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OPERATORS SAFETY SUMMARY

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

TERMS

IN THIS MANUAL

CAUTION statements identify conditions or practices that 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 a personal injury hazard not immediately accessible as one reads the marking, or a hazard to
property including the equipment itself.

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

IN THIS MANUAL

@ Static-Sensitive Devices.

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

AS MARKED ON EQUIPMENT

; DANGER—High voltage.
@ Protective ground {earth) terminal.

A ATTENTION-—refer to manual.

WARNINGS

POWER SOURCE

This product is intended to operate in a mainframe connected to 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 mainframe power cord is essential for safe operation.

GROUNDING THE PRODUCT

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

REV JAN 1985 v




7B53A/7B53AN

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including knobs and controls that may

appear to be insulating), can render an electric shock.

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 OPERATE PLUG-IN UNIT WITHOUT COVERS

To avoid personal injury, do not operate this product without covers or panels installed. Do not apply power to the plug-in

unit via a plug-in extender.

vi
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7B53A/7B53AN

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, soldering, or replacing components.

POWER SOURCE

This product is intended to operate in a mainframe connected to 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 mainframe power cord is essential for safe operation.
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Section 1—7B53A/7B53AN

SPECIFICATION

NOTE

The 7B53A and 7B53AN are electrically identical except that only the 7B53A is compatible with the

alphanumeric readout system provided for the 7000-series oscilloscopes.

This instrument will meet the electrical characteristicslisted under Performance Requirementin Table 1-1, foliowing
complete calibration. The following electrical characteristics apply over an ambient temperature range of 0°C to +50°C,

except as otherwise indicated. Warmup time for given accuracy is 20 minutes.

Table 1-1
ELECTRICAL

Characteristics

Performance Requirement

Suppliemental Information

MAIN SWEEP

Sweep Rates

0.05 us/div to 5 s/div in 25 calibrated
steps.

Sweep Accuracy

Measured in 7000-Series Oscilloscopes.

+15°C to +35°C 0°C to +50°C

Over Center Eight Divisions Unmag Mag Unmag Mag

50 ms/div to 0.5 us/div Within Within Within Within

i 2% 2.5% 3% 4%

5 s/div to 0.1 s/div and Within Within Within Within

0.2 us/div to 0.05 us/div 3% 3.5% 4% 5%

Over any 2 div portion within Within Within

center eight div (all sweep 5% 7%

rates)

Variable Sweep Rates

Continuously variable between cali-
brated sweep rates. Extends sweep rate
to at least 12.5 s/div.

Variable to at least 2.5:1. VARIABLE
control internaliy switchable between
variable main sweep rates, variable
delayed sweep rates, and variable
main sweep holdoff.

Sweep Hold-Off

Hold-off time may be varied at least
2:1 by front-panel VARIABLE control
when Variable Selector connector
(P140) is connected for variable
holdoff.

REV D JUN 1980
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Specification—7B53A/7B53AN

Table 1-1 (cont)

Characteristics

Performance Requirement

Supplemental Information

DELAYED SWEEP

Sweep Rates

0.05 us/div to .5 s/div in 22 calibrated
steps.

Sweep Accuracy

Measured in 7000-Series Oscilloscopes.

Over Center 8 Divisions

+15°C to +35°C 0°C to +50°C

Unmag Mag Unmag Mag
50 ms/div to 0.5 us/div Within Within Within Within
3% 3.5% 4% 5%
0.5 s/div to 0.1 s/div and Within Within Within Within
0.2 us/div to 0.05 us/div 4% 4.5% 5% 6%
Over any 2 div portion within Within Within
center eight div (all sweep 6% 8%

rates)

Exclude the first and beyond the 9th
division of the unmagnified sweep when
measuring magnified or unmagnified
accuracy.

Variable Sweep Rate

Continuously variable between
calibrated sweep rates.

Extends sweep rate to at least

1.25 s/div. Variable to at least

2.5:1. VARIABLE control switchable
between variable main sweep rates,
variable delayed sweep rates, and
variable main sweep holdoff.

MIXED SWEEP, VARIABLE
TIME DELAY

Mixed Sweep Accuracy

Main Sweep

Within 2% plus main sweep error.

Exclude the following portions of
the mixed sweep:

Delayed Sweep

Unchanged.

First 0.5 div after start of main
sweep display and 0.2 div or 0.1 us
(whichever is greater) after transition
of main to delayed sweep.

Variable Time Delay

Delay Time Range

0to 10 times DLY TIME/DIV
settings from 5 s/div to 1 us/div.

Full scale is 10 times the TIME/DIV
ORDLY TIME setting. Accuracy applies
over the center eight major DELAY TIME
MULT dial divisions.

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

5 s/div to 1 s/div

Within 1.4% of measurement plus
0.3% of full scale.

0.5 s/div to 1 us/div

Within 0.7% of measurement plus
0.3% of full scale.

Delay Time Jitter at
1 ms/div

Less than 1 part in 20,000 of 10X
the TIME/DIV setting.

1-2
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Specification—7B53A/7B53AN

Table 1-1 (cont)

Characteristics Performance Requirement Supplemental Information
AMPLIFIER
Deflection Factor
EXT, MAG X10 10 mV/div within 10%.
EXT, MAG X1 100 mV/div within 10%.
EXT + 10, MAG X1 1 v/div within 10%.
Nominal Frequency Response System —3 dB points in 7000-Series
Oscilloscope.
Lower —3 dB Upper —3 dB
AC 40 Hz 2 MHz
AC LF REJ 16 kHz 2 MHz
AC HF REJ 40 Hz 100 kHz
DC DC 2 MHz
MAIN TRIGGERING
Trigger Sensitivity
COUPLING Minimum Trigger
Triggering Signal Required
Frequency Range INT® EXT
(div) {mV)
AC 30 Hz to
10 MHz 0.3 100
10 MHz to
100 MHz 15 500
AC LF REJ 30 kHz to 03 N
10 MHz ’
150 kHz Triggering signal amplitude require-
- 100 ts | d 10 times f
10 MHz ments increased 10 times for
EXT -+ 10 operation.
10 MHz
to 100 MHz 15 500
AC HF REJ 30 Hz to
50 kHz 0.3 100
DC dc to
10 MHz 0.3 100
10 MHz to
100 MHz 15 500

- REV JAN 1985 1-3




Specification—7B53A/7B53AN

Table 1-1 (cont)

Characteristics

Performance Requirement

Suppliemental Information

External Trigger Input
Input R and C

Approximately 1 MQ paralleled by
20 pF.

Maximum Safe Input Voltage

500 V (dc + Peak ac). 500 V peak-
to-peak ac at 1 kHz or less.

Level Range

EXT

At least + and — 1.5 V.

EXT +~ 10

At least + and — 15 V.

Internal Trigger Jitter

1 ns or less at 75 MHz.

DELAYED TRIGGERING

Trigger Sensitivity Minimum Trigger
Triggering Signal Required
Coupling Frequency Range INT® EXT
(div) (mv)
AC 30 Hz to
10 MHz 0.3 100
10 MHz to
100 MHz 15 500
DC dc to
10 MHz 0.3 100
10 MHz to
100 MHz 15 500

External Trigger Input

Maximum Safe Input
Voltage (DLY'D TRIG
SOURCE set to EXT)

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

Input R and C

1 MQ paralleled by 20 pF.

Level Range

At least + and — 1.5 V.

Internal Trigger Jitter

1 ns or less at 75 MHz.
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Table 1-1 (cont)

Specification—7B53A/7B53AN

Characteristics

Performance Requirement

Supplemental Information

- OUTPUT SIGNALS

Delayed Sweep Gate

Maximum Safe Input

+10 V (dc + Peak ac). 20 V peak-

Voltage to-peak ac at 1 kHz or less.
Waveshape Rectangular pulse.
Amplitude =3.0 V with baseline at —0.2 Available at front-panel DLY'D

to —1 V when loaded by at least 10 kQ.
>0.475 with baseline at O to
—0.2 V when loaded by 50 Q.

TRIG IN connector when
operating in the INTEN, DLY'D
SWP, or MIXED Display Modes.
The DLY'D TRIG SOURCE switch
must be set to INT and P613 must
be connected for Delayed Sweep
Gate Out.

Output Resistance

Approximately 350 Q.

Loading At least 10 kQ2 shunted by 100 pF
or less.
Polarity Positive-going.
Duration

DISPLAY MODE
INTEN, DLY'D SWP

For the time that the delayed sweep runs.

MIXED

Composite gate signal with timing de-
termined by the setting of the TIME/
DIV OR DLY TIME switch during the
main sweep portion of the display,
and by the setting of the DLY'D Time/
Division switch during the delayed
sweep portion of the display.

Sweep Gate
Duration
DISPLAY MODE
MAIN SWEEP, INTEN

Refer to associated oscilloscope manual.

Coincident with the main sweep interval.

DLY'D SWP Coincident with the main sweep inter-
val.
MIXED Coincident with the main sweep interval

plus the delayed sweep interval.

Main Sweep Gate

Duration

Refer to associated oscilloscope manual.

Coincident with the main sweep (all
Display Modes).

@ JUN 1980
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Specification—7B53A/7B53AN

Table 1-1 (cont)

Characteristics

Performance Requirement

Supplemental Information

Sawtooth

Refer to associated oscilloscope manual.

Waveshape

DISPLAY MODE

MAIN SWP, INTEN

Sawtooth signal with slope determined
by setting of the TIME/DIV OR DLY
TIME switch.

DLY'D SWP

Sawtooth signal with slope determined
by the setting of the DLY’'D Time/
Division switch.

MIXED

Composite sawtooth signal with slope
determined by the setting of the
TIME/DIV OR DLY TIME switch during
the main sweep portion of display, and
by the setting of the DLY’D Time/
Division switch during the delayed
sweep portion of display.

Duration

Coincident with the time that each
sweep is displayed.

® For Internal Triggering only, the specified —3 dB frequency of the vertical system replaces any frequencies in the above table

when the number in the table is greater than the ~3 dB frequency of the vertical system.

Table 1-2
ENVIRONMENTAL

Refer to the Specification for the associated oscilloscope.

Table 1-3
PHYSICAL

Characteristics

Description

Size

Fits all 7000-series plug-in compartments.

Weight

3.3 Ibs (1.5 kg).

1-6
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Section 2—7B53A/7B53AN

OPERATING INSTRUCTIONS

7B53A/7B53AN Features

The 7B53A and 7B53AN Dual Time Base units provide
Main, Intensified, Delayed, and Mixed sweep operation for
TEKTRONIX 7000-Series Oscilloscopes. Calibrated
sweep rates from 5 s/div to 50 ns/div (5 ns with X10
magnification) and triggering to 100 MHz are provided.
The 7B53A and 7B53AN are electrically identical except
that only the 7B53A is compatible with the alphanumeric
readout system provided for 7000-Series Oscilloscopes.

Other features include 0 to 10 times continuous sweep
delay, variable main and delayed sweeprates, and variable
main sweep holdoff. Separate triggering controls are
provided for main and delayed sweep triggering, and
when operating in the AUTO MAIN TRIGGERING MODE,
a bright base line is displayed in the absence of a trigger
signal. The 7B53A/7B53AN can also be used as an
amplifier for X-Y operation.

General

The 7B53A/7B53AN operates witha TEKTRONIX 7000-
Series Oscilloscope and a 7A-Series Amplifier unittoform
a complete oscilloscope system. To effectively use the
7B53A/7B53AN, its operation and capabilities should be
known. This section explains the operation of the front-
panel controls and connectors, provides an Operating
Checkout procedure, gives general operating informa-
tion, and describes basic applications for this instrument.

Installation

The 7B53A/7B53AN is designed to operate in the
horizontal compartment of the indicator oscilloscope.
Thisinstrument can also beinstalled inthe Vertical plug-in
compartment to provide asweep that runs vertically on the
crt. However, when used in this manner, there are no
retrace blanking or internal triggering provisions, and the
unit may not meet the specifications given in Section 1.
The instructions in this manual are written for use of the
7B53A/7B53AN in the horizontal plug-in compartment.

Before proceeding with installation it is necessary to
check the internal connections of the Variable Selector
connector and the Delayed Sweep Gate Out connector.
These connections should be checked against those
shown in Fig. 4-1 by qualified service personnel.

REV B JUN 1980

To install the 7B53A/7B53AN in a plug-in compart-
ment, push it in until it fits firmly into the compartment.
The front panel of the 7B53A/7B53AN should be flush with
the front panel of the indicator oscilloscope. Even though
the gain of the indicator oscilloscope is standardized to
minimize adjustment when inserting plug-in units, the
sweep calibration of the 7B53A/7B53AN should be check-
ed when installed. The procedure for checking the unit is
given under Sweep Calibrationinthe Operating Checkout
procedure in this section.

To remove the 7B53A/7B53AN, pull the release latch
(see Fig. 2-1) to disengage the unit from the indicator
oscilloscope and pull it out of the plug-in compartment.

MAINTRIGIN DLY'D

RELEASE
LATCH

OR
AWP IN
TEKI’RQN!X &

"' L 7B53A _

DUAL TIME BA¢

1342-02

Fig. 2-1. Location of release latch.

CONTROLS AND CONNECTORS

General

All controls required for the operation of the
7B53A/7B53AN, except the Variable Selector and the
Dly’'d Sweep Gate Out connector are located on the front
panel of the instrument. To make full use of the
capabilities of this instrument, the operator should be
familiar with the function and use of each control. A brief
description of the front-panel controls and connectors is
given here. More detailed information is given under




Operating Instructions—7B53A/7B53AN

General Operating Information. Fig. 2-2 shows the front
panel and external controls and connectors of the
7B53A/7B53AN.

1. Main Triggering Controls

LEVEL. Selects the amplitude point on the trigger
signal where sweep triggering occurs.

SLOPE. Two-position switch permits triggering on the
positive-going or negative-going portion of the main
triggering signal.

TRIG'D. Light indicates that the main sweep is
triggered and will produce a display.

MODE. Pushbutton switches select the operating mode
for the main triggering circuits.

COUPLING. Pushbutton switches select the method of
coupling the triggering signal to the main triggering
circuits.

