised slightly. This 
will not be a problem as the readout is not used at full 
intensity. 

5-6 

a. Set: 

lJ.V 

VOLTS/DIV 
CH2 

Input Coupling 
CH 2 

A and B SEC/DIV 

READOUT INTENSITY 

INTENSITY 

On (lJ. V readout) 

0.2V 

50 fl DC 

200 ns (knobs locked) 

Fully CW 

FullyCW 

b. Connect a 10 MHz, 6-division Signal from the Primary 
Leveled Sine-Wave Generator to the CH 2 input connector 
via a 50 ~1 BNC cable. 

c. Center the display on the graticule. 

d. ADJUST-High Drive Focus (R1842) for the best overall 
focus of the trace and readout. 

e. Disconnect the test setup. 
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DAC REF, CH 1 AND CH 2 INPUT CAPACITANCE, 
AND VERTICAL READOUT JITTER ADJUSTMENTS 

Equipment Required (see Table 4-1) 

Calibration Generator (Item 3) 
50 0 BNC Cable (Item 9) 
50 0 Termination (Item 11) 

Digital Multimeter (DMM) (Item 18) 
Alignment Tool (Item 19) 
Normalizer (Item 21) 

at the rear of this manual for test point and adjustment locations. 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

VERTICAL VOLTS/DIV 
CH1andCH2 0.1 V 
CH 1 and CH 2 VAR In detent 

Input Coupling 
CH1andCH2 1 MODC 

VERTICAL MODE 
CH 1 On (buttons in) 
CH 2, CH 3, and CH 4 Off (buttons out) 
ADD, INVERT, and 
BW LIMIT Off (buttons out) 
ALT/CHOP ALT (button out) 

VERTICAL POSITION Midrange 

A and B SEC/DIV 0.1 ms (knobs locked) 

A and B SEC/DIV VAR In detent 

Horizontal POSITION Midrange 

TRIGGER 
MODE AUTO LVL 
SOURCE VERT 
COUPLING DC 
SLOPE + (plus) 
LEVEL Midrange 
HOLDOFF In detent 

~t On (~t readout) 

TRACKING/INDEP INDEP (button out) 

INTENSITY Left of center 

READOUT INTENSITY As required for a visible 
display 

SCALE ILLUM FullyCCW 

'FOCUS Best focused display 

1. Adjust DAC Ref (R2127) 

NOTE 

The objective of this step is to make the total range of 
the DAC output voltage (sum of the CCWand CW 
readings) equal to 2.5 v. 

a. Connect the digital multimeter (DMM) negative lead to 
the chassis ground. Connect the positive lead to pin 2 of 
J118 (on the Main Board). 

b. Set the DMM to measure approximately 1.5 Vdc. 

c. Rotate the AREF OR DLY POS control CCW until the 
DMM reading remains at a constant value (approximately 
-1.250 V). Note the reading. 

d. Rotate the ~REF OR DLY POS control CW until the 
DMM reading remains at a constant value (approximately 
+ 1.250 V). Note the reading. 

e. Add the absolute values of the readings noted in parts 
c and d together (approximately 2.500 V). 

f. Subtract the total in part e from 2.500 V. then divide 
the difference by two. 

g. ADJUST -DAC Ref (R2127 on the Control Board) to 
add the (signed) number obtained in part f to the reading 
obtained in part d. 
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h. Repeat parts c through g as necessary to obtain a 
total DAC range of 2.500 V. 

2. Adjust CH 1 and CH 2 Input Capacitance (C105 
and C205). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings before the DAC Ref adjust­
ment, then proceed as follows. 

The objective of this adjustment is to match the input 
capacitance of the 50 mV per division position of the 
VOLTS/DIV switches to the 0.1 V per division posi­
tion. The front comer of an input square-wave 
signal is used to indicate when the capacitances are 
matched 

a. Connect a 1 KHz square-wave Signal from the Cali­
bration Generator high-amplitude output to the CH 1 OR X 
input connector via a 50 U BNC cable, a 50 U termination, 
and a normalizer. Adjust the generator output level for a 
6-division signal vertically centered on the graticule. 

b. Set the normalizer for a square front corner over 
approximately the first 40 #LS (0.4 division) of the positive 
portion of the waveform. 

c. Change the CH 1 VOLTS/DIV switch to the 50 mV 
position and adjust the generator for a 6-division signal 
display. 

d. ADJUST-The CH 1 50 mV C Adj (C105 on the Main 
Board) for the same waveform front corner noted in part b. 

e. Repeat parts b through d until no change is observed 
in the waveform front comer when the CH 1 VOLTS/DIV 
switch is alternated between the 50 mV and 0.1 V positions. 
When switching between positions, reestablish the refer­
ence display amplitude at each position, and observe the 
square-wave front corner to make the comparison. 

f. Move the input signal to CH 2 and change the VERTI­
CAL MODE to display CH 2 only. Adjust the generator 
amplitude for a 6-division signal amplitude. 

g. Set the normalizer for a square front corner over 
approximately the first 40 #LS (0.4 division) of the positive 
portion of the waveform. 

5-8 

h. Change the CH 2 VOLTS/DIV switch to the 50 mV 
position and adjust the generator for a 6-division display. 

i. ADJUST-The CH 2, 50 mV C Adj (C205 on the Main 
Board) for the same waveform front corner noted in part g. 

j. Repeat parts g through i until no change is observed in 
the waveform front corner when the CH 2 VOLTS/DIV 
switch is alternated between the 50 mV and 0.1 V positions. 
When switching between positions, reestablish the refer­
ence signal amplitude at each position, and observe the 
square-wave front corner to make the comparison. 

k. Disconnect the test setup. 

3. Adjust Vertical Readout Jitter (R618). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings before the DAC Ref adjust­
ment, then proceed 8S follows. 

a. Set the CH 1 Input Coupling to 50 U DC. 

b. Press and release the 6. V button to obtain a IN 
display. 

c. Use the 6.REF OR DLY POS control to position one 
cursor 3 divisions above graticule center. Use the 6. control 
to position the other cursor 3 divisions below graticule 
center. 

d. Connect a 1 kHz, fast-rise signal from the Calibration 
Generator to the CH 1 OR X input connector via a 50 U BNC 
cable. 

e. Set the generator output level for an 8-division 
display. 

f. Use the CH 1 Vertical and Horizontal POSITION con­
trols to center the CH 1 display on the graticule. 

g. ADJUST-Vertical Readout Jitter (R618) for mIni­
mum vertical jitter of the readout characters and cursors. 

h. Disconnect the test setup. 
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AcIIUStment Procedure-2445 Service 

AUTOMATIC CALISlltATION CONSTANTS, HORIZONTAL AND VERTICAL 
GAIN, CENTERING, AND TRANSIENT RESPONSE ADJUSTMENTS 

NOTE 

Within the following procedure, the calibration constants for timing, vertical gain, and trigger level are generated by the 
system microprocessor and al'fl stored in nonvolatile memory. The adjustments in CAL 01, 02, 03, and 04 should be 
performed in numerical sequence, i.e., CAL 01 should be done before CAL 02, CAL 02 should be done before CAL 03, 
etc. Performing partial procedures (i.e. only one or two of the CAL steps) is not recommended and should only be done if 
the calibration constants that would have been set in the preceding steps are known to be correct. 

The CAL functions are avaUable only if the CAUNO CAL Jumper (PS01 on the Control Board) is in the CAL position 
(between pins 1 and 2) when power is turned on. When the automatic calibration procedures are completed, retum the 
jumper to the NO CAL position to prevent entry into the calibration routines. 

Equipment Required (aeeTabie 4-1) 

Calibration Generator (Item 3) 
Time-Mark Generator (Item 5) 
50 n BNC Cable (Item 9) 

Dual-Input Coupler (Item 10) 
5X Attenuator (Item 16) 
DIgital Multimeter (DMM) (Item 18) 
Alignment Tool (Item 19) 

at the rear of this manual for test point and adjustment locations. 

Initial Control Settings. 

CAUNO CAL jumper CAL position (between 
pins 1 and 2) prior to turn­
ing on power 

NOTE 

When performing the automatic CAL steps, initial set­
ting of the front-panel controls is not required. 

CAL 01-HORIZONTAL 

1. Check/Adjust Horizontal Timing, X1 Gain 
(R880), X10 Gain (R8S0), HrzCtr (R801), and Trans 
Reap (R802). 

a. Simultaneously press in and hold the t1t and the t1 V 

b. CHECK-Top line of the readout display says: 
"DiAGNSTIC. PUSH AlB TRIG TO EXIT". 

NOTE 

The -menu· of calibration, test, and exercise routines 
are in a loop that may be scrolled through in single 
steps, either forward or backward. Pressing up or 
down on the TRIGGER MODE switch and releasing it 
respectively increments or decrements the menu p0si­
tion by one. As each routine is selected, its name 
appears in the lower left ccrner of the readout display. 

When performing a calibration step, touch only the 
specillc control or controls called out in the procedure. 
Movement of other controls may cause erroneous cal­
ibration results. 

push buttons, then press and hold the SLOPE switch. Hold n ail three switches In for approxlm.teIy one second, then re-
.' ~ lease them. 

f', 
c. Scroll to CAL 01. 

n 
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Upon entering CAL 01, the Input Coupling is automat­
ically set to 50 [l DC and the 50 [l OVERLOAD protec­
tion is disabled. Before starting the procedure, make 
sure any 50 [l OVERLOAD condition has been 
cleared. 

NOTE 

In this procedure, pressing up and releasing the TRIG­
GER COUPLING switch stores the current calibration 
parameter being set and increments the routine to the 
next step (except where otherwise noted). 

d. Connect the DMM. set to measure approximately 
500 mV. to the CALIBRATOR output. 

e. Press up and release the TRIGGER COUPLING 
switch. 

NOTE 

The CALIBRATOR output will go to its LO level on 
odd CAL steps and to its HI level on even steps. 

f. CHECK-CALIBRATOR output voltage is 0 mV 
±1 mV. 

g. CHECK-Readout indicates ADJUST .:l, (step) 1, 
100 p.S (for A Sweep). and 1 p.S (for B Sweep). 

NOTE 

The readout prompts the operator by showing the 
control to be moved (upper left corner), the autocal 
step number (upper right corner), the A Sweep speed 
(bottom right center), and the B Sweep speed (bottom 
right corner) as set up by the routine. An example 
(from step g above) is: 

ADJ .:l 1 

100 p.S 1 p,s 

h. Connect the Time-Mark Generator. set for 0.1 ms 
time markers. to the CH 1 OR X input connector via a 50 (} 
BNC cable. 
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i. Set: 

VOLTS DIV 

TRACE SEP 

CH 1 POSITION 

As needed for a conveni- ,'\ 
ent signal display 
amplitude 

As needed to separate the 
A and B Sweeps 

As needed to view both A 
and B Sweeps 

Horizontal POSITION Position start of trace at 
the left graticule line 

NOTE 

Some sequential pairs of steps are iterative, i.e., the 
earlier step is recalled if an adjustment is made in the 
later step. Occasionally, on the earlier of some of 
these pairs, the readout may indicate -LlMIr- before 
the correct control setting is reached . If this occurs, 
proceed to the next AUTOCAL step. After the adjust­
ment at the next step is performed, the previous step 
will automatically be recalled, and the adjustment may 
be perfOrmed in the normal manner. 

j. ADJUST -.:lREF OR DlY POS and.:l controls to align 
both the intensified zones with the 6th time marker (near 
graticule center) and to superimpose the delayed B Sweep 
time markers. Press up and release the TRIGGER COU­
PLING switch. 

k. CHECK-CALIBRATOR output voltage is between 
398 mV and 402 mV of the reading noted in part f. Discon­
nect the DMM when through. 

I. CHECK-Readout indicates ADJ .:l, (step) 2. 100 p'S 

(for A Sweep). and 1 p.S (for B Sweep). 

m. ADJUST -.:lREF OR DlY POS control to intensify 
the 2nd time marker, and ADJUST -.:l control to intensify 
the the 10th time marker. Superimpose the delayed B 
Sweep time markers within 0.2 division. 

n. Push up and release the TRIGGER COUPLING 
switch. 

o. CHECK-Readout indicates ADJ .6., (step) 3. 300 p'S 

(for A Sweep). and 1 p.S (for B Sweep). 

p. ADJUST -.:lREF OR DlY POS control to intensify 
the 4th time marker. and ADJUST -.6. control to intensify 
the 28th time marker. Superimpose the delayed B sweep. ~ . 
time markers within 1.2 division. i , 



q. Press up and release TRIGGER COUPLING switch. If 
the adjustment in step 3 was changed, step 2 will be re­
called; otherwise step 4 will be initiated. 

r. CHECK-Readout indicates ADJ ~. (step) 4, 100 pS 
(for A Sweep), and 1 pS (for B Sweep). Set the Time-Mark 
Generator for 5 /is time markers. 

s. ADJUST -j. control CCW until no further movement 
of the B Sweep display occurs. Note the position of the 1 st 
time marker, then adjust the j. control CW until the 2nd time 
marker moves to the left and aligns with the position just 
noted. 

t. Press up and release the TRIGGER COUPLING 
switch. Set the Time-Mark Generator for 10 ps time 
markers. 

u. CHECK-Readout indicates X1, Xl0. HRZ CTR, 
(step) 5, and 10 ps (for A Sweep) and two vertical cursors 
appear on the display. 

v. ADJUST -X1 Gain (R860) and Hrz Ctr (R801) to align 
the two cursors with the 2nd and 1 Oth vertical graticule 
lines, then adjust X10 Gain (R850) for 1 time marker per 
division. 

w. Press up and release TRIGGER COUPLING switch. 
Set the Time-Mark Generator for 10 ms time markers. 

X. CHECK-Readout indicates ADJ ~, (step) 6, 10 ms 
(for A Sweep), and 100 /is (for B Sweep). 

y. ADJUST -j.REF OR DlY POS control to intensify 
the 2nd time marker, and ADJUST -j. control to intensify 
the 10th time marker. Superimpose the delayed B Sweep 
time markers within 0.2 division. 

z. Press up and release TRIGGER COUPLING switch. 
Set the Time-Mark Generator for 1 .uS time markers. 
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aa. For each step in Table 5-2, do the following: 

1. Adjust the j.REF OR DlY POS and 6 controls, as 
necessary. to intensify the indicated time marks on 
the A Sweep and superimpose the displayed B 
Sweep markers within the listed limits. 

2. Press up and release the TRIGGER COUPLING 
switch. 

NOTE 

If the .d control is adjusted at step 9, 12 or 14, the 
previous step wili be repeated. 

Step No. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table 5-2 
Horizontal Timing 

Time-Marker .6.REF .6. 
Period Marker Marker 

1 /is 2 10 

2.us 2 10 

2.us 4 28 

10/is 2 10 

50/is 2 10 

50 itS 4 28 

0.5/is 2 10 

0.5/is 4 28 

100 ns 2 10 

20 ns 2 10 

bb. Set the TRACE SEP fully CWo 

Superposition 
Tolerance In 
Tolerance In 

Divisions 

0.2 

0.2 

1.2 

0.2 

0.2 

1.2 

0.2 

1.2 

0.2 

0.1 

cc. For each step in Table 5-3 (except step 28). adjust 
the j. control for the listed number of markers over the 
center 8 divisions. then press up and release the TRIGGER 
COUPLING switch. If the j. control is adjusted at step 18. 
20, 23, or 25, the previous step will be repeated. The 2445 
intentionally skips step 28. 

NOTE 

Change the CH 1 VOLTS/DIV switch setting as nec­
essary to maintain adequate signal display amplitude. 

5-11 

-~-~~~~--~ .... ~~--~--------.--------------------------



Adjustment Procedure-2445 Service 

Table 5-3 
Horizontal Timing 

Markers Over 
Step No. Time-Marker Period 8 Divisions 

17 1 pS 8 
--t-- -

18 1 pS 24 

19 2 pS 8 
--t--

20 2J.!s 24 -_._-
21 10,I.Ls 8 

22 50 ps 8 

23 50,I.Ls 24 -_. 

24 500ns 8 
------ .--f-.-.-~-

25 500ns 24 
---

26 100 ns 8 
,-

27 20ns 8 
- -

28a skipped 
------

29 1 ms 8 

IIFirmware in the 2445 is shared with a similiar instrument, the 
2465, which requires step 28. The 2445 skips step 28. 

NOTE 

If the remainder of the Adjustment Procedure will not 
be performed (in totality), readjustment of Horizontal 
Readout Jitter (RBOS) may be necessary if the Xl 
Gain (RBBO) or the X10 Gain (RBSO) was changed. 
See subsection 2 on page 5-17 for that procedure. 

dd. Disconnect the test setup. 

CAL 02-VERTICAL 

2. Check/Adjust Vertical Preamp Gain, Gain 
(R638), and Vertical Centering (R639). 

NOTE 

If the previous step (CAL 01) was not performed, the 
adjustments in this subsection should only be per­
formed if those constants that would have been set in 
CAL 01 are known to be correct. 

a. Set the front-panel INTENSiTY control at midrange. 

b. Scroll to CAL 02. 
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c. Press up and release the TRIGGER COUPLING 
switch. The instrument will automatically increment through 
steps 100 to 111. 

d. CHECK-Readout indicates CH 1 VAR, CH2 POS, 
(step) 111, 500 mV, and BWL. 

NOTE 

The readout prompts the operator by showing the 
controls to be moved (upper left comer and upper 
center), the aulocs/ step number (upper right comer), 
the amplitude of signal to be applied to either the CH 1 
or CH 2 connectors (lower left corner), and any other 
scope function that is enabled. An example (from step 
d above) is: 

CH1 VAR CH2 POS 111 

SOOmV BWL 

e. Connect a 0.5 V, standard-amplitude signal from the 
Calibration Generator to the CH 1 OR X input connector via 
a 50 n BNC cable. 

f. Use the CH 2 POSITION control to vertically position 
the trace to within 1 division of the center graticule line. 

g. ADJUST -CH 1 POSITION and VOLTS/DIV VAR 
controls to obtain a 10-division horizontal signal. Press up 
and release the TRIGGER COUPLING switch. 

h. CHECK-Readout indicates MOVE SW, CENTER 
CH 1 POS, (step) 112, 500 mY, and BWl; then press up 
and release the TRIGGER COUPLING switch. 

i. ADJUST -CH 1 POSITION control carefully until the 
CH 1 input coupling "1 Mn DC" indicator remains iIIuminat· 
ed, then press up and release the TRIGGER COUPLING 
switch. 

NOTE 

In the following steps, if the "LIMIT" message ap­
pears, it probably indicates that the TRIGGER COU­
PLING (step) switch was moved before the required 
signal was applied. Press down and release the TRIG­
GER COUPLING switch, verify that the correct signal 
is applied, then press up and release the TRIGGER 
COUPLING switch. 

j. CHECK-First step number listed in Table 5-4 
appears in the readout., 
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k. Apply the corresponding standard-amplitude signal 
from the Calibration Generator, then press up and release 
the TRIGGER COUPLING switch. 

L Repeat steps i and k for each step-signal combination 
listed in Table 5-4. 

Table 5 .. 4 
Vertical Calibration Signals 

Autocal Step Readout Standard-Amplitude 
Display Signal to Apply 

113. 114 a 0.5 Y 

115 0.2 Y 

116 0.1 V 

117 50mV 
-

118 20mY 

119 1 V 

120 10Y 

.. When step 113 is performed, step 114 is also automatically 
done. No indication of step 114 wltl be shown unless a LIMIT 
error is encountered. 

m. Move the signal to the CH 2 input connector. 

n. CHECK-Readout indicates MOVE SW. CENTER 
CH 2 POS. (step) 121, 500 mV, 500 mY. and aWL. 

o. Set the Calibration Generator for a 500 mV standard­
amplitude signal, then press up and release the TRIGGER 
COUPLING switch. 

p. ADJUST -CH 2 VERTICAL POSITION control until 
the CH 1 Input Coupling "1 Mf.! DC' indicator remains illumi­
nated. then press up and release the TRIGGER COUPLING 
sWitch. 

q. CHECK-Readout indicates MOVE SW, CENTER 
CH 2 POS, (step) 122, 500 mY. 500 mY, and BWL. 

r. With the Calibration Generator set for a 500 mY 
standard-amplitude Signal, press up and release the TRIG­
GER COUPLING switch. 
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s. ADJUST -CH 2 VERTICAL POSITION control until 
the CH 1 Input Coupling "1 Mil DC· indicator remains illumi­
nated. then press up and release the TRIGGER COUPLING 
switch. 

t. CHECK-First step number listed in Table 5-5 
appears in the readout. 

u. Apply the corresponding standard-amplitude signal. 
then press up and release the TRIGGER COUPLING 
switch. 

V. Repeat steps t and u for each step-signal combination 
listed in Table 5-5. 

Table 5-5 
Vertical Calibration Signals 

Autocal Step Standard-Amplitude 
Readout Display Signal to Apply 

123,124 a 0.5 V 

125 0.2 Y 

126 0.1 V 

127 50mV 

128 20mV 

129 1 V 

130 10 V 

aWhen step 123 is rwrformed. step 124 is also automatically 
done. No indication of step 124 wilt be shown unless a LIMIT 
error Is encountered. 

w. CHECK-Readout indicates MOVE SW. CENTER 
CH 2 POS. (step) 131,10 V, 110 V, and BWl; then press up 
and release the TRIGGER COUPLING switch. 

X. ADJUST -CH 2 POSITION control until the CH 1 
Input Coupling "1 MQ DC' indicator remains illuminated, 
then press up and release the TRIGGER COUPLING 
switch. The instrument will automatically increment through 
steps 132 to 142. 

y. CHECK-Readout indicates MOVE SW, CENTER 
CH 1 POS, (step) 142, 50 mV. and aWL. 
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z. Move the signal to the CH 1 OR X input connector 
and set the Calibration Generator for a 50 mv standard­
amplitude signal, then press up and release the TRIGGER 
COUPLING switch. 

aa. ADJUST -CH 1 POSITION control until the CH 1 
"1 MQ DC" indicator remains illuminated, then press up and 
release the TRIGGER COUPLING switch. Wait approxi­
mately 10 seconds for automatic calibration of the .6. V 
cursors. 

bb. CHECK-Readout indicates VERTICAL CENTER 
and GAIN. 

cc. ADJUST-Gain (R638) for precisely 5 divisions 
between the two horizontal cursors. 

dd. ADJUST -Vertical Centering (R639) to center the 
cursors on the graticule (align the cursors with the dotted 
0% and 100(%) graticule lines). 

ee. Press up and release the TRIGGER COUPLING 
switch. 

CAL 03-TRIGGERING 

3. Check! Adjust Triggering. 

NOTE 

If the previous steps (CAL 01 and CAL 02) were not 
performed, the adjustments in this subsection should 
only be performed if those constants that would have 
been set in CAL 01 and CAL 02 are known to be 
correct and if a DC Balance has been performed after 
a 2().minute warmup period. 

a. Scroll to CAL 03. 

b. Press up and release the TRIGGER COUPLING 
switch. 

c. CHECK-Procedure automatically steps from 201 
through 214 and stops at 215. 

d. CHECK-Readout indicates CH 1, 500 mV, and 
(step) 215. 
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NOTE 

The readout prompts the operator by showing which 
connector the input Signal should be applied to (upper 
left corner), the amplitude of that Signal (upper center), 
and the autocsl step number (upper right corner). An 
example (from step d above) is: 

CH1 500 mV 215 

e. Connect a 0.5 V standard-amplitude Signal from the 
Calibration Generator to the CH 1 OR X input connector via 
a 50 Q BNC cable. 

f. Press up and release the TRIGGER COUPLING 
switch. 

g. CHECK-Readout indicates CH 1, 500 mV, and 
(step) 216. 

h. Press up and release the TRIGGER COUPLING 
switch. 

i. CHECK-Readout indicates CH 2. 500 mV, and 
(step) 217. 

j. Move the signal to the CH 2 input connector. Press up 
and release the TRIGGER COUPLING switch. 

k. CHECK-Readout indicates CH 3, 500 mV, and 
(step) 218. 

I. Move the Signal to the CH 3 input connector. Press up 
and release the TRIGGER COUPLING switch. 

m. CHECK-Readout indicates CH 3, 2V, and 
(step) 219. 

n. Change the generator output level to 2 V, then press 
up and release the TRIGGER COUPLING switch. 

o. CHECK-Readout indicates CH 4, 500 mV, and 
(step) 220. 

p. Move the signal to the CH 4 input connector and 
change the generator output level to 0.5 V. Press up and 
release the TRIGGER COUPLING switch. 
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q. CHECK-Readout indicates CH 4, 2V, and 
(step) 221. 

r. Change the generator output level to 2 V, then press 
up and release the TRIGGER COUPLING switch. 

s. Disconnect the test setup. 

CAL 04-CH 2 DELAY .NABLE/DISABLE 

4. Check/ Adjust CH 2 Delay Enable/Disable. 

a. Scroll to CAL 04. 

b. Press up and release the TRIGGER COUPLING 
switch to initiate the routine. 

c. CHECK-Readout altemately indicates "ENABLED" 
and "DISABLED" each time the TRIGGER COUPLING 
switch is pressed up and released. 

d. Leave the readout display indicating "ENABLED". 
Press and release the A/B TRIG button to exit the routine. 

e. Connect a 100 kHz, positi~e-going signal from the 
Calibration Generator fast-rise output to the CH 1 OR X and 
CH 2 input connectors via a 50 n J:JNC cable, a 5X attenua­
tor, and a Dual-Input Coupler. 

f. Set: 

VERTICAL MODE 
CH1andCH2 

VOLTS/DIV 
CH 1 andCH2 

Input Coupling 
CH 1 and Cli 2 

A and B SEC/DIV 

TRIGGER 
SOURCE 
MODE 
COUPLING 
SLOPE 

REV APR 1983 

On (buttons in) 

10mV 

50n DC 

5 ns (knobs locked) 

CH 1 
AUTO LVL 
DC 
+ (plus) 

Adjustment Procedure-2445 Service 

g. set the generator amplitude for a 3- to 5-division dis­
play amplitude. Use the CH 1 and CH 2 POSITION contrOls 
to verticaUy overlay the traces near the center of the grati­
cule area. 

h. Set the Horizontal POSITION contrOl to set the rising 
edge of the signal near the center vertical graticule line. 

i. Press the Xl0 MAG button in to obtain a magnified 
display. 

j. Pull out the B SEC/DIV knob. 

k. CHECK-Readout indicates "CH 2 DLY - TURN a" 
and that the a contrOl wiU move the leading edge of the CH 
2 trace at least 1 division to either side of the CH 1 trace. 

I. ADJUST-a control to superimpose the leading 
edges. 

m. Push in the B SEC/DIV knob. 

NOTE 

If the CH 2 Delay Adjust feature is to be disabled for 
normal instrument use, perform the following steps; 
otherwise, proceed to step r below. 

n. Reenter the Diagnostic Monitor by pressing the a V 
and at buttons simultaneously (hold them in), then press 
and hold the TRIGGER SLOPE button. Release the buttons 
after about 1 second. 

o. Scroll to CAL 04. 

p. Press up and release the TRIGGER COUPLING 
switch until the readout inclicates "DISABLED." 

q. Press and release the AlB TRIG button to retum to 
normal operating mode. 

r. Retum the CAWNO CAL jumper to the NO CAL posi­
tion and disconnect the test setup. 
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DYNAMIC CENTERING, CRT TERMINATION, VERTICAL GAIN, VERTICAL 
CENTERING, TRANSIENT RESPONSE; HF ADJ, READOUT JITTER, DC n 

BALANCE, AND X-V PHASE DIFFERENTIAL ADJUSTMENTS 

Equipment Required (see Table 4-1) 

Primary Leveled-Sinewave Generator (Item 2) 
Calibration Generator (Item 3) 
50 U BNC Cable (Item 9) 

5X Attenuator (Item 16) 
Alignment Tool (Item 19) 
Tunnel Diode Pulser (Item 22) 

at the rear of this manual for location of test points and adjustments. 

Initial Control Settings. 

Control settings not listed do not affect the procedure. 

VERTICAL VOLTS/DIV 
CH 1 and CH 2 10mV 
CH 1 VAR CCW (out of detent) 
CH 2 VAR In detent 

Input Coupling 
CH 1 and CH 2 50U DC 

VERTICAL MODE 
CH 1 On (button in) 
CH 2. CH 3 and CH 4 Off (buttons out) 
ADD. INVERT. and 
BW LIMIT Off (buttons out) 
ALT/CHOP ALT (button out) 

VERTICAL POSITION Midrange 

A and B SEC/DIV 20 ns (knobs locked) 

A and B SEC/DIV VAR In detent 

Horizontal POSITION Midrange 

TRIGGER 
MODE AUTO LVL 
SOURCE VERT 
COUPLING DC 
SLOPE + (plus) 
LEVEL Midrange 
HOLDOFF In detent 

tN On (RATIO readout) 
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TRACKING/INDEP 

~REF OR DLY POS 
and~ 

INTENSITY 

READOUT INTENSITY 

SCALE ILLUM 

FOCUS 

INDEP (button out) 

Cursors near the 3rd line 
above and 3rd line below 
graticule center 
(6 division spacing) 

Left of center 

Right of center 

FullyCCW 

Best focused display 

1. Adjust Dynamic Centering (R3401 and R3407). 

a. Rotate the READOUT INTENSITY control from 
midrange to fully CW and note any horizontal and vertical 
shift that occurs in the readout characters. 

b. ADJUST-Horizontal Dynamic Centering (R3401) to 
minimize the horizontal"component of the shift. 

c. ADJUST-Vertical Dynamic Centering (R3407) to 
minimize the vertical component of the shift. 

d. Repeat steps a through c as necessary to minimize 
readout shift until no further improvement is noted. 



2. Check/Adjust CRT Termination (R1501), 
Vertical Gain (R638), Vertical Centering (R639), 
High-Frequency Trans Resp (C404, R403), Vertical 
Readout Jitter (R618). Horizontal Readout Jitter 
(RB05), and X-V Phasing (C118). 

NOTE 

If the previous step was not performed, first setup the 
Initial Control Settings before the Dynamic Centering 
adjustments, then proceed as follows. 

CRT Termination, High Frequency Transient 
Response, Vertical Gain, Vertical Centering, and 
Readout Jitter adjustments are interactive. This pro­
cedure optimizes these adjustments together. 

a. Rotate the AREF OR DLY POS control CCW until the 
RATIO readout is constant. 

b. Rotate the A control until the readout display indi­
cates 130.00/0. 

c. CHECK-One cursor is near the bottom horizontal 
graticule line and the other is near dotted graticule line 
marked 100(%). 

d. Rotate the AREF OR DLY POS control until the read­
out displays exactly 100.0"/0. The cursors should now be on 
or near the dotted graticule lines marked 0% and 100(0/0). 

e. Set the CH 1 VOLTS/DIV VAR to the detent position. 

NOTE 

Care must be taken not to disturb the position of the 
controls adjusted in parts b through e during the bal­
ance of this procedure. If they a.re aCCidentally moved, 
repeat the procedure from the beginning. 

f. Connect the high-amplitude output of the Calibration 
Generator to the CH 1 OR X input connector via a 50 n BNC 
cable, a Tunnel Diode Pulser, and a 5X attenuator. 

g. Set the generator Period switch to 100 kHz. and set 
the generator amplitude control to maximum. 

h. Rotate the pulser Trigger control CW (from a fully 
CCW position) until a stable signal first appears on the grati­
cule. Display amplitude will be approximately 5 divisions. 
The oscilloscope TRIGGER LEVEL control may need to be 
adjusted to obtain a stable display. 

Adjustment Procedure-2445 Service 

NOTE 

As a guide when performing the following adjust­
ments, optimum performance is achieved when the 
CH 1 and CH 2 step response aberrations are ..;; 4% 
when using 10 mV/division deflection factors (..;; 0.2 
division on 8. 5-divlsion signal). 

L ADJUST -CRT Termination (R1501) for best flat-top 
approximately 5 ns past the rising edge of the waveform. 
The adjustment is accessable through a hole in the top 
cover plate. Squeezing the output leads of the termination 
inductors (LR1513 and LR1514) toward each other will re­
duce the spike that may be present approximately 6 ns be­
hind the leading edge. 

j. ADJUST-Trans Rasp adjustments (C404 and R403) 
alternately for the best flat top on the first 10 ns of the 
positive portion of the waveform. 

k. ADJUST -Vertical Gain (R638) and Vertical Center­
ing (R639) to verticaUy center the cursors precisely 5 divi­
sions apart (align with the dotted 0"/" and 100<'%) graticule 
lines). 

I. Press the AV button to turn off the cursors. 

m. Move the test signal to CH 2 and set the VERTICAL 
MODE switches to display CH 2. 

n. Repeat part j for CH 2, switching between 
CH 1 and CH 2 as necessary, until both CH 2 and CH 1 
aberrations are minimized. When minimized, leave CH 2 
selected. 

o. Disconnect the Calibration Generator and connect the 
Leveled Sine-Wave Generator to the CH 2 input via a BNC 
cable. 

p. Set the generator for a 6-division display at the refer­
ence frequency. 

q. Change the generator output frequency to 150 MHz. 

r. CHECK-Display amplitude is between 4.4 divisions 
and 5 divisions. This bandwidth provides optimum perfor­
mance of the Vertical system. 

s. ADJUST -If necessary, compromise the settings in 
part i to obtain the best flat top with the proper bandwidth. 

5--17 



Adjustment Procedure-2445 Service 

t. Move the input signal to CH 1 and select CH 1 for 
display. 

u. Repeatparts p through s for CH 1. If readjustment of 
C404 or R403 is necessary, repeat parts j through s. 

v. Set the A and B SEC/Dtv switch to 1 ms. 

w. Select CH 1 for display. 

x. Press and release the !J. V button to obtain a !J. V 
display. 

y. Use the !J.REF OR DLY POS control to position one 
cursor 3 divisions above graticule center and use the !J. c0n­
trol to position the other cursor 3 divisions below graticule 
center. 

z. Connect a 1 kHz, fast-rise signal from the Calibration 
Generator to the CH 1 OR X input connector via a 50 0 BNC 
cable. 

aa. Set the generator output level for an 8-division 
display. 

bb. Use the CH 1 Vertical and the Horizontal POSITION 
controls to center the CH 1 display on the graticule. 

cc. ADJUST-Vertical Readout Jitter (R618) for mini­
mum vertical jitter of the readout characters and cursors. 

dd. Press the !J.t button to obtain a!J.t cursor display. 

ea. Using the !J.REF OR DLY POS and!J. controls, posi­
tion the cursors to the 2nd and 10th graticule lines. 

ft. Press the X10 MAG button to magnify the display. 

gg. ADJUST -Horizontal Readout Jitter (R805) for mini­
mum horizontal jitter of the readout characters and cursors. 

hh. Disconnect the test setup. 
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3. Set CH 1 and CH 2 DC Balance. 

NOTE 

The instrument must have had a 2O-minutiJ warmup 
prior to performing the next step to ensure accuracy. 

a. Set: 

Input Coupling 
CH 1 and CH 2 1 MOAC 

b. Press up momentarily and release the CH 1 and CH 2 
Input Coupling switches Simultaneously. 

c. CHECK-A moving dot display replaces the normal 
display for approximately 10 seconds, then the display re­
turns to normal. 

d. CHECK-For less than 0.2-division vertical trace shift 
when the CH 1 VOLTS/DIV switch is rotated through an of 
its settings. 

e. Set the VERTICAL MODE switches to disable CH 1 
and display CH 2. 

f. CHECK-For less than 0.2-division vertical trace shift 
when the CH 2 VOLTS/DIV switch is rotated through all of 
its settings. 

4. Adju8t X-V Pha8ing (CHI). 

a. Set: 

VOLTS/DIV 
CH 1 

Input Coupling 

A SEC/DIV 

VERTICAL MODE 
CH 1 
CH2 

50mV 

500 DC 

X-v 

On (button in) 
Off (button out) 

b. Connect the Primary Leveled Sine-Wave Generator to 
the CH 1 OR X input connector via a 50 0 BNC cable. 

c. Set the generator frequence to 1 MHz and adjust the 
amplitude for a 6-division vertical signal display. 
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d. Use the CH 1 POSITION control to vertiCally center 
the display on the graticule. 

e. ADJUST -X-Y Phasing (C1 18) for no opening in the 
elipse. 

f. Set the generator frequency to 2 MHz and adjust the 
amplitude for a 6-division vertical signal display. 

AdjuSbnent Procedure-2445 Service 

g. CHECK ...... Horizontai opening in the elipse is 0.3 divi­
sion or less. measured at the center horizontal graticule line. 

h. Disconnect the test setup. 

i. Tum POWER Off. 
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Section 6-2445 Service 

MAINTENANCE 
This section of the manual contains information for conducting preventive maintenance, troubleshooting, and corrective 

maintenance on the 2445 OscilloSCope. 

STATIC-SENSITIVE COMPONENTS 

The following precautions are applicable when perform­
ing any maintenance involving internal access to the 
instrument. 

Static discharge can damage any semiconductor 
component in this instrument. 

This instrument contains electrical components that are 
susceptible to damage from static discharge. Table 6-1 lists 
the relative susceptibility of various classes of semiconduc­
tors. Static voltages of 1 kV to 30 kV are common in unpro­
tected environments. 

When performing maintenance, observe the following 
precautions to avoid component damage: 

1. Minimize handling of static·sensitive components. 

2. Transport and store static-sensitive components or 
assemblies in their original containers or on a metal rail. 
Label any package that contains static-sensitive compo­
nents or assemblies. 

3. Discharge the static voltage from your body by wear­
ing a grounded antistatic wrist. strap while handling these 
components. Servicing static-sensitive components or as­
semblies should be performed only at a static.-free work sta­
tton by qualified service personnel. 

4. Nothing capable of generating or holding a static 
charge should be allowed on the work station surface. 

5. Keep the component leads shorted together whenever 
possible. 

6. Pick up components by their bodies, never by their 
leads. 

Table 6·1 
Susceptibility 

to Static Discharge Damage 

Relative 
Susceptibility 

Semiconductor Classes levels· 

MOS or CMOS microcircuits or 
discretes. or linear microcircuits 
with MOS inputs. (Most Sensitive) 1 

Eel 2 

Schottky signal diodes 3 

Schottky TTL 4 

HigMrequency bipolar transistors 5 

JFETs 6 

Unear microcircuits 7 

Low-power Schottky TTL 8 

TTL (least Sensitive) 9 

aVoltage equivalent for levels: (Voltage discharged from a 
100 pF capacitor through a resistance··of 100 n.) 

1 == 100 to 500 V 4 "" 500 V 7 = 400 to 1000 V(est.) 
2=2OOto5OOV 5=4OOto600V 8=900V 
3 = 250 V 6 = 600 to 800 V 9 = 1200 V 

7. Do not slide the components over any surface. 

8. Avoid handling components in areas that have a floor 
or work-surface covering capable of generating a static 
charge. 
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9. Use a soldering iron that is connected to earth ground. 10. Use only approved antistatic, vacuum-type 
desoldering tools for component removal. 

PREVENTIVE MAINTENANCE 

INTRODUCTION 

Preventive maintenance consists of cleaning, visual in­
spection, and checking instrument performance. When ac­
complished regularly, it may prevent instrument malfunction 
and enhance instrument reliability. The severity of the envi­
ronment in which the instrument is used determines the re­
quired frequency of maintenance. An appropriate time to 
accomplish preventive maintenance is just before instru­
ment adjustment. 

GENERAL CARE 

The cabinet minimizes accumulation of dust inside the 
instrument and should normally be in place when operating 
the 2445. The front cover supplied with the instrument pro­
vides both dust and damage protection for the front panel 
and crt, and it should be on whenever the instrument is 
stored or is being transported. 

INSPECTION AND CLEANING 

The 2445 should be visually inspected and cleaned as 
often as operating conditions require. Accumulation of dirt in 
the instrument can cause overheating and component 

breakdown. Dirt on components acts as an insulating blan­
ket, prevent efficient heat dissipation. It also provides an 
electrical conduction path that could result in instrument fall­
ure, especially under high-humidity conditions. 

A void the use of chemical cleaning agents whiCh 
might damage the plastics used in this instrument. 
Use a nonresidue-type cleaner, preferably isopropyl 
alcohol or a solution of 1 % mild detergent with 99% 
water. Before using any other type of cleaner, consult 
your Tektronix Service Center or representative. 

Exterior 

INSPECTION. Inspect the external portions of the instru­
ment fordamage, wear, and missing parts; use Table 6-2 as 
a guide. Instruments that appear to have been dropped or 
otherwise abused should be checked thoroughly to verify 
correct operation and performance. Deficiencies found that 
could cause personal injury or could lead to further damage 
to the instrument should be repaired immediately. 

Table 6-2 
External Inspection Check List 

Item Inspect For Repair Action 

Cabinet, Lid, Front Cracks, scratches, deformations, damaged Touch up paint scratches and replace 
Panel hardware or gaskets. defective components. 

Front-panel Controls Missing, damaged, or loose knobs, buttons, and Repair or replace missing or defective items. 
controls. 

Connectors Broken shells, cracked insulation, and deformed Replace defective parts. Clear or wash out 
contacts. Dirt in connectors. dirt. 

Carrying Handle Correct operation. Replace defective parts. 

Accessories Missing Items or parts of items, bent pins, Replace damaged or missing items, frayed 
broken or frayed cables, and damaged cables, and defective parts. 
connectors. 
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To prevent getting mOisture inside the instrument dur­
ing external cleaning, use only enough liquid to damp.. 
en the cloth or applicator. 

CLEANING. Loose dust on the outside of the instrument 
can be removed with a soft cloth or small soft-bristle brush. 
The brush is particularly useful for dislodging dirt on and 
around the controls and connectors. Dirt that remains can 
be removed with a soft cloth dampened in a mild detergent­
and-water solution. 00 not use abrasive cleaners. 

Two plastic light filters, one blue and one clear, afe pro­
vided with the oscilloscope. Clean the light filters and the crt 
face with a soft lint-free cloth dampened with either isopro­
pyl alcohol or a mild detergent-and-water solution. 

Maintenance-2445 Service 

Interior 

To gain access to internal portions of the instrument for 
inspection and cleaning, refer to the "Removal and Replace­
ment Instructions' in the 'Corrective Maintenance~ part of 
this section. 

INSPECTION. Inspect the internal portions of the 2445 
for damage and wear, using Table 6-3 as a guide. Deficien­
cies found should be repaired immediately. The corrective 
procedure for most visible defects is obvious; however. par­
ticuiar care must be taken if heat.damaged components are 
found. Overheating usually Indicates other trouble in the in­
strument; therefore, it is important that the cause of over­
heating be corrected to prevent recurrence of the d~mage. 

If any electrical component is replaced. conduct a Perfor­
mance Check for the affected circuit and for other closely 
related circuits (see Section 4). If repair or replacement work 
is done on any of the power supplies, conduct a complete 
Performance Check and. if so indicated, an instrument read­
justment (see Sections 4 and 5). 

Table 6-3 
Internal Inspection Check List 

Item Inspect For Repair Action 

Circuit Boards Loose, broken, or corroded solder Clean solder corrosion with an eraser and flush with isopropyl 
connections. Burned circuit boards. alcohol. Resolder defective connections. Oetermine cause of 
Burned, broken, or cracked circuit- burned items and repair. Repair defective circuit runs. 
run plating. 

Resistors Burned, cracked, broken, blistered. Replace defective resistors. Check for cause of burned 
component and repair as necessary. 

Solder Connections Cold solder or rosin joints. Resolder joint and clean with isopropyl alcohol. 

Capacitors Damaged ·or leaking cases. Corrod- Replace defective capacitors. Clean solder connections and 
ad solder on leads or terminals. flush with isopropyl alcohol. 

Semiconductors Loosely inserted in sockets. Firmly seat loose semiconductors. Remove devices having 
Distorted pins. distorted pins. Carefully straighten pins (as required to fit the 

socket), using long-nose pliers, and reinsert firmly. Ensure 
that straightening action does not crack pins. causing them to 
break off. 

Wiring and Cables Loose plugs or connectors. Burned, Firmly seat connectors. Repair or replace defective wires or 
broken, or frayed wiring. cables. 

Chassis Dents. deformations, and damaged Straighten, repair. or replace defective hardware. 
hardware. 

6-3 

- .. -..... - .... ~.-.----... -~-------------------....... ----....... --...... _ .................. _-



Malntenance-2445 Service 

To prevent damage from 8lectrical arcing, ensure that 
circuit boards and components are dry before apply­
ing power to the instrument. 

CLEANING. To clean the interior, blow off dust with dry, 
low-pressure air (approximately 9 psi). Remove any remain­
ing dust with a soft brush or a cloth dampened with a solu­
tion of mild detergent and water. A cotton-tipped applicator 
is useful for cleaning In narrow spaces and on circuit boards. 

If these methods do not remove all the dust or dirt, the 
instrument may be spray washed using a solution of 5% 
mild detergent and 95% water as follows: 

Exceptions to the following procedure are the Attenu­
ator assemblies and the Front-Pansl moduIB. Cf8an 
these assemblies only with isopropyl aloohol as de­
scribed in step 4. 

1. Gain access to the parts to be cleaned by removing 
easily accessible shields and panels. 

2. Spray wash dirty parts with the detergent-and-water 
solution; then use clean water to thoroughly rinse them. 

3. Dry all parts with low-pressure air. 

NOTE 

Most of the switches uSBd in the 2445 are sealBd and 
the contacts are Inaccessibl8. If cl8aning is d88med 
n8C8ssary, USB only isopropyl aloohol. 
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4. Clean switches with isopropyl alcohol and wait 60 sec­
onds for the majority of the alcohol to evaporate. Then com­
plete drying with low-pressure air. 

5. Dry all components and assemblies in an oven or dry­
ing compartment using low-temperature (125 0 F to 150 0 F) 
circulating air. 

LUBRICATION 

There is no periodic lubrication required for this 
instrument. 

SEMICONDUCTOR CHECKS 

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

PERIODIC READJUSTMENT 

To ensure accurate measurements, check the perfor­
mance of this instrument every 2000 hours of operation, or 
if used infrequently, once each year. In addition, replace­
ment of components may necessitate readjustment of the 
affected circuits. 

Complete Performance Check and Adjustment instruc­
tions are given in Sections 4 and 5. The Performance Check 
Procedure can also be helpful in localizing certain troubles in 
the instrument. 
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TROUBLESHOOTING 
INTRODUCTION 

Preventive maintenance performed on a regular basis 
should revea! most potential problems before an instrument 
malfunctions. However, should troubleshooting be required, 
the following information is provided to facilitate location of 
a fault. In addition, the material presented in the 4Theory of 
Operation" and "Diagrams' sections of this manual may be 
helpfu! while troubleshooting. 

TROUBLESHOOTING AIDS 

Diagnostic Firmware 

The operating firmware in this instrument contains diag­
nostic routines that aid in locating malfunctions. When in­
strument power Is applied, power-up tests are performed to 
verify proper operation of much of ~he instrument's circuitry. 
If a failure is detected. this information is passed on to the 
operator in the form of either a crt readout or illuminated 
LED indicators. The failure information directs the operator 
to the failing block of circuitry. If the failure is such that the 
processor can still execute the diagnostic routines, the user 
can call up specifIC tests to further check the failing circuitry. 
The specific diagnostic routines are explained later in this 
section. 

Schematic Diagrams 

Complete schematic diagrams are located on tabbed 
foldout pages in the "Diagrams· section. Portions of circuit­
ry mounted on each circuit boar(i are enclosed by heavy 
black lines. The assembly number and name of the circuit 
are shown near either the top at the bottom edge of the 
diagram. 

Functional blocks on schematic diagrams are outlined 
with a wide grey line. Components within the outlined area 
perform the function designated by the block label. The 
"Theory of Operation' uses these functional block names 
when describing circuit operation as an aid in cross-refer­
encing between the theory and the schematic diagrams. 

Component numbers and electrical values of compo­
nents in this instrument are shown on the schematic dia­
grams. Refer to the first page of the "Diagrams' section for 
the reference deSignators and symbols used to identify com· 
ponents. Important voltages and waveform reference num­
bers (enclosed in hexagonal-shaped boxes) are also shown 
on each diagram. Waveform illustrations are located adja­
cent to their respective schematic diagram. 

Circuit Board Illustrations 

Circuit board illustrations showing the physical location 
of each component are provided for use in conjunction with 
each schematic diagram. Each board illustration is found in 
the • Diagrams' section on the back of a foldout page. pre­
ceding the first schematic diagram(s) to which it relates. 

The locations of waveform test points are marked on the 
circuit board illustrations with hexagonal outlined numbers 
corresponding to the waveform numbers on both the sche­
matic diagram and the waveform illustrations. 

Circuit Board Locations 

The placement in the instrument of each circuit board is 
shown in a board locator illustration. This illustration is 10-
cated on the foldout page along with the circuit board 
illustration. 

Power Distribution Diagrams 

Power Distribution diagrams {diagrams 11 and 12} are 
provided in the "Diagrams' section to aid in troubleshooting 
power-supply problems. 

Circuit Board Interconnection Diagram 

A circuit board interconnection diagram (diagram 13) and 
tables listing the interconnecting pins and signals carried are 
provided In the "Diagram" section following the Power Dis­
tribution diagrams. 

Grid Coordinate System 

Each schematic diagram and circuit board illustration has 
a grid border along its left and top edges. A table located 
adjacent to each diagram lists the grid coordinates of each 
component shown on that diagram. To aid in physically lo­
cating components on the circuit board. this table also lists 
the grid coordinates of each component on the circuit board 
illustration. 

Near each cirCUit board illustration is an alphanumeric 
listing of all components mounted on that board. The sec­
ond column in each listing identifies the schematic diagram 
on which each component can be found. These component­
locator tables are especially useful when more than one 
schematic diagram is asSOCiated with a particular circuit 
board. 
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Troubleshooting Charts 

The troubleshooting charts contained in the "Diagrams' 
section are to be used as an aid in locating malfunctioning 
circuitry. To use the charts, begin with the Preliminary Tests 
flowchart. This chart will help Identify problem areas and will 
direct you to other appropriate charts for further 
troubleshooting. 

Some malfunctions, especially those involving multiple si­
multaneous failures, may require more elaborate trouble­
shooting approaches with references to circuit descriptions 
in the "Theory of Operation" section of this manual. 

Component Color Coding 

Information regarding color codes and markings of resis­
tors and capacitors is located on the coIor-coding illustration 
(Figure 9-1) at the beginning of the "Diagrams' section. 

RESISTOR COLOR CODE. Resistors used in this instru­
ment are carbon-film, composition, or precision metal-film 
types. They are usually color coded with the EIA cotor code; 
however, some metal-film type resistors may have the value 
printed on the body. The color code is interpreted starting 
with the stripe nearest to one end of the resistor. Composi­
tion resistors have four stripes; these represent two signifi­
cant digits, a multiplier, and a tolerance value. Metal-film 
resistors have five stripes representing three Significant dig­
its, a multiplier, and a tolerance value. 

CAPACITOR MARKINGS. Capacitance values of com­
mon disc capacitors and small etectrolytics are marked on 
the side of the capacitor body. White ceramic capacitors are 
color coded in picofarads, using a modified EIA code. 

Dipped tantalum capacitors are color coded in 
microfarads. The color dot indicates both the positive lead 
and the voltage rating. Since these capacitors are easily 
destroyed by reversed or excessive voltage, be careful to 
observe the polarity and voltage rating when replacing 
them. 

DIODE COLOR CODE. The cathode end of each glass­
encased diode is indicated by either a stripe, a series of 
stripes or a dot. For most diodes marked with a series of 
stripes, the color combination of the stripes identifies three 
digits of the Tektronix Part Number, using the resistor cotor­
code system. The cathode and anode ends of a metal-en­
cased diode may be identified by the diode symbol marked 
on its body. 
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Semiconductor Lead Configurations 

Figure 9-2 in the "Diagrams· section shows the lead con­
figurations for semiconductor devices used in the instru­
ment. These .lead configurations and case styles are typical 
of those used at completion of the instrument design. Ven­
dor changes and performance improvement changes may 
result in changes of case styles or lead configurations. If the 
device in question does not appear to match the configura­
tion shown in Figure 9-2, examine the associated circuitry or 
consult a manufacturer's data sheet. 

Multlpin Connectors 

Multipln connector Orientation is indexed by two trian­
gles; one on the holder and one on the circuit board. Slot 
numbers are usually molded into the holder. When a con­
nection is made to circuit board pins, ensure that the index 
on the holder is aligned with the index on the circuit board 
(see Figure 6-1). 

(0995-11) 2662-50 

Figure 6·1. Multipin connector orientation. 

TROUBLESHOOTING EQUIPMENT 

The equipment listed in Table 4-1 of this manual, or 
equivalent equipment, may be useful when troubleshooting 
this instrument. 

TROUBLESHOOTING TECHNIQUES 

The following procedure is arranged in an order that en­
ables checking simple trouble possibilities before requiring 
more extensive troubleshooting. The first two steps use cIi-
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agnostic aids inherent in the instrument's operating 
firmware and will locate many cfcuit faults. The next four 
procedures are check steps tt$lt ensure ptloper control 
settings, connections, operatioli, and adjustment. If the 
trouble is not located by these checks, the remaining steps 
will aid in locating the defective cqmponent. When the defec. 
tive component is located, repl. it using the appropriate 
replacement procedure given under "Corrective Mainte­
nance" in this section. 

Before using any test equiprt,lent to make measure­
ments on static-sensitive, CLl(rent-sensitive, or volt· 
age..sensitive components or ~ssemblies, ensure that 
any voltage or current suppliefp by the test equipment 
does not exceed the limits Of the component to be 
tested. 

1. Power-up Tests 

The 2445 performs automaticlverification of much of the 
instrument's circuitry when power is first applied. The "Ker· 
neI" tests verify proper operation of the Microprocessor, the 
ROM, and the RAM. If all Kernel tests pass, a second level 
of checks, the "Confidence" test$, are performed. The Con­
fidence tests, when passed, give the user a high degree of 
assurance that the instrument is lfunctioning properly. 

If a Kernel test or Confidence test fails, the area of failure 
is identified either by a message ~ the crt (if the instrument 
is able to produce a display) or ~y an error code displayed 
on the front.panelLED indiCato~ If a failure occurs, refer to 
the "Diagnostic Routines" discuS$ion later in this section for 
definitions of error messages a~ LED error codes. 

Once a problem area has been identified, the associated 
troubleshooting procedure shoutd be performed to further 
iSOlate the problem. The trouble.hooting procedures are IQ.. 
cated on tabbed-foldout pages irt the "Diagrams" section at 
the rear of this manual. 

2. Diagnoatic Tests and ExWCiser Routine. 

Each of the tests automatically performed at power up, 
along with several other circuit ~xercising routines, may be 
individuaHy selected by the user ~o further clarify the nature 
of a suspected failure. The desii'ed test or exerciser Is sa. 
!ected by "scrotllng" through ~ menu of the available 
routines when under controt of! the "Diagnostic MonItor.' 
Entry Into the Diagnostic Monitot and Its uses are explained 
in the "Diagnostic Routines· diSCUssion later in this section. 
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3.· Check Control Setting. 

Incorrect controt settings can give a false indiCation of 
instrument malfunction. If there is any question about the 
correct function or operation of any controt, refer to either 
the "Operating Information" in Section 2 of this manual or to 
the 2445 Operators Manual. 

4. Check Associated Equipment 

Before proceeding, ensure that any equipment used with 
the 2445 is operating correctly. Verify ,that input Signals are 
properly connected and that the interconnecting cables are 
not defective. Check that the ac.power·source vottage to aU 
equipment is correct. 

5. Visual Check 

Perform a visual inspection. This check may reveal bra. 
ken connections or wires, damaged components, semlcon· 
ductors not firmly mounted, damaged circuit boards, or 
other clues to the cause of an instrument malfunction. 

8. Check Instrument Performance and Adjustment. 

Check the performance of either thOse circuits where 
trouble appears to exist or the entire instrument. The appar· 
ent trouble may be the result of misadjustrnent. Complete 
performance check and adjustment instructions are given in 
Sections 4 and 5 of this manual. 

7. Isolate Trouble to a Circuit 

To iso/ate problems to a particular area, use any symp. 
toms noticed to help locate the trouble. Refer to the trouble­
shooting charts in the "Diagrams- section as an aid in 
locating a faulty circuit. 

When trouble symptoms appear in more that one circuit, 
first check the power supplies; then check the affected cir· 
cults by taking vottage and waveform readings. Check first 
for the correct output voltage of each individual supply. 
These vottages are measured between the power supply 
test points and ground (see schematic diagrams 8, 9, and 
10, and associated circuit board illustrations in the "Dia· 
grams' section). If the power-supply voltages and ripple are 
Within the listed ranges, the supply can be assumed to be 
working correctly. If they are outside the range, the supply 
may be either misadjusted or operating incorrectly. 

The Low Voltage Power Supply levels are interdepen. 
dent. All the low vottage supplies use the + 1 0 V reference 
for their reference levels. If more that one of the low voltage 
supplies appears defective, repair them in the following or· 
der: +10 V REF, +5 V Digital, +87 V, +42 V, +15 V, 
+5 V Analog, -15 V, -8 V, and -5 V. 

&.7 
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A defective component elsewhere in the instrument can 
create the appearance of a power-supply problem and may 
also affect the operation of other circuits. Use the power 
supply troubleshooting charts to aid in locating the problem. 

8. Check Circuit Board Interconnections 

After the trouble has been isolated to a particular circuit, 
again check for loose or broken connections, improperly 
seated semiconductors, and heat-damaged components. 

9. Check Voltages and Waveforms 

Often the defective component can be located by check­
ing circuit voltages or waveforms. Typical voltages are listed 
on the schematic diagrams. Waveforms indicated on the 
schematic diagrams by hexagonal-outlined numbers are 
shown adjacent to the diagrams. Waveform test points are 
shown on the circuit board illustrations. 

NOTE 

Voltages and waveforms indicated on the schematic 
diagrams are not absolute and may vary slightly be­
tween instruments. To establish operating conditions 
Similar to those used to obtain these readings, see the 
voltage and waveform setup conditions preceding the 
waveform illustrations. 

Note the recommended test equipment, front-panel 
control settings, voltage and waveform conditions, 
and cable-connection instructions. Any special control 
settings required to obtain a given waveform are not­
ed under the waveform illustration. Changes to the 
control settings from the initial setup, other than those 
noted, are not required. 

10. Check Individual Components 

The following procedures describe methods of checking 
individual components. Two-lead components that are sol­
dered in place are most accurately checked by first discon­
necting one end from the circuit board. This isolates the 
measurement from the effects of the surrounding circuitry. 
See Figure 9-1 for component value identification and Figure 
9-2 for semiconductor lead configurations. 

WA."'''. I 
To avoid electric shock, always disconnect the instru­
ment from the ac power source before removing or 
replacing components. 
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When checking semiconductors, observe the static­
sensitivity precautions located at the beginning of this 
section. 

TRANSISTORS. A good check of a transistor is actual 
performance under operating conditions. A transistor can 
most effectively be checked by substituting a known-good 
component. However, be sure that circuit conditions are not 
such that a replacement transistor might also be damaged. 
If substitute transistors are not available, use a dynamic­
type transistor checker for testing. Static-type transistor 
checkers are not recommended, since they do not check 
operation under siglulated operating conditions. 

When troubleshooting transistors in the circuit with a 
voltmeter, measure both the emitter-ta-base and emitter-ta­
collector voltages to determine whether they are consistent 
with normal circuit voltages. Voltages across a transistor 
may vary with the type of device and its circuit function. 

Some of these voltages are predictable. The emitter-ta­
base voltage for a conducting silicon transistor wi" normally 
range from 0.6 V to 0.8 V. The emitter-to-collector voltage 
for a saturated transistor is about 0.2 V. Because these 
values are sma". the best way to check them is by connect­
ing a sensitive voltmeter across the junction rather than 
comparing two voltages taken with respect to ground. If the 
former method is used, both leads of the voltmeter must be 
isolated from ground. 

If voltage values measured are less that those just given, 
either the device is shorted or no current is flowing in the 
external circuit. If values exceed the emitter-ta-base values 
given, either the junction reverse biased or the device is de­
fective. Voltages exceeding those given for typical emitter­
to-collector values could indicate either a nonsaturated 
device operating normally or a defective (open-circuited) 
transistor. If the device is conducting. voltage wi" be devel­
oped across the resistors in series with it; if open, no volt­
age will be developed across the resistors unless current is 
being supplied by a parallel path. 

When checking emitter-ta-base junctions, do not use 
an ohmmeter range that has a high Internal current. 
High current may damage the transistor. Reverse bi­
asing the emltter-to-base junction with a high current 
may degrade the current-transfer ratio (Beta) of the 
transistor. 



A transistor emitter-to-base junction also can be checked 
for an open Of shorted condition by measuring the resis­
tance between terminals with an ohmmeter set to a range 
having a low internal source current, such as the R X 1 kO 
range. The junction resistance should be very high in one 
direction and much lower when the meter leads are 
reversed. 

When troubleshooting a field-effect transistor (FET). the 
voltage across its elements can be checked in the same 
manner as previously described for other transistors. How­
ever, remember that in the normal depletion mode of opera­
tion, the gate-to-source junction is reverse biased; in the 
enhanced mode. the junction is forward biased. 

INTEGRATED ClRCUITS. An integrated circuit (Ie) can 
be checked with a voltmeter, test oSCilloscope, or by direct 
substitution. A good understanding of circuit operation is 
essential when troubleshooting $ circuit having IC compo­
nents. Use care when checking voltages and waveforms 
around the IC so that adjacent leads are not shorted togeth­
er. An IC test clip provides a convenient means of clipping a 
test probe to an Ie. 

HYBRtDS. Hybrid components can best be checked by 
observing voltages and waveforms on the circuit board. 
Measurements should not be made on any hybrid compo­
nent while out of the circuit as they may e~sily be damaged. 
Direct substitution is the best troubleshooting method when 
a hybrid failure is suspected. 

When checking a diode, do not use an ohmmeter 
scale that has a high internal current. High current 
may damage a diode. Checks on diodes can be per­
formed in much the same manner as those on transis­
tor emitter-to-base junctions. Do not check tunnel 
diodes or back diodes with an ohmmeter; use a dy­
namic tester, such as the TEKTRONIX 576 Curve 
Tracer. 

DiODeS. A diode can be checked for either an open or a 
shorted condition by measuring the resistance between ter· 
minals with an ohmmeter set to a range having a low inter­
nal source current, such as the R X 1 kO range. The diode 
resistance should be very high in one direction and much 
lower when the meter leads are reversed. 

Silicon diodes should have 0.6 to 0.8 V across their junc­
tions when conducting. Higher readings indicate that they 
are either reverse biased or defective, depending on 
polarity. 
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RESISTORS. Check resistors with an ohmmeter. Refer 
to the uRepiaceabie Electrical Parts~ list for the tolerances 
of resistors used in this instrument. A resistor normally does 
not require replacement unless its measured value varies 
widely from its specified value and tolerance. 

INDUCTORS. Check for open inductors by checking con~ 
tinuity with an ohmmeter. Shorted or partially shorted induc­
tors can usually be found by check the waveform response 
when high-frequency signals are passed through the circuit. 

CAPACITORS. A leaky or shorted capacitor can best be 
detected by checking resistance with an ohmmeter set to 
one of the highest ranges. Do not exceed the voltage rating 
of the capacitor. The resistance reading should be high after 
the capaCitor is charged to the output voltage of the ohm­
meter. An open capacitor can be detected with a capaci­
tance meter or by checking whether.the capacitor passes ac 
signals. 

ATTENUATORS. The Attenuators are built as complete 
assemblies and should not be taken apart. If an Attenuator 
is suspected as having failed, direct substitution is the rec­
ommended troubleshooting method. 

11. Repair and Adjust the Circuit. 

If any defective parts are located. follow the replacement 
procedures given under "Corrective Maintenance" in this 
section. After any electrical component has been replaced, 
the performance of that circuit and any other closely related 
circuit should be checked. Since the power supplies affect 
all circuits, performance of the entire instrument should be 
checked if work has been done on the power supplies or jf 
the power transformer has been replaced. Readjustment of 
the affected circuitry may be necessary. Refer to the 'Per­
formance Check" and AAdjustment Procedure-, Sections 4 
and 5 of this manual. 

DIAGNOSTIC ROUTINES 

The diagnostic routines contained in the 2445 operating 
firmware consist of the various power-up tests that are 
automatically performed when power is first applied and 
several circuit exerciser routines. The test or exerciser 
routines are selected by "scrolling" through a menu of avail­
able routines when the firmware is under control of the Diag­
nostic Monitor. Monitor control is indicated by the message 
"DIAGNSTIC. PUSH NB TRIG TO EXIT" displayed in the 
top crt graticule division. 

Entry into the monitor is automatic if a power ~up test 
fails. The user may also force entry into the Diagnostic Moo-
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itor from the normal operating mode by holding in the front­
panel t:N and ~t push buttons and then pressing the 
front-panel SLOPE push button. Exiting the monitor is ac­
complished by pressing in the AlB TRIG push button, as 
instructed by the crt readout display. 

Depending on how the Diagnostic Monitor was entered 
(from normal mode or as a result of a power -up test failure), 
the first menu item displayed may vary; entry into the moni-
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tor from the normal mode begins at ALL TESTS while entry 
from power up starts at the first failed test. Since, in a failure 
mode, the crt readout may not be able to display the select­
ed menu item, the VERT TRIGGER SOURCE indicator illu­
minates as a reference when ALL TESTS is selected. With 
the VERT TRIGGER SOURCE indicator illuminated, the 
user may scroll to the deSired test or exerciser routine using 
the test order called out in Table 6-4. Whether the menu is 
displayed or not, scrolling is accomplished by pressing the 
front-panel TRIGGER MODE switch either up to increment 
or down to decrement the menu position by one. 



Maintenance-2445 Service 

Table 6-4 

Sequence of Diagnostic Tests and Exerciser Routines 

Routine Type Routine Error Error Code 
Type Number Name Code Meaning 

All TestsB 00 All ZZ The left digit is the option number and the right digit is 
the test number of the first failing test of the last ALL 
TESTS run. When looping, it shows the last failing 
test. 

Test 01 Interrupt Request 01 Interrupt request is missing or has wrong period. 

Test 02 Switch Stuck 01 Trigger COUPLING down. 
02 Trigger COUPLING up. 
08 CH 1 Coupling down. 
10 CH 1 Coupling up. 
28 CH 2 Coupling down. 
30 CH 2 Coupling up. 
44 6 t (delta time). 
48 6 V (delta volts). 
50 Trigger SLOPE 
61 Trigger SOURCE down. 
62 Trigger SOURCE up. 
64 Trigger MODE down. 
68 Trigger MODE up. 
70b NB TRIG select. 

Test 03 Readout Board 01 Shift register failure. 
02 Readout RAM failure. 

Test 04 EAROM Xl Parity error on read (bit 0 set). 
X8 Bad read after write (bit 3 set). 
1X Bad checksum (bit 4 set). 

Test 05 Main Board 01 AUTO L VL failed to trigger. 
X2 Negative level not negative enough. 
X4 Negative level too negative. 
2X Positive level not positive enough. 
4X Positive level too positive. 

Exerciser 01 Pots and Switches None 

Exerciser 02 EAROM Examine None 

Exerciser 03 Cycle Error Clear None 

Exerciser 04 Display ROM Headers None 

aVERT TRIG SOURCE indicator lights when in ALL TESTS as a visual reference in the event a crt display can not be produced. 

blf the AlB TRIG switch is stuck on power up, the oscilloscope wiD branch to "normal" operation after a short delay. The associated error 
message will only be visible momentarily jf the crt is warmed-up. 
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Routine Control 

When the desired Test or Exerciser has been selected 
the operator has two types of control that may be exercised 
over the routine: START/STOP and LOOP. 

Starting or stopping the execution of the selected routine 
is controlled by the front-panel TRIGGER COUPLING 
switch. Pressing the switch up starts the routine; pressing it 
down stops it. 

All of the test routines, except EAROM-TEST 04, may 
be set to LOOP mode (continuously repeated) by pressing 
the front-pane! TRIGGER SOURCE switch up while the rou­
tine is selected but not executing. The LOOP feature will 
cause the routine to be continuously repeated once started 
until stopped when the operator presses the COUPLING 
switch down. Once the routine is stopped, the LOOP fea­
ture may be disabled by pressing the SOURCE switch 
down. 

While a Test or Exerciser routine is executing. the Diag­
nostic Monitor Control message on the top line of the crt 
display will be cleared as an indication that a routine is run­
ning. When test routines are looping, the message "LOOp· 
is displayed in the bottom division of the crt graticule. 

Display Format 

The Tests and Exercisers routines display information 
about the routine type and number. as well as any test re­
sults, at the bottom of the crt display. The readout line is 
formatted as follows: 

00 TYPE XY STATUS ZZ lOOP OO<ABCC> 

The information is defined as follows: 

~'OO" is a two-character option deSignator identifying the 
option that this particular line of diagnostic information re­
fers to (see Options manual for details). For the basic instru­
ment, the 00 location is blank. 

"TYPE" refers to routine type: All Tests (ALL). Test 
(TEST), Exerciser ( EXER). or Calibration (CAL). 

"X" indicates which bit of the ·Option Select Register" is 
set to turn on the option called out by "OD" (see Options 
~anual for description of Options Select Register). This bit 
IS zero for the basiC instrument. 

"Y" is the TYPE number of the routine (see the "Type 
Number" column of Table 6-4). 
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"STATUS" shows the results of the last time a selected 
test routine ran: either PASS or FAIL. This space is blank 
for exerciser and calibration routines. When the diagnostics 
are called up from normal operating mode, the space will be 
blank until the selected test is executed. 

"ZZ" is a two-digit error code identifying the nature of 
the failure in a failed test (see the "Error Code" column of 
Table 6-4). 

"LOOP" indicates when a selected test is set to the 
LOOP mode. 

"OO<ABCC>" is the CYCLE mode failure indicator. 
When the CYCLE mode is activated (see CYCLE ERROR 
CLEAR description). data will be written to the EAROM 
about the first test failure that occurs. This information will 
be displayed until the operator performs the CYCLE ER­
ROR CLEAR routine (Exerciser 03). The information dis­
played is an abbreviated version of the previous items: 

"00" is a two-character option designator showing 
which option failed first while in the CYCLE mode (the same 
codes as for "00" at the start of the readout line). 

"A" identifies the option-select bit for the failing option 
(the same code as for "X"). 

"8" is the test Type Number where the failure occurred 
(the same codes as for "Y"). 

"CC" is the error code for the test (the same codes as for 
"ZZ"). 

Kernel Tests 

The Kernel tests are those tests which, when failed, are 
considered "fatal" to the operation of the Microprocessor. 
Failure of a Kernel test will cause the front-panel TRIG'D 
indicator to flash, and certain of the other front-panel indica­
tors will be illuminated with an error code. The code points 
to the area of failure as indicated in Table 6-5. Tables 6-6 
and 6-7 are used to determine the option and device num­
bers used in Table 6-5. Only the basic instrument codes are 
given in Table 6-5. Option codes are defined in the "Options 
Service Manual." 



Table 6-5 
Kernel Test Failure Codes 

Failure Codes 

Option Device Failing Device 

0 0 Control Board RAM 

0 1 ROM at EOOO (hex) 

0 2 ROM at COOO (hex) 

0 3 ROM at AOOO (hex) 

0 4 ROM at 9000 (hex) 

Table 6·6 
Front-Panel LED Option Codes 

Option Code 

CH 1 CH 2 CH3 CH4 Option Option 
LED LED LED LED Number Name 

(bit 3) (bit 2) (bit 1) (bit 0) (in hex) 

OFF OFF OFF OFF 0 Basic Instrument 

ON ON ON ON F Options Buffer 
Board 

Table 6·7 
Front-Panel LED Device Codes 

Device Code 

READY + - Device 
LED LED LED Number 

(bit 2) (bit 1) (bit 0) 

OFF OFF OFF 0 

OFF OFF ON 1 

OFF ON OFF 2 

OFF ON ON 3 

ON OFF OFF 4 

ON OFF ON 5 

ON ON OFF 6 

ON ON ON 7 

Even if a Kernel test fails, the operator may try to go to 
normal oscilloscope operation by pressing the AlB TRIG se­
lect push button, Depending on the exact nature of the fail­
ure, the instrument mayor may not be functional. 
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Kernel tests are automatically executed at power up. The 
Kernel tests are divided into RAM tests and ROM tests as 
follows: 

RAM TEST. This test is a complete march test. The RAM 
is first filled with zeros. The first location is then read, check­
ing that only zeros are present. (In later cycles this ensures 
that a previous write hasn't written to the location.) A "1" is 
walked through each bit of the addressed location and read 
back after each write to ensure only one bit at a time 
changes. Each of the succeeding address locations is read, 
then written to in the same way until the RAM is filled with 
ones. After the RAM is filled, a ·0" is walked through each 
bit location in a similar manner. 

Test checks: RAM address decoding, RAM address 
lines, RAM data lines, and Data Bus Buffers. 

ROM TEST. The ROM test performs three checks on 
each of the system read-only memories. 

Data Bus Drive-Two locations containing complemen­
tary data patterns are read. 

Test checks: Data bus lines and the Data Bus Driver. 

Correct Part-A byte in the ROM being checked is com­
pared to the most-significant byte of the addressed ROM 
block (starting address of where the ROM should be 
installed). 

Test checks: ROM address decoding and proper instal­
lation of ROM components. 

Checksum-A sixteen bit, spiral-add checksum is calcu­
lated and compared to a two-byte value stored in ROM ba­
ing checked, 

Test checks: ROM contents, ROM addressing, ROM 
data lines, and the Data 6us Driver. 

Confidence Tests 

The Confidence tests provide checks for much of the re­
maining circuitry to ensure that instrument operation is cor­
rect. Confidence tests are performed automatically at power 
up after the Kernel is determined to be functional or initiated 
by the operator from the Diagnostic Monitor. 

A failure of any Confidence test during power up will pass 
control to the Diagnostic Monitor; this permits the test re­
sults to be examined. Descriptions of the Confidence tests 
follow. 
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INTERRUPT REQUEST (Test 01). Ten consecutive inter­
rupt cycles are checked to ensure that succeeding interrupts 
occur not more than 4.5 ms apart (5600 "E" cycles). 

