Tektronix

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.

4658

OSCILLOSCOPE
WITH OPTIONS

SERVICE

INSTRUCTION NMANUAL

Tektronix, Inc.
P.O. Box 500
Beaverton, Oregon 97077 Serial Number

070-2757-00 First Printing APR 1979



Copyright © 1979 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. TELEQUIP-
MENT is a registered trademark of Tektronix U.K.
Limited.

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



SECTION 1

SECTION 2

REV A JUN 1979

TABLE OF CONTENTS

LISTOFILLUSTRATIONS . ... .. ... .. ... it
USHOBABEESY. ... ... .. ......... oo
SAFETY SUMMARY . . . .. ... . i it

INTRODUCTION AND SPECIFICATION
INTRODUCTION . . ittt e e ittt it it iea e ae e eanna s s
SBECIEICATION: 5 & B igig i oo s a¥ o 0 oo o c i e et afo it cnenananns

OPERATION INSTRUCTIONS
INSTALLATION, .« o o cvee e v e o s - - alaihiis o wle e iTabe = < sp g wae = -
PREPARATION FORUSE . . .. ... . ittt ittt iaieaseenns
Safety Considerations . . . . ... ... .ottt ennns
Line Voltage Selection . .. ... ... ... ... ainnnans
Regulating Range Selection . ............. ¢ iinennnnn
INStrument CoOoliNg . o ¢4 - v v q ot asmnusassaronnemcueccasassons
Rackmounting . . .. ...ttt e e e

CONTROLS, CONNECTORS, ANDINDICATORS . . . ... ... ...,
VI SRTGAL Sa a0t o oo cVNEINE - o - oo o o 0 BT 5 s ot N LSRR
DISPLAY AND CALIBRATOR . . .. .. et i i eeaaea e
TRIGGER . ... .. cucueeeee e iqan-asentatatoreeresssnaans
HORIZONTAL AND POWER . . ... .. it ittt e iian s
REARPANEL . . ....... ... .« ¢ ittt nemofmbeasaie--
LEFT SIDEPANEL . .. ..ottt it iete s it e nanas e
RIGHT SIDEIPANEL . | . (e @5« 2 caa sloaan oo S0 - shope ddge = -
BASIC OSCILLOSCOPE DISPLAYS . . ... ... et i it nas
PRESET INSTRUMENT CONTROLS ... ....... ..t nnnrnnns
NORMAL SWEEP DISPLAY . . .. .. 6stssastnansccunonsnanccnns
MAGNIFIED SWEEP DISPLAY . ... . ... i iinanans
DELAYED SWEEPDISPLAY . ..... ...t iiiiieicnnnncnans
AISTERNATE ISWEERIDISEIFAY . ... . ... ... ... .- ...,
SINGLE SWEEP DISPLAY . . ... .. .ottt it e ieiae e tananas
XoYARISEEAY | BT i Seles s e - e R L
RAGHKNM@WNTINGE. . gt s oo oo e oot o R, e
DIMENSIONS ...t i i i e
SLIDE-OUT TRACKS . ... ... ittt ittt ete e i s srananns
MOUNTING PROCEDURE . . ... ... ... ittt et
ALTERNATIVE REAR MOUNTING METHODS ....................
REMOVING OR INSTALLING THE INSTRUMENT . ................
SLIDE-OUT TRACK LUBRICATION . . . .. .. .. e e e

465B Service

Page
vi
viii
ix

1-1
1-1

2-1

2-1

2-1
2-2



465B Service

TABLE OF CONTENTS (cont)

SECTION3 THEORY OF OPERATION Page
INTRODUCTION .. . . .. .83 - 1@ P50 = 0 58 o el pbe - Sefpoon o 3-1
SECTION ORGANIZATION . . . ..o i i e it e et i e eee s 3-1
INTEGRATED CIRCUITDESCRIPTIONS . . . . ... . i 3-1
GENERAL DESCRIPTION . . . ..t i i e et i e e e e e i i e 3-2
DETAILED DESCRIPTION .. . ...ttt ittt iin it it neannnns 3-4
CHANNEL 1 PREAMP AR b B - Bdial - Al piane « Helpagen IO
CHANNEL 2 PREAMP . .. ... i it it et i e e e e 3-6
VERTICAL SWITCHING LOGIC .. ... .. . ...ttt 3-6
VERTICALMODE SWITCH . . . .. ... i e i et ee e 3-9
VERTICAL OUTPUT AMPLIFIER . . ... . . ... it 3-10
A AND B TRIGGER GENERATORS . . . . ... ... ... . ... i 31
SWEEP AND Z AXISLOGIC CIRCUIT . ... ... . it 3-12
AAND BSWEEPGENERATORS . . ... ... .. .. .. v iiiiinen... 316
HORIZONTAL DISPLAY LOGIC .. ... .. ittt it iii e 3-18
HORIZONTAL AMPLIFIER . .. ... . it et ie e 3-18
CRT CIRCUIT . ... e it ettt et e e 3-20
CALIBRATOR . ... i it e e 3-24
LOW-VOLTAGE POWER SUPPLY . . .. .. ... ittt ieinnnnennn 3-25
FANMOTOR CIRCUIT . .. ottt it ittt e e e it iee e 3-27

SECTION4 CALIBRATION PROCEDURE

Introduction . . . ... e e 4-1

Test Equipment Required . . ... ... . . .. ... it 4-1

PERFORMANCE CHECK ... ... ..ttt it e et 4-4

INDEX TO PERFORMANCE CHECK PROCEDURE . . . ... ........... 4-5

VERTICAL . &5 . coo - Shlons siodne e « « siakh snn « » « o ilrs = = = aligls = = Nalga 4-6
IRIGGERS; .....L.......cn.7. . 8. ... . L.H. . P . rp. . . 05 4-12
HORIZONTAL . ...ttt it it ittt et e e e n s 4-15
ADJUSTMENT PROCEDURE . ... ... ittt ettt iene e 4-19
INDEX TO ADJUSTMENT PROCEDURE . ... ... iiiiniiee e 4-21
POWER SUPPLY . ... ... anasaansioe sgless somies « o o o v 4-23
DISPLAY AND Z AXIS . .. . .ttt ittt e it aea s 4-25
VERTICAL . . .. ittt ittt ittt it e e 4-27
TRIGGERS ... e i e e et e et e e 4-40
HORIZONT AL . . ottt e i e e it et e e ettt e e e naneen o 4-52
GATES, CALIBRATOR, AND EXT Z AXIS . . . . .o ittt e it eeeieen e 4-61

i REV B MAR 1980



465B Service

TABLE OF CONTENTS (cont)

SECTIONS5 MAINTENANCE Page
INTRODUCTION . . oottt i et e mem et i mm e et 5-1
CABINET AND RACK ADAPTERREMOVAL . .. ... ... ..cviiininntn. 5-1
PREVENTIVE MAINTENANCE . . . . ... . . e i e e e n s 5-3