SOURCE. Pushbutton switches selectthe source of the
main triggering signal.

2. Sweep Controls

TIME/DIV OR DLY TIME. Selects the sweep rate of the
main sweep generator (see Fig. 2-5).

DLY'D Time/Division. Selects the sweep rate of the
delayed sweep generator and selects the MAIN SWP,
INTEN, and DLY'D SWP Display Modes (see Fig. 2-5).

VARIABLE. Provides continuously variable main
sweep rates, continuously variable delayed sweep rates,

TRIG'D

MAIN
@ TRIGGERING
CONTROLS

@ SWEEP
CONTROLS

DELAY
TIME

CONTROL

TEXRTRONIX &

7B53A

MODE COUPLING  SOURCE
Ay AC INY

D D D

DUAL TIME BASE L

MAIN TRIGGERING
AMPLIFIER

AC LF AES LINE
m 3
AL HF REJ EXT

® 3

1ic XY -1

DELAYED
TRIGGERING
CONTROLS

@ INPUT/QUTPUT
CONNECTORS

Fig. 2-2. Front-panel controls and connectors.
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or variable main sweep holdoff; depending on the setting
of the Variable Selector multi-pin connector (P140). The
VARIABLE control also selects the MIXED Display Mode
(see Fig. 2-5).

SWP CAL. Screwdriver adjustment to matchthe gain of
the 7B53A/7B53AN to the indicator oscilloscope for
calibrated sweep rates.

POSITION. Controls horizontal position of display.

FINE. Provides precise control of horizontal position
adjustment.

MAG. Pushbutton switch selects X1 or X10 horizontal
magnification.

3. Delay Time Control

DELAY TIME MULT. Provides variable sweep delay
between 0.00 and 10.0 times the delay time indicated by
the TIME/DIV OR DLY TIME switch.

4. Delayed Triggering Controls

LEVEL. Selects the RUNS AFTER DLY TIME or
Triggerable After Dly Time Modes, and the amplitude
point at which the delayed sweep is triggered.

SLOPE. Two-position switch permits triggering on the
positive-going or negative-going portion of the delayed
triggering signal.

COUPLING. Two-position switch selectsthe method of
coupling the triggering signal to the delayed triggering
circuits.

SOURCE. Two-position switch to select the source of
the delayed triggering signal.

5. Input/Output Connectors

MAIN TRIG IN OR AMP IN. Front-panel bnc connector
serving as an external trigger input for the maintriggering
circuit or as an external horizontal input, depending upon
the setting of the TIME/DIV OR DLY TIME switch and the
MAIN TRIGGERING SOURCE switch.

DLY'D TRIG iN. Front-panel! bnc connector serving as
an external trigger input for the delayed triggering circuits
or as a delayed sweep gate output; depending upon the
DLY'D TRIG SOURCE switch, the position of P613, and
the DISPLAY MODE.
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OPERATING CHECKOUT

Introduction

The following procedure checks the basic operation of
the 7B53A/7B53AN. It may also be used for familiarization
with this instrument or as an incoming inspection. This
procedure is divided into two parts, Sweep Control
Functions, and Main and Delayed Triggering Functions. A
complete operating check of the 7B53A/7BS3AN control
functions can be made by performing both parts, or each
part may be performed separately.

NOTE

For optimum performance, the 7B53A/7B53AN
should be installed in an oscilloscope system with
similar frequency and sweep rate capabilities.

Setup Procedure

1. Instali the 7B53A/7B53AN in the right horizontal
compartment of the indicator oscilloscope.

2. Install a Vertical Amplifier unit in the left vertical
compartment.

3. Turnontheindicator oscilloscope and allow at least
20 minutes warmup.

4. Set the 7B53A/7B53AN controls as follows:
MAIN TRIGGERING

SLOPE (+)
MODE AUTO
COUPLING AC
SOURCE INT
DLY'D TRIG
LEVEL RUNS AFTER DLY
TIME (fully clockwise)
SLOPE (+)
COUPLING AC
SOURCE INT
Sweep Controls
POSITION Midrange
MAG X1-IN

TIME/DIV OR DLY TIME1 ms

DLY'D Time/Division 1ms

VARIABLE CAL (fully clockwise)
Variable Selector Main Variable
DELAY TIME MULT 1.00

5. Set theindicator oscilloscopeto display the plug-in
units and adjust for a well defined display. See indicator
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oscilloscope and vertical unit instruction manuals for
detailed operating instructions.

Sweep Control Functions

The following procedure checks the operation of the
sweep controls and checks the Display Modes.

Normal Sweep

1. Perform steps 1 through 5 of the Setup Procedure.

NOTE

The Time/Division switch sélects main sweep rates,
delayed sweep rates, and Display Modes (MAIN
SWP, INTEN, DLY’D SWP, and MIXED). Refer to
Selecting Sweep Rates and Display Modes dis-
cussions in the General Operating Instructions for
further information.

2. To select the MAIN SWP Display Mode, pressinthe
DLY’D Time/Division knob, and setthe TIME/DIV ORDLY
TIME switch and the DLY’D Time/Division switch to the
same sweep rate (1 ms).

3. Connect the 1 kHz calibrator signal from the in-
dicator oscilloscope to the vertical amplifier unit Input.
Adjustthe Calibrator and the vertical Volts/Division switch
for four divisions of display.

4. Rotatethe MAIN TRIGGERING LEVEL control fora
stable MAIN SWP display (non-delayed). Rotate the
DELAY TIME MULT dial and note that it has no effect on
the display.

5. Rotate the POSITION control and note that it
horizontally positions the trace. Rotate the FINE control
and note that it provides precise horizontal positioning.
Disconnect the calibrator signal.

Sweep Calibration

NOTE

For accurate sweep timing, apply a signal of known
frequency or time period (time-mark signal,
calibrator square wave, 60 Hz line etc.) to the
associated vertical amplifier unit and adjust the
TIME/DIV OR DLY TIME switch and the SWP CAL
control to calibrate the signal to the oscilloscope
graticule. Be sure that the sweep timing signal is
accurate within 0.5%. The following sweep calibra-
tion procedure uses a TEKTRONIX Time-Mark
Generator.

6. Connect a 1 ms time-mark signal from the Time-
Mark Generator with a 50 Q bnc coaxial cable with bnc
connectors and 50 Q2 bnc termination to the Input of the
associated vertical unit. Adjust the vertical Volts/Div
switch for about four divisions of display and rotate the
MAIN TRIGGERING LEVEL control for a stable display.
Check the crt display for one complete time-mark per
division (position as necessary). If necessary, adjust the
SWP CAL screwdriver adjustment for one complete time-
mark per division over the center eight divisions of display.
Disconnect the Time-Mark Generator.

Intensified, Delayed, and Mixed Sweep

7. Reconnect the oscilloscope Calibrator signal to the
vertical unit and adjust for about four divisions of vertical
display. Pull out the DLY’D Time/Division knob and rotate
clockwise to .1 ms/div for the INTEN Display Mode
(TIME/DIV OR DLY TIME switch remains at 1 ms/div).
Note that a delaying sweep with an intensified portion
(delayed sweep) is displayed on the crt (the oscilloscope
Intensity may need to be varied to view the intensified
display).

8. Rotatethe DELAY TIMEMULT dial and note that the
amount of delay time before the intensified portion of
display is controlled by the DELAY TIME MULT dial.

9. Rotatethe VARIABLE control counterclockwise out
of switch detent and note that the sweep rate indicated by
the TIME/DIV OR DLY TIME switch can be varied to at
least the sweep rate of the next adjacent position
(2 ms/div). The internal Variable Selector connector must
be set for variable main sweep rates. Return the
VARIABLE control to the CAL position.

10. Press the DLY’D Time/Division switchtotheinner
position for the DLY'D SWP Display Mode. Note the
magnified display with sweep rate determined by the
DLY’'D Time/Division switch. The oscilloscope [ntensity
may need to be increased to view the delayed sweep
display.

11. Pull out the VARIABLE Time/Division knob for the
MIXED Display Mode (MIXED Display Mode can be
selected when operatinginthe DLY'D SWP Display Mode
only). Note that the main sweep is displayed at a rate
determined by the TIME/DIV OR DLY TIME switch
followed by a delayed sweep display at the rate deter-
mined by the DLY'D Time/Division switch. Rotate the
DELAY TIME MULT dial and note that the amount of
display allocated to each sweep is determined by the
DELAY TIME MULT dial.
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Main and Delayed Sweep Triggering Functions

The following procedure checks the operation of the
main and delayed triggering controls:

Partial Procedure. To begin the Operating Checkout
with triggering, perform steps 1 through 5 of the Setup
Procedure provided at the beginning of the Operating
Checkout. Connect the 1 kHz calibrator signal from the
indicator oscilloscope to the vertical unit Input and adjust
for about four divisions of vertical display.

12. Set the TIME/DIV OR DLY TIME switch and the
DLY'D Time/Division switch to 1 ms and press in the
DLY’D Time/Division switch and the Variable control.
CHECK-—that a stable display can be obtained with the
COUPLING switch for MAIN TRIGGERING setto AC, AC
HF REJ, and DC for both the positive and negative
positions of the SLOPE switch (MAIN TRIGGERING
LEVEL control may be adjusted as necessary to obtain a
stable main sweep display). Remove all connections from
the oscilloscope system.

13. Connect a 60 Hz signal (line voltage, etc.) with a
50 Q) cable or voltage probe to the vertical unit Input and
adjust the Volts/Div switch for about four divisions of
display. Set the MAIN TRIGGERING COUPLING switch
to AC LF REJ and setthe TIME/DIVOR DLY TIME switch
to 10 ms. Rotate the MAIN TRIGGERING LEVEL control
throughout its range and check that a stable display
cannot be obtained (TRIG'D light off).

14. Change the MAIN TRIGGERING SOURCE switch
to LINE and the COUPLING switch to AC. Check that a
stable main sweep display can be obtained with the MAIN
TRIGGERING COUPLING switch set to AC, AC HF REJ,
and DC (MAIN TRIGGERING LEVEL control may be
adjusted as necessary). Remove all connections from the
oscilloscope system.

15. Connect the indicator oscilloscope Calibrator
signal to the vertical unit Input connector andtothe MAIN
TRIG IN connector. Set the Calibrator for a 0.4 V, 1 kHz
signal and adjust the vertical unit Volts/Div switch for
about four divisions of display. Set the TIME/DIV ORDLY
TIME switch and the DLY’D Time/Division switchto 1 ms.
Set the MAIN TRIGGERING SOURCE switch to EXT and
check that a stable display can be obtained with the
COUPLING switch for MAIN TRIGGERING setto AC, AC
HF REJ, and DC, for both the positive and negative
positions of the SLOPE switch (MAIN TRIGGERING
LEVEL control may be adjusted as necessary for a stable
display).

16. Change the MAIN TRIGGERING SOURCE switch
to EXT + 10. Set the oscilloscope Calibrator for 4 V at
1 kHz and adjust the vertical unit Volts/Div switch for
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about 4 divisions of display. Check that a stable display
can be obtained with the COUPLING switch for MAIN
TRIGGERING setto AC, AC HF REJ, and DC, for both the
positive and negative positions of the SLOPE switch
(MAIN TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable delaying sweep display).
Remove the Calibrator signal from the MAIN TRIG IN
connector.

17. Set the MAIN TRIGGERING COUPLING switchto
AC and the SOURCE switch to INT. Adjust the MAIN
TRIGGERING LEVEL control for a stable display. Set the
MODE switch to NORM and check for a stable display.
Change the MODE switch to AUTO and adjust the LEVEL
control for a free-running display. Change the MODE
switch to NORM and check for no display.

18. Adjust the MAIN TRIGGERING LEVEL control for
a stable display. Change the MAIN TRIGGERING MODE
switch to SINGLE SWP. Press the RESET button and
check for one sweep. Remove the 1 kHz signal from the
vertical unit and press the RESET button. CHECK for no
display and that the READY lightis on. Connect the 1 kHz
signal to the vertical unit and check for one sweep as the
signal is applied.

19. Set the MAIN TRIGGERING MODE switch to
AUTO. With the TIME/DIV OR DLY TIME switch at 1 ms,
pull out the DLY'D Time/Division switch and rotate to
.2ms (Intensified Display Mode). Rotate the MAIN
TRIGGERING LEVEL control for a stable display
(oscilloscope Intensity may need to be varied to view the
intensified display). Rotate the DELAY TIME MULT dial
and note that the intensified portion of display is con-
tinuously variable.

20. Rotate the DLY’'D TRIG LEVEL control counter-
clockwise out of switch detent for a triggered delayed
sweep. With the DLY'D TRIG SLOPE, COUPLING, and
SOURCE switches set to (+), AC, and INT; rotate the
DLY'D TRIG LEVEL control for a stableintensified portion
of display. Rotate the DELAY TIME MULT dial and note
that the intensified portion of display does not start at the
completion of the delay time (determined by the settings
of the TIME/DIV OR DLY TIME switch and the DELAY
TIME MULT dial), but waits for the next trigger pulse.

21. Press the DLY'D Time/Division switch in for the
DLY'D SWP Display Mode. Rotate the DLY’'D TRIG LEVEL
control for a stable delayed sweep display (oscilloscope
Intensity may need to be varied). Check that a stable
delayed sweep display can be obtained with the DLY'D
TRIG COUPLING switch set to AC and DC for both + and
— positions of the SLOPE switch (DLY'D TRIG LEVEL
control may be adjusted as necessary for a stable delayed
sweep display).
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22, Change the DLY'D TRIG SOURCE switch to EXT.
Connect the indicator oscilloscope Calibrator signal to
the DLY'D TRIG [N connector. Set the oscilloscope
Calibrator for 0.4V at 1 kHz and adjust the vertical
Volts/Division switch for about 4 divisions of display.
Check that a stable delayed sweep display can be
obtained with the DLY'D TRIG COUPLING switch set to
AC and DC for both the + and — positions of the SLOPE
switch (DLY’D TRIG LEVEL control may be adjusted as
necessary for a stable delayed sweep display).