Test checks: Interrupt Timer circuitry. 

SWITCH STUCK (Test 02). The front-panel, momentary­
contact switches are scanned, checking for a closed switch. 
At power up, the test runs immediately. 

By holding one of the momentary switches in a closed 
position when power is first applied, this test will fail, and 
the Diagnostic Monitor will be entered. When the test is 
started from the Diagnostic Monitor, a one-half second de­
lay is incorporated to allow the COUPLING (test start) 
switch to return to its normal (open) position. Table 6-4 de­
fines the error codes that may be encountered when a 
switch is detected as closed. 

NOTE 

When the user presses the COUPLING switch to stop 
this test, an error code may be generated. This is nor­
mal and does not indicate an actual failure. 

Test checks: Momentary switches, row scanning circuit­
ry, and column scanning circuitry. 

READOUT BOARD (Test 03). This two-part test checks 
the interface to the Readout Board from the Microprocessor 
and the character RAM circuits. 

Processor Interface Test-The Microprocessor loads 
the three, eight-bit shift registers with an alternating bit pat­
tern that is then shifted back to the processor for 
comparison. 

Test checks: Data Registers, data strobes (clocks), and 
the data input and output lines. 

RAM Test-A "1" is rotated through each byte of the 
Readout RAM, one bit at a time. Each time an additional bit 
is rotated into the byte, the byte is loaded into the processor 
interface and clocked back to the processor for comparison. 
The byte is then restored to its original content, and each 
successive byte is tested in the same manner. 

Test checks: Readout RAM addressing, Readout RAM 
data lines, and RAM read/write capability. 

EAROM (Test 04). Three checks are performed on the 
EAROM to verify its contents and the interface circuitry. 
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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 the EAROM 
clock. 

Checksum Test-The contents of locations containing 
calibration constants are checksummed using a sprial-add 
technique. The result is compared to the contents of loca­
tion 0 (the checksum generated at the time of calibration). 

Test checks: EAROM addressing and EAROM 
contents. 

Parity Test-As each of the calibration constants is read 
for the Checksum test above, the parity of each 14-bit word 
is checked. 

Test checks: EAROM data retention and EAROM 
reading. 

MAIN BOARD (Test 05). The AUTO LVL triggering fea­
ture (a routine stored in firmware) is operated to detect the 
peaks of a Line Trigger signal. Detected peaks are com­
pared to expected values to verify operation (and calibra­
tion) of interrelated signal processing circuits. 

Test checks: Line Trigger source, the A Trigger genera­
tion circuitry, and Control DAC U2234 (located on the Con­
trol board). 

Exerciser Routines 

The Exerciser routines allow the operator to set and ex­
amine various bytes of control data used in determining in­
strument function. 

POTS AND SWITCHES (Exerciser 01). This routine dis­
plays the values that the Microprocessor detects as the var­
ious digitized pots and switches are activated. The top line 
of the crt display has the following format: 

AA BB CC DEEE FF GG HI JJ KL 

The format is defined as follows: 

"AA" is the code of the most-recently-activated potenti­
ometer (see Table 6-8 for de~nition of pot codes). 

"BB" is the current value (in hexadecimal) of pot AA. 

"CC" is the previous value (in hexadecimal) of pot AA. 
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"0" is the DAC Multiplexer code used to select pot AA 
(see Table 6-9). 

"EEE" is the DAC value (in hexadecimal) associated with 
pot AA. 

"FF" is the code of the previously-activated potentiome­
ter (see Table 6-8). 

"GG" is the row code of the most-recently-activated 
switch (see Table 6-10 for definition of row codes). 

"H" is the switch-position code: 0 for open; C for closed. 

"I" is the column code of the most-recently-activated 
switch (see Table 6-10). 

"JJ" is the row for for the previously-activated switCh. 

"K" is the switch-position code: 0 for open; C for closed. 

"L" is the column code for the previously-activated 
switch. 

NOTE 

For a/l momentary switches (except AlB TRIG) only 
the closed position will be shown in the switch-posi­
tion code locations (H and K). The AlB TRIG switch 
has both the open and the closed positions shown. 
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Table 6-8 

Potentiometer Code Numbers 

Code Number Potentiometer 

01 HOLDOFF 

02 Trigger LEVEL 

03 SEC/DIVVAR 

04 Horizontal POSITION 

05 a (A section) 

06 a (8 section) 

07 a REF OR DLY P~S (A section) 

08 a REF OR DLY P~S (8 section) 

09 CH 1 VOLTS/DIV VAR 

OA CH 2 VOLTS/DIV VAR 

Table 6-9 

OAC Multiplexer "0" Codes 

o Code Control Indicated 

0 CH 1 VOLTS/DIV VAR 

1 A SEC/DIV VAR 

2 CH 2 VOLTS/DIV VAR 

3 A Trigger LEVEL 

5 Horizontal POSITION 

6 HOLDOFF 

NOTE 

In the case of the ~ REF OR DLY POS and ~ con­
trols, the D code position shows the two most-signifi­
cant bits of the 14-bit DAC output (in hexadecimal). 
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Table 6-10 

Pots and Switches Column 
and Row Code Definitions 

Row Column Definition 
Code Code 

0 0 Trig COUPLING Down 
0 1 Trig COUPLING Up 
0 2 Unused 
0 3 CH 1 Coupling Down 
0 4 CH 1 Coupling Up 

1 0 CH 4 VOLTS/DIV 
1 1 CH 3 VOLTS/DIV 
1 2 Unused 
1 3 CH 2 Coupling Down 
1 4 CH 2 Coupling Up 

2 0 CH 1 VOLTS/DIV LSB 
2 1 CH 1 VOLTS/DiV Bit 2 
2 2 CH 1 VOLTS/DIV Bit 3 
2 3 CH 1 VOLTS DIV MSB 
2 4 CH 2 INVERT 

3 0 CH 2 VOLTS/DIV LSB 
3 1 CH 2 VOLTS/DIV Bit 2 
3 2 CH 2 VOLTS/DIV Bit 3 
3 3 CH 2 VOLTS/DIV MSB 
3 4 Horiz Display Select 

4 0 A SEC/DIV LSB 
4 1 A SEC/DIV Bit 2 
4 2 A SEC/DIV Bit 3 
4 3 A SEC/DIV Bit 4 
4 4 A SEC/DIV MSB 

EAROM EXAMINE (Exerciser 02). This routine allows the 
operator to examine the contents of any or all EAROM loca­
tions. The EAROM has 100 (decimal) locations (63 hexadec­
imal). Addresses above 63 (hex) are not defined. When 
entered. the Exerciser displays the contents of EAROM lo­
cation 00 (hex) on the top line of the crt display. Calibration 
constants reside between addresses 01 (hex) and 4C (hex) 
and each should have odd parity as explained below. The 
remaining locations may be of either parity. The readout dis­
play line has the following format: 

AA DODD P 

The format is defined as follows: 

"AA" is the eight-bit address in hexadecimal notation. 

''~ODD'' is the 14-bit word stored at that location (13 bits 
of data and one parity bit). 
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Row Column Definition 
Code Code 

5 0 B SEC/DIV LSB 
5 1 B SEC/DIV Bit 2 
5 2 B SEC/DIV Bit 3 
5 3 B SEC/DIV Bit 4 
5 4 B SEC/DIV MSB 

6 0 CH 1 VERT MODE 
6 1 CH 2 VERT MODE 
6 2 ADD VERT MODE 
6 3 CH 3 VERT MODE 
6 4 CH 4 VERT MODE 

7 0 Unused 
7 1 B ENDS A 
7 2 Unused 
7 3 CHOP/ALT 
7 4 BW LIMIT 

8 0 X10 MAG 
8 1 TRACKING/INDEP 
8 2 At 
8 3 AV 
8 4 Trig SLOPE 

9 0 Trig SOURCE Down 
9 1 Trig SOURCE Up 
9 2 Trig MODE Down 
9 3 Trig MODE Up 
9 4 A/B TRIG Select 

"P" is a parity indicator for the data word: X indicates 
even parity; blank is odd parity. 

Pushing the MODE switch up or down will increment or 
decrement the EAROM address by 16 (10 hex) respectively. 
Similarly, pushing the SOURCE switch up or down will in­
crement or decrement the address by 1 respectively. 

CYCLE ERROR CLEAR (Exerciser 03). This routine pro­
vides a way for the operator to clear the cycle-failure data 
written to the EAROM when a CYCLE mode failure occurs. 
Until the data is cleared, each time the instrument is 
powered up, the Diagnostic Monitor is entered and a diago­
nal line is display across the crt. 

CYCLE mode, when entered by removing the CAL/NO 
CAL jumper (P501), causes the instrument to continuously 



LOOP through the Power Up Diagnostic Tests (except for 
EAROM-Test 04). If a failure occurs, the cycle-failure data, 
identifying the first failure encountered, is written to a specif­
ic location in the EAROM. Thereafter, at each power up, the 
Diagnostic Monitor is automatically entered. and the failure 
data is displayed even when the instrument is returned to 
the normal operating configuration (CALINO CAL jumper in 
the NO CAL position). Intepretatron of the cycle failure data 
is explained in the "Display Format" description provided 
earlier in this section. The error data must be cleared from 
the EAROM location to eliminate the CYCLE mode error 
display. 

Clearing the EAROM location is done by scrolling to the 
EAR OM CLEAR exerciser and pressing the following 
switches in sequence: 

COUPLING up (starts exerciser), 
SOURCE down, 
MODE down, then 
COUPLING down. 

When the EAROM CLEAR routine is successfully exe­
cuted, the cycle failure data and the diagonal line will disap­
pear from the display. 

DISPLAY ROM HEADERS (ExerCiser 04). This routine 
displays the Standard Tektronix ROM Header of each sys­
tem ROM on the top line of the crt display. The readout line 
has the following format: 

CCCC PPPP SS AAAA 

The definition of the format is as follows: 

"CCCC" is a tWO-byte hexadecimal checksum. 

"PPPP" is the four middle digits of the ROM part 
number. 
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"SS" is the suffix of the ROM part number (version 
number). 

"AAAA" is the starting address of the ROM (address 
where the ROM should be installed). 

Pressing the COUPLING switch up increments the rou­
tine to the next ROM Header; pressing it down exits the 
routine. 

CONTROLLER LATCHES EXERCISER. This routine is 
not user selectable, but it runs automatically when the Diag­
nostic Monitor is waiting for a key activation. 

The routine first sets latches U2034 and U2134 (diagram 
2). It then pulses the BSWPCLK line (pin 13 of U2596, dia­
gram 1), as a scope trigger, and rotates a "0· through 15 of 
the 16 latched bits. Bit 16 is not set since it would reset 
Interrupt Timer U2268 (diagram 1) and upset processor in­
terrupt timing. By externally triggering a test oscilloscope on 
the BSWPCLK signal line and observing the shifted timing 
relationships of the latched signals, proper operation of the 
DAC latches may be verified. 

NOP KERNEL EXERCISER. This exerciser is not a 
firmware routine, but rather a forcad hardware condition. It 
is best suited for troubleshooting an inoperative Control 
Board, as it exercises only the Microprocessor address bus 
and the associated Address Decode circuitry. By moving 
Jumper P503 (diagram 1) to the Diagnostic position, Data 
Bus Buffers U2194 and U2294 are disabled, and the 
Microprocessor is forced into a NOP {no operation} lOop. 
This causes the address on the address bus to be continu­
ously incremented for exercising the Address Decode cir­
cuitry. Troubleshooting of kernel addressing with an 
oscilloscope or logic analyzer is then possible. 
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CORRECTIVE MAINTENANCE 

INTRODUCTION 

Corrective maintenance consists of component replace­
ment and instrument repair. This part of the manual de­
scribes special techniques and procedures required to 
replace components in this instrument. If it is necessary to 
ship your instrument to a Tektronix Service Center for repair 
or service, refer to the "Instrument Repackaging Instruc­
tions' at the end of this section. 

MAINTENANCE PRECAUTIONS 

To reduce the possibility of personal injury or instrument 
damage, observe the following precautions. 

1. Disconnect the instrument from the ac power source 
before removing or installing components. 

2. Verify that the line-rectifier filter capacitors are dis­
charged prior to performing any servicing. 

3. Use care not to interconnect instrument grounds 
which may be at different potentials (cross grounding). 

4. When soldering on circuit boards or small insulated 
wires, use only a 15-watt, pencil-type soldering iron. 

OBTAINING REPLACEMENT PARTS 

Most electrical and mechanical parts can be obtained 
through your local Tektronix Field Office or representative. 
However, many of the standard electronic components can 
usually be obtained from a local commercial source. Before 
purchasing or ordering a part from a source other than 
Tektronix, Inc., please check the "Replaceable Electrical 
Parts· list for the proper value, rating, tolerance, and 
description. 

NOTE 

Physical size and shape of a component may affect 
instrument performance, particularly at high frequen-

6-18 

cies. Always use direct-replacement components, un­
less it is known that a substitute will not degrade 
instrument performance. 

Special Parts 

In addition to the standard electronic components, some 
special parts are used in the 2445. These components are 
manufactured or selected by Tektronix, Inc. to meet specific 
performance requirements, or are manufactured for 
Tektronix, Inc. in accordance with our specifications. The 
various manufactures can be identified by referring to the 
"Cross Index-Manufacturer's Code number to Manufactur­
er" at the beginning of the "Replaceable Electrical Parts· 
list. Many of the mechanical parts used in this instrument 
were manufactured by Tektronix, Inc. Order all special parts 
directly from your local Tektronix Field Office or 
representative. 

Ordering Parts 

When ordering replacement parts from Tektronix, Inc., 
be sure to include all of the following information: 

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

2. Instrument serial number. 

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

4. Tektronix part number. 

MAINTENANCE AIDS 

The maintenance aids listed in Table 6-11 include items 
required for performing most of the maintenance procedures 
in this instrument. Equivalent products may be substituted 
for the examples given, provided their characteristics are 
similar. 
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Table 6-11 

Maintenance Aids 

Description Specification Usage Example 

1. Soldering Iron 15 to 25 W. General soldering and Antex Precision Model C. 
unsoldering. 

2. Flat-bit Screwdriver 3-inch shaft, 3/32-inch Assembly and disassembly. Xcelite Model R3323. 
bit. 

3. Torx Screwdriver Tip sizes: #T9, #Tl0, Assembly and disassembly. Tektronix Part Numbers 
#T15, #T20. #T9 003-0965-00 

#Tl0 003-0815-00 
#T15 003-0966-00 
#T20 003-0866-00 

4. Nutdrivers 3/16 inch, 1/4 inch. Assembly and disassembly Xcelite #6 and #8. 

5. Open-end Wrenches 1/4 inch, 5/16 inch, 7/16 Assembly and disassembly. 
inch 

6. Allen Wrenches 0.050 inch, 1/16 inch Assembly and disassembly. 

7. Long-nose Pliers Component removal and Diamolloy Model LN55-3. 
replacement. 

8. Diagonal Cutters Component removal and Diamalloy Model M554-3. 
replacement. 

9. Vacuum Solder No static charge Unsoldering static sensitive Pace Model PC-l0. 
Extractor retention. devices and components on 

multilayer boards. 

10. Spray Cleaner No-Noise Switch and Pot cleaning. Tektronix Part Number 
006-0442-02. 

11. Pin-replacement Kit Replace circuit board connector Tektronix Part Number 
pins 040-0542-01. 

12. IC-Removal Tool Removing DIP IC packages. Augat T114-1. 

13. Isopropyl Alcohol Reagent grade. Cleaning attenuator and front 2-lsopropanol. 
panel assemblies. 

INTERCONNECTIONS End-Lead Pin Connectors 

Interconnection in this instrument are made with pins sol­
dered onto the circuit boards. Several types of mating con­
nectors are used for the interconnecting pins. The following 
information provides the replacement procedures for the 
various type connectors . 

Pin connectors used to connect the wires to the intercon­
nect pins are factory assembled. They consist of machine­
inserted pin connectors mounted in plastic holders. If the 
connectors are faulty, the entire wire assembly should be 
replaced. 
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Multipin Connectors 

When pin connectors are grouped together and mounted 
in a plastic holder, they are removed, reinstalled, or replaced 
as a unit. If any individual wire or connector in the assembly 
is faulty, the entire cable assembly should be replaced. To 
provide correct orientation of a multipin connector, an index 
arrow is stamped on the circuit board, and either a matching 
arrow is molded into or the numeral 1 is marked on the 
plastic housing as a matching index. Be sure these index 
marks are aligned with each other when the multipin con­
nector is reinstalled. 

TRANSISTORS, INTEGRATED CIRCUITS, 
AND HYBRID CIRCUITS 

Transistors, integrated circuits, and hybrid circuits should 
not be replaced unless they are actually defective. If re­
moved from their sockets or unsoldered from the circuit 
board during routine maintenance, return them to their origi­
nal board locations. Unnecessary replacement or transpos­
ing of semiconductor devices may affect the adjustment of 
the instrument. When a semiconductor is replaced, check 
the performance of any circuit that may be affected. 

Any replacement component should be of the original 
type or a direct replacement. Bend transistor leads to fit 
their circuit board holes, and cut the leads to the same 
length as the original component. See Figure 9-2 in the • Dia­
grams' section for lead-configuration illustrations. 

The heat-sink-mounted power supply transistors are in­
sulated from the heat sink with a heat-transferring insulator 
pad. Reinstall the insulator pads and bushings when replac­
ing these transistors. Do not use any type of heat-transfer­
ring compound on the insulator pads. 

NOTE 

After replacing a power transistor, check that the col­
lector is not shorted to the heat sink before applying 
power to the instrument. 

To remove socketed dual-in-line packaged (DIP) integrat­
ed circuits, pull slowly and evenly on both ends of the de­
vice. Avoid disengaging one end of the integrated circuit 
from the socket before the other, since this may damage the 
pins. 

To remove a soldered DIP IC when it is going to be re­
placed, clip all the leads of the device and remove the leads 
from the circuit board one at a time. If the device must be 
removed intact for possible reinstallation, do not heat adja­
cent conductors consecutively. Apply heat to pins at alter-

6-20 

nate sides and ends of the IC as solder is removed. Allow a 
moment for the circuit board to cool before proceeding to 
the next pin. 

Hybrid circuits and heatsinks are removed as a unit by 
removing the mounting nuts at the four corners of the 
heatsink/housing. A firm downward pressure at the center 
of the housing will aid in removal of the nuts. The hybrid 
circuit substrate is bonded to the heatsink/housing casting. 
Attempting to separate the hybrid device from its housing 
will damage the device. 

SOLDERING TECHNIQUES 

The reliability and accuracy of this instrument can be 
maintained only if proper soldering techniques are used to 
remove or replace parts. General soldering techniques, 
which apply to maintenance of any precision electronic 
equipment, should be used when working on this 
instrument. 

WA.llllla I 
To avoid an electric-shock hazard, obseNe the follow­
ing precautions before attempting any soldering: turn 
the instrument off, disconnect it from the ac power 
source, and verify that the line-rectifier filter capacitors 
have discharged. (See label on the primary power 
Shield.) If, due to a component failure, the capacitors 
are not discharging, it may be necessary to discharge 
them. Use a 1 kil, 5-watt resistor and discharge the 
capaCitors from point to point through the access 
holes in the primary power shield. 

Use rosin-core wire solder containing 63% tin and 37% 
lead. Contact your local Tektronix Field Office or represen­
tative to obtain the names of approved solder types. 

When soldering on circuits boards or small insulated 
wires, use only a 15-watt, pencil-type soldering iron. A high­
er wattage soldering iron may cause etched circuit conduc­
tors to separate from the board base material and melt the 
insulation on small wires. Always keep the soldering-iron tip 
properly tinned to ensure best heat transfer from the iron tip 
to the solder joint. Apply only enough solder to make a firm 
joint. After soldering, clean the area around the solder con­
nection with an approved flux-removing solvent (such as 
isopropyl alcohol) and allow it to air dry. 

Circuit boards in this instrument may have as many as 
four conductive layers. Conductive paths between the top 
and bottom board layers may connect to one or more inner 

-



n .. l , 
J 

"... .. layers. If any inner-layer conductive path becomes broken 
I ! due to poor soldering practices, the board becomes unus-., r" able and must be replaced. Damage of this nature can void 

n·· .. 
i. 1 

n 
n .. 1 

I 

n 
n 

n 
n 
r 
n 
r 
r 
r 
r 

j the instrument warranty. 

Only an experienced maintenance person, proficient in 
the use of vacuum-type desoldering equipment should 
attempt repair of any circuit board in this instrument. 

Desoldering parts from multilayer circuit boards is espe­
cially critical. Many integrated circuits are static sensitive 
and may be damaged by solder extractors that generate 
statiC charges. Perform work involving static-sensitive de­
vices only at a static-free work station while wearing a 
grounded antistatic wrist strap. Use only an antistatic vacu­
um-type solder extractor approved by a Tektronix Service 
Center. 

Attempts to unsolder, remove, and resolder leads 
from the component side of a circuit board may cause 
damage to the reverse side of the circuit board. 

The following techniques should be used to replace a 
component on a circuit board: 

1. Touch the vacuum desoldering tool to the lead at the 
solder connection. Never place the iron directly on the 
board; doing so may damage the board. 

NOTE 

Some components are difficult to remove from the cir­
cuit board due to a bend placed in the component 
leads during machine insertion. To make removal of 
machine-inserted components easier, straighten the 
component leads on the reverse side of the circuit 
board. 

2. When removing a multipin component, especially an 
IC, do not heat adjacent pins consecutively. Apply heat to 
the pins at alternate sides and eMs of the IC as solder is 
removed. Allow a moment for the circuit board to cool be­
fore proceeding to the next pin. 
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Excessive heat can cause the etched circuit conduc­
tors to separate from the circuit board. Never allow 
the solder extractor tip to remain at one place on the 
board for more than three seconds. Solder wick, 
spring-actuated or squeeze-bulb solder suckers, and 
heat blocks (for desoldering multi pin components) 
must not be used. Damage caused by poor soldering 
techniques can void the instrument wa"anty. 

3. Bend the leads of the replacement component to fit 
the holes in the circuit board. If the component is replaced 
while the board is installed in the instrument, cut the leads 
so they protrude only a small amount through the reverse 
side of the circuit board. Excess lead length may cause 
shorting to other conductive parts. 

4. Insert the leads into the holes of the board so that the 
replacement component is positioned the same as the origi­
nal component. Most components should be firmly seated 
against the Circuit board. 

5. Touch the soldering iron to the connection and apply 
enough solder to make a firm solder joint. Do not move the 
component while the solder hardens. 

6. Cut off any excess lead protruding through the circuit 
board (if not clipped to the correct length in step 3). 

7. Clean the area around the solder connection with an 
approved flux-removing solvent. Be careful not to remove 
any of the printed information from the circuit board. 

8. When soldering to the ceramic crt-termination net­
work, a slightly larger soldering iron can be used. It is rec­
ommended that a solder containing about 3% silver be used 
when soldering to the ceramic material to avoid destroying 
the the bond. The bond can be broken by repeated use of 
ordinary tin-lead solder or by the application of too much 
heat; however, occasional use of ordinary solder will not 
break the bond, provided excessive heat is not applied 
when making the connection. 
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REMOVAL AND REPLACEMENT 
INSTRUCTIONS 

WARNING I 
To avoid electric shock, disconnect the instrument 
from the ac power source before removing or replac­
ing any component or assembly. 

The exploded view drawing in the "Replaceable Mechani­
cal Parts· list at the rear of this manual may be helpful dur­
ing the removal and reinstallation of individual components 
or subassemblies. Circuit board and component locations 
are illustrated in the "Diagrams" section of this manual. 

Cabinet Removal 

Removal of the instrument wrap-around cabinet is ac­
complished by the following steps: 

1. Unplug the power cord from the ac power source. 

2. Unplug the power cord from the rear-panel connector. 

3. Install the front-panel cover, place the cabinet handle 
against the bottom of the cabinet, and set the instrument 
face down on a flat surface. 

4. Unwrap the power cord from the instrument feet. 

5. Remove the four screws in the rear-panel feet (see 
Figure 6-2). 

6. Remove the two screws from the tOP-center and bot­
tom-center of the rear panel (see Figure 6-2). 

7. Lift the rear panel and power cord away from the in­
strument, leaving the rear-panel feet attached. 
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WARNING I 
Dangerous potentials exist at several points through­
out this instrument. If it is operated with the cabinet 
removed, do not touch exposed connections or com­
ponents. Some transistors may have elevated case 
voltages. Disconnect the ac power source from the 
instrument and verify that the line-rectifier filter capac­
itors have discharged before cleaning the instrument 
or replacing parts (see label on the primary power 
shield). 

8. Slide the cabinet off of the instrument. 

To reinstall the wrap-around cabinet, perform the reverse 
of the preceding instructions. Ensure that the cabinet fits 
properly into the emi gasket grooves in the front frame and 
rear panel. 

WARNING I 
The line-rectifier filter capacitors normally retain a 
charge for a short period (approximately 15 to 20 sec­
onds) after the instrument is turned off and can remain 
charged for a longer period if a bleeder-resistor or 
power-supply problem occurs. Before beginning any 
cleaning or work on the internal circuitry of the oscillo­
scope, disconnect the ac power source from the in­
strument and verify that the capacitors have 
discharged to 24 Vor less. Measurement is made at 
the three points indicated on the plastic primary input 
shield at the rear of the instrument (after the Top-Cov­
er Plate is removed). If the capacitors retain charges 
of greater than 24 V for more than 20 seconds, dis­
charge them using a 1 kg, 5-watt resistor connected 
point-to-point across the capacitors (through the ac­
cess holes). Ensure that the capacitors are discharged 
before commencing troubleshooting. 

-
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3831-15 

Figure 6·2. Rear panel removal. 

Top-Cover Plate Removal 

Removal of the Top-Cover Plate is accomplished by the 
following steps: 

1. Remove the instrument cabinet as described in that 
procedure. 

2. Set the instrument, bottom down, on a flat surface. 

3. Remove the two securing screws from the top edge of 
the rear-panel chassis. 

4. Remove the securing screw from the left side of the 
chassis. 

5. Remove the two top securing screws at the front edge 
of the cover plate. 

6. Remove the top securing nut at the rear of the cover 
plate. 

7. Lift the Top-Cover Plate up and away from the 
instrument. 
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To reinstall the Top-Cover Plate, perform the reverse of 
the preceding instructions. 

AS-Control Board Removal 

Removal of the Control Board is accomplished by the 
following steps: 

1. Remove the instrument wrap-around cabinet as de­
scribed in that procedure. 

2. Place the instrument on its left side on a flat surface. 

3. Disconnect the three ribbon-cable connectors from the 
Control board (P251 , P651, and P652) (see Figure 6-3}. 

4. Disconnect the two ribbon-cable connectors from the 
Main board (P511 and P512). 

5. Remove the five mounting screws securing the board 
to the chassis, one at each corner of the board and one at 
the center. 

6. Lift the Control board away from the chassis. 

Figure 6-3. Ribbon cable removal. 
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To reinstall the Control board, perform the reverse of the 
preceding instructions. 

A2, A3, and A12-Power Supply Assembly 
Removal 

Removal of the Power'Supply assembly is accomplished 
by the following steps: 

i. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Top-Cover Plate as described in that 
procedure. 

3. Loosen, but do not remove, the nut securing the fan 
blade to the fan motor shaft (a 1/4-inch nut driver is 
required). 

4. Grasp the fan blade and, using firm pressure, pull the 
fan blade and mounting coliar from the motor shaft. 

5. Remove the two rear-panel screws holding the plastic 
primary circuit shield and remove the shield. 

6. Remove the two screws holding the rear of the Power 
Supply assembly to the rear panel. 

7. Remove the three screws securing the power -transis­
tor heatsink to the chassis. 

8. Disconnect the power supply ribbon-cable connector 
from the Control board (P251) and feed the cable through 
the slot in the Control board. 

9. Disconnect the two power supply multipin connectors 
from the Power Supply assembly to the Main board (P121 
and P122). 

10. Disconnect the four primary power connections at 
the rear of the supply assembly (P204, P205, P206, and 
P207). Note their orientation for reinstallation. 

11. If the Probe Power option is installed, disconnect the 
Probe Power connectors from the Power Supply assembly 
(P201 and P202). 

12. Lift the Power Supply assembly from the instrument. 
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To reinstall the Power Supply assembly, perform the re­
verse of the preceding instructions. 

The following procedures describe the further disassem­
bly of the Power Supply circuit boards once the assembly is 
removed from the instrument. 

FAN REMOVAL To remove the Fan board and motor 
from the Power Supply assembly, perform the following 
steps: 

1. Loosen the four screws on the plastic motor mount. 

2. Disconnect the multipin connector from the Fan board 
(P301). Note the connector orientation for reinstallation. 

3. Slide the Fan board and motor from the motor mount. 

To reinstall the Fan board and motor, perform the re­
verse of the preceding steps. 

INVERTER BOARD AND REGULATOR BOARD SEPA­
RATION. To separate the Inverter and Regulator boards, 
perform the following steps: 

1. Remove the rear-corner securing screw from the Reg­
ulator board. 

2. Unplug the four thru-pin connectors (J231 , J232, J233, 
and J234). 

3. Separate the two circuit boards by unclipping the plas­
tic edge connectors. 

To rejoin the Inverter and Regulator boards, perform the 
reverse of the preceding steps. 

A9-High-Voltage Board Removal 

Removal of the High-Voltage board is accomplished by 
the following steps: 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Top-Cover Plate as described in that 
procedure. 
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I WARNING' 

The crt anode lead may retain a high-voltage charge 
after the instrument is turned off. To avoid electrical 
shock, ground the crt anode lead to the chassis after 
disconnecting the plug. Reconnect and disconnect the 
anode-lead plug several time, grounding the anode 
lead to chassis ground each time it is disconnected to 
fully dissipate the charge. 

3. Unplug the CRT anode lead and discharge it to chas­
sis ground. 

4. Unplug the two leads from the ceramic termination 
strip to the crt. Use long-nose pliers to pull the connectors 
straight away from the crt neck pins. Avoid putting exces­
sive pressure on the metal-to-glass seal. Raise the connec­
tors high enough to allow clearance for the crt anode lead (in 
step 7). 

5. Disconnect the single conductor connector from the 
ceramic termination strip. 

6. Remove the screw retaining the high-voltage lead 
clamp. 

7. Slide the high-voltage lead sideways under the termi­
nation strip. 

8. Loosen the two screws on the left side at the crt sock­
et cover and remove the one on the right side. Remove the 
cover. 

9. Remove the five screws securing the High-Voltage 
board shield to remove the shield. 

10. Remove the four mounting posts securing the High­
Voltage board to the chassis. 

11 . Unplug the crt socket by gently prying evenly on both 
sides of the socket until the socket can be disengaged from 
the crt pins. Do not apply excessive side pressure on the 
socket. 

12. Disconnect the two multipin connectors and one sIn­
gle-conductor connector from the front of the High-Voltage 
board (P902, P903, and P904). Note orientation for 
reinstallation. 
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13. Tilt the top of the board out to clear the left-side 
frame and pull the board up to disengage the High-Voltage 
board pin connectors from the Main board. 

14. Lift the board from the chassis while carefully feeding 
the crt socket, cabling, and high-voltage lead through the 
chassis slot. 

To reinstall the High-Voltage board, perform the reverse 
of the preceding instructions. 

A4-Readout Board Removal 

Removal of the Readout board is accomplished by the 
following steps: 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Top-Cover Plate as described in that 
procedure. 

3. Place the instrument, left side down, on a flat surface. 

4. Disconnect the Readout Board ribbon-cable connector 
from the Main board (P411). 

5. With the instrument still on its side, pull the circuit 
board out at its plastic board mounts. Remove the board 
from the instrument while guiding the ribbon cable and con­
nector through the slots in the Main board and chassis. 

To reinstall the Readout board, perform the reverse of 
the preceding steps. 

A6 and A7-Front-Panel and Variable Board 
Assembly Removal 

Removal of the Front-Panel and Variable board assembly 
is accomplished by the following steps: 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Using a small-bladed screwdriver, pry the trim strip 
from the top .edge of the front-panel trim ring. Gently pry up 
on the back edge to release it, then pry gently at each of the 
front edge retaining clips to remove the strip. 

3. Remove the five screws from the top edge of the front­
panel trim ring. 
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4. Remove the four screws and the two plastic feet from 
the bottom edge of the front-panel trim ring. 

5. Remove the screw from either side of the front-panel 
trim ring (screws are recessed in the front-cover catches). 

6. Using firm pressure, pull the knobs from the four con­
trols directly below the crt (INTENSITY, FOCUS, READOUT 
INTENSITY, and SCALE ILLUM). 

7. Slide off the front-panel trim ring and outer crt bezel. 

8. Disconnect the two ribbon-cable connectors from the 
front edge of the Control board (P651 and P652). 

9. Pull out the Front-Panel and Variable board assembly. 

The following steps describe the further disassembly of 
the Front-Panel and Variable boards once the assembly is 
removed from the instrument. 

ASSEMBLY SEPARATION. separation of the Variable 
board from the Front-Panel board is accomplished by the 
following steps: 

1. Using a 1/16-inch Allen wrench, loosen the set screws 
in the CH 1 VOLTS/DIV VAR, CH 2 VOLTS/DIV VAR, and A 
and B SEC/DIV VAR knobs and remove the knobs from 
their control shafts. 

2. Disconnect the multipin connector from the Variable 
board (P671). 

3. Remove the two screws securing the'Variabie board 
to the mounting posts. 

4. Slide the Variable board and the variable-control 
shafts away from the Front-Panel board. 

FRONT -PANEL COVER PLATE REMOVAL. Use the fol­
lowing procedure to remove the front-panel cover plate from 
the Front-Panel board. 

1. Separate the Front-Panel and Variable boards as de­
scribed above (if not already done). 
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2. Using a 1/16-inch Allen wrench, loosen the set screws 
in the CH 1 and CH 2 VOLTS/DIV knobs. Remove the 
knobs from their control shafts (if not previously removed). 

3. Pull the B SEC/DIV knob to the out position to gain 
access to the two recessed setscrews. 

4. Use a 1/16-inch Allen wrench to loosen the two set­
screws and remove the B SEC/DIV knob. 

5. Loosen the setscrews in the A SEC/DIV collar and 
remove the collar. 

6. Using firm outward pressure, pull the knobs off of the 
Vertical and Horizontal POSITION controls, the Trigger 
HOLDOFF and LEVEL controls, the Delta controls, and the 
TRACE SEP control (ten knobs). Note the differences in the 
knobs for reinstallation. 

7. Remove the three securing screws and two securing 
studs from the rear of Front-Panel board. 

8. Partially separate the board from the front-panel cover 
plate to expose the B SEC/DIV knob microswitch and 
multipin connector. 

9. Unplug the connector (P601) from the Front-Panel 
board and separate the board from the cover plate. 

To reinstall the Front-Panel and Variable board assem­
bly, perform the reverse of the preceding instructions. 

A10 and A11-Channel1 and Channel 2 Attenuator 
Assembly Removal 

Removal of either the Channel 1 or Channel 2 Attenuator 
assembly is accomplished by the following steps: 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Front-Panel and Variable board assembly 
as described in that procedure. 

3. Remove the two screws holcling the small mounting 
bracket under the Attenuator assemblies and remove the 
bracket. 
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4. Remove the two screws that hold the Attenuator being 
removed to the front-panel frame. 

5. Remove the two mounting screws holding the Attenu­
ator being removed to the Main board (through access holes 
in the front-panel compartment). 

6. Disconnect the associated multipin connector from the 
Main board (either P10 for Channel 1 or P11 for Channel 2). 

7. Remove the two screws holding the rear attenuator 
shield and remove the shield. 

8. Unsolder the two Attenuator output leads and the 
compensation capacitor lead. 

9. Unplug the Attenuator by gently pulling the assembly 
straight up and away from the Main board. 

To reinstall a removed Attenuator assembly, perform the 
reverse of the preceding steps. 

A 1-Main Board Removal 

Removal of the Main board is accomplished by the fol­
lowing steps: 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Top.Cover Plate as described in that 
procedure. 

3. Remove the Front-Panel and Variable board assembly 
as described in that procedure. 

4. Disconnect the two power-supply multipin connectors 
from the power supply Regulator board (P121 and P122). 

5. Disconnect the three ribbon-cable connections from 
the bottom of the Main board (P411, P511, and P512). 

6. Disconnect the vertical and horizontal deflection leads 
from the crt neck pins. Access is via holes in the Main 
board. Use long-nose pliers to disconnect the pins by gently 
pulling straight up on the connectors. Avoid putting exces­
sive side pressure on the metal-ta-glass seal of the crt neck 
pins. 
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7. Disconnect the rear-panel BNC connector leads from 
the rear of the Main Board (Pl06, P1 07, and P108). 

8. Disconnect the CH 2 OUT connector from near the 
center of the Main board (P105) 

9. Disconnect the six multipin connectors for the controls 
beneath the crt (Pl11, P112, P113, P114, P115, and P116). 

10. Disconnect the two-conductor connector for the 
Scale Illumination board from between the ASTIG and the 
SCALE ILLUM control connections (P181). 

11. Unsnap the Power-switch rod from the switch hinge 
at the rear of the instrument by applying counterclockwise 
torque to the shaft and sliding it out of the hinge. 

12. Remove the Power-switch push-button mounting 
screw from the front of the instrument (on the bottom of the 
front frame) and extract the Power-switch rod. 

13. Remove the two screws holding the small bracket 
under the Attenuator assemblies and remove the bracket. 

14. Remove the six screws holding the Attenuator as­
semblies and the CH 3 and CH 4 input connectors to the 
front frame. 

15. Remove the Main board mounting screws (eleven 
screws total securing the Main board to the frame). 

16. Raise the rear of the Main board to unplug J191 and 
separate the Main board from the HV board. When the plug 
pins are completely disengaged and the rear of the board 
clears the rear frame, slide the Main board rearward out of 
the front-panel frame. 

17. Uft the Main board and Delay Une clear of the instru­
ment while working the power supply cables through the 
slot in the frame. 

To reinstall the Main board, perform the reverse of the 
preceding instructions. 

AS-Scale Illumination Board Removal 

Removal of the Scale-Illumination board is accomplished 
by the following steps: 
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1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the front-panel trim and outer crt bezel as 
described in the Front-Panel and Variable board assembly 
removal instructions. 

3. Remove the eight screws holding the crt mounting be­
zel in place and remove the bezel and plastic gasket. Note 
the length difference in the screws for reinstallation. 

4. Remove the plastiC lens from the Scale-Illumination 
board. 

5. Disconnect the scale-illumination multipin connector 
from the Main board (P181). 

6. Remove the Scale-Illumination board by lifting it away 
from the front frame while working the wires and connector 
through the slot in the frame. 

To reinstall the Scale-Illumination board, perform the re­
verse of the preceding instructions. 

CRT Removal 

WAR"'''. I 
Use care when handling a crt. Breakage of the crt 
may cause high-velocity scattering of glass fragments 
(implosion). Protective clothing and safety glasses 
(preferably a full-face shield) should be worn. Avoid 
striking the crt on any object which may cause it to 
crack or implode. When storing a crt, place it in a pr0-
tective carton or set it face down on a smooth surface 
in a protected location. When stored face down, it 
should be placed on a soft, nonabrasive surface to 
prevent the crt face plate from being scratched. 

1. Remove the instrument Cabinet as described in that 
procedure. 

2. Remove the Top-Cover Plate as described in that 
procedure. 
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3. Loosen the two screws on the left side of the crt sock­
et cover and remove the one on the right side. Remove the 
cover. 

4. Unplug the crt socket by gently prying the socket 
evenly on both sides until the pins can be disengaged. Do 
not apply excessive side pressure on the socket as it is 
being removed. 

WAR"'''. I 
The crt anode lead and the output terminal of the 
High-Voltage Multiplier can retain a high-voltage 
charge after the instrument is turned off. To avoid 
electrical shock, ground both the crt anode lead and 
the high-voltage lead to the main instrument chassis. 
Repeat the grounding process several times to fully 
dissipate the charge. 

5. Disconnect the crt anode lead connector and dis­
charge it to chassis ground. 

6. Using long-nosed pliers, disconnect the horizontal and 
vertical deflection leads from the bottom of the crt. Pull 
straight out on these connectors to prevent excessive strain 
on the metal-to-glass seal. (Access to the connectors is 
through holes in the Main board). 

7. Using long-nosed pliers, disconnect the vertical termi­
nation leads from the top of the crt. 

8. Using long-nosed pliers, disconnect the crt shield re­
sistor from the top of the crt. 

9. Disconnect the Y-Axis Alignment coil connector from 
the front of the High-Voltage board (P903). 

10. Remove the front-panel trim ring and outer crt bezel 
as described in the Front-Panel and Variable board assem­
bly removal instructions. 

11. Remove the eight retaining screws from the crt­
mounting bezel at the front of the crt. Note the difference in 
length of the screws for reinstallation. 

12. Remove the crt mounting bezel and plastiC gasket 
from the crt. 
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13. Slide the crt forward slightly by gently pushing on the 
rear of the crt neck until the front of the crt can be grasped. 

14. Slide the crt out of the instrument while feeding the 
anode lead and Y-Axis Alignment coil leads through their 
respective holes. 
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NOTE 

Once the crt is removed, it should be stored in such a 
manner as to protect it from impact. If stored face 
down, it should be placed on a soft, nonabrasive sur­
face to prevent the crt face plate from being 
scratched. To reinstall the crt, perform the reverse of 
the preceding instructions. 
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OPTIONS 

INTRODUCTION 

This section contains a general description of instrument 
options available at the time of publication of this manual. 
Additional information about instrument options and 
option availability can be obtained either by consulting 
the current Tektronix Product Catalog or by contacting 
your local Tektronix Field Office or representative. 

OPTION 22 

When ordered with this option, two additional probe 
packages identical to the standard-accessory probes are 
supplied with the instrument. 

OPTION 1R 

When the 2445 Oscilloscope is ordered with Option 1 R, 
it is shipped in a configuration that permits easy installation 
into a 19-inch-wide electronic-equipment rack. 

An optional rear·support kit is also available for use 
when rackmounting the 2445. Using this optional rear­
support kit enables the rackmounted instrument to meet 
or exceed the requirements of Mll-T-28800C with respect 
to Type III, Class 5, Style C electronic equipment for 
vibration and shock. Other electrical and environmental 
specifications of the 2445 apply to both the rackmounted 
and the standard instrument with one exception. For the 
rackmounted instrument, the ambient air temperature 
operating limits (-15°C to +55° C) are measured at the 
instrument's air inlet, and its fan exhaust air temperature 
should not be allowed to exceed +65°C. 

Connector-mounting holes are provided in the rack­
mount front panel. These holes enable convenient accessing 
of the four BNC connectors (CH 2 SIGNAL OUT, A GATE 
OUT, B GATE OUT, and EXT Z AXIS IN) located on the 
rear panel. Additional cabling and connectors required to 
implement any front-panel access to the rear-panel can· 
nectars are supplied by the user; however, these items can 
be separately ordered from Tektronix. 

Complete rackmounting instructions are provided in a 
separate document shipped with the 2445 Option 1 R. 
These instructions also contain appropriate procedures to 
convert a standard instrument into the Option 1 R con­
figuration by using the rackmounting conversion kit. 

POWER CORD OPTIONS 

Instruments are shipped with the detachable-power-cord 
configuration ordered by the customer. Descriptive infor· 
mation about the international power-cord options is 
provided in Section 2, "Operating Information." The 
following list identifies the Tektronix part numbers for the 
available power cords and associated fuses. 

Option A 1 (Universal Euro) 
Power cord (2.5 m) 

Fuse (1.6 A, 250 V, 
5 x 20 mm, Quick-acting) 

Fuse cap 

Option A2 (UK) 
Power cord (2.5 m) 

Fuse {L6 A, 250 V, 
5 x 20 mm, Quick-acting} 

Fuse cap 

Option A3 (Australian) 

Power cord (2.5 m) 

Fuse (1.6 A, 250 V, 
5 x 20 mm, Quick-acting) 

Fuse cap 

Option A4 (North American) 
Power cord (2.5 m) 

Fuse (2 A, 250 V, AGC/3AG, 
Fast-blow) 

Fuse cap 

161·0104-06 

159-0098-00 

2()(}2265-00 

161-0104·07 

159-0098-00 

200-2265-00 

161·0104-05 

159-0098-00 

200-2265-00 

161-0104-08 

159-0021-00 

200-2264-00 
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Option AS (Switzerland) 
Power cord (2.5 m) 

Fuse (1.6 A, 250 V, 
5 x 20 mm, Quick-acting) 

Fuse cap 

7-2 

161-0167-00 

159-0098-00 

200-2265-00 

FUTURE OPTIONS 

Technical documentation for options not available at 
the time of publication of this manual will be supplied in 
separate Operators and Service manuals for each option. 
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REPLACEABLE 
ELECTRICAL PARTS 
PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 

Tektronix, Inc. held Office or representative 

Changes to Tektronix instruments are sometimes made to 

accommodate improved components as they become available. 

and to give you the benefit of the latest circuil Improvements 

developed In our engineering department It is therefore impor­

tant when ordeflng parts. to include the following information in 

your order: ParI number. instrument type or number. serial 

number. and modification number if applicable 

If a part you have ordered has been replaced with a new or 

improved part, your local Tektronix. Inc Field Office or represen­

tallve will contact you concerning any change In parI number. 

Change rnformatlOn. if any, is located at the rear of this 

manual 

LIST OF ASSEMBLIES 

A list of assemblies can be found at the beginning of the 

Electrical Parts list. The assemblies are listed In numerical order. 

When the complete component number of a part IS known, this list 

will identify the assembly in which the part IS located. 

CROSS INDEX-MFR. CODE NUMBER TO 
MANUFACTURER 

The MIl'. Code Number to Manufacturer index fOf the 

Electrical Parts lIst is located immediately after this page, The 

Cross Index provides codes, names and addresses of manufac­

turers of components listed in the Electrical Parts list 

ABBREVIATIONS 

AbbreVIatIOns conform to American National Standard Y1. 1. 

COMPONENT NUMBER (column one of the 
Electrical Parts List) 

A numbering method has been used to Identify assemblies, 

subassemblies and parts Examples of this numbering method 

and tYPical expansions are illustrated by the following 

Ellample a. component number -----A23R1234 A23 R1234 

Assembly number~ ~ 
Read: Resistor 1234 01 Assembly 23 

Example b. component number 
r .A..... " 

A23A2R1234 A23 A2 R1234 

Assembly ~ Subassembly 

number ~ ~ number 

CirCUlI 

number 

Read: ReSistor 1234 01 Subassembly :I 01 Auembly 23 

Only the circuit number Will appear on the diagrams and 

cirCUit board illustratIOns Each diagram and circuit board 

Illustration is clearly marked With the assembly number. 

Assembly numbers are also marked on the mechanical exploded 

views located In the Mechanical Parts List. The component 

number is obtained by adding the assembly number prefix to the 

Circuit number 

The Electrical Parts List !s divided and arranged by 

assemblies in numerical sequence (e.g., assembly A; with its 

subassemblies and parts, precedes assembly A2 with its sub­
assemblies and parts) 

ChaSSis-mounted parts have no assembly number prefix 

and are located at the end 01 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 lirst used Column tour (4) indicates lheserial number al 

which the par! was removed No seria! 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 Item 

Name may sometimes appear as incomplete For further Item 

Name identlflca!1 on, the U. S. Federal C alai ogi ng Handbook HS- 1 
can be utilized where possible 

MFR. CODE (column six of the Electrical Parts 
List) 

Indicates the code number of the aclual manufacturer of the 

pan (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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CROSS INDEX-MFR. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer Address Ci~. State. Zi~ 

OOOFG RIFA WORLD PRODUCTS INC. 7625 BUSH LAKE RD 
P.O. BOX 35263 MINNEAPOLIS. MN 55435 

OOOFJ MARCOM SWITCHES INC. 67 ALBANY STREET CAZENOVIA. N.Y. 13035 
OOOHX SAN-O INDUSTRIAL CORP. 170 WILBUR PLACE BAHEMIA 

LONG ISLAND. NY 11716 
OOOIG FUJITSU-AMERICA INC. 1208 E. ARQU ES AVE. SUNNYVALE. CA 94086 
OOOJF FUJI SEMICONDUCTOR NEW YURAKUCHO BLDG TOKYO 100. JAPAN 
00213 NYTRONICS. COMPONENTS GROUP.INC .• ORANGE STREET DARLINGTON. SC 29532 

SUBSIDIARY OF NYTRONICS, INC. 
00779 AMP. INC. P.O. BOX 3608 HARRISBURG. PA 17105 
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE. WI 53204 
01295 TEXAS INSTRUMENTS. INC. 

SEMICONDUCTOR GROUP P.O. BOX 5012 DALLAS. TX 75222 
02111 SPECTROL ELECTRONICS CORPORATION 17070 EAST GALE AVENUE CITY OF INDUSTRY. CA 91745 
02113 COILCRAFT INC. 1102 SILVER LAKE RD. CARY.IL 60013 
02735 RCA CORPORATION. SOLID STATE DIVISION ROUTE 202 SOMERVILLE. NY 08876 
03508 GENERAL ELECTRIC COMPANY. SEMI-CONDUCTOR 

PRODUCTS DEPARTMENT ELECTRONICS PARK SYRACUSE. NY 13201 
04222 AVX CERAMICS. DIVISION OF AVX CORP. PO BOX 867 MYRTLE BEACH. SC 29577 
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036 
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 
12697 CLAROSTAT MFG. CO .• INC. LOWER WASHINGTON STREET DOVER, NH 03820 
12969 UNITRODE CORPORATION 580 PLEASANT STREET WATERTOWN. MA 02172 
14433 ITT SEMICONDUCTORS 3301 ELECTRONICS WAY 

PO BOX 3049 WEST PALM BEACH, FL 33402 
14552 MICRO SEMICONDUCTOR CORP. 2830 E FAIRVIEW ST. SANTA ANA. CA 92704 
14752 ELECTRO CUBE INC. 1710 S. DEL MAR AVE. SAN GABRIEL. CA 91776 
15238 ITT SEMICONDUCTORS. A DIVISION OF INTER 

NATIONAL TELEPHONE AND TELEGRAPH CORP. . P.O. BOX 168. 500 BROADWAY LAWRENCE. MA 01841 
15454 RODAN INDUSTRIES. INC. 2905 BLUE STAR ST. ANAHEIM. CA 92806 
17856 SILICONIX. INC. 2201 LAURELWOOD DRIVE SANTA CLARA. CA 95054 
20932 EMCON DIV OF ILLINOIS TOOL WORKS INC. 11620 SORRENTO VALLEY RD 

PO BOX 81542 SAN DIEGO. CA 92121 
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND. PA 17070 
22753 U. I. D. ELECTRONICS CORP. 4105 PEMBROKE RD. HOLLYWOOD. FL 33021 
24546 CORNING GLASS WORKS. ELECTRONIC 

COMPONENTS DIVISION 550 HIGH STREET BRADFORD. PA 16701 
25088 SIEMENS CORP. 186 WOOD AVE. S ISELIN. NJ 08830 
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR OR. SANTA CLARA. CA 95051 
31918 IEE/SCHADOW INC. 8081 WALLACE ROAD EDEN PRAIRIE. MN 55343 
32159 WEST -CAP ARIZONA 2201 E. ELVIRA ROAD TUCSON, AZ 85706 
32997 BOURNS, INC .• TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507 
34335 ADVANCED MICRO DEVICES 901 THOMPSON PL. SUNNYVALE, CA 94086 
34479 RENCOCORP 26 COROMAR DRIVE GOLETA, CA 93117 
50157 MIDWEST COMPONENTS INC. P. O. BOX 787 

1981 PORT CITY BLVD. MUSKEGON. MI 49443 
50434 HEWLETT-PACKARD COMPANY 640 PAGE MILL ROAD PALO ALTO, CA 94304 
51642 CENTRE ENGINEERING INC. 2820 E COLLEGE AVENUE STATE COLLEGE, PA 16801 
54473 MATSUSHITA ELECTRIC, CORP. OF AMERICA 1 PANASONIC WAY SECAUCUS, NJ 07094 
54937 DEYOUNG MFG., INC. PO BOX 1806. 1517 130TH AVE. BELLEVUE, WA 98009 
55112 PLESSEY CAPACITORS, DIV. OF PLESSEY INC. 5334 STERLING CENTER DR. WEST LAKE VILLAGE, CA 91361 
55680 NICHICON/AMERICNCORP. 6435 N PROESEL AVENUE CHICAGO, IL 60645 
56289 SPRAGUE ELECTRIC CO. 87 MARSHALL ST. NORTH ADAMS. MA 01247 
57668 R-OHM CORP. 16931 MILLIKEN AVE. IRVINE. CA 92713 
59660 TUSONIX INC. 2155 N FORBES BLVD TUCSON. AZ 85705 
59821 CENTRALABINC 7158 MERCHANT AVE EL PASO, TX 79915 

SUB NORTH AMERICAN PHILIPS CORP 
71400 BUSSMAN MFG .• DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSITY ST. ST. LOUIS, MO 63107 
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W. 12TH ST. ERIE. PA 16512 
73138 BECKMAN INSTRUMENTS. INC .• HELIPOT DIV. 2500 HARBOR BLVD. FULLERTON, CA 92634 
74276 SIGNALITE DIV .• GENERAL INSTRUMENT CORP. 1933 HECK AVE. NEPTUNE. NJ 07753 
74970 JOHNSON. E. F., CO. 299 10TH AVE. S. W. WASECA, MN 56093 
75042 TRW ELECTRONIC COMPONENTS, IRC FIXED 

RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 19108 
75915 LlTTELFUSE, INC. 800 E. NORTHWEST HWY DES PLAINES. IL 60016 
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CROSS INDEX-MFR. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer Address City. State. Zip 

76493 BELL INDUSTRIES. INC .• 
MILLER, J. W .• DIV. 19070 REYES AVE., POBOX 5825 COMPTON. CA 90224 

76764 OAK SWITCH SYSTEMS INC 
SUB OF OAK TECHNOLOGY INC 100S MAIN ST CRYSTAL LAKE. IL 60014 

76854 OAK INDUSTRIES. INC .• SWITCH DIV. S. MAIN ST. CRYSTAL LAKE. IL 60014 
80009 TEKTRONIX. INC. PO BOX 500 BEAVERTON. OR 97077 
80031 ELECTRA-MIDLAND CORP., MEPCO DIV. 22 COLUMBIA ROAD MORRISTOWN. NJ 07960 
81483 INTERNATIONAL RECTIAER CORP. 9220 SUNSET BLVD. LOS ANGELES. CA 90069 
84411 TRW ELECTRONIC COMPONENTS. TRW CAPACITORS 112 W. FIRST ST. OGALLALA. NE 69153 
90201 MALLORY CAPACITOR CO .• DIV. OF 3029 E. WASHINGTON STREET 

P. R. MALLORY AND CO .• INC. P. O. BOX 372 INDIANAPOLIS, IN 46206 
91637 DALE ELECTRONICS. INC. P. O. BOX 609 COLUMBUS, NE 68601 
93410 ESSEX INTERNATIONAL, INC., CONTROLS DIV. 

LEXINGTON PLANT P. O. BOX 1007 MANSFIELD. OH 44903 
96733 SAN FERNANDO ELECTRIC MFG CO 1501 FIRST 5T 5AN FERNANDO. CA 91341 
CODE EO 1.6 NOT FOUND 
96733 SAN FERNANDO ELECTRIC MFG CO 1501 FIRST ST SAN FERNANDO, CA 91341 
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Tektronix Serial/Model No. Mfr 
Component No. . Part,No .. Eft Dscont Name & Description Code Mfr Part Number 

A1 610-7285-00 B010100 B011399 CKT BOARD ASSY:MAIN BOOO9 670-7285-00 
A1 (STAI'!/DARD ONLY) 
A1 610-7285~04 B011400 8012499 CKT BOARD ASSY:MAIN B0009 670-7265-04 
A1 .~- (STANDARD O!"LY) 
A1 , , 670-;1,:285-07 B012500 B019999 CKT BOARD ASSY:MAIN BOOO9 670-7265-07 
A1 --~.~ .. (STANDARD ONI,.Y) ......, 

, .i~ 
'S7()-7285-08 CKTBOARD ASSY:MAIN A1 8020000 BOOO9 610-7265-08 

A1 ---.- (OPTION 10,ALL OTHER OP,TIONS) 
A1 670-7265-06 B020000 CKT ·BOARD.ASSY: 80009 670-7285-05 
A1 }\ ... ,.;~ - ... -",.- (OPTS 01,05,06,09) 
A1 ,672-1031-00 8010100 B020000 CKJ BOARD ASSY:LOW VOLTAGE/PWR SPLY MODULEBOOO9 672-1037-01 
A1 672~1037-O2 . B013199 CKT BOARD ASSY:LOW VOLTf,GE/PWR SPLY MODULE80009 672-1037-02 

A2 
. ,. 

CKT BOARD ASSY:REGULATOR ': .. \ -.-,-~ 

A2 (AVAILABLE AT 672-1037-XX LEVEL ONLY) 
A3 CKT. BOARD ASSY:INVERTER 
A3 (AVAILABLE AT 672-1037-XX LEVEL ONLY) 
A4 670-7278-00 CKT BOARD ASSY:READOUT 80009 670-7278-00 
A5 670-7279-00 B010100 B013199 CKT BOARD ASSY:DIGITAL CONTROL 80009 670-7279-00 

AS 670-7279-04 B013200 CKT BOARD ASSY:DIGITAL CONTROL 80009 670-7279-04 
A6 CKT BOARD ASSY:FRONT PANEL 
A6 (AVAILABLE AT 672-1039-XX LEVEL ONLY) 
A7 670-72B4-00 CKT BOARD ASSY:FRONT PANEL VARIABLE 80009 670-7284-00 
A8 670-7280-00 CKT BOARD ASSY:SCALE ILLUMINATION 80009 670-7280-00 
A9 670-7277-00 B010100 B010999 CKT BOARD ASSY:HIGH VOLTAGE 80009 670-7277-00 

A9 670-7277-01 B011000 B012149 CKT BOARD ASSY:HIGH VOLTAGE 80009 670-7277-01 
A9 670-7277-02 B012150 B013249 CKT BOARD ASSY:HIGH VOLTAGE 80009 670-7277-02 .~ 

A9 670-7277-03 B013250 CKT BOARD ASSY:HIGH VOLTAGE 80009 670-7277-03 
A10 670-7390-00 CKT BOARD ASSY:FAN MOTOR 80009 670-7390-00 
A11 119-1445-01 ATTENUATOR, VAR:PROGRAMMABLE 1 X-1 00X,CH1 80009 119-1445-01 
A11 (CHANNEL 1) 

A12 119-1445-02 ATTENUATOR,VAR:PROGRAMMABLE,1 X-1ooX,CH2 80009 119-1445-02 
A12 (CHANNEL 2) 
A13 307-1154-00 PASSIVE NETWORK:CRT TERMINATOR,FINISHED 80009 307-1154-00 
A14 670-8000-00 CKT BOARD ASSY:DYNAMIC CENTERING 80009 670-8000-00 

A1 670-7285-XX CKT BOARD ASSY:MAIN 80009 670-7285-00 

A1C100 283-0000-00 CAP.,FXD,CER 01:0.001 UF, + 100-0%,500V 59660 831610Y5U0102P 
A1C100 (IN COMBO W/R100) 
A1C101 281-0812-00 CAP.,FXD,CER DI:1oo0PF,10%,1ooV 04222 MA 101 C1 02KAA 
A1C102 290-0963-00 B010100 B010799 CAP .,FXD,ELCTLT:220UF,+50-1 0%,25V 54473 ECEA1EV221S 
A1C102 290-0973-00 B010800 CAP.,FXD,ELCTLT: 100UF,25%,25VDC 55680 ORDBY DESCR 
A1C103 283-0492-00 CAP.,FXD,CER DI:1ooPF,20% 20932 501 EM50DP1 OSM 

A1C104 283-0000-00 CAP.,FXD,CER 01:0.001 UF, + 100-0%,500V 59660 83161 OY5U01 02P 
A1C105 281-0064-00 CAP.,VAR,PLSTC:0.25-1.5PF,600V 74970 273-0001-101 
A1C106 283-0024-00 CAP.,FXD,CER DI:0.1UF,+80-20%,50V 72982 8121N083Z5U0104Z 
A1C107 290-0943-00 CAP.,FXD,ELCTLT:47UF,+50-10%,25V 55680 ULB1 E470TECANA 
A1Cl08 283-0423-00 CAP.,FXD,CER DI:0.22UF,+80-20%,50V 04222 DG015E224Z 
A1Ctt3 283-0423-00 CAP.,FXD,CER DI:0.22UF,+80-20%,50V 04222 DG015E224Z 

A1C1l4 290-0943-00 CAP.,FXD,ELCTLT:47UF, + 50-1 0%,25V 55680 ULBl E470TECANA 
--'. 

A1C1l5 2B 1-0761-00 CAP.,FXD,CER DI:27PF,5%,100V 72982 3l4-008S2H27OJ 
A1C116 281-0814-00 CAP.,FXD,CER DI:looPF,10%,looV 04222 GC101A101K 
A1C117 283-0421-00 B020000 CAP.,FXD,CER DI:0.1UF,+80-20%,50V 04222 DG015E104Z 
A1C11B 281-0205-00 CAP., VAR,PLSTC:5.5-65PF, 1 OOV B0031 2B10C5R565QJ02FO , 
A1C119 283-0421-00 CAP.,FXD,CER DI:0.1UF,+80-20%,50V 04222 DG015E104Z 
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A1C120 283-0421-00 CAP.,FXD,CER DI:0.1UF,+80-20%,50V 04222 DG015E104Z 
A1C121 290..Q943-00 CAP.,FXD,ELCTLT:47UF, +50-10%,25V 55680 ULBl E470TECANA 
A1C122 283-0010-00 CAP.,FXO,CER DI:0.05UF, + loo-20"lo,50V 56289 1 C1 OZ5U50320506 
A1C125 283-0421-00 CAP.,FXD,CER DI:0.1UF,+SO-20%,50V 04222 OG015El04Z 
A1C130 290-0776-00 CAP.,FXD,ELCTLT:22UF, + 50-10"10, 10V 55680 ULA1A2ZOTEA 
A1C175 283-0421-00 CAP.,FXD,CER 01:0.1 UF, + SO-ZO%,50V 04222 DG015El04Z 

A1C176 283-0479-00 CAP.,FXD,CER OI:0.47UF, + 80-200/0,25V 20932 501 ES25DP474E 
A1G177 283-0479-00 CAP.,FXD,CER 01:O.47UF,+SO-20%,25V 20932 501 ES25DP474E 
A1C179 281-0775-00 CAP.,FXO,CER OI:O.lUF,20%,SOV 04222 MA205El04MAA 
AiC1SO 283-0421-00 CAP.,FXD,CER OI:0.lUF,+80-20"lo,5OV 04222 DG015E104Z 
A1C181 283-0421-00 CAP.,FXD,CER DI:O.1UF,+80-200/o,50V 04222 DG015El04Z 
A1Cl84 281-0775-00 CAP.,FXD,CER 01:0.1 UF,20%,50V 04222 MA205E104MAA 

A1C185 290-0943-00 CAP.,FXD,ELCTLT:47UF, + 50-10%,25V 55680 ULB 1 E470TECANA 
A1CZOO 283-0000-00 CAP.,FXD,CER 01:0.001 UF,+ loo-0%.500V 59660 831610Y5U0102P 
A1C200 (IN COMBO WIR2oo) 
A1C201 281-0812-00 CAP .• FXD,CER D!:loo0PF.10%.looV 04222 MA1Q1Cl02KAA 
A1C202 283-0492-00 CAP.,FXD,CER DI:looPF,20% 20932 501 EM50DPl OSM 
A1C203 283-0421-00 8010100 8019999 CAP .• FXD,CER DI:0.1UF.+80-20%.5OV 04222 DG015El04Z 

A1C203 283-0492-00 8020000 CAP .• FXD.CER 01:0.01 UF,+80-2O%,50V 04222 DG015E104Z 
A1C205 281-0064-00 CAP.,VAR,PLSTC:0.25-1.5PF,600V 74970 273-0001-101 
A1C206 283-0000...00 CAP.,FXD,CER 01:0.001 UF, + 1 OO-OO/O,SOOV 59660 831610Y5U0102P 
A1C207 283-0421-00 CAP.,FXD.CER DI:O.1UF.+80-20%,50V 04222 DG015E104Z 
A1C217 283-0421-00 CAP .• FXD,CER DI:O.1UF.+80-ZO%.50V 04222 DG015E104Z 
A1C218 290-0943-00 CAP.,FXD.ELCTLT:47UF. +50-1 O%,25V 55680 ULBl E470TECANA 

A1C219 283-0024-00 CAP.,FXD,CER D!:0.lUF,+80-20%,50V 72982 8121N083Z5U0104Z 
A1C220 283-0024-00 CAP.,FXD,CER DI:0.1UF,+80-20%,50V 72982 8121 N083ZSU0104Z 
A1C221 290-0943-00 CAP .,FXO ,ElCTLT :47UF, + 50-1 0%,2SV 55680 ULB1E470TECANA 
A1C222 283-0010-00 CAP .• FXD.CER DI:0.05UF.+ loo-2O%,50V 56289 1 Cl OZ5U503Z050B 
MC223 281-0770-00 CAP.,FXD,CER Dl:0.oolUF.20%,1ooV 04222 GC101Cl02M 
A1C225 281-0775-00 CAP .• FXD,CER DI:0.1 UF,20%,50V 04222 MA205E104MAA 

A1C301 283-0421-00 CAP.,FXD,CER DI:O.1UF.+80-20%,50V 04222 DG015E104Z 
A1C302 281-0775-00 CAP.,FXD,CER D!:0.lUF,20%,50V 04222 MA205El04MAA 
A1C306 283-0421-00 CAP .• FXD,CER DI:O.l UF, +80-2O%,50V 04222 DG015El04Z 
MC307 290-0943-00 CAP.,FXD.ELCTLT:47UF, +50-1 O%,25V 55680 ULBl E470TECANA 
A1C310 283-0421-00 CAP.,FXD,CER 01:0.lUF,+80-20%,50V 04222 DG015El04Z 
A1C311 283-0421-00 CAP.,FXD.CER DI:0.1UF,+80-20%,SOV 04222 DG015El04Z 

A1C325 290-0943-00 CAP.,FXD.ELCTLT:47UF.+50-10%.25V 55680 ULBl E470TECANA 
A1C329 281-0773-00 CAP.,FXD.CER DI:O.Q1 UF, 1 OOk,lOOV 04222 SA201Cl03KAA 
A1C332 281-0773-00 CAP .. FXD,CER DI:0.01UF,loolO,looV 04222 SA201C103KAA 
A1C336 290-0943-00 CAP.,FXD,ELCTLT:47UF,+ 50-1o%,25V 55680 ULBl E470TECANA 
A1C402 281-0762-00 CAP.,FXD,CER 0!:27PF,20'i'o,looV 04222 GC101A270M 
A1C404 281-0203-00 CAP.,VAR. PLSTC:2-1 OPF, 1 OOV 80031 2S07COO210MJ02FO 

A1C405 281-0122-00 8020000 CAP .• VAR,CER 01:2.5-9PF.looV 59660 518-OO0A2.5-9 
A1C412 281-0762-00 CAP .• FXO,CER 01:27PF,2ook,100V 04222 GC101A270M 
A1C415 283-0421-00 CAP.,FXD,CER DI:0.1UF,+80-ZO%,50V 04222 DG015El04Z 
A1C450 283-0421-00 8010100 8010999 CAP.,FXD,CER DI:O.1UF.+SO-2o%,50V 04222 DG015E104Z 
A1C454 283-0421-00 B010100 B010999 CAP.,FXD;CER DI:0.1UF,+80-20%.50V 04222 DG01SE104Z 
A1C458 283-0421-00 CAP.,FXD,CER DI:0.1UF.+80-20%,5OV 04222 DG015E104Z 

A1C460 283-0421-00 CAP.,FXD,CER DI:0.1 UF, + SO-2OO/.,50V 04222 DG015E104Z 
A1C464 281-0763-00 CAP.,FXD,CER DI:47PF.l0%,looV 04222 GAl 01 A470KAA 
A1C478 281-0759-00 CAP .• FXO,CER DI:22PF,look,looV 96733 R2735 
A1C480 281-077S-00 CAP .• FXD.CER 0I:0.1UF,20%,50V 04222 MA205E104MAA 
A1C487 281-0823-00 CAP.,FXD.CER DI:470PF,10%,SOV 12969 CGB471KDN 
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A1C488 281-0814-00 CAP.,FXO,CER DI:looPF,10%,100V 04222 GC101Al01K 
A1C512 290-0246-00 CAP.,FXD,ElCTLT:3.3UF,1 0"/0, 15V 56289 1 S2D335X9015CD2 
A1C513 281-0775-00 B010100 9019999 CAP.,FXD,CER 01:0,1UF,20%.50V 04222 MA205E104MAA 
A1C520 281-0814-00 CAP.,FXD,CER DI:100PF,10%.100V 04222 GC101Al01K 
A1C521 283-0421-00 CAP.,FXO,CER 01:0.1 UFo + 80-20%.50V 04222 DG015El04Z 
A1C528 283-0421-00 CAP.,FXD.CER DI:0.1UF,+80-20%.50V 04222 OG015E104Z 

A1C536 290-0246-00 CAP.,FXO,ElCTLT:3.3UF.10%.15V 56289 162D335X9015CD2 
A1C537 281-0775-00 9010100 B019999 CAP .• FXD,CER 01:0.lUF.20%.SOV 04222 MA205E104MAA 
A1C537 283-0479-00 8020000 CAP .. FXD,CER 01:0.47UF,+80-20%,25V 20932 501 ES250P474E 
A1C544 281-0814-00 CAP .• FXO,CER 01:100PF.l0%,100V 04222 GC101Al01K 
A1CS17 281-0773-00 CAP.,FXD.CER DI:O.01UF,l 0"/ •• 1 OOV 04222 SA201 Cl 03KAA 
A1C625 283-0421-00 CAP .• FXO.CER 01:0.1 UF, +80-20%.50V 04222 OG015E104Z 

A1C645 281-0773-00 CAP .• FXD.CER OI;O.OlUF.lO%,looV 04222 SA201C103KAA 
A1C650 281-0823-00 CAP .• FXO,CER DI:470PF,10%.SOV 12969 CGB471KON 
A1C653 281-0819-00 CAP.,FXO,CER 01:33PF.S%,50V 72982 8035BCOG330 
AlCSSO 281-0786-00 B010100 9019999 CAP.,FXD.CER DI:150PF.l0%,100V 51642 G1710100NP0151K 
AlC6S0 281·0851-00 B020000 CAP .• FXD,CER Of:180PF,5%,100VDC 04222 GCI0-I-A-181 K 
A1C669 281-0775-00 CAP .• FXD,CER DI:O.l UF.20"/o,SOV 04222 MA205E104MAA 

A1C675 281-0775-00 CAP.,FXD,CER 01:0.1 UF.20%,50V 04222 MA205El04MAA 
AlC707 281-0808-00 CAP.,FXD.CER DI:7PF.20%.100V 04222 GCl0-1 A7ROM 
A1C708 285-0676-01 CAP"FXD,PLSTC:0.1UF.3.5%,35V 80009 285-0676-01 
A1C70S 285-1060-00 CAP.,FXD,PLSTC:1 OUF.3"Io.25V 80009 285-1060-00 
A1C7l0 281-0775-00 CAP .• FXD,CER 0I:0.1UF.20%.SOV 04222 MA205El04MAA 
A1C712 283-0479-00 CAP.,FXD ,CER DI:0.47UF, +80·20%.2SV 20932 501 ES250P474E 

A1C722 283-0421-00 CAP .• FXD,CER 0I:0.1UF.+SO-20%,50V 04222 OG015E104Z 
A1C723 290-0943·00 CAP.,FXD.ELCTLT:47UF. +50-1 0%.25V 55680 ULBl E470TECANA 
A1C731 290-0963-00 B010100 B010799 CAP,.FXD,ElCTLT:220UF, + SO-10%.25V 54473 ECEA 1 EV221 S 
A1C731 290-0973-00 8010800 CAP.,FXD,ELCTLT: 100UF.25%.25VDC 55680 ORO BY DESCR 
A1C733 290-0943-00 CAP .• FXD.ELCTLT:47UF. +50-1 0%.25V 55680 ULB1E470TECANA 
A1C735 281-0823-00 CAP.,FXD.CER DI:470PF,10%,50V 12969 CG9471KDN 

A1C738 290-0943·00 CAP .• FXO,ELCTLT:47UF, + 50-1 0%.25V 55680 ULB1E470TECANA 
A1C740 290-0943-00 CAP.,FXD,ELCTLT:47UF. + 50-1 0%.25V 5S680 UL81E470TECANA 
A1C742 281-0812-00 CAP .• FXD,CER DI:l000PF,10%.looV 04222 MA 101 Cl 02KAA 
AIC803 283-0421-00 CAP .• FXD.CER 01:0.1 UF, +80-20%.50V 04222 OG015E104Z 
A1C805 281-0823-00 CAP.,FXD.CER DI:470PF.l0%,50V 12969 CGB471KDN 
A1C806 283-0156-00 CAP .• FXD,CER DI:l000PF,+100-0%.2ooV 96733 R2670 

A1C808 281-0757-00 9010100 8019999 CAP.,FXD.CER DI: 10PF,20%,100V 72982 8035-D-COG-l00G 
A1C809 281-0819-00 CAP .• FXD.CER DI:33PF,5%.50V 72982 8035BCOG330 
A1C8l0 283-0421-00 CAP .. FXD,CER 01:0.1 UF, +80-20%.50V 04222 DG015E104Z 
A1G8l1 283-0421-00 CAP .• FXD,CER Dl:0.1 UF, +80-20"/o.50V 04222 DG015E104Z 
A1CS17 281-0812-00 CAP .• FXD.CER DI:l000PF,10%.looV 04222 MA 1 01 Cl 02KAA 
Me819 283-0421-00 CAP.,FXD,CER 01:0.1 UF, + 80-20%.50V 04222 DG015E104Z 