Introduction . . .. . ... e e e 5-3
Cleaning .........ccidteeineccartnnnusannsendanarsnnmss 5-3
Visual Inspection .. ............ .. cieuerivereencineneao.. 54
LubHiCation). ks B e e B . .0 T L. W SR 0. 5-4
Semiconductor Checks . . . ...ttt ittt e e e s e i 5-4
Readjustment . . . . ... ... . ... . e 5-4
TROUBLESHOOTING .. ...ttt it e e iane e s 5-5
Introduction . . .. .. ... .. e e 5-5
Troubleshooting Aids . . . . . ... .t e e 5-5
Troubleshooting Equipment . .. . ... .. ... ...t iiiinnnan 5-9
Troubleshooting Techniques . .. ...... ... .. . ...t riiiennn 5-9
CORRECTIVE MAINTENANCE . .. ... .. it ittt i ane e e 5-11
Introduction . . . . . .. L e e e e 5-11
Maintenance Precautions .. . ... ... ...ttt ennrnnnnns 5-11
Static Sensitive COmMpPoNents . .. . .. ...t ittt e e 5-11
Obtaining Replacement Parts .. ..............c.0iinevnaa.. 512
Soldering TeChniQuUes . . . . . ... ittt ettt e et a s 5-12
Component Removal and Replacement .. . ........ . ........... 5-13
Readjustment After Repair . ... . ... ... ... . ...t nn, 5-21
Instrument Repackaging . ... ... ... .. it ininnneen.nn 5-21
Required Reshipment Information . ...... ... ... .. ........... 5-21
MAINTENANCE AlDS . . . .. ittt it et et e s e s e 5-22
SECTION6 OPTIONS
GENERAL OPTION INFORMATION . . .. ... ittt e e it i e nn e 6-1
L 8 0 6-3
INTRODUCTION . .ttt i e ittt e me s e e naanas 6-3
OPTION 04 REPLACEABLE ELECTRICAL PARTSLIST ............. 6-4
OPTION 04 REPLACEABLE MECHANICAL PARTSLIST . ............ 6-4
OPTION 05 TVSYNC SEPARATOR . . .. . ...ttt e e eas 6-5
INTRODUCTION . it ettt it e e e e o nans 6-5
SPECIFICATION . ...ttt et e et e, 6-5
FURNISHED ACCESSORIES . . . .. .. ittt ittt i e s s s e e n s ns 6-6



465B Service

iv

SECTION 6

TABLE OF CONTENTS (cont)

OPTIONS (cont)

OPERATING INFORMATION . . ... e i i e e
Installation of Video Graticule . . ... ... ... ... . . ...
Operation of the Sync Separator . ... ...... ... ... ... ... ...
Triggeringthe Sweep . . ... .. ... . ...
Vertical Operating Modes—Special Consideration . ... ............
Typical Operation . . .. ... ...ttt it it e e et e
Selecting an Individual Line ... .. ... . ... . it
Special Measurements . . ... ... .. ... ..ttt

IDENTIFYING FIELDS, FRAMES, AND LINES IN 525/60 AND 625/50 TV
SYSTEMS . .. i it a s e

NTSC (CCIR System M) . . .. ... it ettt e et et ae e
CCIR System B and Similar 625/50 Systems (including PAL) . .......
THEORY OF OPERATION . . ... i it e e
Introduction . . .. ... .. . e
SWItCNING . .o e e e e e e e
Trigger Pickoff . . . . . .. L i
Trigger Amplifier and Inverter . . .. ... .. ... ... . ..
SYNC Separalor . ... i e e e e
ADJUSTMENT PROCEDURE .. .. ... ..ttt ee e ae e
INtroduCtion . . . . ..o e e
Preliminary Procedure for Sync Separator Calibration . ... ... . .....
Procedure . ... ... .. e e
OPTION 05 REPLACEABLE ELECTRICAL PARTSLIST . ............
OPTION 05 REPLACEABLE MECHANICAL PARTSLIST . ............
OPTION 07 EXTERNAL DC OPERATION . . ... .. i ie s
INTRODUCTION . . et e e et et aa
SPECIFICATION . .. ... e e i e e ettt e e e
CONTROLS AND CONNECTORS . . .. ... it it e
OPERATION AND INSPECTION . . .. . .. i i e e
THEORY OF OPERATION . . . . .. i e e n
General Description . ... ... ... . . e e e
Turn-Off Level Circuit . . . . . ... . i e e
Turn-Off Circuit .« . . . .. e e i
Start Circuit . . . .. o i i i e i e e e e e e ey
INVErter CITCUIL . .5 o ot gus s 1kttt s = Roshdld B b5 = = -0 Bis = S sbhd i dorh
DEIINpUIGINE, oy e | Tol, , DNENY . | e, T L U
Start-Stop Switch . . .. .. ... e e
Power-Mode Switch (S1665) . .. ... ... . . ...t i
MAINTENANCE . .. . . ettt e e e
ADJUSTMENT . . . g by pdke - T et apers 3o Eolos apshe -5 cgwan « oo
OPTION 07 REPLACEABLE ELECTRICAL PARTSLIST . ............
OPTION 07 REPLACEABLE MECHANICAL PARTSLIST .. ...........
OPTION 78 TYPEP11 PHOSPHOR .. ... ... .. . it in .

Page
6-6
6-6
6-7
6-7
6-7
6-8
6-8
6-8

6-9

6-9

6-9

6-10
6-10
6-10
6-10
6-11
6-11
6-12
6-12
6-12
6-13
6-19
6-21
6-23
6-23
6-23
6-23
6-23
6-23
6-24
6-24
6-25
6-25
6-26
6-26
6-27
6-27
6-27
6-28
6-33
6-36



@

TABLE OF CONTENTS (cont)