GENERAL OPERATING INSTRUCTIONS

Pushbutton Switch Logic

The MODE, COUPLING, and SOURCE pushbuttons of
the MAIN TRIGGERING switches are arranged in a
sequence that places the most-often used position at the
top of each series of pushbuttons. With this arrangement,
a stable display can usually be obtained by pressing the
top pushbuttons: AUTO, AC, and INT. When an adequate
trigger signal is applied, the unit is triggered as indicated
by the illuminated TRIG'D light, with the correct settings
of the LEVEL control and SLOPE switch. If the TRIG'D
lightis not on, the LEVEL control is at a setting outside the
range of the trigger signal applied to this unit from the
vertical unit, the trigger signal is inadequate, or its
frequency is below the lower frequency limit of the AC
COUPLING switch position. If the desired display is not
obtained with these buttons pushed in, other selections
must be made. Refer to the following discussions or the
intruction manuals for the associated oscilloscope and
vertical unit for more information.

Triggered Light

The TRIG'D light conveniently indicates the condition
of the triggering circuits. If the MAIN TRIGGERING
controls are correctly set and an adequatetrigger signal is
applied, the TRIG'D light is on. Under certain conditions,
the TRIG'D light may be off, indicating that the sweep is
not triggered. The cause could be a misadjusted LEVEL
control, incorrectly set COUPLING or SOURCE switches,
low trigger signal amplitude, or atriggering signal repeti-
tion rate outside the acceptable frequency range. This
light can be used as a general indication of correct
triggering. [t is particularly useful when setting up the
trigger circuits when a triggering signal is available
without a display on the crt.

Main Trigger Mode

The pushbuttons located under the MODE title select
the mode in which the main sweep is triggered.

AUTO. When the AUTO pushbutton is pressed, a
triggered display is presented whenever an adequate
trigger signal is applied and the LEVEL control and SLOPE

switch are correctly set. The TRIG'D light indicates when
the display is triggered.

When the trigger repetition rate is below about 30 Hz,
outside the frequency range selected by the COUPLING
switch, or when the trigger signal isinadequate, the sweep
free-runs at the sweep rate indicated by the TIME/DIV OR
DLY TIME switch (TRIG'D light off). When an adequate
trigger signal is again applied, the free-running condition
ends and a triggered display is presented. The sweep also
free-runs when the LEVEL control is at a setting outside
the amplitude range of the trigger signal. Thistype of free-
running display can be useful when it is desired to
measure only the maximum peak-to-peak amplitude of a
signal without observing the waveshape (such as in
bandwidth measurements). When the display is of amuch
greater amplitude than can be displayed on the crt, the
sweep will be triggered in all positions of the LEVEL
control and will not free-run.

NORM. When the NORM pushbutton is pressed, a
triggered display is presented with the correct setting of
the LEVEL control and SLOPE switch whenever an
adequate trigger signal is applied. The TRIG'D light
indicates when the display is triggered.

The NORM trigger mode must be used to produce
triggered displays with trigger repetition rates below
about 30 Hz. When the LEVEL control is at a setting
outside the amplitude range of thetrigger signal, whenthe
trigger repetition rate is outside the frequency range
selected by the COUPLING switch, or when the trigger
signalisinadequate, thereis notrace (TRIG’Dlightis off).

SINGLE SWEEP, RESET-READY. When the signal to
be displayed is not repetitve or varies in amplitude,
waveshape, or repetition rate, a conventional repetitive
type display may produce an unstable presentation. A
stable display can often be obtained under these cir-
cumstances by using the SINGLE SWP feature of this unit.
The SINGLE SWP MODE is also useful to photograph
non-repetitive or unstable displays.

To obtain a single-sweep display of arepetitive signal,
first obtain the best possible displayinthe NORM MODE.
Then without changing the other MAIN TRIGGERING
switches, press the SINGLE SWEEP pushbutton. When
ready to view the single-sweep display, press the RESET-
READY pushbutton. A single trace is presented each time
the RESET-READY pushbutton is pressed (as long as the
repetitive signal remains connected to the system and
MAIN TRIGGERING switches are correctly set); further
sweeps cannot be presented until the RESET-READY
pushbutton is pressed again. If the display signal is a
complex waveform composed of varying amplitude,
successive single-sweep displays may not start at the
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same point on the waveform. To avoid confusion due to
the crt persistence, allow the display to disappear before
pressing the RESET-READY pushbutton again. At fast
sweep rates, it may be difficult to view the single-sweep
display. The apparent trace intensity can be increased by
reducing the ambient light level or using aviewing hood as
recommended in the indicator oscilloscope instruction
manual.

Non-repetitive, random signals can be displayed in the
SINGLE SWP MODE by first obtaining the best possible
display inthe NORM MODE with a signal that is about the
same amplitude and frequency as the random signal. Then
without changing the other MAIN TRIGGERING controls,
press the SINGLE SWP pushbutton. When ready for the
random signal, press the RESET-READY pushbutton. The
RESET-READY pushbutton remains illuminated to in-
dicate that the unit has been reset and is ready to produce
a sweep. The light goes out after the single sweep has
been displayed. To prepare the unit for another single-
sweep display, press the RESET-READY pushbutton.

When using the SINGLE SWP MODE to photograph
waveforms, turn off the graticule illumination while the
trace is being photographed. Then the graticule can be
photographed later to produce a double-exposure picture
showing complete information. Further information on
photographic technique is given in the appropriate
camera instruction manual.

Operating Instructions—7B53A/7B53AN

Main Triggering Coupling

The MAIN TRIGGERING pushbuttons located below
the COUPLING title select themethod in whichthetrigger
signal is connected to the trigger circuits. Each position
permits selection or rejection of the frequency com-
ponents of the trigger signal which trigger the sweep. Fig.
1-5 graphically illustrates the band of frequencies covered
by each position of the COUPLING switch.

AC. In the AC position of the COUPLING switch, the
DC component of the trigger signal is blocked. Signals
with low-frequency components below about 30 Hz are
attenuated. In general, AC COUPLING can be used for
most applications. However, if the signal contains un-
wanted frequency components or if the sweep is to be
triggered at a low repetition rate or DC level, one of the
remaining COUPLING switch positions will provide a
better display.

The triggering point in the AC position of the
COUPLING switch depends upon the average voltage
level of the trigger signal. If the trigger signal occurs
randomly, the average voltage level will vary, causing the
triggering point to vary also. This shift of the triggering
point may make it impossible to maintain a stable display.
In such cases, use DC COUPLING.

L

DC 10 Hz

100 Hz

10 kHz 100 kHz 10MHz 100 MHz

1342-04

Fig. 2-3. Frequency range of each COUPLING switch position.
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AC LF REJ. In the AC LF REJ position of the
COUPLING switch, dc is rejected and low-frequency
trigger signals below about 30 kHz are attenuated.
Therefore, the sweep is triggered only by the higher-
frequency components of the trigger signal. This position
is particularly useful for providing stable triggering if the
trigger signal contains line-frequency components. Also,
the AC LF REJ position provides the best aiternate vertical
displays at fast sweep rates when comparing two or more
unrelated signals.

AC HF REJ. The AC HF REJ position of the COUPLING
switch passes all low-frequency signals between about
30 Hz and 50 kHz. Dc is rejected and signals outside the
aboverage are attenuated. When triggering from complex
waveforms, this position is useful to provide a stable
display of the low-frequency components.

DC. The DC position of the COUPLING switch can be
used to provide stable triggering with low-frequency
signals which would be attenuated in the other modes, or
with low-repetition rate signals. It can also be used to
trigger the sweep when the trigger signal reaches a dc
level selected by the setting of the LEVEL control. When
using internal triggering, the setting of the vertical unit
position control affects the dc triggering point.

Main Triggering Source

The MAIN TRIGGERING pushbuttonlocated belowthe
SOURCE title select the source of the trigger signal which
is connected to the main triggering circuits.

INT. In the INT position of the SOURCE switch, the
trigger signal is derived from the associated vertical unit.
Further selection of the internal trigger signal may be
provided by the associated vertical unit or indicator
oscilloscope; see the instruction manuals for these in-
struments for information. For most applications, the INT
position of the SOURCE switch can be used. However,
some applications require special triggeringwhich cannot
be obtained in the INT position of the SOURCE switch. In
such cases the LINE or EXT positions of the SOURCE
switch must be used.

LINE. The LINE position of the SOURCE switch
connects a sample of the power-line voltage from the
indicator oscilloscope to the trigger circuit. Line trigger-
ingis useful whentheinput signal istime-related (multipie
or submultiple) to the line frequency. It is also useful for
providing a stable display of aline-frequency component
in a complex waveform.

EXT. An external signal connected to the MAIN TRIG
IN connector can be used to trigger the sweep in the EXT
position of the SOURCE switch. The external signal must

be time-related to the displayed waveform for a stable
display. An external trigger signal can provide atriggered
display when the internal signal is too lowin amplitude for
correct triggering, or contains signal components on
which it is not desired to trigger. It is also useful when
signal tracing in amplifiers, phase shift networks,
waveshaping circuits, etc. The signal from asingle pointin
the circuit undertest can be connectedtothe EXT TRIGIN
connector with a probe or cable. The sweep is then
triggered by the same signal at all times and allows
amplitude, time relationship, or waveshape changes of
signals at various points in the circuit to be examined
without resetting the MAIN TRIGGERING controls.

EXT + 10. Operation in the EXT =+ 10 position of the
SQURCE switch is the same as described for EXT except
that the external signal is attenuated 10times. Attenuation
of high-amplitude external trigger signals is desirable to
broaden the range of the LEVEL control.

Trigger Slope

The MAIN TRIGGERING SLOPE switch (concentric
with the MAIN TRIGGERING LEVEL control) determines
whether the trigger circuit responds on the positive-going
or negative-going portion of the trigger signal. When the
SLOPE switchis in the + position, the display starts onthe
positive-going portion of the waveform; in the — position,
the display starts with the negative-going portion of the
waveform (see Fig. 2-4). When several cycles of a signal
appear in a display, the setting of the SLOPE switch is
often unimportant. However, if only a certain portion of a
cycle is to be displayed, correct setting of the SLOPE
switch is important to provide a display which starts on the
desired slope of the input signal.

Trigger Level

The MAIN TRIGGER LEVEL control determines the
voltage level on the trigger signai at which the sweep is
triggered. When the LEVEL control is set in the + region,
the trigger circuit responds at a more positive point onthe
trigger signal. When the LEVEL control is set in the —
region, the trigger circuit responds at a more negative
point on the trigger signal. Fig. 2-4 illustrates this effect
with different settings of the SLOPE switch.

Before setting the MAIN TRIGGERING LEVEL, setthe
desired SLOPE, MODE, COUPLING, and SOURCE. Set
the LEVEL control fully counterclockwise and then rotate
clockwise until the dispiay starts at the desired point.

Selecting Sweep Rates

The TIME/DIV OR DLY TIME switch selects calibrated
sweep rates for the main sweep generator and the DLY'D
Time/Division switch selects calibrated sweep rates for
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the delayed sweep generator. The sweep rate of the main
sweep generator is bracketed by the black lines on the
clear plastic flange of the TIME/DIV OR DLY TIME switch
(see Fig. 2-5). The sweep rate of the delayed sweep
generator is indicated by the white line on the DLY'D
Time/Division knob. When the TIME/DIV OR DLY TIME
switch and the DLY’D Time/Division switch are set to the
same sweep rate, the switches lock together and the
sweep rate of both generators are changed at the same
time. However, when the DLY’'D Time/Division knob is
pulled outward, the clear plastic flange is disengaged and
only the delayed sweep generator sweep rate is changed.
This allows changing the delayed sweep rate without
changing the delay time determined by the main sweep
generator. The DLY’'D Time/Division switch also seiects
Display Modes. See Display Mode discussion in this
section for further information.

A VARIABLE control is provided concentric with the
TIME/DIV OR DLY TIME and the DLY'D Time/Division
switches (see Fig. 2-5). When the VARIABLE control is
rotated clockwise to the CAL position (into switch detent)
the variable function is inoperative and the VARIABLE
knob can be used only to select the MIXED Display Mode
(see Display Mode discussion in this section for more
information). However, when rotated counterclockwise
(out of switch detent), the VARIABLE control is activated

for variable (uncalibrated) main sweep rates, delayed
sweep rates, or main sweep holdoff; depending upon the
setting of the Variable Selector multi-pin connector. The
VARIABLE control allows the sweep rate in each
Time/Division switch position (main or delayed) to be
reduced to at least the next adjacent switch position and
the holdoff time to be increased 2:1.

Time Measurement

When making time measurements from the graticule,
the center eight divisions provide the most linear time
measurements (see Fig. 2-6). Position the start of the
timing area to the second vertical line and adjust the
TIME/DIV OR DLY TIME switch so the end of the timing
area falls between the second and tenth vertical lines.

Sweep Magnifier

The sweep magnifier can be used to expandthe display
tentimes. The center division of the unmagnified display is
the portion visibie on the crtinthe magnified form (see Fig.
2-7). Equivalent length of the magnified sweep is more
than 100 divisions; any 10 division portion can be viewed
by adjusting the POSITION control to bring the desired
portion onto the viewing area.

VARIABLE ~ PULL FOR MIXED SWP
TIME/DIV OR DLY TIME

X1 een
X0 . our

smgs AC HFREJ
=y el
tﬁj fij @ TIME/DIV OR DLY TIME switch
RESET D& EXT-ID Brackets enclose main sweep rate or de-
SWP 4~ rié i E lay time (depending on Display Mode)
CAL READY

DLY’D Time/Division
switch

Selects MAIN SWP, INTEN, and DLY’'D

DLY'D TRIG

&
RUNS %
AFTER

SLOPE  COUPLING  SDURCE

DLY'D TRIG IN

MAIN TRIG IN

+ | ac [ wr N
-] o [ &1 our] -
» rates, or main sweep holdoff; depending

SWP Display Modes

Dot indicates delayed sweep rate

VARIABLE control
Varies main sweep rates, delayed sweep
on the connection of P140 (internal)

Selects MI XED Display Mode

1342-06

Fig. 2-5. Composite Time/Division switch.
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Fig. 2-7. Operation of Sweep Magnifier.