A1C822 283-0421-00 CAP .• FXD.CER OI:O.1UF,+ 80-20%,SOV 04222 DG015El04Z 
A1C850 283-0421-00 CAP.,FXD,CER OI:O.lUF. +80-20%.50V 04222 DG015E104Z 
Me851 283-0479-00 CAP .. FXD.CER DI:0.47UF. +80-20%,25V 20932 501 ES250P474E 
A1C852 283-0479-00 CAP.,FXD,CER DI:0.47UF.+80-20%,25V 20932 501 ES250P474E 
A1C853 283-0479-00 CAP.,FXD,CER DI:0.47UF,+80-20%.25V 20932 501 ES25DP474E 
A1C854 283-0479-00 CAP.,FXD,CER 01:0.47UF,+80-20%,25V 20932 501 ES2SDP474E 

A1C907 281-0808-00 CAP.,FXD,CER DI:7PF.20%.100V 04222 GC10-1A7ROM 
A1C908 285-0752·03 CAP.,FXD.PLSTC: 1 UF.3%,50V 80009 285-0752-03 
A1C912 281-0nS-00 8010100 BOl9999 CAP.,FXO,CER 01:0.1 UF,20%.50V 04222 MA205E104MAA 
A1C912 283-0421-00 8020000 CAP.,FXO,CER DI:0.1UF.+80-20%,50V 04222 DG015E104Z 
A1C933 283-0421-00 CAP.,FXD,CER 01:0.lUF,+80-20%.50V 04222 DG015El04Z 
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A1C938 283-0421-00 CAP .• FXD.CER DI:0.1UF.+80-20%.50V 04222 DG015E104Z 

n A1C940 283-0421-00 CAP •• FXD.CER DI:0.1UF.+80-20%.50V 04222 DG015E104Z 
A1C943 283-0421-00 CAP .• FXD.CER DI:0.1UF.+80-2O%.50V 04222 DG015E104Z 

t: ; A1C956 281-0773-00 CAP •• FXD.CER DI:0.01UF.10%.100v 04222 SA201C103KAA 
A1C957 290-0804-00 CAP •• FXD.ELCTLT:10UF.+50-10%.25V 55680 ULA1E1ooTEA 

r A1C958 283-0421-00 CAP .• FXD.CER DI:0.1UF.+80-20%.50V 04222 DG015E104Z 

A1C966 281-0783-00 CAP •• FXD.CER DI:0.1UF.2O%.1ooV 96733 ADVIXE 
A1C967 281-0783-00 8020000 CAP.,FXD.CER DI:0.1UF,2O%.1ooV 96733 ADVIXE 
A1C972 281-0756-00 CAP.,FXD.CER DI:2.2PF,O.5%.2ooV 12969 CGB2R2DFN 

n A1C973 283-0421-00 CAP.,FXD.CER DI:0.1UF,+80-2O%,50V 04222 DG015E104Z 
A1C975 281-0775-00 CAP .• FXD.CER DI:0.1UF,2O%.50V 04222 MA205E104MAA 
A1C980 281-0775-00 CAP •• FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 

A1C988 283-0421-00 CAP •• FXD.CER 01:0.1 UFo +80-2O%.50V 04222 DG015E104Z n A1C990 283-0421-00 CAP .• FXD.CER DI:0.1UF.+80-2O%.50V 04222 DG015E104Z 

!"J 
AtC995 281-0810-00 CAP .• FXD.CER DI:5.SPF.0.5%.tooV 04222 GC10-1 A5R6D 
A1CR1oo 152-0323-00 SEMICOND DEVICE:SIUCON.35V.0.1A 80009 152-0323-00 
A1CR1oo (IN COMBO WICR2OO) 

n A1CR101 152-0322-00 B01 01 00 B01319 SEMICOND DEVICE:SILICON.15V.HOT CARRIER 50434 5082-2672 

A1CR101 (IN COMBO WICR201) 
A1CR101 152-0323-01 B013200 SEMICOND DEVICE:SIUCON.35V.100MA 03508 DE101 

r A1CR101 (IN COMBO WICR201) 
A1CR107 152-0066-00 SEMICOND DEVICE:SILICON.400V.75OMA 14433 LG4016 
A1CR130 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 
A1CR131 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 

r~ 
A1CR140 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 
A1CR141 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A1CR142 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.150MA 01295 1N4152R 
A1CR143 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 

n A1CR144 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A1CR145 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 

A1CR146 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 
A1CR147 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 

n A1CR148 152-0141-02 SEMICOND DEVICE:SIUCON.30V.150MA 01295 1N4152R 
A1CR149 152-0141-02 SEMICOND DEVICE:SIUCON.30V.15OMA 01295 1N4152R 
A1CR150 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 
A1CR151 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 

n A1CR152 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 
A1CR153 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 
A1CR154 152-0141-02 SEMICOND DEVICE:SIUCON,3OV.15OMA 01295 1N4152R 
A1CR155 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 

n A1CR160 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R' 
A1CR161 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 

A1CR162 152-0141-02 SEMICOND DEVICE:SIUCON.30V.15OMA 01295 1N4152R 

n A1CR163 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 
A1CR2oo 152-0323-01 SEMICOND DEVICE:SIUCON.35V.100MA 03508 DEt01 
A1CR2oo (IN COMBO WICR1oo) 
A1CR201 152-0322-00 B010100 8013199 SEMICOND DEVICE:SIUCON.15V,HOT CARRIER 50434 5082-2672 
A1CR201 (IN COMBO W/CR101) 

n A1CR201 152-0323-01 8013200 SEMICOND DEVICE:SIUCON.35V.100MA 03508 DE101 
A1CR201 (IN COMBO W/CR101) 
A1CR355 152-0141-02 SEMICOND DEVICE:SILICON.3OV.150MA 01295 1N4152R 

nf"" 
A1CR358 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.15OMA 01295 1N4152R 
A1CR358 152-0141-02 SEMICOND DEVICE:SIUCON.30V.15OMA 01295 1N4152R 
A1CR359 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.150MA 01295 1N4152R 

n "! . 
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A1CA460 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A1CR461 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A1CR476 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 lN4152R 
A1CR464 152-0141-02 SEMICOND DEVICE:SILlCON,30V.150MA 01295 lN4152R 
A1CR465 152-0141-02 SEMICOND DEVICE:S1LlCON,30V,150MA 01295 lN4152R 
A1CR495 152-0141·02 SEMICONO DEVICE:SILlCON,30V,150MA 01295 lN4152R 

A1CR503 152-0141-02 9020000 SEMICOND DEVICE:SILICON.30V,150MA 01295 lN4152R 
A1CR600 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 IN4152R 
A1CR601 152-0141-02 9011400 SEMICOND DEVICE: SILICON .30V, 150MA 01295 lN4152R 
A1CR616 152-0141-02 SEMICONO DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A1CR619 152-0141-02 9011400 SEMICOND DEVICE:SILICON.30V,150MA 01295 lN4152R 
A1CR620 152-0141-02 9011400 SEMICOND DEVICE:SILICON.30V,150MA 01295 lN4152R 

A1CR621 152-0141.02 9011400 SEMICOND DEVICE:SIUCON,30V,150MA 01295 lN4152R 
A1CR652 152·0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A1CR653 152..(l141..(l2 SEMICOND DEVICE:SllICON,30V,150MA 01295 lN4152R 
A1CR707 152-0141-02 SEMICOND DEVICE:SlllCON,30V,150MA 01295 lN4152R 
A1CR741 152-0141-02 SEMICONO DEVICE:SILlCON,30V, 150MA 01295 lN4152R 
A1CR746 152-0141-02 SEMICOND OEVICE:SILlCON,30V, 150MA 01295 lN4152R 

A1CR747 152-0141-02 SEMICOND DEVICE:SllICON,30V,150MA 01295 lN4152R 
A1CR807 152-0574-00 SEMICOND DEVICE:SllICON.120V,0,15A 14433 WG1306 
A1CR611 152-0141-02 SEMICONO DEVICE:SILiCON,30V, 150MA 01295 lN4152R 
A1CR671 152-0141-02 SEMICOND DEVICE:SllICON,30V, 150MA 01295 lN4152R 
A1CR950 152-0141-02 SEMICOND DEVICE:SILiCON,30V.150MA 01295 lN4152R 
A1CR95l 152·0141-02 SEMICOND DEVICE: SILICON ,30V, 150MA 01295 lN4152R 

A1CR956 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A1CR966 152-0574-00 SEMICOND DEVICE:SILlCON,120V,0,15A 14433 WG1308 
A1CR972 152-0574-00 SEMICONO DEVICE: SILICON, 120V ,0, 15A 14433 WG1308 
A1CR967 152-0574-00 SEMICOND DEVICE:SILICON, 120V,0, 15A 14433 WGl308 
A1DL100 119-1490-00 DELAY L1NE,ELEC:73NS, 150 OHM 60009 119·1490-00 
A1Jl00 131-0606-00 B010100 BOl9999 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 

A lJl1 0 136-0727 -00 SKT,Pl·IN ELEK:MICROCKT,8 CONTACT 09922 DILB6p·l06 
A1J116 136·0727 -00 SKT.PL-IN ELEK:MICROCKT,8 CONTACT 09922 DlLB6p·l08 
A1J119 136-0726-00 SKT,PL-IN ElEK:MICROCKT,14 CONTACT 09922 DllB14P-108 
A1L101 1 08-0538-00 COIL,RF:2.7UH 76493 JWM#B7059 
A1L107 108-0536-00 COIL,RF:2.7UH 76493 JWM#B7059 
A1U13 108-0538-00 COIL,RF:2.7UH 76493 JWMt/87059 

A1L115 108·0317-00 COfL,RF:FIXED,15UH 32159 71501 M 
A1L219 106-0538-00 COIL,RF:2,7UH 76493 JWM#B7059 
A1L307 108·0536-00 COIL,RF:2.7UH 76493 JWM#87059 
A1L325 108-0538-00 COIL,AF:2,7UH 76493 JWM#B7059 
A1L336 108-0538-00 COIL,RF:2.7UH 76493 JWM#B7059 
A1L521 106·0538-00 COIL,RF:2.7UH 76493 JWM#B7059 

A1L605 108-0735-00 COIL,RF: FIXEO,560NH 80009 108-0735-00 
A1L606 108-0683-00 COIL,RF:FIXED,900NH 60009 108-0683-00 
A1L607 108-0683-00 COIL.RF: FIXED,900NH 60009 108-0683-00 
A1L60e 108-0735-00 COIL,RF:FIXED,560NH 80009 108·0735·00 
A1L609 1 06-0509-00 COIL,RF:2,45UH 80009 108-0509-00 
A1L610 108-0509-00 COIL,RF:2.45UH 80009 108-0509-00 

A1L611 108-0317-00 COIL,RF:FIXED,15UH 32159 71501M 
A1L612 1 08-0317-00 COIL,RF:FIXEO,15UH 32159 71501M 
A1L619 108-0735-00 9010100 9019999 COIL,RF:FIXED,560NH 80009 106-0735-00 
A1L619 114-0353-00 9020000 COIL,RF:VARIABLE,0.6 TO 1.0UH eOOO9 114·0353-00 
A1L626 108-0327-00 B020000 COIL.RF:48NH 60009 108-0327-00 
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All633 1 08-0327 -00 B020000 COll,RF:48NH 80009 108-0327-00 
A1l644 108-0736-00 B010100 B019999 COll,RF:810NH 80009 108-0736-00 
All644 114-0353-00 B02ooo0 COll,RF:VARIABLE,0.6 TO 1.0UH 80009 114-0353-00 
A1l733 108-0538-00 COll,RF:2.7UH 76493 JWM#B7059 
A1L738 108-0317 -00 COll,RF:FIXED,15UH 32159 71501M 
A1L740 1 08-0317-00 COIL,RF:FIXED,15UH 32159 71501M 

All743 108-0538-00 COIL,RF:2.7VH 76493 JWM#B7059 
A1L938 108-0538-00 COIL,RF:2.7UH 76493 JWM#B7059 
A1L973 108-0538-00 COIL,RF:2.7UH 76493 JWM#B7059 
AllRl01 108-0325-00 COIL,RF:0.5UH 80009 108-0325-00 
A1LR107 108-0325-00 COIL,RF:0.5UH 80009 108-0325-00 
A1LR180 108-0999-00 COIL,RF:FIXED,105NH ON FORM 

A1LR201 108-0325-00 COIL,RF:0.5UH 80009 108-0325-00 
A1LR218 108-0330-00 COll,RF:O.4UH 80009 108-0330-00 
A1LR280 108-0999-00 COll,RF:FtXED,l05NH ON FORM 
A10130 151-0622-00 TRANSISTOR:SILlCON,PNP 27014 92PU51A 
Al0131 151-0622-00 TRANSISTOR:SILlCON,PNP 27014 92PU51A 
Al0154 151-0188-00 TRANSISTOR:SILlCON,PNP 04713 SPS6868K 

A10155 151-0188-00 TRANSISTOR:StLlCON,PNP 04713 SPS6868K 
Al0190 151-0190-00 TRANSISTOR:SILlCON,NPN 07263 S032677 
A1Q460A,B 153-0547-00 SEMICOND DVC SE:SILlCON,NPN,MATCHED 80009 153-0547-00 
Al0550 151-0190-00 TRANSISTOR:SILlCON,NPN 07263 S032677 
A1Q600 151-0190-00 TRANSISTOR:SILICON,NPN 07263 S032677 
A1Q623 151-0190-00 TRANSISTOR:SILlCON,NPN 07263 5032677 

A1Q624 151-1042-01 B010100 8019999 SEMICOND DVC SE:FET,SI,TO-92 17856 J2595 
A1Q624 151-1025-00 B020000 TRANSISTOR:SllICON,JFE,N-CHANNEl 01295 SFB8129 
A1Q645 151-0188-00 TRANSISTOR:S1LlCON,PNP 04713 SPS6868K 
A1Q7oo 151-0190-00 TRANSISTOR:SllICON,NPN 07263 S032677 
A1Q709 151-0736-00 TRANSISTOR:SILlCON,NPN 04713 SPS8317 
A1Q741 151-0188-00 TRANSISTOR:SILlCON,PNP 04713 SPS6868K 

A1Rloo 315-0474-00 RES.,FXD,CMPSN:470K OHM,5%,0.25W 01121 C64745 
A1R1oo (IN COMBO WfCloo) 
A1R101 315-0272-00 RES .• FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725 
A1R102 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725 
A1R114 321-0130-00 RES.,FXD,FILM:221 OHM,l%,O.12SW 91637 MFF1816G221 ROF 
A1R115 321-0146-00 RES.,FXD,FILM:3240HM,1%,0.125W 91637 MFF1816G324ROF 

A1Rl17 321-0285-00 RES.,FXD,FllM:9.09K OHM,l0/0,O.125W 91637 MFF1816G90900F 
A1R118 321-0210-00 RES.,FXD,FllM: 1.5K OHM,l %,0.12SW 91637 MFF1816G15OOOF 
A1R119 321-0354-00 RES .• FXD,FILM:47.5K OHM,l0/0,O.12SW 91637 MFF1816G47501F 
A1R120 315-0100-00 RES.,FXD,CMPSN:l0 OHM,So/".0.25W 01121 CB1005 
A1R121 315-0121-00 6010100 8019999 RES.,FXD,CMPSN:120 OHM,5%,O.25W 01121 C8l215 
A1R123 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,O.25W 01121 CB6225 

A1R125 301-0361-00 RES.,FXD,CMPSN:360 OHM,5%,O.50W 01121 EB3615 
A1Rl29 315-0101-00 RES.,FXD,CMPSN:l00 OHM,5%,O. 25W 01121 CB10i5 
A1R130 315-0561-00 RES.,FXD,CMPSN:560 OHM,5%,O.25W 01121 C85615 
A1R131 315-0561-00 RES.,FXD,CMPSN:560 OHM,5%,O.25W 01121 CB5615 
A1R133 315-0122-00 RES.,FXD,CMPSN:1.2K OHM.50/0,O.25W 01121 CB1225 
A1R135 315-0102-00 RES.,FXD,CMPSN: 1 K OHM,5%,0.25W 01121 CB1025 

A1R136 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,O.25W 01121 CB6225 
A1R140 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,O.25W 01121 C64715 
A1R141 315-0471-00 RES.,FXD,CMPSN:470 OHM.5%,O.25W 01121 CB4715 
A1R142 315-0391-00 RES .• FXD,CMPSN:390 OHM,5%,O.25W 01121 CB3915 
A1R143 315-0391-00 RES.,FXD,CMPSN:390 OHM,5%,0.25W 01121 CB3915 

~ if ,\ 
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A1Rl44 307-0108-00 RES.,FXD,CMPSN:6.8 OHM,5%,O.25W 01121 CB68G5 
A1R149 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A1R152 315-0562-00 RES.,FXD,CMPSN:5.8K OHM,5%,O.25W 01121 CB5625 
A1R153 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,O.25W 01121 CB7525 
A1R154 321-0210-00 RES.,FXD,FILM:1.5K OHM,1%,O.125W 91637 MFF1816G15000F 
A1R155 321-0210-00 8010100 8019999 RES.,FXD,FILM:1.5K OHM,1%,O.125W 91637 MFF1816G15000F 

A1R155 321-0208-00 B020000 RES.,FXD,FILM:1.37K OHM,l%,O.125W 91637 MFF1818G137ooF 
A1R156 321-0255-00 RES.,FXD,FILM:4.42K OHM,1%,O.125W 91637 MFF1818G44200F 
A1R159 321-0242-00 RES.,FXD,FILM:3.24K OHM,1%,O.125W 91637 MFF1816G324OOF 
A1R161 321-0289-00 RES.,FXD,FILM:10K OHM,1%,O.125W 91637 MFF1816G10001F 
A1R162 321-0289-00 RES.,FXD,FILM:10K OHM,1%,O.125W 91637 MFF1816G10001F 
A1R163 321-0242-00 RES.,FXD,FILM:3.24K OHM,1%,O.125W 91637 MFF1818G32400F 

A1Rl65 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,O.25W 01121 CB8225 
A1R190 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A1R191 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A1R192 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A1R193 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
A1R194 317-0105-00 B010100 B019999 RES.,FXD,CMPSN:1M OHM,5%,O.125W 01121 9B1055 

A1R194 315-0103-00 B020000 RES.,FXD,CMPSN:1OK OHM,5%,O.25W 01121 CB1D35 
A1R195 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,O.25W 01121 CB3015 
A1R196 315-0752-00 RES.,FXD,CMPSN:7.5K OHM,5%,O.25W 01121 CB7525 
A1R197 315-0562-00 RES.,FXD,CMPSN:5.6K OHM,5%,O.25W 01121 CB5625 
A1R198 321-1700-04 RES.,FXD,FILM:10.44K OHM,O.1%,O.125W 91637 MFF1816D10441B 
A1Rl99 321-1700-04 RES.,FXD,FILM:10.44K OHM,O.1%,O.125W 91637 MFF1816D10441B 

A1R200 315-0474-00 RES.,FXD,CMPSN:470K OHM,5%,O.25W 01121 CB4745 -A1R2oo (IN COMBO W/C200) ~. 
A1R201 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,O.25W 01121 CB2725 
A1R202 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,O.25W 01121 CB2725 
A1R216 315-0121-00 8010100 8019999 RES.,FXD,CMPSN: 120 OHM,5%,O.25W 01121 CB1215 
A1R217 321-0268-00 RES.,FXD,FILM:6.04K OHM.1%,O.125W 91637 MFF1818G60400F 

A1R218 321-0210-00 RES.,FXD,FILM:1.5K OHM,1%,O.125W 91637 MFF1816G15OOOF 
A1R219 321-0354-00 RES.,FXD,RLM:47.5K OHM,1%,O.125W 91637 MFF1816G47501F 
A1R220 315-0100-00 RES.,FXD,CMPSN:10 OHM,5%,O.25W 01121 CB1005 
A1R223 315-0622-00 RES .• FXD,CMPSN:6.2K OHM,5%,O.25W 01121 CB6225 
A1R225 301-0361-00 RES.,FXD,CMPSN:360 OHM,5%,O.50W 01121 EB3615 
A1R230 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,O.25W 01121 CB2225 

A1R231 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,O.25W 01121 CB2225 
A1R232 315-0222-00 RES •• FXD,CMPSN:2.2K OHM,5%,O.25W 01121 CB2225 
A1R301 315-0240-00 RES.,FXD,CMPSN:24 OHM,5%,O.25W 01121 CB2405 
A1R302 315-0240-00 RES.,FXD,CMPSN:24 OHM,5%.0.25W 01121 CB2405 
A1R304 315-0101-00 RES.,FXD,CMPSN:1oo OHM,5%,O. 25W 01121 CB1015 
A1R311 315-0101-00 RES.,FXD,CMPSN:1oo OHM,5%,O. 25W 01121 CB1015 

A1R329 315-0101-00 RES.,FXD,CMPSN:1oo OHM,5%,O. 25W 01121 CB1015 
A1R332 315-0101-00 RES.,FXD.CMPSN:1oo OHM,5%,O. 25W 01121 CB1015 
A1R334 315-0392-00 RES .• FXD.CMPSN:3.9K OHM,5%,O.25W 01121 CB3925 
A1R353 321-0265-00 RES.,FXD,FILM:5.62K OHM,1%,O.125W 91637 MFF1816G562OOF 
A1R355 315-0103-00 RES.,FXD,CMPSN:1OK OHM,5%,O.25W 01121 CB1035 
A1R357 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,O.25W 01121 CB1045 

A1R358 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,O.25W 01121 CB1045 
A1R359 315-0104-00 RES .• FXD.CMPSN:100K OHM,5%,O.25W 01121 CB1045 
A1R360 321-0293-00 RES.,FXD,RLM:11K OHM.1%,O.125W 91637 MFF1816G11oo1 F 
A1R361 315-0123-00 RES .• FXD,CMPSN:12K OHM.5%,O.25W 01121 CB1235 
A1R362 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,O.25W 01121 CB1045 

.~. 
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A1R363 315-0332-00 RES.,FXD,CMPSN:3.3K OHM,S"Io,O.2SW 01121 CB3325 
A1R401 321-0202-00 RES.,FXD,FILM:1.24K OHM.1"1o,O.12SW 91637 MFF1816G12400F r A1R402 315-0750-00 RES.,FXD.CMPSN:7S OHM,S"Io,O.2SW 01121 CB7505 
A1R403 311-1137-00 8010100 8019999 RES.,VAR.NONWIR:SK OHM.2O"Io,O.SOW 73138 72PX-67 -0-502M 
A1R403 311-2099-00 B020000 RES •• VAR.NONWIR:TRMR,500 OHM,10"10,O.SW 73138 72-266-0 
A1R405 315-0470-00 B020000 RES.,FXD,CMPSN:47 OHM,S"Io,O.2SW 01121 CB4705 

n A1R412 315-0750-00 RES .• FXD,CMPSN:7S OHM,S"Io.0.2SW 01121 CB750S . A1R416 315-0432-00 RES.,FXD,CMPSN:4.3K OHM,S"Io,O.2SW 01121 CB432S 
A1R430 315-0201-00 RES.,FXD,CMPSN:200 OHM.S"Io,O.25W 01121 CB201S 
A1R431 315-0470-00 B020000 RES.,FXD,CMPSN:47 OHM,S"Io.O.25W 01121 CB470S 
A1R440 321-0666-00 RES.,FXD,FILM:3.04K OHM,O.S"Io.0.12SW 91637 MFF1816D304000 n A1R450 321-0310-00 RES.,FXD,ALM:16.SK OHM,1"10.0.125W 91637 MFF1816G16501 F ., 

A1R4S1 321-0275-00 RES.,FXD,FILM:7.1SK OHM,1"1o,O.12SW 91637 MFF1816G71500F 
A1R452 321-0310-00 RES.,FXD,FILM:16.SK OHM,1"1o,O.12SW 91637 MFF1816G16501F n A1R453 321-0275-00 RES.,FXD,FILM:7.1SK OHM,1"1o,O.12SW 91637 MFF1816G71500F 

~t A1R454 321-0310-00 RES .• FXD.FILM:16.SK OHM,1"10.0.12SW 91637 MFF1816G16501F 
A1R455 321-0309-00 RES.,FXD.FILM:16.2K OHM.1"10.0.12SW,TC-TO 01121 ORDBY DESCR 

n A1R456 321-0303-00 8010100 8019999 RES.,FXD,FILM:14K OHM,1"1o,O.125W 91637 MFF1816G14oo1F 

A1R456 321-0329-00 8020000 RES .• FXD,FILM:26.1K OHM,1"1o,O.12SW 91637 MFF1816G26101F 
A1R457 321-0275-00 RES.,FXD,FILM:7.15K OHM,1"1o,O.12SW 91637 MFF1816G715OOF 
A1R458 321-0085-00 RES.,FXD,ALM:75 OHM.1"1o,O.12SW 91637 MFF1816G75ROOF 

n A1R4S9 321-0085-00 RES.,FXD,ALM:7S OHM.1"1o,O.12SW 91637 MFF1816G7SROOF 
A1R4S9 (COMBO W/C459) 
A1R460 321-0062-00 RES.,FXD,FILM:43.2 OHM,1"1o,O.125W 91637 CMF55-116G43R20F 

r~ 
A1R461 321-0136-00 B010100 B019999 RES.,FXD,FILM:2550HM,1"10.0.12SW 91637 MFF1816G255ROF 
A1R461 321-0139-00 B020000 RES.,FXD.ALM:2740HM,1"1o,O.12SW 91637 MFF1816G274ROF 
A1R462 321-0208-00 B010100 8019999 RES .• FXD.FILM:1.43K OHM.1"10.0.125W 91637 MFF1816G14300F 
A1R462 321-0201-00 B02000 RES.,FXD,FILM:1.21K OHM,1"1o,O.125W 91637 MFF1816G121ooF 
A1R463 321-0201-00 8010100 8019999 RES.,FXD.FILM:1.21K OHM.1"10.0.125W 91637 MFF1816G121ooF 

n A1R463 321-0193-00 8020000 RES.,FXD,FILM:1K OHM,1"10.0.12SW 91637 MFF1816G1ooooF 

A1R464 321-0063-00 RES .• FXD,FILM:44.2 OHM,1"1o,O.12SW 91637 MFF1816G44R20F 
A1R465 321-0193-00 RES.,FXD,FILM:1K OHM,1"1o,O.12SW 91637 MFF1816G10000F 

n 
A1R466 321-0275-00 B020000 RES.,FXD,FILM:7.1SK OHM.1"10.0.12SW 91637 MFF1816G715OOF 
A1R470 315-0223-00 RES.,FXD.CMPSN:22K OHM,S"Io.O.25W 01121 CB2235 
A1R471 315-0223-00 RES.,FXD.CMPSN:22K OHM,S"Io,O.25W 01121 CB2235 
A1R476 315-0750-00 RES.,FXD.CMPSN:7S OHM,S"Io.O.25W 01121 CB7505 

n A1R4n 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,S"Io,O.2SW 01121 CB472S 
A1R478 321-0193-03 RES.,FXD,FILM:1K OHM,O.25"10.0.125W 91637 MFF1816D10000c 
A1R479 315-0102-00 RES.,FXD.CMPSN:1K OHM,S"Io.0.2SW 01121 CB102S 
A1R480 321-0378-00 RES.,FXD,ALM:B4.SK OHM,1"10.0.125W 91637 MFF1816G84501 F 

n A1R461 321-0347-00 RES .• FXD.ALM:40.2K OHM.1"10.0.125W 91637 MFF1816G40201F 
A1R482 315-0471-00 RES.,FXD.CMPSN:470 OHM.S"Io,O.2SW 01121 CB471S 

A1R463 321-0347-00 RES.,FXD,FILM:40.2K OHM,1%.0.12SW 91637 MFF1816G40201 F 
A1R484 315-0202-00 RES •• FXD,CMPSN:2K OHM.S"Io,O.2SW 01121 CB202S 

n A1R465 315-0202-00 RES.,FXD.CMPSN:2K OHM.S"Io,O.2SW 01121 CB2025 
A1R488 321-0347-00 RES.,FXD,FILM:40.2K OHM,1 %,O.12SW 91637 MFF1816G40201 F 
A1R487 321-0130-03 RES.,FXD,FILM:221 OHM,O.25"10.0.125W 91637 MFF1816D221ROC 
A1R488 321-1216-03 RES.,FXD.FILM:1.76K OHM.0.25"10.0.12SW 91637 MFF1816D176OOC 

n A1R489 321-1216-03 RES.,FXD,ALM:1.76K OHM,O.25"10.0.12SW 91637 MFF1816D176OOC 

" A1R490 321-0378-00 RES •• FXD,FILM:B4.SK OHM,1"1o,O.12SW 91637 MFF1816G84501F 
i 

A1R491 315-0102-00 RES •• FXD,CMPSN:1K OHM.S%,O.2SW 01121 CB1025 
A1R492 321-0193-03 RES.,FXD,ALM:1 K OHM,O.25"1o,O.12SW 91637 MFF1816D10000c 

n("l A1R493 315-0472-00 RES.,FXD.CMPSN:4.7K OHM,S"Io,O.2SW 01121 CB472S 

n \ 
; 
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A1R494 315-0201-00 RES.,FXD,CMPSN:200 OHM,5%,O.25W 01121 C82015 
A1R495 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 C87505 
A1R497 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,O.25W 01121 C88215 

....., 

A1R498 315-0821-00 RES.,FXD,CMPSN:820 OHM,5%,O.25W 01121 C88215 
A1R500 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,O.25W 01121 C83315 
A1R501 315-0101-00 RES.,FXD,CMPSN:l00 OHM,5%,O. 25W 01121 C81015 

A1R502 315-0622-00 RES.,FXD,CMPSN:6.2K OHM,5%,O.25W 01121 C86225 
A1R503 315-0103-00 8020000 RES.,FXD,CMPSN: 1 OK OHM,5%,O.25W 01121 C81035 
A1R504 315-0103-00 B020000 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A1R511 321-0320-00 B01 01 00 8019999 RES.,FXD,FILM:21 K OHM,1 %,O.125W 91637 MFF1816G21oo1F 
A1R512 321-0293-00 B010100 8019999 RES.,FXD,FILM:11K OHM,1%,O.125W 91637 MFF1816G11oo1F 
A1R513 315-0470-00 RES.,FXD.CMPSN:47 OHM,5%,O.25W 01121 C84705 

A1R518 315-0680-00 RES.,FXD,CMPSN:680HM,5%.0.25W 01121 CB6805 
A1R519 315-0621-00 RES •• FXD,CMPSN:620 OHM,5%.0.25W 01121 C86215 
A1R520 315-0393-00 RES.,FXD,CMPSN:39K OHM,5%,O.25W 01121 C83935 
A1R521 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 CB7505 
A1R527 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 CB7505 
A1R529 315-0561-00 RES.,FXD,CMPSN:560 OHM,5%,O.25W 01121 CB5615 

A1R537 315-0470-00 RES.,FXD,CMPSN:47 OHM,5%,O.25W 01121 C84705 
A1R542 315-0680-00 RES.,FXD,CMPSN:68 OHM,5%,O.25W 01121 C86805 
A1R543 315-0621-00 RES.,FXD,CMPSN:620 OHM,5%,O.25W 01121 C86215 
A1R544 315-0393-00 RES.,FXD,CMPSN:39K OHM,5%,O.25W 01121 CB3935 
A1R545 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 C87505 
A1R550 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,O.25W 01121 C84715 

A1R551 321-1682-07 RES.,FXD,FILM:5.7K OHM,O.1%,O.125W 91637 MFF1816C57000B 
A1R552 321-0641-07 RES.,FXD,FILM:1.8K OHM,O.1%,O.125W 91637 MFF1816C18000B 
A1R553 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,O.25W 01121 C81525 
A1R554 315-0162-00 RES.,FXD,CMPSN:1.6K OHM,5%,O.25W 01121 C81625 
A1R555 321-0294-00 RES.,FXD,FILM:11.3K OHM,1%,O.125W 91637 MFF1816G11301F 
A1R556 321-0282-00 RES.,FXD.FILM:8.45K OHM,1 %,O.125W 91637 MFF1816G84500F 

A1R557 321-0808-07 RES.,FXD,FILM:300 OHM,O.1%,O.125W 24546 NE55E3000B 
A1R558 321-0657-07 RES.,FXD,FILM:60 OHM,O.1 %,0. 125W 91637 CMF55-116C60ROOB 
A1R560 315-0621-00 RES.,FXD,CMPSN:820 OHM,5%,O.25W 01121 C86215 
A1R6oo 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,O.25W 01121 C82705 
A1R601 307-0108-00 RES.,FXD,CMPSN:6.8 OHM.5%,O.25W 01121 CB68G5 
A1R602 307-0108-00 RES.,FXD,CMPSN:6.8 OHM,5%,O.25W 01121 CB68G5 

A1R605 321-0112-00 RES.,FXD,FILM:143 OHM,1%,O.125W 91637 MFF1816G143ROF 
A1R606 321-0002-00 RES.,FXD,FILM:10.2 OHM,l%.0.125W 91637 MFF1816G10R20F 
A1R607 321-0002-00 RES.,FXD.FILM:l0.2 OHM,l%,O.125W 91637 MFF1816G10R20F 
A1R608 307-0108-00 RES.,FXD,CMPSN:6.80HM.5%.0.25W 01121 C868G5 
A1R614 315-0103-00 RES.,FXD,CMPSN:10K OHM.5%,0.25W 01121 C81035 
A1R615 315-0103-00 RES .• FXD,CMPSN:10K OHM,5%,O.25W 01121 C81035 

A1R617 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 C81025 
A1R618 311-1137-00 RES.,VAR,NONWIR:5K OHM,20%,O.SOW 73138 72PX-67 -O-502M 
A1R6l9 315-0270-00 RES.,FXD,CMPSN:27 OHM,5%,O.25W 01121 C82705 
A1R620 315-0472-00 8011400 RES.,FXD,CMPSN:4.7K OHM,5%,O.25W 01121 C84725 
A1R622 321-0226-00 8010100 8019999 RES.,FXD,FILM:2.21 K OHM,1%,O.125W 91637 MFF1816G221ooF 
A1R622 321-0255-00 8020000 RES.,FXD,FILM:4.42K OHM,1%,O.125W 91637 MFF1816G442ooF 

A1R624 315-0100-00 RES.,FXD,CMPSN:10 OHM,5%,O.25W 01121 C81OO5 
A1R638 311-1137-00 RES.,VAR,NONWIR:5K OHM.2O%,0.50W 73138 72PX-67 -O-502M 
A1R639 311-2099-00 RES •• VAR,NONWIR:TRMR,500 OHM,10%,O.5W 73138 72-266-0 
A1R639 (IN SERIES WIW639) 
A1R642 315-0432-00 RES.,FXD,CMPSN:4.3K OHM,5%,O.25W 01121 CB4325 
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A1R643 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 CB7505 
A1R644 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,O.25W 01121 CB4725 n A1R645 321-0625-00 RES.,FXD,FILM:5.88K OHM,1%,O.125W 91637 MFF1816G58800F 
A1R646 321-0252-00 RES.,FXD,FILM:4.12K OHM,1%,O.125W 91637 MFF1816G412ooF 
A1R650 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,O.25W 01121 CB2035 
A1R651 315-0911-00 RES.,FXD,CMPSN:910 OHM,5%,O.25W 01121 CB9115 

n A1R652 315-0274-00 RES.,FXD,CMPSN:270K OHM,5%,O.25W 01121 CB2745 
, , A1R653 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 

A1R654 315-0911-00 RES.,FXD,CMPSN:910 OHM,5%,O.25W 01121 CB9115 
A1R655 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 n A1R669 321-0406-00 RES.,FXD,FILM:165K OHM,1%,O.125W 91637 MFF1816G16502F 
A1R670 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 

A1R671 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 

n A1R672 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,0.25W 01121 CB1025 
A1R678 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
A1R700 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,O.25W 01121 CB2215 
A1R701 321-0223-00 RES.,FXD,ALM:2.05K OHM,1%,O.125W 91637 MFF1816G205OOF 
A1R702 321-0252-00 RES.,FXD,FILM:4.12K OHM,1 %,O.125W 91637 MFF1816G41200F 

n A1R707 315-0122-00 RES.,FXD,CMPSN:1.2K OHM,5%,O.25W 01121 CB1225 
. , 

A1R708 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,O.25W 01121 CB2425 
A1R709 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,O.25W 01121 CB4725 

r A1R710 315-0396-00 RES.,FXD,CMPSN:39M OHM,5%,O.25W 01121 CB3965 
A1R713 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,5%,O.25W 01121 CB8225 
A1R723 321-0245-00 RES.,FXD,FILM:3.4BK OHM,1%,O.125W 91637 MFF1816G348OOF 

A1R724 321-0680-00 RES.,FXD,FILM:35.3K OHM,O.5%,O.125W 91637 MFF1816D353010 

P'" A1R731 315-0153-00 RES.,FXD,CMPSN:15K OHM,5%,O.25W 01121 CB1535 
A1R732 315-0882-00 RES.,FXD,CMPSN:6.8K OHM,5%,O.25W 01121 CB8825 
A1R733 315-0182-00 RES.,FXD,CMPSN:1.8K OHM,5%,O.25W 01121 CB1825 
A1R734 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215 

n A1R735 315-0273-00 RES.,FXD,CMPSN:27K OHM,5%,O.25W 01121 CB2735 

A1R736 321-0209-00 B010100 8019999 RES.,FXD,ALM:1.47K OHM,1%,O.125W 91637 MFF1816G147ooF 
A1R736 321-0197-00 B020000 RES.,FXD,ALM:1.1K OHM,1%,O.125W 91637 MFF1816G11000F 
A1R737 321-0255-00 8010100 8019999 RES.,FXD,FILM:4.42K OHM,1%,O.125W 91637 MFF1816G44200F n A1R738 321-0273-00 RES.,FXD,FILM:6.81 K OHM,10/0,O.125W 91637 MFF1816G88100F 
A1R741 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,O.25W 01121 CB2725 
A1R742 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,O.25W 01121 CB1515 

n A1R743 315-0750-00 8010100 8019999 RES.,FXD,CMPSN:75 OHM,5%,0.25W 01121 CB7505 
A1R743 315-0102-00 8020000 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 
A1R744 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 CB7505 
A1R745 315-0242-00 RES.,FXD,CMPSN:2.4K OHM,5%,O.25W 01121 CB2425 

n 
A1R746 301-0470-00 RES.,FXD,CMPSN:47 OHM,50/0,O.50W 01121 EB4705 
A1R750 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,O.25W 01121 CB2715 

A1RBOO 321-0147-00 RES.,FXD,FILM:332 OHM,1%,O.125W 91637 MFF1816G332ROF 
A1R801 311-2099-00 RES.,VAR,NONWIR:TRMR,500 OHM,10%,0.5W 73138 72-266-0 

n A1R801 (IN SERIES W/WBOO) 
A1R802 315-0222-00 8010100 8019999 RES.,FXD,CMPSN:2.2K OHM,5%,O.25W 01121 CB2225 
A1R802 315-0821-00 8020000 RES.,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215 
A1R803 315-0821-00 8010100 8019999 RES.,FXD,CMPSN:820 OHM,5%,O.25W 01121 CB8215 

n A1R803 315-0222-00 B020000 RES.,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225 
A1R804 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,O.25W 01121 CB1515 
A1R805 311-2155-00 8010100 8019999 E: 
A1R805 311-1242-00 802000 RES .• VAR,NONWIR:2OOK OHM,10%,O.5OW 02111 63X-204-T802 
A1R806 315-0204-00 RES.,FXD,CMPSN:200K OHM,5%,O.25W 01121 CB2045 n 1"" n 
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A1R809 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,O.25W 01121 CB1515 
A1R811 301-0331-00 RES.,FXD,CMPSN:330 OHM,5%,O.50W 01121 EB3315 
A1R817 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,O.25W 01121 CB2215 
A1R820 321-0327-00 RES.,FXD,FILM:24.9K OHM,l%,O.125W 91637 MFF1816G24901 F 
A1R821 321-0298-00 RES.,FXD,FILM: 12.4K OHM,1 %,O.125W 91637 MFF1816G12401 F 
A1R822 315-0271-00 RES.,FXD,CMPSN:270 OHM,5%,O.25W 01121 CB2715 

A1R823 321-0193-00 RES.,FXD,FILM:1K OHM,l%,O.125W 91637 MFF1816G10000F 
A1R839 321-0147-00 RES.,FXD,FILM:332 OHM,1%,O.125W 91637 MFF1816G332ROF 
A1R850 311-1137-00 RES.,VAR,NONWIR:5K OHM,200/o,O.50W 73138 72PX-67 -O-502M 
A1R852 315-0240-00 RES.,FXD,CMPSN:24 OHM,5%,O.25W 01121 CB2405 
A1R853 315-0240-00 RES.,FXD,CMPSN:24 OHM,5%,O.25W 01121 CB2405 
A1R855 315-0103-00 RES.,FXD,CMPSN:10K OHM,50/0,O.25W 01121 CB1035 

A1R856 321-0210-00 RES.,FXD,FILM:l.5K OHM,1%,O.125W 91637 MFF1816G15OOOF 
A1R858 321-0239-00 RES.,FXD,FILM:3.01 K OHM,l%,O.125W 91637 MFF1816G301ooF 
A1R860 311-1137-00 RES.,VAR,NONWIR:5K OHM,200/0,O.50W 73138 72PX-67 -O-502M 
A1R901 315-0112-00 8020000 RES.,FXD,CMPSN:l.l!< OHM,5%,O.25W 01121 CB1125 
A1R902 315-0112-00 8020000 RES.,FXD,CMPSN:l.1 K OHM,5%,O.25W 01121 CB1125 
A1R903 315-0112-00 8020000 RES.,FXD,CMPSN:1.1 K OHM,50/0,O.25W 01121 CB1125 

A1R904 315-0124-00 RES.,FXD,CMPSN:120K OHM,5%,O.25W 01121 CB1245 
A1R907 315-0471-00 RES.,FXD,CMPSN:470 OHM,50/0,O.25W 01121 CB4715 
A1R910 315-0396-00 RES.,FXD,CMPSN:39M OHM,50/0,O.25W 01121 CB3965 
A1R912 315-0822-00 RES.,FXD,CMPSN:8.2K OHM,50/0,O.25W 01121 CB8225 
A1R924 321-0325-00 RES.,FXD,FILM:23.7K OHM,l%,O.125W 91637 MFF1816G23701F 
A1R936 321-0217-00 RES.,FXD,FILM:1.78K OHM,l%,O.125W 91637 MFF1816G178ooF 

A1R937 321-0268-00 RES.,FXD,FILM:6.04K OHM,1%,O.125W 91637 MFF1816G604ooF 
A1R939 315-0332-00 8020000 RES.,FXD,CMPSN:3.3K OHM,50/0,O.25W 01121 CB332S 
A1R940 315-0101-00 RES.,FXD,CMPSN:loo OHM,50/0,O. 25W 01121 CB1015 
A1R941 315-0102-00 B010100 BOl9999 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 
A1R941 315-0561-00 8020000 RES.,FXD,CMPSN:560 OHM,5%,O.25W 01121 CB5615 
A1R942 321-0256-00 B020000 RES.,FXD,FILM:4.53K OHM,l0/0,O.125W 91637 MFF1816G45300F 

A1R943 315-0121-00 RES.,FXD,CMPSN:120 OHM,5%,O.25W 01121 CB1215 
A1RS« 317-0302:00 RES.,FXD,CMPSN:3K OHM,5%,O.125W 01121 B83025 
A1R945 315-0621-00 RES.,FXD,CMPSN:820 OHM,5%,O.25W 01121 CB6215 
A1R950 301-0470-00 RES.,FXD,CMPSN:47 OHM,50/0,O.50W 01121 EB4705 
A1R951 308-0555-00 RES.,FXD,WW:5 OHM,5%,3W 00213 1200S-5ROOOJ 
A1R952 315-0750-00 RES.,FXD,CMPSN:75 OHM,5%,O.25W 01121 CB7505 

A1R956 315-0302-00 RES.,FXD,CMPSN:3K OHM,5%,O.25W 01121 CB3025 
A1R957 321-0291-00 RES.,FXD,FILM:10.5K OHM,l%,O.125W 91637 MFF1816G10501F 
A1R972 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,O.25W 01121 CB5105 
A1R973 315-0513-00 RES.,FXD,CMPSN:51K OHM,5%,O.25W 01121 CB5135 
A1R981 315-0101-00 RES.,FXD,CMPSN:1oo OHM,5%,O. 25W 01121 CB1015 
A1R995 315-0512-00 RES.,FXD,CMPSN:5.1 K OHM,5%,O.25W 01121 CB5125 

A1S615 260-1421-00 SWITCH,PUSH:l STA,MOMENTARV,NON-SHORT 59821 OBD 
A1U100 155-0235-00 B010100 8013249 MICROCIRCUIT,LI:VERTICAL PREAMP,TESTED 80009 155-0235-00 
A1U100 153-0235-00 B013250 MICROCIRCUIT,LI:VERTICAL PREAMPS 80009 153-0235-00 
A1U1oo (PART OF A 1 U200) 
A1U110 156-1245-00 MICROCIRCUIT,LI:7 XSTR,HVlHIGH CUR 04713 MC1413PDS 
A1U120 156-1245-00 MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR 04713 MC1413PDS 

A1U13O 156-1245-00 MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR 04713 MC1413PDS 
A1U140 158-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3 OR 
A1U150 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3 OR. 
A1U160 156-1200-01 MICROCIRCUIT,LI:OPERATIONAL AMPL,QUAD 01295 TL074CN/PEP3 
A1U165 156-0495-02 MICROCIRCUlT,LI:QUAD OPNL AMPL,SELECTED 01295 LM324J4 
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A1U170 156·0513-03 MICROCIRCUIT,LI:CMOS,8 CHAN ANALOG MU 80009 156-0513-03 
A1U2oo 155-0235-00 8010100 B013249 MICROCIRCUIT ,LI:VERTICAL PREAMP, TESTED 80009 155-0235-00 
A1U200 153-0235-00 8013250 MICROCIRCUlT,lI:VERTICAL PREAMPS 80009 153-0235-00 
A1U200 (PART OF A1Ul00) 
A1U300 155-0238-00 MICROCIRCUIT,LI:TRIGGER PREAMP 80009 155-0238-00 
A1U350 156-0853-02 MICROCIRCUlT,LI:DUAL OPNL AMPL,CHK 04713 LM358J 

A1U4oo 155·0236-00 MICROCIRCUIT,LI:VERTICAL CHANNEL SWITCH 80009 155-0236-00 
A1U450 156-0158-07 MICROCIRCUIT,LI:DUAL OPNL AMPL,SCREENED 01295 MC1458JG4 
A1U475 156-0048-00 MICROCIRCUIT,LI:FIVE NPN TRANSISTOR ARRAY 02735 CA3046 
A1U485 156-0048-00 MICROCIRCUIT,U:FIVE NPN TRANSISTOR ARRAY 02735 CA3046 
A1U500 155-0239·00 B010100 801999 MICROCIRCUIT.U:TRIOOER TESTED 80009 155-0239·00 
A1U500 155-0239-01 B020000 (OPTIONS ONLY) 

A1U550 156·0048-00 MICROCtRCUIT,lI:FIVE NPN TRANSISTOR ARRAY 02735 CA3046 
A1U6oo 155·0237·00 MICROCIRCUIT ,LI:VERTICAL OUTPUT,TESTED 80009 155-0237·00 
A1U650 155-0244-00 MICROCIRCUIT.DI:SYSTEM LOGIC INTERFACE 
A1U7oo 155-0240-00 MICROCIRCUIT,LI:VERTICAL OUTPUT,TESTED 80009 155-0240-00 
A1U735 156-0048-00 MICROCIRCUIT,L1:FIVE NPNTRANSISTOR ARRAY 02735 CA3046 
A1U800 155-0241-01 MICROCIRCUlT,U:HORIZONTAL AMPLIFIER 80009 155-0241·01 

A1U850 156·0515-02 MICROC!RCUIT,DI:TRIPLE 3-CHAN MUX.SEL 80009 156-0515-02 
A1U860 156·0515-02 MICROCIRCUIT,DI:TRIPLE 3-CHAN MUX,SEL 80009 156-0515-02 
A1U9oo 155·0240-00 MfCROCIRCUIT,LI:VERTICAL OUTPUT. TESTED 80009 155-0240-00 
A1U910 156-1191-01 MICROCIRCUIT,lI:DUAL BI-FET OP.AMP,8 DIP 01295 TL072ACP3 
A1U950 155-0242-00 8010100 B011099 MICROCIRCUIT,LI:Z AXIS AUTOFOCUS,TESTED 80009 155-0242-00 
A1U950 155-0242-01 B011100 MICROCIRCUIT,LI:Z AXIS AUTOFOCUS,TESTED 80009 155-0242-01 

A1U975 156-0382·02 MICROCIRCUIT,DI:QUAD 2-INP NAND GATE 01295 SN74LSoo 
A1U980 156-0479-02 MICROCIRCUIT,DI:QUAD 2-INP OR GATE 01295 SN74LS32NP3 
A1VR125 152·0166·00 SEMICOND DEVICE:ZENER,OAW,S.2V,5% 04713 SZl1738RL 
A1VR225 152-0166-00 SEMICOND DEVICE:ZENER,0.4W.B.2V,5% 04713 SZ11738RL 
A1VR550 152-0195-00 SEMICOND DEVICE:ZENER,O.4W.5.1V,5% 04713 SZ11755 
A1W101 131-0566-00 BUS CONDUCTOR:DUMMY RES.2,375,22 AWG 57668 JWW·02ooEO 

A1W103 131-0566·00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57666 JWW·02ooEO 
A1W104 131-0566-00 BUS CONDUCTOR:DUMMY RES.2,375,22 AWG 57666 JWW-02ooEO 
A1Wl05 131-0566-00 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57666 JWW-02ooEO 
A1Wl06 131-0566-00 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57668 JWW·02ooEO 
A1W107 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-02ooEO 
A1W121 175-4594·00 CA ASSY.SP,ELEC:7,22 AWG.7.0 L.RIBBON 80009 175-4594·00 

A1W122 175·4598-00 CA ASSY.SP,ELEC:8.26 AWG,7.0 L.RIBBON 80009 175-4598-00 
A1W171 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-02ooEO 
A1W172 131·0568-00 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57668 JWW-02ooEO 
A1W194 131-0566-00 9010100 8019999 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57668 JWW·0200EO 
A1W666 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200EO 
A1W677 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.37S.22 AWG 57668 JWW-02ooEO 
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Replaceable Electrical Parts-2445 Service 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eft Dscont Name & Description Code Mfr Part Number 

A2 CKT BOARD ASSY:REGULATOR 
A2 (AVAILABLE AT 672-1037-XX LEVEL ONLY) 
A2C1016 285-1222-00 CAP .,FXD,PLSTC:0.068UF,20%,250V 55112 158/.068/M/250/H 
A2C1018 285-1222-00 CAP .,FXD,PLSTC:0.068UF,20%,250V 55112 158/.068/M/250/H 
A2C1208 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA 
A2Cl220 290-0939-00 CAP.,FXD,ELCTLT:10UF,+100-10%,looV 56289 67201 06H1 OOCG2C 

A2C1226 281-0791-00 CAP.,FXD,CER DI:270PF,10%,1ooV 04222 GC101C271K 
A2C1240 290-0939-00 CAP.,FXD,ELCTLT:10UF,+ 1 00-1 0%,1 OOV 56289 872D106H10OCG2C 
A2C1245 281-0783-00 CAP.,FXD,CER DI:0.1UF,20%,looV 96733 ADVIXE 
A2C1246 281-0791-00 CAP.,FXD,CER DI:270PF,lO%,looV 04222 GC101C271K 
A2C1260 290-0942-00 CAP.,FXD.ELCTLT:100UF,+100-10%,25V 56289 672D107H025CG2C 
A2C1261 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,1ooV 04222 SA201 C1 03KAA 

A2C1270 281-0791-00 CAP .,FXD,CER DI:270PF,l 0"10,1 OOV 04222 GC101C271K 
A2C1272 281-0774-00 CAP .,FXD,CER DI:0.022UF ,20"10,1 OOV 12969 CGE223MEZ 
A2C1274 290-0778-00 CAP.,FXD,ELCTLT:1 UF,+50-1 O%,50V 54473 ECE-A50N1 
A2C1280 290-0942-00 CAP.,FXD.ELCTLT:1ooUF,+100-10"lo,25V 56289 672D107H025CG2C 
A2C1290 281-0775-00 CAP.,FXD,CER DI:0.1 UF,20%,50V 04222 MA205E104MAA 
A2Cl291 290-0778-00 CAP.,FXD,ELCTLT:1UF,+50-10%,50V 54473 ECE-ASON1 

A2Cl300 290-0942-00 CAP.,FXD.ELCTLT:1ooUF,+100-10%,25V 56289 672D107H025CG2C 
A2Cl330 290-0942-00 CAP.,FXD.ELCTLT:1ooUF,+100-10%,25V 56289 672D107H025CG2C 
A2C1331 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA 
A2Cl350 290-0942-00 CAP.,FXD.ELCTLT:100UF,+100-10"lo,25V 56289 672D107H025CG2C 
A2Cl357 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,1ooV 04222 SA201C103KAA 
A2C1374 281-0791-00 CAP.,FXD,CER DI:270PF,lO%.looV 04222 GC101C271K 

A2Cl400 290-0943-00 CAP.,FXD,ELCTLT:47UF, + 50-1 0"lo,25V 55680 ULB1E470TECANA -A2C1402 290-0943-00 CAP.,FXD,ELCTLT:47UF, + 50-1 0"lo,25V 55680 ULB1 E470TECANA ,-,. 
A2CR1011 152-0750-00 SEMICOND DEVICE:RECT BRIDGE,600V,3A 80009 152-0750-00 
A2CR1220 152-0066-00 SEMICOND DEVICE:SILlCON,400v,750MA 14433 LG4016 
A2CR1221 152-0066-00 SEMICOND DEVICE:SILlCON,400V,750MA 14433 LG4016 
A2CR1241 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 

A2CR1242 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 
A2CR1243 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 
A2CR1244 152-0066-00 SEMICOND DEVICE:SILICON,400V.750MA 14433 LG4016 
A2CR1260 152-0066-00 SEMICOND DEVICE:SILlCON,400V,750MA 14433 LG4016 
A2CRl261 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 
A2CRl262 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 

A2CR1263 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R ...., 
A2CR1264 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A2CR1281 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A2CR1282 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A2CR1283 152-0066-00 SEMICOND DEVICE:SILlCON,400V,750MA 14433 LG4016 
A2CRl300 152-0141-02 SEMICOND DEVICE:SILICON,30V.150MA 01295 1N4152R 

A2CR1301 152-0141-02 SEMICOND DEVICE:SILlCON,30V,l50MA 01295 1N4152R 
A2CR1302 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A2CR1303 152-0066-00 SEMICOND DEVICE:SILlCON,400V.750MA 14433 LG4016 
A2CRl330 152-0066-00 SEMICOND DEVICE:SIUCON,400V,750MA 14433 LG4016 
A2CRl331 152-0066-00 SEMICOND DEVICE:SIUCON,400V,750MA 14433 LG4016 
A2CRl332 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 

A2CRl334 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016 
A2CR1351 152-0066-00 SEMICOND DEVICE:SILICON,400V.750MA 14433 LG4016 
A2CR1376 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A2E1oo1 119-0181-00 ARSR,ELEC SURGE:230V,GAS FILLED 74276 CG230L 
A2E1002 119-0181-00 ARSR,ELEC SURGE:230V,GAS FILLED 74276 CG230L 
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Replaceable Electrical Parts-2445 Service 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number 

A2Fl330 159·0185-00 FUSE,CARTRIDGE:5.2 X 2OMM,O.75A,125V OOOHX TSC.75 
A2l10n 108-0473-00 COIL.RF:150UH 80009 108-0473-00 
A2L1012 108·0473-00 COIL,RF:l50UH 80009 108-0473-00 
A2L1402 108-0443-00 COIL,RF:25UH SOOO9 108-0443-00 
A2P204 131-1048-00 TERM.OIK OISC:CKT BO MT,0.11 X 0.02 oon9 61134-1 
A2P205 131-1048-00 TERM.OIK OISC:CKT BD MT,O.11 X 0.02 00779 61134-1 

A2P206 131-1048·00 TERM.OIK D1SC:CKT BO MT,O.11 X 0.02 00779 61134-1 
A2P207 131-1048-00 TERM.OIK DISC:CKT BD MT,O.11 X 0.02 00779 61134-1 
A201220 151-0497-00 TRANSISTOR:SILlCON,NPN 04713 SJE1985 
A201221 151-0347·00 TRANSISTOR:SILlCON,NPN 56289 2N5551 
A201222 151-0347-00 TRANSISTOR:SILlCON,NPN 56289 2N5551 
A201223 151-0347-00 TRANSISTOR:SILlCON,NPN 56289 2N5551 

A201240 151-0464-00 TAANSISTOR:SILlCON,NPN 04713 SJE412 
A201241 151-0347-00 TRANSISTOR:SILICON,NPN 56289 2N5551 
A201243 151-0347-00 TRANSISTOR:SILlCON,NPN 56289 2N5551 
A201245 151..Q347-oo TRANSISTOR:SILICON,NPN 56289 2N5551 
A201280 151-0476-00 TRANSISTOR:SILICON,NPN 02735 68430 
A201281 151-0347-00 TRANSISTOR:SILlCON,NPN 56289 2N5551 

A201300 151-0482-00 TRANSISTOR:SILICON.PNP 80009 151-0482-00 
A201301 151-0342-00 TRANSISTOR:SILICON.PNP 07263 S035928 
A201351 151-0429-00 TRANSISTOR:SILICON,PNP 04713 SJE957 
A2Q1354 151-0342-00 TRANSISTOR:SILlCON,PNP 07263 5035928 
A201370 151-0341-00 TRANSISTOR:SILlCON,NPN 07263 S040065 
A201376 151-0341-00 TRANSISTOR:SILlCON,NPN 07263 5040065 

A2Rl011 315-0560-00 RES .• FXD.CMPSN:56 OHM,5%,O.25W 01121 CB5605 
A2Rl012 315-0560-00 RES.,FXD,CMPSN:560HM.5%,O.25W 01121 CB5605 
A2Rl013 315-0154-00 RES.,FXO,CMPSN: lOOK OHM,5%,O.25W 01121 CB1545 
A2Rl014 315-0753-00 RES.,FXD.CMPSN:75K OHM.5%,0.25W 01121 CB7535 
A2Rl015 315-0753-00 RES.,FXD,CMPSN:75K OHM,5%,0.25W 01121 CB7535 
A2R1016 301-0680-00 RES •• FXD,CMPSN:68 OHM,5%.0.5OW 01121 EB6805 

A2R10H 315-0474-00 RES.,FXD,CMPSN:470K OHM,5%,O.25W 01121 CB4745 
A2R1018 301..Q3oo-oo RES .• FXD,CMPSN:30 OHM.5%,O.5OW 01121 EB3005 
A2R1204 315-0103-00 RES .• FXD.CMPSN: 10K OHM.5%,0.25W 01121 CB1035 
A2R1208 315-0471-00 RES.,FXD,CMPSN:470 OHM.5%,0.25W 01121 CB4715 
A2R1212 315-0393-00 RES .• FXD,CMPSN:39K OHM,5%.0.25W 01121 CB3935 
A2R1220 304-0822-00 RES.,FXD,CMPSN:8.2K OHM,10%,lW 01121 GB8221 

A2R1221 315-0100-00 RES.,FXD.CMPSN:l0 OHM,5%,O.25W 01121 CBloo5 
A2R1222 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025 
A2R1223 315-0823-00 RES .• FXD,CMPSN:82K OHM,5%,0.25W 01121 CB8235 
A2R1226 315-0472-00 RES.,FXO.CMPSN:4.7K OHM.5%.0.25W 01121 CB4725 
A2R1227 321-0634-00 RES.,FXD,FILM:84.65K OHM,0.25%.0.125W 91637 CMF55-116D84651C 
A2R1228 321-0293-03 RES.,FXD.FILM: 11 K OHM.0.25%,O.125W 24546 NC55Cl102C 

A2R1229 315-0683-00 RES.,FXD,CMPSN:68K OHM,5%,O.25W 01121 CB6835 
A2R1240 303-0202-00 RES .• FXD.CMPSN:2K OHM.5%,lW 01121 GB2025 
A2R1241 307-0105-00 RES.,FXD,CMPSN:3.9 OHM.5%,O.25W 01121 CB39G5 
A2R1242 315-0152-00 RES .• FXD,CMPSN:l.5K OHM,5%.0.25W 01121 CB1525 
A2R1243 315-0393-00 RES .• FXD,CMPSN:39K OHM,5%.0.25W 01121 CB3935 
A2R1244 315-0104.()() RES .• FXD,CMPSN:1ooK OHM,5%.0.25W 01121 CB1045 

A2R1246 315-0472-00 RES.,FXD,CMPSN:4.7K OHM.5%,O.25W 01121 CB4725 
A2R1247 321·0368-00 RES.,FXD,FILM:66.5K OHM,l%.0.125W 91637 MFF1816G66501 F 
A2R1248 321-0319-00 RES .• FXD,FILM:2O.5K OHM.l%,O.125W 91637 MFF1816G20501F 
A2R1249 315-0473-00 RES .• FXD,CMPSN:47K OHM.5%.0.25W 01121 CB4735 
A2R1261 321-0289-00 RES.,FXD,FILM:10K OHM,1%,0.125W 91637 MFF1816G10oo1F 
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Replaceable Electrical Parts-2445 Service 

Tektronix Serial/Model No, Mfr 
Component No, Part No, Eff Dscont Name & Description Code Mfr Part Number 

A2R1262 321-0318-00 RES"FXD,FILM:20K OHM,1%,0.125W 91637 MFF1816G20oo1 F 
A2R1264 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,O,25W 01121 CB4735 
A2R1270 315-0432-00 RES"FXD,CMPSN:4,3K OHM,5%,0.25W 01121 CB4325 
A2R1273 315-0473-00 RES"FXD,CMPSN:47K OHM,5%,0,25W 01121 CB4735 
A2R1274 315-0753-00 RES.,FXD,CMPSN:75K OHM,5%,0.25W 01121 CB7535 
A2R1280 303-0470-00 RES.,FXD,CMPSN:470HM,5%,lW 01121 GB4705 

A2R1281 308-0839-00 RES.,FXD,WW:O.l OHM,5%,1,QW 75042 BW-20-R/1 OOOJ 
A2R1282 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0,25W 01121 CS1025 
A2R12B3 315.0103-00 RES"FXD,CMPSN: 10K OHM,5%,0,25W 01121 CS1035 
A2R1284 321-0318-00 RES"FXD,FILM:20K OHM,1%,0,125W 91637 MFF1816G20oo1F 
A2R12B5 321-0318-00 RES"FXD,FILM:20K OHM,1%,O.125W 91637 MFF1816G20001 F 
A2R1286 315-0243·00 RES"FXD,CMPSN:24K OHM,5%,0.25W 01121 CB2435 

A2R1291 321-0334-00 RES.,FXD,FILM:29.4K OHM,l%,O.125W 91637 MFFl B16G29401 F 
A2R1292 311-1138-00 RES.,VAR,NONWIR:1K OHM,20%,0.50W 73138 72XW-44-0-102M 
A2R1293 321-0639-00 RES.,FXD,FILM:9.6K OHM,1%,0,125W 91637 MFF1816G96000F 
A2R1300 303-0470-00 RES.,FXD,CMPSN:47 OHM,5%,lW 01121 GB4705 
A2R1301 308-0839-00 RES"FXD,WW:O,l OHM,5%,1 ,ow 75042 BW·2O·R/l000J 
A2R1302 315·0102-00 RES.,FXD,CMPSN:1K OHM,5%,O,25W 01121 CB1025 

A2R1304 315-0243-00 RES.,FXD,CMPSN:24K OHM,S%,O.25W 01121 CB2435 
A2R1305 321-0289-06 RES.,FXD,FILM:10K OHM,0,25%,0.125W 91637 MFF1816Cl0oo1C 
A2R1306 321-0318-03 RES"FXD,FILM:20K OHM,0.25%,0.125W 24546 NC55C2oo2C 
A2R1307 315-0472-00 RES.,FXD,CMPSN:4,7K OHM,5%,0.25W 01121 CB4725 
A2R1309 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,0,25W 01121 CB2225 
A2R1331 321-0335-00 RES"FXD,FILM:30.1K OHM,l %,0, 125W 91637 CMF55116G30101 F 

A2R1332 321-0318-00 RES"FXD.FILM:20K OHM,1%,O,125W 91637 MFF1816G20001 F 
A2R1333 315-0751-00 RES.,FXD,CMPSN:750 OHM,S%,0.25W 01121 CB7S1S 

'--e., 

A2R1334 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,0.25W 01121 CS1035 
A2R1351 315-0202-00 RES .• FXD,CMPSN:2K OHM,5%,0,25W 01121 CB2025 
A2Rl352 301·0150-00 RES.,FXD,CMPSN:150HM,5%,O,50W 01121 EB1505 
A2R1353 301-0150-00 RES"FXD,CMPSN:150HM,5%,0,50W 01121 EB1505 

A2R1354 315-0222-00 RES.,FXD,CMPSN:2,2K OHM,5%,0.25W 01121 CS2225 
A2R1355 315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6B25 
A2R1356 315-0512-00 B010185 RES"FXD,CMPSN:5.1K OHM,5%.O,25W 01121 CB5125 
A2R1357 321-0310-00 RES.,FXD,FILM:16.5K OHM.l%,O.125W 91637 MFF1816G16501F 
A2R1358 321-0319-00 RES.,FXD,FILM:20,5K OHM,1%,O.125W 91637 MFF1816G20501F 
A2R1359 315-0682-00 RES.,FXD,CMPSN:6.8K OHM,5%,O,25W 01121 CB6825 

A2R1370 321-0363-00 RES .• FXD,FILM:59K OHM.l%,O,125W 91637 MFF1816G59OO1 F 
A2R1372 321-0299-00 RES .• FXD.FILM: 12, 7K OHM,1%,0.125W 91637 MFF1816G12701F 
A2R1374 315·0103-00 RES.,FXD,CMPSN:10K OHM,5%.0.25W 01121 CB1035 
A2R1376 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,O.25W 01121 CB2035 
A2R137S 315-0202-00 RES"FXD,CMPSN:2K OHM,S%,O,25W 01121 CS2025 
A2R1400 315-0111-00 RES.,FXD,CMPSN:l10 OHM,5%.0.25W 01121 CBlli5 

A2R1402 315-0111-00 RES.,FXD,CMPSN: 11 0 OHM,5%,O.25W 01121 CBll15 
A2RT1010 307-0350-00 RES"THERMAL:7.5 OHM,10%,3,9%/DEG C 15454 75DJ7R5R0220SS 
A2RT1016 307-0746-00 RES"THERMAL5 OHM,10%,7A/DEG C 15454 SG.6 
A2S350 260-1849-00 SWITCH,PUSH:DPDT,4A.250VAC,WIBRKT 31918 NE15/F2Ul03EE 
A2T1229 120-1401-00 XFMR,TRIG: 54937 ORO BY OESCR 
A2TP201 131·0608·00 TERMINAL,PiN:O.365 L X 0.025 PH SRZ GOLD 22526 47357 

A2U1260 156-1161-00 MICROCIRCUIT,LI:VOLTAGE REGULATOR 27014 LM317T 
A2U1270 156-0495-02 MICROCIRCUIT,LI:QUAD OPNL AMPL,SELECTED 01295 LM324J4 
A2U1281 156-0158-07 MICROCIRCUIT,Li:DUAL OPNL AMPL,SCREENED 01295 MC1458JG4 
A2U1290 156-1173-00 MICROCIRCUIT,LI:VOLTAGE REFERENCE 04713 MC1403UDS 
A2U1300 156-0495-02 MICROCIRCUlT,LI:QUAD OPNL AMPL,SELECTED 01295 LM324J4 
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Component No. 

A2U1330 
A2U1371 
A2VR1293 
A2W1226 
A2W1287 

REV JAN1984 

Tektronix 
Part No. 