SECTION7 REPLACEABLE ELECTRICAL PARTS LIST

SECTION 8 DIAGRAMS

SECTIONS9 REPLACEABLE MECHANICAL PARTS LIST
ACCESSORIES TAB PAGE

CHANGE INFORMATION

465B Service



465B Service

vi

Figure
1-1

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15

2-16
2-17

2-18
2-19

3-1
3-2
3-3
3-4
3-5
3-6
37
3-8
39
3-10

3-11

3-12
313
3-14
3-15

4-1

LIST OF ILLUSTRATIONS

Page
4658 OSCIllOSCOPE. & & v i ittt e i et et e sttt e e xii
Commonly used power plugs. . . ... ... ittt it 2-2
Regulating range selectorand linefuse. . ... ........ .. .. ... .. ... 2-2
Vertical controls, connectors, and indicators. . . ... . ... ... . o oo 2-3
Display controls and calibrator. . . .. .. .. . ... .. e 2-5
Trigger controls, connectors, and indicators. ... ......................... 2-7
Horizontal and power connectors, controls, and indicators. . ................. 2-8
Rear panel and left side panel controls, connectors, and indicators. . ... ........ 2-9
Dimensional drawing. . . . . ..ot o ittt e e i i s e e 2-13
Dimensional drawing (cont). . .. . ... ... . i e e e 2-14
Slide-out track assemblies. . . .. .... ... . cet it 2-15
Hardware needed to mount the instrument in the cabinetrack. . . .. ..... ....... 2-15
Rear support kit. .. ... ... ... ... .. ... i i et 2-16
Installing the support block on the instrument. . ... ..... ... ... ... ... ..... 2-16
Methods of mounting the stationary sectiontothefrontrails. . . . .............. 2-17
Locating the mounting holes for the left stationary section. Same dimensions apply to
right stationary section. . ... . .. ... ... i e e e e 2-18
Supporting the rear stationary sections: (A) Dimensions necessary; (B) Completed
installation. . ... .. ... e e e 2-19
Procedure for inserting or removing the instrument after the slide-out tracks have been
Installed. . .. ... e e e et 2-20
Alignment adjustment for correct operation. . ... ... ...... . ... . . ... L. 2-21
Alternative method of installing the instrument using rear support brackets. . ... .. 2-22
Basic block diagram of the 465B Oscilloscope. . . ... ... . .. i 31
Detailed block diagram of the Channel 1 Preamplifier circuit. . ... ... .......... 3-4
Detailed block diagram of the Vertical Switching Logic circuit. . . . ... ... ....... 3-7
Switching waveform at the junction of R1903and R1904. . . . . .. . ... . ......... 3-8
Vertical Alt Sync Pulseat U1705pin 9. . .. ... ... ... . ... . i 3-9
Detailed block diagram of the Sweep and Z-Axis Logiccircuit. . . ... ........... 3-14
Detailed block diagram of the A Sweep Generator circuit. . .................. 316
Detailed block diagram of the Horizontal Amplifier circuit. ... ................ 3-19
Detailed block diagram of the CRT and Z-Axis Amplifier circuit. . . . ... ... ... .. 3-21
(A) Sinusoidal sample voltage at center tap of T4015. (B) Clamped sample voltage at
the junction of CR4111and CR4112. .. . ... ... .. ... . .. .. 3-23
(A) Z-Axis Amplifier output. (B) Clamped sample voltage at the junction of CR4111 and
] L RS ¥ P T 3-24
Detailed block diagram of the Calibrator circuit. . ... ... ................... 3-24
Calibrator circuit waveform diagram. . .. ..... ... . .. ettt an 3-25
Detailed block diagram of the Low-Voltage Power Supply circuit. . . . . .......... 3-26
Foldover CircUit aChioN 2= . iqbivt g5 A 004 x4 siain 2 = TL 4+ 950 o' alplai o s & § 6 Binb Soa o 60 3-27
Typical display when high-frequency compensation is correctly adjusted. . .. ... .. 4-35



465B Service

LIST OF ILLUSTRATIONS (cont)

Figure Page
5-1 Removing the wrap-around cabinet. . . . . ... ... ... ... e 5-1
5-2 Partial Table 5-1. . .. . . e e et et e 5-6
5-3 Coloricodes. ... . . a8 . ids. 30k ethais « Nefad By - o - e D o e e . . 5-8
5-4 Locations of power transformer secondary wires. .. ............ .. ... . ... 5-17
6-1 465B Option 04 primary winding with power-line filter. .. ... ................ 6-3
6-2 4658 Oscilloscope with Option 05. . . . .. . .. ...ttt i e e eeae e 6-5
6-3 Option 05 simplified block diagram. . . .. ... ... ... it et 6-10
6-4 A12 Sync Separator and Inverter Amplifier board component locations. .. ....... 6-15
6-5 Option 05 4658 Vertical Input changes. . ... .. .. ... ..t iteraneaaann 6-15
6-6 Option 05 Trigger Switches and Trigger Pickoff. . . ... .. ... ... . ............ 6-16
6-7 Option 05 TV Sync Separator and Inverter Amplifier. . . ... .. ................ 6-17
6-8 Option 07 simplified block diagram. . . . .. ... ... ... ... .. . @ irennnn. 6-24
6-9 465B Option 07 DC Inverter. - . . . ... .. .. i it e e 6-25
6-10 465B Option O7 primary winding. . . .. ... ittt i it s et e e e e e e 6-26
6-11 Typical battery pack discharge Curves. . . . . . . ..ot it it et et ie e 6-28
6-12 Option 07 Inverter balancCe. . . . . .. ... i ittt ittt e et et e eane s 6-29
6-13 Option 07 DC Inverter circuit board adjustment and test point locations. . . . ... ... 6-30
6-14 Option 07 DC Inverter idealized waveforms. .. ..... .. ... ... ... eunnnn. 6-30
6-15 Option 07 DC Inverter circuit board component locations. .. ... .............. 6-31
6-16 Option 07 Exploded. . . . ...t i i e e e et e e e e e 6-37
8-1 Semiconductor lead configuration.

8-2 A3 Attenuator circuit board.

8-3 A1 Vertical Preamplifier circuit board.

8-4 A5 Vertical Mode Switch circuit board.

8-5 A2 Vertical Output circuit board.

8-6 A7 A and B Trigger Generator circuit board.

8-7 A4 Interface circuit board.

8-8 A6 Timing circuit board.

8-9 A8 Fan circuit board.

8-10 Interface circuit board adjustment locations.

8-11 Vertical Preamplifier circuit board adjustment locations.
8-12 Vertical Output Amplifier circuit board adjustment locations.
8-13 Trigger Generator and Sweep Logic circuit board adjustment locations.
8-14 Timing circuit board adjustment locations.