To use the MAG switch, first move the portion of the
display which is to be expanded to the center of the
graticule. Then press and release the MAG switch to the
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OUT — X10 position. When the MAG switch is in the X10
position, the equivalent magnified sweep rate can be
determined by dividing the Time/Division setting by 10.
For example, ifthe TIME/DIV OR DLY TIME switchis setto
1 ms the equivalent sweep rate is 100 us. When operating
in the INTEN, DLY'D SWP, or MIXED Display Modes the
delayed sweep rate as well as the main sweep rate is
increased 10 times.

Display Modes

Four Display Modes can be selected by appropriate
settings of the Time/Division switches (see Fig. 2-5).

Main Sweep Operation. To select the MAIN SWP
Display Mode (non-delayed sweep) set the TIME/DIV OR
DLY TIME and DLY’D Time/Division switches to the same
sweep rate and press in the DLY'D Time/Division switch.
Calibrated sweeprates inthe MAIN SWP Display Mode are
available from 5 s/div to 0.05 us/div (5 ns/div with X10
magnification). The VARIABLE control (Variable Selector
connector set to Main Variable) can be used to obtain
uncalibrated sweep rates to 12.5 s/div. Triggering in the
MAIN SWP Display Mode is controlled by the MAIN
TRIGGER controls.

Intensified Sweep Display. To selectthe INTEN Display
Mode, pull out the DLY'D Time/Division knob and rotate it
to a desired sweep rate faster thanthe TIME/DIV OR DLY
TIME switch setting. The INTEN Display Mode provides
an intensified portion of the main sweep during the time
the delayed sweep is inoperation (see Fig. 2-8A). Thetime
that the delayed sweep runs is determined by the DLY'D
Time/Division switch. The amount of delay time between
the start of the delaying sweep and the intensified portion
is determined by the TIME/DIV OR DLY TIME switch and
the DELAY TIME MULT dial. Triggering for the delaying
sweep portion of display is controlled by the MAIN
TRIGGERING controls; triggering for the intensified
portion of display is controlled by the DLY'D TRIG
controls.

Delayed Sweep Display. The DLY’D SWP Display Mode
is selected when the DLY’D Time/Division switchis pulied
out, rotated in the INTEN Modefor the desired sweep rate,
andthen pushedin. Inthismode, theintensified portion of
display, as viewed in the INTEN Display Mode, is dis-
played on the crt at the sweep rate indicated by the DLY'D
Time/Division switch (see Fig. 2-8B). Calibrated sweep
rates in the DLY'D SWP Display Mode are available from
.5 s/div to 0.05 us/div. Uncalibrated delayed sweep rates
to 1.25 s/div can be obtained by using the VARIABLE
control (Variable Selector connector set to Dly’d Variable
position). Triggering for the DLY’'D SWP display is con-
trolled by the DLY'D TRIG controls.
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Fig. 2-8. (A) Intensified Sweep display; (B) Delayed Sweep
display.

Mixed Sweep Operation. The MIXED Display Mode is
selected when the DLY’'D SWP Display Mode is selected
and the VARIABLE knob is pulled out. In this mode, the
main sweep is displayed on the crt to a point determined
by the DELAY TIME MULT dial; the remainder of the
sweep is at a rate determined by the delayed sweep.
Triggering for the main sweep portion of display is
controlled by the MAIN TRIGGERING controls; and
triggering for the delayed sweep portion of display is
controlled by the DLY’'D TRIG controls. A typical mixed
sweep display is shown in Fig. 2-9.

Delay Time Multiplier

The DELAY TIME MULT dial (functional inthe INTEN,
DLY’D SWP, and MIXED Display Modes) provides 0to 10
times continuous sweep delay. The time that the main
sweep runs before the start of the delayed sweep is
determined by the settings of the TIME/DIVORDLY TIME
switch and the DELAY TIME MULT dial.

For example, the delay time indicated by the DELAY
TIME MULT dial in Fig. 2-10 is 3.55; this corresponds to
3.55 crt divisions of main sweep. Thus 3.55 multiplied by
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Fig. 2-9. Typical Mixed Sweep display (DELAY TIME MULT dial
set to 3.55)
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Fig. 2-10. DELAY TIME MULT dial. Reading shown: 3.55.

the delaying sweep rate, indicated by the TIME/DIV OR
DLY TIME switch, gives the calibrated delay time before
the start of the delayed sweep.

Delayed Sweep Triggering

A LEVEL control and SLOPE, COUPLING, and
SOURCE switches are provided for delay sweep trigger-
ing. When the LEVEL control is rotated to the RUNS
AFTER DLY TIME position the delayed sweep starts
immediately after the delay time. The DLY’D TRIG LEVEL
control and the SLOPE, COUPLING, and SOURCE
switches are inoperative. This mode permits the selection
of continuously variable delay times (by varying the
DELAY TIME MULT dial).
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When the DLY'D TRIG LEVEL control is rotated
counterclockwise (out of switch detent), the delayed
sweep is triggerable. The delayed sweep does not start at
the completion of the delay time but, waits until a trigger
pulse is received by the delayed sweep triggering circuit.
The delay time in this mode is dependent not only on the
settings of the delay-time controls, but on the delayed
sweep triggering controls and the occurrence of the
delayed sweep triggering signal. The primary purpose of
this mode is to eliminate jitter from the display delayed
sweep waveform. Since the delayed sweep is triggered by
the input waveform, jitter is eliminated from the delayed
sweep display even though it may be inherentin the input
waveform.

When the delayed sweep is triggerable, the LEVEL
control can be rotated to select the amplitude point onthe
trigger signal at which the delayed sweepistriggered. The
DLY’'D TRIG SLOPE, COUPLING, and SOURCE switches
are activated and their functions are the same for delayed
triggering as functions with the same title are for MAIN
TRIGGERING (see Main Triggering Level, Slope, Coupl-
ing, and Source discussions in this section).

Input/Output Connectors

Two dual-function bnc connectors are provided on the
instrument front-panel.

MAIN TRIG IN OR AMP IN. This connector is an
external trigger input for the main triggering circuit when
the MAIN TRIGGERING SOURCE switch is set to EXT or
EXT + 10 and the TIME/DIV OR DLY TIME switch is set to
any position except AMPL. When the TIME/DIV OR DLY
TIME switch is set to AMPL and the MAIN TRIGGERING
SOURCE switch is set to EXT or EXT + 10, this connector
serves as an external horizontal input (see X-Y Operation).

DLY’'D TRIG IN. This connector is an external input for
the delayed triggering circuit when the DLY'D TRIG
SOURCE switch is set to EXT. When the DLY'D TRIG
SOURCE switch is set to INT and P613 is properly
connected, the DLY'D TRIG IN connector serves as a
Delayed Sweep Gate Out connector (not labeled). The
Delayed Sweep Gate signal is arectangular positive-going
pulse with approximately 3.0 V amplitude and pulse width
coincident with the delayed sweep.

X-Y Operation

Some applications required one signal displayed ver-
sus another rather than against time (internal sweep). The
amplifier function of the 7B53A/7B53AN allows an exter-
nal signal to be appliedto the horizontal deflection system
either externally via the MAIN TRIG IN OR AMP IN
connector or internally by way of the triggering system.
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To apply an external signal (X-signal) to the horizontal
system, set the 7B53A/7B53AN TIME/DIV OR DLY TIME
switch to AMPL and the MAIN TRIGGERING SOURCE
switch to EXT. The MAIN TRIGGERING COUPLING
selected affects the frequency response of the X-signal.
Apply the external signal tothe MAIN TRIGIN ORAMPIN
connector. Deflection factor of the X-signal is provided in
multiples of 10 as shown in Table 2-1. The Y-signal can be
applied tothe plug-in unitinstalled in the vertical compart-
ment.

Table 2-1
DEFLECTION FACTOR OF THE X SIGNAL

Main Deflection
Triggering Factor
Coupling Mag (within 10%)

EXT X10 10 mV/div

EXT X1 100 mV/div
EXT <+ 10 X1 1 V/div

To apply the X-signal internally via the triggering
system set the TIME/DIV OR DLY TIME switch to AMPL
and the MAIN TRIGGERING SOURCE switch to INT.
Apply the external signal to the Amplifier unit installed in
the vertical compartment. The attenuator switch of the
Amplifier unit determines the horizontal deflection factor.

For information on X-Y applications see the os-
cilloscope manual. Also, the reference books listed under
Applications provide information on X-Y measurements
and interpreting the resultant lissajous displays.

Mainframe Operating Modes

The 7B53A/7B53AN can be operated in a 7000-Series
Oscillsocope which has four plug-in compartments, either
independently, in the Alternate or Chopped Horizontal
Modes, or as a delayed sweep unit. However, when the
7B53A/7B53AN is operated as a delayed sweep unit, it
must be triggered for a crt display. It cannot delay another
time base unit but it can delay its own internal delayed
sweep. Refer to the appropriate oscilloscope manual for
additional mainframe horizontal operating information.

APPLICATIONS

General

The following information describes the procedure and
techniques for making basic measurements with a
7B53A/7B53AN installed in a 7000-Series Oscilloscope.
These applications are not described in detail, since each
application must be adapted to the requirements of the
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individual measurement. Thisinstrument can also be used
for many applications not described in this manual.
Contact your local Tektronix Field Office or representative
for assistance in making specific measurements. The
following books describe oscilloscope measurement
techniques which can be adapted for use with this
instrument.

J. Czech, "Oscilloscope Measuring Techniques”,
Phillips Technical Library, Springer-Verlag, New York,
1965.

John D. Lenk, "Handbook of Oscilloscope Theory
and Applications”, Prentice-Hall, Inc. Englewood
Cliffs, N.J., 1968.

Charles H. Roth, Jr., "Use of the Oscilloscope”,
Programmed Text, Prentice-Hall, Inc., Englewood
Cliffs, N.J., 1970.

J.H. Golding, "Measuring Oscilloscope”, Tran-
satlantic, 1971.

Comparison Measurement Techniques

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

1. Connect the reference signal to the input of the
vertical unit. Set the Volts/Division switch of the vertical
unit for four or five divisions of vertical deflection. Obtaina
triggered display.

2. Set the TIME/DIV OR DL'Y TIME switch and the
VARIABLE control (Variable Selector connector set to
Main Variable) so one cycle of the signal covers an exact
number of horizontal divisions. Do not change the
VARIABLE control after obtaining the desired deflection.
This display can be used as a reference for frequency
comparison measurements.

3. To establish an arbitrary sweep rate so the period
(time for one complete cycle) of an unknown signal can be
measured accurately at any setting of the TIME/DIV OR
DLY TIME switch, the period of the reference signal must
be known. If it is not known, it can be measured before the
VARIABLE switch is set in step 2.

214

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

Horizontal . .
Conversion — refergnce signal period (seconds)
Factor horizontal TIME/DIV OR
deflection X DLY TIME
(divisions) switch setting

5. To measure the period of an unknown signal
disconnect the reference signal and connectthe unknown
signal to the vertical unit. Set the TIME/DIVORDLY TIME
switch to a setting that provides sufficient horizontal
deflection to make an accurate measurement. Do not
readjust the VARIABLE control.

6. Measure the horizontal deflection in divisions and
calculate the period of the unknown signal using the
following formual:

Period -
(Seconds)
TIME/DIV OR horizontal horizontal
DLY TIME X conversion X deflection
setting factor (divisions)

Example. Assume a reference signal frequency of
455 Hz (period 2.19 ms), aTIME/DIVORDLY TIME switch
setting of .2 ms, and the VARIABLE control adjusted to
provide a horizontal deflection of eight divisions.
Substituting these values in the horizontal conversion
factor formula (step 4):

Horizontal
orizonta 219 ms

Conversion = m =1.37
Factor

Then, with a TIME/DIV OR DLY TIME switch setting of
50 us, the period of an unknown signal which completes
one cyclein seven horizontal divisions can be determined
by using the period formual (step 6):

Period

(Seconds) =50 us X 1.37 X 7 = 480 us

This answer can be converted to frequency by taking
the reciprocal of the period in seconds (see applicationon
Determining Frequency Measurements).

Time Duration Measurements

To measure time between two points on a waveform,
use the following procedure:
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1. Connectthesignaltobedisplayedtotheinput of the
vertical unit.

2. Set the Vertical and Horizontal Mode switches on
the indicator oscilloscope to display the plug-in units
used.

3. Set the Volts/Division switch of the vertical unit to
display about four divisions of waveform.

4. Set the MAIN TRIGGERING controls to obtain a
stable display.

5. Setthe TIME/DIVORDLY TIME switchtothefastest
sweep rate that displays less than eight divisions between
the time measurement points (see topic entitled “Time
Measurements” and Fig. 2-6).

6. Adjust the vertical unit position control to move the
points between which the time measurement is made to
the center horizontal line.

7. Adjust the horizontal POSITION control to position
the time-measurement points within the center eight
divisions of the graticule.

8. Measure the horizontal distance between the time
measurement points. Be sure the VARIABLE control is set
to CAL.

9. Multiply the distance measured in step 8 by the
setting of the TIME/DIV OR DLY TIME switch.

Example. Assume that the distance between the time
measurement points is five divisions (see Fig. 2-11), and
the TIME/DIV OR DLY TIME switch is set 1o .1 ms.

Using the formula:

horizontal TIME/DIV OR
Time Duration = distance X DLY TIME
(divisions) setting

Substituting the given values:

Time Duration =5 X 0.1 ms

The time duration is 0.5 ms.
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Determining Frequency

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

Use the following procedure:

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

2. Take the reciprocal of the time duration to deter-
mine the frequency.

Example. The frequency of the signal shown in Fig. 2-
11 which has a time period of 0.5 ms is:

Frequency =
1 1
—_— X o
time period 0.5 ms 2 kHz

v i 100,

Horizontal
distance

1342-12

Fig. 2-11. Measuring the time duration between points on a
waveform.

Risetime Measurements

Risetime measurements employ basically the same
techniques as time-duration measurements. The main
differenceisthe points between whichthe measurementis
made. The following procedure gives the basic method of
measuring risetime betweenthe 10% and 90% points of the
waveform. Falltime can be measured in the same manner
on the trailing edge of the waveform.
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1. Connectthesignalto bedisplayedtotheinput of the
vertical unit.