156-0872-00 
156-0495-02 
152-0055-00 
131-0566-00 
131-0566-00 

Serial/Model No. 
Eft Dscont 

R.,..cnble Electrical Perts-2445 $erV1ce 

Name & Description 

MICROCIRCUIT.LI:VOLTAGE REGULATOR 
MICROCIRCUIT.LI:QUAD OPNL AMPL,SELECTED 
SEMICOND 0EVICE:ZENER.O.4W.11V.5% 
BUS CONDUCTOR:DUMMY RES.2.375.22 AWG 
BUS CONDUCTOR:DUMMY RES.2.375.22 AWG 

Mfr 
Code 

04713 
01295 
04713 
57868 
57868 

Mfr Part Number 

MC7912C 
LM324J4 
SZG35009K1 
JWW-02OOEO 
JWW-02OOEO 
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Replaceabie EleCtrical Parts-2445 Service 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eft Dscont Name & Description Code Mfr Part Number 

A3 CKT BOARD ASSY:INVERTER 
A3 (AVAILABLE AT 672-1037-01 LEVEL ONLY) 
A3Cl020 285-1192-00 CAP.,FXD,PPR DI:0.0022UF,20%,250VAC OooFG PME271Y422 
A3C1021 290-0971-00 CAP.,FXD,ELCTLT:290UF, + 50-1 0%,200V 90201 TCG291T200N 
A3Cl022 290-0971-00 CAP.,FXD,ELCTLT:290UF, + 50-1 0%,200V 90201 TCG291T2ooN 
A3C1023 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 04222 SA201Cl03KAA 

A3Cl025 290-0942-00 CAP.,FXD.ELCTLT:l00UF,+ 1 00-1 0%,25V 56289 672D107H025CG2C 
A3Cl032 281-0812-00 CAP.,FXD,CER DI:l000PF,10%,looV 04222 MA101Cl02KAA 
A3C1033 281-0772-00 CAP.,FXD,CER DI:O.0047UF, 10"!<>, 100V 04222 GC701C472K 
A3Cl034 290-0524-00 8010100 B013199 CAP.,FXD,ELCTLT:4.7UF,20%,10V 90201 TDC475M010EL 
A3C1034 290-0524-01 8013200 CAP .• FXD.ELCTLT:4. 7UF,20%, 1 OV 
A3Cl035 281-0772-00 CAP .• FXD,CER Df:0.0047UF,10%,100V 04222 GC701C472K 

A3C1040 281-0773-00 CAP .• FXD.CER DI:0.OWF,10%,100V 04222 SA201Cl03KAA 
A3C1048 281-0826-00 CAP.,FXD.CER DI:2200PF,5%,looV 12969 CG8222KEX 
A3Cl050 285-1254-00 CAP.,FXD,PLSTC:0.22UF,10%,,4ooWVDC 84411 X363UW-224104 
A3Cl051 285-1192-00 CAP.,FXD,PPR DI:0.0022UF,20%,250VAC OOOFG PME271Y422 
A3Cl052 285-1196-00 CAP.,FXD,PAPER:0.01UF,20%,250V 80009 285-1196-00 
A3Cl062 281-0850-00 CAP.,FXD,CER DI:820PF,5%,50VDC 96733 R3149 

A3Cl065 285-1190-00 CAP.,FXD,MTLZD:0.056UF,5%,250V 55112 160.056 J 250C 
A3Cl066 290-0782-00 B010100 B013199 CAP .,FXD,ELCTLT:4.7UF, + 75-10%,35V 55680 ULA 1 V4R7TEA 
A3Cl066 290-0782-01 8013200 CAP.,FXD,ELCTLT:4.7UF,20%,35VDC 
A3C1067 281-0850-00 CAP.,FXD,CEA D!:820PF,5%,50VDC 96733 R3149 
A3Cl071 281-0772-00 CAP.,FXD,CER DI:0.0047UF,100/0,100V 04222 GC701C472K 
A3Cl072 290-0806-00 CAP.,FXD,ELCTLT:3.3UF, + 75-1 0%.350VDC 55680 UHU2V3RTEA 

A3Cl075 263-0421-00 CAP.,FXD,CER DI:0.1 UF, + 80-20"1.,50V 04222 DG015E104Z 
A3C1101 290-0942-00 CAP .,FXD.ELCTLT: 1 OOUF, + 100-1 0%,25V 56289 672D107H025CG2C 
A3Cl102 290-0942-00 CAP.,FXD.ELCTLT:looUF,+100-1O%,25V 56289 672D107H025CG2C 
A3C1110 290-0800-00 CAP.,FXD,ELCTLT:250UF. + 1 00-1 0%,20V 56289 672D257H0200M5C 
A3Cl111 290-0800-00 CAP.,FXD,ELCTLT:250UF,+ 1 00-1 0%,20V 56289 672D257H0200M5C 
A3C1112 290-0782-00 8010100 B013199 CAP.,FXD,ELCTLT:4.7UF,+ 75-10%,35V 55680 ULA1V4R7TEA 

A3C1112 290-0782-01 B013200 CAP.,FXD,ELCTLT:4.7UF,20%,35VDC 
A3C1113 290-0798-00 CAP. ,FXD,ELCTLT: 180UF, + loo-10%,40V 56289 672D187H040DM5C 
A3C1114 290-0800-00 CAP.,FXD,ELCTLT:250UF, + 1 00-1 0"/o,20V 56289 672D257H02ooM5C 
A3Cl115 290-0800-00 CAP.,FXD,ELCTLT:250UF, + 100-10%,20V 56289 672D257H02ooM5C 
A3C1116 290-0798-00 CAP.,FXD,ELCTLT:180UF, + 1 00-1 0"1.,40V 56289 672D187H04ODM5C 
A3C1120 290-0939-00 CAP.,FXD,ELCTLT:l0UF,+ 100-10%, 100V 56289 672D106Hl00cG2C 

A3C1130 290-0939-00 CAP.,FXD,ELCTLT:l0UF,+ 100-10%, 100V 56289 672Dl06H10OCG2C 
A3C1132 290-0880-00 CAP.,FXD,ELCTLT:l0UF, + 50-1 O%,l60V 55680 UHU2C1ooTEA 
A3CR1.022 152-0333-00 SEMICOND DEVICE: SILlCON,55V ,2ooMA 07263 FDH-6012 
A3CR1023 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A3CR1028 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 
A3CR1030 152-0141-02 SEMICOND DEVICE:SILlCON,30V, 150MA 01295 1N4152R 

A3CR1034 152-0141-02 SEMICOND DEVICE:SIL!CON,30V,150MA 01295 lN4152R 
A3CR1035 152-0141-02 SEMICOND DEVICE:SILlCON,3QV,150MA 01295 1N4152R 
A3CR1040 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866 
A3CR1050 152-0661-00 SEMICOND OEVICE:RECT.SI,600V,3A,FAST 04713 MRSSS 
A3CR1060 152-0040-00 SEMICOND DEVICE;SILlCON,600V,lA 15238 LG109 
A3CR1062 152-0333-00 SEMICOND DEVICE:SILlCON,55V,200MA 07263 FDH-6012 

A3CR1063 152-0333-00 SEMICOND DEVICE:SILlCON,55V,200MA 07263 FDH-6012 
A3CR 1 064 152-0333-00 SEMICOND DEVICE:SIUCON,55V,200MA 07263 FDH-6012 
A3CR1065 152-0333-00 SEMICOND OEVICE:SILlCON,55V,200MA 07263 FDH-6012 
A3CR1070 152-0040-00 SEMICOND DEVICE:SILlCON,600V,lA 15238 LG109 
A3CR1072 152-0066-00 SEMICOND DEVICE:SIUCON,400V.750MA 14433 LG4016 
A3CR1101 152-0400-00 SEMICOND DEVICE:SILlCON,400V,lA 80009 152-0400-00 
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A3CR1102 152-040Q..00 SEMICOND DEVICE:SIUCON,400V,lA 60009 152-0400-00 
A3CR1103 152-0400-00 SEMICOND DEVICE:SILlCON,400V,1 A 80009 152-040Q..00 
A3CR1104 152-0400-00 SEMICONO DEVICE:SILlCON,4ooV,1A 80009 152-04OQ..OO 
A3CR1105 152-0400-00 SEMICOND DEVICE:SILlCON,400V,lA 80009 152-0400-00 
A3CR1106 152-0400-00 SEMICOND DEVICE:SILlCON,400V,lA 60009 152-0400-00 
A3CRt1l0 152-0794-00 SEMICOND OEVICE:RECT,SI,10A,30V 81483 95-4269 

A3CR1113 152-0633-00 SEMICOND DEVICE:RECT,SI,30V,3A 04713 lN5821 
A3CR1114 152-0633-00 SEMICOND OEVICE:RECT,SI,30V,3A 04713 lN5821 
A3CR1115 152-0633-00 SEMICONO DEVICE:RECT,SI,30V,3A 04713 1N5821 
A3CRll16 152-0633-00 SEMICOND DEVICE:RECT,SI,30V,3A 04713 lN5821 
A3CR1121 152-0400-00 SEMICOND DEVICE:SIUCON,4ooV,1A 80009 152-0400-00 
A3CR1122 152-0400-00 SEMICONO OEVICE:SILlCON,400V, 1 A 80009 152-0400-00 

A3CR1123 152-0400-00 SEMICOND DEVICE:SILlCON,4ooV,lA 80009 152-0400-00 
~ A3CR1124 152-0400-00 SEMICOND DEVICE:SILlCON,400V,lA 80009 152-0400-00 • A3CR1131 152-0400-00 SEMICOND DEVICE:SIUCON,400V,lA 80009 152-0400-00 

A3CR1132 152-0400-00 SEMICOND DEVICE:SIUCON,4ooV,lA 80009 152-0400-00 
A3F11 01 159-0059-00 FUSE,WIRE LEAD:5A,FAST -BLOW oooHX SPI-5A 
A3F1102 159-0059-00 FUSE,WIRE LEAO:5A,FAST-BLOW OOOHX SPI-5A 

A3Ll110 108-0554-00 COIL,RF:5UH 80009 108-0554-00 
A3U113 108-1144-00 COIL,RF:FIXED,27UH 34479 RU284 
A3U114 1 08-1144-00 COIL,RF:RXEO,27UH 34479 RL1284 
A3U115 108-1144-00 COIL,RF:FIXED,27UH 34479 RL1284 
A3L1116 1 08-1144-00 COIL,RF:FIXED.27UH 34479 RL1284 
A3Ql021 151-0301-00 TRANSISTOR:SILlCON,PNP 27014 2N2907A 

A301022 151-0192-00 B010100 6013199 TRANSISTOR:SILlCON,NPN,SEL FROM MPS652 04713 SPS8801 
A301022 151-0192-05 8013200 TRANSISTOR:SILICON.NPN,SEL FROM MP5651 
A301029 151-0254-00 TRANSISTOR:SILlCON,NPN 03508 X38L3118 
A301030 151-0301-00 TRANSISTOR:SlllCON,PNP 27014 2N2907A 
A301040 151-0302-00 TRANSISTOR:SILlCON,NPN 07263 S038487 
A3Ql050 151-1152-00 TRANSISTOR:MOSFE,N-CHANNEL,SI,TO.220 04713 STP3002 

A3Q1060 151·1152-00 TRANSISTOR:MOSFE,N-CHANNEl,SI,TO-220 04713 STP3002 
A301062 151-0302-00 TRANSISTOR:SIUCON.NPN 07263 S038487 
A3Ql070 151-1152-00 TRANSISTOR:MOSFE,N-CHANNEl,SI,TO·220 04713 STP3002 
A3Rl017 315-0103-00 6010100 6013199 RES.,FXD,CMPSN: 10K OHM.5%,0.25W 01121 CB1035 
A3Rl018 315-0394-00 RES.,FXD,CMPSN:390K OHM,5%.0.25W 01121 CB3945 
A3Rl019 315-0394-00 RES"FXD,CMPSN:39OK OHM,5%,0.25W 01121 CB3945 

A3Rl020 301-0274-00 RES.,FXD,CMPSN:270K OHM.5%,0.5QW 01121 EB2745 
A3Rl021 315-0103-00 B010100 B013199 RES.,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035 
A3Rl022 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,0.25W 01121 CB1045 
A3Rl023 315-0122-00 RES.,FXD.CMPSN: 1.2K OHM,5%,0.25W 01121 CB1225 
A3R1024 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,0,25W 01121 CB4735 
A3R1025 315-0302-00 RES .• FXD,CMPSN:3K OHM,5"1o.0.25W 01121 CB3025 

A3R1027 321-0431-00 RES.,FXD,FILM:301K OHM,1%.0.125W 91637 MFF1816G30102F 
A3Rl028 321-0481-00 RES.,FXD,FtLM:1M OHM,1%.0.125W 24546 NM01004F 
A3Rl029 315-0122-00 RES .• FXO,CMPSN:l.2K OHM,5%,0.25W 01121 CB1225 
A3Rl030 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025 
A3R1031 315-0334-00 RES .• FXD,CMPSN:330K OHM,5%,O.25W 01121 CB3345 
A3Rl032 321-0335-00 RES .. FXD,FILM:30.1K OHM,1%,0.125W 91637 CMF55116G30101F 

A3R1033 315-0104-00 RES.,FXD.CMPSN:looK OHM,50/0,0.25W 01121 CB1045 
A3R1034 315-0102-00 RES.,FXD,CMPSN; 1 K OHM.5%,0.25W 01121 CB1025 
A3Rl035 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,0.25W 01121 CB1035 
A3Rl036 315-0103-00 RES.,FXD.CMPSN: 10K OHM,5%,0.2SW 01121 CB1035 
A3Rl037 315-0562-00 RES.,FXD,CMPSN:5.6K OHM.5%,0.25W 01121 CB5625 
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A3Rl040 315·0103·00 RES.,FXD,CMPSN:l0K OHM,5%,0.25W 01121 CB1035 
A3Rl041 315·0471-00 RES.,FXD.CMPSN:470 OHM,5%,0.25W 01121 C64715 
A3R 1 042 315·0102·00 RES.,FXD.CMPSN:1K OHM.5%.0.25W 01121 CB1025 
A3R1044 315·0273-00 RES .• FXD.CMPSN:27K OHM.5%,O.25W 01121 CB2735 
A3Rl045 321-0289·00 RES .• FXD.FILM:10K OHM,1%,0.125W 91637 MFF1816Gl 0001 F 
A3R1046 321·0422·00 RES .• FXD.FILM:243K OHM,l %.0.125W 91637 MFF1816G24302F 

A3Rl050 308-0843-00 RES.,FXD WW:0.2 OHM.5%,1.0W 91637 RS1 AR2000JT/R 
A3R1052 315-0470-00 RES.,FXD.CMPSN:470HM,5%.0.25W 01121 CB4705 
A3Rl060 315.0470·00 RES.,FXD.CMPSN:470HM,5%,0.25W 01121 CB4705 
A3Rl061 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 
A3Rl062 315·0682·00 RES"FXD,CMPSN:6.8K OHM,5%,0.25W 01121 CB6825 
A3R1063 315-0202·00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 

A3R1064 315·0202·00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 
A3Rl065 315·0124·00 RES.,FXD.CMPSN:120K OHM.5%,O.25W 01121 CB1245 
A3Rl066 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0,25W 01121 CB2025 
A3Rl067 315·0682·00 RES"FXD,CMPSN:6.8K OHM.5%,0.25W 01121 CB6825 
A3Rl068 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 
A3Rl069 315-01 04·00 RES.,FXD.CMPSN:l00K OHM,5%,0.25W 01121 CB1045 

A3Rl070 31 5-0470·00 RES,.FXD,CMPSN:470HM,5%,0.25W 01121 CB4705 
A3Rl071 315-0431-00 RES.,FXD,CMPSN:430 OHM.5%,0.25W 01121 CB4315 
A3Rl072 315-0203-00 RES.,FXD,CMPSN:20K OHM.5%,0.25W 01121 CB2035 
A3Rl075 31 5-0472-00 RES.,FXD,CMPSN:4,7K OHM,5%,0.25W 01121 CB4725 
A3Rl101 307-0103-00 B010100 B019999 RES.,FXD.CMPSN:2.7 OHM,5%,0.25W 01121 CB27G5 
A3Rl102 307-0103-00 8010100 B019999 RES.,FXD.CMPSN:2.7 OHM,5%,0.25W 01121 CB27G5 

A3R1129 315-0474·00 RES.,FXD,CMPSN:470K OHM,5"1o,0,25W 01121 CB4745 
"-"""%'" 

A3RL1060 108-0329-00 COIL.RF:2.5UH 80009 1 08-0329-00 
A3T1020 120-1449·00 B010100 B013199 XFMR,COM MODE: 02113 Pl04 
A3T1020 120-1244·00 B013200 XFMR,RF:COMMON MODE,13MN,0.5A 
A3T1050 120-1417-00 XFMR,RF:POWER HIGH FREQUENCY 80009 120-1417-00 
A3T1060 120-1437 ·00 XFMR,PWR,STPDN: 80009 120-1437-00 

A3Ul029 156·0885-00 MICROCIRCUIT,LI:OPTOELECTRONIC ISOLATOR 04713 SOC123A 
A3Ul030 156·1627·00 MICROCIRCUIT,U:POWER WIDTH MODULATED CONT 01295 TL594CN 
A3U1040 156-0885·00 MICROCIRCUIT,LI:OPTOELECTRONIC ISOLATOR 04713 SOC123A 
A3U1062 156·0411·00 MICROCIRCUIT,U:QUAD·COMP.SGL SUPPLY 27014 LM339N 
A3U1064 156-0366-02 MICROCIRCUIT,DI:DUAL 0 FLlP·FLOP,CHK 80009 156-0366-02 
A3Ul066 156·0328-00 MICROCIRCUIT,DLDUAl CLOCK DRIVER 27014 DS0026C 

A3VR1020 152·0166-00 SEMICOND DEVICE:ZENER,0.4W,6.2V,5% 04713 SZl1738RL 
A3VR1062 152·0168·00 SEMICOND DEVICE:ZENER,0.4W,12V,5% 04713 SZG35009K4 
A3W1021 131 ··0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW·0200EO 
A3W1022 131·0566-00 BUS CONDUCTOR:OUMMY RES,2.375,22 AWG 57668 JWW·0200EO 
A3Wl050 131·0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW·0200EO 
A3Wl060 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW·0200EO 

A3Wl101 131"()566-00 B020000 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57668 JWW·0200EO 
A3Wl1 02 131·0566-00 B020000 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW·0200EO 
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" J 

A4 67()"7278-XX CKT BOARD ASSY:BUS MONITOR 80009 67()"7278-00 
A4C2830 281-On5-00 CAP.,FXO,CER 01:0.1UF,2O%,50V 04222 MA205E104MAA 

n A4C2835 281-0775-00 CAP.,FXO,CER 01:0.1 UF,2O%,50V 04222 MA205E104MAA 

.I A4C2851 281-0775-00 CAP.,FXO,CER 01:0.1 UF,2O%,50V 04222 MA205E104MAA 
A4C2855 281-0775-00 CAP.,FXO,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 
A4C2860 281-On5-00 CAP.,FXO,CER 01:0.1UF,2O%,50V 04222 MA205E104MAA 

n A4C2885 281-0775-00 CAP.,FXO,CER 01:0.1 UF,2O'Yo,50V 04222 MA205E104MAA 
A4C2901 281-On5-00 CAP.,FXO,CER 01:0.1UF,20%,50V 04222 MA205E104MAA 
A4C2911 281-On3-oo CAP.,FXD,CER 01:0.01UF,10%,1ooV 04222 SA201 C1 03KAA 
A4C2913 281-0n5-00 CAP.,FXO,CER 01:0.1 UF,20%.50V 04222 MA205E104MAA n A4C2926 281-0n5-00 CAP.,FXD.CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 

I A4C2940 281-0775-00 CAP.,FXO.CER DI:0.1UF.2O%.50V 04222 MA205E104MAA 

A4C2950 281-On5-00 CAP .• FXO,CER 01:0.1UF,2O%.5OV 04222 MA205E104MAA 

n A4C2960 281-On5-00 CAP .• FXO.CER 01:0.1 UF,2O%,50V 04222 MA205E104MAA 
A4C2970 281-On5-00 CAP.,FXD.CER 01:0.1 UF.2O%,50V 04222 MA205E104MAA 
A4C2980 281-0775-00 CAP.,FXD.CER 01:0.1 UF,20%.50V 04222 MA205E104MAA 
A4C2990 281-On5-00 CAP.,FXO,CER 01:0.1UF,20%.50V 04222 MA205E104MAA 

n A4R2805 315-0472-00 RES .• FXO.CMPSN:4.7K OHM.5%.0.25W 01121 CB4725 

A4R2830 315-0101-00 RES.,FXO,CMPSN:1oo OHM.5%.0. 25W 01121 CB1015 
A4R2841 315-0103-00 RES .• FXO.CMPSN:10K OHM,5%.0.25W 01121 CB1035 
A4R2842 315-0103-00 RES •• FXO.CMPSN:10K OHM.5%,O.25W 01121 CB1035 
A4R2843 315-0472-00 RES •• FXO.CMPSN:4.7K OHM.5%.0.25W 01121 CB4725 n A4R2844 315-0472-00 RES .• FXO.CMPSN:4.7K OHM.5%.0.25W 01121 CB4725 , j 

c $ A4R2850 315-0472-00 RES .• FXO.CMPSN:4.7K OHM.5%,0.25W 01121 CB4725 

r~ 
A4R2901 315-0103-00 RES .• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
A4R2902 315-0102-00 RES .• FXD.CMPSN: 1 K OHM.5%.0.25W 01121 CB1025 
A4R2903 321-1296-03 RES .• FXD.FILM:12K OHM.0.25%,O.125W 91637 MFF1816D12oo1C 
A4R2905 321-0818-03 RES .• FXO.FILM:5K OHM.0.25%.0.125W 91637 MFF1816D5OOOOC 
A4R291 0 321-0685-00 RES.,FXD.FILM:30K OHM,O.5%,O.125W 91637 MFF1816D30001D 

n A4R2911 321-0685-00 RES •• FXO.FILM:3OK OHM,0.5%.0.125W 91637 MFF1816D300010 

A4R2912 315-0102-00 RES .• FXO.CMPSN:1 K OHM.5%.0.25W 01121 CB1025 
A4R2913 321-0198-00 RES •• FXO.FILM: 1.13K OHM,1%.0.125W 91637 MFF1816G113OOF 

n A4R2914 321-0306-00 RES .• FXO.FILM:15K OHM.1%.0.125W 91637 MFF1816G15001F 
A4R2915 315-0202-00 RES.,FXO.CMPSN:2K OHM,5%,O.25W 01121 CB2025 
A4R2920 315-0334-00 RES .• FXD.CMPSN:33OK OHM.5%.0.25W 01121 CB3345 
A4R2921 321-0724-03 RES .• FXD.F1LM:13.6K OHM.0.25W.0.125W 24546 NC55C1362C 

n A4R2922 321-0756-00 RES .• FXD.FllM:50K OHM.1%,O.125W 24546 NA5505002F 
A4R2923 321-0385-00 RES.,FXD,F1lM:100K OHM.1%,O.125W 91637 MFF1816G10002F 
A4R2924 321-0414-00 RES •• FXD,FIIi.M:200K OHM.1%,O.125W 91637 MFF1816G20002F 
A4R2925 321-0235-02 RES.,FXO,FILM:2.74K OHM,O.5%,O.125W 91637 MFF1816G2741F 
A4R2926 321-0225-01 RES.,FXO,FUM:2.15K OHM,5%,O.125W 80009 321-0255-01 n A4R2927 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,O.25W 01121 CB2035 

i 
A4R2928 315-0472-00 RES.,FXO,CMPSN:4.7K OHM,5%,O.25W 01121 CB4725 
A4R2929 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,O.25W 01121 CB4725 

n A4R2940 315-0102-00 RES.,FXO,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
A4R2945 315-0471-00 RES .• FXO,CMPSN:470 OHM,5%,O.25W 01121 CB4715 
A4R2975 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,O.25W 01121 CB4725 
A4R2985 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 

n A4U2800 156-0514-01 MICROCIRCUIT,OI:DIFF 4-CHANNEL MUX,SEL 80009 156-0514-01 
~ A4U2805 156-0514-01 MICROCIRCUIT,DI:DIFF 4-CHANNEL MUX,SEL 80009 156-0514-01 1 

A4U281 0 158-0382-02 MICROCIRCUIT,DI:QUAD 2-INP NAND GATE 01295 SN74LSoo 
A4U2820 156-1191-01 MICROCIRCUIT,U:DUAL BI-FET OP-AMP,8 DIP 01295 TL072ACP3 
A4U2830 156-1172-01 MICROCIRCUIT,DI:DUAL 4 BIT CNTR 01295 SN74lS393, n 'i 

Sf'" 
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MU2835 156-0479-02 MICROCIRCUIT,DI:QUAD 2-INP OR GATE 01295 SN74LS32NP3 
A4U2850 156-0388-03 MICROCIRCUIT,DI:DUAL D FLIP-FLOP 07263 74LS74A 
A4U2855 156-0383-02 MICROCIRCUIT,DI:QUAD 2-INP NOR GATE 01295 SN74LS02 
A4U2860 156-0975-02 MICROCIRCUIT,DI:UNIV SHIFT/STORAGE RGTR 01295 SN74lS299N31J4 
A4U2865 156-0796-01 MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR 80009 156-0796-01 
A4U2870 156-1172-01 MICROCIRCUIT,DI:DUAL 4 BIT CNTR 01295 SN74LS393 

A4U2860 156-0388-03 MICROCIRCUIT,DI:DUAL D FLIP-FLOP 07263 74LS74A 
A4U2885 156-0386-02 MICROCIRCUIT,DI:TRIPLE 3-INP NAND GATE 27014 DM74LS10N 
A4U2890 156-0382-02 MICROCIRCUIT,DI:QUAD 2-INP NAND GATE 01295 SN74LSOO 
A4U2900 156-0386-02 MICROCIRCUIT,DI:TRIPLE 3-INP NAND GATE 27014 DM74LS10N 
A4U2905 156-0982-03 MICROCIRCUIT.DI:OCTAL-D-EDGE FF,SCRN 01295 SN74LS374 N3 
A4U291 0 156-1555-00 MICROCIRCUIT.LI:D/A CONVERTER 34335 AM6080PC 

MU2920 156-0716-01 MICROCIRCUIT,DI:128 X 8 STATIC RAM,SCRN 80009 156-0716-01 
A4U2930 160-1631-00 MICROCIRCUIT,DI:4096 X 8 EPROM 80009 160-1631-00 
A4U2935 156-0956-02 MICROCIRCUIT,DI:OCTAL BFR W/3 STATE OUT 01295 SN74LS244NP3 
A4U2940 156-1172-01 MICROCIRCUIT,DI:DUAL 4 BIT CNTR 01295 SN74LS393 
A4U29SO 156-0388-03 MICROCIRCUIT,DI:DUAL D FLIP-FLOP 07263 74LS74A 
A4U2960 156-0796-01 MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR 80009 156-0796-01 

A4U296S 156-0382-02 MICROCIRCUIT,DI:QUAD 2-INP NAND GATE 01295 SN74LSOO 
A4U2970 1 S6-048()..02 MICROCIRCUIT,DI:QUAD 2 INP & GATE 01295 SN74LSOSNP3 
A4U2980 156-0382-02 MICROCIRCUIT,DI:QUAD 2-1NP NAND GATE 01295 SN74LSOO 
A4U2985 156-0788-01 MICROCIRCUIT.DI:BIDIRECT UNIV SR,SCREENED 01295 SN74LS194A9NP3 0 
A4U2990 156-0381-02 MICROCIRCUIT.DI:QUAD 2-INP EXCL OR GATE 01295 SN74LS86 
A4U2995 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3 OR 

A4VR2805 152-0217-00 SEMICOND DEVICE:ZENER,O.4W,8.2V,5% 04713 SZG20 
A4VR2925 152-0662-00 SEMICOND DEVICE:ZENER,O.4W.5V,1% 04713 SZG195 
A4W2851 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200EO 
A4W2913 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200EO 
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A5 670-7279-XX CKT BOARD ASSY:DIGITAL CONTROL 80009 670-7279-00 
A5C2041 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 

n A5C2188 281-0775-00 CAP.,FXD,CER 01:0.1 UF,20%,50V 04222 MA205E104MAA 
A5C2203 281-0775-00 CAP.,FXD,CER Dl:0.1UF,20%,50V 04222 MA205E104MAA 

:~ 
A5C2217 281-0775-00 CAP.,FXD,CER Dl:0.1UF,2O%,50V 04222 MA205E104MAA 
A5C2218 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 MA205E104MAA 

n A5C2221 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 
A5C2222 281-0814-00 CAP.,FXD,CER DI:1ooPF,lO%,looV 04222 GC101A101K 
A5C2223 290-0943-00 CAP.,FXD,ELCTLT:47UF,+50-10%,25V 55680 ULBl E470TECANA 
A5C2224 290-0943-00 CAP.,FXD,ELCTLT:47UF,+50-1 O%,25V 55680 ULBl E470TECANA 

n A5C2240 281-0775-00 CAP.,FXD,CER 01:0.1 UF,2O%,5OV 04222 MA205E104MAA 
A5C2318 281-0791-00 CAP.,FXD,CER DI:27OPF,lO%,l00v 04222 GC101C271K 

f 

A5C2326 281-0775-00 CAP.,FXD,CER 01:0.1 UF,2O%,50V 04222 MA205E104MAA 
A5C2327 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA n A5C2328 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 

) A5C2329 281-0775-00 CAP.,FXD,CER DI:0.1UF.200/o,5OV 04222 MA205E104MAA 
A5C2330 285-1187-00 CAP.,FXD,MTL2D:0.47UF,10%,100v 55112 160.47 K 100F 
A5C2346 281-0775-00 CAP.,FXD,CER 01:0.1 UF,2O%,5OV 04222 MA205E104MAA 

n CAP.,FXD,ELCTLT:47UF, + 50-1 O%,25V ,1 A5C2354 290-0943-00 55680 ULBl E470TECANA , , , 
A5C2440 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%,50V 04222 MA205E104MAA 
A5C2441 285-1187-00 CAP.,FXD,MTLZD:0.47UF,lO%.100v . 55112 160.47 K looF 
A5C2443 281-0775-00 CAP .• FXD.CER DI:0.1UF.2O%,50V 04222 MA205E104MAA n A5C2475 281-0775-00 CAP.,FXD.CER DI:0.1UF.2O%.50V 04222 MA205E104MAA ! J 

I A5C2485 281-0775-00 CAP .• FXD,CER 01:0.1 UF,2O%.50V 04222 MA205E104MAA 

A5C2486 281-0775-00 CAP .• FXD,CER DI:0.1UF.2O%.50V 04222 MA205E104MAA rr, A5C2524 281-0775-00 CAP.,FXD,CER DI:0.1UF,2O%.50V 04222 MA205E104MAA 
A5C2527 281-0775-00 CAP .• FXD.CER DI:0.1UF,2O%.5OV 04222 MA205E104MAA 
A5C2530 283-0423-00 CAP.,FXD,CER DI:0.22UF.+80-20%,50V 04222 DG015E224Z 
A5C2536 281-0775-00 CAP •• FXD.CER Dl:0.1UF,2O%,5OV 04222 MA205E104MAA 
A5C2540 283-0423-00 CAP.,FXD.CER DI:0.22UF.+80-20%.50V '04222 DGOl5E224Z n A5C2542 283-0423-00 CAP .• FXD.CER DI:0.22UF.+80-20%.50V 04222 DG015E224Z ) 

A5C2550 281-0775-00 CAP •• FXD.CER DI:0.1UF.2O%.50V 04222 MA205E104MAA 
A5C2565 281-0816-00 CAP •• FXD.CER DI:82PF.5%.100v 96733 R3247 

n A5C2566 281-0819-00 CAP •• FXD.CER DI:33PF.5%.5OV 72982 8035BCOG330 
A5C2572 281-0775-00 CAP •• FXD.CER Dl:0.1UF.2O%.50V 04222 MA205E104MAA 
A5C2575 281-0775-00 CAP •• FXD.CER Dl:0.1UF.2O%.50V 04222 MA205E104MAA 

n A5C2588 281-0775-00 CAP •• FXD.CER DI:0.1UF,2O%.50V 04222 MA205E104MAA 
A5C2637 283-0423-00 CAP .• FXD.CER Dl:0.22UF.+80-2O%,50V 04222 DG015E224Z 
A5C2638 285-1187-00 CAP .• FXD.MTL2D:0.47UF.1 0%.1 OOV 55112 160.47 K looF 
A5C2640 285-1187-00 CAP .• FXD.MTL2D:0.47UF.1 0%.1 OOV 55112 160.47 K looF 
A5C2642 281-0775-00 CAP .• FXD.CER 01:0.1 UF.2O%,5OV 04222 MA205E104MAA r A5C2661 281-0775-00 CAP •• FXD.CER DI:0.1UF.2O%.50V 04222 MA205E104MAA 

,I A5C2734 281-0775-00 CAP.,FXD.CER DI:0.1UF,20%.50V 04222 MA205E104MAA 
A5CR20Q4 152-0141-02 SEMICOND DEVICE:SILlCON,30V.150MA 01295 lN4152R 

n A5CR2021 152-0141-02 SEMICOND DEVICE:SILlCON,3OV.150MA 01295 lN4152R 
A5CR2122 152-0141-02 SEMICOND DEVICE:SILICON.3OV.l50MA 01295 lN4152R 
A5CR2851 152-0141-02 SEMICOND DEVICE:SILlCON.30V.15OMA 01295 1N4152R 
A5CR2723 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

n A5CR2731 152-0141-02 SEMICOND DEVICE:SILICON.3OV.l50MA 01295 lN4152R 
A5CR2733 152-0141-02 SEMICOND DEVICE:SILICON.30V.l50MA 01295 lN4152R 
A5CR2742 152-0141-02 SEMICOND DEVICE:SIUCON,3OV,l50MA 01295 lN4152R 
A5CR2744 152-0141-02 SEMICOND DEVICE:SIUCON.3OV.l50MA 01295 lN4152R 
ASQ2025 151-0188-00 TRANSISTOR:StLiCON.PNP 04713 SPS6868K n A5Q2322 151-0341-00 TRANSISTOR:SILICON.NPN 07263 S04OO85 

J~ 
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A5R2012 315-0512-00 RES .• FXD.CMPSN:5.1 K OHM.5%.0.25W 01121 CB5125 
A5R2013 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%,0.25W 01121 CB1035 
A5R2014 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%,0.25W 01121 CB1035 
A5R2015 315-0512-00 RES.,FXD.CMPSN:5.1 K OHM.5%.0.25W 01121 CB5125 
A5R2016 315-0512-00 RES .• FXD.CMPSN:5.1 K OHM,5%.0.25W 01121 CB5125 
A5R2017 315-0103-00 RES .• FXD.CMPSN:l0K OHM,5%,0.25W 01121 CB1035 

A5R2018 315-0103-00 RES.,FXD,CMPSN:10K OHM.5%.0.25W 01121 CB1035 
A5R2019 315-0512-00 RES.,FXD,CMPSN:5.1 K OHM,5%,0.25W 01121 CB5125 
A5R2020 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,0.25W 01121 CB1035 
A5R2022 315-0512-00 RES.,FXD,CMPSN:5.1 K OHM,5%,0.25W 01121 CB5125 
A5R2023 315-0203-00 RES.,FXD,CMPSN:20K OHM,5%,0.25W 01121 CB2035 
A5R2028 315-0134-00 RES.,FXD,CMPSN:130K OHM,5%,0.25W 01121 CBl345 

A5R2029 315-0134-00 RES.,FXD,CMPSN:l30K OHM,5%,0.25W 01121 CBl345 
A5R2040 315-0103-00 RES .• FXD.CMPSN:10K OHM,5%,0.25W 01121 CB1035 
A5R21 03 315-0102-00 RES.,FXD,CMPSN:l K OHM;5%,0.25W 01121 CB1025 
A5R2113 315-0103-00 RES .• FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035 
A5R2123 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%.0.25W 01121 CB2225 
A5R2025 315-0103-00 B013200 RES •• FXD,CMPSN:l0K OHM.5%,0.25W 01121 CB1035 

A5R2127 311-1137-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 73138 72PX-67-0-502M 
A5R2132 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,0.25W 01121 CB1035 
A5R2140 315-0101-00 RES.,FXD,CMPSN:l00 OHM,5%,0. 25W 01121 CB1015 
ASR2141 315-0101-00 RES.,FXD,CMPSN:loo OHM,5%,0. 25W 01121 CB1015 
A5R2142 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035 
A5R2143 315-0101-00 RES.,FXD.CMPSN:loo OHM,5%,0. 25W 01121 CB1015 

A5R2144 315-0101-00 RES .• FXD.CMPSN:loo OHM.5%,O. 25W 01121 CB1015 
A5R2145 315-0101-00 RES.,FXD,CMPSN:l00 OHM.5%.0. 25W 01121 CB1015 
A5R2162 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5R2185 315-0102-00 RES .• FXD.CMPSN:l K OHM,5%.0.25W 01121 CB1025 
A5R2186 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5R2187 315-0104-00 RES •• FXD,CMPSN:l00K OHM.5%.0.25W 01121 CB1045 --. 

A5R2224 315-0103-00 RES.,FXD.CMPSN:l0K OHM.5%,O.25W 01121 CB1035 
A5R2227 321-0289-02 RES •• FXD.FILM:l0K OHM,O.5%,O.125W 91637 CMF55-116Dl0001D 
A5R2228 321-0289-02 RES.,FXD,FILM:l0K OHM,O.5%.0.125W 91637 CMF55-116Dl0001D 
A5R2229 321-0431-00 RES .• FXD,FILM:301K OHM.1%,O.125W 91637 MFF1816G30102F 
A5R2230 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,O.25W 01121 CB1035 
A5R2241 315-0101-00 RES.,FXD.CMPSN:l00 OHM.5%.0. 25W 01121 CB1015 

A5R2242 315-0101-00 RES .• FXD,CMPSN:loo OHM.5%,O. 25W 01121 CB1015 
A5R2243 315-0101-00 RES.,FXD,CMPSN:loo OHM,5%.0. 25W 01121 CB1015 
A5R2244 315-0101-00 RES .• FXD,CMPSN:loo OHM.5%.0. 25W 01121 CB1015 
A5R2245 315-0101-00 RES.,FXD,CMPSN:l00 OHM,5%,O. 25W 01121 CB1015 
A5R2246 315-0101-00 RES.,FXD,CMPSN:l00 OHM,5%.0. 25W 01121 CB1015 
A5R2285 315-0103-00 RES •• FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 

A5R2286 315-0104-00 RES .• FXD,CMPSN:100K OHM.5%,O.25W 01121 CB1045 
A5R2287 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,O.25W 01121 CB1045 
A5R2288 315-0104-00 RES .• FXD.CMPSN:looK OHM,5%,O.25W 01121 CB1045 
A5R2297 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%.0.25W 01121 CB1045 
A5R2298 315-0104-00 RES.,FXD,CMPSN:looK OHM,5%,O.25W 01121 CB1045 
A5R2299 315-0104-00 RES.,FXD,CMPSN:l00K OHM.5%,O.25W 01121 CB1045 

A5R2303 315-0103-00 RES •• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5R2312 315-0103-00 RES.,FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5R2313 315-0103-00 RES.,FXD,CMPSN:10K OHM.5%,O.25W 01121 CB1035 
A5R2314 315-0102-00 RES.,FXD,CMPSN:1K OHM.5%,O.25W 01121 CB1025 
A5R2315 315-0102-00 RES.,FXD,CMPSN:1K OHM.5%.0.25W 01121 CB1025 
A5R2316 315-0102-00 RES •• FXD.CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
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A5R2317 315-0102-00 RES .• FXD.CMPSN:1K OHM.S%.0.25W 01121 CB1025 
A5A2319 315-0104-00 RES •• FXD.CMPSN:looK OHM.5%.0.25W 01121 CB1045 n A5A2320 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 
ASR2324 321-0177-02 RES .• FXD.FILM:681OHM.0.5%.0.125W 80009 321-0177-02 
A5R2325 321-0177-02 RES .• FXD.FILM:6810HM.0.S%.0.125W 80009 321-0177-02 
A5R2330 315-0203-00 RES .• FXD.CMPSN:20K OHM.5%.0.25W 01121 CB2035 

n A5R2340 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 
~ ~i 

A5R2341 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 ' I 
A5R2342 315-0103-00 RES .• FXD.CMPSN: 10K OHM.5%.0.2SW 01121 CB1035 
A5R2343 315-0103-00 RES .• FXD.CMPSN:1OK OHM.S%.0.25W 01121 CB1035 n A5R2344 315-0103-00 RES .• FXD.CMPSN: 10K OHM.S%.0.25W 01121 CB1035 

" A5R2345 315-0103-00 RES .• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 J 

A5R2444 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 

n ASR2445 315-0103-00 RES •• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
ASR2446 315-0103-00 RES.,FXD.CMPSN:1OK OHM.5%,0.25W 01121 CB1035 
ASR2447 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.2SW 01121 CB1035 
A5R2448 315-0103-00 RES •• FXD.CMPSN:10K OHM.50/0.0.2SW 01121 CB1035 
A5R2449 315-0103-00 RES •• FXD.CMPSN:10K OHM.5%.0.2SW 01121 CB1035 

n A5R2450 315-0103-00 RES •• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 , , 
A5R2451 315-0103-00 RES .• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
A5R2452 315-0103-00 RES .• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 

n A5A2463 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 
ASA2504 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
ASA2505 315-0103-00 RES .• FXD.CMPSN: 1 OK OHM.50/0.0.25W 01121 CB1035 

ASR2506 315-0103-00 AES •• FXD.CMPSN: 1 OK OHM.50/0.0.25W 01121 CB1035 

n~ ASA2507 315-0103-00 AES •• FXD.CMPSN:1OK OHM.50/0.0.25W 01121 CB1035 
A5A2506 315-0103-00 AES .• FXD,CMPSN:l0K OHM.5%.0.25W 01121 CB1035 

, , 
A5R2509 315-0103-00 RES .• FXD.CMPSN:10K OHM.50/0.0.25W 01121 CB1035 
A5R2510 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.2SW 01121 CB1035 

n ASR2511 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 

A5R2512 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5A2513 315-0103-00 RES .• FXD.CMPSN:l0K OHM.5%.0.25W 01121 CB1035 
A5A2514 315-0103-00 RES •• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 n A5R2515 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 
ASA2516 315-0103-00 AES .• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
ASR2517 315-0103-00 RES .• FXD.CMPSN:1OK OHM.50/0.0.25W 01121 CB1035 

n ASR2518 315-0103-00 RES •• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
ASA2519 315-0103-00 RES •• FXD.CMPSN:1OK OHM.50/0.0.25W 01121 CB1035 
A5R2520 315-0103-00 RES .• FXD,CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
ASR2521 315-0103-00 RES •• FXD.CMPSN:1OK OHM.5%.0.25W 01121 CB1035 
A5R2522 321-0917-03 AES •• FXD.FILM:27.2K OHM.0.25%.0.125W 91637 MFF1816D27201C 

n A5R2525 321-0327-03 RES .• FXD.ALM:24.9K OHM.0.2S%.0.125W 24546 NC55C2492C 

A5R2532 321-0324-00 RES .• FXD.ALM:23.2K OHM.l%.0.125W 91637 MFF1816G23201 F 
A5R2534 321-0289-02 RES •• FXD.ALM:1OK OHM.0.S%.0.125W 91637 CMF55-116D10001D 
A5R2535 315-0683-00 RES .• FXD.CMPSN:68K OHM.5%.0.25W 01121 CB6835 n A5R2539 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 § 
ASR2540 321-1618-02 RES .• FXD.FILM:6.5K OHM.0.5%.0.125W 91637 MFF1618D65OOOD 3 
ASR2541 321-0923-02 AES .• FXD.FILM:25.1K OHM.0.5%.0.125W 24546 NC55C2512D 

n A5R2542 315-0203-00 RES .• FXD.CMPSN:2OK OHM.5%.0.25W 01121 CB2035 
ASR2543 315-0203-00 RES .• FXD.CMPSN:2OK OHM.S%.0.25W 01121 CB2035 
ASR2545 315-0103-00 RES .• FXD.CMPSN:1OK OHM.S%.0.25W 01121 CB1035 
ASR2546 315-0103-00 RES .• FXD.CMPSN:1OK OHM,5%.0.25W 01121 CB1035 

n A5R2547 315-0103-00 RES •• FXD.CMPSN:1OK OHM.S%.0.25W 01121 CB1035 
A5R2549 315-0681-00 RES .• FXD,CMPSN:680 OHM.5%.0.25W 01121 CB6815 
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Component No. Part No. Eft Dscont Name & Description Code Mfr Part Number 

A5R2551 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2552 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
A5R2553 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2564 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,O.25W 01121 CB3315 
A5R2571 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
A5R2573 315-0102-00 RES.,FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 

ASR2608 315-0100-00 RES.,FXD,CMPSN:100HM,5%,O.25W 01121 CB1005 
ASR2609 315-0104-00 RES.,FXD,CMPSN:100K OHM,5%,O.25W 01121 CB1045 
A5R2610 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,O.25W 01121 CB1045 
A5R2611 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,O.25W 01121 CB1045 
A5R2612 315-0104-00 RES.,FXD,CMPSN:1ooK OHM,5%,O.25W 01121 CB1045 
A5R2613 315-0103-00 RES.,FXD,CMPSN:1OK OHM,5%,O.25W 01121 CB1035 

A5R2614 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2645 315-0103-00 RES .• FXD,CMPSN:10K OHM.5%,O.25W 01121 CB1035 
A5R2646 315-0332-00 RES .• FXD,CMPSN:3.3K OHM,5%,O.25W 01121 CB3325 
A5R2647 315-0682-00 RES .• FXD,CMPSN:6.8K OHM,5%,O.25W 01121 CB6825 
ASR2648 315-0243-00 RES.,FXD,CMPSN:24K OHM,5%.0.25W 01121 C62435 
ASR2649 315-0273-00 RES •• FXD,CMPSN:27K OHM,S%,O.2SW 01121 CB2735 

A5R2650 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2652 315-0225-00 RES.,FXD,CMPSN:2.2M OHM.5%,O.25W 01121 CB2255 
ASR2662 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2663 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 
A5R2703 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,O.25W 01121 CB471S 
A5R2730 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.25W 01121 CB1035 

A5R2731 315-0103-00 RES.,FXD,CMPSN:10K OHM,5%,O.2SW 01121 CB1035 
A5R2732 315-0222-00 RES .• FXD.CMPSN:2.2K OHM,S%,O.2SW 01121 CB2225 
A5R2734 315-0512-00 RES .• FXD,CMPSN:S.1 K OHM,S%,O.25W 01121 CB512S 
A5R2735 315-0103-00 RES.,FXD,CMPSN:10K OHM.5%,O.25W 01121 CB1035 
A5R2741 315-0222-00 RES.,FXD,CMPSN:2.2K OHM,5%,O.25W 01121 CB2225 
A5R2742 315-0512-00 RES.,FXD,CMPSN:5.1 K OHM,5%,O.25W 01121 CB5125 

A5R2745 315-0103-00 RES •• FXD,CMPSN:10K OHM.S%,O.25W 01121 CB1035 
A5R2764 315-0102-00 RES •• FXD,CMPSN:1 K OHM,5%,O.25W 01121 CB1025 
ASTPS03 131-0608-00 TERMINAl,PIN:O.365 L X 0.025 PH BRZ GOLD 22526 47357 
ASTP504 131-0608-00 TERMINAL.PIN:O.365 L X 0.025 PH BRZ GOLD 22526 47357 
A5TP505 131-0608-00 TERMINAL,PIN:0.385 L X 0.025 PH BRZ GOLD 22526 47357 
A5TP506 131-0608-00 TERMINAL,PIN:O.36S L X 0.025 PH BRZ GOLD 22526 47357 

A5TP507 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
ASTP509 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
A5TPS10 131-0608-00 TERMINAL,PIN:0.385 L X 0.025 PH BRZ GOLD 22526 47357 
A5TP511 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
A5U2008 156-1566-00 MICROCIRCUIT,DI:EPROM,100 X 14 80009 1S6-1566-00 
ASU2034 156-0885-02 MICROCIRCUIT,DI:OCTAL [).. TYPE FF W/CLEAR 01295 SN74LS273NP3 "'""'\ 

A5U2092 156-1342-01 MICROCIRCUIT,DI:MPU.8 BIT W/CLK 07263 F68A08(P OR D) 
A5U21 08 156-1220-00 MICROCIRCUIT,DI:HEX BUS DRIVER 01295 SN74LS365A 
A5U2118 156-1245-00 MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR 04713 MC1413PDS 
A5U2134 156-0865-02 MICROCIRCUIT,DI:OCTAL D-TYPE FF W/CLEAR 01295 SN74LS273NP3 
A5U2162 160-1628-03 8010100 8010999 MICROCIRCUIT,DI:4096 X 8 EPROM 80009 160-1628-03 
A5U2162 160-1628-04 8011000 8012499 MICROCIRCUIT,DI:8K X 8 EPROM.PRGM 80009 160-1628-04 

A5U2162 160-1628-06 B012500 MICROCIRCUIT,DI:4096 X 8 EPROM,PRGM 80009 160-1628-06 
A5U2178 160-1825-03 B010100 6010999 MICROCIRCUIT,DI:8192 X 8 EPROM PROG 80009 160-1625-03 
ASU2178 160-1625-04 6011000 6012499 MICROCIRCUIT,DI:8192 X 8 EPROM PROG 80009 160-1625-04 
ASU2178 160-1625-06 6012500 MICROCIRCUIT,DI:8192 X 8 EPROM PROG 80009 160-1625-06 
A5U2194 156-0956-02 MICROCIRCUIT.DI:OCTAL BFR W/3 STATE OUT 01295 SN74LS244NP3 

8·28 
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ASU220S 156-0391-02 MICROC!RCUIT,O!:HEX LATCH W/CLEAR 01295 SN74LS174 
A5U2214 156-1126·01 MICROCIRCUIT,Li:VOLTAGE COMPARATOR,SEL 01295 LM311JG4 
115U2234 156-1589-00 MICROCIRCUIT,U:DA CONVERTER,12 8fT,HI SPO 34335 AM6012PC 
115U2294 156-1065·01 MICROCIRCUIT,DI:OCTAL D TYPE TRANS LATCHES 34335 AM74LS373 
A5U2308 156-0391-02 MICROCIRCUIT,DI:HEX LATCH WICLEAR 01295 SN74LS174 
A5U2335 156-0513-02 MICROCIRCUIT,DI:8-CHANNEL MUX,SEL 80009 156-0513·02 

A5U2362 160-1627·03 8010100 8010999 MICROCIRCUIT,DI:8192 X 8 EPROM,PRGM 80009 160-1627-03 
A5U2362 160·1627·05 8011000 8012499 MfCROCIRCUIT,DI:8192 X 8 EPROM.PRGM 80009 160·1627-05 
A5U2362 160-1626-06 8012500 MICROCKT,DI:6192 X 8 EPROM,PRGM 60009 1601626-06 
A5U2378 160-1626-03 8010100 8010999 MICROCIRCUIT,DI:S192 X 8 EPROM,PRGM 80009 160-1626-03 
A5U2378 160-1626·05 8011000 8012499 MICROCIRCUIT,DI:8192 X 8 EPROM,PRGM 80009 160-1626-05 
115U2378 160-1626-06 8012500 MICROCKT,DI:8192 X 8 EPROM,PRGM 80009 1601626-06 

A5U2408 156-0513·02 MICROCIRCUIT,DI:8-CHANNEL MUX,SEL 80009 156-0513-02 
A5U2418 156-0513·02 MICROCIRCUIT.DI:8·CHANNEL MUX,SEL 80009 156-0513-02 
A5U2427 156-1200-01 MICROCIRCUIT,L1:0PERATIONAL AMPL,QUAD 01295 TL074CN/PEP3 
A5U2435 156-1200-01 MICROCIRCUIT,LI:OPERATIONAL AMPL,QUAD 01295 TL074CNIPEP3 
A5U2456 156-1486-00 MICROCIRCUIT,DI:8 CHANNEL DATA SEL,SCREENED 04713 MC14512BCLD 
A5U2468 156-0388-03 MICROCIRCUIT,DI:DUAL 0 FLIP-FLOP 07263 74LS74A 

A5U2480 156-0469·02 MICROCIRCUIT,DI:3/8 LINE DCDR 01295 SN74LS138NP3 
A5U2556 156·0385-02 MICROCIRCUIT .DI:HEX INVERTER 01295 SN74LS04 
A5U2580 156-0469-02 MICROCIRCUlT,DI:318 LINE DCDR 01295 SN74LS 138NP3 

~ A5U2596 156·1026-02 MICROCIRCUIT,DI:4!1 LINE DECODER,BURN.IN 80009 156-1 026-02 
A5U2634 156-1191-01 MICROCIRCUIT,.LI:DUAL Bi-FET OP-AMP,8 DIP 01295 TL072ACP3 
A5U2656 156-0804-02 MICROCIRCUIT,DI:OUADRUPLE S-R LATCH,SCRN 01295 SN74LS279NP3 

A5U2668 156-0895-01 MICROCIRCUIT,DI:14 BIT BINARY CNTR.8URN-IN 04713 MCl4020BCLD 

~. A5U2770 156-0469-02 MICROCIRCUIT.DI:3/8 LINE DeDR 01295 SN74LS138NP3 
A5VR2003 152-0127·00 SEMICOND DEVICE: ZENER,0.4W, 7 .5V ,5% 04713 SZG35009K2 
A5VR2526 152·0278-00 SEMICOND DEVICE:ZENER,0.4W.3V.5% 04713 SZG35009K20 
A5W2143 131·0566-00 BUS CONDUCTOR:DUMMY RES,2.375.22 AWG 57668 JWW-0200EO 
A5W2526 131-OS66-00 BUS CONDUCTOR:DUMMY RES.2.375,22 AWG 57666 JWW-0200EO 

A5Y2568 158-0246-00 XTAL UNIT,QTZ:10MHZ, O.Ol%,SERIES 80009 158-0248-00 
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A6 CKT BOARD ASSY:FRONT PANEL 
A6 (AVAILABLE AT 672-1038-XX LEVEL ONLY) 
A6CR3000 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3001 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3002 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3003 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

--. 
A6CR3010 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3011 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3012 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3013 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3020 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3021 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

ASCR3022 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3023 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3025 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3030 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3031 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3032 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R -, 
A6CR3033 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R i 
A6CR3035 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
ASCR3050 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3075 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR31 05 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
ASCR3110 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

A6CR3115 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3120 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R I 

A6CR3175 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3176 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR31n 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3178 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

A6CR3179 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3180 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3181 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3182 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

...... 
! 

A6CR3183 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3184 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 

A6CR3185 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3200 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
ASCR3210 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3220 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3250 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6CR3260 152-0141-02 SEMICOND DEVICE:SILICON.3OV.150MA 01295 1N4152R 

A6CR3270 152-0141-02 SEMICOND DEVICE:SILICON.30V.150MA 01295 1N4152R 
A6DS3300 150-1109-00 LT EMITTING DIO:GREEN. 30MA 73138 SP732 
A6DS3301 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 ...., 
A6DS3302. 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3303 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3304 150-1105-00 LT EMITIING DIO:YELLOW.30MA 50434 CLMP-0449 

A6DS3310 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3311 150-11 09-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3312 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3313 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
A6DS3314 150-1105-00 LT EMITIING DIO:YELLOW.3OMA 50434 CLMP-0449 
A6DS3325 150-1109-00 LT EMITIING DIO:GREEN. 30MA 73138 SP732 
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A60S3326 150-1109-00 LT EMITTING DIO:GREEN, 30MA 73138 SP732 
A6DS3327 150-11 09-00 LT EMITTING DIO:GREEN, 30MA 73138 SP732 
A60S3329 150-11 05-00 LT EMITTING DIO:YELLOW,30MA 50434 OLMP-0449 
A6DS3330 150-1109-00 LT EMITTING DIO;GREEN, 30MA 73138 SP732 
A6DS3331 150-1109-00 LT EMITTING DIO:GREEN, 30MA 73138 SP732 
A60S3350 150-11 09-00 LT EMITTING OIO;GREEN, 30MA 73138 SP732 

A6DS3351 150-11 05-00 LT EMITTING OfO:YELLOW,30MA 50434 OLMP-0449 
A6DS3352 150-11 05-00 LT EMITTING DlO:YELLOW,30MA 50434 OLMP-0449 
A6DS3353 150-11 05-00 LT EMITTING OIO:YELLOW,30MA 50434 OLMP-0449 
A6053354 150-11 09-00 LT EMITTING DIO;GREEN, 30MA 73138 SP732 
A6DS3375 150-1105-00 LT EMITTING DlO:YELlOW,30MA 50434 OLMP-0449 
A6DS3376 150-1109-00 LT EMITTING DlO:GREEN, 30MA 73138 SP732 

A6DS3377 150-11 09-00 IT EMITTING DlO:GREEN, 30MA 73138 5P732 
A60S3378 150-11 09-00 LT EMITTING OIO:GREEN, 30MA 73138 SP732 
A6DS3379 150-1109-00 LT EMITTING OIO;GREEN, 30MA 73138 SP732 
A60S3380 150-1105-00 LT EMITTING OIO:YELlOW.30MA 50434 OlMP-0449 
A6DS3390 150-11 05-00 LT EMITTING DIO;YELLOW,30MA 50434 OLMP-0449 
A6DS3391 150-1109-00 LT EMITTING DIO:GREEN, SOMA 73138 SP732 

A6083392 150-1109-00 LT EMITTING D10:GREEN, 30MA 73138 SP732 
A6DS3393 150-1109-00 LT EMITTING OIO:GREEN, 30MA 73138 SP732 
A6R3021 311-2180-00 RES.,VAR,NONWW:LlNEAR,2K OHM,30%,0.5W 32997 91Z1A-Z45-EAOO19 
A6R3031 311-2180-00 RES.,VAR,NONWW;LlNEAR,2K OHM,30".k,0.5W 32997 91Z1A-Z45-EAoo19 
A6R3050 311-2180-00 RES"VAR,NONWW:UNEAR,2K OHM,30".k,0.5W 32997 91Z1A-Z45-EAoo19 
A6R3075 311-2180-00 RES.,VAR.NONWW:LlNEAR,2K OHM,30"/o,0.5W 32991 91Z1A-Z45-EAoo19 

A6R31 00 311-2180-00 RES"VAR,NONWW:UNEAR,2K OHM,30%,0.5W 32997 91Z1A-Z45-EAoo19 

r", A6R3125 311-2181-00 RES.,VAR,NONWW:LlNEAR,5K OHM.3O"/o,0.25W 32997 91 Z2D-Z45-EA0020 
A6R3150 311-2181-00 RES .• VAR,NONWW;UNEAR,5K OHM,3Q%,0.25W 32997 91 Z20.Z45-EA0020 
A6R3190 311-2180-00 RES.,VAR,NONWW:LINEAR,2K OHM,3O"/.,0.5W 32997 91Z1A-Z45-EAoo19 
A6R3200 311-2182-00 RES.,VAR,NONWW:LlNEAR,5K OHM,30%,0.5W 32997 91 Z2D-Z45-EA0021 
A6R3210 311-2180-00 RES.,VAR,NONWW;UNEAR,2K OHM,30%,O.5W 32997 91 ZlA·Z45-EAoo19 

A6R33oo 315-0151-00 RES .• FXD,CMPSN: 150 OHM,5%,O.25W 01121 CB1515 
A6R3310 315-0151·00 AES.,FXD,CMPSN;150 OHM,5%,0.25W 01121 CB1515 
A6R3325 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,O.25W 01121 CB1515 
A6A3326 315-0151-00 RES.,FXD,CMPSN:150 OHM,5%,0.25W 01121 CB1515 
A6R3327 315-0151-00 RES.,FXD,CMPSN;l50 OHM,5%,0.25W 01121 CB1515 
A6R3350 307-0611-00 RES NTWK,FXD FI:7,150 OHM,5%,1.125W 32997 4308R101-151J 

A6S3000 260-2094-00 SWITCH,PUSH;4 BTN,SINGLE POLE, VERT CONT 80009 260-2094-00 
A65301 0 260-2094-00 SWITCH,PUSH:4 BTN,SINGLE POLE, VERT CONT 80009 260-2094-00 
A6S3020 260-2086-00 SWITCH,ROTARY:VOLTSIDIV 76784 T-51621-oo1 
A6S3025 260-2100-00 SWITCH,LEVER:DPOT,l SECT,3 POSN,30 DEG 22753 OBD 
,6,6S3030 260-2086-00 SWITCH,ROTARY:VOLTSIDlV 76784 T-5162l-oot 
ASS3035 260-2100-00 SWITCH,LEVER:DPDT,1 SECT,3 POSN,30 OEG 22753 OBO 

A6S3050 260-2095-00 SWITCH,PUSH:2 BTN,SINGLE POLE, CHAN 3 &4 80009 260-2095-00 
A6S3105 260-2087-00 SWITCH,PUSH:l SINGLE BTN,SINGLE POLE,HO 80009 260-2081-00 
A6S3110 260-2093-00 SWITCH,PUSH:3 BTN,SINGLE POLE,HORtZ 80009 260-2093-00 
A6S3175 260-2085-00 SWITCH,ROTARY:TlME/DIV 76854 5-51625-00 1 
A6S3185 260-2108-00 B010100 BOl9999 SWITCH,PUSH: SPS T ,0.1 A, 125VAC 80009 260-2108-00 
,6,6S3185 260-2108-01 B020000 

A6S3210 260-2088-00 SWITCH,PUSH:SINGLE BTN,SINGLE POLE.TRIG 80009 260-2088-00 
A6S3220 260-2088-00 SW1TCH,PUSH:SINGLE BTN,SINGLE POLE,TRIG 80009 280-2088-00 
,6,6S3250 260-2100-00 SWlTCH,LEVER:DPDT,1 SECT,3 POSN,30 DEG 22753 OBO 
,6,6S3260 260-2100-00 SWITCH,LEVEA:DPDT,1 SECT,3 POSN,30 OEG 22753 OBD 
A6S3270 260-2100-00 SWITCH,LEVER:DPDT,l SECT,3 POSN,30 DEG 22753 OBO 
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A6U3300 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3) 
A6U3325 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3) 
A6U3350 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3) 
A6U3375 156-0651-02 MICROCIRCUIT,DI:8 BIT PRL-OUT SER SHF RGTR 01295 SN74LS164(NP3) 
A6W651 175-4584-00 CA ASSY,SP,ELEC:20,28 AWG,4.0 L 80009 175-4584-00 
A6W652 175-4582-00 CA ASSY,SP,ELEC:26,28 AWG,8.5 L 80009 175-4582-00 

--, 
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~>;, 
Tektronix Serial/Model No. Mfr 

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

A7 670-7284-XX CKT BOARD ASSY:FRONT PANEL VARIABLE SOO09 670-7284-00 
A7R3420 311-21S3-OO RES.,VAR,NONWW:LlNEAR,5K OHM,30%,0.5W 32997 91ZIO·ZS6--EA0024 
A7R3430 311-2183-00 RES.,VAR,NONWW:UNEAR,5K OHM,30%,0.5W 32997 91 ZID-Z36--EA0024 
A7R3475 311-2183-00 RES., VAR,NONWW: LlNEAR.5K OHM,30%,0.5W 32997 91 ZID-Z36-EAOO24 

AS 670-7280-XX CKT BOARD ASSY:SCALE ILLUMINATION SOO09 670-72BO-OO 
ASDS90 150-0030-00 LAMP,GLOW:NEON.T-2,60 TO 90 VOLTS 74276 NE2V-T 
ABDS90 (SUBPART OF HV MODULE 152-0805-00) 
ASDS91 150-0030-00 LAMP.GLOW:NEON,T-2.60 TO 90 VOLTS 74276 NE2V-T 
ASDS91 (SUBPART OF HV MODULE 152.0805-00) 
ABDS100 150-0057-01 LAMP.INCAND:5V,0.115A,wIRE LD,SEL 76854 17AS15 

ASDS101 150-0057-01 LAMP,INCAND:5V,0.115A,wIRE LD.SEL 76854 17AS15 
~ A8DS102 150-0057-01 LAMP,INCANO:5V,O.115A.WIRE LD,SEl 76854 17AS15 , 
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~-

Tektronix Serial/Model No. Mfr 
Somponent No. Part No. Eff Dscont Name & Description Code Mfr Part Number 

AS 670-7277-'1.'1. CKT BOARD ASSY:HIGH VOLTAGE 80009 670-7277-00 
A9C90 283-0115-00 B010100 B012149 CAP .• FXD,CER DI:47PF,5%,200V 59660 805-519-COG047OJ 
A9C91 283-0084-00 CAP.,FXD,CER D!:270PF,5%,1000V 59660 838 533X5FO 2715 
A9C1812 285-1236-00 CAP.,FXD,PLSTC:O.022UF.20%,400V 84411 TEK-245-22304 
ASCiS13 285-1236-00 CAP.,FXD,PLSTC:O.022UF,20'%,400V 84411 TEK-245-22304 
A9C18S6 285-1236-00 CAP.,FXD,PLSTC:O.022UF,20%,400V 84411 TEK-245-22304 

A9G188S 285-1236-00 CAP .,FXD,PLSTC:0.022UF,20'%,400V 84411 TEK-245-22304 
A9Cl889 285-1236-00 CAP .• FXD.PLSTC:O.022UF,20%,400V 84411 TEK-245-22304 
A9C1890 281-0775-00 CAP.,FXD,CER OI:0.1UF,20%.50V 04222 MA205El04MAA 
A9C1891 281-0775-00 CAP.,FXD,CER DI:O.l UF.20%,50V 04222 MA205E104MAA 
A9C1909 281-0783-00 CAP.,FXD.CER DI:0.1UF,20%,100Y 96733 ADVIXE 
A9Ci912 281-0798-00 CAP.,FXD,CER DI:51PF,1%,100V 96733 R2928 

AgeiSt5 281-0783-00 B011000 CAP.,FXD,CER DI:0.1UF,20%,100V 96733 ADVIXE 
A9C1932 281-0775-00 CAP.,FXD,CER DI:0.1 UF,20%,50V 04222 MA205E104MAA 
A9C1950 281-0766-00 CAP.,FXD,CER DI:l00PF,20%,200V 04222 GC106Cl01M 
A9C1951 290-0269-00 CAP. ,FXD,ELCTLT :0.22UF,5%.35V 56289 162D224X5035BC2 
A9C1971 285-1236-00 CAP"FXD,PLSTC:0.022UF,20%,400V 84411 TEK-245-22304 
A9C1972 290-0747-00 CAP.,FXD,ElCTLT:l00UF, +50-1 0%,25V 56289 500D146 

A9C1973 261-0771-00 CAP.,FXD,CER DI:0.0022UF,20%,200V 56289 292C Z5U222M200B 
A9C1980 281-0773-00 CAP.,FXD,CER Df:O.01 UF, 1 0%,1 OOV 04222 SA201 C1 03KAA 
A9C1990 285.1096-00 CAP.,FXD,PLSTC: 1 UF, 1 0%,50V 14752 230Bl A 1 05K 
A9C1991 281-0771-00 CAP.,FXD,CER DI:0.0022UF,20"/o,2ooV 56289 292C Z5U222M200B 
A9CR1894 152-0400-00 SEMICOND DEVICE:SILlCON,400Y,lA 80009 152-0400-00 
A9CR1895 152-0400-00 SEMICOND DEVICE:S1LlCON,400V,lA 80009 152-0400-00 

A9CR1915 152-0061-00 B011000 SEMICOND DEVICE: SILICON, 175V, 100MA 07263 FDH2l61 
A9CR1930 152-0061-00 SEMICDND DEVICE:S1LlCON,175V, 100MA 07263 FDH2161 
A9CR1950 152-0061-00 SEMICOND DEVICE: SILICON, l75V, 1 OOMA 07263 FDH2161 
A9CR1951 152-0787-00 B010100 B010477 SEMICOND OEVICE:RECT,SI,12KV,3MA,A-LZV OOOJF ESJA25-12 
A9CR1953 152-0061-00 SEMICOND DEVICE:SILlCON,175V,100MA 07263 FDH2161 
A9CR1990 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 

A9DS90 150-0030-00 LAMP,GLOW:NEON,T-2,60 TO 90 VOLTS 74276 NE2V-T 
A9DS91 150-0030-00 LAMP,GLOW:NEON,T-2,60 TO 90 VOLTS 74276 NE2V-T 
A9L1974 1 08-0318-00 COIL,RF,CMPSN:l00 OHM, 5%, 0.25W 32159 81000M 
A9018S1 151-0443-00 TRANSISTOR: SILlCON,PNP 04713 SPS7950 
A9Q1852 151-0443-00 TRANSISTOR:SILlCON,PNP 04713 SPS7950 
A901890 151-0443-00 TRANSISTOR:SILICON.PNP 04713 SPS7950 

A901980 151-0444-00 TRANSISTOR:SILlCON,NPN 04713 SPS797 
A901981 151-0745-00 TRANSISTOR:SILlCON,PNP OOOlG 2SA1077G 
A9R1812 315-0100-02 RES .. FXD,CMPSN:l0 OHM,5%,0.25W 01121 CBloo5 
A9R1813 31S·0100-02 RES.,FXD,CMPSN: 1 0 OHM,5%,0.25W 01121 CB1005 
A9R1820 315-0122-00 RES.,FXD,CMPSN:l.2K OHM,5%,0,25W 01121 CB1225 
A9R1830 307-0110-00 6010100 6013249 RES"FXD,CMPSN:30HM,5%,0.25W 01121 CB30GS 

A9A1834 311-1227-00 RES.,VAR,NONWIR:5K OHM,20%,O.50W 32997 3386F-T04-502 
A9R1842 311-1227-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 32997 3386F-T04-502 
A9R1848 311-1227-00 RES.,VAR,NONWIR:SK OHM,20%,0.50W 32997 3386F-T04-502 
A9R1853 321-0447-00 RES.,FXD,FILM:442K OHM,1%.0.125W 24546 NA55D4423F 
A9R1854 321-0435-00 RES.,FXD,FILM:332K OHM,1%,0.125W 91637 MFF1816G33202F 
ASR1855 321-0407-00 RES.,FXD,F!LM:169K OHM,1%,0.125W 91637 MFF1816G16902F 

,--
A9R1856 321-0367-00 RES.,FXD,FILM:64.9K OHM,1%,O.125W 91637 MFF1816G64901 F 
A9R1857 321-0364-00 RES.,FXD,FILM:60.4K OHM,1%,O.125W 91637 MFFt816G60401F 
A9R1858 31 S-01 05-00 RES.,FXD,CMPSN: 1 M OHM,5%,O.25W 01121 CB1055 
A91'11864 311-1230-00 RES.,VAR,NONWIR:20K OHM,20%,O.50W 32997 3386F-T04-203 
A9R1870 311-1214-00 RES.,VAR.NONWIR:200K OHM,20%,0.50W 73138 72-16-0 
A9R1871 315-0154-00 RES.,FXD,CMPSN:l50K OHM,5%,0.25W 01121 CBl54S 
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Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number 

A9R1872 315-0184-00 RES.,FXD.CMPSN:l80K OHM,5%,0.25W 01121 CB1845 
A9R1873 315-0103-00 RES.,FXD,CMPSN:l0K OHM,5%,O.25W 01121 CB1035 
A9R1878 311-1214-00 RES.,VAR,NONWIR:200K OHM,20%,O.50W 73138 72-16-0 
A9Rl880 315-0434-00 RES.,FXD,CMPSN:430K OHM.5%,O.25W 01121 CB4345 
A9R1881 321-0385-00 RES.,FXD,FILM:looK OHM,1%,0.125W 91637 MFF1816Gl0002F 
A9R1890 315-0473-00 RES.,FXD,CMPSN:47K OHM,5%,O.2SW 01121 CB4735 

A9R1891 321-0481-04 RES.,FXD,FILM:l M OHM,O.1%,O.125W 91637 HFF1816Dl0oo38 
A9R1892 321-0693-00 RES.,FXD,FILM:68.1 K OHM,O.5%,O.125W 91637 CMF55-116G681 01 D 
A9R1893 321-0481-04 RES.,FXD,FILM:l M OHM,O.1%,O.125W 91637 HFF1816Dl00038 
A9R1895 8~i 9~:iII3 9Q 315 -Q3.C-:Q.-~ RES.,FXD,CMPSN:12K OHM,5%,O.25W 01121 CB1235 
A9R1896 315-01 00-02 RES.,FXD,CMPSN:l0 OHM,5%,O.25W 01121 CB1oo5 
A9R1897 315-01 02-00 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 

A9R1898 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,O.25W 01121 CB1025 
A9R1910 321·0271-00 RES.,FXD,FILM:5.49K OHM,1%.0.125W 91637 MFF1816G64900F 
A9R1911 321.0245-00 RES.,FXD,FILM:3.48K OHM,1%,0.125W 91637 MFF1816G348ooF 
A9R1913 315-0101-03 8011000 RES .• FXD.CMPSN:loo OHM,5%,O.25W 01121 CB1015 
A9R1920 315-0152-00 RES"FXD,CMPSN:l.5K OHM.5%,O.25W 01121 CB1525 
A9R1921 315-0100-02 RES,.FXD,CMPSN:10 OHM,5%,0.25W 01121 CB1005 

A9R1922 315-0101-06 9010100 o B01079 RES"FXD,CMPSN:loo OHM,5%.0.25W 01121 CB1015 
A9R1922 315-0331-03 6010800 RES"FXD,CMPSN:330 OHM,5%,O.25W 01121 CB3315 
A9R1933 315-0102-00 RES.,FXD,CMPSN: 1 K OHM,5%,O,25W 01121 C81025 
A9R1941 315-0201-00 RES.,FXD,CMPSN:200 OHM,5%.,O.25W 01121 C82015 
A9R1944 315-0163-00 RES.,FXD,CMPSN:16K OHM,5%.0.25W 01121 C81635 
A9R1945 321-0385-07 RES.,FXD,FILM:looK OHM,0.1%,O.125W 91637 MFF1816Clooo28 
A'\ei~Y.b 3IS.-o4-~ 
A9R1950 315-01 03·00 RES .. FXD,CMPSN:l0K OHM,5%,0.25W 01121 C81035 
A9R1951 315-0220-00 RES.,FXD,CMPSN:220HM,5%,0,25W 01121 CB2205 
A9R1952 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%.0.25W 01121 CB2025 
A9R1953 315-0393-00 RES.,FXD,CMPSN:39K OHM,5%,O.25W 01121 CB3935 
A9R1971 315-0202-00 RES.,FXD,CMPSN:2K OHM,5%,O.25W 01121 CB2025 
A9R1972 315-0224-00 RES.,FXD,CMPSN:220K OHM,5%,O.25W 01121 CB2245 

A9R1973 315-0163-00 RES.,FXD,CMPSN:16K OHM,5%,Q,25W 01121 CB1635 
A9R1990 321-0693-00 RES.,FXD,FILM:68.1 K OHM,O.5%,O.125W 91637 CMF55-116GS8101 D 
A9R1991 315-0107-00 AES.,FXD,CMPSN: 100M OHM,5%,O,25W 01121 CB1015 
A9R1992 315-0244-00 AES.,FXD,CMPSN:240K OHM,5%,0.25W 01121 CB2445 
A9R1994 321-0402-00 RES"FXD.FILM: 150K OHM,1%,O.125W 24546 NA55D1503F 
A9T1970 120-1418-00 8010100 8013249 XFMR,PWR SU&SDN:HIGH VOLTAGE 80009 120-1418-00 

A9T1970 120·1418-01 8013250 XFMR,PWR,SU&SDN:HIGH VOLTAGE 80009 120·1418·01 
A9U1890 155-1191-01 MICROCIRCUIT,LI:DUAL BI-FET OP·AMP,8 DIP 01295 TL072ACP3 
A9U1956 155-0158-07 M!CROCIRCUIT.lI:DUAL OPNL AMPL,SCREENED 01295 MC1458JG4 
A9Ul830 152-0805·00 SEMICOND DEVICE:HV MULTIPLlER,20KV INPUT 80009 152·0805-00 
A9VR1891 152-0282-00 SEMICOND DEVICE:ZENER,O.4W,3QV.5% 14552 lN972B 
A9W1909 131-0565-00 BUS CONDUCTOR:DUMMY RES,2.37S.22 AWG 57668 JWW-02ooEO 
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Replaceable Electrical Parts-2445 Service 

Tektronix Serial/Model No. Mfr 
Com~entNo. Part No. Eft Dscont Name & Descrietion Code Mfr Part Number 

....., 

Al0 670-7390-XX CKT BOARD ASSY:FAN MOTOR 80009 670-7390-00 
Al0B1690 147-0035-00 MOTOR,DC:BRUSHLESS,10-15VDC,145MA 25088 lAD3001-0A 
A1OC1698 290-0804-00 CAP.,FXD,ELCTLT:l OUF, +50-1 00/0,25V 55680 ULA1El00TEA 
A1OCR1691 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 1N4152R 
A10CR1692 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R 
Al0CR1694 152-0141-02 SEMICOND DEVICE:SILlCON,30V,150MA 01295 lN4152R 

A10CR1696 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R 
A1OCR1699 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R 
A10Q1698 151-0301-00 TRANSISTOR:SILlCON,PNP 27014 2N2907A 
Al0R1691 303-0150-00 RES.,FXD,CMPSN:150HM,5%,1W 01121 GB1505 
A10R1692 321-0062-00 RES.,FXD,FILM:43.20HM,1%,0.125W 91637 CMF55-116G43R20F 
Al0R1693 323-0155-00 RES.,FXD,FILM:4020HM,1%,0.50W 75042 CECTO-4020F 

Al0R1694 323-0155-00 RES.,FXD,FILM:4020HM,1%,0.50W 75042 CECT0-4020F 
Al0R1695 321-0222-00 RES.,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F 
Al0R1697 321-0190-00 RES.,FXD,FILM:931OHM,1%,0.125W 91637 MFF1816G931 ROF 
Al0RT1696 307-0124-00 RES.,THERMAL:5K OHM,10% 50157 101618 
A10U1690 156-0281-00 MICROCIRCUIT,LI:4 TRANSISTOR ARRAY 02735 89164 

A13 307-1154-00 PASSIVE NETWORK:CRT TERMINATOR, FINISHED 80009 307-1154-00 
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r 
~ Tektronix Serial/Model No. Mfr r Component No. Part No. Eft Dscont Name & Description Code Mfr Part Number 

A14 670-8000-XX CKT BOARD ASSY:DYNAMIC CENTERING 80009 670-8000-00 
A14C3401 283-0421-00 CAP .• FXD.CER DI:0.1UF.+80-20%.50V 04222 DG015E104Z r A14R3401 
A14R3402 
A14R3403 

311-1137-00 RES .• VAR.NONWIR:5K OHM.2O%.0.50W 73138 72PX-67 -O-502M 
315-0222-00 RES .• FXD.CMPSN:2.2K OHM.5%.0.25W 01121 CB2225 
315-0750-00 RES .• FXD.CMPSN:75 OHM.5%.0.25W 01121 CB7505 

A14R3404 321-0284-00 RES .• FXD.FILM:8.87K OHM.1%.0.125W 91637 MFF1816G88700F 

r A14R3405 
A14R3406 

315-0750-00 RES .• FXD.CMPSN:75 OHM.5· .... 0.25W 01121 CB7505 
315-0123-00 RES •• FXD.CMPSN:12K OHM.5%.0.25W 01121 CB1235 

A14R3407 311-1137-00 RES .• VAR.NONWIR:5K OHM.200/0.0.50W 73138 72PX-67 -O-502M 
A14R3408 321-0284-00 RES •• FXD.FILM:8.87K OHM.1%.0.125W 91637 MFF1816G88700F 

r A14R3409 
A14R3410 

315-0222-00 RES .• FXD.CMPSN:2.2K OHM.5%.0.25W 01121 CB2225 
315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 

A14R3411 315-0103-00 RES .• FXD.CMPSN:10K OHM.5%.0.25W 01121 CB1035 

r A14U3401 
A14U3402 
A14VR3401 

156-0130-02 MICROCIRCUIT,LI:MODULATORIDEMODULATOR,SCRN 04713 SC77162GH 
156-0130-02 MICROCIRCUIT,LI:MODULATORIDEMODULATOR,SCRN 04713 SC77162GH 
152-0227-00 SEMICOND DEVICE:ZENER,O.4W.6.2V.5% 04713 SZ13903 

r 
r , , 

r "'" r Cc' 
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Tektronix Serial/Model No. Mfr 
Component No. Part No. Eft Dscont Name & Description Gode Mfr Part Number 

CHASSiS PARTS 
F90 159-0021-00 FUSE,CARTRIDGE:3AG,2A,250V,FAST-BLOW 71400 AGC 2 
F9D (SUBPART OF STANDARD AND OPT A4 ONLY) 
F90 159-0098-00 B010100 601304 FUSE,CARTRIDGE:DIN,1.6A E01.6 T0946 
F90 (SUBPART OF OPTS.Al,A2,A3,A5) 
F90 159-0229-00 B013050 FUSE,CARTRIDGE:5 X20MM,1 ,6A,250V ,TIMEJDL Y 75915 213016EAK,1.6 

F90 (SUBPART OF OPTS.A 1.A2,A3,A5) 

190 1 08-0327-00 COll,RF:48NH 80009 108-0327-00 
LR1513 108-1132-00 COll,RF,FXD,TERMINATION COMPENSATION 
LR1514 108-1132-00 COIL,RF,FXD,TERMINATION COMPENSATION 
R134 311-2174-00 RES.,VAR,NONWW:5 OHM,20%,0.5W LINEAR 12697 CM43515 

R351 311-1428-00 RES .• VAR.NONWIR:20K OHM,lW 01121 10M959 
R352 311-1428-00 RES.,VAR.NONWIR:20K OHM,1W 01121 10M959 
R975 311-2174-00 RES.,VAR,NONWW:5 OHM.20%,0.5W LINEAR 12697 CM43515 
R976 311-2174-00 RES.,VAR,NONWW:5 OHM,20%,0.5W LINEAR 12697 CM43515 
R977 311-2174-00 RES.,VAR,NONWW:5 OHM,20%,0.5W LINEAR 12697 CM43515 
S90 260-1967-00 SWITCH .SlIDE: DPDT,5A/250V OOOFJ 4021.0512 

S90 (SUBPART OF 672-1037-01) 
S1020 260-0907-00 SW.THERMOSTATIC:OPEN 97.B,Cl 75.6,10A,240V 93410 430-349 
S3185 260-21 08-00 SWITCH,PUSH:SPST,O.l A, 125VAC 80009 260-21 08-00 
V900 154-0850-00 ELECTRON TUBE:CRT 80009 1 54--0850-00 
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Section 9-2445 Service 

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS 
Symbols 

Graphic symbols and class designation letters are 
based on ANSI Standard Y32.2-197S. 