vii



465B Service

viii

Table

1-2
1-3

2-1
2-2
2-3

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

4-6
47
48
4-9
4-10
411
412
413
4-14
4-15
4-16
417

5-1
5-2

6-1
6-2

LIST OF TABLES

Page
ELECTRICAL CHARACTERISTICS . . ... . i i ittt enens 1-1
ENVIRONMENTAL CHARACTERISTICS ... ... ... . . .. iiiiiieinnnns 1-1
PHYSICAL CHARACTERISTICS ... ... . it ittt e e aaaas 1-12
POWER CORD CONDUCTOR IDENTIFICATION . ... ... ... i 21
REGULATING RANGE . . .. ... i ettt ca et i eae 2-2
FUSE SELECTION . . .. i et ettt et mee i 2-3
TEST EQUIPMENT REQUIRED . . .. . ... ittt it ea it saeans 4-1
DEFLECTION FACTOR LIMITS . . . .ot e e e et it m et i amnns 4-8
LOW-FREQUENCY COMPENSATION SETUP .. . . . ... it einae e 4-9
A AND B TIMING ACCURACY . ... . it e it e et e 4-16
DELAY OR DIFFERENTIAL TIME ACCURACY . ... . ... .. ..t 4-17
ADJUSTMENT INTERACTIONS ... . . i e it et e e e e 4-20
LOW VOLTAGE POWER SUPPLY LIMITS . ......... ... .. .. i 4-24
TYPICAL LOW VOLTAGE POWER SUPPLYRIPPLE . ... ... ... ............ 4-24
VERTICAL DEFLECTION ACCURACY . . . . ... e i i e e 4-30
MAXIMUM OVERSHOOT OR ROUNDING .. ... ... ... i 4-32
VERTICAL OUTPUT LOW-FREQUENCY COMPENSATION . ... .............. 4-32
CH 1 LOW-FREQUENCY COMPENSATION . .. ... ...t 4-33
CH 2 LOW-FREQUENCY COMPENSATION . . . ... ... i i eneen 4-33
VOLTS/DIV COMPENSATION . . .. e e et it e e it aeen e 4-35
A AND B TIMING ACCURACY . ... ..ttt et 4-56
A AND B MAGNIFIED ACCURACY ... . .. et i e et i eee e 4-57
DIFFERENTIAL TIME ACCURACY . ... it it ettt e et taa e ieaaeanns 4-58
READ-ONLY MEMORY U1605 LOGIC . ... ... . ... .. i iieannnns 5-7
SUGGESTED TROUBLESHOOTING EQUIPMENT . ... . ... ... .. ... 5-23
OPTION 05 TEST EQUIPMENTREQUIRED .. ...... .. ... ... ... ......... 6-13
OPTION 07 TEST EQUIPMENT REQUIRED . . ... .. ... ... .. i i 6-27



465B Service

OPERATORS SAFETY SUMMARY

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

TERMS

In This Manual

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

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

loss of life.

As Marked on Equipment

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

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

SYMBOLS

in This Manual

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

As Marked on Equipment
4 DANGER — High voltage.

@ Protective ground (earth) terminal.

ix
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PRECAUTIONS

Power Source

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

Grounding the Product

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

Use the Proper Power Cord

Use only the power cord and connector specified for your product.
Use only a power cord that is in good condition.

For detailed information on power cords and connectors, see Installation instructions in
Section 2 of this manual.

Refer cord and connector changes to qualified service personnel.

Use the Proper Fuse

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

Refer internal fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

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

Do Not Remove Covers or Panels

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

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

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

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

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

Power Source

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

Xi
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Section 1—465B Service

INTRODUCTION AND SPECIFICATION

INTRODUCTION

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

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

megohms resistance, 0 to 1200 dc volts (+ or —), and
—55°C to +150°C temperature (using a temperature
probe). Measurement values are displayed ona 3 1/2-digit
LED readout while the oscilloscope continues normal
operation.

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

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

SPECIFICATION

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

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

Table 1-1
ELECTRICAL CHARACTERISTICS

Characterlstics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM

Deflection Factor

Range

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

Uncalibrated (VAR) Range

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

Accuracy Within 3%

Gain set at 5 mV per division.




Introduction and Specification—465B Service

Table 1-1 (cont)

Characte_rlgncs

H—

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont})

Low-Frequency Linearity

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

Frequency Response

Bandwidth

—15°C to +40°C

Dc to at least 100 MHz.

+40°C to +55°C

Dc to at least 85 MHz.

AC Coupled Lower —3 dB Point
1X Probe

10 Hz or less.

10X Probe

1 Hz or less.

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

Step Response

Rise Time (0°C to +40°C)

3.5 ns or less.

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

Positive-Going Step
(Excluding ADD Mode)

Aberrations (0°C to +40°C)

Position Effect
(0°C to +40°C)

Negative-Going Step

ADD Mode Operation

Common-Mode Rejection Ratio
(ADD Mode with Channel 2
Inverted)

1-2

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

Total aberrations less than +6%, 6%,
6% p-p; checked at 5 mV per division.
Add 2% to all positive-going step
specifications; checked at 5 mV per
division.

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

r——

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

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Trace Shift as VAR VOLTS/DIV
is Rotated

1.0 division or less.

Inverted Trace Shift

Less than 2 divisions when switching
from noninverted to inverted.

Input Gate Current
+20°C to +30°C

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

—15°C to +55°C

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

Channel Isolation

At least 100:1 at 25 MHz.

Position Range

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

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

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

R and C Product
(+20°C to +30°C)

Aberrations 2% or less using a P6105
probe.

Maximum Input Voltage

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

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

Cascaded Operation

Bandwidth

Dc to at least 50 MHz.

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

Sensitivity

At least 1 mV per division

REV B MAR 1980
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Table 1-1 (cont)

Characteristics

Performance Requlrements

Supplemental Information

TRIGGER SYSTEM

Sensitivity

AC Coupled Signal

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

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

LF REJ Coupled Signal

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

Attenuates signals below about 50 kHz.

HF REJ Coupled Signal

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

Attenuates signals above about 50 kHz.

DC Coupled Signal

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

Trigger Jitter

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

External Trigger Inputs

Maximum Input Voltage

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

Input Resistance

Input Capacitance

1 MQ

Within 10%.

Approximately 20 pF, within 10%.

LEVEL Control Range
EXT

At least +2and —2V,; 4V p-p.

EXT/10

At least +20 and —20 V; 40 V p-p.

Trigger View (A TRIGGER)
Deflection Factor

DC trigger COUPLING only; checked
with 1 kHz signal.

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

(button out).

14
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Table 1-1 (cont)

Characterlstics

Performance Requirements

Supplemental Information

TRIGGER SYSTEM (cont)

Delay Difference

<+0.15 division (<+300 ps at 2 ns
per division).

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

Centering of Trigger Point

Within 1.0 division of center screen.

Flatness and Aberrations

+10%, —10%, 10% p-p.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate
Calibrated Range
A Sweep

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

B Sweep

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

Accuracy

+20°C to +30°C

Unmagnilfied Magnified

Within £2%. Within +3%.

—15°C to +55°C

Within +3%. Within +4%.

Accuracy specification applies over the
full 10 divisions.

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

Two-Division Linearity Check

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

Alternate Sweep Trace Separation

=14 divisions.

Variable Range (A Only)

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

At least 2.5:1.

Sweep Length (A Only)

10.5 to 11.5 divisions.

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

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

A Trigger Holdoff Variable

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

X10 Magnifier Registration

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

Position Range

Start of sweep must position to

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

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

Delay Time Jitter

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

Calibrated Delay Time

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

With VAR control in calibrated detent.

X-Y Operation

X-Axis
Deflection Factor

Same as vertical channel.

With TIME/DIV switch set to extreme
counterclockwise position.

With X10 MAG off.

Bandwidth

Dc to at least 4 MHz.

10-division reference signal.

Variable Range

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

16
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Table 1-1 (cont)

Characteristics

Performance Requlrements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM

(cont)

X-Y Operation (cont)

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

Maximum Usable Input Voltage
DC Coupled

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

AC Coupled

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

Phase Difference Between X and
Y Axis Amplifiers

Within 3°, from dc to 50 kHz.

Deflection Accuracy

Within 1+4%.

CALIBRATOR

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

0.3 V, within 1%.

0.3 V, within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Output Resistance

Approximately 10.3 Q.

Qutput Current
+20°C to +30°C

30 mA, within 2%.