2. Set the Vertical and Horizontal Mode switches on
theindicator oscilioscopeto display the plug-in unit used.

3. Set the Volts/Division switch and the Variable
Volts/Division control of the vertical unit to produce a
signal an exact number of divisions in amplitude.

4. Center the display about the center horizontal
graticule line with the vertical unit Position control.

5. Set the MAIN TRIGGERING controls to obtain a
stable display.

6. Setthe TIME/DIVORDLY TIMEswitchtothefastest
sweep rate that displays less than eight divisions between
the 10% and 90% points on the waveform.

7. Determine the 10% and 90% points on the rising
portion of the waveform. Thefigures givenin Table 2-2 are
for the points 10% up from the start of the rising portion
and 10% down from the top of the rising portion (80%
point).

Table 2-2
RISETIME MEASUREMENTS
Divisions
Vertically
Vertical between
display 10% and 90% 10% and 90%
(divisions) points points
4 0.4 and 3.6 divisions 3.2
5 0.5 and 4.5 divisions 4.0
6 0.6 and 5.4 divisions 4.8
7 0.7 and 6.3 divisions 5.6
8 0.8 and 7.2 divisions 6.4

8. Adjust the horizontal POSITION control to movethe
10% point of the waveform tothe secondvertical line of the
graticule. For example, with a five-division display as
shown in Fig. 2-12, the 10% pointis 0.5 division upfromthe
start of the rising portion.

9. Measure the horizontal distance between the 10%
and 90% points. Be sure the VARIABLE control is set to
CAL.

10. Multiply the distance measured in step 9 by the
setting of the TIME/DIV OR DLY TIME switch.

Example. Assume that the horizontal distance between
the 10% and 90% pointsisfour divisions (see Fig. 2-12) and
the TIME/DIV OR DLY TIME switchissetto 1 us. Applying
the time duration formula to risetime:

Time horizontal TIME/DIV OR
Duration = distance X DLY TIME
(Risetime) (divisions) setting
Substitute the given values:
Risetime = 4 X 1 us.
The risetime is 4.0 us.
1\ ] 1uS
LN 90%
Point
4
1 ~ 10%
Point 3
|
! 1
1 Horizontal I
1 distance H
1 {
1342-13

Fig. 2-12. Measuring risetime.

Delayed Sweep Measurement

The delayed sweep mode can be usedto makeaccurate
time measurements. The following measurement deter-
mines the time difference between two pulses displayed
on the same trace. This application may also be used to
measure time difference from two different sources (dual-
trace) or to measure time duration of a single pulse. See
Section 2 for measurement accuracy.

1. Connectthesignaltobe displayedtotheinput of the
vertical unit.

2. Setthe vertical and horizontal Mode switches onthe
indicator oscilloscope to display the plug-in units used.
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3. Set the Voits/Division switch of the vertical unit to
produce a display about 4 divisions in amplitude.

4. Adjust the MAIN TRIGGERING controls for a stable
display.

5. If possible, set the TIME/DIV OR DLY TIME switch
to a sweep rate which displays about eight divisions
between pulses.

6. Set the DLY'D Time/Division switch to a setting
1/100 of the TIME/DIV OR DLY TIME switch setting and
pull out the DLY’D Time/Division switch for the INTEN
Display Mode. This produces an intensified portion ap-
proximately 0.1 division in length.

NOTE

Measurement accuracy will be affected if the LEVEL
control setting for MAIN TRIGGERING or horizontal
POSITION control setting is changed.

7. Rotate the DELAY TIME MULT dial to move the
intensified portion of the trace to the first puise.

8. Press in the DLY'D Time/Division switch for the
DLY’'D SWP Display Mode.

9. Adjust the DELAY TIME MULT dial to move the
pulse (or the rising portion) to the center vertical graticule
line. Note the exact setting of the dials.

10. Turn the DELAY TIME MULT dial clockwise until
the second pulseis positioned tothe same point asthe first
pulse. (If several pulses are displayed, returntothe INTEN
DISPLAY MODE to locate the correct pulse.) Again note
the exact dial setting.

11. Subtract the first dial setting from the second and
muitiply by the delay time shown bythe TIME/DIVORDLY
TIME switch. This figure is the time interval between
pulses.

Example. Assume the first dial setting is 1.31 and the
second dial setting 8.81 with the TIME/DIV OR DLY TIME
switch set to 2 ms (see Fig. 2-13).
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Fig. 2-13. Measuring time difference using delayed sweep.

Time Difference
(Delayed Sweep)

fi
segi‘;Td B (;Z: « delay time (TIME/DIV OR

. . DLY TIME switch setting)
setting setting

Substituting the given values:
Time Difference = (8.81 — 1.31) X 2 us

The time difference is 15 us.
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Delayed Sweep Magnification

The delayed sweep feature of the 7B53A/7B53AN
provides apparent magnification of the displayed
waveform. The sweep rate of the delayed sweep is not
actually increased; the apparent magnification is the
resuit of delaying the Delayed Sweep an amount of time
selected by the TIME/DIV OR DLY TIME switch and the
DELAY TIME MULT dial before the display is presented at
the sweep rate selected by the DLY'D Time/Division
switch. The following method uses the RUNS AFTER DLY
TIME DLY'D TRIG Mode to allow the delayed portion of
the display to be positioned with the DELAY TIME MULT
dial. Ifthereistoomuchjitterinthe delayed sweep display,
use the Triggered delay sweep magnification procedure
which follows this procedure.

1. Connect the signal to be displayed to the input
connector of the vertical unit. Set the Vertical and
Horizontal Mode switches ontheindicator oscilloscopeto
display the plug-in units used.

2. Set the Volts/Division switch of the vertical unit to
produce a disptay about 4 divisions in amplitude.

3. Adjust the MAIN TRIGGERING controls for a stable
display.

4. Set the TIME/DIV OR DLY TIME switch to a sweep
rate which displays the complete waveform (see Fig. 2-14).

5. Pull out the DLY'D Time/Division switch for the
INTEN Display Mode. Rotate the DLY'D TRIG LEVEL
control clockwise to RUNS AFTER DLY TIME.

6. Position the start of the intensified portion with the
DELAY TIME MULT dial to the part of the display to be
magnified.

7. Set the DLY'D Time/Division switch to a setting
which intensifies the full portion of the display to be
magnified. The start of the intensified trace will remain as
positioned in step 6.

8. Press in the DLY'D Time/Division switch for the
DLY’D SWP Display Mode.

9. Time Measurements can be made from the display
in the conventional manner. Sweep rate is determined by
the setting of the DLY’D Time/Division switch.

Pulse to be
magnified

/

v : / 100uS

{A) Delaying sweep display.

1w s

10uS

{B} Delayed sweep display.
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Fig. 2-14. Using delayed sweep for magnification.

10. The apparent sweep magnification can be
calculated by dividing the TIME/DIV ORDLY TIME switch
setting by the DLY’D Time/Division switch setting.

Example. The apparent magnification of the display
shown in Fig. 2-14 with a TIME/DIV OR DLY TIME setting
of .1 msand aDLY’D Time/Division switch setting of 10 us
is:

Apparent _ TIME/DIV OR DLY TIME setting
Magnification DLY'D Time/Division setting

Substituting the given values:

1X10™
1X10°

Apparent  _
Magnification

The apparent magnification is 10 times.
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Triggered Delayed Sweep Magnification

The delayed sweep magnification method just describ-
ed may produce too much jitter at high apparent
magnification ranges. The Triggered Delayed Sweep
Mode (DLY’'D TRIG LEVEL control rotated out of switch
detent) provides a more stable display, since the delayed
sweep display is triggered at the same point each time.

1. Set up the display as instructedin steps 1through 7
in the Delayed Sweep Magnification procedure.

2. Rotate the DLY'D TRIG LEVEL control in a
counterclockwise direction but out of switch detent for a
triggerable delayed sweep. Selectthe desired DLY'D TIRG
SLOPE, COUPLING, and SOURCE.

3. Adjust the DLY'D TRIG LEVEL control to produce
an intensified portion on the display.

4. Inability to produce an intensified portion of the
display indicates that the DLY'D TRIG controls are
incorrectly set, or that the signal does not meet triggering
requirements. If the condition cannot be remedied with
the DLY’'D TRIG controls or by increasing the display
amplitude (lower Volts/Division setting), externally trigger
the delayed sweep.

5. When the correct portion of the display is inten-
sified, press in the DLY’'D Time/Division switch for the
DLY'D SWP Display Mode, slight readjustment of the
DLY’D TRIG LEVEL control may be necessary to produce
a stable delayed sweep display.

6. Measurement and magnification are as described
above in Delayed Sweep Magnification discussion.

Displaying Complex Signals Using Delayed Sweep

Complex signals often consist of a number of individual
events of differing amplitudes, Since the trigger circuits
are sensitive to changes in signal amplitude, a stable
display can normally be obtained only when the sweep is
triggered by the event(s) having the greatest amplitude.
However, this may not produce the desired display of a
lower-amplitude portion which follows the triggering
event. The delayed sweep feature provides a means of
delaying the start of the delayed sweep by a selected time
following the event which triggers the main sweep
generator. Then, the part of the waveform which contains
the information of interest can be displayed at the delayed
sweep rate.
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Use the following procedure:

1. Set up the display as given in steps 1 through 8 of
Delayed Sweep Magnification.

2. Time measurements can be made from the display
in the conventional manner. Sweep rate is determined by
the setting of the DLY'D Time/Division switch.

Example. Fig. 2-15 shows a complex waveform as
displayed on the crt. The circled portion of the waveform
cannot be viewed in any greater detail because the sweep
is triggered by the larger amplitude pulses at the start of
the display and a faster sweep rate moves this area of the
waveform off the viewing area. The second waveform
shows the area of interest magnified 10 times using
Delayed Sweep. The DELAY TIME MULT dial has been
adjusted so the delayed sweep starts just before the area
of interest.
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(A} This portion of display cannot be viewed ade-
quately because the main sweep is triggered on larger
amplitude signals at start of display.
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(B} Area of interest display by delaying the main
sweep (DLY’'D Swp Display Mode).
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Fig. 2-15. Displaying a complex signal using delayed sweep.
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Pulse Jitter Measurement

In some applications it is necessary to measure the
amount of jitter on the leading edge of a pulse or jitter
between pulses.

1. Connect the signal to be displayed to the input
connector of the vertical unit. Set the Vertical and
Horizontal Mode switches on the indicator oscilloscope to
display the plug-in units used.

2. Set the Volts/Division switch on the vertical unit to
produce a display about four divisions in amplitude.

3. Adjust the MAIN TRIGGERING controls for astable
display.

4. Set the TIME/DIV OR DLY TIME switch to a sweep
rate which displays the complete waveform (see Fig. 2-14).

5. Pull out the DLY'D Time/Division switch for the
INTEN Display Mode.

6. Position the start of the intensified portion with
DELAY TIME MULT dial to the part of the display to be
magnified.

7. Set the DLY'D Time/Division switch to a setting
which intensifies the full portion of the display to be
magnified. The start of the intensified trace will remain as
positioned in step 6.

8. Press in the DLY’'D Time/Division switch for the
DLY’'D SWP Display Mode.

9. Slight readjustment of the MAIN TRIGGERING
LEVEL control may be necessary to produce as stable a
display as possible.

10. Pulse jitter is shown by horizontal movement on
the pules (take into account inherent jitter of delayed
sweep). Measure the amount of horizontal movement. Be
sure that both vertical and horizontal VARIABLE controls
are set to CAL.

11. Multiply the distance measured in step 10 by the
DLY’'D Time/Division switch settingto obtain pulsejitterin
time.

2-20

Example. Assume that the horizontal movement is 0.5
division (see Fig. 2-16) and the DLY'D Time/Division
switch is .5 us.

Using the formula:

horizontal DLY'D
Pulse Jitter = jitter X Time/Division
(divisions) setting

Substituting the given values:
Pulse Jitter = 0.5 X 0.5 us

The pulse jitter is 0.25 us.

v

— b s

50uS

- o - ool - —

Jitter el g—

1342-17

Fig. 2-16. Measuring pulse jitter.
Repackaging for Shipment

If the Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach atag
showing: owner {(with address) and the name of an
individual at your firm that can be contacted, complete
instrument serial number and a description of the service
required.

Save and re-use the package in which your instrument
was shipped. If the original packaging is unfit for use or
not available, repackage the instrument as follows:

Surround the instrument with polyethlene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength
and having inside dimensions of nolessthan sixinches
more than the instrument dimensions. Cushion the
instrument by tightly packing three inches of dunnage
or urethane foam between carton andinstrument, on all
sides. Seal carton with shipping tape or industrial
stapler.

The carton test strength for your instrument is 200
pounds.
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Section 3—7B53A/7B53AN

THEORY OF OPERATION

Introduction

This section of the manual contains a description of the
circuitry used in the 7B53A/7B53AN Dual Time Base. The
description begins with a discussion of the major circuit
functions using a simplified block diagram.

SIMPLIFIED BLOCK DIAGRAM

The Simplified Block Diagram, Fig. 3-1, shows inter-
connection of the basic circuit blocks in the
7B53A/7B53AN. In some cases, such as the Main Sweep
Trigger, the block includes a number of separate circuits.
The individual circuits are discussed in detail later in this
section.

Main Sweep Mode

When the TIME/DIV OR DLY TIME switch is set to
select MAIN SWP, operation is as follows:

Main Sweep Trigger. This block includes circuitry for
selecting the trigger source, type of coupling, triggering
mode, and point on the trigger signal where triggering
occurs. Also, regardless of the trigger signal shape or
amplitude (within specification), this circuitry provides a
fast-rise, uniform-amplitude pulsetothe Main Sweep Start
Comparator. Termination of the pulse (or gate) occurs at
the rise of Main Sweep Holdoff.

Main Sweep Start Comparator. This circuit is activated
by the positive gate from the Main Sweep Trigger. The
output signal coupled to the Main Sawtooth Generatorisa
positive gate with the same duration as the sweep. This
gate is also coupled to the Sweep Gate Out. A negative-
going gate (coincident with the positive gate) is coupled to
the Delayed Sweep Lockout Multi and the Delayed Sweep
Start Control.