Logic symbology is based on ANSI Y32.14-1973 in 
terms of positive logic. Logic symbols depict the logic 
function performed and may differ from the manufac­
turer's data. 

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

Abbreviations are based on ANSI Y1.1-1972. 

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

Y14.15, 1966 
Y14.2, 1973 
Y10.5,1968 

Drafting Practices. 
Line Conventions and Lettering. 
Letter Symbols for Quantities Used in 
Electrical Science and Electrical 
Engineering. 

American National Standard Institute 
1430 Broadway 

New York, New York 10018 

Component Values 
Electrical components shown on the diagrams are in 

the following units unless noted otherwise: 

Capacitors = Values one or greater are in picofarads (pF). 
Values less than one are in microfarads 
(pF) . 

Resistors = Ohms (0). 

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

Assembly Numbers and Grid Coordinates 

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

The schematic diagram and circuit board component 
location illustration have grids. A lookup table with the 
grid coordinates is provided for ease of locating the 
component. Only the components illustrated onthefacing 
diagram are listed in the lookup table. When more than 
one schematic diagram is used to illustrate the circuitry on 
a circuit board. the circuit board illustration may only 
appear oPPosite the first diagram on which it was il­
lustrated; the lookup table will list the diagram number of 
other diagrams that the Circuitry of the circuit board 
appears on. 

BCD 
Function Block Title 

Intemsl 
Screwdriver 
Adjus1mertt 

Cam Switch 
Closure Chart 
(Dot lndicfites 
5witch closure} 

Etchod Circuit Board 
Outlined in Black 

Refer to Waveform 

Function BloCk 
Outline 

Ie type 

Test Voltage 

Heat Sink 

Board Name 

PiO-Part of 
Circuit board 

Assembly NU,mber 

Tektronix Part No. 
for circuit boards 

-'-._-----'-,-----_.--'--._------- -_ .. _-----
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Modified Component-See 
Parts List (Depicted in grey, 
or with grey outline) 

Strap or Unk 

Plug to E.C. Board 

r ~oxJ ~ Identifies Panel 
on mis, Connectors and 

Indicators 

Coaxial connectors 
male 
female 

Plug Index; signifies pin No, 1 

Extarnal Screwdriver Adj. 

ShIelding 

Selected value, See Pans List 
and Maintenance Section for 
Selection Criteria 

Oecoupled or Filtered 
Voltage 

Refer to Diagram Number 

Schematic Name 
and Number 

COMPOSITION 
RESISTORS 

METAL·FILM 
RESISTORS 

C!::Xi) and 0 - 1st, 2nd, and 3rd significant figures 

@ -multiplier - @ -tolerance 

COLOR CODE 

SMALL DISC 
CAPACITORS 

CERAMIC 
CAPACITORS 

@ -temperature coefficient o -polarity and voltage rating 
@ andlor @ col~Jr code may not be present 

on some capacitors 

COLOR SIGNIFICANT RESISTORS CAPACITORS 

DIPPED 
TANTALUM 
ELECTROL YTiCS 

DIPPED 
FIGURES MULTIPLIER TOLERANCE MULTIPLIER TOLERANCE TANTALUM 

VOLTAGE 
over 10 pF under 10 pF RATING 

BLACK 0 1 --- I :':20% ±2 pF 4VDC 

BROWN 1 10 ±1% 10 +1% 10.1 pF 6VDC 

RED 2 102 or 100 ±2% 102 or 100 ±2% --- 10VDC 

ORANGE 3 103 or 1 K ±3% 103 or 1000 :1:3% --- 15VDC 

YELLOW 4 104 orl0K ±4% 104 or 10.000 +100% -9% .·_MO"_ 20VDC 

GREEN 5 105 0r100K ±%% lOs or 100,000 :±s% 10.5 pF 25VDC 

BLUE 6 106 or 1 M ±'4% 106 or 1,000,000 ---- --- 35VDC 

VIOLET 7 --- :1:1/10% --- - .. -.- --- 50VDC 

GRAY 8 --- --- 102 or 0.01 +80% -20% ±0.2SpF ----
WHITE 9 --- --- 101 0rO.1 J:10% +1 pF 3VDC 

GOLD - 10 .. 1 Or 0.1 ±5% --- --- ---
SILVER _. 10-2 or 0.01 ±10% --- --- --- ---
NONE - --- ±20% --- ±10% ±1 pF ---

(1861-20A) 2662-48 

Figure 9-1. Color code. lor ,eslstora and caplICllor •. 

TYPICAL DUAL 

C 
C 

CASE B 

METAL CASE 
'-------TRANSISTORS __ ..,..". __ --J 

B 

IN~ 

E 
FLAT PACK 

TRANSISTORS 

LARGE 

L- LED----1 
BARS 

C B E 

SINGLE 

f f \ 
C C B E 

B 

PLASTIC 
CASE 

TRANSISTORS 

DUAL 

Q 
~( 
)Il 

G + S 
D 

'-------- FETS------....J 

9 

8 

'-----------------INTEGRATED CIRCUITS----------------' 

INDEX 

3·TERMINAL 
REGULATORS POWER FETS 

G~ 
D 

S 

INDEX 

'------____ HYBRIDS _"--______ .....J 

LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL, BUT MAY VARY DUE TO VENDOR CHANGES OR 
INSTRUMENT MODIFICATIONS. 3831-18 

Figure 9-2. Semiconductor lead conllguratlons. 



2445 Service 
1. Locate the Circuit Board Illustration 2. Determine the Circuit Number To identify any component 

mounted on II c:ireu it board and 
to locate that component in the 
appropriate schematic diagram 

a. In the instrument identify the Assembly Number of the 
circuit board in question. The Assembly Number is usually 
printed on the upper left corner of the circuit board on the 
component side. 

a. Compare the(circuit board with its illustration and locate 
the desired c~mponent by area and shape on the illustra­
tion. 

b, In the manual locate and pullout tabbed page whose title 
corresponds with the Assembly Number of the circuit 
board. Circuit board assembly numbers and board 
nomenclature are printed on the back side of the tabs 
(facing the rear of the manual). 

b. Scan the table adjacent tothe Circuit Board III ustration and 
find the Circ~i! Number of the desired component. 

C. Determine the Schematic Diagram Number in which the 
component C located. 

PULL OUT PAGE 
TABS FOR CIRCUIT 

BOARD ILLUSTRATION 

5. Locate the Component on the Circuit Board 

-l--_J>.. 
I 

11 
1 

.! 
~ 

a. In the manual, locate and pull out the tabbed page whose 
title and Assembly Number correspond with the desired 
circuit board. This information is on the back side of the 
tabs. 

b. Usmg the Circuit Number and grid coordinates, locate the 
component on the Circuit Board Illustration, 

c. In the circuit board location illustration. determine the 
location of the circuit board in the instrument. 

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, 

ASSEMBLY NUMBER 
AND CIRCUIT 
BOARD NAME 

ILLL!STRATION FOR 
INSTRUMENT CIRCUIT 

BOARD LOCATION 

4. Determine the Circuit Board Illustration and Component 
location 

a, From the schematic diagram. determine the Assembly 
Number of the circuit board on Which the component is 
mounted, This information is boxed and located ina corner 
of the heavy line that distinguishes the board outline. 

b. Scan the Component Location Table lor the Assembly 
Number just determined andfindthe Circuit Number of the 
desired component, 

c. Under the BOARD LOCATION colurnn, read the grid 
coordinates for the desired component. 

Figure 9·3. Locating components on schematic diagr.ms and circuit board iIIustrations_ 

A6 CRT BOARD 

RG25 
R626 

R604 R627 
AGOS R630 

C6l5 R608 R632 
C616 080fl RflO9 
C617 0610 RG10 
(618 n6's R614 
(619 0645 R616 
C624 06b6 R623 
ce?6 0665 RG24 

COMPONEI'tTS LOCATED ON SCHEMATIC DIAGRAM 

C670 0670 R67! 
C571 0672 R679 
C673 067.3 R680 
C680 
C681 R671 U617 
R603 R673 US1S 
P607 A674 U619 
0669 A675 

CRT CIRCUIT 

r----. -- .'n" ,<-0 

---...:.. 
0606 4£ 

I 
20 

0610 7C 3D TP624 38 2D 
0615 70 3D 
0645 3E 

I 
38 U615 10 3C 

CHASSIS MOUNTED PARTS 

--r---'--' '_',-,--"' .--'._- -.--- -------r-CIRCUIT I. SCHEM BOARO CIRCUIT SCHEM BOARD 
NUMBER iLOCATION LOCATION NUMBER LOCATION LOCATION 

"-~--- -,--~~~~- cc:.,c '·':-:.' .. C~_':::: =::c:==::--c-~,-= 

L635 51 CHASSIS V635 6J CHASSIS 

3. Locate the Component on the Schematic Diagram 

CAT CII'ICUIT DiAGIIIAM ~ 

4 

8. Locate end 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 
(faCing the front of the manual), 

b. Scan the Component Location Table adjacent to the 
schematic diagram and find the Circuit Number of the 
desired component. 

c. Under the SCHEM LOCATION column, read the grid 
coordinates for the desired component. 

d, Using the Circuit Number and grid coordinates. locate the 
component on the schematic diagram, 

PULLOUT 
PAGE TABS 

FOR SCHEMATIC 
DIAGRAMS 

SCHEMATIC DIAGRAM 
NAME AND NUMBER 

351tr81 

I 

J 

] 

J 

J 

I 

J 
J 

)J 

J 



2445 Service 

FRONT-PANEL CO (CONTROL DATA) 
CONTROLS ANALOG iH AND IH 

0 AND REFERENCE VOLTAGES DIGITAL 
CONTROLS 

'Ro'M ~ FRONT-PANEL 1> RAM EAROM 
INDICATORS 0 0 1> 0 ~ 7 T T ) T 0 

IN~ 
--.;... CH 3 VERTICAL DELAY LINE CH :3 AND CHANNEL VERTICAL 

CH 4 SIiITCH f--{nns }-- AMPLIFIER 
PREAMP <9 

IN~ 0 CD. <9 CH 4 
~ READOUT 

AUXILLARY CH :3 GAIN f <0 ROX 
CONTROL CH 4 GAIN 

REGISTER 
_BilL 

CH 2 
ROR. fRO" 0 OUT 

I-----
CH 2 CH 2 r-t>- DISPLAY 

CH 2 IN ~ ATTENUATOR PREAMP 
CO- SEQUENCER HOIOOFF EXT l IN 

~ 0> 0> «> DLY ~ 
t ct 

SELECT MUX 

~ '-iooo ----MAG LATCH Z-AXIS DC 
RELAYS 

.... 
A GATE AMPLIFIER RESTORER ~ CRT 

uW -0> 
_w 

<9 0 ---- 0 IX-' B GATE 

Cf 
.... 1iI (.)gj ---t 

- I-
0::< ........ 

_en 

CH t CH 1 A AND B A - A GATE 

~ CH 1 IN ~ ATTENUATOR PREAMP TRIGGERS TRIG SIIEEP 

0> 0> «> «> -- HORIZONTAL - CD- AHPLIFIER 
LOll-VOLTAGE 

• 
r-' <9 HIGH-VOLTAGE 

ct 

~ 
POIIER liNE (60 Hz) r+< POIIER-SUPPLY 

SUPPLY TO ALL CO- B t---- 0 
00 CIRCUITS TRIG SIIEEP B GATE «> ~ , 

CH 1 X 
3821).58 

Figure 9-4. 2445 block dl_gram. 
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1 

2 

4 

5 

A 

f"1'''~1 

I I 
I 

. I 
~, 

"" ""1 
""'I 

I I 
I I 
L--:-" 

B , c , o , E , F 

Figure 9-5. AS-Control board. 

AS-CONTROL 

, G , 

(P512) 

Ai:\ Slatic Sensitive Devices 
\J(:::I See MamfenBnCfJ Section 

CQMPONENT NUMBER EXAMPLE 

(.,'omp:Jr!e~)t Number 

'~~R1234' 
An~",bly .. _I , • ~ __ "_ SCG~~::it. 
Numiler SiJD.1s_;embl~ NtI'IIber 

N..1IOCl1r (;f (I"Ni; 

Chas~:~ mOllf\t~d {:omptJni!nlS !\ave no A,"S~ll\biy Numbel 
Pfell~Jst'E: "rid 01 Repiact!3L1e fltclrlcal P~r\s List 

H , J , K , L 

3829-59A 

• LABELED ON SOME BOARDS AS "P" VICE "J". 

() COMPONENTS WITHIN PARENTHESES MAY 
NOT BE LOCATED PRECISELY AS SHOWN BUT 
ARE NEAR THEIR INDICATED POSITION. 

t INDICATES COMPONENTS THAT WERE 
MANUALLY ADDED TO THE BOARD AS A 
RESULT OF MODIFICATION. 

REV DEC 1983 

TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points whenever the 
instrument is running. 

T 
~ 2V 

e ~ 

~ 2V 

IilV 
_-.l 

4.SV-;=::::::::::=:::::::::::;::::::::::= 
f 

e 
0V-------

3829-50 

1 

1 

1 
1 
J 

I 
I 

J 
] 

J 

J 
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CIRCUIT 
NUMBER 

C2041 
C2188 
C2203 
C2217 
C2218 
C2221 
C2222 
C2223 
C2224 
C2240 
C2318 
C2326 
C2327 
C2328 
C2329 
C2330 
C2346 
C2354 
C2440 
C2441 
C2443 
C2475 
C2485 
C2486 
C2524 
C2527 
C2530 
C2536 
C2540 
C2542 
C2550 
C2565 
C2566 
C2572 
C2575 
C2586 
C2637 
C2638 
C2640 
C2642 
C2881 
C2734 
CR2004 
CR2021 
CR2122 
CR2651 
CR2723 
CR2731 
CR2733 
CR2742 
CR2744 
J251 
J251 
J500 
J500 
J500 
J501 
J502 
J503 
J651 
J651 
J651 
J652 
J652 
P501 

SCHEM CIRCUIT 
NUMBER NUMBER 

12 PS03 
12 PSll 
1 PSll 
12 PSll 
12 PS11 
12 PS12 
2 P512 

12 PS12 
2 P512 

12 P512 
2 02025 
2 02322 
2 R2012 

12 R2013 
2 R2014 
2 R2015 
12 R2016 
12 R2017 
12 R2018 
2 R2019 
2 R2020 

12 R2022 
12 R2023 
1 R2025 
2 R2028 
12 R2029 

2 R2040 
2 R2103 
2 R2113 

2 R2123 
1 R2127 

1 R2140 

1 R2141 
1 R2142 

12 R2143 

12 R2144 

12 R2145 

2 R2182 

2 R2185 
12 R2188 
1 R2187 
12 R2224 

2 R2227 

2 R2228 

2 R2229 

1 R2230 
2 R2241 

2 R2242 

2 R2243 

2 R2244 

2 R2245 
1 R2246 
12 R2252 

1 R2285 
1 R2288 
1 R2287 

2 R2288 

2 R2297 
1 R2298 

2 R2299 

2 R2303 

2 R2312 

2 R2313 

2 R2314 

2 R2315 
R2316 

2445 Service 

AS-CONTROL BOARD 

SCHEM CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT SCHEM 
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER 

1 R2317 2 R2614 2 U2362 1 
2 R2319 2 R2645 1 U2362 12 
2 R2320 2 R2646 1 U2378 1 
2 R2324 2 R2647 1 U2378 12 
12 R2325 2 R2646 1 U2408 2 
1 R2330 2 R2649 1 U2408 12 
2 R2340 2 R2650 1 U2418 2 
2 R2341 2 R2652 1 U2418 12 
2 R2342 2 R2662 1 U2427 2 
12 R2343 2 R2863 1 U2427 2 
2 R2344 2 R2703 2 U2427 2 
2 R2345 2 R2730 2 U2427 2 
2 R2444 2 R2731 2 U2427 12 
2 R2445 2 R2732 2 U2435 1 
2 R2446 2 R2734 2 U2435 2 
2 R2447 2 R2735 2 U2435 2 
2 R2448 2 R2741 2 U2435 2 
2 R2449 2 R2742 2 U2435 12 
2 R2450 2 R2745 2 U2456 2 
2 R2451 2 R2764 1 U2456 12 
2 R2452 2 TP503 2 U2468 1 
2 R2463 1 TP504 2 U2468 1 
2 R2504 2 TP505 1 U2468 12 
2 R2505 2 TP506 1 U2480 1 
2 R2506 2 TP507 1 U2480 12 
2 R2507 2 TP508 12 U2496 1 
2 R2508 2 TP509 1 U2496 12 
2 R2509 2 TP510 1 U2556 1 
2 R2510 2 TPS11 1 U2556 1 
2 R2511 2 U2008 2 U2556 1 
2 R2512 2 U2008 2 U2556 1 
2 R2513 2 U2034 2 U2556 1 
2 R2514 2 U2034 12 U2556 1 
2 R2515 2 U2092 1 U2556 12 
2 R2516 2 U2092 12 U2580 1 
2 R2517 2 U2108 2 U2580 12 
2 R2518 2 U2108 12 U2596 1 
1 R2519 2 U2118 1 U2596 12 
1 R2520 2 U2118 2 U2634 2 
1 R2521 2 U2118 2 U2634 2 
1 R2522 2 U2118 2 U2634 12 
2 R2525 2 U2118 2 U2656 1 
2 R2532 2 U2118 2 U2656 1 
2 R2534 2 U2118 2 U2656 1 
2 R2535 2 U2118 2 U2656 1 
2 R2539 2 U2134 2 U2656 12 
2 R2540 2 U2134 12 U2888 1 
2 R2541 2 U2162 1 U2668 12 
2 R2542 2 U2182 12 U2770 1 
2 R2543 2 U2178 1 U2770 12 
2 R2545 2 U2178 12 VR2003 2 
2 R2546 2 U2194 1 VR2526 2 
I R2547 2 U2194 1 W511 2 
1 R2549 1 U2208 1 W511 2 
1 R2551 1 U2208 2 W511 2 
1 R2553 1 U2214 2 W511 12 
1 R2564 1 U2214 12 W512 1 
1 R2571 1 U2234 2 W512 2 
1 R2573 1 U2234 12 WS12 2 
1 R2608 12 U2294 1 W512 2. 
2 R2609 2 U2294 1 W512 12 
2 R2610 2 U2308 2 W2143 12 
2 R2611 2 U2308 12 W2526 12 
2 R2612 2 U2335 2 Y2568 1 
2 R2613 2 U2335 12 
2 

REV DEC 1983 
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PROCESSOR AND DIGITAL CONTROL DIAGRAM 

ASSEMBLY A5 
- - i --T- --- , '---1"-- --" -'-'- :----------------,----

CIRCUIT I SCHEM I BOARD CIRCUIT: SCHEM i BOARD CIRCUIT I SCHEM i BOARD 
NUMBER I LOCATION, LOCATION NUMBERJJ:~~~IL?CA,!I()~d _ NU",BER ' L()C~TI0r_:I,lQ~TlO-1IJ 

=;;O~ T ~c "--11---"'2~ - A2299 I 9A I 3H U2194 I 76 t ;;== 
C2486 I ae 2H R2463 I 4C 4J U2194 I ge I 2H 
C2550 I' 6C ,3G A2549 I 4C I 4J U2208 I 7C I 2E 

CC22556666 I' "I 44CB I, 44HH R255l I 5N I 3E U2294 'I 78 I 3H R2553 I 4B ! 4H U2294 90 I 3H 

C2572 38 'I 4H R2564 'I 4C i 4H U2362 I 8H I 3J 
elS6! SA 4F Rl571 , 36 I 4J U2378 I SF I 2J 

I A2B73 I' 36 1 4J U2435C I S8 ' 3E 
CAlB51 i 66 4F R2645 50 4F U246SA I 40 4J 

, , R2846 I 56 i 4F U24B8B' 2E 4J 
J251 'I 5A I 2D R2647 Ii 58 : 4F U2480 I fiG 4K 
J500 1 P 2E R2648 58 I' 3F U2496 , 8K 3K 

J500 ! 4A 2E R2649 1'1 Be 3f U2556A I 48 3J 
JEOO I BP 2E RlB50 8C I 4F U26568 4C 3J 
J503 '6B 3G R2652 5A II 3F U2556C 4F 3J 

I RlG62 SF 4F U2556D' 38 3J 

P503 II 68 3G R2663 I 40 I 4J U2556E I 3H 3J 
PS12 I 4P 4H R2764 30 I' 4K U2556F i 3f 3J i U2580 i 4K 4J 
R2162 6H lK waDS I 4E I 1G U2596 I 5M ,1

3K 

R2les: I 48 IF TPSD6 Ii 5G I 4K U2656A I Be 4G 
RZl B6 5D IF TPS07 5H I 4K U2656B I 5N I 4G 

R22es I 8A 3G TP511; 5H 4K U2668 i 314 4G 
:~~:~ ,~: ~~ ~~~~ ~~I II':~ ~;:~:; I ~~ II :~ 
Rlles I' 9A 3H I U2770 ,4H 3J 

j~ i g ,E __ ~!m' I §_1 ~. __ ;:1.;1: . 
Partial A5 also shown on diagrams 2 and i 2. 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic, 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

ATTN ClK ... attenuator clock 
AD - A 15 ... address bits 0 - 15 
AOOOH ... address block AOOD hex 
SA ... bus available 
BOO - S07 ... buffered data bits 0 - 7 
COOOH ... address block COOO hex 
OAC MUXO INH ... OAC multiplexer 0 inhibit 
DAC MUX1 INH ___ OAC multiplexer 1 inhibit 
DO - 07 ... data bits 0 - 7 
E ... enable 
E ... enable 
EXTAl ... external crystal 
EOOOH ... address block EOOO hex 
GND C ... virtual ground "C" 
IRQ ... interrupt request 
LED elK _ , . LED clock 

MR ... memory ready 
NMI . _ . non-maskable interrupt 
PORT3 INH ... port 3 inhibit 
RE, .. RAM enable 
ROSFRAME ... readout subframe 
ROS1 (900H) ... readout strobe 1 (address 0900 hex) 
ROS2 (940H) ... readout strobe 2 (address 0940 hex) 

RAV ... read/write 
R/W DL Y'D __ . read/write delayed 
TR IG STAT STRB ... trigger status strobe 
VMA __ . valid memory address 
XTAl ... crystal 
OOOOH , .. address block 0000 hex 
80eOH ... address block 8000 hex 
9Cl H - 9CFH ... addresses 09C1 hex - 09CF hex 

1 

4 

5 

7 

ei 
! 

9i 
i 

~! 

, 

i 

tOi , 

A 

2445 

B o E F G H J 

III II 
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FOR INTEGRATED CIRCUIT SUPPl..Y 
CONNECTIONS AND POWER 
SUPPL'f OECOOPIJNG NETWORKS 

$IE PQftlill DISTRIBUTION 8. 43> 
!'MKI'tAl. o\lill LfmA .... T IIKWAI. UloII!$ TO 
O!'l fflOU OTIi!!A DlAGKAMS INPICAU$ TI-!fj 
QMIO COORUlI'l,,,Tn Ofl ~THrR ~1Mm: 
l~eXAMf't.&'Ej 
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I 
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I 
i 

COMPONENT NUMBER EXAMPLE <S 
Lt!mr.ammr Nummu 

'm~R1234' 
; I $dlemB~i 

AND DIGITAL CONTROL 
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2445 Service 

TEST WAVEFORM SETUP INFORMATION 

The waveform below was obtained at the test point indicated on the accompanying schematic diagram. The waveform is 
representative of the signal that may be expected at the test point whenever the instrument is running. 

Also shown below is an illustration depicting timing of the D to A Converter and the output ranges that may be expected 
as the DAC sets up the various analog reference voltages. Test point locations and setup information are called out on the 
illustration. 

+4.SY-

o f--- :5. 3Ine -

9Y-~------~~------"--------" 

,; ..J 
I.i. I.i. ,.. 

~ 
... 

~ I.IJ ..J ..J It: ...J It: ...J >-
It: < < < ~ 51- "-

~ ~ > IX! ,.. 
til ~ i5 i5 N 

1= IX .... N NI.i. 
I- .... :d!! :r :r :r 0 u u u u 

OAe HUXIII INti 
!U2235-S) 

OAC MUXl INti Lf1.J1.n..JU1J (U171iHil 

~~= --1 ~ ; ~ 4«+q 
*RANCe: OF I -UY I -La ~'~-I."r·~-l.IVI -1.'" 
OAC OUTPUT TO TO TO TO TO TO TO 

(SHOWN ABOVE) '1.1'1 H._ I. ".<IV I. ".4¥ H._ 
1+1.1'1 H." 1-1." 

IN IN III 
IlETENTI IlETENTI IlETENTI 

*NOTE. AS ANY GIVEN CONTROL I S EXERt I SED > THE CORRESPOND I NC 
PORTION OF THE OAC OUTPUT IIAVEFORIi SHOUlD VARY IIITHIN THE 
LIMITS INDICATED. 
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ANALOG CONTROL DIAGRAM 

ASSEMBLY AS 
.. - --_._-- --

CIRCUIT SCHEM BOAAD CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION NUMBrR LOCATION LOCATION 

C2222 8H 2C RZ016 2l 3G 
C2224 BH lC R201? 2K 3F 
<:2318 4J 2D RZOtS 3K 3F 
C2326 5P 3D RZ019 2L 3G 
C2327 8M 4E R2020 3K 4G 
(2329 BL 4E RlOn 2K 4G 
C2330 6K 40 R2023 2i11 38 
C2441 6L 3D 1'12025' 2N 3G 
C2443 7N 40 A2028 3t. 3, 
C2524 5N ac R2029 2N ;lG 
C2530 6L 4C R2040 10C 28 
C2536 aN 4F R2103 4K lE 
C2540 9l 4E R2113 2P 2E 
C2542 9l 4E R2123 I 2!11 4f 
C2638 9[, 3E R2l27 I BH 2C 
C2640 9K 4D A2140 BG 2B 

Rl1'" 80 2A 
CA2004 lK 4G R2142 80 18 
CAZO?1 3K 4G R2143 8G lA 
CR2122 2P 3G R2144 8E 2A 
CR2723 5P 3A R2145 BE 2A 
CR2731 9M 4E R2224 6G 4C 
CR2733 SN 4< R2227 BH 2C 
CR2l42 9M 4E R222S 7H 2C 
CR2744 9L 4E R2229 7H 2C 

R2230 7G 2C 
J501 7H 38 R2241 BE 25 
.)502 2M 2G R2242 8E IA 
J651 28 SA R2243 SF lA 
J651 5P 3A R2244 8F 16 
J651 86 SA R2245 SF lC 
JoBZ 3P 2A R2246 BG 2A 
JaG2 58 2A R2303 4G 2F 

R2312 2F 3D 
P501 7G 36 R2313 4F 3D 
P5ll 4A 4C R2314 2J 3C 
P5,l , 6S 4C R2315 2J 3C 
P51l 9A 4C R2316 2J 3C 
P'512: lOS 4H A2317 4J 3D 
PS'2 IA 4H R2319 4.1 2D 
PSl2 4S 4H Rl320 5J 20 

R2324 GK 3C 
02025 ZN 3G R2325 5J 3C 
02322 5P 3D R2330 6L 4C 

R2340 10N 2E 
RlO12 2L SF R2341 lOP 3E 
A20'3 2K 3F R2342 10N 3D 
R2014 31< SF R2343 lOP 3E 
Rl015 2l 3F 82344 lON 3E 

R2345 iOP SE 
--. 

Partial A5 also shown on diagrams f and t 2 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

A TIM REF ... A timing reference 
ATTN STR B ... attenuator strobe 
BOO - B07 ... buffered data bits 0 - 7 
B TIM REF ... B timing reference 
CH1 OVL ... channel 1 overload 
CH2 OVl ... channel 2 overload 
CH1 PRS ... channell probe 
CH2 PRS ... channel 2 probe 
CH3 PRB ... channel 3 probe 
CH4 PRS ... channel 4 probe 

CIRCUIT SCHEM BOARD CIRCUlI SCHEM BOARD 
NUMBER lOCATION LOCATION NUMBER LOCATION lOCATION 

_. 
R2444 5F 48 R27JZ Sill 4fi 
R2445 5G 2A R2734 9i11 4F 
R2446 SF 2A R2735 9M 4E 
R2447 6F 4C R2741 8M 4F 
R2448 BG 38 R2742 10M 4f 
R2449 6G SA R2745 10l 4F 
R2450 6H 38 
A2451 6H 38 TPS03 5P 38 
R2452 6H 38 TP504 6P 4e 
RlS04 3E 4A 
R2505 2D 4B U200a 2N 3G 
R2506 3D 4A U200B 3N 3G 
R250? 3E 4A U2034 90 28 
R2S0a 3E '8 Ulloa 2P 2G 
R2509 3D 48 U2118B 2K 3E 
A2510 3E 48 U2l1ec 3K 3E 
R2511 3D 4A U2,,80 2K 3£ 
R2512 SE 4C U2118E 2K 3[ 
R25!3 4D 4C U2118F 3K 3E 
R2514 40 4C U21l8G 2N 3E 
Al51S 5D 48 U2na 1 L 3E 
Al516 SE 4C U2134 80 18 
Rl51? 5E 48 U220a 2D 2E 
ALBIa 5E 4B U2214 5K 2D 
A2519 50 4B U2234 7J 2B 
R2520 5D 48 U2309 3H 2F 
A25l1 50 4B U2335 BK 3D 
RZ522 fiN 3C U2406 4F 3A 
R2525 oN 40 U2418 SF 38 
R2532 7N 4< l!2427A 6M 3C 
R2534 7N 4£ U2427B GL 3C 
R2535 BN 4E U2427C 7N 3C 
R2539 BN 4£ U24270 fiN 3C 
R2540 7L 4D U2435A 9r,,1 3E 
R254' 71. 4D 1)24358 9l Sf 
R2542 9L 4E U24350 8N 3E 
R2543 9L 4E U2456 5J 3B 
R2545 5G 2A U2534A 7M 40 
R2546 5H 2A U26348 BL 4D 
R254i 5H 28 
R2609 3D 4B VR2003 lK 4F 
R2610 3D 48 VR2526 fiN 4A 
R2611 30 4B 
R26l1 3E 48 W51l lOB 4C 
R2e!3 5D 48 W511 58 

r R2S'4 5£ 4R W511 9P 4C 
RV03 5P 4B W512 lOP 4H 
R2730 8M 4D W5t2 18 4>; 
R273l 8L 

I 
4D W5l2 5P 4H 

L __ ._ 

CONT DATA ... control data 

• See Parts LIst for 
serial number ranges. 

DAC MUXO INH ... DAC multiplexer 0 inhibit 
DAC MUXl AO ... OAC multiplexer 1, address bit 0 
DAC MUXl A 1 ... DAC multiplexer 1, address bit 1 
DAG MUXl A2 ... DAC multiplexer 1, address bit 2 
DAC MUXl IN ... DAC multiplexer input 
GND C .. , virtual ground "C" 
OEA35 .. option EAROM +35 volt 
OEAClK. , . option EAROM clock 
OEAIIO ... option EAROM input/output 
OEACl . , . option EAROM mode code, bit 1 
OEAC2 ... option EAROM mode code, bit 2 
OEAC3 ... option EAROM mode code, bit 3 
PORT 3 INH (9C3H) ... port 3 inhibit 
RO DO ... readout data out 
RO ON ... readout on 
SI ... scope identification 
TSO ... trigger status output 
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Figure 9-11. A6-Front Panel and A7-Fronl Pane' Variable bolll'ds. 

• LABELED ON SOME BOARDS AS "P" VICE "J". 

() COMPONENTS WITHIN PARENTHESES MAY 
NOT BE LOCATED PRECISELY AS SHOWN BUT 
ARE NEAR THEIR INDICATED POSITION. 

ALL COMPONENTS MOUNTED ON A7-FRONT 

J E , 

~ Static Sen$itive Devices 
\Z)I See Maintenance Secttan 

COMPONENT NUMBER EXAMPLE 

ComPOT1e~t Number 

f~¥Rl~34 . 
Assembly ..... J • L- $6~::rc 
Number _ SjJ~sser:blY Nt.iml:ler 

NIJmOO' (If used} 

Cl'lllS~IS-l1Wunted compol'lents ha"'l! II(! ~\!mblv Number 
or~jix ~~~et eno Of Rt'iolacea~e £ll!clnc~l Poi'is lis! 

PANEL VARIABLE CIRCUIT BOARD ARE SHOWN ON SCHEMATIC 

DIAGRAM <!> 

F , 

CIRCUIT SCHEM 
NUMBER NUMBER 

'-'-- . 

CRSOOO 3 
CR3001 I 3 

I 
CR3002 3 
CR3003 3 
CA301~ 3 
CR3011 3 
CR3012 3 
CA3013 3 
CR3020 3 

I CR3021 3 
CR3022 

I 
3 

CR3023 3 
CR3025 

I 
3 

CR3030 3 
CASOSI 

I 

3 
CR3032 3 
CR3033 3 
CR3035 3 
CA305Q 3 
CR3075 3 
CR310S 

I 
3 

CR3110 3 
CR3115 3 
CR3120 I 3 
CRSH; 

I 
3 

CA3176 3 
CR3177 3 
CRS17S I 3 
CR3179 I 3 
CA3lllO I 3 
CR31S1 I 3 
CR3l!l2 , 3 
CR31 113 

I 
3 

CR3l84 3 
CR31BS 3 

AS-FRONT PANEL BOARD 

CIRCUIT I SCHEM CIRCUIT I SCHEM 
NUMBER ,NUMBER NUMBER I NUMBER .... -.~=.:-= :-:-::""=:::1'::::,,=:,,::. 

CR3200 , 3 053392! 3 
CR3210 i 3 053393 

I 
3 

CR3220 
I 

3 J601 3 
Cfl3260 I 3 Je71 3 
CA3260 

, 3 P651 I J I 
CR3270 I 3 _1 I 12 
OS3300 ! 3 P652 I 

3 
053301 I 3 P652 I 3 
053302 I 3 pe52 12 ! 
053303 3 R3021 i 3 
053304 3 R3031 3 
0$3310 3 R3050 j 3 
0$3311 3 R3075 3 
053312 

I 
3 R3100 3 

053313 3 R312S 3 
053314 ! 3 R3150 3 
083325 

, 
3 A3190 3 I 

083326 I 3 R3200 3 
053327 

I 
3 R3210 3 ! 

OS3329 
I 3 A3300 3 I 

053330 I 3 R3310 3 
053331 I 3 R3325 3 
OS3350 I 3 R332S 3 
053351 I 3 R3327 3 
OS3352 

I 
3 R3350 3 

0$3353 3 R3350 3 
083354 

I 
3 R3350 3 

083375 3 A3350 3 
083376 

I 

3 R3350 3 
083377 3 R3350 3 
OS337B 3 R3350 3 
053379 3 83000 3 
OS3380 

I 

I 
3 83000 3 

083390 3 53000 3 
053391 3 53000 3 

F 

1 
CIRCUIT ! SCHEM 
NUMBER t NUMBER 

.:::===:"':; ====== 
S301Q I 3 

S3010 I 3 
53010 3 
53010 3 
S3020 . 3 
S3025 

I 

3 
33030 3 
53035 3 
S3060 3 

2 

53060 I 3 
53105 

I 3 
83110 

I 
3 

53110 3 
53110 ! 3 
83175 3 
83175 3 
83200 3 
S3210 3 
63220 3 

I 83250 3 
83260 I 3 
53270 3 
U3300 I 3 
U3300 ! 12 
U3325 

I 
3 

U3325 12 
U3350 

I 
3 

U3350 12 
U3315 

I 
3 

4 
U3375 I 12 
W651 I 3 
W651 I 12 
W652 3 
W652 

I 
3 

W652 12 

, 
• !III 1\3211. • 

(II :Tvrttl: 
• •• 

Figure 9-1. Circuli view of AS-Front Pane!. 

~ Static Sen$itive Devices 
\:J::I Set Mamten~nce SectJon 

COMPONENT NUMBER EXAMPLE 

Component Number 

'~~,R1234' 
ASS'I!I1I/J};, ... J ~ 1.-. St:~~~;if: 
NlJmbfj! SiJl1iss"mMj Nmtl/.l¥r 

Nu/'fW(f( (If IJStd) 

3829-61 

Gt\a~S:5·ftI\lM\f'd comp(ll)l!.nts f\fwe (;{I A,s.embly Number 
piclll\-Sl!e end \If Replace~ble Eh;t;trl(.il Pans ll'.t 

'J 

1 

1 

J 

I 

J 

] 

J 
] 



fRONT PANEL CONTROLS DIAGRAM 

ASSEMBLY A6 

~-~~;~~~ -~~~~~g~-' ~~!~i~I,-~i~;~~~~;£;= )~~~~~)~~~~!-:~;~;=g=N=F=N~~~,~"=~=,~~ I L~~~;~~ii~g:" 
CR03000 2J : 1A CR3200 I 3J i 10 D53391 I lOP I lE 530009 i 3K I 28 
CR3001 2K 'I 1 B CR3210 'I' 4N ,2E OS3392 ~, 8L i, 2E 53000C I 3M II 28 
CR3002 2M 1 C CR3220 5L ! 2D 053393 7F 2E S3000D, 3N 2B 
CRlOOl 2N! 2C CA32S0 I 5K ,I 4E ,I 53010A 3L 2A 
CR3010 2L ! 2C CR3260, 6J '4£ J601 I 5D ,3C 530100 I 3D I 29 
CR3011 3D! 2A CR3l70! 28 I 4D J671 '" 7P I 4F 53010C I! 3K i 28 
eR3012 3K I 2C I ,530100 3L I 2B 

CCRR~20'3 3asL I' 32~ D53300 i 68 I 4A P6S1 i 3S I 3F 53020 3D, 3A 

g~~i~ ~: ~: mE~ i ~g !:: ~~; I ~: I ~ t~E I! ~~ I E 
CR3023 ac 053304 i 10 I 4A R3021 I JP ! 1 A 53050A 28 ',II' 40 
CR3025 2C 4A 053310 I' 70 ,4B R30S! ,I 4P Ii, 18 530508 2A 4E 
CR3030 58 38 D53311 1E ,I, 4B R30SO, 41' 40 53106 4J 10 
CR3031 58 28 OS3312 I 7E ,48 R3075 i 51' 4E 53110A 4M 2C 
CR3032 b8 SS 053313 ,I 7E 48 R3100, 51' '1e 531100 4L ' 2C 
CA3033 5e 26 OS3314 7F '46 Rlll5! 51' I ac 53110C 4K II 20 
CR3035 2C 4C 053325, SH i 20 Rl150 i 6f> I 20 531751>. 3H 3C 
CR3050 2C 40 053326 '18M i 20 Rll90 I· 31' i 4C 531756 5H I,' ac 
CR3075 28 40 053327, 8G ,20 R3200 61' I' 10 53200 3J I lD 

CR3l05 4J 10 053329, 7G ! 20 R3210 1,1,,1 61' 1E S3210 4N i 2E 
CR3llO 4M 1 C D53330 I 8J 3D R3300 60 I 4A 53220 6L' 20 
CRlllS 4L 2C OS3331 I BJ I 3D Rl3l0 7F I 3S 53250 5~: 3D 
CRl120 4K 20 053350, 8J 2E R332S aL I 2F S3260 SJ ,i 3E 
CA3l75 2F 3D 053351 I 8K I 2E R3326 9N 3E S3270 1A 3E 
CR3176 2~ 2C OS3352 I SK '2£ R3327 SF 3E I 
CR3177 2F 2C OS3363 I SL II 2E A33SOA I 9N I 2E U3300 as I 48 
CA317B 2G 33CC OS3354 8l JE A3350a I 9M I 2E US32S 9E ',: at 
CRll?9 2G OS3375 i 8M 2E R3350C 8M 2< U33SO 9H 2F 
CR31BO 5F ac OS3316 118M i 2E R33500 7J I 2E U3a?6 lOL I 3D 
CA31S1 SF 40 053317 SN [I 2E RS350E I lOP I 2E "~'1 .s I,' 3F 
CRJl B2 6F 48 D53376 I 9N ,ZE R3350F II 7G ,I 2E ,.00 0 

CR3l83 6G 44GB OS3379 ,I 9N I 3E R3350G 7M 2E W6Sl lOA I 2A 

~_~ __ :_~_:_: ____ :_ L :~" "_~~ __ L-~~~:~ I ;~ I ____ ~~" ____ ~~A I aJ i 2A __ L,,=52 , __ L ___ 3S __ L __ : __ .. 
Penial AS also ~'hown on diagl'8m 12. 

CHASSIS MOUNTED PARTS 

CIRCU'T 
NUMBER 

R3475 

I 
--,-"- "---,--'---1'--

SCHEM BOARD CIRCUIT 'I SCHEM : BOARD 
LOCATION LOCATION NUMBER, LOCATION i LOCATION 

_ _' c' p=-~c"='-F' - 'c_ 

8M I Be I! 
, I I' i 

CIRCUIT I SCHEM 80A~~--- '--'C-I-A-CU-I-r-!r, -S-~HEM-r~~~;~--- --;;~CUIT l SCHEM i 80~;~--' CIRCUIT 1 sc~~;';T BOARD 

I=,=N=U=~=B=E=R* IL=O=C=_A=T=IO=N=Fl=.O=C=A=T='O=N=t-~_=N~,~BER.f,:OCJ>.TION I LO_~TIO~~It-=~MBEI':ct'L~~~I~!4;:~;;o;;c",AT",I;;O;;N=l=;;NU;M;;;;8;;;ER~",L;;O,;;;C~.~I~,fjtLOCATI~~ 
peOl II 5D I CHASSIS 53185 I 5D I' CHASSIS W671 eN I CHASSIS ,I 

P67l 1N I, CHASSIS I ' 
i ' iii i 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic_ 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

CH1 VAR ... channel 1 variable 
CH2 VAR ___ channel 2 variable 
DAC MUX1 IN ... DAC multiplexer 1 input 
HOR IZ VAR .. _ horizontal variable 

! A , 
-l"----·~---·--·---·· 

1 

, 
I , , 

...i 
I 

5 

., 
i 

I 

61 

8 

2445 

H J ,J T 

FRONT PNJEL CONTROLS 



B c D E F G H J K 

1 

2 

: I 
eH 2 

I A12 

4 
i 

5 

6 

7 

8 

9 

L M N p 

~Qo .::~:~~-~,~ 

-A1 

AS 

ALL COMPONENTS MOUNTED ON AS-SCALE ILLUMINATION 
CIRCUIT BOARD ARE SHOWN ON SCHEMATIC 

DIAQRAM<9 

A11 (eM1) ATTrNUATOI'I 
A12 (CH2) ATTENUATOI'I 

() COMPONENTS WITHIN PARENTHESES MAY 
NOT BE LOCATED PRECISELY AS SHOWN BUT 
ARE NEAR THEIR INDICATED POSITION. 

t INDICATES COMPONENTS THAT WERE 
MANUALLY ADDED TO THE BOARD AS A 
RESULT OF MODIFICATION. 

• LABELED ON SOME BOARDS AS "P" VICE "J". 
# COMPONENT ON BACK OF BOARD. 

§ USeD FOR FUTURE TV OPTION. 

IV:\. Stalic Sensitive Devices 
\Z:)I Ste Mamtenance SecrMf 

COMPONENT NUMBER EMMPlE 

Comoonent Number . 

Ctl~Sti,' fl",{lt;;,!\f'd C\lmpM'~I~!S hJYi' nD 4~sem\ll', Nw;n~r 
prf'I"-~~iOr I:~{! 01 Rep!~('ea1Jle E!(I':~rH:.:al P~r1~ till 

TABLE (CO NT) 
3829.62A Figure 9-11. A1-Maln and AS-Scale illumination boards. 

REV OCT 1983 

CIRCUIT SCHEM CIRCUIT 
NUMBER NUMBER NUMBf.A 

Cl00 4 C723 
Cl02 11 C731 
Cl03 4 C733 
Cl04 4 C735 
CIOS 4 e738 
Cl06 11 C740 
C107 11 C742 
elOS 11 C603 
e113 11 C605 
C114 11 C806 
e115 4 C608 
e116 4 C609 
el17 4 C810 
ellS 4 C811 
e119 11 C817 
C120 11 CB19 
C121 11 C822 
C122 4 C8S0 
C125 11 C851 
Cl30 4 C852 
C17S 4 C853 .. 
e176 4 C854 
e177 4 C907 
e179 4 C908 
C180 5 C912 
C181 5 C93l 
C1B4 4 ce3S 
C185 4 C940 
C200 4 C943 
C2C2 4 C956 
O(l3 4 (;957 
C205 4 C958 
C206 4 C966 
C207 11 C972 
e21? 4 ca73 
C218 11 e975 
e219 11 C98S 
e220 11 C900 
C221 11 C996 
C222 4 CR100 
e22S 11 CR101 
C301 4 CR10? 
C302 4 CRl30 
ClOe 6 CRll1 
C307 11 CR140 
C310 " CR141 
C3ll 4 CR142 
e325 11 CR143 
e32S 4 CAl44 
C332 4 CR145 
C336 11 CRI4e 
C402 6 CR147 
C404 6 eR14e 
C412 6 CR149 
C415 11 CR1S0 
C4S0 4 CR1S1 
C454 4 CR1S2 
C4S8 11 CR153 
C460 4 CR1M 
C484 4 eR"5 
C478 6 CR160 
C480 11 CA181 
C487 6 CR162. 
C4aa 6 CR163 
C512 5 CR20a 
C613 5 CA201 
C520 5 CR3S5 
C521 11 CR3SS 
C52e 6 CR358 
C536 5 CR359 
CS3? 5 CR460 
C544 5 CR461 
CS17 6 CR476 
C625 6 CR484 
C645 5 CR48S 
CS50 5 CR495 
C6S3 5 CRSOO 
C660 5 CRSOl 
C669 5 CR61S 
e67S 11 CRS1S 
C707 5 CR620 
C70a 5 CRG21 
C709 5 CRGS2 
e710 11 CR653 
C712 5 CR707 
C722 11 CR741 

CR74a 

A1-MAIN BOARD 

SCHEM CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT SCHEM 
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER 

11 CR747 5 Pl00 4 R232 4 
11 CRSO? 11 Ploo 4 RlOl 4 
11 CRSll 11 Pl01 5 R302 4 
6 CAS50 b Pl01 5 R304 4 
11 CR9S1 5 Pl02 5 R311 4 

" 
CR9SS 6 Pl02 5 R329 4 

5 CR9SS 6 Pl03 4 R332 4 
6 CR972 6 Pl06 6 R334 5 
6 CRSS7 11 Pl07 5 R353 5 
6 DUOO 6 Pl0S 5 A355 5 
6 J9 5 P121 11 R3S] 5 
6 Jl0 4 P121 11 A3SS 5 

11 J11 4 Pl22 5 R359 5 

" J100 4 P122 11 R3S0 5 
6 J100 4 P141 6 R361 5 
11 Jl00 4 P141 6 R362 5 
6 J101 5 0130 4 RlB] 5 
11 J101 5 0131 4 R401 6 
5 J102 I> 0154 I> R402 6 
6 Jl02 5 0155 5 R403 6 
5 Jl02 I> 0190 4 R412 6 
5 Jl03 4 0460 4 R4l6 6 
5 Jl04 5 0460 4 R430 4 
5 Jl04 5 0550 5 R440 4 
5 J105 4 0600 6 R4S0 4 

11 Jl10 4 0623 6 R4S! 4 
11 JIll 4 0624 8 R452 4 
11 J112 8 0645 I> R453 4 
11 J113 S 0700 11 R4S4 4 
6 J114 a 0709 5 R4S5 4 I 
6 J115 8 0741 5 R4S6 4 
11 J116 5 Al00 4 R4S7 4 
11 JI17 4 Rl0! 4 R4S8 4 
6 .J118 5 Rl02 4 R459 4 

11 J119 11 Rl14 4 R460 4 
8 J181 4 R115 4 R461 4 

] 
11 J191 6 Rl17 4 R462 4 
11 J191 11 Rl1a 4 R463 4 
6 J191 11 R119 4 R464 4 
4 J411 5 R120 11 R465 4 
4 J411 5 R121 4 R470 6 
11 J411 6 RI23 4 R471 6 
4 J411 6 R125 11 R476 6 
4 J411 11 R129 4 R477 6 
4 J611 4 Rll0 4 R478 6 
4 J511 4 R131 4 R479 6 

] 
4 J511 5 R13l 4 R480 6 
4 J511 6 R13S 4 A4S1 6 

" J511 11 R136 4 A482 6 
4 J511 11 R140 4 R483 6 
4 J512 4 RI.l 4 A4S4 6 
4 J512 5 R142 4 R4SS 6 
4 J512 5 R143 4 R488 6 
4 J512 6 RI44 4 R4S7 6 
4 .1512 6 R149 4 R4SS 6 
4 J512 !1 R152 5 R4S9 6 
4 U01 11 Ri53 5 R4S0 6 
4 L107 11 R1S4 5 R4S1 6 
4 L113 11 RISS 5 R492 6 
4 1Ilo 4 RISS 5 R493 6 
4 l219 11 RISS 4 R49' S 
4 L307 11 R1Bl 4 R49S 6 J 
4 L325 11 R1S2 4 R497 6 
4 l336 11 R163 4 R498 6 
4 L521 .. 11 R165 5 R500 6 
4 Leos 6 R190 4 RGOl 6 
5 Leoe 6 R191 4 R502 4 
5 LB07 6 Rl92 4 R5i1 5 
5 ,508 6 R193 4 R512. 5 
5 ,609 6 R194 4 R513 5 
4 L610 6 R1So 4 R5la 5 
4 Lell II R19S 4 RS19 5 
6 L612 6 R19? 4 R520 5 
6 L819 6 RISS 4 R521 5 
6 L644 6 R199 4 RS27 5 
8 l733 11 A20a 4 R529 5 
6 L738 11 R201 4 R53? 5 
6 L740 11 R202 4 R542 5 
6 L743 11 A216 4 R543 5 
6 L938 11 R217 4 R544 5 
6 L973 11 R21a 4 R545 5 
6 tRl01 11 AZ1S 4 RS50 5 
6 LR107 11 R220 11 R5fi1 5 
5 LR180 4 R223 4 R552 5 
5 LR201 11 R225 11 R553 5 
5 LRl18 11 R230 4 R554 5 
5 LRZSO 4 R231 4 R555 5 J 



A1-MAIN BOARD (CONT) 

CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT 
NUMBER NUMBER NUMBER NUMBER NUMBER 

R556 5 R907 Ii U700 
R557 5 R910 Ii U700 
R55B 5 R912 Ii U735 
R560 5 R924 Ii U735 
R600 6 R936 S U735 
R601 6 R937 S U735 
R602 6 R940 S U735 
R605 6 R941 5 U600 
R606 6 R943 S U800 
R607 6 R944 S U850 
R608 6 R945 S U850 
R614 6 R950 S U850 
R615 6 R951 11 U850 
R617 6 R952 Ii U860 
R618 6 R956 6 U860 
R619 6 R957 6 U860 
R620 6 R972 6 U860 
R622 6 R973 6 U900 
R624 6 R981 Ii U900 
R638 6 R995 6 U910 
R639 6 5615 6 U910 
R642 6 Ul00 4 U910 
R643 5 Ul00 11 U950 
R644 5 Ull0 4 U950 
R645 5 Ul10 11 U975 

r R646 5 UI20 4 U975 
R650 6 Ul20 11 U975 
R651 5 UI30 4 U975 
R652 5 Ul30 4 U975 
R653 5 UI30 4 U980 
R654 5 UI30 4 U980 
R655 5 UI30 4 U980 
R659 6 UI30 4 U980 
R669 5 UI30 4 U980 
R670 5 UI30 11 VR125 
R671 5 UI40 4 VR225 
R672 5 UI40 11 VR550 
R678 5 UI50 4 Wl01 
R700 11 UI50 11 Wl02 
R701 11 UI60 4 Wl03 
R702 11 UI60 4 Wl04 

r R707 5 UI60 4 Wl05 
R708 5 UI60 4 Wl06 
R709 5 UI60 11 Wl07 
R710 5 U165 4 Wl0B 
R713 5 U165 S Wl09 
R723 5 U165 S W121 

r R724 5 U165 5 W121 
R731 6 U165 11 W122 
R732 6 U170 4 W122 
R733 6 U170 11 W141 
R734 6 U200 4 W141 

r R735 6 U200 11 W171 
R736 5 U300 4 WI72 
R737 5 U300 11 W194 
R738 5 U350 Ii wa66 
R741 5 U350 5 W677 
R742 5 U350 11 W916 

r R743 5 U400 6 W917 
R744 5 U400 11 W918 
R745 5 U450 4 W919 
R746 5 U450 4 
R750 5 U450 11 

r R800 6 U475 II 
R801 6 U475 6 
R802 6 U475 6 
R803 6 U475 6 
R8o. 6 U475 6 
R805 6 U465 6 
R806 6 U485 6 
R809 6 U485 6 
R811 11 U485 II 
R817 6 U485 6 
R820 6 U500 5 
R821 6 U500 11 
R822 6 U550 Ii 
R823 6 U550 S 
R850 6 U550 5 
R852 5 U550 S 
R853 5 U550 5 
R855 6 U600 6 
R856 6 U600 11 
R858 6 U650 5 
R860 6 U650 11 
R904 5 

r 
i I 

SCHEM 
NUMBER 

5 
11 
6 
6 
6 
6 
6 
6 
11 
5 
5 
6 

11 
5 
5 
6 

11 
5 

11 
5 
5 

11 
6 

11 
5 
5 
6 
6 
11 
5 
5 
6 
6 
11 
11 
11 
5 

11 
11 
11 
11 
11 
6 
5 
5 
11 
11 
11 
5 

11 
6 
6 
4 
4 
4 
5 
5 
6 
6 
6 
6 

2445 Service 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

APO+ ••. auxiliary pickoff, noninverting 
ATTN CLK ••• attenuator clock 
ATTN STRB .•. attenuator strobe 
BOCA ... bypass delay comparator A 
BDCB ... bypass delay comparator B 
BPO+ ... second auxiliary pickoff, noninverting 
BWL ... bandwidth limit 
BYP ... bypass 
CC ..• control clock 
CD ... control data 
CH1 OVL ..• CH1 overload 
CH2 OVL ... CH2 overload 
CH1 PA CLK ... CH1 preamp clock 
CH2 PA CLK ... CH2 preamp clock 
CH1 PRB - CH4 PRB ... CH1 - CH4 probe encoding 
CONT DATA ... control data 
CTC ... capacitor, timing compensation 
DAC MUX1 INH ... DAC multiplexer 1 inhibit 
DAC MUX1 AO ... DAC multiplexer 1, address bit 0 
DAC MUX1 A1 •.. DAC multiplexer 1, address bit 1 
DAC MUX1 A2 •.• DAC multiplexer 1, address bit 2 
DAC MUX1 IN .•• DAC multiplexer 1 input 
00+ .•. display output, noninverting 
00- ... display output, inverting 
DON3 .•. display output, negative CH 3 
DOP3 ... qisplay output, positive CH 3 
DON4 ..• display output, negative CH 4 
DOP4 ... display output, positive CH 4 
GA3 ... gain 3 
GA4 ... gain 4 
51 ••. scope identification bit 
51 L ... slow intensity limit 
TPO- •.• trigger pickoff, inverting 
TP03 ... CH3 trigger pickoff 
TP04 ... CH4 trigger pickoff 
TPT - ••. trigger pickoff reverse termination 
TXY ... triggered X·Y 
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2445 Service TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points when the following 
setup conditions are observed. Any change(s} from the given setup conditions required to produce a given waveform are 
noted with that waveform illustration. 

2445 SETUP 

Connect a 200-mV, 1-kHz squarewave signal from a 
signal generator to the CH 1 and CH 2 inputs of the 2445 
via a BNC T-connector, a 50-ohm BNC cable and a dual­
input coupler. 

Set: 

VERTICAL MODE 

Input Coupling 
CH 1 and CH 2 

VOLTS!DIV 
CH 1 and CH 2 

A and B SEC!DIV 

CH 1 

1 MD DC 

50 mV 

0.5 ms (knobs locked) 

OCD 

TRIGGER 
MODE 
SOURCE 
COUPLING 

AUTO 
VERT 
DC 

All other control settings are irrelevant. 

TEST OSCillOSCOPE SETUP 

Connect the 200-mV. 1-kHz squarewave fram the BNC 
T-connector to the External Trigger input of the test 
oscilloscope using a 50-ohm BNC cable. Externally trigger 
the test oscilloscope on the rising edge of the 1-kHz signal 
and, using a Xl0 probe with the test oscilloscope, set its 
Volts/Div and Time/Div ranges as required to obtain the 
indicated displays. 

+100mY-

0Y- ---I 

0V- ------I 

-100mY-

+130mY-

+30mV 

to- 200ms -------... ""1 

.~]! ! I II ! r 
'-y---/ 

WHEN LO. 
ATTENUATORS 
ARE STROBED 3829-52 
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ATTENUATORS AND PREAMPS DIAGRAM 

ASSEMBLY A1 

F~=.-:=~;;..~;;~~;; .... ~;:~=;-9J=--;,~6=-~;,-~,~-~=.~;:,.N.;_+-II_=LO=B;,~A=AT=~g::.N:;,."i=-.~;=~=~=c~;;~=~+I~L-o=s-g:~:~:,~:;,N't!i~L~g~~-A;,A-.;,~-,;,g~N~~T~.--:;:~=R-M=c-a=U-E='T-R=':,;,l~g~~-A=H-T,;,E-~~O-,;,N't=r_l-_.g-.~-;-:-,g-~~o~ __ ~~-~-~-~T-~~~l~~~~~-s-;T-~i~ 
C100 .1 lH 4C CR150 7F 6e R114 3N 6D R329 I 9L I 2D 
Cl03 ,3G 5C CA151 7F BC R115 3N 6D R332 I 9l ! 20 
Cl04 '2M 50 eR152 7E 6C R117 2K 6E R430 I BP I 3E 
Cl05 ! lH 4C CR153 7E 6C AllS 2L 5E R440 I BK i 4F 
CllS ,3P BE CR154 4G Be Rll9 2K 60 R450 i 2N i 3E 

~~:~ i;~ ;~ ~~m;~ ~~ :m ~~ !~ ~m III ~~ i H ~~i~ Ii ~~ 50 CR162 2l 20 R130 6B 78 R454 7N II 3F 
CC113705 ,! 6n8 5e CR1B3 2L 20 R131 6C 78 R455 7N 3E 

20 CR200 SJ 3C R 133 5M 6B R456 ,7P I 3E 
C176 7K 20 CRZOl 8J 3C R135 4M 68 R457 [I 7P . 4F 
CI77 2K 20 CR460 8S 3E R136 38 1H R458 IS ' 4F 

e179 2K 2D CR461 8S 3E R 140 68 7C R459 I 7S I."i. 4G 
C184 8M 2F R141 68 7C R460 I 8N 3E 
G185 9N 38 Jl0 2H 58 R142 5e 7C R461 ,i 8N 3E 
C200 SH 3C Jl1 SH 38 R143 88 7C R462 8P , 4J 
C202 7G 4C .1100 1T 4F R144 Be 78 R463 I BN ',; 3E 
C203 8M 4C J100 7T 4F R149 4C 78 R464 8S 3E 
C205 7H I 3C Jl00 BK 4F Al5S 7K lD R465 8P ! 3F 
C206 7M 1< 4D J103 8l 4C R1S1 7l 20 R502 38 I 1 G 

~;~~ ;~ !~ ~~~~ ~~ ~~ ~;~;;~ ;~ Ul00 2M I, 50 
C301 lOB I 18 JIll 4N 68 R190 3J 2E UllO 4F 68 
C302 lOB I 38 Jl17 2P SE R191 3J 2E ""20 BE ' 6C 
C310 8H lC J181 5P 68 Al92 4J 2E U130A 5G Ii 6C 
e311 2H ,i Ie .1511 lOT 10 R193 4J IE U130B SG BC 
e329 9L 2D J511 96 lD R194 SJ lH U130C 5K Be 
C332 9l ! 2D J512 3A lH R1SS BN 2E U130D 5M I Be 

I 111S 

LR1BO 
LR280 

PlooA 
PlooD 
Pl03 

3P 

2N 
7N 

2T 
7T 
8l 

6E 

4E 
3E 

4F 
4F 
4C 

CR141 I 4F 68 0130 6C 78 R219 7L 3D uno 4,J I 2E 
CR142 I' 4F I 6B 0131 Be 78 R223 3C 2H U200 7M 40 
CR143 , 4F I' 68 0190 aN 3E R230 3D 2E U3DO 1'0M 28 
CR144 I 4F 68 0460A SP 3F Rl31 3B 2E U450A 7P 3F 

~ml~ J g Iii ~ ;;;OB;; ;; ~m r~; g ;~5;: II~; ;; 
CR149 7F 6e Rl02 2H 58 R311 lOA 2A W194 3J 2E 

-- ------ ... -.---~ .. -

Partial Al a/51) shQwn on diagrams 5, 6, Band 11, 

ASSEMBLY A8 

ASSEMBLY A1' 

CIRCUIT i SCHEM I BOARD --'~IRC~;-;r-;~~~;-: -~;ARD 
_ NUMB_~~: LOCATION, LOCATION N~M8ER i_LO~ATIONi LOC~T~ON .. _ 

Jl i lA SA Pl0 lH I 58 

_ ... - .. ----,---.,-----..-----,----.,-------1 
CIRCUIT~' SCHEM BOARD CIRCUIT i SCHEM i BOARD 
NUMBER LOCATION LOCATION NUMBER I lOCA liON LOCATION 

--.. ~=-== .----== _=_cc.:..-= "'~ T- --
W1D I 2H I 56 I 

ASSEMBLY A 12 CHASSIS MOUNTED PARTS 

--C;~-C-U-I-TTI-S-C-H-E-M-r-8-0-AA-D--'-C-IR-C-U-'T-rll -S-C-H-EM-r-B-O-A-R-D-'---C-'-A-C-U-'T'II-s-C-H-e-M- [B~~~-~--m CIRCUIT SCHEM BOARD 

I==N=U=M=B=E=R*L=O=C=A=T='=O=NfL=O=C=A=T='=O=~'=ip_~N=U=_M=_=8E=R=I==LO=C=A=T='O=~¥:=~_=C_~~"T.=~I=O",N",,==N=-ll.=~.=B=E=Rf~~~~~N L_<?CATI~!,=. NUMBER LOCATION LOC;ATION 

J2 I SA I 3A J3 lOA I CHASSIS Pl11 , 4N I CHASSIS Wl11 5N CHASSIS 

Pl1 I 8H I 39 J4 lOA ! CHASSIS 'I ! I 
Wl1 i 9H 38 J5 ! aT I CHASSIS R 134 I 5N CHASSIS I 

! A , B ~ .. +-- -----_._--- -_. 

1 
I 

I 
! 

21 
! 

61 
I 

8 

I 
I .... : 

I 

9[ 

~I 

! 
! 
! 

10! 
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2445 Service 
TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schemlltic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points when the following 
setup conditions are observed. Any change(s) from the given setup conditions required to produce a given waveform are 
noted with that waveform illustration. Where B Sweep setup.conditions are referenced with a waveform, it is assumed that 
the B SEC/DIV knob is set to 100 /ls/div unless otherwise noted. 

2445 SETUP 

Connect a 200·mV, 1·kHz squarewave to the CH 1 input 
of the 2445 using a BNC cable. 

Set: 

VERTICAL MODE 

Input Coupling 
CH 1 and CH 2 

VOLTS/DIV 
CH 1 and CH 2 
CH 1 and CH 2 VAR 

A and B SEC/DIV 

A and B SEC/DIV VAR 

TRIGGER 
MODE 
SOURCE 
COUPLING 
HOLDOFF 
SLOPE 
LEVEL 

+5V -to1.,~ 
HOlDOFF 

9V -

+3V-

CH 1 

1 MD DC 

50mV 
In detent 

0.2 ms (knobs locked) 

In detent 

AUTO 
VERT 
NOISE REJ 
In detent 
+ (plus} 
Stably triggered display 

W/NO TRIGGER 

'IV - ----~v"~--..I''I.--_J ..... --..... ''1 

EXPANDED WINO TRIGGER 
BELOW 

At DL Y readout 

A REF OR DL Y POS 1000.0 /ls readout 

INTENSITY Midrange 

READOUT INTENSITY Minimum (once DL Y 
readout is set) 

All other control settings are irrelevant. 

TEST OSCILLOSCOPE SETUP 

Using a X10 probe with the test oscilloscope, :let its 
Trigger Slope, Trigger Level, Volts/Div and Time/Div ranges 
as required to obtain the indicated displays. 

+5.5V~,,\ 

0V -

BLANK 
TIME 

SET BY 
HOLOOFF 

EXPANDED VIEW OF 211 ABOVE 

II/NO TRIGGER 

+5V ~'\ 
HOLOOFF 

0V -
II AND B SEC/DIV KNOllS LOCKED 1200fJs)\//NO TRIGGER 

+5V~",\ 
lot- 2 . 4ms --l 

HOLDOFF 

0V -
B SWEEP SELECTED - wiNO TRIGGER 

+5V --l ~ 
HOLDOFF 

I-- 2 . 4ms --l 

I 

0V - I '--__ 100 __ 1.0-_..11.-_--' 

X10 MAG SELECTED - wiNO TRIGGER 

r-- 2 .4 ... --i 
+5Y - ,......-..., _-_ ,......-_ 

0"'- ...., 1+ READOUT 
ACTIVE 

II/NO TRIGGER 

II/NO TRIGGER 

HOlOOFF...., I-- fot-- 3ms --tool 

::: =! n .. _....In n 
TR I GGERED ON l--. SIIEEP --I 

POS!Tl VE -CO I NG fRUNN I NG --, 
SQUARE WAVE 

+4.5V-,....-"""'I 

0v­
-0.2V- 1--...., 

VARIES II/ 
11 REF SETT INC 

A SWEEP - 200fJ" 
B SWEEP - 100fJs 

~~n n n n 
f--- 3 .. s ---l 

+4V-!",- -

9Y -

f--- 3me ---l 
+5V-_ _ 

0V-

+4\1 -

TRIG'O 

SW1EP 

-

r-- 3m8 --tool HOLOOFF I 
+4\'----., 

+3V-
I-T-! 
TRIG'O B SIIEEP ONlY 

-

-

B TRIGGERED 

t-- 3m8 ---l HOLOOFF ISIIEEPI 
+5V - 1"'""-""" 

0V-
1\ SIIEEP - 209~8 B SIIEEP - 100~8 

r--3me ~ HOLDOFF ISWEEPI 
+3V- ,.....--., 

0Y-
A SIIEEP - 200~8 B SWEEP - H!l0~s 

+2.2Y- ("--"""""I 

-.5V-
A SliP - 290~e/DIV B SliP • 190~e/DIV 

I-t-- 3ms .............., HOLOOFF ISIIEEPI 
+4Y - 1"'""-""" 

0V -

A SIIEEP - 290~" B SIIEEP - 101il~s 

r--3ms~ HOLOOFF ISWEEPI 
+5V - 1"'--...., 

0V­

B SWEEP ONLY, TRIGGERED AFTER 0~8 DELAY ON -SLOPE 
+4V-

0'1---..... 
r--3M.~ HOLDOFF ISWEEPI 

II SWEEP - 290~B B SWEEP - 190~8 

+5V-_-_ 

0'1-

+3'1-

0V-

I--- 0. 4 .. 11 ~ 
+0.4V-

0'1-

+lV-

0V-

-6\1-

+3.SV-

+9,5V-

illNO TRIGGER 

-W/NO TR I CGER 

ioo.-

3629-53 

) I 
1 

1 
J 

I 

] 

J 

J 
J 
J 
J 

J 
J 
J 



~ .. t .. I ~ 

n 
filii 
t 

r 
r 
r 

r 
r 
n 

n 
n 
n 
~ n 

n 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

ACA ... A low-pass capacitor ROR ... readout request 
ACB ... B low·pass capacitor SOO ... sweep delay offset 
AHO ... A holdoff SG ... sweep gate 
A TIM REF ... A timing reference SGA ... sweep gate A 
B TIM REF ... B timing reference SGAZ ... sweep gate A to Z axis 
BOC ... bypass delay comparator SGB ... sweep gate B 
BOCA ... bypass delay comparator A 
BOCB ... bypass delay comparator B 
BWlB ... bandwidth limited B signal 
CAL ... calibrator 

SGBZ ... sweep gate B to Z axis 

SROA ... A trigger source select 0 
SR1A ... A trigger source select 1 

CAL OUT ... calibrator out SR2A ... A trigger source select 2 

CC ... control clock SROB ... B trigger source select 0 

CCA ... control clock A SR 1 B ... B trigger source select 1 

CCB ... control clock B SR2B ... B trigger source select 2 

CD ... control data SSA ... A selected signal source 
CHN5A ... CH5 (for A trigger) SSB ... B selected signal source 
CHN5B ... CH5 (for B trigger) SSR ... sweep start reference 
CONT DATA ... control data STBA ... A compare strobe 
CT ... calibrator timing out STBB ... B compare strobe 
CTC ... capacitor, timing compensation TC ... timing clock 
CTO ... timing capacitor 0 TCS ... timing capacitor select 
CT2 ... timing capacitor 2 TGA ... A trigger 
OG ... delay gate TGA ... inverted A trigger 
OGB ... delay gate bypass TGB ... B trigger 
01 ... display intensity TGB ... inverted B trigger 
OOR ... delay offset reference THO ... trigger holdoff 
DR ... delay reference THOA ... trigger holdoff A 
OS ... delay select THOB ... trigger holdoff B 
H R R ... holdoff ramp reset TLA ... trigger level A 
HSA ... horizontal select A TlB ..• trigger level B 

2445 Service 

HSB ... horizontal select B TRIG STAT STRB ... trigger status strobe 
IREF ... current reference 
IT ... timing current 
ITF ... timing current feedback 
ITR ... timing current reference 
ITREF ... timing current reference 
ITRR ... timing current reference return 
IZO ... inhibit zero delay 
ROA ... reset delay adjust 
ROA ... readout acknowledge 
ROB ... readout blank 
ROI ... readout intensity 
RO ON ... readout on 

TSA ... trigger status A 
TSB ... trigger status B 
TS IN ... trace separation input 
TSO ... trigger status output 
TSS ... trigger status strobe 
TSl ... trace separation voltage 1 
TS2 ... trace separation voltage 2 
TS1+TS2 ... trace separation 1 and 2 
VBBI ... bias voltage in 
VBBO :...:....:.-.bias voltage out 
VSl - VS4 ... vertical selects 1 - 4 
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DISPLAY SEQUENCER. TRIGGERING. A & B SWEEPS DIAGRAM 

ASSEMBLY A1 

--ClRcu',~i SCH-;.;;;-r·BOA~~-- ... CIRCUIT il SCHE~~~-R-D'-~-r-.'R-c-u-'T~I-s-c-H-EM-"-i -B-O;~-;--~~~~~TT"~'~~~~r-;;~ 
.~~NlJ~!~+;~~ATlON+LOCATIO~ ~~BER LOCATI~,LOCATION NUMBEr;J LO';::.l'?~_:'~~ATI~ ~UMBE~~_ LOCA~I~tOC~ 

C180' as I 2E j113 SA ,7B RS37 I SE i 1E R90? I 6M '1' 7H 
e181 'I 2G I 2E J116 SA I 9B RS42 I 7H '3F RSlO i 5K , 9F 
G306, 1 P ! 18 Jl1 B I 9S : 2K R543 i 8H I 2F A912 I 5K ' BE 

C512 II SF ,3H J4l1 'I 105 I lK R544 I Be ,I 3H R924 I 5K I IG 
C513 6E ,3H J411 6A I lK R545 I se 3H A936 6K ! 9F 
C520, 70 I 2H J511 [I SA I 1 D R5S0 I BP i 1 G Ra37 6K ' 8G 
C5za i 7F I 1G J512 lA I lH R5S1 I aN I IE R940 1III 7M i 6K 
C536 I 9F i lF J512 18 'lH R552 I SN I 1£ R941 7M I 9J 
C537 SE ! 2F ,I ,I R553 i 9N I IF R943 8M I 9H 
C544 i 80 I 3H P10tA 7B 3H R5~4 I aN i lG A944 , 7M ! 8J 

~~:o5 I SF ,i ;GK' pP1'0021BB I ~K I "6'HF R5S5 I Sp I lG A945 ,1
0M , 7J 

6E I :R:5;8~ I,! ;s:p II ;1 EEF ~R;958~~1 I 4~=P ,I ~5; ~~~~ :~ i i~ :;~;D ~ II ~~ " , 

eBB9 5C 
,II 2J P108 45 5" R5S0 " 7N I' F' I' 

C707 2M Be P122 BA '4~ RB43 'SF ,I ~G U166B aN ! 2F 
C70B 2M ' 8C 'R644 I SF 5G U165C 3C ! 2, 

C709 2M [a SED 0'54 4C I IE R645 ' 7F ,I 5G U165D I 2G I 2F 
C712 lK I 0155 3D lF R646 I 8F 5G U350A Be 88 
r?42 -K I 6D 0550 88 IE RS51 , 68 i lJ U350B IN 88 

~C::90B;!71 l6~M II, i!J~ gR'l~~~ "I' ~C~ III ~2gF ~m i ~~ \ t~ ~~~E II ~ if 
0' " RaS9 I 5e ! 2J U550D aN IF 

CooB 5M 8J R153 ' 3C i 2F R670 i 2B ; lJ U550E! SP IF 

C912 ~K i 9E R154 ,I 4C I 2£ A671 I 2D "Ii 2H U650 I 60 3J 
, R155 3D 2F R672 Ii 28 2H U700, 3L 7D 

CR35S I lP i 78 R166 I 4C 2E A678 28 2H VS508 i 8J SF 
CR356 i lP I 78 A165 i 2H 2E A707 i 2N i 8e U650C 3J SF 
CR3SS I 58 ,78 R334 I 08 96 8708 ,I 2, NN i 8e U860A 3M SF 
CR359 I 68 "Ii 88 R353 I 68 2H R709 Ii 8e U8600 2J SF 
CR652 6E 4J R355 I' lP 78 8710 I lK SF U900 6L BH 
CR653 5C 3J R357 OC 7C R713 lK I 9E V9l0A 5K SF 

CC~;~71 42MM i 88 R358 I 58 7C RR772243 II 22KK !' 88EE UU997'01l6B 24Kp 96KF 

GR746 3P I _ R736 2K i 9f U975D 7P 6K I B5DK RR335609 .,11' 65'~ 83BH I 
CR747 I 4P '!' oK R361 6e 3H R737 ' 2K 1,1 9' U980A I 4N 6K 
CR950 7P 6K R362 , 1 N 7B R736 I 2K 9F U9BOD 8M 6K 
GRSSI fiR ,6K R363 II IN 78 R74l , 4M i 60 I! RSll 4F 3H R742 , 4M I 6D VR550 aN 

~i~i II ~r I ~~ ~m I ~~ ! ~~ ~mll'il 1~ : i~ ~:~~ E 
J102 4K ! 7F R520 I 7C I 2H R750 3M II 6D W66B I 8E 

1 E 

6K 
oK 
4H 
lJ 
lJ 

Jl02 I BK '7F R521 II 7C 2H Re52 3H BE __ ~ .. W6_77,L' 2E 
J104 i 4$ I 5K P527 7F I lG R853 i 3H ; BE I 

__ Jl0~J __ 7~~_____~:9_ .1 __ 7F __ j 1 G ,... R904_~~ __ L~~ __ ._ _ __ .1.;' ___ --I 

PartlfJ/ A t also shown on diagrams 4, 6, 8 and " 

CHASSIS MOUNTED PARTS 

-;;-I~c~;~"l -~-c~~ BOA~~-- ---;;;CUI~ -1 S~HEM ! -B~ARD CIRCU;;'--j SCHEM I BOARD CIRCUIT 'I SCHEM i BOARD 

NUMBER i LOCATION j L~~~T~~N _ _NUMse.~tOCATIDN! ;LO::cC::.A=T='O:cN~=f=-=N~U",M~8~E;,R=io1 ~LO;C;'A=T='O;, N=ioF=LO;;;CA=T~'O~N=l~N~U~M~B~_:~~=_ ~LO;C;,A~T~ID;:N~* Ii ~LO;C;A~T;IO=-N; __ 04' 

J7 I 78 I' CHASSIS P113 'I 5~i CHASSiS R3S1 ! SA I CHASSIS W113 6A II CHASSIS 
J8 I 35 I CHASSIS Pl1S i BA i CHASSIS R352 I 6A i CHASSIS Wl16 6A I CHASS'S 

4 

J 
I 

51 
I 

... 1 , I 
I 

i 
101 

! 
2445 

E __ --.! ______ F__ .. I_ G H J . L_ ..... _. _._. ____ -'-_. ______ . __ . I 
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Figure 9-9. A14-0ynamlc Cenlering board. 
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IQ'\ Static SensitiVt Devices 
~ See Mamtenance Sedlon 

COMPONENT NUMBER EXAMPLE 

CI1;j~SIS mtH,mte(! compcr.ef1t. haw: rm A'.\Sf'mOly NI.H!lOef 
pre/l.-·~fe inc! iJl Repl3ceablt (le.;;tnr.a! Parts Lt~t 

ALL COMPONENTS MOUNTED ON A14-DYNAMIC 
CENTERING BOARD ARE SHOWN ON SCHEMATIC 

DIAGRAM 0 

TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board doily. The waveforms are representative of signals that may be expected at the associated points when the following 
setup conditions are observed. Any change(s) from the given setup conditions required to produce a given waveform are 
noted with that waveform illustration. Where B Sweep setup conditions are referenced with a waveform, it is assumed that 
the B SEC/DIV knob is set to 100 I1s/div unless otherwise noted. 