—15°C to +55°C

30 mA, within 2.5%.

Z-AXIS INPUT

Sensitivity

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

Positive-going signal decreases
intensity.

Usable Frequency Range

Dc to 50 MHz.

Maximum Input Voltage

25V (dc + peak ac).

REV A SEP 1979
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Table 1-1 (cont)

Characterlstics

Performance Requirements

Supplemental Information

SIGNAL OUTPUTS

Channel 1 Output

Voltage At least 50 mV per division into

1 MQ). At least 25 mV per division

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

A and B Gates Output Resistance

Approximately 500 Q.

POWER SOURCE

Line Voltage Ranges

115 V Nominal
(High) 108V to 132 V.
(Medium) 104 V to 126 V.
(Low) 99 Vto 121 V.
230 V Nominal
(High) 216 Vto 250 V.
(Medium) 208 V to 250 V.
(Low) 198 Vto 242 V.

Line Frequency

48 Hz to 440 Hz.

Power Consumption

Typical 65 W at 115 V, 60 Hz, medium
range.
Maximum 85 W at 115 V, 60 Hz, medium
range.
CATHODE-RAY TUBE
Display Area 8 X 10 cm.
Geometry 0.1 division or less of tilt or bowing.

Trace Rotation Range

Adequate to align trace with
horizontal center line.

18
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental information

CATHODE-RAY TUBE (cont)

Raster Distortion

0.1 division or less.

Standard Phosphor

P31.

Optional Phosphor

P11.

Nominal Accelerating

Potential =18,500 V.
DM44
Dc Voltage
Ranges 0to 1.2 kV in 5 steps: 200 mV,
2V, 20V, 200 V, and 1.2 kV.
Resolution 100 pV.
Accuracy Within 0.1% of reading, =1 count.

Input Resistance

10 MQ, all ranges (user has option
to remove an internal wire strap to
increase input resistance to 1000 MQ)
on the 200 mV and 2 V ranges).

Rejection Ratio

Normal Mode

At least 60 dB at 50 and 60 Hz.

Common Mode

At least 100 dB at dc, 80 dB at 50
and 60 Hz.

Recycle Time

Approximately 3.3 measurements
per second.

Response Time

Within 0.5 second.

Temperature Dependence

45 parts/million/°C.

Maximum Safe Input Voltage,
All Ranges

+1200 V (dc + peak ac) between +
and COM inputs or between + input
and chassis.

COM (Common) Floating Voltage

+500 V (dc + peak ac) to chassis.

Resistance
Ranges 0 to 20 MQ in six steps: 200 (),
2 k0, 20 k), 200 k(), 2 MQ), and
20 MQL
Resolution 0.10Q.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental information

DM44 (cont)

Accuracy

200 Q and 2 k) Ranges

Within 0.25% +1 count, + probe
resistance.

20 k), 200 kQ, and 2 MQ)
Ranges

Within 0.25%, +1 count.

20 MQ Range

Within 0.30%, £1 count.

Recycle Time

Approximately 3.3 measurements
per second.

Response Time

200 Q through 200 k() Ranges

Within 1 second.

2 MQ and 20 M) Ranges

Within 5 seconds.

120 V rms between + and COM

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

Maximum Safe Input Voltage
inputs for an indefinite time.

Temperature Dependence

20 kQ through 2 MQ 250 parts/million/° C.

200 0, 2 k0, and 20 MQ) 350 parts/million/°C.

Ranges
Approximate current supplied to Q) Range Current
unknown resistance 200 QQ and 2 kQ2 1 mA
20 kQ) 100 uA
200 kQ) 10 A
2 MQ 1 uA
20 MQ) 100 nA
Temperature
Range —55°C to +150°C in one range.
Accuracy (with constant Ambient Probe Tlp
temperature and infinite Temperature| Temperature | Accuracy
heat source) (°C) (°C) (°C)
Probe Calibrated to DM44 +15t0 +35| —55t0+150 +2
—15to +55| —55t0+125 +3
—15to +55 |+125t0+150 14
Probe Not Calibrated to DM44 +15to +35| —55t0+150 16
—15to +55| —55to+150 +8

1-10
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Table 1-1 (cont)

Characteristics

Performance Requirements Supplemental Information

DM44 (cont)

Time (Differential Delay)
Accuracy

+15°C to +35°C

Within 1% of reading, +1 count.

—15°C to +55°C

Within 2.5%, +1 count.

1/TIME
Accuracy

+15°C to +35°C

Within 2% of reading, 1 count.

—15°C to +55°C

Within 3.5%, +1 count.

Tabie 1-2
ENVIRONMENTAL CHARACTERISTICS

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

Non-operating

—62°C to +85°C.

Altitude
Operating

To 15,000 ft.

Non-operating

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

Humidity (Operating and
Non-operating)

Five cycles (120 hr) referenced to MIL-T-28800B, para 3.9.2.2.
95% to 97% relative humidity.

Vibration (Operating)

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

Shock (Operating and Non-operating

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

EMI

Meets MIL-STD-461A/462.

REV A SEP 1979
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Tabie 1-3
PHYSICAL CHARACTERISTICS
Characteristics Description

Weight

With Panei Cover, Accessories, and Accessory Pouch 11.5 kg (25.3 Ib).

Without Panei Cover, Accessories and Accessory Pouch 10.4 kg (22.8 ib).
Domestic Shipping Weight 14.9 kg (32.7 ib).
Export Shipping Weight Approximately 22 kg (48 Ib).
Height

With Feet and Pouch 19.1 cm (7.5 in).

Without Pouch 15.7 cm (6.2 in).
Width

With Handle 32.8cm (12.9in).

Without Handie 29.2cm (11.5in).
Depth

Inciuding Panel Cover 46.0 cm (18.1 in).

With Handie Extended 51.6 cm (20.3 in).

1-12



Section 2—465B Service

OPERATING INSTRUCTIONS

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

operator with obtaining basic oscilloscope displays. For more complete operating information, refer to 465B/DM44
Operators Manual.

INSTALLATION

The 465B is shipped in its carton with the standard  Line Voltage Selection
accessories listed on the Accessories tab page at the end

of this manual. At installation time, save the shipping

carton and packaging materials for repackaging. Refer to
the Maintenance section of this manual for repackaging

information. This instrument is designed for operation from a

power source with its neutral at or near earth
(ground) potential with a separate safety-earth
conductor.

PREPARATION FOR USE
Safety Considerations

This instrument operates from either a 115-volt or a

m 230-volt nominal line voltage source at 48 hertz to 440
hertz. To convert the instrument for operation from one

line voltage range to the other, move the Line Voltage

Selector switch located on the right side panel to the
position indicating the correct nominal voltage.