Main Sawtooth Generator. The main sweep signal is
developed by the Main Sawtooth Generator. When a
positive gate from the Main Sweep Start Comparator is
applied, a sawtooth waveform is generated. The sawtooth
duration is determined by the positive gate duration. Rate
of change of the sawtooth is set by Ct and Rt, selected by
the TIME/DIV switch.

Sweep Stop Comparator. One side of this comparator
is driven by the main sweep sawtooth signal, andthe other

REV JAN 1385

side is set by the Main Swp Stop adjustment. When the
sawtooth waveform passes through the setting of the Main
Swp Stop adjustment, the output of the Sweep Stop
Comparator switches to a positive level. This positive step
is applied to the Main Sweep Holdoff.

Main Sweep Holdoff. This circuit develops a gate which
is used to prevent generation of a trigger signal until the
sweep circuits have stabilized after a sweep. The positive
step from the Sweep Stop Comparator initiates the positive
holdoff gate. The duration of the hold off gate is variable,
depending on the setting of the TIME/DIV OR DLY TIME
switch. Holdoff timing capacitors are separate from sweep
timing capacitors. Holdoff is longer for slower sweep rates.

Output from the Main Sweep Holdoff is coupled to the
Main Sweep Trigger and the Delayed Sweep Holdoff
circuit. A trigger signal cannot be generated during the
holdoff interval. The holdoff serves to reset the trigger
circuits so that they are ready to receive an input trigger
signal after holdoff.

Horiz Output. The Horiz Output block includes the Ext
Horiz Amp, Position Amp, Horiz Display Selector, and
Horiz Out Amp circuits.

With the TIME/DIV OR DLY TIME switch set for main
sweep, this circuit selects the signal from the Main
Sawtooth Generator, amplifies the signal, and converts
the single-ended input to a push-pull output signal. Dc
positioning level is also applied to this block.

Delayed Sweep Mode

To generate the delayed sweep, the Main Sawtooth
Generator must first be gated on (see Main Sweep Mode).

Delay Pickoff. This circuit supplies a positive gate
which starts when the main sawtooth signal passes
through the level selected by the DELAY TIME MULT
control. The gate ends with the main sawtooth signal. The
output signal is coupled to the Delayed Sweep Holdoff
circuitry.

3-1
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Delayed Sweep Trigger. Whenthe DLY'D TRIG LEVEL
is set to RUNS AFTER DLY TIME (into switch detent), the
output trigger is generated as soon as the delayed gate is
applied. If the DLY’'D TRIG LEVEL control is in the
triggerable mode (out of switch detent), the output trigger
is initiated by the next input trigger that occurs after the
Delay Gate is applied.

The Delayed Sweep Trigger output is a positive gate
which is terminated by the Holdoff signal or the positive
step from the Delayed Sweep Stop circuit. The positive
output gate is coupled to the Delayed Sweep Start Multi.

Delayed Sweep Start Muiti. The signal from the
Delayed Sweep Trigger causes the Delayed Sweep Start
Multi to flip so that a positive gate is coupled to the
Delayed Sweep Start Control, and a negative gate is
applied tothe Mixed Sweep Comparator. The output gates
are the same in duration as the positive gate from the
Delayed Sweep Trigger.

Delayed Sweep Start Control. For delayed sweep mode
of operation the Delayed Sweep Start Control serves to
couple the positive gate from the Delayed Sweep Start
Multi to the Delayed Sawtooth Generator and the Sweep
Gate Out.

Input signals from the Main Sweep Start Comparator
and the Delayed Sweep Lockout Multi are not effectivein
this mode.

Delayed Sawtooth Generator. The delayed sweep
signal is developed by the Delayed Sawtooth Generator.
The sawtooth is generated during the time that a positive
gate is applied from the Delayed Sweep Start Control.
Rate of change of the sawtoothis set by Ct and Rt, selected
by the TIME/DIV (Dly’d) switch.

The sawtooth output signal is coupled to the Mixed
Sweep Comparator and the Horiz Output circuits.

Delayed Sweep Stop Circuit. A positive step occurs at
the output of the Delayed Sweep Stop circuit when the
delayed sawtooth passes through thelevel selected by the
Dly’d Swp Length adjustment. This step is coupledtothe
Delayed Sweep Trigger and the Delayed Sweep Lockout
Multi.

Mixed Sweep Mode

In this mode of operation, the sweep is first running at
the main sweep rate and then, after the selected delay
interval, runs at the delayed sweep rate. The main sweep
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and delayed sweep are initiated as previously described.
Operation of other circuit blocks follows.

Mixed Sweep Comparator. This circuit determines
whether the delayed sweep generator runs at the main
sweep rate or at the delayed sweep rate. Before the delay
gateis generated (delay gate generated at delay pickoff as
determined by the setting of the DELAY TIME MULT dial)
the main sweep sawtooth signal is coupled through the
Mixed Sweep Comparator, causing the delayed sweep
generator to run at the main sweep rate. The resulting
sawtoothsignal is coupledtothe Horizontal Output stage.

When a positive gate from the Delayed Sweep Triggeris
applied to the Delayed Sweep Start Multi (at Delay Pickoff
as determined by the DELAY TIME MULT dial setting) a
negative gate is generated and coupled to the Mixed
Sweep Comparator. This opens the Mixed Sweep Com-
parator, preventing the Delayed Sweep Generator from
running at the main sweep rate. Simultaneously, the
Delayed Sweep Generatorisreleasedtorun atthe delayed
sweep rate.

Delayed Sweep Lockout Multi. The positive step from
the Delayed Sweep Stop circuit is inverted by the Delayed
Sweep Lockout Multi and coupled to the Delayed Sweep
Start Control, thus turning off the Delayed Sawtooth
Generator.

Sweep Gate Out. Depending on the selection of the
TIME/D!V switch, this stage couples the positive gatefrom
either the Main Sweep Start Multi or the Delayed Sweep
Start Control to connector A1. The Sweep Gate signal
serves to unblank the crt in the Oscilloscope during the
sweep.

External Horiz Input

When the TIME/DIV switch is set to AMPL, part of the
Main Sweep Trigger circuitry becomes the Horiz Input
Amp. An external signal connected to the MAIN TRIG IN
or AMPL input is amplified and then coupled to the Horiz
Output stage. The main and delayed sawtooth generators
are disabled to prevent intensity modulation of the crt
trace by the unblanking waveforms.

CIRCUIT OPERATION

General

This section provides a detailed description of the
electrical operation and relationship of the circuitsin the
7B53A/7B53AN. The theory of operation for circuits
unique to this instrument is described in detail in this
discussion. Circuits which are commonly used in the
electronics industry are not described in detail. If more
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information is desired in these commonly used circuits,
refer to the following text-books.

Phillip Cutler, "Semiconductor Circuit Analysis”,
McGraw-Hill, New York, 1964.

Lloyd P. Hunter (Ed.), "Handbook of Semiconductor
Electronics”, second edition, McGraw-Hill, New York,
1962.

Jacob Millman and Herbert Taub, “Pulse, Digital, and
Switching Waveforms”, McGraw-Hill, New York, 1965.

The main headings in this circuit analysis refer to
schematics in the diagrams section with the same name.
The sub-headings indicate the individual circuit being
described.

MAIN TRIGGER PREAMP <}

The Main Trigger Preamp covertsthe push-pullinternal
trigger signal to asingle-ended signal and selectsthe main
trigger source and coupling for the Main Trigger
Generator. Fig. 3-2 shows a detailed block diagram of the
Main Trigger Preamp. The schematic of this circuit is
shown on diagram 1 at the rear of this manual.

Trigger Preamp. The push-pull trigger signal from the
Vertical Deflection System is converted to a single-ended
output by emitter-coupled stage Q52-Q61. The output of
Q61 drives current gain stage Q66-Q70. Thedclevel of the
output is set by internal Trig DC Bal Control, R72.

Input Switching. The MAIN TRIGGERING SOURCE
switch, S10, selects the source of the trigger signal. Three
trigger sources are available; internal, line, and external.
The external signal may also be passed through a = 10
attenuator network.

The MAIN TRIGGERING COUPLING switch, S20,
offers a means of attenuating high or low frequency
components of the trigger signal. In additionto ac and dc
coupling, C23-R23 can be selected to provide low-
frequency attenuation and R25-C25-C26 for high-
frequency attenuation.

MAIN TRIGGER GENERATOR
(SN B210000 & UP 7B53A ONLY)

The Main Trigger Generator provides selection of the
level and slope where triggering occurs and supplies a
fast-rise pulsetothe main sweep start comparator. Fig. 3-3

shows a detailed block diagram of the Main Trigger
Generator; the schematic of this circuit is shown on
diagram 2 at the rear of this manual.

Input Stage. The input source-follower, Q310, provides
a high input impedance for the trigger signal. It also
provides isolation between the Main Trigger Generator
and the input source. Input protection diode CR307
protects Q310 from excessive input signals by clamping
the gate of the input FET if theinput exceeds about —15 V.
The signai at the source of Q310 is passing through
emitter-follower Q315 to the base of Q320 in the Slope
Comparator and to the External Horizontal circuit.

Slope Comparator. Q320 and Q322 are connected as a
difference amplifier to provide selection of the slope and
level at which the sweep is triggered. The reference
voltage for the comparator is provided by LEVEL control
R4 and Main Trig Level Center control R333. R333 setsthe
level at the base of Q322 so that the display is triggered at
the 0 V dc level of the incoming trigger when the LEVEL
control is centered. When MAIN TRIGGERING LEVEL
control R4 is set to midrange, the base of Q322 is at
approximately 0 V. This correspondstothe 0 Vlevel atthe
input of Q320, thus switching the comparator at the 0 V
level of the trigger signal. As the LEVEL control is turned
clockwise, the voltage level on the base of Q322 becomes
more positive. Now the trigger signal must rise to a more
positive level before comparison takes place. The resul-
tant crt display starts at a more positive point on the
displayed signal. When the LEVEL control is turned
counterclockwise from 0, the result is the opposite of the
above reaction and produces a crt display that starts at a
more negative point along the + slope of the trigger signal.

R326 establishes the emitter current for Q320 and Q322.
The transistor with the most positive base controls conduc-
tion of the comparator. For example, assume that the trig-
ger signal from the input stage is positive-going and Q320 is
forward biased. The increased current flow through R326
makes the emitter of Q322 more positive and since the base
is held constant by the level control voltage, the current
through Q322 decreases. The increased current through
Q320 makes the voltage at pin 14 of U350 less positive, and
the decrease in current through Q322 makes voltage at pin
13 of U350 more positive.

Trigger Generator

An Integrated circuit converts the trigger signal from
the trigger comparator to a gate waveform used for sweep
control. With pin 1 connected to ground (+ SLOPE), a
positive-going waveform ontheinput (pin 13) causes pin 3
(output) toriseto about 4.1 V and pin 4 (output) todropto
about 3.2 V. Pin 14 is negative going under the above
conditions. The output gate occurs when pins 13 and 14
are within about 40 mV of each other. Opening pin 1
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Fig. 3-2. Trigger Preamp and Input Switching Block Diagram.
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(— SLOPE) creates an output gate at pins 3and 4 when pin
13 is negative going and pin 14 positive going. The output
of pin 4 isinverted by Q352. After completion of the sweep
(during holdoff time) pins 6 and 10 are high (about
+4.2 V). This action inhibits the trigger generator until
these pins drop to about 3.2 V, which occurs after holdoff
time.

MAIN TRIGGER GENERATOR
(SN B209999 & BELOW)

The Main Trigger Generator provides selection of the
level and slope where triggering occurs and supplies a
fast-rise pulse tothe main sweep start comparator. Fig. 3-4
shows a detailed block diagram of the Main Trigger
Generator; the schematic of this circuit is shown on
diagram 2 at the rear of this manual.

Input Stage. The input source-follower, Q310, provides
a high input impedance for the trigger signal. It also
provides isolation between the Main Trigger Generator
and the input source. Input protection diode CR307
protects Q310 from excessive input signals by clamping
the gate of the input FET if theinput exceeds about —15 V.
The signal at the source of Q310 is passed through
emitter-follower Q315 to the base of Q320 in the Slope
Comparator and to the External Horizontal circuit.

Slope Comparator. Q320 and Q322 are connected as a
difference amplifier to provide selection of the slope and
level at which the sweep is triggered. The reference
voltage for the comparator is provided by LEVEL control
R4 and Main Trig Level Center control R333. R333 sets the
Jevel at the base of Q322 so that the display is triggered at
the 0 Vdc level of the incoming trigger when the LEVEL
control is centered. When MAIN TRIGGERING LEVEL
control R4 is set to midrange, the base of Q322 is at
approximately 0 V. This correspondstotheQ Vievel atthe
input of Q320, thus switching the comparator at the 0 V
level of the trigger signal. As the LEVEL control is turned
clockwise, the voltage level on the base of Q322 becomes
more positive. Now the trigger signal must rise to a more
positive level before comparison takes place. The resul-
tant crt display starts at a more positive point on the
displayed signal. When the LEVEL control is turned
counterclockwise from 0, the result is the opposite of the
above reaction and produces a crt display that starts at a
more negative point alongthe + slope of the trigger signal.

R326 establishes the emitter current for Q320 and
Q322. The transistor with the most positive base controls
conduction of the comparator. For example, assume that
the trigger signal from the input stage is positive-going
and Q320 is forward-biased. The increased current flow
through R326 imakes the emitter of Q322 more positive,
and since the base is held constant by the level control
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voltage, the current through Q322 decreases. The in-
creased current through Q320 makes the voltage at pin 4
of U350A less positive, and the decrease in current
through Q322 makes voltage at pin 10 of U350C more
positive. Notice that the signal currents at the collectors of
Q320 and Q322 are opposite in phase. The sweep can be
triggered from either the positive or negative edge of the
input signal. The selection is made by SLOPE switch S4.