2446 SETUP 

Connect a 200-mV, 1-kHz squarewave to the CH 1 input 
of the 2445 using a BNC cable. 

Set: 

VERTICAL MODE 

Input Coupling 
CH 1 and CH 2 

VOLTS!DIV 
CH 1 and CH 2 
CH 1 and CH 2 VA R 

A and B SEC/DIV 

A and B SEC/DIV VAR 

TRIGGER 
MODE 
SOURCE 
COUPLING 
HOLDOFF 
SLOPE 
LEVEL 

+3V-

-3'1-

CH 1 

1 Mn DC 

50mV 
In detent 

0.2 ms (knobs locked) 

In detent 

AUTO 
VERT 
NOISE REJ 
In detent 
+ ~plus) 
Stably triggered display 

W/READOUT ON, SIGNAL CONSTANTLY CHANCES 

+,9V-

-.8\1-
II/READOUT ON, SIGNAL CONSTANTLY CHANGES 

DL Y readout 

6. REF OR DL Y POS 1000,0115 readout 

INTENSITY Midrange 

READOUT INTENSITY Minimum (once DL Y 
readout is set) 

All other control settings are irrelevant. 

TEST OSCillOSCOPE SETUP 

Using a X 10 probe with the test oscilloscope, set its 
Trigger Slope, Trigger Level, Volts/Div and Time/Div ranges 
as required to obtain the indicated displays. 

+4'1-

0\1-
II/READOUT OFF 

+4V-

0\1-
II/READOUT OFF . 

r--- 3m .. ------l 
+4"-

0'1-

II/READOUT OFF 

0\1-

-4V-

+ 100M" -

'lJV-

-150m\'-

+100m" - _ 

0'1-

+30\1-

+27'1-

" +22V-

+31V--

tZ7V-

~ : 
+24Y-- --

+4V-

'lJV-

II/READOUT OFF 

III lint 11.1//1 II'\, 

~.:. • HI I" .'11 6 -" . -
\I i ,I '" \I' III •• I • 

, 
t 

:0 • .; .. I' ... ... • 

lJ1J1JU 
\\, • I- ,ll ". " 

"11'- ,- II~ 

II'! . .. 

B SWEEP MUST 9E SELECTED 

+4V-

IlV-

+1.SV-

-lV-

~ 
HOLDOFF 

I*-- 3m .. ---tooI 
+46'1-

0 
+28"-

+46Y-

G 
+26V-

+l.SV-

-1.2V-'--­
I*-- 3Ma --l HOLOOFF ISIIEEPI 

*+ +25V-

+ -
+8.SV- -- ..... l..-

I*--3"'8 ---tool 
*AMPLITUDE VARIES II/INTENSITY SETTING 

* • r--- 31118---too1 

+12V T I 
+lllV - -.J 

*AMPLITUDE VARIES II/INTENSITY SETTING 

J 

I 
I 

] 

) 

) 

J 
J 
J 
J 



n 
r 

r 

r 
r 
r 
.. r··.·'· 
r'·I. , , 

3 

r 
"'" j 

[, ! 

,., .. l I,,~ 

n 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

A+ ... A sweep 
B+ ... B sweep 
BOO ... buffered data bit 0 
BF ... beamfind 
BTST ... bootstrap 
BWL ... bandwidth limit 
BWLA 1 ... A bandwidth limit inductor input 
BWLA2 ... A bandwidth limit inductor output 
BWLB ... bandwidth limit B 
BWLB1 ... B bandwidth limit inductor input 
BWLB2 ... B bandwidth limit inductor output 
CLB ... current limit bypass 
CMB ... common mode bypass 
COMP A ... A compensation 
COMP B ... B compensation 
GA ... gain 
GAOJ ... gain adjust 
HSA ... horizontal select A 
HSB ... horizontal select B 
I BIAS ... current reference 
ISRC ... current source 
MKl RC ... mean cathode loading RC 
MREG ... mag registration 
a GAIN ... quadrapole gain 
RO DO ... readout data out 
ROSFRAME ... readout subframe 
R/W OL YO ... read/write delayed 
RO ... readout 
ROS1 ... readout strobe 1 
ROS2 ... readout strobe 2 
SGA .•. sweep gate A 
SGAZ ... sweep gate A to Z-axis 
SGB ... sweep gate B 
SGAB •.. sweep gate B to Z-axis 
SI L ... slow intensity limit 
TAOJ •.. thermal adjust 
TRANR ... transient response 
TRANS RESP. _. transient response 
TRO ... transient response, quadrapole drive 
TRZ ... transient response, Z-axis 
TS ... trace separation 
TSHTS2 ... trace separation inputs 1 and 2 
TXY ... triggered X-Y 
VZOUT ... variable Z-axis output 
VOOUT ... variable quadrapole output 
VSl - VS4 ... vertical selects 1 - 4 
X+ ... noninverting external input 
X- ... inverting external input 

2445 Service 
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CHANNEL SWITCH AND OUTPUT AMPLIFIERS DIAGRAM 

ASSEMBLY At 

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARO 

j:::=N:::U:::M::=B:::ER=i:=L;.::O::C:;A;:TI;:O:::Nt=L:::O",CA:::::::T",IO::N=FN=UM:=:;B:;ER'=f=L:::O:::C:::A::TI::;O:::Nt::L",O"CA:::::T:;:IO::::N=t==N=UM=Bo;EA::t=L::;OCATION LOCATION NUMBER LOCATION LOCATION 

C402 
C404 
C412 
C478 
C4117 
C49a 
ca17 
ca25 
e73S 
COO3 
coos 
coos 
ceoa 
COO9 
ca17 
ca22 
C956 
C957 
ca72 
C995 

SF 
2K 
2F 
3E 
2C 
28 
3M 
lP 
6K 
6101 
78 
7P 
5P 
55 
38 
58 
8M 
8M 
95 
9B 

SF 
5J 
4F 
3J 
3K 
3K 
5G 
6G 
7E 
SF 
7F 
7f 
7F 
7F 
7F 

.8E 
6K 
7J 
9K 
7K 

L60S 
LS09 
L61t) 
LSll 
L612 
LGI9 
L644 

Pl06 
P141 
P141 

06()O 
0623 
0624 

2N 
2M 
2M 
2L 
2L 
3P 
3P 

SA 
SF 
Be 

4L 
lP 
IN 

5H 
6H 
5H 
5H 
5H 
6G 
SJ 
7K 
9K 
9K 

;;; 4J 

8G 
6G 

R500 lOB lJ 
R501 lOB lJ 
RSOO 3P BJ 
ReOI 2N 5H 
R502 2N 5H 
R805 2N 5H 
R606 2M 5H 
R607 2M 5G 

R95S 
R957 
R972 

RSSS Ra73 I' 

5615 

aN 
8N 
95 
9P 
98 

4M 

7K 
7J 
9K 
9K 
1K 

ss 

A6011 2M 4H U400 2G 5E 
R614 3H 7E U476A 3D 4J 
R615 4M 99 U475B 3D 4J 

R617 I 3M 5G U475C lD 4J 
RBIS 3l 5G U4750 3E 4J 
R619 3P 6G U475E 3E 4J 
Rm' 3T 4H U485A 2C 3K 

R401 2F SF R6ZZ 4N 6G U485B 2D 3K 
M02 SF SF R624 1 P fiG U485C 18 3K 
R403 2K 5J ReJ8 3N 6J U465D 1 C 3K 
R412 2F 4F R839 4N 6J U485E 1 B 3K 

R470 4C 3K RIISO 4K 4J U735A ,15K 7E 
R416 2F 4F R642 4l 3F U600 I 2P I 6H 

CR476 3F 3J R471 3C 4K R659 aN 8J U730B 5K 7E 
CR484 4C 3K A476 SF 4J R731 5K 7F U735C 6K :IE 
CR485 <Ie 3K R477 SF 3J R732 6J 7E U735D 6J 7E 
CR495 2D 3K 1'1478 3E 3J 1'1133 6K I 7E U735E 6K 7E 
CRBOO 4l 8J R479 2E 4J R734 6K II 7E U800 6P 7F 
CR6()l , 3S 6J R4BO 20 2J R735 6K 7E U850A 8M SF 
CA6lS 4H 6K A481 30 4K Reoo 7M BF U860C 7l SF 
CRS19' 3S 6G R4S2 3D 4K ReOl 7M 8F U950 I 8P SK 
CR6Z0' 3S 4J R48a 2C 4K Rao. eN SF U976A 4D 6K 
CR6l,' 3S 4H R484 3D 4K R803 eN 8G U975C 7H 6K 

~~m ~~ I ~~ ~m g E g~~ ~i ir ::0: II 7:F: :: 
J191 R489 2B 3K RS17 2B SF W141 9K 

8S 81< R490 Ie 3J RBlO ol 6E W141 9C 9K 

~:~ ~~s :~ :::~ ~~ ~ =~~~ ~~ :~ ::~ I;~ ;~ 
J5ll 4B 10 R493 2D 3J R823 8M 8E W91S 5S 7G 
J512 lOB lH I R494 2D 3K Raso Bl SF W919 , 8S 7G 

~:~! ~~ ~~ ~::~ ~~ ~ =~~: '~~ SF I L 
1--__ ~_~_g~_..L_;_~_-..L_~_~ __ --1 __ R4_9_a_L __ 3_D __ .L-_6_K __ .L-_._~8_a~_~_.L-_:_~ __ I_._r~ ___ -'L-__ ~. __ . __ 

Partial A 1 8190 shown on clmgrams 4, 5, 8 and 1 f. 

ASSEMBLY 1.9 

~----"----'.------r-----,----,------.-----.----~------r-----r-----r---.--
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARO 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Partial A9 also shown on diagrams e and 12. 

ASSEMBLY A 14 

CIRC-~I; I SCHEM I BOARD 
NUMBER I LOCATION LOCATION 

C3401 . Iii 

J141 
J141 

R34ll1 

90 

SF 
BC 

SF 

2B 

29 
28 

lA 

CHASSIS MOUNTED PARTS 

CIRCUIT SCHEM BOARD 
NUMBER lOCATION LOCATION 

R3402 
R340S 
A3404 
R3405 
R3400 
R3407 

BE 
60 
8r 
7D 
7D 
SF 

1B 
2A 
2B 
2A 
2B 
2A 

CiRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION 

I 

CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION 

1'13408 i 

:h~ ill 

U3401 

7F 
BE 
80 
aD 

BE 

28 
28 
3A 
38 

28 

CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCA nON 

CIRCUIT I SCHEM BOARD 
NUMBER I LOCA TlON LOCATION 

U3402 7E 2B 

VR3401 50 2A 

~----~-----.------.-----~----~----~-----r----"~------.------r-----.-----~ 
CIRCUIT SCHEM BOARD CIRCUIT I SCHEM BOARD 
NUMBER LOCA !~ON LOCATION NUMJlEfl. i LOCATION LOCATION 

CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION 

CIRCUIT SCHEM BOARD 
NUMBER LOCA nON LOCATION 

t-. 

I CHASSIS J6 9A 
I 

i A B --J. ... __ .. _ ... _.--.! .... _____ .L .... 

1 I 

I 
2: 

I 

1 
i 

31 
I 

...i 

i 

4i 
i 

1 
I 

5i 

I 

~I 
61 

~ 
7 1 

I 

I 

1 
81 

I .., 
, 

91 
i , 
I 

..... , 

i 
101 

I 
i 
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Figure 11-10. A4-Readoul board. 

() COMPONENTS WITHIN PARENTHESES MAY 
NOT BE LOCATED PRECISELY AS SHOWN BUT 
ARE NEAR THEIR INDICATED POSITION. 

E 

3829-64 

I<i:\ Static Sensitive Devices 
\::!::J/ See Mamtenance Sectwn 

COMPONENT NUMBER EXAMPLE 

Campcnent Number 

'~¥Rl~34' 
Assembly .. , .. ! ~ L_. S~;~~~ 
Number SI.I/J,membly NlImt)P.f 

Numbel (d used) 

Ch3SS!s·mtlllflted (;(Impof\t'ots Mv~ nc Assemlll~ NumOOl 
p!etl~-ste end d Repliltpahle flectncal Pans L:st 

CIRCUIT i SCHEM 
NUMBER NUMBER 

cza30 12 
C2835 12 
C28S1 12 
C2855 12 
C2660 12 
C2885 12 
C2001 12 
C2911 7 
C2913 12 
C2926 12 
C2940 12 
C2950 12 
C2960 12 
C2970 12 
C2980 12 
C2990 12 
J401 7 
J402 7 
P411 7 
P411 7 
P411 1 
P411 12 
R2805 12 
A2830 7 
R2641 7 
R2842 7 
A2643 7 
A2644 7 
R2850 7 
R2901 7 
R2902 7 
R2903 1 
A2905 7 
A2910 1 
R2911 7 
R2912 7 
R2913 7 
A2914 7 
R2915 7 

A4-READOUT BOARD 

CIRCUIT i SCHEM CIRCUIT i SCHEM CiRCUIT! SCHEM 

.. Ng~~~ •• t;lU~~~~~~+"UM=B:!' I".~~B~~=+N~~~ 
R2920 I 7 U2855 , 7 U2940 i 12 

A2921 I 7 U2855 'I 7 U2950 I 7 
A2922 1 U2855 7 U2950 ' 7 
A2923 7 UZ855 12 U2950 I' 12 
R2924 7 U21l6O I' 1 U2960 7 
R2925 7 U2860 12 U2960 12 

R2926 7 U2865 I 7 U29S5 7 
R2927 7 U2885 12 U2955 7 
R2928 7 U2670 7 U2965 7 
R2929 7 U2810 ' 7 U2985 7 
Rl930 7 U2870 I 12 U2985 12 
R2940 7 U2880 I 7 U2970 7 
R2945 7 U2880 7 U2970 7 
R2975 7 U2880 12 U2970 7 

R2985 I 7 U2885 I 7 U2970 7 
U2SOO 7 U2885 7 U2970 12 
U2SOO I 12 U2885 7 U29S0 7 
U2605 Ii 7 U2885 , 12 U2960 7 

U2805 I 12 U2890 I 7 U2980 7 
U2810 7 U2890 7 U2900 7 
U2010 7 U2890 I 7 U2980 12 
U2810 7 U2890 i 7 U2985 7 
U2810 7 U2890 . 12 U2985 12 
U2810 I 12 UZ900 i 7 U2990 7 

U2820 I 7 U2900 1 7 U2990 7 

U2820 , 7 U2900 "I 7 U2990 7 
U1820 12 U2900 12 U2960 7 
U2S30 7 U2905 7 U2990 12 
U2830 ! 7 UZ905 I 12 U291lS 7 
U2S30 I 12 U2910 7 U2995 12 
U1S35 I 7 U2910 i 12 VRZoo, 12 

U2835 Ii 7 U2920 ",Iii 7 VR2925 7 
U2835 i 7 U2920 12 W411 7 
U2835 7 U2930 7 W411 I 7 
U2835 12 U2930 12 W411 I 7 
U2850 7 U2935 I 7 W411 I 12 

U2850 7 U2935 i 12 WZ851 II 12 
U2850 12 U2940 ,II 7 W2913 12 
U2855 7 U2940 7 

TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points when the indicated 
setup conditions are observed. 

+,8V-

-,8V-
II/READOUT ON, SrCNAL CONSTANTLY CHANCES 

+3V-

-3'1-

II/READOUT ON I SIGNAL CONSTANTLY CHANCES 

3829-55 
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READOUT DIAGRAM 

ASSEMBLY A4 

'-, C~~~~,T~~~r-"~~RD -,- "~IRC~~T~ "";;~,~M I" BO, ~RO --~;~~;T"~~~~:T'~~:~;:;, 
.c.~~~;~F?CAT!?~~~~~ ~lJMB,,~ LOCA:,:,~~~C~T~~~~"~~"~~~:,~TlOl~~~~~~~ 

C21l11 '12K 4A A2945 , 28 I 4C U2900B I 5L I 2A 
R2975 I 7M i 40 U2900B 'I 9L , 2A 

J401 I lH 3C R2985 I BE I 3F U2000C I SL i ZA 
J402 3H i 3D I I U2005 I 4K i 3A 

, f U,SOO I' 4P i 28 U2910 i lK , 3A 
P411 I 1A 1,1 1A U2MS 2P I 28 U2920 I 2F 38 
P411 i IS lA U2l!10A I 6L i 2A U2930 i 1H 3D 

P411 I 95 IA U26iOB ,III' 8L I 2A U2935 Ii 1D 3C 

I U2810C 6N I 2A U2940A 2C 4C 

R2841 I oM 2C U2620A 5P 2A U2980A 9E 40 
R2830 ec 18 U2810D 5N ,II 2A U2940B IIII 18 4C 

R2842 I 38 2C U2820B 3P 2A U2980B 9J 40 

R2643 I 48 2C UZ630A I' 8C i 1C U2960 3D 2E 
R2844 ,58 2C U2830B 78' 1C U2005A 5C 3E 

Rza50 I 90 10 U2835A II SG "II 2C U2985B I 9H 3E 
R200i I 5M 28 U2835B 9K 2C U2005C I 4F 3E 
R2002 3F 28 U2635C 9G 2C U29650 9M 3E 

R2903 I' 5P 2A U2835D 2E II 2C U2970A i 9N 3E 
R290; 5P 2A U2850A 90 10 U2970B I 9H 3E 
R2910 11K 4A U2850B 9E 10 U2970C ':1 7G JE 
R2911 I lK 4A U2855A!, 78 20 U29700 9G 3E 
R2912 2l 4A U28558 BE ,20 U2960A, 9H 2E 

:~:~! ,~~ :: ~;~~~g i ~~ ';~ ~=~ I:~ ;~ 
R2915 II 4l 49 U2800 I SF 20 U29600 I 5E 2E 
R2920 4M 38 U2885 II: 50 2E U2985: SF 3E 
R2921 5M 38 U2B7OA SF 2E U2990A: BE 3E 
R2922 I 5M 36 U2870B 5F 2E U2990B I 9H 3E 
R2923 I 4M 38 U26BOA I' 8J 1 E U2990C, 9M 3E 

R2925 4M 38 U2885A 10H 2F U2995 9M 4E 
R2924 4M 38 U2980B "I BP 1 E U29900 1:1 8M 3E 

R2928 I 5M 4C U2B856 8J 2F 
R2927 II 2H 3C U2888C 8S 2F VR2925 I 4M 3C 
R2928 4l 46 U2890A I SB 2E : 
R2929 4L 48 U2890B I 9K I 2E W411 II lOS 1 A 
R2930 4M 48 U2890C! 8L I 2E W411 1A IA 

__ ~2_940_J""._~~ ... L .. 30._ .~2!1~~L_~ __ J_=E""""_""~411_L.5"S_ 1A 

Pa.rtial A4 also shown an diagram 12, 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic, 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function, 

BOO .. , buffered data bit 0 
CAD - CA6 . , " character address bits 0 - 7 
COO - CD7 " " , character data bits 0 - 7 
000 - DD7 , , , dot data bits 0 - 7 
EOCH , , , end of character 
EOCH 1 , , . end of character delayed 1 dot 
EOCH2 , , , end of character delayed 2 dots 
RAO ~ RA6 ... RAM address bits 0 - 6 
ROA . " . readout acknowledge 

ROB, , , readout blank 
RO DO .. , readout data out 
ROR , . , readout request 
ROR DOT TIMER DE LAY, " . readout request dot timer delay 
ROSFRAME ... readout subframe 
ROS1 ... readout strobe 1 
ROS2, . , readout strobe 2 
R/W OL YO, . " read/write delayed 
SGA , , . sweep gate A 

I I;: = :~t~:' W4i!~lIfl~-;;8~_~""~-~~~f-:-':'""=-:':~_:'·_'-:C=: --: -: _~=..J.._: .... :,..:_:_: __ ~:D-::,...,=""-:-_~""= ___ ;_=_'_=_""~""..:,_~"=". __ =E_. ~=" __ =_~ __ ~.-,~~_=,~~~_=~F_=_=~_=_,=""_,,=,_, ~~~ll~G}=_= __ ~~~::_I::"_,_,=.~,~""=._-~=H_""='_""=._"";~_~l~;_=~~;.;--~i;;="-=-=--'-=-=""=-=-=-=J:;<-"-;'-;'"='·-=-t=-="".=_=,;L~;;=_=_=J=_="=.;;;=M=_=. ~g"~~~: R~o:~~ S~NW:_,_""--_,_-_,_-,_p __ ""'_""'_'_""_·J_--_""!·"""~' '~··~~':~f -' 
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Figure 9-11.A9-Hlgh Voltage board. 

• LABELED ON SOME BOARDS AS "P" VICE "J". 

t INDICATES COMPONENTS THAT WERE 
MANUALLY ADDEO TO THE BOARD AS A 
RESULT OF MODIFICATION. 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

PDA (14KV) ... post deflection accelerator 
VQOUT ... variable quadrapole out 
VZOUT ... variable Z-axis out 

E 

3829-65A 

t<l\ Static Sensitive !)evices 
\2)1 See Maintenance SectIOn 

F 

COMPONENT NUMBER EXAMPLE 

Com(X)nent Number 

'~¥Rl~34\ 
AHem~r ___ ,I ~ L sc~:tc 
Number Sl.Il:!assemblr NumlJef 

NumbEr (if <lted) 

Chm!~ moti!1\~d cOITlp(lflems have no h>embly Number 
Plp.!I.)-Ste er.!l 0/ ~i:pli:lr.eable £leclliclI! P~tls LIS! 

A9-HIGH VOLTAGE BOARD 

CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT 
NUMBER NUMBER NUMBER NUMBER NUMBER 

coo a L1974 8 R1891l 
C91 8 P191 6 RI897 
C1812 8 P1S1 8 R1698 
C1813 a P191 8 R1910 
CI886 8 P1YI 12 R1911 
C18B8 8 Q1851 a R1913 
C1889 8 01852 8 R1920 
C1890 8 01890 8 Rl921 
C1891 8 01980 a RI922 
CI909 12 01981 8 RI922 
C1912 8 R1812 8 R1933 
C1915 8 A1B13 8 RI941 
C1932 8 R1820 6 RI944 
C1950 8 A1S30 8 RI945 
C1951 8 Al834 6 RI950 
C1971 8 Al842 6 Rl951 
C1972 a AI848 8 R1952 
C1973 8 A18S3 8 RI953 
C1980 B RI854 a R1971 
Cl990 8 Al855 8 R1972 
Cl991 a R1856 a R1973 
CR1894 8 R18S] 6 Rl990 
CR189S 8 R1858 8 Rl991 
CR191S 8 RI864 B RI992 
CA1930 8 R18TO e AI994 
CR19S0 8 Rla71 8 T1970 
CRlS51 8 Ala72 8 Ul830 
CRl953 a R1873 8 UI890 
CRl990 8 R1SlS a Ul890 
OS90 e Rl880 8 U1890 
0591 8 RI881 8 U1958 
J901 8 R1S90 8 U1956 
J901 8 Rl891 8 U1956 
J901 e R1892 8 VRle91 
J902 8 R1893 8 Wl909 
J903 8 R1895 8 
J904 e 

AII-HIGH VOLTAGE 

REV OCT 1983 

SCHEM 
NUMBER 

8 
a 
8 
8 
8 
8 
8 
8 
8 
8 
12 
8 
8 
8 
8 
8 
8 
B 
B 
8 
8 
8 
8 
8 
8 
8 
B 
8 
a 

12 
8 
8 
12 
8 
12 

TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points whenever the 
instrument is running. 

+60V-

+10V­
AMPLITUDE WILL VARY BETWEEN INSTRUMENTS 

+1111\1-

-21lV -

+78V -

~8.SV-

+ISV-

0\1-

WARM UP DEL"Y 
I 

~--- '" 8 MIN ---..... ~I 

3829-56 

1 

] 

] 
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J 

J 
J 
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HIGH VOLTAGE SUPPLY AND CRT DIAGRAM 

ASSEMBLVA1 

CIRCUIT SCHEM BOARD CIRCUIT 
NUMBER LOCATION LOCATION NUMBER --
C975 3D 7B J112 

J114 

Par1ia! A 1 also shown on diagrams 4, 5, 6 and 11 

ASSEMBLVA9 

CIRCUIT SCHEM BOARD CIRCUIT 
NUMBER LOCATION LOCATION NUMBER 

C9O" 9H 3A CR1990 
cel SH 2A 
C1812 4F lA 0$90 
C18,3 SF lA OS91 
Cl886 8C 20 
C1888 3H lE J901 
C18S9 8B 2E J901 
C1890 55 2A J901 
C1891 3G lB J902 
C1912 6N 4,0, J903 
C191S' SE 4B J904 
C1932 60 48 
C1950 7B 3C L 1974 
Cl851' 7B 40 
C1971 6E 4D P191 
C1972 91\ AE 1'191 
C1973 6C 40 
Cl980 86 3E 01851 
C1990 80 3f 01852 
Cl991 7E AE Q1890 

CRl894 8C 1E 01960 

CR1SSS 8B 2E Q1961 

CR1915" 7E 48 
CR1930 7E 48 R18l2 

CR1950 7E 4C A1B13 

C111951 7E 4C R1830' 
CRI953 7C 4C R1848 

Partlsl .49 a/80 shown on dIagrams 6 and 12. 

ASSEMBL V A 13 

CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION 

J904 SP .. 

CHASSIS MOUNTED PARTS 

CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION 

L90 2L CHASSIS 

LR1513 5M CHASSIS 
LR1S14 5M CHASSIS 

P112 3C CHASSIS 
Pll4 2C CHASSIS 
PllS 4C CHASSIS 

'See Parts List for 
serial number ranges. 

CIRCUIT 
NUMBEl1 

R1S01 

CIRCUIT 
NUM6ER 

P901 
P901 
P901 
P902 
P903 
P904 

R975 

SCHEM BOARD 
LOCATION LOCATION 

3C 7B 
2C 8B 

SCHEM BOARD 
LOCATION LOCATION 

8E 3E 

lH 3A 
8H 4A 

3M SA 
4J 3A 
51.4 3A 
2J IE 
AM IE 
5P lE 

9,0, AE 

2E 4B 
7A 46 

4F IC 
SF 10 
3H lE 
BE 3E 
86 3E 

4F 2,0, 
SF 1,0, 

9E 4A 
4N lC 

SCHEM BOARD 
LOCATION LOCATION 

5N .. 

SCHEM BOARD 
LOCATION LOCATION 

3M CHASSIS 
4J CHASSIS 
51.4 CHASSIS 
2J CHASSIS 
4M CHASSIS 
SP CHASSIS 

28 CHASSIS 

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCIITION NUMBER LOCATION LOCATION 

J115 4C aB 

CIRCUIT SCHEM BOARD CIACUIT SCHEM BOARD 

NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

R1I153 4F 2C R'922 7E 48 

R1854 SF 20 A1S41 7E 4C 
Al85S 4£ 2C Rl944 BC 4C 
R18S5 4E 2C R1945 60 4C 

A'BS7 5E 2C R1950 7C 4C 
A18S6 Sf 2C R195l 7A 4D 
Rl864 3F 10 Rll/52 66 4D 
R1870 3N 10 R1953 7C 4C 
A1871 4F 10 R1971 6B 4D 
R1872 SF 10 R1972 6C 4D 
R187S 3F 20 R1973 6C 40 

R1S7S 80 10 R1990 SG 3f 

R1eso 4H lE R1991 80 2E 
Rl881 sE Sf Rl992 BE SE 
R16SO 3G 2E Rl994 BE 4E 
A18S1 40 2E 
R1892 3G 2E T19ro lOB 3D 
A1S93 SG 2E 
R1B95 56 lA U1830 SG 2B 
R1896 55 3,0, U1890A 80 2E 
R18S7 3H 18 U1690ll 3G 2E 
R1898 AN 1E U19S6A SC 4C 
R1S10 51' 4,0, U1956B 66 4C 
R1S11 6P 4A 
R191S' 7E 4B VR1S91 S$ lA 
R1920 7E 48 
R1921 SP 48 

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

.. 

--,------
CIRCUIT SCHEM BOARD CIRCUiT SCHEM 80ARo 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

R976 58 CHASSIS W115 58 CHASSIS 
R9n 48 CHASSIS W900 3M CHASSIS 
R996 3K CHASSIS W900 8J CHASSIS 

W900 7J CHASSIS 
V900 2L CHASSIS W900 7M CHASSIS 

W902 3J CHASSIS 

W112 48 CHASSIS WOO3 4M CHASSIS 
Wn4 38 CHASSIS W904 SF CHASSIS 

** BOARD ILLUSTRATION NOT SHOWN 

I ABC 0 E ---1~-~_._I~-~--------------'-----.. ----.-.----- .. l_. __ . _________________ -.l~~. ___ . ___ . ___ .l 

1 ! 

:31 

I 

4l 
1 

51 
I 

~I 
6 

;~~V~;;7_~ f-'-+C~:;;--+--<>--,:I 

F .J.. 

~iO' I~~----------------------------------------F._~~~~~~~~~~~~~~--------~--~~~------------~ 
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FOR INTEGRATED CIACUfT SUpPLy 
COHN!cnONS~NDPO~ 
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SEE POWIR DISTRIBUTION 8, <ij> 
~ .... I."'tlDl.l'lrfilllllf~UI'IIIl!I!IT'O 
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'~~R1234' 
~mtI7 .. ".! ! L ... 
fi~r $I1~~mbIt· 

N~lIlbellljwd! 

eM'!.". IJmI'm"d,:,w;I>(l,....r.h hlilllO 1\<1 .l$!&lT,Qly "'«mt.!; 
~x-,~ e<lU 01 ~~pq;('I)~~ B!IClrl,lII p~<!S l!$(. 

5UPPL Y AND CRT ~ 

T 



2445 Service 

A B c o E F 

1 • J231A 

3 

4 

Figure 9·12. A2-Regulalor and A3-lnverler board •• 

G H J 

--A2 

REV DEC 1983 

• LABELED ON SOME BOARDS AS "P" VICE "J". 

* THESE COMPONENTS MAY NOT EXIST IN 
EARLIER INSTRUMENTS. 

() COMPONENTS WITHIN PARENTHESES MAY 
NOT BE LOCATED PRECISELY AS SHOWN BUT 
ARE NEAR THEIR INDICATED POSITION. 

ALL COMPONENTS MOUNTED ON A3-INVERTER 
BOARD ARE SHOWN ON SCHEMATIC 

DIAGRAM <V 

IV:\ Static Sensitiye Devices 
\J'::/ See Maintenance Section 

COMPONENT NUMBER EXAMPLE 

ChusiHIl(Illl'llee compof'lt'nts n3'tt Il(l ~semblV Number 
p!"f!IX-Sef ~w.I of RepiBtellble I:.lectrita! Pa!1s List 

A3-INVERTER 

TEST WAVEFORM SETUP INFORMATION 

The numbered waveforms below were obtained at the test points indicated on the accompanying schematic diagram and 
board dolly. The waveforms are representative of signals that may be expected at the associated points whenever the 
instrument is running. 

+11.51/- +12V-

01/- +.5V-

+21/-
~ , , +3V-

+.251/-

+21/-
¥ , , I I/" 0V-

+llV-

+ .251/-

+121/ -

0\1-

+.41/-

+.51/- 01/-

-.4Y-

1 

1 
J 

J 

] 

I 
J 

I 
J 

] 

J 
J 
.J 

J 
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A2-REGULATOR BOARD 

CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT SCHEM CIRCUIT SCHEM 
NUMBEIi! NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER 

Cl016 9 CRl351 10 Rl01S 9 Rl331 10 
Cl016 9 CR1376 10 Rl016 9 Rl332 10 
Cl206 9 El00l 9 Rl017 9 Rl333 10 
C1220 10 El002 9 Rl018 9 Rl334 10 
Cl226 10 Fl330 10 R1204 10 R13S1 10 
C1240 10 J121 10 R1208 9 Rl352 10 
C124S 10 J122 9 R1212 10 Rl353 10 
C1246 10 J122 10 R1220 10 R1354 10 
C1260 10 J201 10 R1221 10 Rl355 10 
Cl261 10 J202 10 R1222 10 R13S7 10 
C1270 10 J203 10 R1223 10 Rl358 10 
Cl272 10 J204 9 R1226 10 Rl359 10 
C1274 10 J20S 9 R1227 10 R1370 10 
C1260 10 J206 9 R1228 10 R1372 10 
Cl290 10 J207 9 R1229 10 R1374 10 
C1291 10 J231 9 R1240 10 R1376 10 
C1300 10 J232 10 R1241 10 R1378 • 10 
C1330 10 J232 10 R1242 10 Rl400 
C1331 10 J233 10 R1243 10 R1402 
C1350 10 J233 10 R1244 10 RT1010 
C1357 10 J234 10 R1246 10 RT1016 
C1374 10 J234 10 R1247 10 S350 
Cl400 10 J234 10 R1248 10 T1229 
C1402 10 L1011 9 R1249 10 TP201 
CR10l1 9 11012 9 R1261 10 Ul260 
CR1220 10 L1402 10 Rl262 10 U1270 
CRl221 10 P251 10 Rl264 10 U1270 
CR1241 10 01220 10 R1270 10 U1270 
CR1242 10 01221 10 R1273 10 U1270 
CR1243 10 01222 10 R1274 10 U1270 
CR1244 10 01223 10 Rl260 10 U1281 
CRl260 10 01240 10 R1281 10 U1281 
CRl261 10 01241 10 R1282 10 U1281 
CRl262 10 01243 10 R1283 10 Ul290 
CR1263 10 01245 10 R1284 10 Ul300 
CR1264 10 01260 10 R1285 10 U1300 
CR1281 10 01281 10 Rl286 10 U1300 
CRl282 10 01300 10 Rl291 10 U1300 
CRl263 10 01301 10 R1292 10 U1300 
CRl300 10 01351 10 Rl293 10 U1330 
CRl301 10 01354 10 R1300 10 U1371 
CRl302 10 01370 10 Rl301 10 U1371 
CR1303 10 01376 10 R1302 10 U1371 
CRl330 10 Rl011 9 Rl304 10 U1371 
CRl331 10 Rl012 9 R1305 10 U1371 
CRl332 10 Rl013 9 Rl306 10 VRl293 
CRl334 10 R1014 9 Rl307 10 W251 

Rl309 10 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

FB ..• feedback 
PWM COMPARATOR ... pUlse-width modulator comparator 
+5\(0 ... +5 V digital 

REV DEC 1983 

10 
10 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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LOW·VOLTAGE POWER SUPPLY DIAGRAM 

ASSEMBLY A2 

~----·--~------r-------'-------r-I----~------~r-----~-------r-------r--·--·--r-·-----r------
CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT I' SCHEM BOARD 
NUMBER LOCATION LOCATION NUM~§R LLgCATION LOCATION NUMBER LOCATiON LOCAT!ON NUMBER LOCATION LOCATION 

Cl015 
Cl018 
C1208 

CR10l1 

E1001 
E1002 

6C 
sa 
lP 

5C 

58 
6C 

Partie! A2 e/so shown on dlagr8m 10. 

ASSEMBLYA3 

58 2A 
6e 2C 

46 3A 

1N 3C 

I--~-I-R-e·-UI·-T-·-S-C-H-E-M-'-B-O-A-R-D--'--C·-IR-'~;'~~oc~;'T'~"' "";-U-'T·l·~~·~·~~-'·B~;~D-··--C-IR-C-U-I-T-r-s-c-H-E~-';~~RD·-
NUMBER LqCATION LOCA miN NU~S.~R ~o.<;;~TI.o'::l L~O~C:::.~~T~IO~t~j=l==N~U~M~8~E=A~L~O=C=A=T~IO=N=FL=O=C=A~T:,::IO::,N~J=N~U:;M=BE:::R~L~O~C=A=T~IO=t~;FL=O=C=A=T=IO=N=1 
C1020 4E 50 CR1060 5L 5D 01021 20 SJ Rl064 9E 7E 
Cl021 70 5J CR1062 7F 70 01022 30 8J Ri065 8L 6E 
C1022 60 SH CR1063 7F 70 Oi029 3P 8F Rl066 8J BE 
C1023 3F 7H CR1064 7F 70 01030 6H SF Rl067 I 9E 7E 
Cl025 :IF 7H CRiOS5 IF I 7G 01040 6J SF Ri068 9J BE 
Ci032 3L' 80 CR1070 7L I 60 Ql050 50 SF AlOe9 7G 7G 
Cl033 4L I SO CR1072 50 7F 01060 9K 5D Rl070 9K 60 
C10S4 3L I 7G CRliO' 10M SA 01062 78 7G Rl071 5H 7F 
Cl0as 4L 8H CR1102 10M 6A 01070 II 9K 5E Rwn 6G 7F 

C1048 4M 6E CR1104 9P 7A Al017" SE 6H Al101 5P 59 
Ci040 6J 6F CR1103 9N 7A Al0n 9G I 6E 

C1050 SF SF CR110& 7N 7A Ri018 7D 5J Rll02 I 6P 59 
Cl051 7E 7D CRil06 7P 7A Rl0i9 6D 6J R1129 3P SO 
Cl052 Sf BE CR1110 7M 6C Rl020 2E 8J 
Cl062 9F 7F CRii13 aN 7B Rl02i' 6E oj 
Cl065 5L BE CRi114 aN 7B Rl022 2F 7H 
C106S 7F 7H CRl115 7N 7A Rl023 30 SH 
C1067 9E 7E CRlilS 7N 7B Rl024 2H 6H 
Ci071 8H 7F CRi121 or 7D Rl02S 2G 8H 
Cl072 lH 7f CR1122 5P 7D Al027 2N 8J 
C1075 8J 8E CRi123 5P 7D Ri028 3N 8E 
Cl101 10M 68 CR1124 5P so Rl029 2P SF 
Cl102 lOP SA CRl131 5P 80 RiOJO SH 7F 
ClllO 9N 68 CR1132 5P 50 R1031 4M SF 
Cil11 9N 6A R1032 4L 8G 
C1112 8P 7A F1101 I 9P 6B Rl033 5L SG 
C1113 8P 88 Fl102 9P 6A Ri034 3L 80 
C1114 8P BC Rl03S 4M SF 

Cl115 7P BC J231B II 50 5H Rl03e 4L 8(; 
C1116 7P 88 J2326 9P 5fo. Ri037 3L BH 
C1120 SP 80 J233B 3P 80 Rl040 SH 7F 
Cli30 5P 8D J234B 7P 78 RlD41 .... 6H SF 
C1132 5P BC JJOi op Be R1042 3H 7G 

CA1022 
CR1023 
CR1028 
CR10:lO 
CR1034 
CR103S 
CR1040 
CR1060 

2E 
2H 
3N 
5(; 
3l 
5L 
6H 
SF 

1H 
8H 
SF 
SF 
70 
SH 
SF 
SF 

CHASSIS MOUNTED PARTS 

J302 6P 58 Rl044 4M 8E 
J303 i 9P 58 Rl045 4M 8E 

L1110 
L1113 
L 1114 

9N SA R1050 6H SF 
9P SA RlOS2 5G SF 
8P SA Rl060 9K 6D 

i
' R1Q46 5N 8E 

L1115 7P 7C AlOe1 70 70 
Lil16 I 7P SA Rl062 SF 7E I Ri063 SF 7E 

LA1060 

T1020 
T1050 
Ti060 

01029 
Ul030 
U1062 
U1040 
U1Q62A 
U1062B 
Ul062C 
Ui062D 
U1064 
U1064A 
Ul0646 
U1066 
U1066A 
Ul0668 

VR1020 
VR1062 

W1021 
Wl022 
WiOSO 
Wl060 

9K 

6D 
flF 
5M 

3P 
3K 
80 
4N 
8H 
9H 
9F 
SF 
8H 
9G 
9;; 
oj 
8J 
9J 

3G 
7G 

7D 
60 
60 
6l 

BE 

6-.1 
6G 
6C 

8E 
80 
7E 
BE 
7E 
7E 
1E 
7E 
7E 
7E 
7E 
7E 
7E 
7F 

8H 
7G 

7J 
lH 
SF 
60 

CIRCUIT SCHEM BOARD CIRCU;-~~~~~··r BOARD CIRCUIT SCHE~~·[BOARD CIRCUIT SCHE~ tl BO:~~·-
,~"",," ,,~"" ,,~"-o_, + _'""'" ,,~"" ,O~"",_ . _""~":.""""'!:f""' .. T:':.~IO:::'N.~l-.. _N:':_U:::.M::: .... ::'~~:::R.:...j.l:::.?::':C:::.A.::T:.:'O::::..N, :2.9!,T_ .. IO_~ __ _ 

F90 SA CHASSIS P206 8A CHASSIS P233 3S CHASSIS 81020 50 CHASSIS 

P2Q4 II SA CHASSIS :;~; II ~~ g~~~~:~ P234 7S CHASSIS II 

P205 6A CHASSIS P232 93 CHASSIS 590 6A CHASSIS 
I 

• See PllrtS List for 
aerial number ranges. 

_+ .. ~ __ ~J....~ ... ~_ .... J._._ C 

I 
I I 

I 

1 
i 

21 

~ 
3! 

i 
J 
I 

41 
I 
1 

51 
I 

---I 

71 
I 

I 
I 

1 
81 

[ 

(l~.:J 
or 
I 
I 
I 
I , 
I , 
I 
I 
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COMPONENT NUMBER EXAMPLE 

Compo/llJllt JVum~[ 
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A B 

1 

2 
382{f-67 

FIgure 9-13. A 10-Fan Motor board. 

c 

I<i:\ Static Sensitive Devices 
\J)I See Maifltemnce SectIQn 

COMPONENT NUMBER EXAMPLE 

Componezt Number 

'A23 A2. R1234 \ """T'" ---.........,.--
MsemtAy .... j ~ L_ SC~~~~:lr 
Number $uwss.embiy Numl:ter 

NlJmbi:!r (Ifti:'i.f(t) 

Cha';sls mour.ted CjJf1qJCI'\e!'jt~ qne Ill) Assembl¥ NUI1\~' 
Pf~hx ··see eM ill Replar.eabte [!ecIrir.il1 Parts L's! 

• LABELED ON SOME BOARDS AS "P" VICE "J". 

ALL COMPONENTS MOUNTED ON A10-FAN MOTOR 
BOARD ARE SHOWN ON SCHEMATIC 

DIAGRAM~. 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious jf a little thought is given to the intended circuit 
function. 

FB ... feedback 
+5VD •.. +5 V digital 
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lOW-VOLTAGE REGULATORS AND FAN DRIVE DIAGRAM 

ASSEMBLYA2 

-~~~CUIT I --;~~~1 BOA;;---~'~~U'T-r-S~:~~-r-~;-';:R-~-­__ ~;:~~~~C?(;;:J9. I LC;9.;~~~_ -~-~~!~~fOC:T1O~ lE9~TION 
C122e I 2F : 20 CR1S7S I 7J lF 
C1240 , 3M I 20 , 
C1245 I 3H Sf F1330 I 10F 2E 

C1246 'I 311 2E 
Cl:?60 3M I 20 J121 2P 2E 
C1261 4J SF J1Z2 3P 2F 
01270 I 6C i 30 J201 4P 10 
C1272 I 69 I 3G J202 4P 10 
01274 ' 6B I SF J203 5" 113 
C1280 I 5M I 2E J232A S6 1J 
C1290 I 5f ,- 2H J232A 96 1J 
01201 'I SF I 211 J233A 38 SF 
C1300 I 7M I 2E J233A 66 3F 
Cl3,~O 9M I 2F J234A II lOB 3H 

g;:~ i :~ I;;; ~;~~ :~ ;~ 
C1357 I, 87HJ I 22JG C1374 - L 1402 7D 4H 
C1400 50 3H 
C1402 70 4H P251 lH 6S 

----~--~-- I T~~-'----~--~ 

CIRCUIT! SCHEM I BOARD CIRCUIT i SCHEM I BOARD 
NUMBER i lOCATIONI LOCATION NUM!I.e:!!l LQC~TI()1l(lC~:no.~ _ 

~~-i~~- -r~ --r;g ~~~~! T ~ 1 ;~-
R1227 I 213 I 2D R1355 , 6J I 2J 
R1ZZ8 I 2<3 i 30 R1357 I' 8H 3J 
Ri229 I iF I 3D A1358 8H 3J 
~~ ,~ • ~_ I ~ I 3J 

Rl241 I 2J 410 R1370 i 7H i 3<3 
R1242 , 2J I 4E A1372! 7H I 2<3 
Ri243 i 2J I 4E A1374 I 7H ' 2G 
A1244 I 2G I 4£ R1316 I 7J II 2G 

R1246 I 3G I 3£ R1S7S 'I'! 6K 2<3 
/11247 Ii 3H 2D A 1400 4D 3H 
R1246 . 3H 3E R1402 7D II' 4H 
R1249 ! 2<3 i 3E 
Rl2li1 4K I SF TP201 I SF I 2H 

R1262 j 4K ! 2F U1~O I' 3J I, 'F 

:i~~ II ~ Ii ~~ Ul;;OA 6L I i; 
A1274 . ~ 3G ~~~;~ !,I 9a

7 FHl I ~3JJ 
A1280 I 5M I 313 U1270D I 
R1281 I 5M 3G U1270' 50 - 3J 

CR1220 2H II 3D 

CAl221 2N II 20 
CR1Z41 3J SE 
CR1242 3H SE 
CR1243 3N 2E 
CA1244 2G! 3D 
CRl260 3J I 4f 

01220 
01221 
01222 
01223 
Q1240 
01241 
01243 
0'245 
01280 
01261 
01300 
01301 
01351 
01354 
Q1310 
01376 

=;;:; II :~ i ~~ ~;;::: I ;~ i : 
I ~~ ~ Ii w ~~ I ~ I ID 

R1285 6L 20 U1Z90 SE I 2J 
R12M ~ 5L 2G Ui300A i 5L I 2H 

~j~E ill E I ~~ ~!~ I ~ I E 

4E 
40 
3D 
40 
41:: 
4E 
3E 
3E 
40 
40 

iH 
1<3 
lF 
iF 
2K 
2J 
2H 
3H 
5M 
5L 
7M 
7L 
9K 
8J 

CA12S, 4N I 2E 

CRl2li2 aJ _,1,1 SF CA1253 4J SF 
CRl2li4 4K SF 
CR1281 5K 2G 
CR1282 I 5K 2G 

CR1253 I 5N 2F 
CR1300 6K 2H 
CR1SCl 7K 3H 
CR1302 I 7K 3H 

CR1303 117M I ?F 
CRl330 _ lOF ,I 4J 
CRl331 9N 2G 
CR1332 9F I 4J 

._._.~~~~-:'L~~_N I 2G 

Partial .4.2 also shOwn on di~ram 9. 

WaGl lA t CHASSIS 

R1204 
R1212 
R12Z0 
Ri221 
Rl222 

7H 
7K 

7H 
iF 

4H 
4H 
2J 
2J 
3G 
lF 

R1S01 _ 7M I' 3G U1330' 10F ! 4J 
Rl302 7L 3H U1371A I 3J I SF 
Rl3(l4 7L I 3H U1371B' 4K I 3F 
R130S 7L I 3H U1371C I 7C ' 3F 
R13Q6 6L I) 3H U1371D i 1J I 3F 

, 60 I,'. =:: I ~ 1,1 ~ ~~::3 _ii 50 I :: 
3G R1332! 9G 3J I 
40 Rl333 i 91' I 3J W251 as lH 

1G 40 R13S1 9H I 4J I 
lH 3f Rl334 ,I' 9F i 3J 'II 

I 10 40 R1352 aK I 2J 1 I ____ '--__ --'-____ -'-____ -'--___ ----'-__________ __ ___ _____ _ ________ J ___ ~ ___ _ 

P301 lA ! CHASSIS I 
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COMPONENT NUM8ER EXAMPLE 

C(Jmuone-m i'Jvm()er 
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ASSEMBLY A1 

C325 
e336 
C415 
C458 
C480 
C521 
G675 
C710 
C722 
e723 
C731 
C733 
e738 
C740 
C810 
C811 
C819 

3D 
30 
7M 
2M 
2M 
7M 
3M 
lG 
3H 
3H 
lOC 
2H 
8G 
7H 
2M 
3M 
7M 

3C 
lC 
4F 
4F 
2J 
2H 
3H 
90 
60 
60 
BE 
7E 
6E 
60 
7F 
7F 
BE 

POWER DISTRIBUTION A DIAGRAM 

-------T-----------r-------- ,-.---.. ,------..... '1' .. - .... - .. _-.- - ...... --- - -- .. -[- .. --.--.. ----.. y--
, I' I 

CIRCUIT I SCHEM I BOARD CIRCUIT I SCHEM I BOARD CIRCUIT SCHEM I BOARD 

NUMBER 1_~~~A TlO~~~~TIO_Nc l-~..':'~~~~t;~~~~~~;~£~J..;~~=" b~U-~.!l;R+ .. LI)C-"TI()N..tLOCATION 

C850 7M 1 7F L740 7H i 60 Ull0 I 5L II 2E 
C933 2M . SG L743 SH I 60 U10D I 5e 40 
C938 7M 9G L938 7K I 6J U3ca 50 28 
C940 7M 9H L973 8M I 9K U350 5L 88 
C943 3M 9H I 'I U400 I 5E 5E 
C958 3M 7K LR 10 1 SA , 5e U450 2M 3F 
e968 1M 9K LR107 6C I 60 USOD 5E 2G 
C973 8M 9K LR201 68 '4C U1500 SF 6H 
C9BS 7K 6K LRll a 7e i 3D US50 5G 3J 
C990 2M 8K ' U700 5H 70 

P12l II 2A i 4.j USOO 5J 7F 
CR107 78 4H P121 9A I 4J U8,0 He SF 
CR807 I 4J 7F PI22 3A I 4H U860 6l 6F 

~::~;;~ ~= Q70D 1 G II ge ~:~ ~~ I:~ 
U950 II 6K I SK 

J119 I 8S 4H RIlO 2B i 5E U975 3l I 6K 

~!i I j~ ~ ~~ I! i ~ ~: II:; I ~ 
J5l2 I 65

1 II! '" :::;~: ,II ~ :::;:: I!: 
m~ III ~~ i~ ~;; ;;p ,;; ~j~i II E I ~f 
L307 7D i 38 U120 2B i BC W121 lOA III 4J 

~;~~ I;g 'I' ~ ~;:;~ i ~~ ~~;~ ~~ :~ 
L52l i 7E 2H U150 3L ! 7C I 
L733 I 2H i BE U1S0 2C I 20 I 

__ L738 _L~_G ____ .l ___ \lC __ " " ... _ U1SS 4L I 2F _____ J ___ _ 
Partin; AI a/sf) shown on diagrams 4, 5, 6 and 8. 

ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic, 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circu it 
function, 

GND C . ' , virtual ground "C" 
GND R , , , virtual ground "Ru 
GND S . , , virtual ground "S" 
+5VD . " +5 V digital 
+5V1 , , , +5 V decoupled (1) 
+5V2 , , . +5 V decoupled (2) 
-5Vl . , , -5 V decoupled (1) 
-5V2, . , -5 V decoupled (2) 
-5V3 . , , -5 V decoupled (3) 
-5V4. , . -5 V decoupled (4) 
-8Vl . , , -8 V decoupled (1) 
-8V2 . , , -8 V decoupled (2) 
+15Vl .. , +15 V decoupled (1) 
-15V2". -15 V decoupled (2) 
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ACRONYM DICTIONARY 

The following listing explains some of the less obvious 
acronyms and signal labels used on this schematic. 
Acronyms and labels not shown in this listing may be 
included in the circuit descriptions (Section 3) and should 
be obvious if a little thought is given to the intended circuit 
function. 

GND C ... virtual ground "e" 
GND R ... virtual ground "R" 
GND S ... virtual ground "S" 
+5VD ... +5 V digital 
-15V2 ... -15 V decoupled (2) 
+87Vl ... +87 V decoupled (1) 
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POWER DISTRIBUTION B DIAGRAM 

ASSEMBLY A4 

1--CIRC:;:; --~~~~-l BOA~~~~;~~;T SCHEM '~-;;-A-;D--~'RCUI;r~~~'~T-~~';~-- ~~CUITT SCHEM.I .s?ARD 

pc ~UMBER L?9~~~~~1':S~~li,<:,~*,~.lJ.~!l~~~~~~~O~ LOCATION NUMBER LOCATION LOC":.~ION NUM~ER L~C"T~~AT~ 
C2830 1 4C I 10 C2990! 4C I 3F U2660 4G 20 U2900 4G I 2E 

C2835 I 4C I 2C 'I U2865 4G 2E U2965 6H I 3E 
C2851 ,4C 1D P4ll 38 I lA U2870 4H' 2E U2970 I 5H I 3E 
C2855 I 4C 'I 20 U2880 4H 1 E U2980 5H 2E 
C2860 4C 20 R2605 4C 28 U2885 4H 2F U2985 4G 3£ 

C2885 4C I 2E I I U2890 4H 2E U2990 I 5H 3E 
C2901 4C I 28 WeDD I 40 2B U2900 5H 2A U2995,' 5H 4E 
C2913 5B 48 U280S I 40 . 28 U2905 4E 3A 
C2928 4C 3C U2810 I 4H 2A U2910 3D 3A VR2805 4C 29 

C2940 38 I 4C U2820 I 3C I 2A U2920 4£ 38 1 
C2950 4C I 40 U2830 4H lC U2930 4F 3D W411 58, 1A 

.. jE L_ :g __ J ___ ~_._ ._~;~ l:~ 1 !g __ ~E~ ._J~._._:g __ L-~!:~;~Jh_:~ _l_~_ .. _ 
Partial A4 also shown on dIagram 7. 

ASSEMBLY AS 

--~R~~~;TI- ~~H~~ r BOARD CIRC~~~is~~~~ ~ ~~~R~ ~ CIRCUIT SCHEM BOARD "~I~~~~T~CH;~-~'~ 
NUMBER LOCATION rOCATION=--=bNUMBER f LOCA TlON L::cO.~C~A;;T~I:;:O~N~~:~~~~~~::;:E:o;R~, ;:;LO~C;::=HT~I:;:O~N'FLO:::;::C1:,;A8~TI~O",N~F:;:;::~:ER I lOC::'ONI L;~2 TION lFi·· fi f"~~XI·· ~.. ~ .. ~E : .1

1

1 !~~~~E -, : 1 ~ 
C2221 10C I 2C J251 I 78 20 U2234 eo 26 U2634 70 40 
C2223 1 lOB I 2C I U2308 9F 2F U2656 BH 4G 
C2240 8C I 1" PS11 I' 68 4C U2335 BE 3D UZ668 9H 4G 
C2328 10C 4E P51Z 68 4H U2362 SF I 3J U2770 9H 3J 
C2348 8C 3D I U2378 SF 2J 
C2354 88 1 C Fl260S 6L 3A U2408 8E II 3A W51l 88 
C2440 10C 4E I U2416 BE 38 W512 18 
C2475 8C 4J TP508 I 7L 4K U2421 70 3C W2143 7L 

4C 
4H 
1A 
4A g:~~ ~g I!~ U2034 I 8H I 28 ~~:E i~ !; W2S26 I aL I 

g~~ , :g I ~~ ~~~~ 1_: ~. __ ~L_~ _~~_O_ . .L_8_H_..l. __ 4_K __ .L ___ .itl ___ ..L __ . __ .. 

P.,rial A5 also shown on diagrams 1 and 2, 

Partial Ad also shown on diagram 3. 

ASSEMBLY A9 
t-----,----.,------,-----,---~----~--......,---_r_---~_--_r--.--_.______-

CIRCUIT SCHEM BOARD CIRCUIT SCHEM I BOARD CIRCUIT SCHEM J BOARD CIRCUIT SCHEM I BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATIONiLOCATION NUMBER LOCATION'LOCATION NUMBER LOCATIONiLOCATION 

Clga9 I 1C 3A- RlOC:~"'-' .---;~- -'-r 4A Ul956 2C • 4C 

_ ~~9~.3~_ ._ .. ~.B __ ._.... .':'.I~90~c_._l 2E __ .. L.VV~9()9_l_3B~ __ . __ .J._ .. _3 ... A .. _.~ ......... L_ ... ~ ... ~ .. __ .L ....... ____ L_._. __ ._~ 
Partial A9 also shown on diagrams 6 end 8 
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GmQ ~TU 0tI AOOl1fM S:CtEM.-.nc 
(FOQ U""'''''-It 4!) 

COMPONENT NUM8ER EXAMPLE 

CW'nt,1(I.IIImt fWmbef 

'~M~R1234' 
AI~mt>it _,_,; ~ __ S~~:~K 
N~m~fIo' "/:::~~r;(~) ~~ 

C~Jl>IHl<llOIllEi" ~1l!~>>;\""ill~ !\al"t .\~ A01£:!l\bll NIl!1'ber 
P"~"-1.i'1i ~~~ (,l RIIplM.I!51::iol lliltr.naj {'tl!.S I.,~t 

PARTIAl.. Ab F'V.ON1' PANEL. SOAftJ 

POWER DISTRIBUTION B 
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r-----~~.--'--.. -.~' ... ---~'---.---.. --'- ................ 

I J110 r ________ ~~~~t _c~nnecto~ j 

i ~:II~~~~~~-t:jl 
! 2 GNO I 4 

I 3 II CH4 POS I 4 
I 4 Unused I 4 

I 5 CHl POS I 4 
! 6 I GNO 4 

! 7 I CH3 POS II 4 I 
I 8 , CH2 POS 4! , I , l--L _____ . ___ --'-___ 1 

~'~~=~~~~~~~~~~~to~i 

I 4 GNO 5 

I ~ ~~~REF I ~ I 
I 7 Unused i 5 I 
i 8 i GNO i 5 I 
I __ ~ __ . ____ .... L .... _ .. _ . ..J 

,-_._------ --- .-.---~ I J119 A1 Teat Connector 

i-;;n r~~lne ~~~~ 1 ~~m r= I .-- ___ .. u r- '--
I
I 1 I -15V I 11 I 

2 I • 5VD 'I 11 I 

3 ! -15VUNREG 11 I 
I 4 I + 1 OVREF I 11 I 
I 5 I -5V 11 , 

6 ! +15V 11 I 

~ I ?8~~ ~: I 
9 , +42V 11 II 

10 i Unused 11 

I ~~ I :~~ ~~ 
I 13 I +15V I 11 
I ;~ I GNO I 11 
L~ ____ "."_ .. ,,,,~ _" _____ -.1 ______ ... __ ---------l 

'---', 
J/P/W121 A1 to A2 I 

PI~ LLlne -Na';'~· I Schem j 

;~r~~::,::~~~::: 1 
3 ,+10VREF : 10.11 I 
4 I GNO I 10,11 I 
5 i +15V i 10.11 i 
6 I +42V I 10.11 i 
~_~87V.~ ___ J~ 

~t~~~~~;~-~~1:::-:~ 
- . ---- T=-=::::"--:l 

I 
1 
2 

LINE TRIG i 5,9 

3 
4 

-BV I 10,11 
-15V i 10,11 

GNO I 10,11 I 
5 -5V 10,11 • 

6 '1 Keya I 10,11 I 
7 +5V I 10,11 ! 
8.L+5V.D ____ ~~ 

J/PIW141 

Pin 

l-l·~~~··---
2 1 -15V 

3 II' VQOUT 
4 VERT 6 

L:.J __ H_0_R_IZ ___ -,-_6_...J 

J/P191 
- .. -- "-,, ._._""".,--,-, ~ - "-~i ----

Pin Llne_'\la~ Schem 

r·-··-·-
1 -15VuNREG I 8,11 
2 +10VAEF I 11,12 
3 +15V I 11,12 
4 FOCUS '8 
5 ASTIG I 8 

6 GNO I, 11,12 
7 VZOUT 6,8 
8 VQOUT 6,8 
9 -15V2 11,12 
10 TRACE ROT S 
11 +42V 11,12 
12 TRZ 6 

.~;. __ L~~~IN ---L-~t12 

··--''''"--·---'-··"---~-----'----"··-··I 

J/P/W251 A2 to Asl 
-~- ----,._.---- ._---,- -."-,.~-.-

~n _~--L~~-~~=~~:'::~~ 
1 I -15V I 10,12 

3
2 i -15V I' 10,12 

-5V 10,12 
4 -5V I 10,12 

5~ II GNO I' 10,12 

+5V 10,12 
GNO II 10.12 

8 
9 

I· 10 

11 
12 
13 

+5V 10,12 
GND 10,12 

GND I 10.12 

PWR UP 1.10 
+5Vo 10.12 

+5Vo II.,' 10,12 

, 14 +5VD 10,12 

115 I +1OVREF 10.12 

1
16 +10VREF 10,12 
17 I +15V I 10,12 

I 18 I +15V I 10,12 

I ;~ +42V I 10,12 

L.l ~4~~, __ ._ .,_1. ~O,12 

! J/PIW411 "·-A4to A1 I 
! Pin ·L-LI';;N;~~-····rsche~1 
F i -'. ---··-··r··-·-:·~::. j 
I I I 
I 1 I ROB I 5,7 
'2 ROR I 5,7 

I 3 ROA I' 5,7 
! 4 GNO R 11,12 

5 
6 
7 

8 
I 9 

1
10 

i 11 

112 

1
13 

I 14 
i 15 
116 
!17 
I 
I 18 
119 
120 

121 

ROS 2 
SGA 
ROSFRAME 
ROS 1 
RIW OlYO 
ROOO 
GND R 
10 MHZ 
GND R 
+15V 
BOO 
GND R 
GNO 
+5VD 
DlY REF 1 
GNO 
DlY REF 0 
GND I 22 

I 23 -15V 

I 6,7 
5,7 
6,7 
6,7 
6.7 
6,7 

11,12 
6,7 

11,12 
11.12 
6,7 

11,12 
11,12 
11,12 
5,7 

11,12 
5,7 

11,12 
11,12 

124 READOUT 
I I HORIZ OUT . 6,7 I 
I 25 I GNO I 11,12 I 
,I
I 26 G' READOUT I 

VERT OUT I 6,7 j 
L......-_ __ _ ___ ~ ______ ~,,~_-. __ 

I J500 --·'··--'--~;;o Options I 

f"~J. ·-~_ .. 0~~ N~;~_~_S.Ch~~:1 
, ._ .. _--_ ....... _.[--_., 

1 II A7 1 I 
2 , A 15 1 II 

3 AS 
4 A14 

56 MR II 

A13 
? A5 
8 A12 
9 A4 
10 A 11 
11 A3 
12 Al0 
13 GNO C 
14 A9 
15 A2 
16 AS 
17 A1 
18 AO 
19 RIW 
20 BO? 
21 GNO C 
22 BDS 
23 B03 
24 BD5 
25 B02 
26 GND C 
27 BDl 
28 BD4 
29 BOO 
30 E 
31 GND C 
32 10MHZ 
33 VMA 
34 RESET ____ 1. 

1---_· .. ········· , 
I JS02 AS 10 Options I 

~l·- .. ~".:~~~~-~~:~" ... !_!Ch~~ 
I 1 I OEA35 i 2 i 
II 2 I OEAClK I 2 I 

3 I GNO C I 2 , 
i 4 . OEAI/O I 2 I 

i : Ijj:~ ~_~iLj 

f··"·----···-· ~... ., 
i J/PIW511 AS to A1 I 

Gn -I u~N~;e-Tsche~ j 
r 1- CH1 PRB ! 2,~-1 
i 2 CH2 OVl 'I 2,4 ! 
: 3 CH4 PRB 2.4 I 
I 4 I CH3 PRB I 2.4 I 
II 5 CH1 OVL 2.4 I 

6 I CH2 PRB I 2,4 i 

i 7 I CH4 POS 2.4 Ii 

I : I g~~ :~~ ~:: I 
10 CH1 POS 24 

11 I GND 11:12 I 
12 I' DAC MUXl IN 2.4 II 

13 GND 11,12 

14 I TRACE SEP 2,6 I 
15 I -1.25V 2.11 , 
16 I Dl Y REF 0 2.5 I 
17 IDLY REF 1 2,5'1 
18 I GND S 11,12 I 
19 A TIM REF 2,5 Ii 

i 20 B TIM REF 25 

I ~~ ~~~IZ POS 1;:~2 II 

I ~! ~~D 1~:~2 
I 25 I A TRIG lVl I 2.5 i 
i 26 , B TRIG lVl ' 2.5 I 
L ... _ .• ..l .. _. . J .. __ .. " .. _._, 

I J/P/WS12 AS 10 A1 I 
t-----r··----·--T--i 
i Pin I Line Name . .L.:'chem I 
1--+----- ·-··--·-'T-:....---::1 
! I I i 

I i I I CONT DATA I 2.4 I 

,2 ATTN STRB 2.4 I 
I 3 ATTN ClK 1.4, 
I i ,4 CH2 PA ClK 1,4, 

5 CHl PA ClK 
6 A TRIG ClK 
7 B TRIG ClK 
8 A SWP ClK 
9 B SWP ClK 
10 OISP SEQ ClK 
11 RO ON 
12 RO DO 
13 ROS 2 
14 ROS 1 
15 ROSFRAME I 
1116

87 
~:g MUXi AO II 

DAC MUXl Ai 
19 TRIG STAT 

STRB 

20 DAC MUXl A2 I 
21 I GND C , 

22 Ii DAC MUX1 INH I 

~! II ::0 DlYD ' 

25 5MHZ 

I 26 I 10MHZ 
L ___ ~ . ..L~" ___ _ 

1.4 
1,5 
1.5 
1,5 
1,5 
1.5 

2,5 I 
2,6 I 

1,6 I 
1,6 ! 
1,6 I 
2.4 

2.5 I 

2.4 II 

1,5 
2,4 

11.12 I 
1.4 "I 1,6 
1,6 I 

~::J 

r-----·-··-·-----··-·-·-··l 
I J/PIW651 AS to AS i 1----,--............ - ... r··--1 

I~~~;~::~:I ~~c1 
3 HORtZ POS I 2,3 I 
4 +1.36V I 2,3 , 

5 -1.25V I 2,3 I 
6 DlY A I 2,3 I 
7 /IA , 2,3 I 
8 68 I 2,3 I' 

9 DlY B I 2,3 , 
10 HORIZ VAR : 2,3 I 

,11 TRIG lEVEL I 2,3 I 
'12 HOlOOFF I 2,3 I 

13 -1,25V 23 

14 TRACE SEP I 2:3 II 

15 ! CH1 VAR I 2,3 
16 I CH2 VAR I 2,3 I 
17 ! CH1 POS I 2,3 . 

18 I CH2 POS I 2,3 

'I 19 CH3 POS II 2,3 
20 i CH4 POS 2,3 

L ... __ ..1. __ .~ ____ L..._.......J 

r-~~;~WS5; . AS t~-~"l 
r---~--·'-I·-··· ·-1 
I Pln . ..1.... Line Name I Schem ! 
~:::=~. ..(::::: .. :-==.: .. :: .. " ..... :::=+:: .... ····:·1 

I 1 II ROW 8 I 2.3 I I 2 ROW 3 i 2,3 ! 
1 3 I ROW 9 1 2,3 I 

I : . :~~ ~ II ~:; I 

I ~ ~~:e~ ~:; I 
I 8 Unused 2,3 I 
i 9 ROW 0 2,3 I 
I 10 ROW 7 2,3 I 
111 ROW 10 2,3 I 
i 12 ROW 2 2,3 I 
I 13 ROW 6 2.3 

i,I~: ~~D C ~~I I 
,18 +5V 12 I 

I 17 TRIG lED 2,3 'I 

18 COL 0 2,3 

~~ ~~ ~lK ~:~ 1.11' 

21 lED DATA 2,3 

~~ ~5~~ C ~~ II 

24 COL 2 2.3 

, 25 ! COL 3 I 2,3 I 
i 26 ! COL 4 ! 2,3 ! ._._.L.....-__ ._. __ . __ l.. ____ , 

r-------·-·~~"·-----~--~--~ 

: J/PIWS71 AS to A7 I 
~····"··T····· .. ···--·····-·- -- .. ·····,-" .. -··-.. ·-·,-1 
I Pin j line Name i Sc::hem ! 
~=r:=::::'::=':::==::==:='::=:i'=::::::::':::::i 
! I ,\ 

I[ 1 I CH2 VAR I 3 I 
2 ' CHi VAR I 3 I 

i 3 : HORIZ VAR i 3 I 
i 4 I -1.2SV I 3 I 
I,!' I' , 5 i +l.36V 3 J' 
L..........._ • L ......... _ ......... _ ... __ ... " .. .1 .................... -

r-;;~ ....-- ~;;o--~;';'-I 

r''''---'''''-T--"-"~ ---T-'---~1 

~:n:_i ___ LI~~~am~:.=I:~~~~~ 
. I I! 