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

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

Refer to the Safety Summary in the front of this manual
for power source, grounding, and other safety con-
siderations pertaining to use of the instrument. Before
connecting the instrument to a power source, verify that
the Line Voltage Selector switch and the Regulating
Range Selector bar are both set for the line voltage being
used, that the proper line fuse is installed, and that the line
cord plug matches the power source to be used. Tabie 2-1

POWER CORD CONDUCTOR IDENTIFICATION

The 465B is designed to be used with a three-wire ac Conduct Col Al(t:er'n mie
power system. If a three-to-two wire adapter is used to TR o i
connect this instrument to a two-wire ac power system, be "
sure to connect the ground lead of the adapter to earth ~ Ungrounded (Line) Brown Black
(ground). Failure to complete the ground system may Grounded (Neutral) Blue White
allow the chassis of this instrument to be elevated above —t
ground potential, thus posing a shock hazard. Grounding (Earthing) | Green-Yellow | Green-Yellow
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NORTH AMERICAN
120 VOLT/60 Hz
RATED 15 AMPERE
(12 AMP MAX.; NEC)

UNIVERSAL EURO
220 VOLT/50 Hz
RATED 16 AMPERE

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

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

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

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

Table 2-2
REGULATING RANGE

NORTH AAN Regulating ISR Ky
240 VOLT/60 Hz Range Selector 115-Voit 230-Volt
RATED 15 AMPERE Bar Position Nominal Nominal
{12 AMP MAX.: NEC)
Upper Holes 108 to 132 volts | 216 to 250 volts
Middle Holes 104 to 126 volts 208 to 250 volts
U.K.
240 VOLT /50 Hz Lower Holes 99 to 121 volts 198 to 242 volts

RATED 13 AMPERE

MOD SLOTs

AUSTRALIAN LINE

240 VOLT/50 Hz VOLTAGE
RATED 10 AMPERE SELECTOR
SWITCH

(2389-76)2757-66 \

Figure 2-1. Commonly used power plugs. Q i

Regulating Range Selection

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

REGULATING RANGE
SELECTOR BAR

2756-01

1. Disconnect the instrument from its power source.
LINE FUSE

2. Loosen thetwo captive screws that holdthe cover on

the selector assembly; then pull to removethe cover. Figure 2-2. Regulating range selector and line fuse.

2.2 REV A JUN 1979



Table 2-3

FUSE SELECTION

Line Voltage Seiector
Switch Position

Fuse Size

115-Volt Nominal
230-Volt Nominal

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

Operating Instructions—465B Service

Instrument Cooling

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

Rackmounting

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

CONTROLS, CONNECTORS, AND INDICATORS

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

VERTICAL

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

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

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

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

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

REV A JUN 1979

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

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

2757-26

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

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

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

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

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

NOTE

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

24

CH 1—Displays Channel 1
pushbutton is pressed in.

signals when

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

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

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

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

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

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

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

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

DISPLAY AND CALIBRATOR

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

@

Internal Graticule—Eliminates parallax. Risetime
and amplitude measurement points are indicated at
the left edge of the graticule.

BEAM FIND Switch—Compresses the display to
within the graticule area and provides a visible
viewing intensity to aid in locating off-screen dis-
plays.

INTENSITY Control—Determines overall
brightness of the A Sweep and B Sweep crt displays.
Interacts with B INTENSITY control on B Sweep crt

displays.

FOCUS Control—Adjusts for optimum display
definition.



CALIBRATOR Loop—A combination 30-milliamp
current loop and 0.3-volt square-wave voltage out-
put (approximately 1 kilohertz) that permits the
operator to compensate voltage probes and to check
oscilloscope vertical operation. It is not intended to
verify precise time-base calibration.

SCALE ILLUM Control—Adjusts graticule illumina-
tion.

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

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

2757-27

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

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

TRIG MODE Switches—Three push button switches

determine the mode of trigger operation for the A
Sweep.

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

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

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

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

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

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

2:5
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COUPLING Switch—Determines method used to

®
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couple signals to the trigger generator circuit.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

External Trigger Input Bnc Connectors—Connect
external trigger input signals for A TRIGGER and B
(DLY'D) TRIGGER circuits, when either EXT or
EXT/10 (A Trigger only) SOURCE is selected.
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Figure 2-5. Trigger controls, connectors, and indicators.

HORIZONTAL AND POWER

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

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

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

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

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

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

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

DELAY TIME POSITION Control—Selects the
amount of delay time between the start of A Sweep
and start of B Sweep. Delay timeis variableto at |east
10 times the time indicated by the A TIME/DiV
switch.

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

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

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

A—Horizontal deflection is provided by A Sweep
at a sweep rate determined by the setting of the A
TIME/DIV switch. Only A Sweep is displayed; B
Sweep is inoperative.

2-7
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A INTEN—Displays the A Sweep at a rate deter-
mined by the A TIME/DIV switch. An intensified
portion can appear on the display during the B
Sweep time. This switch position provides an
indication of both the duration and position of the
B Sweep (delayed sweep) with respect to the A
Sweep (delaying sweep).

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

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

TRACE SEP Control—Positions the B Sweep ver-
tically when the ALT HORIZ DISPLAY mode is
selected.

B INTENSITY Control—Determines the intensity of
the B Trace (interacts with INTENSITY control).

28]

ey

(>0 © ) € &)
Cmaton /I" A’wq) /-l-‘ /m\un -
@/ W) 2
2757-29
Figure 2-6. Horizontal and power connectors, controls, and
indicators.
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REAR PANEL

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

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

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

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

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

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

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

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

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

@
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CH1 CH1

©

CH2

2757-30

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

LEFT SIDE PANEL

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

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

RIGHT SIDE PANEL

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

BASIC OSCILLOSCOPE DISPLAYS

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

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

29
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PRESET INSTRUMENT CONTROLS

Preset the instrument controls as follows:

Vertical
VERT MODE CH 1
VOLTS/DIV Proper setting determined

by amplitude of signal to
be applied

VOLTS/DIV VAR Calibrated detent

AC-GND-DC AC

POSITION Midrange

20 MHz BW LIMIT Not limited (push button

out)

INVERT Off (push button out)
Display

INTENSITY Fully counterclockwise

FOCUS Midrange

SCALE ILLUM Midrange
Horizontal

TIME/DIV Switches
A TIME/DIV VAR

Locked together at 1 ms
Calibrated detent

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

NORMAL SWEEP DISPLAY

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

NOTE

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

2-10

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

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

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

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

MAGNIFIED SWEEP DISPLAY

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

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

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

DELAYED SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Display.

NOTE

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

2. Setthe HORIZ DISPLAY switchto A INTEN and the
B TRIGGER SOURCE switchto STARTS AFTER DELAY.



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

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

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

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

ALTERNATE SWEEP DISPLAY

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

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

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

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

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

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

Operating Instructions—465B Service

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

SINGLE SWEEP DISPLAY

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

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

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

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

X-Y DISPLAY

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

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

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

2-11
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RACKMOUNTING

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

DIMENSIONS

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

Rack Height

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

Rack Width

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

Rack Depth

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

2-12

SLIDE-OUT TRACKS

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

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

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

ASSEMBLY FOR RIGHT SIDE

Stop latch hole

Automatic
latch hole

Mounting flange

Automatic
latch

Stationary
section

Intermediate
section

ASSEMBLY FOR LEFT SIDE

1089-57

Figure 2-10. Slide-out track assemblies.