When SLOPE switch S4 is set to +, the voltage between
R347 and R346 decreases and activates U350A by
providing alow voltage level at pin 5 of U350A. A low level
is also applied to pins 6 and 7 of U350B. The low level is
inverted by U350B and this highlevelisapplied to pin 11 of
U350C. Thus, pin 14 of U350C goes low, as does pin 13 of
U350D. Since pin 11 of U350C is high, pin 10 of U350C has
no effect. If pin 4 of U350A goes low, pin 2 goes high. Pin
12 of U350D also goes high causing pin 9 of U350D to go
high and the output at pin 3 of inverter U355B to go low.
However, if pin 4 of U350A goes high, the process reverses
and the output at pin 3 of U355B also goes high. Thus, pin
3 of U355B follows the input at pin 4 of U350A.

When the SLOPE switch S4 is setto —, +15 Vis applied
to pin 5 of U350A. Pin 2 goes low, as does pin 12 of U350D.
Pin 12 is held low, regardless of what happens at pin 4 of
U350A. The +5 V at pin 5 of U350A is inverted by U350B,
which makes pin 11 of U350C go fow. Pin 3 of U355B now
follows the signal at pin 10 of U350C.

R341, R339, and CR340, (between pin 3 of U355B and
pin 4 of U350A), provide regenerative feedback. R343,
R342, and CR343 provide regenerative feedback to pin 10
of U350C.

In the reset condition, pin 15 of U375B is low, as is pin
12 of U355D. When a negative pulse is applied to pin 4 of
UB50A, pin 3of U355B goes low as well as pin 13 of U355D.
Thus, pin 15 of U355D goes high, which sets pin 2 of
U375A to the high state and provides the sweep gate
output (trigger pulse) through Q382 and pin C to the Main
Sweep Start Comparator. At the end of sweep, the
positive-going holdoff pulse is coupled to the Sweep Gate
Reset circuit through pin B. The high level at the base of
Q366 turns it on, causing pin 4 and 5 of U355A to go low
coincident with the holdoff pulse. Therefore, pin 2 of
inverter U355A goes high and resets U375A. Pin 2 of
U375A goes low and terminates.

The high at pin 2 of U355A sets U3758B, causing pin 12
of U355D to go high and locking out any trigger pulse
during the holdoff period. While pin 12 of U355D is high,
pin 15 of U355D will stay low regardiess of the state of pin
13 of U355D.
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Trigger Lockout Latch U375B can only be reset when
Trig’'d Sweep Gate Latch U375A is in the reset condition
(pin 2 of U375A low, pin 11 of U355C low, and pin 13 of
U355D high). Therefore, if pin 13 of U355D islow whenthe
holdoff pulse terminates, U375B will stay set. When pin 13
of U355D goes positive, pin 11 of U355C goes negative,
causing a positive level at pin 14 of U355C. This positive
level resets trigger lockout [atch U375B, causing pin 12 of
U355D to go negative and allowing the next negative
transition at pin 13 of U355D to set the trigger sweep gate
latch U375A. This generates a new sweep gate at pin C.

MAIN SWEEP GENERATOR <&

The Main Sweep Generator circuit produces a saw-
tooth voltage which is amplified by the Horizontai
Amplifier circuit to provide horizontal sweep deflection on
the crt of the indicator oscilloscope. This output signal is
generated on command (trigger pulse) from the Main
Trigger Generator. The Main Sweep Generator also
produces a Main Sweep Gate pulse coincident with the
time that the Main Sweep runs. The Main Gate pulse is
processed by the Sweep Gate Out circuit and theindicator
oscilloscope for crt unblanking and Auxiliary Gate output.
In addition, the Main Sweep Generator produces several
control signals for other circuits within the instrument.
Fig. 3-5 shows a detailed block diagram of the Main Sweep
Generator and the schematic is shown ondiagram 3 atthe
rear of the manual.

The MAIN TRIGGERING MODE switch allows three
modes of operation. When the NORM button is pressed, a
sweep is produced only when a trigger pulse is received
from the Main Trigger Generator circuit. Whenthe AUTO
button is pressed, asweepis produced asin NORM except
that a free-running trace is displayed when a trigger pulse
is not present. SINGLE SWP operation is also similar to
NORM operation except that the sweep is not recurrent.
The RESET button must be pressed to view another trace.
The following circuit description is given with the MAIN
TRIGGERING MODE switch pressed to NORM.
Difference in operation for the other two modes is
discussed later.

Main Sweep Start Comparator

Q544, Q547, and Q551 compose the Main Sweep Start
comparator. In the absence of a trigger, Q544 is off and
Q547 is held on by the high level from pin 3 of U520. The
collector of Q547 is low and this low is coupled through
emitter-follower Q551 to pin 1 of U580, thus preventing a
sweep. When the Main Trigger Generator supplies a
trigger, the positive transition is coupled to the base of
Q544. The base of Q544 rises abovethelevel atthe base of
Q547 and the current through common emitter resistor
R545is diverted from Q547 to Q544. The collector of Q547
rises and the positive step is coupled through emitter-
follower Q551. The positive step appears across divider
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R555/R556, causing pin 1 of U580 to go positive and start
the sweep.

Sawtooth Generator

The lower half of the U580 diagram symbol constitutes
a Miller Integrator. When pin 1 is positive, a linear
sawtooth (positive-going) is generated and appears at pin
8. The timing components (Rt and Ct), connectedto pins 8
and 9, determine the rate of change of the sawtooth
waveform. Q596 prevents high-speed error currents from
being coupled into U580 by way of C579 and pin 9.

Sweep Stop Comparator

The Sweep Stop Comparator consists of Q564 and
Q568. Inthe absence of a sawtooth signal at pin 8 of U580,
Q568 is conducting and Q564 is held off by the positive
level set at its base by R564, the Main Sweep Length
adjustment. When the sawtooth voltage at pin 8 of U580
raises the base of Q568 higher than the base of Q564, Q568
turns off and Q564 turns on. The collector of Q564 rises
and the positive step is coupled through emitter-foliower
Q538 to pin 16 of U520 and sweep holdoff begins.

Holdoft Circuit

The Holdoff Circuit consists of pins 8, 10, 16, and 17 of
U520 plus R and C time constants selected by the
TIME/DIV switch. The holdoff prevents re-triggering the
sweep generator until after the sweep timing capacitor(s)
has discharged and the sweep circuits are again ready to
generate a sweep.

At the end of the sawtooth waveform, a positive step is
coupled to pin 16 of U520 by way of the Sweep Stop
Comparator as previously described. The positive pulse
seen at pin 16 of U520 is coupled internally through U520 to
pin 17 and in turn to Q362 in the Main Trigger Generator.
The Main Trigger Generator is reset and the output at
connector pin C goes low. As a result, Q544 turns off and
Q547 turns on. The collector of Q547 drops and the
negative step is coupled through emitter-follower Q551,
thus ending the sweep.

After a time determined by the timing components at pin
8, internal circuitry within U520 switches pin 17 to its low
state and ends the holdoff gate. The Main Trigger Generator
is released to generate a trigger signal.

A negative gate, coincident with the positive holdoff gate,
appears at pin 10 of U520. This negative gate is inverted by
Q528 and coupled to the Delayed Sweep Generator for
composite holdoff functions.
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Trig’d Lamp Driver

When the main sweep gate is high and the sweep is
running, the TRIG'D lamp is on. At all other timesthelamp
is off.

Delay Pickoff

The upper half of the diagram symbol for U580includes
the Delay Pickoff circuitry. Inside U580, the main sweep
sawtooth signal is applied to one side of a comparator
circuit. Pin 6 is connected to the other side of the
comparator. The setting of DELAY TIME MULTIPLIER
control R9 determines the point on the main sweep
sawtooth at which the comparator switches.

When the comparator switches (delay pickoff occurs),
a positive gate appears at pin 4 of U580. This gate
terminates at the end of the main sweep sawtooth.

The positive-going gate at pin 4 of U580 is coupled
through emitter-follower Q584 to the Delayed Sweep
Holdoff Generator via Q671.

Auto Triggering Mode

Operation of the Main Sweep Generator circuit in the
AUTO position of the MAIN TRIGGERING MODE switch
is the same as for NORM position just described when a
trigger pulse is applied. However, when a trigger pulse is
not present, a free-runningreference trace is produced in
the AUTO position. This occurs as follows:

The Auto Triggering circuit consists of pins 1, 3, 6, and
19 of U520. When the AUTO button of the MAIN
TRIGGERING MODE switch is pressed, alow at pin 19 of
U520 enables the Auto Circuit. When a repetitive trigger
signal above 30 Hz, and of adquate amplitude, is applied
tothe Main Sweep Start Comparator and pin 1 of U520, the
internal Auto Multi at pin 6 of U520 charges towards five
volts through C535 and R535, but is discharged by each
incoming trigger pulse.

Inthe absence of atrigger pulse, C535 chargestowards
-+5 V, switching pin 6 to its high state and pin 3 to its low
state. Q547 turns off, its collector rises and a high is
coupled through emitter follower Q551 to pin 1 of U580,
causing the sweep to run.

Single Sweep Operation

Operation of the Main Sweep Generator inthe SINGLE
SWEEP position of the MAIN TRIGGERING MODE switch
is similar to operation in the NORM position as previously
described. However, after one sweep has run, all other
sweeps are inhibited until the RESET buttonis pressed. A
READY lamp is provided to indicate when the sweep is
ready to accept a trigger.
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The Single Sweep circuit consists of pins 11, 12, 14, 15,
and 17 of U520. For SINGLE SWP operation, the +5 V
supply isappliedto pin 12 of U520. The holdoff pulse at pin
17 of U520 goes positive, preventing generation of a
sweep. When the RESET button is pressed, pin 15 is
momentarily held to ground and pin 17 goes low to allow
the Main Trigger Generator to accept a trigger. The
holdoff line (pin 17 of U520) stays low until a sweep has
been completed. At this time, the holdoff pulse rises at pin
17 and stays in the holdoff state until the RESET button is
pressed.

Q524 acts as a switch for the READY lamp. When the
holdoff gate at pin 17 is high, preventing the sweep
generator from accepting a trigger, pin 11 is high and
Q524 and the READY lamp are off. When the RESET
button is pressed, the holdoff gate at pin 17 goes low and
allows the Main Sweep Generator to accept atrigger. Pin
11 rises and turns on Q524, which provides the current to
turn on the READY lamp.

Sweep Lockout

Q513, Q516, Q538, and pins 3, 16, and 18 of U520
compose the Sweep Lockout circuit. The Sweep Lockout
circuit is functional when the 7B53A/7B53AN is installed
in the B Horizontal compartment of an indicator os-
cilloscope that accommodates two horizontal plug-in
units anditis desiredto operateinthe Alternate Horizontal
Mode, or to operate the 7B53A/7B53AN as a delayed
sweep unit. Lockout is applied to the 7B53A/7B53AN
during the time that the sweep from the associated time
base is displayed.

The indicator oscilloscope controls initiation of a
sweep by supplying current to the base of Q513 when
lockout is required. This current causes a positive step at
pin 18 of U520. Pin 3 of U520 steps positive and Q547 turns
on. The collector of Q547 falls and the low is coupled
through emitter-follower Q551 to pin 1 of U580, thus
preventing the sweep. If lockout is initiated while the
sweep is running, the leading edge of the lockout pulse is
differentiated through C519 and R519, coupled through
emitter-follower Q538, and appears as a high at pin 16 of
U520. This starts the holdoff cycle. (The holdoff cycleisas
described previously.)

Delayed Mode Control

When the 7B53A/7B53AN is installed in the B Horizon-
tal compartment of an indicator oscilloscope with two
horizontal compartments, the Delayed Mode Control
determines whether the 7B53A/7B53AN operates as an
independent time base or as a delayed sweep unit in
triggerable after delay time mode. When approximately +3
to 4.5 Vis present atinterface connector B1 (andtherefore
pin 13 of U520), the Auto Circuit (previously described) is
disabled. A sweep can be enabled only by a trigger pulse
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to the Sweep Start Comparator. During delay time,
determined by the settings of the delaying sweep unit,
sweep lockout (previously described) inhibits the sweep.
After delay time, the 7B53A/7B53AN can betriggered. An
approximate zero volt level at pin 13 of U520 enables the
Auto Circuit, causing the 7B53A/7B53AN to operate as an
independent time base.

DELAYED TRIGGER GENERATOR
(SN B210000 & UP 7B53A ONLY)

low state and pin 2 of U455A goes to the high state. This
sets U475B, which generates a new sweep gate.

When the DLY'D TRIG LEVEL control is in the
Triggerable After Dly Time mode, pin 4 of U455A is high
and pin 2 islow. Therefore, pin 12 of U475Bis alsolow and
the Delayed Trigger Generator operatesinthe Triggerable
After DIy Time mode in a similar way as the Main Trigger
Generator operates.

The Delayed Trigger Generator circuitry is essentially
the same as the Main Trigger Generator, except for the
Runs After Dly Time and Triggerable After Delay Time
modes. Therefore, only the circuitry involving these
modes will be described. For detailed description of the
remaining delayed trigger circuitry, refer to the Main
Trigger Generator discussion. Fig. 3-6 shows a detailed
block diagram of the Delayed Trigger Generator; the
schematic is shown on diagram 4 at the rear of this
manual.

When the DLY'D TRIG LEVEL is set to RUNS AFTER
DLY TIME, S5 grounds R457, which turns Q456 off and
allows pin 16 of U450 to go high. This generates a new
sweep gate at pin 4 of U450.

When the DLY'D TRIG LEVEL control is in the
Triggerable After Dly Time mode, Q456 is turned on,
which allows pin 16 of U450 to go low and the Delayed
Trigger Generator operates in the Triggerable After Diy
Time in a manner similar to the Main Trigger Generator
operation.

DELAYED TRIGGER GENERATOR @
(SN B209999 & BELOW)

The Delayed Trigger Generator circuitry is essentially
the same as the Main Trigger Generator, except for the
Runs After Dly Time and Triggerable After Delay Time
modes. Therefore, only the circuitry involving these
modes will be described. For detailed description of the
remaining delayed trigger circuitry, refer to the Main
Trigger Generator discussion. Fig. 3-7 shows a detailed
block diagram of the Delayed Trigger Generator; the
schematic is shown on diagram 4 at the rear of this
manual.