I 1 . HEATER I 8 I 
[ 2 CATHODE . S I 
I 3 GRID I 8 ' 

I 4 SLOT ,II 8 I 
I 5 Q1+ 8 !I 

6 Q2+ 8 

7 Q3- I 8 . 

I 8 PLATE I'I I 
AVERAGE 8 I' 

9 FIRST ANODE 8 

10 VARIABLE I I 
OCTOPOlE . 8 i 

~: ~~ I: I 

L._._ .. L ... _" ..J 8 ... J 

~
.-----.-.····-'·--~·-·-l 

J/P901 A9 to CRT I 
l p;-'lu~~N-;me-rs;;;1 
f:===-L········=.::::===f.=:::::.-·~ 

I I I' I , 
I 1 i Q3- . 8 
i 2 I Keyb 8 

3 Q1- 8 
4 Q2- 8 
5 Keyb 8 
8 FIRST ANODE 8 
7 

8 

9 

10 
11 

Q3+ 
VARIABLE 
OCTOPOlE 

PLATE 

AVERAGE 
Q2+ 
Q1+ 

8 

e 

I 8 
1 8 I 

I 8 i .. 1. ______ , 

a No pins exist in J121-2 and J122-2 
positions; no wires exist in W121-2 
and W122-2 positions; plugs are 
installed in P121-2 and P122-2 
positions to key the connectors, 

b No pins exist in J901-2 and -5 
positions; plugs are installed infl 
P901-2 and -5 positions. 

I 

I 
I 
I 
) 

I 
)] 

J 

J 

,] 

1 
J 

J 

J 
j 



C 0 E .... J ...... __ .. _._._~ ___ ........ _!.. __ ._._ .... _ .. . 

r 
~ (i41<-1) 

~ i 

CRT 

[ i 

31 
! 

~ ~I ~~I ~{ "~i I~ -
: 

[ I 
...j 

1 

I 

I: 
41 

I 

I 
i 

[ 
~ 

I 
! 

5i 
I 
i 

[ I 
I 

.... 1 

I 

I 
, 

61 f(lSi 

~*~~iTY 

I 1 
( 

71 
) .... 
i 

I 
I 
1 

8 
I 
~ 
I : 

t 
1 

1 
I 

t 91 
I 
I 

,..1 

( I 
I 
I 

10 1 

I Ab FRONT PAN! ... 8OI\R~ 

I 1 

t 
2445 

t 

HV I A 9 HIGH VC<.T''''' 

P'lP( J'lOl SOARI) 
2 ~::C~OT 

W~-o2. U 

t ?11 ~~~.~ 
W~O"3 ~ T Alt.IS AlIGNMENT 

P~n JQOI 

14 L~ lJ """" SEE 
LIST W.OO 

~;1; S"+,,~ ~:~~~ 
W'l04 

A 13 TE~M~~';:;~~SS;Ma\.."( -.!:l!!.U.y~v.l..--

3&2'-&\­
REV OCT 1'It;3> 

.' v-v 
J 11 S£~ 1..1'S1' 

K L M . .... _ .. -.l __ . _______ L. __ ...... _ ... 1 .... . 

A2 R",ULATOI!. &OAlU> 

N P . ..... __ ._ . .1_ ...... __ .. 

I NTERCONNECT I O"JS 

s 

1'Q/t:R.0M 
OPTiONS 



2445 Service 

CHASSIS MOUNTED PARTS 

CIRCUIT SCHEM SCHEM CIRCUIT SCHEM 
NUMBER NUMBER LOCATION NUMBER NUMBER 

roo 9 SA P904 8 

J3 4 lOA R134 4 
J4 4 lOA R351 5 
J5 4 aT R352 5 
J8 6 9A R9TS 8 
J7 5 15 Ra7S 8 
J8 5 3S Ra77 B 

R996 8 
L90 8 2L 

590 9 
LR1513 8 5M S1020 9 
LR1514 8 5M S3185 3 

PIll 4 4N V900 S 
1'112 8 3C 
1'113 5 5A Will 4 
1'114 8 2C W112 a 
1'115 8 4C W113 5 
1'116 5 SA Wl14 e 
1'204 9 SA W11S 8 
1'205 9 SA Wll6 5 
P205 9 SA W121 10 
1'207 9 7A W122 10 
1'231 9 50 Wl22 9 
1'232 9 95 W301 10 
1'233 9 35 WS71 3 
1'230 9 15 moo 8 
PtlOl 3 50 W900 8 
P871 3 1N weoo 8 
POOl 8 3M W900 8 
POOl 8 4J W902 8 
POOl 8 51.1 W903 8 
1'002 8 2J 
1'903 8 41.1 

REV OCT 1983 

SCHEM 
LOCATION 

5P 

5N 
SA 
SA 
2B 
58 
4B 
3K 

SA 
50 
50 

2L 

5N 
48 
SA 
38 
58 
SA 
25 
3S 
IS 
lA 
aN 
3M 
8J 
7J 
7M 
3J 
4M 

} 
j 

J 
J 

J 
J 
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HORIZONTAL 
(R3401) 

A13-CRT TERMINATION, A14-DYNAMIC CENTERING, 
ADJUSTMENT LOCATIONS 1 

HIGH-DRIVE FOCUS 
(Rl842) 

EDGE FOCUS 
(R1884) 

Z-AXIS TRANSIENT Y-AXIS ALIGNMENT 
RESPONSE (R1S34) (R1848) 

At-HIGH VOLTAGE, ADJUSTMENT LOCATIONS 2 

GRID BIAS 
(R187S) 

3829-69 

DAC REF 
(R2127) 

AS-CONTROL, ADJUSTMENT LOCATIONS 3 

2445 Service 

382IHO 



1 

-1 

1 
J 

] 

I 
1 
1 
] 

I 
.1 

J 

J 

J 

J 

J 
) j 

J 



f 
r ," 

I 

" r 
r 
" I 

r 

[ 

[ 

r 
t" 

f 
t 

l 

sOmv C ADJ 
(C205) 

50mV C ADJ 
(C10S) 

A1-MAIN, ADJUSTMENT LOCATIONS 4 
(RSSO) 

J119 

HORIZ 
READOUT JITTER 

(RSOS) 

HRZ CTR 
(R801) 

X10 GAIN 
(RSSO) 

2445 Service 

..:..._+ ___ J118 

VERT 
READOUT JITTER 

(R6U) 

VERTICAL CENTERING 
(RS39) 

GAIN 
(R638) 
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REFER TO THE PROCEDURE 
FOR THE LED-COOED F Aut. T. 

SEE TABLES 6-5 THROUGH 6-7 

PRELIMINARY TROUBLESHOOTING 

REFER TO NO!' 
KERNEL DIAGNOSTIC 

PROCEDURE 

REFER TO OPT! ON 
SYSTEM DIAGNOSTICS 

IN THE OPT! ONS 
SERVICE MANUAL 

YES 

TROUBLESHOOT E SIGNAL 
NO Ll NE , CHECK FOR Eca 

>-'-_", SHORT OR SHORT I NTERNilL 
TO U2092 , U24S8, U2556 , 

U2656 OR U2294 

2445 Service 

YES REFER TO NaP >--....... KERNEL DIAGNOSTIC 
PROCEDURE 
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Probable Causes of Trigger Error Messages 

i I I 

~ Test 05 FaiLL ' Probable Causes of Failure i 

I 01 I a. Line Sign~1 -I 
, I b U500 (Trigger) I 
, c: U650 (Trigger Status Data to Processor) I 

102 or 22 a. Line Signal I 
I I b. USOO (Trigger) I 

~,---+ 1 
I 04 or 44 I a. U2634A, U2235, or usoo 
L,_______ __J_~. __ ,~~~~,~i~,n~I,_,,_ __",",'" , ",, __ ...1 

) I 
1 
'I 
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REFER TO OPTIONS 
TROUBLESHOOT I Ne 

PROCEDURES I N THE 
OPTIONS SERVICE 

MANUAL 

REPAIR 
INDICATED 

FAULT 

CHECK CONT I NU lTY 
BETWEEN U2668-10 

AND U2556-6 

ERROR MESSAGE DIAGNOSTICS 

REFER TO THE 
FRONT-PANEL 

TROUBLESHOOTING 
PROCEDURE 

ND 

PRESS SOURCE 
SWITCH UP 

TO TURN ON 
LOOPING 

PRESS CDUPLl NG 
SWITCH UP TO 

BEGIN TEST 

YES 

CHECK 
CONTINUITY 

~=-~ FROM BOO 
ON CONTROl 

BOARD 

EAROM INTERFACE 
F AUL T. CHECK 

U211 8) U2208 , 
U2108 , Q2825 

NO ERROR MESSAGE 
>--'------0.1 "TEST es FAIL nn" 

REPL .... CE 
NO U2008 AND 

RECALIBRATE 
INSTRUMENT 

ON CRT 

YES 

REFER TO TR I GGER 
ERROR MESSAGE 

TABLE AT LEFT TO 
DETERMINE 

PROBABLE CAUSE 

YES 

NO CHECK Ll NE 
">-=-. ... TR I GGER SOURCE AND 

INTERCONNECTIONS 

REFER TO TR I GGER 
ERROR MESSAGE 

TABLE AT LEFT TO 
DETERMINE 

PROSA8LE CAUSE 

2445 Service 

NO CHECK Ll NE 
~.:::...~ TR I GGER SOURCE AND 

INTERCONNECTIONS 



1 

-1 

1 
J 

] 

I 
1 
1 
] 

I 
.1 

J 

J 

J 

J 

J 
) j 

J 



r 

f 

{ 

[ 

I 
[ 

[ 

r 
( 

[ 

( 

( 

I 
t 
t 

I 

l 
\ 

l 

PRESS ANO HOLD 
AV ANO LIT, THEN 
PRESS SlOPE TO 
ENTER MON! TOR 

SCROLL TO EXERt I SER 
01 USING THE 

TRIGGER MODE SWiTCH 

PRESS UP AND 
RELEASE THE TRIGGER 
COUPLING SWITCH TO 

ENTER ROUTI NE 

PROBABLE CAUSE, 
SHORTED OJ ODE ON 

SUSPECT COLUMN 

REPAIR 
INDICATED 

FAUlT 

PROBABLE CAUSE, 
1) OPEN DIODE 
2) BAD SIiITCH 

PROBABLE 
CAUSE, 

BAD 
SWITCH 

PRESS THE MB 
TRIG SELECT 

BUTTON TO EX IT 
THE MONITOR 

PRQaABLE CAUSE, 
AN INTERMITTENT 

POT OR SWITCH 
IS ~ INTERRUPTING 
FRO~T-PANEl SCAN 

NO 

FRONT-PANEL TROUBLESHOOTING 

MANUALLY 
EXERCISE THE 
FRONT-PANEL 

SW ITCHES ANO 
OBSERVE THE 

YES MANUALL Y EXERC I SE 
~ ________________________________________________________ ~EACH POT. ~RVING 

THE CONTROL'S 
FUNCTION 

ASSOCIATED LEOS 

MAIN 
INSTRUMENT 

IS NOT 
PROPERLY 

REAOlNG THE 
POT'S VALUE 

MOVE " FRONT­
PANEL SWITCH IN 
ORDER TO UPDATE 

THE LEO DATA 

EXTRA LEOS ARE LIT. 
PROBABLE CAUSE, 
DEFECT! VE SM I FT 

REGISTER 

PROBABLE CAUSE, 
DEFECTIVE SHIFT 

RECISTER 

PROBABLE 
CAUSE, 

DEFECTIVE 
LEOrS) 

YES 

MAIN INSTRUMENT 
I S NOT PROPERLY 

READING THE 
POT'S VALUE 

PROOABLE CAUSE, 
AN I NTERM! TTENT 

POT OR SW ITCH 
IS INTERRUPTING 

FRONT-PANEL SCAN 

MANUALLY EXERt I SE 
EACH SII ITCH , 

OOSERVINC THE 
CONTROL'S FUNCTION 

REPAIR CONTROL 
CIRCUITS IN THE 
MAIN INSTRUMENT 

2445 Service 

REPA! R CONTROL 
BOARD ANOIOR 

READOUT BOI,RD 
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VERTICAL TROUBLESHOOTING HINTS 

With no signals connected to the four Vertical input 
connectors, select each channel for display and rotate its 
POSITION control through its entire range. 

1. If one or more of the four Vertical channels properly 
responds to its POSITION control, the problem is in 
the preamp circuit of the defective channel or in the 
Vertical Channel Switch circuit. If none of them 
respond properly, the Channel Switch, Delay Line, 
Vertical Output Amplifier, and the hybrid power 
supplies should be suspect. 

2. Check the range of the input positioning voltage for 
a faulty channel. Channel 1 and 2 positioning inputs 
(pin 17 of U100 and U200j should vary between 
-4.6 volts and -5.26 volts. Channel 3 and 4 posi· 
tioning voltages (to pins 29 and 32 of U300j should 
vary between ground potential and ~5 volts. 

3. If the faulty channel's input positioning range is 
okay, check the positioning effect at the outputs of 
the Channel Switch (connect a DMM across the 
Delay Line). When the CH 1 or CH 2 POSITION 
control is rotated through its range, the DMM reading 
should vary from approximately +700 mV to 
-700 mV; for Channels 3 and 4, it should vary 
approximately from +350 mV to --350 mV. 

4. If the range at the Delay Line is okay, connect the 
DMM across the vertical outputs to the crt (between 
L628 and L633). Range should vary approximately 
from +11.5 volts to ···11.5 volts as the POSITION 
control of the displayed channel is rotated through 
its range. 

5. If the output voltages to the crt are okay, check that 
the voltage between the crt termination resistors 
(CR1513 and CR1514) varies approximately from 
+ 11.5 volts to ·-11.5 volts as the POSITION control 
is rotated through its range. 

See the "Theory of Operation" for further information. 

HORIZONTAL TROUBLESHOOTING HINTS 

If possible, set the 2445's TRIGGER controls so the 
TR IG'O LED remains illuminated (triggered sweep is 
running). Setting the TR IGGER MODE to AUTO lVl will 
usually do this. 

1. Check that the horizontal pOSitIOning input (pin 22 
of U800) of the Horizontal Output Ie varies approxi· 
mately from --1.25 volts to +1.25 volts as the Hori· 
zontal POSITION control is rotated through its 
range. If it does not, repair the position circuit. 

2. Check that the A Sweep Ramp at pin 18 of U8DO is 
ramping from -1.25 volts to +1.25 volts. If it is not, 
check the buffer amplifier made up of U735 and its 
associated components. When operating properly, 
the voltages and waveforms at pins 3 and 9 of U735 
will be nearly identical. 

3. Check for proper select signals (TTL levels) at the 

HSA and HSB inputs of U800. 

4. Check the power supply levels to U800. 

5. Check the voltage on pin 6 of U80D. If it is not 
> +80 volts, check the +OUT and -OUT pins for 
shorts. 

See the "Theory of Operation" for further information. 

HOW TO VERIFY THE CONTROL DATA 
AND CONTROL CLOCK LINES 

1. Power up the 2445 under test. 

2. Move the NORM/DIAG jumper (P503 on the scope 
under test) to the DIAG position. This forces the processor 
into a NOP loop and exercies the Address Decode circuitry. 

3. Trigger the test scope on the DAC MSB ClK at 
pin 14 of U2580 (on the Control Board). Use NORM 
TRIGGER and - SLOPE. Set TRIGGER LEVEL to 
+1.4 volts. 

4. Verify that four bursts of clocks appear at 104·ms to 
1 D6·ms intervals. 

5. Check that each of the outputs of U2850 has simi lar 
signals present (diagram 2). 

6. Check that each output of U2596 (diagram 2) has 
four bursts of two pulses each occurring at 104-m5 to 
1 06-ms intervals. 

7. Turn instrument power off and restore P503 to the 
NORM position. 

8. Power up the 2445 again. 

9. Set the 2445's CH 1 and CH 2 input coupling to 
1 MD. DC and TRIGGER MODE to NORM. 

10. lock the TRIGGER COUPLING switch in its up 
position, using a rubber band looped between the 
TR IGGER lEVEL control and the switch's lever actuator. 

11. Trigger the test oscilloscope on the D!SP SEQ elK 
(pin 8 of U2596 or pin 10 of P512j. 

12. With the test scope still triggered on the DISP SEQ 
ClK, verify that the ATTN STRB at pin 2 of P512 is 
eight positive·going strobes. 

13. Verify that the control data on pin 1 of P512 is 
toggling at TTL levels. 

REPAIR CONTROL 
BOARD ANO/OR 

INTERCONNECTIONS 

YES 

2465 CONTROL SETUP 
CH 1 -I ALL PUSHBUTTONS 
CH 2 -~ IN - NO SIGNAL 
CH 3 -j AT INPUT 
CH 4 . CONNECTORS 

CHOP/ALT - IN {CHOP) 
EXT Z-AXIS IN . NO SIGNAL AT 

CONNECTOR 
A AND B SEC/DIV - Ims, LOCKED 
POSITION CONTROLS - ALL AT 

MIDRANGE 
HOLDOFF .. FUlLY CCII 
A TRIGGER MODE .. AUTO 
INTENSITY - FULLY CII 
RO INTENSITY - FUlLY C~ 
BANDWIDTH LIMIT - SliiTCH OUT 

PRESS to t , 
THEN PRESS A V 

DISPLAY DIAGNOSTIC PROCEDURE 

ROTATE A REF ROTATE to 6 
6 TURNS CCII, t---Ioot TURNS CIi) THEN 

THEN 2 TURNS CII 2 TURNS CCII 

REFER TO THE 
SWEEP DIAGNOSTIC 

PROCEDURE 

PRESS THE 
BEAMFIND BUTTON 

REFER TO THE VERTICAL 
TROUBLESHOOTING 

HINTS AT LEFT 

REFER TO THE 
READOUT DIAGNOSTIC 

PROCEDURE 

2445 Service 

LOCATE ANY REMAINING 
YES PR08lEMS USING THE 

>--..-t SCHEMAT I COl AGRAM AND 
THEORY OF OPERATION 

SECTIONS 

,-----------------------------------------------.. -.. ---~------.~--------' 

TURN THE GRID BIAS 
~-"--iOoI POT-R197B-FUlLY ell 1--...... < 

TOP OR 
BOTTOM 

REFER TO THE 
VERTICAL 

TROUBLESHOOT! NG 
HINTS AT LEFT 

* VOLTAGES ARE MEASURED USING A TEST 
OSCILLOSCOPE WITH X1~ PROBES WHILE 

HOLDING IN BEAMfINO BUTTON 

AND PUSH BEAM FINO 

LEFT OR REFER TO THE 
RIGHT HORIZONTAL 

TROUBLESHOOTING 
HINTS AT LEFT 

RETURN CONTROLS 
TO INITIAL 

SETT I NGS AND 
PRESS BEAM FINO 

REPAIR OR REPLACE 
CRT CONNECTIONS, U600 
OR BEAM FIND CIRCUIT 

REPAIR OR REPLACE 
UB00 OR BEAM FINO 

CIRCUIT 

YES REPAIR THE 
>---11'"1 HVPS GRID ORIVE 

CIRCUIT 

NO VERIFY HORiZONTAL 
>---i'"'! DEFLECTION LEADS 

ARE SECURE 

REPAIR THE 
HIGH-VOLTAGE 
POWER SUPPLY 

3829--87 
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PRESS (; t BUTTON 
TO ELIMINATE 

REA~OUT 

REPAiR 
INDICATED 

FAULT 

REPLACE U70i!1 
(TRY SUBSTITUTING 

U900 I 

NO PRESS 
>--..... BEAMFIND t-...... < 

BUTTON 

>_ ..... REPAIR SEC/DIY 
M I CROSIiITCH 

REPAIR 
HOLOOFF - TI M I NG 
CURRENT SOURCE 

REPAIR RAMP SIGNAL 
PATH. CHECK U70i!1, 
U735. UB0i!I, AND 

INTERCONNECTIONS, 
POIIER SUPPLIES AND 
CONTROL SiGNALS TO 

US00 (HSA, HSB. 
AND PaS) 

TEMPORAR I L Y 
CONNECT II 

10KIl RES I STOR 1-__ -< 
FROM O650-lil 

TO +5V 

SWEEP TROUBLESHOOTING PROCEDURE 

YES 

REPA IR FAULTY 
SUPPLY 

NO DISCONNECT ANY 
>--...-.t II IRE CONNECTED ...-...... C 

TO JI02-$ 

REPLACE 
U70i!1 (TRY 

SUBSTITUTING 
U90I!I ) 

*NOTE, +3.56v IS MEASURED AS -1.44V 
WITH RESPECT TO THE +5V SUPPLY 

REPLACE U70i!1 
(TRY SUBSTITU,;NG 

U900) 

REPAIR 
AUXTRIG 

FROM OPT! ONS 

REPAIR CC OR 
CD TO use" 
OR REPLACE 

U5Il0 

REPAIR THO 
GENERATION 
SYSTEM AS 

FOLLOWS 

REPAIR 
SIGNAL 

PATH 

NO 

NO 

TROUBLESHOOT 
FAILING 
CIRCUIT 

2445 Service 
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REAOOUT* 
TROl8LESIClTl NG 

PROCEDURE 

DATA PATH FROII 
BOIl (1'411-15) 

THROUGH U2968 AND 
V2l!6I TO ROOO 

(P41 Hill IS BAD 

PRESS UP ON THE 
TRIGGER SOURCE 

SW ITCH TO START 
LOOPINC OF 
DIAGNOSTIC 

CHECK 
U296Il-3 IS 
P\M..SINC LO. 
U2B61H2 IS 
P\M..SINC HI. 

U2968-2 } U2968-9 
U296l1-18 ACTIVE 
U28611-1! 

TROUSLESHOOT 
INDICATED 

FAULT 

* NOTE PROCEDURE ASSUI1ES 
POIIER SUPPL I ES ANO TIo£ 
NORHAl SCOPE FUNCTION 

ARE OPERATING PROPERlY 

PRESS UP ON THE 
TRIGGER SOURCE 

SWITCH TO START 
LOOPING OF 
DIACNOSTIC 

CHECI\· 
U28S5-1 } PULSES 
U286lI-12 HI 
U28S5-3 
U28SIiJ-3 PULSES 
U296f1J-3 LO 
U292f/J-16 
U2I!65-Z. 
5.6.7.11 
ANO 12 
U296"H .2 
U296lI-5. ACTIVE 
6.7.9 .!IiI, 
11 ) 12 )13 ~ 
14 AND 15 
U2935-1 ,19 
U292f/J-l1 PULSES 
HI • BUT IS LO AT 
SAllE TlHE AS 
U2921l-16 

RAG. OLY REFIiJ 
OR OLY REF! 

IS STUCK 

PROBLEM IN 
AREA OF UZ811l 

OR U29llll 

CURSOR 
CONTROL 
PROBLEM 

CHECK FOR POIIER­
UP ERROR CODE ON 

LEOS ANO REFER 
TO APPROPR I ATE 

TROUSLESHOOTINC 

PROBLEM W ITH 
OLY REFIiI, 
OLY REF! • 
U29lIIl OR 

UZOO5 

PROCEDIJlE 

READOUT TROUBLESHOOTING PROCEDURE 

BAD 
>-___ .... CONNECTION 

ON 1211Hz 
LINE 

BAD 
COMPONENT 

IN AREA 
OF U2I!98C 
OR U2970C 

REPA IR SHORT OR 
REPLACE U2I!9f/J 

CHECK 
GRID BIAS 

ADJUSTMENT 

__ -1-_________ .. ______ -'--___ .1-. __ . ____ --'. _____ --<. _____ ........ ___ .L-. ___ ~ _____ -'-_____ . ______ .--lL ______ __"_. 

YES 

CHECK PATH 
U2985-12 
U2I!9il-5 .6 
U286lI-2 AND 
U298f/J-6' 
CHECKING 
U2891il-3 FOR 
ACTl V I TV ANO 
U21!911H FOR 
A HI 

CHECK U2I!3I1JA 
ANO U283!IIB 

FOR PARTIAL 
FAILURE 

CHECK U2851il ---"*" US INC THEORY 

CHECK PATH 
U2995-14 
U2935-9 
U2980-1 
U2965-4 
U29311J-12 

OF OPERA T I ON 

ANO U2951il-S' 
CHECKING 
U2951il-l1 FOR 
ACTIVITY AND 
U295Iil-13 FOR 
A HI 

YES 

YES 

CHECK, 
R2929. R2929 
R2915. R2925 
R2921lJ, R2924 
R2923 , R2922 
R2926. R2921 
R29Il3, R29IlS 

ANO RD INPUTS 
ON MAIN BOARD 

eHEet<.· 
R2I!11 
R2918 
R2913 
R2914 

AND RO 
INPUTS 

ON 
MAIN 

BOARD 

YES 

PROBLEM IN 
AREA OF 

U2I!f/)f/), U21!2fIJ 
U2I!B5, U2I! I " 

OR U2991il 

CHECK 
ZENER 

VR2925 
AND 

RESISTOR 
R29311J 

NO 

2445 Service 

CALIBRATION 
OF IJ,V 

CURSORS IS 
WRONG 

PROBLEM IN 
AREA OF 

U29lIIl-1 ,2. 
3,4,5 

3829-88 
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Z-AXIS 
DIAGNOSTIC 
PROCEDURE 

YES 

TROUBLESHOOT DISPLAY 
SEQUENCER'S INPUTS 

OR REPLACE U650 

NO 

Z-AXIS DIAGNOSTIC PROCEDURE 

WATCH THE VOLTAGE 
AT U950'S BRIGHT 

INPUT IIHILE ROTATING r--~ 
THE INTENSITY CONTROL 

THROUGH IT'S RANGE 

YES 

CORRECT DC BIAS 
PROBLEM AT U950 
OR REPLACE U950 

NO 

2445 Service 

REPAIR SHORT CIRCUIT 
ON BRIGHT LINE, REPAIR 

INTENSITY CONTROL 
CIRCUIT, REPA!R CONTROL 

SIGNALS TO U650 OR 
REPLACE U650 

3829-85 
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KERNEL NOP 
DIAGNOSTIC 
PROCEOURE 

HOVE NORI1/D I AC 
JUHPER TO THE 
OIAC POSITION 

NO 

REPLACE U2194 
OR U2294 

KERNEL NOP DIAGNOSTIC PROCEDURE 

",,>--=-+ol REPLACE U2e92, 
ROMS OR RAM 

NO 

REPAIR AOORESS 
DECODE CIRCUIT 

YES 

LOCATE FAULT 
ANO REPAIR 

REPLACE U2e92, 
>---ttool U2178 OR U2194 
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+87 V J119-8 

J119-9 

[ 
--- -.' --~--'---' ,----_. 

J119-6 

Digital +5 V J119-2 

Analog +5 V J119·12 

I 
-5V J119-5 

I 
I 
I 
I 

+85.26 to +88.74 

+41.55 to +43.25 

+14.775 to +15.225 

+4.85 to +5.15 

+4.925 to +5.075 

~4.965 to -5.035 

-7.88 to -8.12 

-14.775to-1 

POIIER SUPPLY 
TROUBLESHOOTING 

PROCEDURE 

YES 

CURRENT Ll M IT 
OR STARTUP 

PROBLEM 

REFER TO THE 
INVERTER 

PROCEOURE 

NO CHECK REGULATOR 
OUTPUTS ACCORDING 
TO TABLE AT LEFT 

CHECK FOR 
OPEN UNE CORD, 

POIIER S\/ ITCH, 
liNE FILTER. OR 

RECTIFIER (CRlIl111) 

REPAIR 
INDICATED 

FAULT 

POWER SUPPLY TROUBLESHOOTING PROCEDURE 

YES 

REFER TO THE 
INVERTER 

PROCEDURE 

REPLACE 
>--lIOi THERMAL CUTOUT 

YES 

OHERMINE CAUSE 
OF OVERHEA Tl NC 

SW ITCH (5111120) 

SET SWITCH (S90) 
TO MATCH THE 
LINE vOl. rAGE 

I REPLACE I 
THE FUSE 

YES IIITH pallER 
;>----Il001 OFF, REMOVE 

COMB P231 

REPLACE FUSE 
AND TURN POIIER 

BACK ON 

NO WITH POIIER 
>---~-tooi OFF, REINSTALL 

YES 

CHECK CRI ill1 > SPARK 
GAP ARRESTORS, AND 

DESCRETE FiLTER 
COMPONENTS FOR SHORTS 

COMS P231 

CHEC~ 
Cll!l21 , C1022 
CR1050.01030 
01050,01060 
a 1070, CR HIJ72 

CI072. AND 
WINDINGS OF 

T1 020 AND T1050 

\11TH POIIER 
OFF, REINSTALL 

I COMB P231 

l ___ .-----------'-----'---t _._ __._. ___ ~ ______ ~~ 

3829-94 
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2445 Service 

Primary Test Load 
The test load illustrated below may be used to test the 

operation of the Inverter with the output transformer 
(Tl060) and drive transistors (01060 and 01070) dis· 
connected. Connect the + lead of the load to the lifted 
end of Wl060 (see procedure in flowchart at right) and the 
- lead to the sources of 01060 and 01070. A schematic 
diagram of the load, showing the associated Tektronix 
part numbers, is given below. 

PRIMARY TEST LOAD 

4 EA. 4.5kl1. 20W 
(308-0033-00) 

+5 VD Test Load 

T 
I 

~ 
I 

( 152-0006-00 ) 

15011. 1 \I 
131!13-0151-00J 

750mA 
1159-0042-00 ) 

3.3~f 
I 290-m31!6-00 ) 

+ 

Some load is required for the Inverter to run. When the 
Power Supply module is removed from the instrument or 
when the Regulator Board is disconnected from the 
Inverter Board's output, the test ioad described below may 
be used to check operation of the Inverter. 

NOTE 

Each of the Regulators requires a load to regulate 
properly; this loading is not provided by the +5- V D 

load. 

TEST LOAD. Connect two 2·[2, 25-watt resistors 
(Tektronix part number 308-0205·00) from the +5-V 0 
pins of J303 and J232 (on the Inverter Board) to ground. 

I 
I 

J 

J 

J 



INVERTER 
T~ESHOOT ING 

PROCEDURE 

DISCONNECT FAN 
(P'3I1') AND OPT! ONS 

(P3112 AND P3II'3) 
FROM INVERTER BOARO 

FAN OR OPT! ONS 
IS LOADING 

DOliN SUPPL Y 

REPAIR 
INDICATED 

FAULT 

REPLACE 
OPEN 

FUSE IS) 

INVERTER TROUBLESHOOTING PROCEDURE 

CONNECT +5'10 
LOAD IOESCR I BED 

AT LEFT) TO J3113 

YES 

FAILURE TO START 
I S CAUSED BY THE 
REGULATOR BOARD 

NOT ORAWING POIIER. 
USING THE REGULATOR 

REPAIR NOTES IN 
THAT PROCEDURE ANO 

THE THEORY OF 
OPERATION. REPAIR 

THE SUPPLIES IN THE 
FOLLOWING OROER· 
+10V REF I +87'1, 
+42'1, +15\1. +5V, 
-15V I -BV, -5'1. 

+5VO 

NO 

*NOTE.BY USING TWO PSSII3s, 
THE INVERTER MAY BE CHECKED 
WITHOUT USING THE LINE POWER 
OR LINE-ISOLATION TRANSFORMER. 

REMOVE COf1B 
CONNECTORS 

P233 ANO P234 

CHECK FOR 
EXCESSIVE 

LOADING BY 
REGULATOR 

BOARD 
(SHORTED PASS 
TRANSISTOR OR 
REGULATOR IC) 

PR08LEM 
IS ON 

INVERTER 
BOARD 

CHECK 
Q!IIlS0, Qll1lG0 

M0711, CR l1Ml0 
AND CR1070 
FOR SHORTS 

3829-92 

INSERT AN 
ISOLATION XFHER 
I N Ll NE SUPP'L Y 

UNSOLDER ANO 
Ll FT THE END OF 

111060 NEAREST 
PIN 7 OF T1il60 

CONNECT THE 
PRIHARY TEST 

LOAD (oESCR! BED 
AT LEFT) BETWEEN 

THE Ll FTED ENO 
OF IIlil60 AND THE 
SOURCES OF 01il60 

ANO 01!!70 

f 

I '--PO-IlE-R-UP-AND CHECK 

! FOR 1211'1 (PLUS A IV 
. P-P TRIANGLE IIAVEl 
• ACROSS LOAD 

I 
i 
I 

I I 
I I 

NO 

YES 

REMOVE PRIMARY 
TEST LOAO AND 

RESOLDER 1I1il61!J 

REPAIR SERIES 
REGULA TOR MADE 

UP OF QI862 
AND ASSOCIATED 

PARTS 

REPAIR INVERTER 
DRIVE CIRCUIT 
U1062 , Ul1Ml4 

Ule66 

REMOVE PRIMARY 
TEST LOAn AND 

RESOLDER 1110611 

YES 

MOVE THE + 
OUTPUT OF THE 

DC POIIER SUPPLY 
TO THE CATHODE 

OF eRIEI:?3 

CHECK CURRENT 
LIMIT Wl!!411, 
CR1040l AND 
DUMMY LOAD 
((1072) FOR 

SHORTS 
REDUCE OUTPUT LEVEL OF 
DC POIIER SUPPLY UNTIL 

DRIVE FROM U1030 STOPS 

CHECK P232 , 
P233 , AND P23'1 
FOR SHORTS TO 
GROUND ON THE 

UNREGULATED 
SUPPLY Ll NES . 

ALSO CHECK FOR 
SHORTS ACROSS 

CR11111, CR11112, 
CR1130, CR1131. 

CRI 124, AND 
CR1121. 

YES 

REPLACE 
SHORTED 

COMPONENT 

REPLACE 
Q1060 "NO 

01070 

I 

TURN OFF THE 
LI NE VOL T ACE 

,>---1i1Joo1 AND DISCONNECT 
NO 

THE PRIMARY 
TEST LOAD 

CONNECT THE + OUTPUT 
OF A DC POWER SUPPLY 

(PSS03l TO THE 
JUNCTION OF RI020 AND 
CR1022. CONNECT THE -
OUTPUT TO THE CATHODE 

OF CRI050 

CONNECT A OMM SET 
TO MEASURE VOLTAGE 

BETWEEN THE CATHODE 
OF CR1023 AND THE 
CATHOOE OF CRISS0 

TURN THE PS503 ON 
AND SLOWLY RAISE 
ITS OUTPUT TO 2av 

CHECK 01021 , Ql11l22 
VR10ZIIl, Q1040, AND 

ASSOCIATED CIRCUITRY 

REDUCE PS5113 
OUTPUT LEVEL 

TO 16\1 

CHECK 
ZENER 
OfOOE 

VR1020 

DISCONNECT THE 
DC POIIER 

SUPPLY (IES l 

CHECK SUPPLY 
COMPONENTS 

CR1022, R1020 
AND C1025 

CHECK CURRENT 
LIMIT CIRCUIT 

Ql11l40 ANO 
ASSOCIATED 
COMPONENTS 

CHECI( CH!71 
RI071 , CR1072 

AND R1072 

CHECK SLO\l­
START COMPONENTS 
C1034 AND CR1034 

CHECK R1045 
R1046, Rllll36 

RI033 AND C1033 
(FEED BACK OF 

OUTPUT VOLTAGE) 

TROUBLESHOOT U1030'S 
SUPPL Y CIRCUIT. 
CHECK 01021 fiNO 

CR1023 FOR OPENS 

.....-----J---~I 
CONNECT THE + OUTPUT L 
OF THE SECOND PS503 -~-~l TO J2318-1 AND THE 
- OUTPUT TO J2319-2. 

CONNECT THE COMMON 
TO THE CATHODE OF 

CRllMl4 

TURN BOTH VOLTAGES 
TO MAXIMUM AND SET 

CURRENT LIMIT TO 200mA 

TURN THE F! RST 
PS503 UP TO 

29V ANO BACK 
TO 16V AS 

DONE EARll ER 

NO 

TROUBLESHOOT 
U1062, U1064 
U106S, AND 
ASSOCIATED 
COMPONENTS 

.. TROUBLESHOOT 
TRANSFORHER 

Tl1I6!! 

~------L---L_L_. ____ . 

REPLACE 
SHORTED DEVICE 

TROUBLESHOOT 
SHORT 

REPLACE 
FAULTY 

COMPONENT 

2445 Service 

CHECK 
R103'1 AND 

Rl1!37 
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Regulator Repair Notes 
Hints for troubleshooting a faulty supply Regulator: 

1. First verify that the +10-VREF level is correctly 

adjusted; if it is not, do so (see Adjustment Procedure 
in Section 5)_ 

2. Regulator output is high: 

a. Is the output loaded? All Regulators (except 
+10-VREF require some load to regulate, the 
lower voltage supplies requiring greater loads. 
The Regulators between +15 V and -15 V may be 
loaded using 100-n resistors of the proper power 
ratings. 

b. Check for a short-circuited series-pass device. 

c. Check feedback through the voltage-sense com­
parator. 

3. Regulator output is low: 

a. Check for excessive loading using the Load iso­
lation diagram below and the Interconnection 
Schematic (diagram 13). 

b. The operation of the supply Regulators is int, 
dependent. If a supply is out of regulation, veri 
that the supply of next greater magnitude 
operating properly. Repair faulty Regulators 
the following order: +87 V, +42 V, +15 V, +5 
--15 V, ~8 V, and then ·-5 V. 

c. Verify that the current-limit circuit is n 
activated. 

d. Check drive to series-pass device and verify tI­
the device is not open circuited, 

e. Check feedback through the voltage-ser 
comparator. 

f. If supply goes low only when fully loaded, SUSPE 

an open-circuit diode in the associated rectif 
circuit. 

LOAO ISOLATION 

USE THIS LOAD ISOLATION DIAGRAM TO LOCATE 
ANO ISOLATE A BOARD WHICH 15 EXCESSIVELY 
LOADING A POWER SUPPLY REGULATOR, 

flC LINE 
SUPPLY 

RECTIFIERS 
ANO 

FILTERS 

READOUT 
BOARD 

DYNAMIC 
CENTERING 

BOARD 

SCALE 
I LLUI1I NA Tl ON 

BOARD 

FRONT- FRONT-PANEL 
PANEL 1-----iIool VARIABLE 
BOARD BOARD 

REGUlATOR 
TROUSL£SHOOT I fIlG 

PROCEDURE * 

REAO THE NOTES 
ON REGUlATOR 

REP~IR AT LEFT 

USING A OMH, 
CHECK THE + 1 0V 

REF VOL T AGE 

NO 

USING THE REGUlATOR 
REPAIR NOTES AT LEFT 

ANO THE THEORY OF 
OPERATION, CHECK ANO 

REPAIR THE REGUlATORS 
IN THE FOLLOWING ORDER, 
-15V UNREG (FUSE 1330). 
+87V. +42V, +15V, +5V, 

-15V, -8V. ANO -5V 

REPAIR 
INOICATED 

FAUl T* 

*NOTEc ADJUSTMENT OR REPAIR 
OF ANY POWER SUPPLY REGULATOR 
NECESSITATES A COMPLETE 
RECALIBRATION OF THE INSTRUMENT. 

CHECK FUSE F1102, 
RECTIFIER CR1110. 

Cl110, Cll1', 
L1lle. ANO +5V 

OUTPUT WINDINGS 
OF T1060 

YES 

OUT OF 
LIMITS 

REFER TO THE 
INVERTER 

PROCEDURE 

CHECK +5VO FEEDBACK 
PATH THROUGH V137lC 
AND U1040, EXERCISE 

THE CIRCUIT BY 
VARYING R129Z* 

(VOLT REF ADJ) ANO 
VERIFY THAT +5Vo 

VARIES 

REPAIR PATH 
THROUGH U1371C 

ANO Ule40 

YES 

PROBlEM I S W tTH 
+15'1 UNREG ANO 

-5V UNREG SUPPLIES 

CHECK APPROPRIATE 
RECTIFIER, FILTER 

COMPONENTS, ANO 
TRANSFORMER WINOINGS 

REGULATOR TROUBLESHOOTING PROCEDURE 

ND 

SET SWITCH (S90J 
TO MATCH THE 
UNE VOLTAGE 

SET + 1 0V REF FOR L. ____ ,-' 

>---~ PRECISELY +10'1* 

HI 

CHECK FOR EXCESSIVE 
LOADING OF +lBV REF. 

FIRST CHECI( VR1293, THEN 
REMAINING LOADS. USE THE 

>--~ .... LOAD lSOLATION DRAWING 
AT LEFT AND THE POWER 
DISTRIBUTION DIAGRAMS 

<0> ANO ~ 

TROUSLESHOOT 
OVERLOADED 

BRANCH 

YES 

CHECI( C 1 401!1 , 
U1290, U1300C 

ANO ASSOC I AlEO 
CIRCUIT COMPONENTS 

2445 Service 

CHECK ASSOCIATED 
RECTIFIER, FILTER 

COMPONENTS, ANO 
TRANSFIJRI1ER III NO I NGS 
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Section 10-2445 Service 

REPLACEABLE 
MECHANICAL PARTS 

PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 

Tektronix. Inc. Field Office or representative. 

Changes to Tektronix instruments are sometimes made to 

accommodate improved components as they become available. 
and to :give you the benefit of the latest circuit improvements 
developed in our engineering department. It is therefore 
important. when ordering parts. to include the following 
information in your order: Part number. instrument type or 
number. senal number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or 
improved part. your local TektroniK. Inc. Field Office or 
representative will contact you concerning any change in part 
number. 

Change information. if any. is located at the rear of this 
manual. 

SPECIAL NOTES AND SYMBOLS 

XOOO Part first added at this serial number 

OOX Part removed after tfllis serial number 

FIGURE AND INDEX NUMBERS 
Items in this section are referenced by figure and index 

numbers to the illustrations. 

INDENTATION SYSTEM 

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

1 2 3 4 5 Name & Description 

Assembly and lor Component 

Attaching parts for Assembly and10r Component 

Detail Part of Assembly and lor Component 

Attaching parts for Detail Part 

Parts of Detail Part 
Attaching parts for Parts of DetaIl Part 

Attaching Parts always appear in the same indentation as 
the item it mounts. while the detail parts are indented to the right. 
Indented items are part of. and included with. the next higher 
indentation. The separation symbol - - - • - - - indicates the end of 
attaching parts. 

Attaching parts must be purchased separately. unless otherwise 
specified. 

ITEM NAME 

In the Parts List. an Item Name is separated from the 
description by a colon (:). Because of space limitations. an Item 
Name may sometimes appear as incomplete. For further Item 
Name identification. the U.S. Federal Cataloging Handbook HS-l 
can be utilized where possible. 

ABBREVIATIONS 
INCH ELCTAN ELECTRON IN INCH Sf SINGlE ENn 

• NUMBER SIZE ELEC ELECTRICAL INCAND INCANDESCENT SECT SECTION 
ACTR ACTUATOR HcnT ELECTROL YTiC INSUL INSULATOR SEMICONO SEMICONnUCTOA 
ADPTR ADAPTER ElEM ELEMENT INTL INTERNAL SHlO SHIHD 
ALIGN ALIGNMENT EPl ELECTRICAL PARTS LIST lPHlDR lAMPHOLDER SHlOR SHOUL DEREn 
AL ALUMINUM eOPT EOUIPMENT MACH MACHINE SKT SOCKET 
ASSEM ASSEMBLED EXT EXTERNAL MECH MECHANICAL SL SllnE 
ASSY ASSEMBLY Fil FILLISTER HEAD MTG MOUNTING SlFLKG SElF ·lOCKING 
ATTEN ATTENUATOR FLEX flEXIBLE NIP NIPPLE SLVG SlEEVING 
AWG AMERICAN WIRE GAGE FLH flAT HEAD NON WIRE NOT WIRE WOUND SPR SPRING 
BO BOARD FlTR Fil TER aBO ORDER BY DESCRIPTION SO SOllARf 
SRKT BRACKET FR FRAME or FRONT 00 OUTSIDE DIAMETER SST STAINLESS STEEL 
BRS BRASS FSTNR FASTENER OVH OVAl HEAD SIl STEEl 
BRZ BRONZE FT FOOT PHBRZ PHOSPHOR BRONZE SW SWITCH 
BSHG BUSHING FXD FIXED Pl PLAIN or PLATE TliBE 
CAR CABINET GSKT GASKET PlSTC PI ASTIC HAM TFRMINAI 
CAP CAPACITOR HOL HANDLE PN PART NUMBER THO THRrA!) 
CER CERAMIC HEX HEXAGON PNH PAN HEAD THK THICK 
CHAS CHASSIS HEX HD HEXAGONAL HEAD PWR POWER TNSN T ~NSION 
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET RCPT RECEPTACL E TPG TAf'f'IN(; 
COMP COMPOSITION HLCPS HELICAL COMPRESSION RES RESISTOR TnH trH ISS Hf An 
CONN CONNECTOR HLEXT HELICAL EXTENSION RGO RIGID V V(lt T At;f 
COY COVER HV HIGH VOL T AGE RLf RELIEF VAil VAntA"1 £ 
CPLG COIJPLING IC INTEGRATED CIRCUIT RTNR RETAINfH W WITH 
CRT CA THODE RAY TUBE 10 INSIDE DIAMETER SCH SOCKET Hr An WSHn WASHln 
DEG nEGREE 10ENT IOENTIF ICA TlON Sr.OPE OSr.IU OSCOPf XfMH TIlANSf llllMf Il 
OWR DRAWER IMPLR IMPELLER SCR Sr.HEW XSIIl IIiANSIS!(lll 
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Replaceable Mechanical Parts-2445 Service 

CROSS INDEX-MFA. CODE NUMBER TO MANUFACTURER 

Mfr. Code Manufacturer Address Cit~, State, Zip 

OOOBB BERQUIST COMPANY 4350 WEST 78TH MINNEAPOLIS, MN 55435 
OOOBK STAUFFER SUPPLY 105 SE TAYLOR PORTLAND, OR 97214 
OOOEL PORTLAND SCREW CO. 6520 N. BASIN AVE. PORTLAND, OR 97217 
OOOEO ZEPHER ELECTRONIC SALES CORP. 647 INDUSTRY DRIVE SEATTLE, WA 98188 
00779 AMP, INC. P.O. BOX 3608 HARRISBURG, PA 17105 
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204 
01536 CAMCAR DIV OF TEXTRON INC. SEMS 

PRODUCTS UNIT 1818 CHRISTINA ST. ROCKFORD,IL61108 
05006 TWENTIETH CENTURY PLASTICS. INC. 415 E WASHINGTON BLVD. LOS ANGELES. CA 90015 
06915 RICHCO PLASTIC CO. 5825 N. TRIPP AVE. CHICAGO. IL 60646 
09922 BURNDY c::ORPORATION RICHARDS AVENUE NORWALK. CT 06852 
12327 FREEWAY CORPORATION 9301 ALLEN DRIVE CLEVELAND. OH 44125 
18565 CHOMERICS INC. 77 DRAGON COURT WOBURN. MA 01801 
22161 ADVANCE MACHINE CORP 10200 AVIATION BLVD LOS ANGELES. CA 90045 
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND. PA 17070 
24931 SPECIALITY CONNECTOR CO .• INC. 2620 ENDRESS PLACE GREENWOOD. IN 46142 
28817 CAL-METEX CORP .• SUBSIDIARY OF METEX 

CORP. 509 HINDRY AVE. INGLEWOOD. CA 90301 
49671 RCA CORPORATION 30 ROCKEFELLER PLAZA NEW YORK, NY 10020 
50293 GENERAL ELECTRIC COMPANY. INSTALLA-

TION AND SERVICE ENGINEERING DEPT. 1 RIVER ROAD SCHENECTADY. NY 12306 
54583 TDK ELECTRONICS CORP. 755 EASTGATE BLVD. GARDEN CITY, NY 11530 
70485 ATLANTIC INDIA RUBBER WORKS. INC. 571 W. POLK ST. CHICAGO. IL 60607 
71400 BUSSMAN MFG .• DIVISION OF MCGRAW-

EDISON CO. 2536 W. UNIVERSITY ST. ST. LOUIS. MO 63107 
73743 FISCHER SPECIAL MFG. CO. 446 MORGAN ST. CINCINNATI, OH 45206 
78189 IlliNOIS TOOL WORKS. INC. 

SHAKEPROOF DIVISION ST. CHARLES ROAD ELGIN.IL6012O 
80009 TEKTRONIX, INC. PO BOX 500 BEAVERTON. OR 97077 
80033 PRESTOLE EVERLOCK. INC. P. O. BOX 278.1345 MIAMI ST. TOLEDO, OH 43605 ,~ --" 

82104 STANDARD GRIGSBY CO .• DIV. OF SUN 
CHEMICAL CORPORATION 920 RATHBONE AVENUE AURORA. IL 60507 

83385 CENTRAL SCREW CO. 2530 CRESCENT DR. BROADVIEW, IL 60153 
86928 SEASTROM MFG. COMPANY. INC. 701 SONORA AVENUE GLENDALE. CA 91201 
93907 TEXTRON INC. CAMCAR DIV 600 18TH AVE ROCKFORD, IL 61101 
95987 WECKESSER CO •• INC. 4444 WEST IRVING PARK RD. CHICAGO, IL60641 
S3109 CIO PANEL COMPONENTS CORP. P.O. BOX 6626 SANTA ROSA. CA 95406 
83629 PANEL COMPONENTS CORP. 2015 SECOND ST, BERKELEY, CA 94170 
T0032 POWELL ELECTRONICS 411 FAIRCHILD DR. MT. VIEW, CA 94040 
T0171 ZEPHER ELECTRONICS 647 INDUSTRY DRIVE SEATTLE. WA 98188 
T1105 J PHILLIP INDUSTRIES INC 5713 NORTHWEST HIGHWAY CHICAGO. IL60646 
T1167 COLUMBINE PLASTICS 3195 BLUFF ST BOULDER. CO 
T1288 PRODUCTION PARTS INC 4288 SE INTERNATIONAL WAY PORTLAND. OR 97222 
T1302 MOUNTAIN MOULDING 606 SECOND ST BERTHOUD. CO 80513 
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Replaceable Mechanical Parts-2445 Service 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eft Dscont Qty 1 234 5 Name & Description Code Mfr Part Number 

1·1 334-4658-00 1 MAAKER,IOENT:BLANK BOOO9 334-4658-00 
-2 366-2041·01 4 KNOB::GY,BAR,O.172 10 X 0.41000 80009 366-2041-01 

377-0512·01 4 INSERT,KNOB:O.125 10 X 0.663 L,AL,O.247 80009 377-0512-01 
366-2036-00 PUSH BUTTON:GY,O.206 SO,l.445 H 80009 366-2036·00 

-3 333·2877-00 1 PANEL,FAONT:CAT 80009 333-2877·00 
.4 2Q{)...2779-00 1 COVER,TOP:TRIM 80009 200-2779-00 
-5 348..()740-00 2 FOOT,CABINET:BOTTOM FRONT,PLASTIC 80009 348-0740-00 

•••• .. ········(ATTACHING PARTS)'·········· 

-6 211-0718-00 2 SCREW,MACHINE:6-32 X O.312,FLH,loo OEG 93907 ORDBY DESCR 
•••••••••• .. (END ATTACHING PARTS)* .. •• .. •• 

-7 101.0082.00 8010100 B010999 TRIM,OECORATIVE:FRONT,PLASTIC 80009 101-0082-00 
101-0082-01 8011000 TRIM,OECORATIVE:FRONT,PLASTIC 80009 1 01-0082-00 

• .. •••••• .... ·(ATTACHING PARTS)"· .. ••••••• 
·8 211-0718-00 10 SCREW,MACHINE:6-32 X 0.312,FLH,loo OEG 93907 ORDBY OESCR 

•• .... ······(ENO ATTACH!NG PARTS)'· .. • .... 

214-3374-00 B010100 8011249 SPRING,FILTER:23 L 80009 214-3374-00 
214·3374-01 8011250 SPRING,FILTER:1.32 L,CU-BE 

-9 337.2926-00 1 SHLD,IMPLOSION:4.33 X 3.56 X O.OS,CLEAR 80009 337-2926-00 
378..()199·oo 1 FILTER,lT.CRT:BWE,4.1 X 3.32 X 0.03 80009 378-0199·00 

-10 211·0720-00 B010100 B010999 3 SCR.ASSEM WSHR:6-32 X 0.50 PNH,TORX 01536 ORDBY DESCR 
211-0691-00 BOllooo 3 SCREW,MACH/NE:6-32 X 0.625,PNH 01536 ORO BY DESCR 

-11 343-0003-00 CLAMP,LOOP:O.25 ID,PLASTIC 95987 1-4·6B 
-12 161-0104-00 CABLE A8SY,PWR,:3 WIRE,9S.0 L.W/RTANG CONN 83109 ORDBY OESCR 

(ALSO SEE STD ACCESS) 
-13 334-4378.00 1 MARKER.!DENT:MKO PROBE POWER 80009 334-4378·00 
-14 334-4381-00 1 MARKER,IOENT:MKD CONNECTOR IDENT 80009 334-4381-00 
-15 334-4377-00 B010100 B013049 1 MARKER,IOENT:MKD CAUTION 80009 334-4377-00 

334-4377-02 8013050 1 MARKER,IDENT:MKD CAUTION 80009 334-4377-02 
-16 348-0729-00 2 FOOT,CABINET:W/CORDWRAP,REAR,BLACK 80009 348-0729-00 

•••••••••••• .. (ATTACHING PARTSt .. •••••••• 
-17 212-0154-00 2 SCREW,MACHINE:8-32 X 1.125,PNH,TORX 93907 ORO BY DESCR 

211-0711-00 2 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORO BY DESCR 
•• .... ······(END ATTACHING PARTS)" ...... •• 

-18 200-2685-00 COVER.REAR: 60009 200·2585-00 
·19 334-4659-00 MARKER,IDENT:MKD TEKTRONIX 80009 334-4659-00 
·20 367.0303-00 B010100 B010999 HANDLE,CARRYING:12.864 L,SST 80009 367-0303-01 

367·0303-02 BOll 000 HANDLE,CARRYING: 12. 704,SST 80009 367-0303-02 
••• .. ·········(ATTACHING PARTS) .. ••• .... •• 

·21 212-0144-00 2 SCREW,TPG,TF:8-16 X 0.SS2 L 93907 225-38131-012 
-22 346-0195-00 B010100 B010999 2 STRAP,GROUND:STAINLESS STEEL 80009 346-0195-00 

············(END ATTACHING PARTS} .. ••• .... 

-23 437-0286-00 CABINET,SCOPE:ALUMINUM 80009 437-0286-00 
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Replaceable Mechanical Parts-244S Service 

.... 
t 
" n Fig. & ,. Index Tektronix Serial/Model No. Mfr 
~ , No. Part No. Eft Dscont Qty 1 234 5 Name & Description Code Mfr Part Number 

• 
2-1 407-2790-00 BRACKET,CKT BD:VERTICAL,ALUM 80009 407-2790-00 

r ...... •• ......... (ATTACHING ·PARTS)"·"·"·" 
-2 211-0711-00 4 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORO BY DESCR 

• -3 210-0457-00 1 NUT,PL,ASSEM WA:6-32 X 0.312,STL CD PL 83385 ORO BY DESCR 
············(END ATTACHING PARTS)········· 

-4 343-1012-00 RETAINER,CKT BD: 80009 343-1012-00 .... -5 426-1864-00 FRAME,CRT: 80009 426-1864-00 r ......... • ....... ·*(ATIACHING PARTS)·· .. ••••• .... 
-6 211-0713-00 4 SCREW,MACHINE:6-32 X 1.25,FLH,100 DEG,STL 93907 ORO BY DESCR 
-7 213-0914-00 4 SCREW,TPG,TR:6-32 X 0.75,FLH,l00 DEG,TOR 93907 ORO BY DESCR 

r ············{END ATTACHING PARTS)········· 

-8 343-0992-00 2 RETAINER,CRT:RIGHT,PLASTIC 80009 343-0992-00 
t I (UPPER RT/LOWER LEFT/NAT) 

-9 343-0993-00 2 RETAINER,CRT:PLASTIC 80009 343-0993-00 
(UPPER LEFT/LOWER RT/BLK) 

~ -10 348-0731-00 GASKET:CRT 80009 348-0731-00 

t : -11 378-0204-00 REFLECTOR,LlGHT:INT SCALE ILLUMINATION 80009 378-0204-00 
-12 670-7280-00 CKT BOARD ASSY:SCALE ILLUMINATION 80009 670-7280-00 

(SEE A8 REPL) 

n 175-4593-00 1 .CA ASSY,SP,ELEC:2,26 AWG,4.0 L,RIBBON 80009 175-4593-00 
-13 366-1833-00 3 KNOB:GRAY,O.25 10 X 0.392 X 0.39 80009 366-1833-00 
-14 366-2145-01 3 KNOB:DOVE GY,TIME/DIV,O.08 10 X 80009 366-2145-01 
-15 366-2038-00 2 KNOB:GY,O.25 10 X 0.706 00 X 0.6 80009 366-2038-00 
-16 366-2039-00 B010100 B019999 1 KNOB:GY,B SWEEP,O.2 10 X 0.78 00 80009 366-2039-00 n 366-2039-01 B020000 1 KNOB:GY,B SWEEP 80009 366-2039-01 
-17 366-2040-00 1 KNOB:CLEAR,A SWEEP,O.252 10 X 1. 80009 366-2040-00 

t I -18 366-2041-01 8010100 B011999 7 KNOB: :GY ,BAR,O.172 10 X 0.410 00 80009 366-2041-01 
366-2041-03 8012000 7 KNOB:DOVE GRAY,BAR,O.172 10 X 0.41 00 X O. 80009 366-2041-03 

r:~ 
-19 366-2017-00 16 KNOB:0.18 sa X 0.644 H,IVORY GY 80009 366-2017-00 

(SUBPART OF A6 CKT BOARD) 

t -20 670-7284-00 CKT BOARD ASSY:FRONT PANEL VARIABLE 80009 670-7284-00 
(SEE A7 REPL) 
..... • .. • .. • .. ·(ATTACHING PARTS) .. ••• .. •• .. 

M -21 211-0304-00 3 SCREW,MACHINE:4-40 X 0.312,PNH 01536 ORO BY DESCR 

t , ············(ENO ATTACHING PARTS)········· 
-22 '131-0608-00 5 .TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
-23 129-0941-00 2 SPACER,POST:l.86 L W/4-40 INT THO 80009 129-0941-00 ,., -24 175-4597-00 1 CA ASSY,SP,ELEC:5,26 AWG,4.0 L,RIBBON 80009 175-4597-00 · "" 

-25 1 CKT BOARD ASSY:FRONT PANEL(SEE A6 REPL) 

t (REPLACEABLE ONLY AS 672-1039-XX) 
··············(ATTACHING PARTS)··········· 

-26 211-0304-00 5 SCREW,MACHINE:4-40 X 0.312,PNH 01536 ORO BY DESCR 

n ············(END ATTACHING PARTS)········· 
-27 377-0550-00 10 .lNSERT,KNOB:0.178 10 X 0.640 THK,O.370 80009 377-0550-00 
-28 131-0608-00 7 .TERMINAL,PIN:0.365 LX 0.025 PH BRZ GOLD 22526 47357 

352-0639-00 2 .HOLDER,LED:BLACK 80009 352-0639-00 
352-0641-00 3 .HOLDER,LED:FIVE,BLACK 80009 352-0641-00 n 352-0642-00 1 .HOLDER,LEO:FOUR,BLACK 80009 352-0642-00 

" -29 129-0938-00 5 SPACER,POST:l.102 LW/4-40THD EACH END 80009 129-0938-00 
-30 129-0978-00 2 SPACER,POST:0.375-32 AL,O.5 HEX 80009 129-0978-00 
-31 220-0495-00 1 NUT,PLAIN,HEX.:0.375-32 X 0.438 INCH BRS 73743 ORDBY DESCR 

". -32 210-0012-00 3 WASHER,LOCK:INTL,O.384 ID,INTL,O.022 TH 78189 1220-02-00-0541 C t 1 -33 (SEE CHASSIS PARTS 53185 REPL) 
6 -34 354-0632-00 8010100 B019999 RING,MOUNTING:5.41 X 4.18 22161 OBD 

354-0632-01 B020000 RING,MOUNTING:5.41 X 4.18 ,.., -35 333-2915-00 B010100 BOl9999 PANEL,FRONT: 80009 333-2915-00 ,1 333-2915-01 B020000 PANEL,FRONT:2445 

t 333-2993-00 B020000 PANEL, FRONT: 
(OPT. 06 ONLY) 

333-2994-00 8020000 PANEL,FRONT: 

n (OPT. 05 & 06 ONLY) 
210-0077-00 2 WASHER,SPR TNSN:0.375 10 X 0.0025 00 78189 3515-20-19-1744 
210-0586-00 3 NUT,PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BYDESCR n 214-3373-00 SPRING,GROUND:PHOSPHOR-BRONZE 80009 214-3373-00 .-

" 1 i 

f""I 
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Replaceable Mechanical Parts-2445 Service 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eft Dscont Qty 12345 Name & Description Code Mfr Part Number 

2- 214-3428-00 2 SPRING,GROUND: VOLTS/DIV .SST 80009 214-3428-00 
348-0769-00 1 SHLD,GSKT,ELEK:TIME/DIV 80009 348-0769-00 

-36 386-4728-00 SUBPANEL,FRONT: 80009 386-4728-00 
-37 348-0276-00 AR SHLD,GSKT,ELEK:0.026 00 NPRN W/WIRE NET CO 28817 01-0404-3719 
-38 175-4593-00 CA ASSY,SP,ELEC:2,26 AWG,4.0 L,RIB80N 80009 175-4593-00 

(SUBPART OF THE SUB-PANEL ASSEMBLY 
.NOT ILLUSTRATED) 

175-4595-00 6 CA ASSY,SP,ELEC:3,22 AWG,2.0 L,RlBSON 80009 175-4595-00 
··············(ATIACHING PARTS) ...... ••••• 

210-0583-00 6 NUT,PLAIN,HEX:0.25-32 X 0.312 INCH,BRS 73743 2X20317-402 
21 0..0046-00 6 WASHER,LOCK:0.261 ID,INTL,0.018 THK,BRS 78189 1214-05-00-0541 C 

• .. •••••• .. ·(END ATIACHING PARTS)' .. • ..... 

-39 386-4713-00 B010100 B019999 PLATE,REAR:POWER SUPPLY 80009 386-4713-00 
386-4713-01 B020000 PLATE,REAR:POWER SUPPLY 

•••••••••• .... (ATIACHING PARTSI··· .. •••••• 
-40 211-0711·00 5 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORO BY OESCR 

•••• .. •••• .. (END ATTACHING PARTS)' ........ 
334-3379-00 MARKER,IDENT:MARKED GROUND SYMBOL 80009 334-3379-00 

-41 195-3984-00 lEAO,ELECTRICAL:22 AWG,4.0 L,S-Ol 80009 195-3984-00 
-42 334-4865--00 1 MARKER,IOENT:MKD FAN,CAUTION 80009 334-4865-00 
-43 211-0304-00 2 SCREW,MACHINE:4-40 X 0.312,PNH 01536 ORO BY OESeR 

-44 386-4863-00 SUPPORT,CKT SD: 80009 386-4863-00 
-45 220-0555-00 NUT,PLAIN,HEX.:8-32 X 0.25 INCH STL OOOEL ORD BY DESCR 

-46 369-0043-01 IMPLR,FAN ASSY:2.8 DlA,Q.25 OIA SHAFT 80009 369-0043-01 
-47 355-0192-00 STUD,SHLDR & STEP:4-40 THO ONE END,8·32 TH 80009 355-0192-00 
-48 343-1040-01 COLLAR,FAN MT: 80009 343-1040-01 
-49 361-1188-00 4 SPACER,POST:l.15 L,4-40 THO 1 END 80009 361-1188-00 
-50 21 0-0994-00 4 WASHER,FLAT:0.125!D X 0.25" OO,STL 86928 5702-201-20 
-51 211-0711-00 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORD BY DESCR 

'--"-. 

-52 337-3021-00 SHIELD,ElEC:LVPS PEOPLE 80009 337-3021-00 
-53 334-4759-00 B010100 B012699 MARKER,IOENT:MKD SHIELDS INVERTER 80009 334-4759-00 

334-5196-00 B012700 (STANDARD AND OPTIONS 05,06.09,10 

-54 200·0237-04 COVER,FUSE HLDR:PLASTIC,SAFETY CONTROLLED 80009 200-0237 -04 
-55 204-0832-00 BODY,FUSEHOLDER:3AG,5 X 20MM FUSES S3629 031.1673(MDLFEU) 

-56 200-2265-00 CAP,FUSEHOLOER:5 X 20MM FUSES S3629 FEK 031.1663 
.. ••• .... • .. ··(ATTACHING PARTS)'· .. ••••••• 

-57 210-0457-00 NUT,PL,ASSEM WA:6-32 X 0.312,STL CD PL 83385 ORO BY OESCR 
••• ........ ·(END ATIACHING PARTS)'· ...... • 

-58 195-3984-00 LEAD,ELECTRICAL:22 AWG,4.0 L,B-01 80009 195-3984-00 
195-3986-00 LEAD,ElECTRICAL:18 AWG,4.0 L,8-0 80009 195-3986-00 

-59 119-1536-00 FILTER,RFI:3A,250VAC,50/60 HZ 54583 ZU82203-000 
•••••••• .. ····(ATIACHING PARTS}'·· ........ 

-60 211-0332-00 2 SCR,ASSEM WSHR:4-40 X 0.5,PNH,TORX DRIVE 01536 ORO BY DESCR 
-61 210..0586-00 2 NUT,PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY OEseR 

••••• .. •• .. ·(END ATIACHING PARTS)* .. • .... • 
-62 195-3989-00 LEAO,ELECTRICAL:18 AWG,4.0 L,B-9 80009 195-3989-00 
-63 195-3990-00 1 LEAO,ELECTRICAl:18 AWG,4.5 L,5-4 80009 195-3990-00 
-64 211·0304-00 2 SCREW,MACKINE:4-40 )( 0.312,PNH 01536 ORO BY OESCR 
-65 210-0586-00 2 NUT,PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY OESCR 
-66 (SEE S90 CHASSIS REPL) 
-67 195-3987-00 LEAD,ELECTRICAL:22 AWG,4.0 L,8-19 80009 195-3987 -00 

195-3988-00 LEAD,ELECTRICAL:22 AWG,4.0 L,8-29 80009 195-3988-00 
-S8 4 NUT,PLAIN,KNURL:(FURN WITH 131-1910-01 BNC 

-69 4 WASHER,LOCK:(FURN WITH 131-1910-01 BNG'S) 
-70 131-1910-01 4 CONN,RCPT,ELEC:BNC,FEMALE 24931 28JR284-1 
-71 200-2686-00 GOVER,REAR:CRT 80009 200-2686-00 

••••••••••• .. ·(ATTACHING PARTS) .. •• .. • .. •• 
-72 211-0711-00 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORO BY OEseR 

• .. ••• .. ····(END ATIACHING PARTS) .. • ...... 

-73 195-8410-00 LEAD,ELECTRICAL:22 AWG,1.65 L 80009 195-8410-00 
•••• .. ········(ATTACHING PARTS)· .... ••• .. • 

-74 210-0551-00 NUT,PLAIN,HEX.:4-40 )( 0.25 INCH,STl OOOBK ORO BY DEseR 
•• .. ········(END ATTACHING PARTS' ...... ••• 
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n : .I ("l 
Fig. & 
Index Tektronix Serial/Model No. Mfr r No. Part No. Eff Dscont Qty 1 2 3 4 5 Name & Description Code Mfr Part Number 

2-75 195-9513-00 LEAD,ELECTRICAL:22 AWG,1.4 L 80009 195-9513-00 
• .. ***·· ..... • .. (ATTACH'NG PARTS)· .. • ...... ••• 

r: -76 210-0551-00 NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL OOOBK ORO BY DESCR 
············(END ATTACHING PARTS)·· .. ••••• 

131-1425-00 AR TERM SET.PIN:(36) 0.025 sa RTANG,O.15L 22526 65521-136 
-77 344-0250-00 1 CUP.ELECTRICAL:COMPONENT MOUNTING 80033 E50005-007 

• ... • .. • ...... ·····(AITACHING PARTS)···· .. •• .. • n -78 211-0504-00 8010100 8019999 SCREW,MACHINE:6-32 X 0.25 INCH,PNH STL B33B5 ORO BY DESCR 
; i 211-0722-00 8020000 SCREW,MACHINE:6-32 X O.25L. PNH,STL,CD PL, 

············(END ATTACHING PARTS)········· 
-79 307-1154-00 PASSIVE NETWORK:CRT TERMINATOR,FINISHED 80009 307.1154-00 

r ··············(ATTACHING PARTS)··········· 
-79 211-0324-00 2 SCR,ASSEM WSHR:4-40 X 0.188 L,PNH,TORX.MCH 01536 ORDBYDESCR 
-81 210-0457-00 2 NUT.PL,ASSEM WA:6-32 X 0.312.STL CD PL B33B5 ORO BY DESCR 

············(END ATTACHING PARTS)"·· .... •• 

r -82 407-2809-00 BRACKET,ANGLE:RESISTOR,AL 80009 407-2809-00 
••••••••••• ... ·(ATTACHING PARTS)· .. •••• .. •• 

-83 210-0457-00 2 NUT,PL,ASSEM WA:6-32 X 0.312,STL CD PL B33B5 ORO BY DESCR 
•••••••• .. ··(END ATTACHING PARTS)········· 

334-1379-00 LABEL:CRT,ADHESIVE BACK BOOO9 334-1379-00 r 334-1951-00 MARKER.IDENT:CRT WARNING BOOO9 334-1951-00 
-84 337-2931-00 SHIELD.CRT: 80009 337-2931-00 

•• ... •••••••• .. (ATTACHING PARTS)··· ... •• ... •• 
-85 211-0324-00 4 SCR.ASSEM WSHR:4-40 X 0.188 L.PNH.TORX.MCH 01536 ORO BY DESCR 

r ••••••• .. ···(END ATTACHING PARTS)········· 
-86 200-0917-01 1 COV.ELECTRON TU:2.052 00 X 0.291" THK,PLST 80009 200-0917-01 .. -87 198-4603-00 1 WIRE SET.ELEC: 80009 198-4603-00 
-8B 214-0291-00 2 CONTACT,SPRING:1.188 X 0.375 X 0.25 INCH 80009 214-0291-00 

........ ········(ATTACHING PARTS)··· ... •••••• 

r~ -89 211-0324-00 2 SCR.ASSEM WSHR:4-40 X 0.188l,PNH,TORX,MCH 01536 ORO BY DESCR 
-90 210-0586-00 2 NUT.PL.ASSEM WA:4-40 X O.25.STL B33B5 ORO BY DESCR 

············(END ATTACHING PARTS)········· 

-91 119-1478-00 COIL,TUBE DEFl:FXD,TRACE ROTATION 80009 119-1478-00 

r -92 348-0762-00 GROMMET,PLASTIC:BLACK,ROUND,O.54 10 T1302 OBD 
-93 34B-0004-OO GROMMET,RUBBER:0.281 10 X 0.563 INCH 00 70485 763 
-94 195-6851-00 lEAD.ELECTR1CAL:BRAIDED,1.85 L 80009 195-6851-00 

•••••••• .. ····(ATTACHING PARTS) .. •••• ..... • 
-95 211-0324-00 SCR,ASSEM WSHR:4-40 X 0.188 L,PNH.TORX,MCH 01536 ORO BY DESCR r -96 210-0551-00 NUT,PLAIN,HEX.:4-40 X 0.25INCH.STL OOOBK ORO BY DESCR 

············(END ATTACHING PARTS)········· 
195-8410-00 LEAD.ELECTRICAL:22 AWG.1.65 L 80009 195-8410-00 

..... ·········*(ATTACHING PARTS)··········* 
-97 211-0324-00 SCR,ASSEM WSHR:4-40 X 0.188 L,PNH.TORX,MCH 01536 ORO BY DESCR n -98 210-0551-00 NUT.PLAIN,HEX.:4-40 X 0.25 INCH,STL OOOBK ORO BY DESCR 

, , -99 210-0994-00 WASHER.FLAT:0.12510 X 0.25" OD.STL 86928 5702-201-20 • 
············(END ATTACHING PARTS)········· 

-100 670-8000-00 CKT BOARD ASSY:DYNAMIC CENTERING 80009 670-8000-00 n (SEE A14 REPl) 
••••••••• .. ··*(ATIACHtNG PARTS)· .......... 