N 10-32
PHS
screw
{8 ea)
-a» aG» a» = oD ¥
S— ap &G )
bracket .
(2 eal ' [
]
Gl &g & Gl &b & '/
e
’
Bar nut Tapped
{4 ea) 10-32
> W\
10-32 8-32 8-32 #10
OHS Keps FHS Finishing Plastic
screw nut screw washers washers
(4 ea) (4 eal (4 eal 4 ea) ol 2162 54
-

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

v
F
The following mounting procedure uses the rear sup- i *
port kit (see Figures 2-12 and 2-13) to meet the en- ! ‘\ ,
vironmental characteristics of the instrument (shock and Vs
vibration). Two alternative mounting methods are describ-
ed at the end of this procedure. However, when mounted -
; - ; 8-32 X 1/2 inch
according to these alternative methods, the instrument PHS screw Su rt/
may not meet the given environmental characteristics for (4 ea) b:’o':?(

shock and vibration. .

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

e

. 1089-58

sections.

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

Rear of
stationary section

pin
(2 ea)
Neoprene
support washer
12 ea)

Spacer
(2 ea)

Washer
(2 ea)

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

Support \ (4 ea)

Support
block
({mounted on :(2'32
instrument) ps

Lockwasher
(2 ea)

1-20 X 3 inch
HHS screw
(2 ea)

Figure 2-12. Rear support kit.
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Stationary y

Left front
rail of
cabinet rack

10-32
PHS
screw
(21

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

Stationary
section of

Untapped
Left front holes
rail of
cabinet rack
10-32 10-32
FHS* or PHS
screw screw
(2) (2)

*Note:

Use FHS screws if front rail holes
are countersunk.

(B} Untapped front rail

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

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

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

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

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

~ Mounting
hoies

S

(tapped for
10-32
screws)

==

3 1/4 inch minimum

r

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

3 1/4 inch minimum

¥
m—

216255
e

Figure 2-15. Locating the mounting holes for the left stationary section. Same dimensions apply 1o right stationary section.

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

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

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

2-18

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

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

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

10-32 screws

inches
1 inch

or

17.53
+0.0

cz=a O

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

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

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

8. Pull the instrument partially out of the rack.

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

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

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

2. Insert the chassls section
(B) (on instrument) into
the intermediate seclions.

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

4. Connect the power cord
to the power source.

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

6. To secure the R465 to the
rack, insert the 4 securing
screws (E), with finishing
washers and teflon
washers, through the
siots in the instrument
front panel and screw
them into the front rails of
the rack.

TO REMOVE THE R465:

1. Remove the securing
screws and washers (E).

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

3. Disconnect the power
cord.

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

TH &A% 8 4N

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

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

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

NOTE

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

ALTERNATIVE REAR MOUNTING
METHODS

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

Operating Instructions—465B Service

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

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

REMOVING OR INSTALLING THE
INSTRUMENT

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

SLIDE-OUT TRACK LUBRICATION

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

TO ADJUST ALIGNMENT:

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

2. Loosen the mounting screws at the front of both
stationary sections (left side shown).

3. Allow the tracks to seek their normal positions
with the instrument centered in the rack.

4. Tighten the mounting screws.

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

6. Check the vertical positioning of the R465 front
panel with respect to adjacent Instruments or
panels. If not correct, reposition as necessary.

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

Left rear
rail of

cabinet .«
rack 45

SHALLOW RACK CONFIGURATION:

Left rear
rail of
cabinet

rack

£

S Rail

3 tapped

3 for 10-32
3 screws

(Al Reor roil topped for 10-32 screws

8-32

FHS
screw

(2 ea)
AT 1

Stationary
section of
slideout
track

Stationary
section of
slideout
track

DEEP RACK

Left rear
rail of
cabinet

rack

CONFIGURATION:

BHS
screw
8-32
Keps ||
nut 2
(2 ea)
10-32
PHS
screw

(B) Untapped reor rail

8-32

FHS
screw

(2 eal
I\\m\m\\\\m\\"

Stationary
section of
slideout
track

8-32
FHS
screw

Stationary
section of
slideout
track

0755-32

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

THEORY OF OPERATION

INTRODUCTION

SECTION ORGANIZATION

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

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

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

INTEGRATED CIRCUIT DESCRIPTIONS

Digital Logic Conventions

Digital logic techniques are used to perform many
functions within this instrument. Function and operation
of the logic circuits are represented by logic symbology
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AMPL CIRCUIT

-
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2757-01

Figure 3-1. Basic block diagram of the 465B Oscilloscope.
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and terminology. All logic functions are described using
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 descriptionthe true stateisreferredtoas
HI, and the false state is referred to as LO. The specific
voltages which constitute a Hl or a LO state vary between
specific devices.

Linear Devices

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

GENERAL DESCRIPTION

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

Signals to be displayed on the crt are applied to the
CH1 OR X input connector or the CH 2 OR Y input
connector. These input signals then are amplified by the
Preamplifiers. Each channel includes separate vertical
deflection factor, input coupling, balance, gain, and
variable attenuation switches or controls. Atrigger pickoff
stage in each Vertical Preamplifier supplies a sample of
that channel's signal to the Trigger Generator circuit. A
sample of the Channel 1 signal isalso suppliedtothe CH 1
VERT SIGNAL OUT connector on the instrument rear
panel.

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

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

The Chopped Blanking signal, used to blank the
switching transients between channels whenthe chopped
mode of operation is selected, is produced in the Vertical
Switching circuit and fed to the Z-Axis Amplifier circuit. A
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Normal Trigger pickoff stage at the output of the Vertical
Switching circuit provides a sample of the displayed
signal(s) to the Trigger Generator circuits.

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

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

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

The Z-Axis logic circuit produces a gate signal to
unblank the crt so that the display can be presented. This
gate signal is coincident with the sawtooth produced by



the A Sweep Generator circuit. The A gatesignal, whichis
also coincident with the sawtooth, is available at the A
+GATE connector on the instrument rear panel. The
Sweep Control Logic circuit also produces a Horizontal
Alternate Sync pulse. This pulse is fed to the Horizontal
Display Logic circuit to switch the display between A
Intensified and B Delayed sweeps when the ALT Horizon-
tal Display mode is selected.