I -101 361-0067-00 3 .SPACER,CKT BD:0.187,NYLON 06915 LCBS-3M 
211-0711-00 1 .SCR,ASSEM WSHR:6-32 X 0.25 L,PNH.TORX 01536 ORO BY DESCR 

pill 129-0208-00 8020000 1 .SPACER,POST:0.312" LONG,6-32 ONE END BOOO9 129-0208-00 

r ! 343-1131-00 8020000 .CLAMP,LOOP:0.547 X 0.144ID,METAl 
• ••• .. ······(END ATTACHING PARTS)········· 

-102 131-0608-00 5 .TERMINAL,PIN:O.365 L X 0.025 PH BRZ GOLD 22526 47357 
-103 175-8010-00 1 CA ASSY,SP,ElEC:5,22 ~WG,10.5 L.RIBBON BOOO9 175-8010-00 n -104 348-0757-00 2 GROMMET.PLASTIC:BLACK U SHAPE,O.25 10 60009 348-0757-00 
-105 343-0081-00 1 STRAP.RETAINING: 95987 3116-H 

··············(ATTACHING PARTS)··········· 
-106 210-0457-00 NUT,PL,ASSEM WA:6-32 X 0.312,STL CD PL 83385 ORO BYDESCR 

n ············(END ATTACHING PARTS) .. ••••••• 
-107 348-0073-00 HINGE BLOCK.STA:L FR,R REAR.BLACK ACETAL 80009 348-0073-00 
-108 348-0751-00 GROMMET,PLASTlC:BLACK,3.11 X 0.845 OBLONG 80009 348-0751-00 

~ -109 343-1012-00 RETAlNER,CKT BD: BOOO9 343-1012-00 
-110 441-1618-00 8010100 8019999 CHASSIS.SCOPE:MAIN BOOO9 441-1618-00 

n 441-1618-01 8020000 CHASSIS,SCOPE:MAIN 

, 
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Replaceable Mechanical Pa .... -2445 Sendce 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eft Dscont Qty 1 2 3 4 5 Name & Descri~tion Code Mfr Part Number 

3-1 337-2932-00 SHIELD.ELEC:HIGH VOLTAGE 
.................. iII(ATTACHING PARTS)·····u .... --2 211-0304-00 4 SCREW.MACHINE:4-40 X 0.312.PNH 01536 ORDBYDESCR 
············(END ATTACHING PARTS)···· .. • .. 

334-4750-00 MARRKER.IDENT:MKD HIGH VOLTAGE 80009 334-4750-00 
-3 CKT BOARD ASSY:HIGH VOLTAGE 

(SEE A9 REPl) 
... • ....... •• .... ·(ATTACHING PARTS)· ... • .. • ... *'" 

-4 361-1188-00 6 SPACER.POST:1.15 L.4-40 THO 1 END 80009 361-1188-00 
············(END ATTACHING PARTS)···· .. ••• 

-5 131-0592-00 14 .CONTACT.ElEC:0.885 INCH LONG 22526 47353 
-6 131-0589-00 13 .TERMINAL.PIN:0.46 L X 0.025 SQ 22526 48283-029 
-7 352-0661-00 .HOLDER.TERMINAL:17 SQUARE PINS T1167 OBD 

175-4596-00 CA ASSY.SP.ELEC:5.22AWG.7.0 L, RIBBON T0171 OBD 
348-0763-00 GROMMET.PIASTIC:NATURAL.OVAL.1.235 to 80009 348-0763-00 

-8 175-4581-00 CA ASSY.SP.ELEC:26.28 AWG.5.0 L,RIBBON 80009 175-4581-00 
-9 CKT BOARD ASSY:BUS MONITOR 

(SEE A4 REPl) 
-10 131-0608-00 7 .TERMINAl.PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
-11 175-4583-00 CA ASSY,SP.ElEC:26.28 AWG.2.5 L 80009 175-4583-00 
-12 CKT BOARD ASSY:DIGITAL CONTROL 

--., 

(SEE A5 REPl) 
••••••• ....... ·(ATTACHING PARTS)·· .. • .. • .. • 

-13 211-0711-00 4 SCR.ASSEM WSHR:6-32 X 0.25 L.PNH,TORX 01536 ORO BY DESCR 
············(ENO ATTACHING PARTS)·· .. ••••• 

-14 131-0993-00 1 .BUS.CONDUCTOR:2 WIRE BLACK 00779 850100-01 
-15 131-0608-00 122 .TERMINAL.PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 
-16 136-0757-00 1 .SKT,Pl-IN ELEK:MICROCKT.4O PIN 09922 DILB40P-108 
-17 136-0755-00 4 .SKT,PL-IN ELEK:MICROCIRCUIT.28 DIP 09922 DllB28P-108 
-18 337-2978-00 1 SHIELD.ELEC:LOW VOLTAGE POWER SUPPLY 80009 337-2978-00 . ~~ ~ . 

•• ... •••• ..... ··CATTACHING PARTS)· .. •••••••• 
-19 211-0711-00 2 SCR,ASSEM WSHR:6-32 X 0.25 L.PNH.TORX 01536 ORO BY DESCR 
-20 211-0304-00 2 SCREW,MACHINE:4-40 X 0.312.PNH 01536 ORO BY DESCR 

············(END ATTACHING PARTS)"····· .. • 
-21 407-2830-00 BRKT,CMPNT MTG:CAP & MOTOR.LEFT.PLASTIC 80009 407-2830-00 

• .. • ..... •• .. ··(AITACHING PARTS) ... ••• .. • .. • 
-22 211-0332-00 2 SCR,ASSEM WSHR:4-40 X 0.5,PNH,TORX DRIVE 01536 ORO BY DESCR 

•••• .. ••• .. ·(END ATTACHING PARTS)········· 
-23 407-2829-00 BRKT.CMPNT MTG:CAP & MOTOR,RIGHT,PLASTIC SOO09 407-2829-00 

.. • .. ••••••• ... (ATIACHING PARTS)··· ..... •• .. 
-24 210-0586-00 3 NUT.PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY DESCR 

••• .. •••• .. ·(ENo ATTACHING PARTS)········· 
-25 129-0304-00 INSULATOR.STDF:0.25 00 X 1.23 INCH LONG 80009 129-0304-00 ~ 
-26 407-2854-00 BRACKET,ANGLE:TRANSISTOR,ALUM 80009 407-2854-00 

••• ...... •• .... ·(ATTACHING PARTS)··· ..... •• ... 
-27 210-0586-00 2 NUT,Pl,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY OESCR 

············(ENDATTACHING PARTS)· .. •••••• 
-28 343-1025-00 3 RETAINER,XSTR: 80009 343-1025-00 

••••• .. ·······(ATTACHING PARTS)·· ......... • .. 
-29 210-0406-00 3 NUT,PLAIN,HEX.:4-40 X 0.188INCH,BRS 73743 12161-50 

············(END ATTACHING PARTS)········· 
-30 342-0582-00 3 INSULATOR,PLATE:TRANSISTOR,CERAMIC .80009 342-0582-00 -.., 
-31 388-8018-01 1 CKT BOARO:tNVERTER TRANS SOOO9 388-8018-01 
-32 195-6852-00 1 LEAD,ElECTRICAL:18 AWG,2.375 L.B-4 80009 195-6852-00 

•••• ... • .. •• ... ·{ATIACHING PARTS) .. ••• ..... •• 
-33 21 ().;0586-0() NUT.PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY DESCR 

•••••••• .. ··(END ATTACHING PARTS)· .. •••••• 
-.., 

-34 3 TRANSISTOR:MOSFE,N-CHANNEl,SI,TO-220 
(SEE A3Q1050,Ql 060,Q1 070 REPL) 
··~····"·····{ATTACHING PARTS) .. •••••••• .. 

-35 210-0586-00 3 NUT,PL.ASSEM WA:4-40 X 0.25,STL 83385 ORO BY OESCR ~ 
············(END ATTACHING PARTS)········· 

·"'1 
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n f4{ Replaceable Mechanical Parts-2445 Service 

r r-" Fig. & 
Index Tektronix Serial/Model No. Mfr 

". No. Part No. Eft Oscont Qty 1 234 5 Name & Description Code Mfr Part Number 

t 
3-36 210-0406-00 NUT.PLAIN.HEX.:4-40 X 0.188INCH.BRS 73743 12161-50 
-37 210-1002-00 WASHER.FLAT:0.125ID X 0.25 INCH OD.BRS 12327 ORDBY DESCR 

fl 210-1176-00 WASHER.SHLDR:UIW T0-22O TRANSISTOR 49671 DF137A 
-38 SEMICOND DEVICE:RECT.SI.10A.3OV 

(SEE A3CR1110 REPl) 
-39 342-0354-00 INSULATOR.PLATE:TRANSISTOR.SIUCON RUBBER OOOBB 7403-10-52 
-40 129-0912-00 SPACER.POST:O.62 l W 6/32 THO ONE END 60009 129-0912-00 n **",,*** •• u.U(ATTACHING PARTS)· .. • ..... ••• .. ,. -41 211-0711-00 3 SCR.ASSEM WSHR:6-32 X 0.25 l,PNH.TORX 01536 ORO BY DESCR 

••••••• .. ···(END ATTACHING PARTS) .. ••••••• 
-42 195-9720-00 8010100 8011299 1 lEAD.ELECTRICAl:18 AWG.1.4l.5-4 60009 195-9720-00 n 195-9720-01 8011300 1 lEAD.ELECTRICAl: 18 AWG.2.4 l.O-N 60009 195-9720-01 
-43 CKT BOARD ASSY:FAN MOTOR 

":::1 (SEE A10 REPl) 
-44 131~ 3 .TERMINAl.PlN:O.365 l X 0.025 PH BRZ GOLD 22526 47357 
-45 361-1187-00 1 .SPACER.FAN:0.125.POLYPHENYLENE 80009 361-1187-00 n -46 175-4728-00 1 CA ASSY.SP.ElEC:2.22 AWG.8.0 l.RIBBON 80009 175-4726-00 

'C!!/ -47 175-4585-00 CA ASSY.SP.ELEC:2O,28 AWG.13.0 l 80009 175-4585-00 
-48 407-2825-00 BRACKET.ANGlE:TRANSISTOR MTG 80009 407-2825-00 

n 
• ............... ·*(ATTACHING PARTS)· ... •• .. • .. •• 

-49 211-0711-00 3 SCR.ASSEM WSHR:6-32 X 0.25 L.PNH.TORX 01536 OROBYDESCR 
-50 210-0586-00 2 NUT.Pl,ASSEM WA:4-40 X 0.25.STL 83385 ORDBYDESCR 

············(ENO ATTACHING PARTS) .... ••••• 
-51 210-0406-00 6 NUT,PLAIN.HEX.:4-40 X 0.188INCH,BRS 73743 12161-50 
-52 210-1307-00 6 WASHER.lOCK:0.115ID.SPLIT.0.025 THK 86928 A384-25N n -53 342-0538-00 6 INSULATOR,XSTR:T0-220.POLYENELENE 80009 342-0536-00 

.J -54 4 TRANSISTOR:SILICON.NPN 
(SEE A2Q1220.Q124O.Ql280,Q1300 REPL) 

2 MICROCIRCUIT.U:VOlTAGE REGULATOR r ~-55 (SEE A2U1280.U1330 REPl) 
342-0563-00 6 INSULATOR.PLATE:TRANSISTOR.FIBERGLAS 18565 ORO BY DESCR 

"-- -56 361-1207-00 6 SPACER.PLATE:0.550 X 0.812,ALUM 80009 361-1207-00 
-57 131-2779-00 3 CONN.PLUG.ElEC:CKT BD.1 X 5 MALE.0.15 SP 22528 65306-XXX 

,n 131-2780-00 1 CONN.PlUG,ELEC:CKT BO.1 X 3 MALE.0.15 SP 22526 65306-XXX 
-58 343-1067-00 8010100 B019999 4 RTNR.ELEC CONN:POlY.BLACK 80009 343-1067-00 

343-1067-01 B020000 4 RTNR,ElEC CONN:POLY,BLACK 80009 343-1067-01 
-59 CKT BOARD ASSY:REGULATOR 

~ 
(SEE A2 REPl-AVAILABLE AS 672-1037-XX ONLY 

-60 200-2735-00 1 .COVER,POWER SW: 80009 200-2735-00 
-61 131-0608-00 16 .TERMINAL,PIN:O.365 l X 0.025 PH BRZ GOLD 22526 47357 
-62 136-0263-04 18 .SOCKET.PlN TERM:FOR 0.025 INCH SQUARE PIN 22526 753n-001 
-63 4 .TERM QIK DISC:CKT BD MNT,O.11 X 0.02 

n .(SEE A2P204.P20S.P206,P207 REPl) 
-64 129-0976-00 1 SPACER.POST:O.86 L X 6-32.POLY.0.3 80009 129-0976-00 
-65 361-1132-00 8010100 8010999 6 SPACER.CKT BD:A 80009 361-1132-00 

361-1132-01 8011000 6 SPACER,CKT BD:A POLYCABONATE 
368-8092-00 8010100 8019999 1 CIRCUIT BOARD:SHIELD. LOW VOLT PWR SUPPLY n -66 337-3059-00 B020000 1 SHIELD,ELEC:LVPS 80009 337-3059-00 

-67 1 CKT BOARD ASSY:INVERTER 
(SEE A3 REPl-AVAILABLE AS 672-1037-XX ONLY 

-68 131~ 7 .TERMINAL,PlN:O.365 l X 0.025 PH BRZ GOLD 22526 47357 
-69 136-0263-04 18 .SOCKET.PlN TERM:FOR 0.025 INCH SQUARE PIN 22526 7S3n-001 

fi -70 131-0589-00 4 .TERMINAl,PIN:O.46l X 0.025 sa 22526 48283-029 
:: t 343-1099-00 B020000 1 .RTNR. POWER SUPPLY:LOW VOLTAGE, FRONT PC 

278-0525-00 8011700 1 .CORE.FERRITE:0.19610 X 0.437'00 01121 T037C351A 
-71 175-4594-00 1 CA ASSY.SP,ElEC:7.22 AWG.7.0 l.RIBBON 80009 175-4594-00 
-72 175-4598-00 1 CA AS8Y.SP.ELEC:8.26 AWG.7.0 l.RIBBON 80009 175-4598-00 L -73 175-4595-00 CA ASSY,SP.ELEC:3.22 AWG.2.0 L.RIBBON 80009 175-4595-00 

L',," -74 366-1767-00 PUSH BUTTON:BLACK.YELLOW INDICATOR OOOEO FA201 
-75 407-2904-00 BRACKET.EXT SFT:ABS 60009 407-2904-00 

" 
-76 211-0716-00 SCREW.MACHINE:6-32 X O.312.FLH.100 DEG 93907 ORDBYDESCR 
-77 214-3326-00 SPRING.HLCPS:0.370D X 0.7 l,CLOSED ENDS 80009 214-3328-00 

t! -78 384-1631-00 EXTENSION SHAFT:12.897 l X 0.375 OD.PLSTC 80009 384-1631-00 

'" n d 
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Replaceable Mechanical Parts-2445 Service 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eft Dscont Qty 1 234 5 Name & Description Code Mfr Part Number 

3-79 407-2800-00 BRACKET,PIVOT:EXTENSION SHAFT,PLASTIC 80009 407-2800-00 

••••••••••• .. ·(ATT ACH!NG PARTS) .. •• .. ••••• 
-80 211-0711·00 SCR,ASSEM WSHR:6-32 X 0.25 L,PNH,TORX 01536 ORO BY oESCR 

• .... • .. •• .. (END ATTACHING PARTS) .. • .. •• .. 
-81 407-2803·00 BRACKET,PVT ARM:EXTENS/ON SHAFT,PLASTIC 80009 407-2803·00 
-82 CKT BOARD ASSY:MAIN 

(SEE A 1 REPL) 
-83 386-4735·00 .PLATE,CMPNT MTG:ALUM 80009 386-4735-00 

.••••••••••• .. (ATTACH!NG PARTSj*··· .. • .. •• 
-84 210·0586-00 2 .NUT,PL,ASSEM WA:4-40 X 0.25.STL 83385 ORD BY OESeR 

· • .. • .. •• .. ·(END ATTACHING PARTS)· .. •• .... 
361-0382·00 2 . SPACER,PB SW:BROWN,O.275 INCH LONG 80009 361-0382-00 
361-0719-00 2 .SPACER,SLEEVE:0.092 10 X 0.062 IL,PLASTIC 82104 10-0144/0622 

-85 131-2716-01 1 .TERMINAL,CAL: 80009 131-2716·01 
·86 131-0679-02 2 .CONNECTOR,RCPT,:BNC,MALE,3 CONTACT 24931 28JR270-1 

· ·············(ATTACHING PARTS)· .... •• .... 

·87 213-0006-00 2 . SETSCREW:8-32 X 0.188INCH,HSS STL 50293 28701-98C-3B 
· •• .... ·····{END ATTACHING PARTS) .. • ...... 

·88 21 0-0586-00 36 . NUT,PL,ASSEM WA:4-40 )( 0.25,STL 83385 ORO BY OESCR 
·89 9 .MICROCIRCUIT,LI:(A1U700 SHOWN, ALSO SEE 

.A 1 Uloo,A 1 U2oo,U3oo,U4oo,U500,U600,U900, 

.U950 REPL} 
·90 136-Q764·oo 6 .SKT,PL-IN ELEK:48 UNE CONT IMPD HYBRID 80009 136·0764 .. 00 

119·1445-01 .ATTENUATOR.VAR:PROGRAMMABLE 1 X-' OOX,CH1 80009 119-1445 .. 01 
.(SEE A 11 REPL) 

.. 91 119 .. 1445-02 .ATTENUATOR,VAR:PROGRAMMABLE,l X-1 00X,CH2 SOO09 119 .. 1445 .. 02 
.(SEE A12 REPL) 

-92 351 -0677-00 2 .GUIDE,MAG CATCH:BLACK POLY 80009 351-0677-00 
·93 337 .. 3031-00 .SHIELD,ELEC:PRE·AMP 80009 337 -3031-00 

· .. ···········(A1TACH1NG PARTS)· .. ••• .... • 

-94 211-0324-00 2 .SCR,ASSEM WSHR:4·40 X 0.188 L,PNH,TORX.MC 01536 ORO BY OEseR 
... •• ...... ·(END ATTACHING PARTS) .. •• .. • .. 

-95 129-0985-00 B010100 B019999 5 . SPACER,POST:0.350 L,W/4-40 THD THRU T1288 OBD 
129 .. 0098-00 B020000 5 .POST.ELEC-MECH:0.250 HEX.XOA06 INCH L,BR 80009 129 .. 0098 .. 00 

·96 210-0003-00 2 WASHER,LOCK:#4 EXT,0.015 THK,STL 78189 11 04-00-00-0541 C 
.. 97 210-0586-00 4 .NUT,PL,ASSEM WA:4-40 X 0.25,STL 83385 ORO BY OESCR 

214-2270-00 2 .SPRING,GROUND:CRT TO SHIELD 80009 214-2270-00 
· • .. •••••••• .. (ATTACHING PARTS) ........ ••• 

211-0324-00 2 .SCR,ASSEM WSHR:4-40 X 0.188 L,PNH,TORX,MC 01536 ORO BY DESCR 
.•••••• .. ···{END ATTACHING PARTS) .... • .... 

384·0617-00 . SPACER,POST:0.375 L X 0.25 HEX 80009 384-0617-00 
1 29-0985-00 .SPACER,PQST:0.350 L,W/4-40 THO THRU T1288 OBD 

-98 214-0973-00 1 .HEAT SINK,ELEC:0.28 X 0.18 OVAL X 0.18TH 80009 214-0973-00 
.. 99 136-0757-00 1 .SKT,PL-IN ElEK:MICROCKT,40 PIN 09922 OILB40P·l08 
-100 136 .. 0727-00 2 .SKT,PL-IN ElEK:MICROCKT,8 CONTACT 09922 DllBSp .. l08 
.. 101 136-0728-00 1 .SKT,PL·IN ELEK:MICROCKT,14 CONTACT 09922 OILB 14P.l 08 
-102 136-0252-07 32 .sOCKET,PIN CONN:W/O DIMPLE 22526 75060 .. 012 
-103 131-0993-00 7 .BUS,CONDUCTOR:2 WIRE BLACK 00779 850100-01 
-104 131 .. 0608·00 142 .TERMINAL,PIN:0.365 LX 0.025 PH BRZ GOLD 22526 47357 
·105 136-0783-00 :3 .SKT,PL-IN ElEK:26 LINE CONT IMPD HYBRID 80009 136-0763-00 

195-3985-00 2 .LEAD,ELECTR!CAL:22 AWG,1.7 L,9-N T0171 OBO 
195-3991-00 B010100 6019999 .LEAD,ELECTRICAL:22 AWG, 3.5 L,O·N T0032 OBO -"""'1, 

195-3991 .. 01 B020000 .LEAD,ELECTRICAL:22 AWG, 3.5 L,O-N 
, 

195-6500-00 B010100 B019999 .LEAD,ElECTRICAL:STRO.22 AWG,300V,WHITE,2. 80009 195-6500-00 
195.8500-01 B020000 .LEAD,ElECTRICAL:STRD,22 AWG,3oov,WHITE,2. 80009 195-6500-01 
175-8010-00 B010100 8019999 .CA ASSY,SP.ELEC:S,22 AWG,10.5 L,RIBBON 80009 175-8010·00 
175-8010-01 B020000 .CA ASSY,SP,ElEC:5,22 AWG,10.5 L, RIBBON 80009 175-8010-01 
195-6851-00 8010100 8019999 .LEAD,ELECTRICAl:BRAIDED,1.65 L 80009 195-6851-00 
195 .. 6851-01 B02oo00 .LEAD,ELECTRICAL:BRAIDED.1.65 L 80009 195-6851-01 
175-2054-00 B011400 .WIRE,ELECTRICAl:SOLlD,30 AWG,BLACK,KYNAR 

-106 343-0144-00 CLAMP.LOOP:O.125 INCH ID,BlK NYLON 95987 1-8-2 
•••• .. •••• .. ··(ATTACHING PARTS)"·· .. •••••• 

-107 211-0304-00 SCREW,MACHINE:4-40 X 0.312.PNH 01536 DAD BY DESCR 
• .. • .. •• .... (END ATTACHING PARTS) .... • .... 

·108 CHASSIS,SCOPE:MAIN 
(ALSO SEE FIG. 2 RMPL) 
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Replaceable Mechanical Parts-2445 Service 

,-; 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eft Dscont Qty 1 2 3 4 5 Name & Descri~tion Code Mfr Part Number 

STANDARD ACCESSORIES 

4·1 015-0227·00 ACCESSORY KIT:TWO P6131 PROBE,VOLT W/ACCES SOOO9 015-0227-00 

·2 200·2742·00 COVER,PROT:FRONT PANEL SOOO9 200-2742-00 
-3 159-0021-00 FUSE,CARTRIDGE:3AG,2A,250V,FAST.BLOW 71400 AGC2 
-4 378-0208-00 FILTER,LT,CRT:CLEAR,4.105 X 3.415 SOOO9 378-0208-00 
·5 016-0537-00 POUCH,ACCESSORY:VINYL,W/ZIPPER 05006 ZIP·6X910 

016-0692-01 POUCH ASSEMBLY:2445/2465 80009 016-0692-01 
·6 016-0692-00 .POUCH,ACCESSORY:2465/2445 Soo09 016-0692-00 
·7 386-4849-00 .PLATRE,MOUNTING:ACCY POUCH,ALUM 80009 386-4S49-00 

070-3829-00 MANUAL,TECH:SERVICE,2445 OSCILLOSCOPE 80009 070-3S29-00 
070-3830-00 MANUAL, TECH:OPERATORS,2445 OSCILLOSCOPE SOO09 070-3830-00 

r-, 
070-4178-00 CARD,INFO:REF 80009 070-4178-00 
070-4366-00 SHEET, TECHNICAL: INSTR,Ol8-0691·00 RACK 80009 070-4366-00 
070-4180·00 CARD,INFO:REF 80009 070-4180-00 

"""""t 

OPTIONAL ACCESSORIES 

015·0227·00 ACCESSORY KIT:TWO P6131 PROBE,VOLT W/ACCES 80009 015·0227·00 
016-0720-00 COVER,PROT:NYLON SOO09 016-0720·00 
346·0058-00 FASTENER,STRAP:CARRYING SOOO9 346-0058-00 
346·0199·00 STRAP,CARRRYING:2213A 

(OPT A5 SWITZERLAND) 
161-0104·06 CABLE ASSY,PWR:3 X 0.75MM sa,220V,9S.0L S3109 ORO BY DESCR 

(EUROPEAN OPT.A 1) 
161-0104-07 CABLE ASSY,PWR:3 X 0.75MM sa,240V,9S.0 L S3109 ORO BY DESCR 

(UNITED KINGDOM OPT. A2) 
161-0104-05 CABLE ASSY,PWR:3,18 AWG,240V,9S.0 L S3109 ORO BY DESCR 

(AUSTRALIAN OPT.A3) 
161-0104-0S CABLE ASSY,PWR:3,18 AWG,240V,9S.0 L T1105 ORO BY DESCR 

(NORTH AMERICAN OPT.A4) 

.-, 
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Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eff Dscont aty 12345 Name & Description Code Mfr Part Number 

STANDARD ACCESSORIES 

4-1 010-6131-01 2 PROBE,VOLTAGE:P6131,10X W/ACCESSORIES 80009 010-6131-01 
-2 200-2742-00 1 COVER,PROT:FRONT PANEL 80009 200-2742-00 
-1 159-0098-00 1 FUSE,CARTRIDGE:DIN,I.6A 75915 212 01.6 

,. 
-4 178-0208-00 1 FILTER,LT,CRT:CLEAR,4.105 X3.415 80009 378-0208-00 I -5 016-0537-00 1 POUCH,ACCESSORY:VINYL,W/ZIPPER 05006 ZIP-6X91D 

016-0692-01 1 POUCH ASSEMBLY:2445/2465 80009 016-0692-01 
-6 016-0692-00 1 • POUCH,ACCESSORY:2465/2445 80009 016-0692-00 
-7 186-4849-00 1 • PLATI,MOUNTING:ACCY POUCH,ALUM 80009 386-4849-00 Ii 070-1829-00 1 MANUAL,TlCH:SERVICE,2445 OSCILLOSCOPE 80009 070-3829-00 

070-1810-00 1 MANUAL,TlCH:OPERATORS.2445 OSCILLOSCOPE 80009 070-3830-00 
070-4180-00 1 CARD,INFO:REF 80009 070-4180-00 

OPTIONAL ACCESSORIES 

4-1 010-6131-01 PROBE,VOLTAGE:P6131,10X W/ACCESSORIES 80009 010-6131-01 
016-0720-00 COVER,PROT:NYLON 80009 016-0720-00 
346-0058-00 FASTENER,STRAP:CARRYING 80009 346-0058-00 
16t-olO4-o5 CABLE ASSY,PWR:3,18 AWG,240V,98.0 L 86221 OBD 
----- ----- (AUSTRALIAN) 
161-0104-06 CABLE ASSY,PWR:3 X 0.75MH SQ,220V,98.0L 80126 OBD ----- ----- (EUROPEAN) 
161-0104-07 CABLE ASSY,PWR:3 X 0.75MM SQ,240V,98.0 L 80126 OBD 
----- ----- (UNITED KINGDOM) 
159-0172-00 • FUSE,CARTRIDGE:TYPE C,ll AMP 83629 PCC-I089 
161-0104-08 CABLE ASSY,PWR:3,18 AWG,240V,98.0 L 80126 OlD 

2445 SERVICE 
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MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with latest electronic developments 
by adding circuit and component improvements to our instruments as soon as they 
are developed and tested. --

Sometimes, due to printing and shipping requirements, we can't get these 
changes immediately into printed manuals. Hence, your manual may contain new 
change information on following pages. 

A single change may affect several sections. Since the change information sheets 
are carried in the manual until all changes are permanently entered, some 
duplication may occur. If no such change pages appear following this page, your 
manual is correct as printed. 
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MANUAL CHANGE INFORMATION 
Date: 12-14-83 Change Reference: C4/1083 REV 

Product: 2445 SERVICE Manual Part No.: 070-3829-00 

DESCRIPTION PG38 

NOTE 
The following changes are ill effect for aD instruments serial numbered 8020000 and above (unless noted otherwise). 

CHANGE TO: 

A1 

A1 

.A2&A3 

A6 

A1C102 
A1C203 
A1C203 

A1C513 
A1C537 
A1C660 
A1C731 
A1C912 

A1Q624 

A1R155 
A1R194 
A1R403 
A1R456 
A1R461 
A1R462 
A1R463 
A1R622 
A1R736 
A1R743 
A1R802 
A1R803 
A1R805 
A1R941 

A1U500 
A1U950 

A4U2930 

A6DS3329 

A6R3350 

A6S3185 

A6W651 
A6W652 

A9R1922 

REMOVE: 

A1C303 
A1C312 
A1C450 
A1C454 

A1R121 
A1R216 

000-2775-000 

670-7285-06 

670-7285-08 

672-1037-02 

672-1039-02 

290-0973-00 
281-0862-00 
283-0811-00 

283-0479-00 
283-0479-00 
281-0851-00 
290-0944-00 
283-0421-00 

151-1025-00 

321-0206-00 
315-0103-QO 
311-2099-00 
321-0329-00 
321-0139-00 
321-0201-00 
321-0193-00 
321-0255-00 
321-0197-00 
315-0102-00 
315-0821-00 
315-0222-00 
311-1242-00 
315-0561-00 

155-0239-01 
155-0242-01 

160-1631-02 

150-1105-00 

307-0695-00 

260-2108-01 

175-8419-00 
175-8418-00 

315-0331-03 

281-0547-00 
281-0547-00 
283-0421-00 
283-0421-00 

315-0121-00 
315-0121-00 

REPLACEABLE ELECTRICAL PARTS UST CHANGES 

CKT BOARD ASSY: MAIN 
(OPTIONS 01,05,06,09 OR 1 B ONLY) 
CKT BOARD ASSY: MAIN 
(STANDARD & ALL OTHER OPTIONS ONLY) 
CKT BOARD ASSY: LV/POWER SUPPY MODULE 

CKT BOARD ASSY: FR PNL MODULE 

CAP,FXD,ELCTLT: 100UF,20%,25VDC 
CAP,FXD,CER 01: 0.001UF,+80-20%,100V 
CAP,FXD,CER 01: 0.01UF,20%,100V 

(OPTIONS 01,05,06,09, OR 1B ONLY) 
CAP,FXD,CER 01: 0.47UF,+80-20%,25V 
CAP,FXD,CER 01: 0.47UF,+80-20%,25V 
CAP,FXD,CER 01: 180PF,5%,1ooV 
CAP,FXD,ELCTLT: 220UF, + 50-1 0%,1 OV 
CAP,FXD,CER 01: O.1UF,+80-200/0,50V 

TRANSISTOR: FET,N-CHAN,SI 

RES,FXD,FILM: 1.37K OHM,1%,O.125W 
RES,FXD,CMPSN: 10K OHM,5%,O.25W 
RES,VAR,NONWIR: TRMR,500 OHM,10%,O.5W 
RES,FXD,FILM: 26.1K OHM,1%,O.125W 
RES,FXD,FILM: 2740HM,1%,O.125W 
RES,FXD,FILM: 1.21K OHM,1%,0.125W 
RES,FXD,FILM: 1K OHM,1%,O.125W 
RES,FXD,FILM: 4.42K OHM,1%,0.125W 
RES,FXD,FILM: UK OHM,1%,O.125W 
RES,FXD,CMPSN: 1K OHM,S%,O.25W 
RES,FXD,CMPSN: 820 OHM,5%,O.25W 
RES,FXD,CMPSN: 2.2K OHM,5%,O.25W 
RES,VAR,NONWW: TRMR,200K OHM,O.5W 
RES,FXD,CMPSN: 560 OHM,5%,O.25W 

MICROCKT,LlNEAR: TRIGGER(OPTION 01 ,05,06,09,1 B) 
MICROCKT,LlNEAR: Z AXIS AUTOFOCUS 

MICROCKT,DGTL: 4096 X 8 EPROM,PRGM 

LT EMITTING DIODE: YELLOW,30MA 

RES NTWK,FXD,FI: 9,150 OHM,20/0,O.2W EA 

SWITCH,PUSH: SPDT,O.1A,125VAC 

CA ASSY,SP,ELEC: 26,28 AWG,2.5L,RIBBON 
CA ASSY,SP,ELEC: 20,36 AWG,8.0L,RIBBON 

RES,FXD,CMPSN: 330 OHM,5%,0.25W 

CAP,FXD,CER 01: 2.7PF,10%,500V 
CAP,FXD,CER 01: 2.7PF,10%,500V 
CAP,FXD,CER 01: 0.lUF,+80-20%,50V 
CAP,FXD,CER 01: 0.1UF,+80-200/0,50V 

RES,FXD,CMPSN: 120 OHM,5%,O.25W 
RES,FXD,CMPSN: 120 OHM,S%,O.25W 
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Product: _-=2:...:.44..:..:5=-=-SE=R:..;_V:;.I.=.C=E~ ______ Date: ___ 12-14-83. Change Reference: _C.:;.4..,:./..,:.10:;.8:;.3...:.R...:.E_V __ 

DESCRIPTION 

REPLACEABLE ELECTRICAL PARTS LIST CHANGES (cont) 
REMOVE (cant) 

A 1 AS11 321-0320-00 AES,FXD,FILM: 21K OHM,1%,0.125W 
A1R512 321-0293-00 RES,FXD,FILM: 11K OHM,1%,0.125W 
A1R737 321-0255-00 RES,FXD,FILM: 4.42K OHM,1%.,0.125W 

A1W194 131-0566-00 BUS CONDUCTOR: DUMMY RES,2.375.22AWG 

A3R1101 307-0103-00 RES,FXD,CMPSN: 2.7 OHM,5%.0.25W 
A3Rl102 307-0103-00 RES,FXD,CMPSN: 2.7 OHM.5%,0.25W 

A6R3327 315-0151-00 RES,FXD,CMPSN: 150 OHM,5%,0.25W 

ADD: 

A1C405 281-0122-00 CAP,VAA,CER DI: 2.5-9PF,100V 
A1C967 281-0783-00 CAP,FXD,CER DI: 0.lUF,20%,100V 
A1C980 281-0421-00 CAP,FXD,CER DI: 0.1UF,20%,50V 

A1CR503 152-0141-02 SEMICOND DVC,DI: SW,SI,30V,150MA 

A1R405 315-0470-00 RES,FXD,CMPSN: 47 OHM,5"/o,O.25W 
A1R431 315-0470-00 RES,FXD,CMPSN: 47 OHM,5%,0.25W 
A1R466 321-0275-00 RES,FXD,FILM: 7.15K OHM,1"lo,O.125W 
A1R503 315-0103-00 RES,FXD,CMPSN: 10K OHM,5% ,O.25W 
A1R504 315-0103-00 RES,FXD,CMPSN: 10K OHM,5%,O.25W 
A1R901 315-0112-00 RES,FXD,CMPSN: 1.1K OHM,5%,O.25W 
A1R902 315-0112-00 RES,FXD,CMPSN: 1.1K OHM,5%,0.25W 
A1R903 315-0472-00 RES,FXD,CMPSN: 4.7K OHM,5%,O.25W 
A1R939 315-0332-00 RES,FXD,CMPSN: 3.3K OHM,5%,O.25W 
A1R942 321-0256-00 RES,FXD,FILM: 4.53K OHM,1%,0.125W 

A2J203 131-2925-00 CONN,RCPT,ELEC: CKT BD,1 X 6,0.2 SPACING 

A3J303 131-2926-00 CONN,RCPT,ELEC: CKT BD,l X 2,0.2 SPACING 

A3Wl1 01 131-0566-00 BUS CONDUCTOR: DUMMY RES,2.375,22AWG 
A3W1102 131-0566-00 BUS CONDUCTOR: DUMMY RES,2.375,22AWG 

A6DS3357 150-1109-00 LT EMITTING DIODE: GREEN,30MA 
A6DS3356 150-1109-00 LT EMITTING DIODE: GREEN,30MA 
A6DS3355 1 50-11 09-00 LT EMITTING DIODE: GREEN,SOMA 
A6DS3332 1 50-11 09-00 LT EMITTING DIODE: GREEN,SOMA 
A6DS3328 1 50-11 05-00 LT EMITTING DIODE: YELLOW,30MA 

A6R3325 315-0151-00 RES,FXD,CMPSN: 150 OHM,5%,O.25W 
A6R3329 315-0151-00 RES,FXD,CMPSN: 150 OHM,5%,O.25W 

REPLACEABLE MECHANICAL PARTS LIST CHANGES 
CHANGE TO: 

FIG. # PART # QTY DESCRIPTION 

1-7 101-0082-01 TRIM,DECORATIVE: FRONT,PLASTIC 

2-28 13i -0608·00 10 TERMINAL,PIN: 0.365 L X 0.025 PH BRZ GOLD 
2-34 354-0632-01 1 RING, MOUNTING: 5.41 X 4.18,BRASS 
2-35 333-2915-01 PANEL,FRONT: 
2-39 386-4713-01 PLATE,REAR: POWER SUPPLY 
2-110 441-1618-01 CHASSIS,SCOPE: MAIN 

3-65 361-1132-01 SPACER,CKT BD: A POLYCARBONATE 

Under item 2·28, change the quantity of the following parts: 

Change the quantity of 352-0639-00 to 1 (one). 
Change the quantity of 352-0641-00 to 2 (two). 

Add 352-0692-00 2 HOLDER,LED: EIGHT, BLACK 

ADD the following items to the ATTACHING PARTS for item 2-39. 

001-0057-00D 

343-1 099-00 
337 -3059-00 

RTNR,POWER SPLY: LOW VOLTAGE,FRONT 
SHIELD,ELEC: LOW VOLTAGE POWER SUPPLY 
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n Product: _-=2:;.:.44....:.;5::....::.S=ER:..:.V-=--'..::;C..:;:E~."-'-' ______ Date: __ 1_2-_14-_83 ___ Change Reference: C411083 REV 

·~r ... "" • • a n ~ ~=========================D=E=S=CR=I=PT=-IO=N==============================~ 
r, DIAGRAM CHANGES 

Contained in this insert is a new layout of the A 1 boaId (MBInBoarrJ) along With s new parts locator table which are to be used 
with instruments serial numberSd 8020000 and above. 

n D'A_0FROHT PANI$. CONTROLS 

". ~ F0her senefe·alninUmbersthBOS20000T..A .... U.SandLEOaboS 'lie use the partial Oiagram~contained in this insert PC 
f' w n ~ ng to e,..,. "\/" 154 

n 
r: f1 

n 
~~ 

n 

n 
n 
-~ 

n 
r; 

Also contained in this insert is a new layout of the A6 board (Front Panel) aJong with a new parts 
locator table which are to be used for instruments serial numbered B020000 and above. 

DIAGRAM0ATTENUATORS & PREAMPS 

Change C203 (location BM) ~ a O.OOl,.,.F capacitor. 

Change R456 (location 7S) to a 26.1 Kn resistor. 

Change R461 (location 9N) to a 274n resistor. 

Change R462 (location 9P) to a 1.21Kn resistor. 

Change R463 (location BP) to a 1 Kn resistor. 

Change the connections of Jl00-5 and J100-6 to read NC (No Connection) at location BK. 

Remove C303 (location 11 C) and connect R303 to ground. 

Remove C312 (location lOC) and connect R312 to ground. 

Remove C450 (location 2P) from pins 6 & 7 of U450B. 

Remove C454 (location 7P) from pins 1 & 2 of U450A. 

Remove R121 (location 2M) and connect U100 pin 17 to the remaining circuitry. 

Remove R216 (location 7L) and connect U200 pin 17 to the remaining circuitry. 

Add R431 (47n) in series with C460 (location BP) to ground. 

Add R466(7.15Kn) to U450A pin 1 (location 7P) as shown here. 

R4'''1 C4 .. ' 

~'h JI~ 
U4SOA ~:t-_~""'--~-____ IO~)~. 

R.4sct ~ "I IOCIO l 
~--------------/~----~'----~· 

~t~ ( ~~~~ ) ~H~ND 
R457 "-

...... _--2.-
r 

c~ 
------------·~I·t~~~U~ 15... ttW-a ~ 
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Product: 2445 SERVICE Date: __ 1_2_-1_4_-83 ___ Change Reference: 

DESCRIPTION 

DIAGRAM CHANGES (cont) 

DIAGRAM o DISPLAY SEQUENCER, TRIGGERING, A & B SWEEPS 

Change C513 (location BE) to a 0.47~F capacitor. 

Change C537 (location 9E) to a 0.47~F capacitor. 

Change C660 (location 4C) to a 180pF capacitor. 

Change C912 (location 5K) to a O.l~F capacitor. 

Change R155 (location 3C) to a 1.37Kn resistor. 

Change R736 (location 2K) to 1.1 Kn resistor. 

Change R743 (location 4J) to a 1 Kn resistor. 

Change R941 (location 7M) to a 5600 resistor. 

Remove R511 & R512 (location 4F) and connect USOO pin 15 directly to U650 pin 13. 

Remove R737 (location 2K). 

Remove W194 (location 3J) and connect R194 directly to U170 pin 6. 

Add R942 (4.53Kn) from U980D pin 13 (location 6M) to -15V. 

Add CR503, R503, and R504 to U500 pin 24 (!cation 4F) as shown here. 

~40 

Disconnect pins 1,2, and 10 of U850B (location SJ) and connect them as shown here. 
Also add R90l (1.1 Kn) as shown. 

001·0057-000 

TO v,Sel: 

PI"'''' 

~~~~~ ________________ ~3 ~ 
-1.2511' 

RCfOI 
'.tl( 

+Sv 
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Product: _..::2:..:..44..::5~S=:E=R..:.V:...:.IC.:::::;E--:-______ Date: __ 1_2-_1_4-_83 ___ Change Reference: C4/1083 REV 

DESCRIPTION 

DIAGRAM CHANGES (cont) 

DIAGRAM 0DISPLAY SEQUENCER, TRIGGERING, A & B SWEEPS (cont) 

Add R939 (3.3KU) and R942 (4.53Kn) to U980D (location 6M) as shown here. 

TO~&-. 
R<l45 UCf80D 

I 

Replace J101 pins 9 & 10 with P109 & J109 pins 1 & 2 as shown here. 
J101 pins 9 & 10 become NC (No Connection). 

IS m. 
R!>'l 

TGA P-

1\ "'ei f*A} SSt!. 1I I ,0 
I > I (iNC OPTIONS 

IGGER I l..i 

DIAGRAM0 CHANNEL SWITCH AND OUTPUT AMPLIFIERS 

Change R403 (location 2J) to a 5000 variable resistor. 

Change R622 (location 4N) to a 4.42Kn resistor. 

Change R802 (location 7N) to a 8200 resistor. 

Change R803 (location 7N) to a 2.2Kn resistor. 

Add R902 (1.1 KG) from U850A pin 11 (location 8M) to + 5V. 

Add R903 (4.7KG) from U980C pin 8 (location 7H) to +5V. 

Add C405 (2.5-9pF) and R405 (47G) to U600 as shown here. 
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Product: 2445 SERVICE Date: 12-14-83_ - Change Reference: . C4/1083 REV 

DESCRImON 

DIAGRAM CHANGES (cont) 

DIAGRAM0HIOH VOLTAGE SUPPLY AND CRT 

Change R1922 (location 7E) to a 3300 resistor. 

DlAGRAM<!>LOW-VOLTAGE POWER SUPPLY 

Replace R11 01 & R1102 (location 6P) with W11 01 & W11 02 (00 jumpers). 

DIAGRAM <8> POWER DISTRIBUTION A 

Add C967 (0.1 "F) in parallel with C966 (location 1 M). 

Add C980 (0.1 "F) In parallel with C675, C811, C943, and C956 (location 3M). 

Change C102 (location SA) to a 100"F capacitor ~ 

' .... 0111 

001~57~D 
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2445 SERVICE 

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD CIRCUIT 
NUMBER NUMBER LOCATION NUMBER NUMBER LOCATION NUMBER 

Cl00 4 4C C669 5 2J CR460 
Cl02 11 60 C615 11 3H CR461 
Cl03 4 5C C101 5 8C CR476 
Cl04 4 50 C706 5 8C CR464i 
Cl05 4 4C C709 5 80 CR465 ' 
Cl06 11 50 C710 11 90 CR495 
Cl01 11 50 C712 5 BE CR503 
Cl06 5 60 C722 11 60 CR600 
Cl06 11 60 C723 11 80 CR616 
C112 4 80 C731 11 8E CR652 
C113 11 60 C733 11 1E CR853 
C1104 11 50 C735 6 7E CR707 
C115 4 8E C738 11 BE CR7041 
C116 4 7E C740 11 60 CR746 
CI17 4 5E C7042 5 60 CR747 
C118 4 7E C603 6 8F 
C119 11 5C C805 6 8F CR807 
CI20 11 5E C606 6 7F CRail 
C121 11 5E C606 6 " 7F CR9SO 
CI22 4 50 C609 8 7F CR951 
CI25 11 5C C610 11 7F CR958 
C130 4 5C C611 11 7F CR988 
C175 4 20 C617 8 7F CR972 
C178 4 20 C619 11 8E CR987 
Cln 4 20 C622 6 7E 
CI19 4 20 C650 11 7F oLl00 
CI80 5 2E C651 5 8E DL100 
C181 5 2E C852 5 8E 
CI84 4 2F C853 5 8E J9 
CI85 4 3B C854 5 8E Jl0 
C200 4 3C C907 5 7H Jll 
C202 4 4C C908 5 8J Jl00 
C203 4 o4C C912 5 9E J101 
C205 4 3C C933 11 8G Jl02 
C207 II 4C C940 11 9G Jl04 
C217 4 20 C943 11 9H Jl05 
C218 11 30 C958 8 8K J101 
C219 11 30 C957 8 7J Jll0 
C220 11 30 C958 11 7K Jl11 
C221 11 30 C988 11 9K Jl12 
C222 4 40 C987 11 9J J113 
C225 11 3C C972 6 9K J114 
C301 " lB C973 11 9K J115 
C302 " 3B C975 8 78 J118 
C306 5 18 C980 11 8J J117 
C301 11 3B C988 11 8K J118 
C310 4 lC C990 11 8K J119 
C311 4 lC C995 6 7K J181 
C325 11 3C J191 
C329 4 20 CR100 4 5C J191 
C332 4 20 CR101 4 5C J411 
C338 11 lC CR107 11 4H J411 
C402 8 SF CR130 4 7B J411 

CR131 .. 7B J511 
C404 8 4F CRI40 4 58 J511 
C412 8 4F CR1041 " 8B J511 
C415 11 4F CR1042 4 8B J511 
C458 11 3F CRI43 4 58 J512 
C460 " 3E CRl44 " 8B J512 
C484 " 3E CRI45 " 8B J512 

CR146 " 8B J512 
CR1047 " 8C 

C47B 8 3J CRI46 " 8C Ll01 
C460 11 2J CR1049 " 8C Ll07 
C467 6 3K CR150 " 8C L113 
C46B 6 3K CR151 " 8C L115 
C512 5 3H CR152 " 8C L219 
C513 5 3H CRI53 " 8C L307 
C520 5 2H CRI54 4 8C L325 
C521 11 2H CRl55 4 8C L336 
C528 5 lG CRI80 " 20 l403 
C536 5 IF CR161 " 20 WI 
C537 5 2F CRI62 " 20 L605 
C544 5 3H CRI63 4 20 L606 
C617 8 5G CR200 4 3C L807 
C625 6 50 CR201 4 3C L608 
C645 5 5G CR355 5 7B L609 
C650 5 7K CR358 5 78 L610 
C653 5 3J CR358 5 7B La11 
C660 5 3J CR359 5 8B L612 

12-14-83 

A1-MAIN BOARD 
(SN 8020000 AND ABOVE) 

SCHEM BOARD CIRCUIT SCHEM 
NUMBEF LOCATlO~ NUMBE~ NUMBEFI 

4 3E L619 6 
4 3E 
6 3J 
8 3K L644 6 
8 3K L733 11 
8 3K L738 11 
5 2H L740 11 
6 8J L743 11 
8 8K L938 11 
5 4J L973 11 
5 3J 
5 8B LRl01 11 
5 80 LR107 11 
5 51< LRI80 4 
5 51< LR201 11 

LR218 11 
11 7F LR280 4 
11 7F 
5 8K P100 4 
5 8K 1>101 5 
8 7K P102 5 
6 9K Pl03 4 
6 9K PI 06 8 

11 8K P107 5 
Pl06 5 

8 SF P121 11 
6 SK PI22 5 

PI22 11 
5 2A P141 8 .. 58 .. 3B 0130 .. 
4 4F 0131 4 
5 3H 0154 5 
5 7F 0155 5 
5 SK Q460 4 
4 2E asso 5 
5 3G Q600 8 
4 2E Q823 8 
4 8B 0824 8 
8 7B 0845 5 
5 78 0700 11 
8 8B 0709 5 
8 8B 0741 5 
5 9B 

" BE Rl00 4 
5 2K R101 4 
11 4H Rl02 4 

" 8B R114 4 
8 9K R115 " 11 8K R117 4 
5 lK RllB " 6 lK R119 " 11 lK Rl20 11 
4 10 
5 10 RI23 4 
8 10 RI25 11 
11 10 RI29 " 4 lH R130 4 
5 lH R131 " 8 lH RI33 " 11 1H RI35 " RI38 4 
11 60 RI40 " 11 60 R141 " 11 60 RI42 " 4 8E RI43 " 11 3D RI44 " 11 3B RI49 4 
11 3C RI52 5 
11 lC RI53 5 
6 4F RI54 5 
11 2H Rl55 5 
6 5H RI58 5 
8 5J RI59 " 6 5G R161 4 
6 5H R162 " 6 5H RI63 4 
6 5H Rl85 5 
a 5H RI90 4 
a 5H R191 4 
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50 

8J 
6E 
6E 
60 
60 
8J 
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5C 
80 
o4E 
4C 
3D 
3E 

4F 
3H 
7F 
4C 
7K 
8K 
5K 
4J 
4H 
o4H 
9K 

7B 
7B 
IE 
IF 
3E 
lE 
4J 
50 
50 
50 
9C 
80 
80 

4C 
58 
58 
60 
80 
8E 
5E 
60 
BE 

2H 
60 
5C 
7C 
7C 
BB 
8B 
lH 
7C 
7C 
7C 
7C 
7C 
78 
2F 
2F 
2E 
2F 
2E 
2D 
20 
2D 
2D 
2E 
lG 
10 

C411083 Rf;V 

CIRCUIT SCHEM BOARD CIRCUIT SCHEM BOARD 

,~ NUMBEF NUMBEFI LOCAn~ NUMBEF NUMBEFI LOCATION . 
R192 4 lH R488 6 3K 
RI93 4 1E R469 6 3K 
RI94 4 lH R490 6 3J 
RI95 4 2E R491 6 3J 
RI98 4 2E R492 6 3J 
R197 4 3F R493 6 3J 
RI98 4 3F R494 8 3K 
RI99 4 3F R495 6 4J 
R200 4 3C R497 8 51< 
R201 4 3B R498 6 8K 
R202 4 3B R500 8 lJ 

R501 6 lJ 
R217 4 30 R502 4 lG 
R218 4 3E R503 5 2H 
R219 4 30 R504 5 2H 
R220 11 3C R51"1 5 3H 
R223 4 2H R512 5 3H 
R225 11 3C R513 5 3H 
R230 4 2E R518 5 3H 
R231 4 2E R519 5 3H 
R232 4 2E R520 5 2H 
R301 4 lA R521 5 2H 
R302 4 2A R527 5 lG 

R529 5 lG 
R304 4 lB R537 5 lE 
R311 4 2A R542 5 3F 

R543 5 2F 
R329 4 2D R544 5 3H 
R332 4 20 R545 5 3H 
R334 5 9B R550 5 lG 
R353 5 2H R551 5 IE 
R355 5 1B R552 5 lE 
R351 5 7C R553 5 IF 
R358 5 1C R554 5 lG 
R380 5 3H R558 5 IF 

~ R381 5 3H R557 IE 
R382 5 7B R558 IE 
R383 5 1B R580 IF 
R401 6 SF R600 8J 
R402 8 SF R801 5H 
R403 6 SF R802 5H 

R605 5H 
R412 8 4F R808 5H 
R418 6 4F Reo7 5G 

R808 4H 
R430 4 3E R814 7E 
R440 4 3F R615 9B 
R450 4 3E R817 8 5G 
R451 " 3E R818 8 5G 
R452 " 3E R619 8 50 
R453 " 3E R822 8 50 
R454 " 3F R624 6 50 
R455 " 3E RB38 6 8J 
R458 " 3E R639 8 8J 
R457 " 3F R842 8 4J 
R458 " 4F R843 5 5G 
R459 " 4G R844 5 5G 
R480 4 3E R845 5 5G 
R4Bl 4 3E RB46 5 5G 
R462 4 3E R850 6 4J 
R483 4 3E R851 5 lJ 
R484 4 3E R652 5 3J 
R465 4 3F R853 5 4J 
R488 .. 4F R854 5 1J 

R655 5 1J 
R659 8 8J 

R470 6 3K R669 5 2J 
R"71 B 4K R870 5 lH 
R"76 8 4J R671 5 2H 
R4n 6 3J R672 5 2H 
R"78 6 3J R818 5 2H 
R"78 6 4J R700 11 9C 
R460 8 4J R701 11 9C 
R461 8 4K R702 11 90 !~ R462 6 4K R707 5 8C 
R483 6 o4K R706 5 Be I 
R484 8 o4K R709 5 8C 
R465 6 4K R710 5 9F 
R488 a o4K R713 5 9E 
R487 8 3K R723 5 BE 
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2445 SERVICE 

CIRCUIT 

A1-MAIN BOARD (cont) 
(SN 8020000 AND ABOVE) 

SCHeM BOARD CIRCUIT SCHEM BOARD 
NUMBER NUMBER LOCATION NUMBER NUMBER LOCATION 

R724 Ii SE U160 4 20 
R131 6 7E 0160 11 20 
R132 I) 7E U165 4 2E 
R733 6 1E U165 Ii 2E 
R734 6 7E U165 11 2E 
R735 6 7E U170 4 2E 
R736 Ii OF U170 11 :IE 

U200 4 40 
R73B 5 9F U200 '1 40 
R741 Ii 60 U300 4 2B 
R742 5 60 U300 11 2B 
R743 5 60 U350 5 8B 
R744 5 7F U350 11 8B 
R745 5 60 U400 6 4E 
R746 5 51( U400 11 4E 
R150 5 60 0450 .. 3F 

U450 11 3F 
U475 6 4J 
0465 6 3K 
U500 11 3G 

R800 6 SF U550 5 IF 
RB01 6 SF U600 I 6H 
R802 1\ IIG U600 11 6H 
R804 6 7F U650 5 3J 
RB05 6 7F U650 11 3J 
R806 I 7F U700 5 10 
R809 6 1F U700 11 70 
ASl1 11 10 U735 8 7E 
R817 6 SF U800 1\ 7F 
R820 1\ IE U800 11 7F 
R821 8 8£ U850 5 SF 
Fl822 I BE U850 6 SF 
Fl823 I) BE U850 11 SF 
A850 I SF UII60 5 8F 
A853 5 8E UII60 11 6F 
R8S5 6 SF U900 5 6H 
R658 6 9E U900 11 6H 
R8&8 6 8E 0910 5 SF 
RII60 6 90 0910 '1 SF 
R901 5 9E 0950 6 7K 
R902 6 8E U950 11 8K 
R903 8 5J U975 5 8K 
R904 6 8J 0975 8 6K 
R907 5 7H 11975 11 6K 
R910 5 SF U980 5 8J 
RB12 5 9E U980 8 8J 
R924 5 7G U980 11 8J 
R938 5 IIF 
R937 5 IIG VRl25 11 lID 
Fl9S9 S 6K VR22S 11 3C 
R940 5 8K VR550 5 1E 
R941 5 9J 
R942 5 9J W101 11 9B 
R843 5 9H Wl02 11 4K 
R944 5 8J Wl03 11 70 
R945 5 8J Wl04 11 3K 
R950 5 8K W1GS 11 SF 
R951 11 9J Wl06 6 7K 
R952 5 7K Wl07 5 6K 
R956 6 7K Wl08 5 SK 
R957 6 7J Wl09 11 9K 
R972 6 9K W121 11 4J 
R973 8 9K Wl22 5 4H 
Rsal 5 5K Wl22 11 4H 
R996 6 7K Wl.1 8 9K 

W171 • 20 
S815 I) 6B W172 4 20 

W666 5 1J 
Ul00 • 50 W677 5 2J 
Ul00 11 50 W916 6 1M 
Ul10 4 68 W917 6 7H 
Ul10 11 8B 
U120 • 8C W9lt 6 7F 
U120 11 8C 
U130 4 8C 
U130 11 8C 
U140 4 8B 
U140 11 8B 
UI50 4 8C 
U11C1 11 Ie 

A 
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A1 MAIN BOARD 
(SN B020000 AND ABOVE) 
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2445 SERViCE 
FRONT PANEL CONTROLS DIAGRAM 0- 12-14-83 

1 

2 

:5 

4 

ASSEMBLY AS 

CIRCUIT 
NUMBER 

CR3000 
CR3001 
CR3OO2 
CR3003 
CR3010 
CR3011 
CR30l2 
CR3020 
CR30::!1 
CR3022 
CR3023 
CR3025 
CR3030 
CR3031 
CR3032 
CR3033 
CA303S 
CR3050 
CA30lS 
CR310S 
CR3110 
CR3115 
CR3l20 
CR3175 
CR317tl 
CR3177 
CR3178 
CR3179 
CR31BO 
CR3181 
CR3162 
CR3183 
CR3184 
CR3185 
CR3200 
CR3210 
CR3220 

A 

waS1 

SCHEM 8OAJI!O CIReUIT 
LOCATION LOCATION NlJM8EI! 

2J 2C CR3250 
2K 2C CR3260 
2M 2C CR3270 
2N 2C 
2L 2A 053300 
3D 2C 053301 
31( 28 053302 
38 3A 053304 
36 3A 053303 
38 38 [)53310 
3C 38 053311 
2C 4A 0S3312 
58 38 OS3313 
58 38 053314 
58 2B 053325 
5C 36 053326 
2C 4C OS3327 
2C 4E 053328 
2B 40 OS3329 
4J 10 053330 
4M lD 053331 
4L 2C 053332 
4K 20 0533S0 
2F 3C 053351 
2F 3C 053352 
2F 3C 053353 
20 30 053354 
2G 3C 053355 
5F 40 053356 
6F 4C 053357 
SF 4C 053375 
6G 3C OS3376 
6G 40 053377 
5C 2C OS3318 
3J 10 053379 
4N 2E 053380 
5L 2D 053390 

B 

113021 

53010A S3010B $301OC 530100 

ICII3020, 
CR3021. 

53020 

•• ii $3030 .-

... 

SCMIM ..... ~ tQtUI 
LOC,,"iON LOCATION MI.I1III11ER lOCATiON 

51( 40 053391 70 
6J 40 083392 8L 
28 41: 083393 71' 

68 4A )601 50 
6C 4'" J602 51( 
6C 4A .1571 7F 
70 4'" 
7C 411. NO:! 11< 
10 4e f'Il51 3S 
7£ 4B f'Q IS 
7E 48 P652 7,6, 
7E 48 
71' 48 A3021 3P 
8H 20 R3031 4P 
8H 20 R3050 41> 
8G 20 A307S 5F 
8G 20 R31QO 5P 
10M 20 1'13125 51> 
8J 30 R3150 SF 
8J 30 R3190 3P 
10M 3D R3200 6P 
8J 2£ 1'13210 6P 
8K 2E 1'13300 6D 
11K 2E R3310 7F 
8L 2E A3325 7L 
8l 3E A3326 9N 
8L 3E R3328 10M 
7l 3E 1'13329 lOP 
1l 3E R3350-2 10M 
9M 2E 1'13350-3 9P 
9M 2E A3350-4 8N 
9N 2E Fl3350·5 8M 
9N 2E 1'13350-6 8M 
9N 2E R3350-7 8l 
9P 3E R3350-8 7J 
lOP lE 1'13350-9 70 

c o 

83175 

'------..fIi- : «CII318311 ...... ____ --I 
($I $ ..--.. ,<:11318211 

U33OO: :~:::~t]. 
$ D53312 ~ 0035 S 

..." ..... _--i IDS3313~ ; 
t----4 U 
D83314 
'-----' 

AS FRONT PANAl BOARD 
(SN 8020000 AND ABOVE) 

Page 10 of 11 

eo.t.RO cmctlIT ICHI!M 
L.OCATION N\JM8£R LOCATION 

1E R3350·10 7M 
1E 53000A 3J 
1£ S30008 3K 

S3000c 3M 
4A 630000 3N 
SF 53010A 3L 
4F 53010B 30 

BlOl0C SK 
3F 530100 3l 
2A 53025 18 
2. 53030 4D 
2F 53035 2C 

83050A 28 
lA 53050B 2A 
16 53105 4J 
40 S3l10A 4M 
4E 531106 4l 
lC S3110C 41( 
2C 53l75A 3H 
20 531756 SH 
4C 53200 3J 
10 53210 4N 
IE 53220 5l 
4A 53250 5K 
48 53260 5J 
3E 53270 lA 
3E 
2E U3300 Be 
10 U3325 9E 
2E U3350 9H 
2E U3375 10L 
:IE 
2E was, as 
2E W6S2 lOA 
2E W652 3S 
2E 
2E 

E 

113075 

C4/1083 REV I 
! 
I 

BOARO 
LOCATION 

2£ 
2A 

--I 
! 

28 
28 
28 
2,0, 
28 
28 
28 
4A 
36 
4C 
40 
4E 

'1 
10 
2C 
2C 
20 
3C 1 
3C 
10 
2E 
2D 
3D 
3E 
3E 

4B 
3C 
30 
3F 

2A 
2F 
2F 

F 

1 

J 
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1 
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7 
1 
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A , B , c 

CHI COUPLING LEOS 

, D 

+5Vp 
R3!KJe. 
ISO 

11 
T~~~EO>_~~------------~-------------~ LJY 

W"SZ 

I'>AI'ITIAL. A G FRO"lT PANEL. SOARD I 

, E 

12-14-83 

F 

R3310 
150 

, G , 

STATUS 

H , 

LEOS 

J , K , , 

+5Vo 
, l R3350-10 
~ 150 

,.------------------------------::::::----:-----1---- 8 

PARTIAL DIAGRAM <9 

+! 0 
R3350-7 

150 

M 

R3328 
150 

2445 SERVICE-C4/1083 REV 
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DS3332 II 
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R3350-2 
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MANUAL CHANGE INFORMATION 
Date: __ '_1_-2_1_-8_3 __ _ Change Reference: __ C_5_1_11_83 ___ _ 

Product: _2_4_4_5_S_E_R_V_IC_E _____________ _ Manual Part No.: __ O_7_Q..3_B_29_-_00 __ _ 

DESCRIPTION PG38 

TEXT CHANGES 

Effective All Serial Numbers 

Page 1-2 Table 1-1 

Replace the Frequency Response and associated Characteristics with the following: 

Frequency Response Six-division reference signal from a terminated so-n system, with 
VAR VOLTS/DIV control in calibrated detent. 

VOLTS/DIV 
setting 

2mV 
5 mV or greater 
5 mV or greater 

-3 dB bandwidth 
with standard-accessory 

probe or internal 
50-0 termination 

DC to 80 MHz 
DC to 150 MHz 
DC to 100 MHz8 

REPLACEABLE ELECTRICAL PARTS LIST CHANGES 

See Below For Effective Serial numbers 

CHANGE TO: 

- 4.7 dB bandwidth 
with 50-0 external 

termination on 
1-MO input 

DC to BO MHza 
DC to 150 MHz<! 
DC to 100 MHza 

A9 

A9C1891 

670-7277 -05 

281-0773-00 

B013650 

8013650 

CKT BOARD ASSY: HIGH VOLTAGE BOARD 

CAP,FXD,CER 01: 0.01UF,10%,100V 

CHANGE TO: 

R351 
R352 
R975 
R977 

311-2174-00 
311-2174..Q0 
311-1482-00 
311-1482-00 

ALL SN's 
ALL SN's 
ALL SN's 
ALL SN's 

CHASSIS PARTS 

RES,VAR,NONWW: 5K OHM,20%,O.5W 
RES,VAR,NONWW: 5K OHM.20%,0.5W 
RES,VAR,NONWW: 5K OHM,200/0,0.5W 
RES,VAR,NONWW: 5K OHM,20%.0.5W 

DIAGRAM CHANGES 

DIAGRAM -0 HIGH VOLTAGE SUPPLY 

Change C1891 (location 3G) to a 0.01 JlF capacitor. 
(SN B013650) 

Page 1 of 1 
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MANUAL CHANGE INFORMATION 
Date: 11/30/83 

Product: 2445 Service 

Change Reference: M52083, M52604 

Manual Part No.: 070-3829-00 

DESCRIPTION PG. 38 

EFF SN: 8012000 

REPLACEABLE ELECTRICAL PARTS LIST CHANGES 

CHANGE TO: 

A1 

REMOVE: 

A1R223 

ADD: 

A1C223 
A1C500 
A1C501 

670-7285-07 

315-0622-00 

281-Q770-00 
281-0812-00 
281-d812-00 

CKT BOARD ASSY: MAIN (STANDARD) 

RES, FXD, CMPSN: 6.2 K OHM, 5%, 0.25 W 

CAP, FXD. CER 01: 1.0 uF, 20%, 100 V 
CAP, FXD, CER 01: 1.0 uF, 10%, 100 V 
CAP, FXD. CER 01: 1.0 uF, 10%, 100 V 

DIAGRAM CHANGES 

DIAGRAM <0 ATTENUATORS & PREAMPS 
R~ace R223 (location 3C) with C223, a 1.0 pF capacitor. 

DIAGRAM 61\ POWER DISTRIBUTION A 
AM C500 (j001 pF) from U500 pins 16, 33. 40, & 9 to ground 
at location $E. 

000·2775·00D 

Add C501 (,001 "F) from U500 pin 45 to ground at 
location 6E. 

Page 1 of 1 

M52083 

M52083 

M52083 
M52604 
M52604 

M52083 

M52604 

M52604 
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GUERNSEY TYPE GENERAL 

All Mainframes suppUed with an Option A - 2 Power Cord have 

a 5 Amp Fuse (Part Number 159-0093-00) fitted in the Plug. 

4022/982 
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GUERNSEY TYPE 24~ - TENTATIVE SIN 100001 
GUERNSEY TYPE 24$5 - TENTATIVE SIN 100001 

ELECTRICAL PARTS lIST CHANGE 

CHANGE TO:­

A1C809 281-0759-00 Cap, Fxd, Cer,·Oi: 22pF 100V 

4112/583 





GUERNSEY TYPE 2445 - TENTATIVE SEN 100421 
2465 - TENTATIVE SIN 100601 

CHANGE TO:-

A2R1331 
A2R1332 
A2R1357 
A2R1358 

ELECTRICAL PARTS LIST CHANGE 

321-0685-00 
321-0318-02 
321-0318-02 
321-0689-00 

Cap, Fxd, Cer, Di: 30.0K 5% 
Cap, Fxd) Cer, 0;: 20.0K 5% 
Cap, Fxd~ Cer, Oi: 20.0K 5% 
Cap, Fxd. Cer~ Oi: 24.9K 5% 

4087/383 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 100641 
24$5 - TENTATIVE SIN 100791 

CHANGE TO:­

A1U450 
A2U1281 
A9U1956 

156-0158-03 
156-0158-03 
156-0158-03 

Integrated Circuit 
Integrated Circuit 
Integrated Circuit 

2445/2465 
2445 only 
2465 only 

4150/783 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 100661 

CHANGE TO:­

A1CR101 
A1CR201 

24~5 - TENTATIVE SIN 100821 

ELECTRICAL PARTS LIST CHANGE 

152-0323-01 
152-0323-01 

Semicond Device 
Semicond Device 

GUERNSEY TYPE 2445 - TENTATIVE SIN 100941 
2465 - TENTATIVE SIN 100901 

ELECTRICAL PARTS LIST CHANGE 

4131/683 

ADD:­

A5R2025 

CHANGE TO:-

315-0103-00 Resistor, Fxd, Cmpsn, 10K Ohm 5% 

. 670-7279-05 Circuit Board Assembly, Digital Control 

Note: Add R2025 from the collector of Q2025 to common 

4191/1083 





n 
n 
n 
n 
n 
n 
n 
nl " I 

;.1 

n 
n 
n 
n, ( .1 

n:! J 

n 
n 
n 
n 
n 
r 

GUERNSEY TYPE 2445 - TENTATIVE S/N 101201 
2445 - TENTATIVE S/N 101201 

ELECTRICAL PARTS LIST CHANGE 

ADD:-

A1C500 281-0812-00 Cap, Fxd, Cer, Di: .001uF 100V 
A1C501 281-0812-00 Cap, Fxd, Cer, Di: .OO1uF 100V 

T'OIU'1S 

t 1 

4218/1183 

GUERNSEY TYPE 2445 - TENTATIVE S/N 101201 
2465 - TENTATIVE S/N 101201 

ELECTRICAL PARTS LIST CHANGE 

CHANGE TO:-

A9C1891 281-0773-00 Cap, Fxd, Cer, Di: .01 uF 

4219/1183 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 102011 
24,5 - TENTATIVE SIN 101621 

AOO:­

A2C1222 
A2R1010 
A2R1019 
A3R1073 
A2R1287 

CHANGE TO:-

A2R1013 
A2R1014 
A2R1015 
A3R1029 
A3R1037 
A3R1069 
A2R1208 

ELECTRICAL PARTS LIST CHANGE 

221-0783-00 
3$1-0150-00 
301-0150-00 
301-0183-00 
315-0472-00 

610-7281-03 
610-7282-03 
612-1037-04 
315-0753-00 
315-0363-00 
315-0363-00 
315-0272-00 
315-0272-00 
301-0183-00 
315-0201-00 

Cap, Fxd, Cer, Oi: .1uF 201 100V 
Res, Fxd, Cmpsn, 15 Ohm iW 51 
Res, Fxd, Cmpsn, 15 Ohm iW 51 
Res, Fxd, Cmpsn, 18K iW 51 
Res, Fxd, Cmpsn, 4.7K tW 5% 

Regulator Assembly 
Inverter Assembly 
Low Voltage Power Supply 
Res, Fxd, Cmpsn, 75K tW 5% 
Res, Fxd, Cmpsn, 36K tW 5% 
Res, Fxd, Cmpsn, 36K tW 5% 
Res, Fxd, Cmpsn, 2.7K tW 5% 
Res, Fxd, Cmpsn, 2.7K tW 5% 
Res, Fxd, Cmpsn, 18K iW 5% 
Res, Fxd, Cmpsn, 200 Ohm tW 5% 

Note: Add R107~ with existing R1069 to form a teepee 
Add R101(!) in parallel with RT1010 
Add R101$ in parallel with RT1016 
Add R1281 teepeed in series with CR1281, attaching the cathode end of 

CR1281 to the resistor 
Add C1222 attaching one lead to Pin·1 of U1281A and the other lead to 

the base of Q1221 

4196/1183 
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GUERNSEY TYPE 2445 - TENTATIVE S/N 101611 

CHANGE TO:­

A5U2162 
A5U2378 

REMOVE:­

A5U2362 
A5U2178 

24~5 - TENTATIVE S/N 101391 

ELECTRICAL PARTS LIST CHANGE 

1GO-1994-XX 
100-1995-XX 

160-1627-XX 
100-1625-XX 

Eprom 
Eprom 

Eprom 
Eprom 

4214/1183 
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GUERNSEY TYPE 24~5 - TENTATIVE SIN 102351 

CHANGE TO:­

A3T1020 

REMOVE:­

A3R1017 
A3R1021 

ELECTRICAL PARTS LIST CHANGE 

120-1244-00 

.315-0103-00 
315-0103-00 

Transformer 

Resistor, Fxd, Cmpsn, 10K 5% iW 
Resistor, Fxd, Cmpsn, 10K 5% iW 

4206/1183 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 102060 

ELECTRICAL PARTS LIST CHANGE 

CHANGE TO: 

A1R622 321-0226-00 Resistor, Fxd, Cmpsn, 2.21K 1% 

4268/284 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 102681 

ADD: 

A9R1833 
A9R1901 
A9l1921 

CHANGE TO: 

REMOVE: 

A9R1834 
A9R1973 
A9R1992 

A9C1909 
A9R1820 
A9R1933 
A9R1921 

2465 - TENTATIVE SIN 101901 

ELECTRICAL PARTS LIST CHANGE 

315-0103-00 
315-0101-03 
108-0262-00 

670-7277-06 
315-0103-00 
315-0124-00 
315-0394-00 

281-0783-00 
315-0122-00 
315-0102-00 
315-0100-02 

Resistor, 10K 5% 
Resistor, 100 Ohm 5% 
Coil, 510nH 

High Voltage Assembly 
Resistor~ 10K 5% 
Resistor, 120K 5% 
Resistor, 390K 5% 

Cap, Fxd, Cer, Di: 
Resistor 
Resistor 
Resistor 

Note: Add R1901 with circuit runni ng from pi n 6 of J901 to +87 Volts 
R1834 will go to ground and added R1833 to +15V and their junction 
to Pin 12 of P191 
Add L1921 in place of R1921 

4205/983 

GUERNSEY TYPE 2445 - TENTATIVE SIN 102681 
2465 - TENTATIVE SIN 101901 

ELECTRICAL PARTS LIST CHANGE 

CHANGE TO: 

V900 154-0850-01 Electron Tube 

4222/1283 





r 
r 
r 
r 
I 

r 
\ 

r , 

r 
f 

r 

r 

GUERNSEY TYPE 244$ - TENTATIVE SIN 102681 

CHANGE TO: 

2465 - TENTATIVE SIN 101901 

ELECTRICAL PARTS LIST CHANGE 

Main CIS Assembly 2465 
Main CIS Assembly 1445 

A1C203 

670-7276-08 
670-7285-08 
283-0811-00 Cap, Fxd, Cer, Oi: 0.01uF 100V 

GUERNSEY TYPE 2445 - TENTATIVE SIN 102681 

CHANGE TO: 

A4R2921 
A4R2930 

2465 - TENTATIVE SIN 101901 

ELECTRICAL PARTS LIST CHANGE 

321-03tl3-00 
315-0152-00 

Resistor, Fxd, Cmpsn 14.0K 1% 
Resistor, Fxd, Cmpsn 1.5K 5% 

4224/1283 

4251/184 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 102757 
2465 - TENTATIVE SIN 102321 

CHANGE TO:­

A5U2162 
A5U2378 

ELECTRICAL PARTS LIST CHANGE 

160-1994-07 
160-1995-07 

Microckt, Digital 
Microckt, Digital 

4264/284 
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GUERNSEY TYPE 2445 - TENTATIVE SIN 103031 
2465 - TENTATIVE SIN 102781 

CHANGE TO:­

A6S3185 

ELECTRICAL PARTS LIST CHANGE 

260-2108-02 Switch, pushbutton 

4288/984 
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