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

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

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

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

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

CHANNEL 1 PREAMP @

Introduction

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

Input Coupling

Signals applied to the input connector can be either ac-
coupled or dc-coupled or, they can be internally dis-
connected from the input to the Vertical Input Amplifier
stages. When Input Coupling switch S30A is set for dc
coupling, the input signal is coupled directly to the Input
Attenuator stage. When ac coupled, the input signal
passes through capacitor C13012 which prevents the dc
component of the input signal from passing to the
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SWITCH |
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STAGE & TRIGGER
PICKOFF
Q1155, Q1355
Q1150, Q1045
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. — ¥ o
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SOURCE VAR
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INPUT Q1297AB ,'
ATTEN / .
+2, +10,
+100, VERTICAL
=4 SWITCHING
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VERT
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BALANCE 1484 ouT

VERT SIG

EMITTER
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Figure 3-2. Detailed block diagram of the Channel 1 Preamplifier circuit.
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amplifier. In the GND position of S30A, the signal path is
opened and the input of the amplifier is connected to
ground through R3015. This provides a ground reference
without the need to disconnect the applied signal from the
input connector. Resistor R3014 is a high resistance
connected across Input Coupling switch S30A, which
allows C13012 to be precharged when the switchisinthe
GND position. Therefore the trace remains within the
viewing area of the crt when the switch is placed inthe AC
position.

Input Attenuator

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

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

NOTE

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

Source Follower

The Channel 1 signal from the input attenuator is
connected to Source Follower Q1297A through R3042,
C3042, and R3045. Resistor R3039 provides the input
resistance and resistor R3045 functions as a damping
resistor. Q1297B is a constant current source for Q1297A.
Q1297A and B provide a high input impedance for the
attenuators and the current drive needed for the First
Amplifier.
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In the event that excessively high-amplitude signals are
applied to Source Follower Q1297A, the signal will be
limited by CR1298 and the gate-source junction of
Q1297A. If the negative signal amplitude causes CR1298
to become forward biased, Q1297A gate is clamped to
approximately —8.7 volts. Excessive positive signal
amplitude will forward bias the gate-source junction of
Q1297A. As soon as gate current flows, the gate voltage
will cease increasing. Gate currentislimited to a safe value
by the high resistance of R3042.

First Amplifier

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

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

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

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

The component values selected for the variable func-
tion provide a variable attenuation ratio of approximately
2.5t0 1. Channel 1 Variable Balance adjustment R1484 is
adjusted so that no trace shift in the display occurs when
rotating the VAR control. When the Channel 1 VAR
controlis out of its calibrated detent the Channel 1 UNCAL
LED is illuminated. The components connected between
pins 2 and 3 of U1290 provide frequency compensation for
the stage.
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Q1175 and Q1375 are common-base amplifiers that
convert the output current signals from U1290into voltage
signals to be amplified in the Second Amplifier circuit.
Gain adjust R1482 allows setting of the overall gain of the
Channel 1 Vertical Preamplifier by adjusting the signal
voltage to the bases of Q1155 and Q1355.

Second Amplifier

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

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

R1055 is the Channel 1 Vertical POSITION control.
When set toits mid-position, the constant current supplied
by Q1062 flows equally through each side of R1055 into
the collectors of Q1155 and Q1355. As the POSITION
control isrotated off its mid-point, one side of the amplifier
receives more current while the other side of the amplifier
receives less current. This proportionally changes the
amount of current flowing into the Delay Line Drivers,
therefore causing the trace to be positioned vertically on
the crt. The mid-range operating point of the POSITION
control is set by adjusting R1135.
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CHANNEL 2 PREAMP @

Introduction

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

First Amplifier

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

VERTICAL SWITCHING LOGIC @

Introduction

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

Diode Gates

The Channel 1, Channel 2, and Trigger View Diode
Gates, consisting of four diodes each, act as switches that
are controlled by the Vertical Switching Logic circuit.
Outputs Qo, Qi, and Q; of U1705 (pins 2, 7, and 10) control
the switching transistors that switch the Diode Gates on or
off. These output signals alsoarefedintothe Ao, A\, and A;
inputs of ROM U 1605 (pins 5, 6, and 7), toindicate the state
of the switches. (Refer to the Maintenance section of this
manual for a Logic Table of the ROM functions.) A LO
indicates that a particular switchis on, and a Hl indicates it
is off. The ROM is programmed to use the state indicators
from U1705 and the selected VERT MODE inputs to U1605
As through A, (pins 4, 3, 2, 1, and 15) to turn onthe correct
Diode Gates for obtaining the selected signal, or combina-
tion of signals, to be displayed.
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Figure 3-3.

Detailed block diagram of the Vertical Switching Logic circuit.
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CHANNEL 1 DISPLAY ONLY. When the CH 1 VERT
MODE push button is pressed, a Hl is applied to the A;
input of U1605. The As, As, and Asinputs will be LO and the
A; input (controlled by the X-Y position of the A TIME/DIV
switch) will be HI. This combination of inputs is decoded
to switch transistor Q1619 on, which turns onthe Channel
1 Diode Gate. The O, output of U1605 will be LO, the O,
and O, outputs will be HI. The Os output, which controls
the CHOP oscillator, will be low. A LO will disable the
CHORP clock and U1705 will remain in a state that allows
the Diode Gates to pass only the Channel 1input signal to
the Delay Line Driver.

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

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

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

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

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

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

Chop Clock and Alternate Logic

U1905B, U1805A, R1904, R1903, and C1804 make up
the Chop Clock Oscillator circuit. When the O, output of
U1605 is HI and the CHOP MODE is selected, a Hl is
present on pin 5 of U1905B. U1805A will alternately put a
HI and then a LO on pin 4 of U1905B. Assume aninitial LO
on pin 4 of U19058. U1905B is a NAND gate, so its output
will be HI. C1804 charges toward a HI and as soon as its
charge reaches the threshold level of U1805A, U1805A will
switch to a Hl output. The HI output of U1805A pin 3 will
assert a Hl on U1905B pin 4. This Hl is NANDed with the HI
already present on pin 5 of U1905B to produce a LO at pin
6 of U1905B. Now C1804 has to dischargetowardaLO. As
soon as the charge on C1804 reaches the LO threshold of
U1805B, U1805B will switch to a LO output and the cycle
will repeat. The Chop Clock oscillator frequency is
approximately 1 megahertz and depends on the RC-time
constant of R1903 and C1804, as well asthethreshold level
of U1805A (see Figure 3-4).

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

+35V

Vv

-2V

2757-13

Figure 3-4. Switching waveform at the junction of R1903 and
R1904.
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oscillator (once each cycle) effectively performing a
divide-by-two. Therefore, the CHOP frequency is ap-
proximately 500 kilohertz. The CHOP clock oscillator will
not be enabled unless more than one input is selected. As
stated previously, a single-input VERT MODE selection
will cause U1705 to remain in a state that will allow only the
selected input to be passed on to the Delay Line Driver.

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

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

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

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

A HORIZ
DISPLAY

ALT HORIZ
DISPLAY

CLOCKS ON
HI TRANSITION

2757-14A

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

Chopped Blanking Amplifier

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

Delay-Line Driver

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

Normal Trigger Pickoff Amplifier

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

VERTICAL MODE SWITCH <1>

Introduction

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

The Exclusive-NOR Switching circuits produce a LO
pulse on the ALT/CHOP select line whenever a VERT
MODE push buttonis either pressed or released. While the
ALT Vertical Mode is selected, the LO pulse wi