When the DLY'D TRIG LEVEL is set to RUNS AFTER
DLY TIME, S5 grounds R469 and pin 4 of U455A is forced
to the low state. Thus, pin 2 of U455A will follow pin 5, but
reversed in polarity. When the holdoff pulse is applied to
the base of Q466, pin 4 of U455C goes to the high state,
which resets U475B and terminates the sweep gate. When
the holdoff pulse terminates, pin 4 of U455C goes to the

3-12

DELAYED SWEEP GENERATOR <&

The Delayed Sweep Generator produces a sawtooth
voltage that is amplified by the Horizontal Amplifier
circuits to provide a delayed sweep crt display. The
sawtooth output voltage is generated on command of the
Delayed Trigger Generator. The Delayed Sweep
Generator also produces a Deiayed Sweep Gate pulse,
coincident with the time that the Delayed Sweep
Generator runs, to be processed by the Sweep Gate Out
circuit and the oscilloscope for crt unblanking. Fig. 3-8
shows a detailed block diagram of the Delayed Sweep
Generator and the schematic is shown ondiagram Sat the
rear of the manual.

Dly’d Swp Start Multi

Q603 and Q608 comprise the Dly’d Swp Start Multi.
This circuit is connected as a bistable multivibrator, with
Q608 normally conducting and Q603 off.

When the DLY’D Sweep Gate switches toits high state,
the positive step appears at the base of Q603. This causes
the multi toflip, so Q603is on and Q608is off, thus causing
a positive step through Q610 to pin 1 of U650. Q608
remains in the positive state for the duration of the delay
gate. At the end of the delay gate, the Dly’d Swp Start Multi
reverts to its original state with Q603 off and Q608 on.

Diy’d Swp Start Control

The Dly'd Swp Start Control circuit includes Q656,
Q654, and Q610. This circuit couples a positive gateto pin
1 of UB50 (Miller Integrator) to controf the period during
which a sawtooth is generated.

In all Display Modes except MIXED, Q656 and Q654 are
inactive due to the +5 V applied to the base of Q654
(through CR654 and Q280) from the +5 V supply. When
the collector of Q608 (Dly’d Swp Start Multi) goes positive,
Q610 couples the positive gate to pin 1 of U650, initiating
the generation of the delayed sweep sawtooth.
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Fig. 3-7. Delayed Trigger Generator Biock Diagram (SN B209999 and below).

When operating in the MIXED Display Mode, the anode
circuit of CR654 is open. The gate from the Main Swp Start
Multi is negative-going at the base of Q654. The resulting
current from Q654 forward biases U610, and a positive
gate is coupled to pin 1 of U650.

Mixed Swp Comparator

Q678, Q682, 684, and 0688 comprise the Mixed Swp
Comparator circuit. This circuit determines whether U650
is running at the main sweep or delayed sweep rate.

When the VARIABLE control is pulled for MIXED, Q682
is forward biased. The main sweep sawtooth at the emitter
(and thus, the collector) of Q682 is a positive-going ramp.
This causes a ramp of increasing current through Q684.
During the time that a Delay Gate is not being generated,

3-14

Q603 (Dly’d Swp Start Multi) is biased off and Q678is on.
In this condition, U650, Q678, Q684, and Q688 form an
operational amplifier. The negative-going ramp at the
collector of Q684 becomes a positive-goingramp at pin8
of UB50, running at the main sweep rate.

When the Delay Gate is generated, the Delayed Trigger
Generator forward biases Q603. The collector current
through R684 reverse biases Q678, opening the
operational amplifier loop. U650 is released torun at the
delayed sweep rate. Therefore, the sawtooth at pin 8 of
U650 will first run at the main sweep rate and then change
to the delayed sweep rate when the Delay Gate is
generated.
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Theory of Operation—7B53A/7B53AN

Dly’d Swp Stop

Pins 4, 5, and 6 of U650 (plus external circuitry)
constitute the Dly’d Swp Stop circuit. The setting of the
Dly’'d Swp Length adjust (R652) determines the point on
the delayed sweep sawtooth at which pin 4 of U650 goes
positive.

Dly’d Swp Lockout Multi and Dly’d Swp Holdoff

The operation of the Dly’'d Swp Lockout and Holdoff
circuits is dependent on the following signals:

1. The Dly’d Swp Stop signal (positive-going) at pin 4
of UB50.

2. The Main Sweep Holdoff signal (positive-going) by
way of R673.

3. TheMain Sweep Gate (positive-going) atthe base of
Q665 through CR662.

4. The Dly Gate at the base of Q671.

Q659 and Q665 form the Dly'd Swp Lockout Multi.
When the Dly’d Swp Stop circuit causes pin 4 of U650to go
positive, Q659 turns on and Q665 turns off, coupling a
positive-going holdoff pulse to pin G. At the end of the
main sweep, the positive going Main Sweep Gate pulse
turns on Q665 andits collector falls. But the positive-going
main holdoff pulse through R673 keeps pin G positive.
When the main sweep holdoff pulse falls, thelevel at pin G
remains positive due to the negative going Dly Gate pulse
applied to Q671. After the delay time determined by the
TIME/DIV OR DLY TIME switch and the DELAY TIME
MULT dial, the DIy Gate pulse rises, Q671 turns off, and
the holdoff pulse at pin G goes negative.

When operating in the MIXED Display Mode, the
Delayed Sweep Stop signal (positive-going) at pin 4 of
U650, turns on Q659. The negative step at its collector
turns on Q656 and turns off Q654. The resulting negative
level at the collector of Q654 is coupled through emitter
follower Q610, thus removing the positive level from pin 1
of UB50.

Composite Swp Out

Q695, Q696 and Q698 form the Composite Swp Out
circuit. When the TIME/DIV switchis set for MAIN SWP or
INTENS, Q696is forward biased, couplingthe main sweep
sawtooth to the base of Q698. Q698 is an emitter-follower
stage which couples the signal to output terminals A3 and
B3.

If DLY'D or MIXED SWP is selected by the TIME/DIV
OR DLY TIME switch, Q695 is forward biased and couples
the delayed sweep or mixed sweep sawtooth to the base of
Q698.

3-16

Q696 and Q698 or Q695 and Q698 (depending on
TIME/DIV OR DLY TIME setting) are connected as an
operational amplifier, providing a high degree of gain
stability.

Composite Swp Gate Out

The Composite Sweep Gate Out circuit includes Q642,
Q639, and Q647. The output at the collector of Q647
connects to interface connector pin A1 for use in the
indicator oscilloscope. In the AMPL position of the
TIME/DIV OR DLY TIME switch, connector A1 is set to
approximately +4.3 V (via CR201) to unblank the crt.

Q647 serves asthe output stage. Withthe TIME/DIV OR
DLY TIME switch set to either MAIN SWP or INTENS,
Q642 couples the main sweep gate to the base of Q647.
When either DLY'D or MIXED SWP is selected, Q638is on.
The gate signal at the emitter of Q610 (Dly’d Swp Start
Control) is coupled to the base of Q647.

Aux Z Axis Control

The Aux Z Axis Control circuit includes Q628 and
Q633. This circuit uses the indicator oscilloscope mode
and switching levels to determine when the sweep signal
from the 7B53A/7B53AN is being displayed on the crt.
Information of this type is normally used only when
operating the 7B53A/7B53AN in a four plug-in indicator
oscilloscope.

Typical levels to cause the Aux Z Axis Control to
intensify the crt are +5 V at terminal A16 and —0.6 V at
terminal B7. This forward biases Q633, resulting in a
positive level at its emitter.

When the 7B53A/7B53AN is used in a three plug-in
indicator oscilloscope and the TIME/DIV OR DLY TIME
switch is set to INTENS, Q628 is off and Q633 is forward
biased.

Aux Z Axis Out

Q620 is the Aux Z-Axis Out stage. The output at
connector DZ is connected to pin A17 on the interface
connector and then to the Z-axis circuit in the indicator
oscilloscope. Areductionin current through Q620 causes
the crt trace to brighten.

For this description, assumethat the 7B53A/7B53AN s
used in a three plug-in indicator oscilloscope.

As described under Aux Z Axis Control, when INTENS
is selected by the TIME/DIV OR DLY TIME switch, Q633 s
turned on. The positive level at the emitter of Q633
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reverse-biases CR635, which reduces conduction of
Q620. The positive gate appearing at the emitter of Q610
(Dly’d Swp Start Control) during the delayed sweep
further reduces current through Q620, causing the crt
trace to intensify beyond the normal level of unblanking.

In all other selections of the TIME/DIV OR DLY TIME
switch, Q628 is forward biased through CR285. This turns
off Q633, which diverts current through CR635. Q620isin
saturation and the crt trace brightness is now set by the
unblanking signal (Sweep Gate).

HORIZONTAL PREAMP

The Horizontal Preamp selects the source of the output
signal (main or delayed sweep) and supplies an amplified
sawtooth signal to the horizontal circuits in the indicator
oscilloscope. In addition, this circuit contains the horizon-
tal magnifier circuit and the horizontal positioning
network. Fig. 3-9 shows a detailed block diagram of the

Theory of Operation—7B53A/7B53AN

Ext Horiz Amp

The Ext Horiz Amp consists of Q734. When the
TIME/DIV OR DLY TIME switch is in any setting except
AMPL, the +5 V coupled through CR735 to the base of
Q734 holds this transistor off. Therefore, any incoming
external horizontal signal is blocked. When the TIME/DIV
OR DLY TIME switch is setto AMPL, the +5 Vis removed
from the base of Q734 and the output signal is coupled
through R734.

Horiz Display Selector

Q724 and U720A, B, C, D, and E compose the Horiz
Display Selector circuitry. Depending upon the setting of
the TIME/DIV OR DLY TIME switch, this circuit deter-
mines which signal is coupled to the Horiz Out Amp.

When the TIME/DIV OR DLY TIME switch is set to
AMPL, U720C is forward biased and couples the signal
from the Ext Horiz Amp to the Horiz Out Amp.

Horizontal Preamp and the schematic is shown on Simultaneously, +5 V is disconnected from the Display
diagram 8 at the rear of the manual. Mode Control circuit, ensuring that no internally
S100A/B
]
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]
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Fig. 3-9. Horizontal Preamp Block Diagram.
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generated sweep signal is coupled through at thistime. In
all other positions of the TIME/DIV OR DLY TIME switch,
+5 V is connected to the Display Mode Control circuit.

When MAIN SWP or INTENS is selected by the
TIME/DIV OR DLY TIME switch, +5 V is applied to the
anode of CR283. This forward biases U720A, which
couples the main sweep sawtooth to the Horiz Out Amp.
Q724 is also forward biased so that any signal developed
by the Delayed Sweep Generator is by-passed to ground
(viathe —15 V supply). Any output from the Ext Horiz Amp
is coupled to ground through U720D.

When operating in the DLY’D SWP or MIXED Display
Mode, +5 V is applied to the base of U720B through
CR265. This forward-biases U720B, which couples the
delayed sweep or the mixed sweep signal tothe Horiz Out
Amp. U720E is also forward biased, coupling the main
sweep signal to ground.

Position Amp

The POSITION control R8 sets the bias on Q720, thus
setting the dc current coupled to the Horiz Out Amp.

Horiz Out Amp

The Horiz Out Amp includes Q754, Q764, and U744A,
B, C, and D. U744B and U744C are connected as an
operational amplifier, with R; being R768 and R; the Swp
Cal Adjust, R290.

U744C and U744D form a paraphase amplifier. This
stage convertsthe single-ended input signalto a push-pull
output signal, which is necessary to drive the horizontal
output stage in the indicator oscilloscope.

This stage also provides the X10 magnification and Mag
Gain adjustment. When the MAG X10 button is out, R761
and R762 are connected in parallel with R759 and R766,
decreasing the emitter degeneration of the stage. This
increases gain of the stage 10times. The Mag Gain adjust
is set to provide a calibrated gain when magnified.

Q754 and U744A set the operating bias for the output
stage. Q764 serves as a constant-current source for
U744C and U744D.

READOUT SWITCHING <D

The Readout Switching circuit consists of switching
resistors that signal the oscilloscope readout system of
the time-base unit sweep rate. The switching resistors are
selected by the Time/Division and X10 MAG switch
settings.

Refer to schematic diagram 7, Readout Switching, at
the rear of this manual. The numbers 1, 2, or 5 are selected
by resistors R940, R907, and R905 for Channel 1 (main
sweep); and by resistors R941, R919, and R917 for
Channel 2 (delayed sweep). The number of zeros is
selected by R934, R911, and R909 for Channel 1; and by
resistors R935, R923, and R921 for Channel 2. The time
prefix (milli, micro, nano) is selected by resistors R928,
R903, and R901 for Channel 1; and by resistors R929,
R915, and R913 for Channel 2. Resistors R927 and R925
select the symbol S (seconds) for Channel 1 and resistors
R939 and R926 select the symbol S for Channel 2. When
the VARIABLE Time/Division control is in the Un-
calibrated position, R931 selects the symbol > (greater
than) for Channel 1 and R922 selects the symbol > for
Channel 2. When the MAG switch is in the X10 position,
R943 is switched out of the circuit for Channel 1 and R944
is switched out of the circuit for Channel 2.
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Section 4—7B53A/7B53AN

CALIBRATION

Introduction

To ensure instrument accuracy, check the calibration
of the 7B53A/7B53AN every 1000 hours of operation, or
every six months if used infrequently. Before complete
calibration, thoroughly clean and inspect this instrument
as outlined in the Maintenance section.

Tektronix Field Service

Tektonix, Inc., provides complete instrument repair
and recalibration service at local Field Service Centers
and the Factory Service Center. Contact your local
Tektronix Field Office or representative for further infor-
mation.

Using This Procedure

General. This section provides several features to
facilitate checking or adjustingthe 7B53A/7B53AN. These
are:

Index. To aid in locating a step in the Performance
Check or Adjustment procedure, an index is given
preceding Part |—Performance Check and Part il—
Adjustment procedure.

Pertormance Check. The performance of this instru-
ment can be checked without removing the covers or
making internal adjsutments by performing only Part |—
Preformance Check. This prcoedure checks the instru-
ment against the tolerances listed in the Performance
Requirement column of the Specification Section. Screw-
driver adjustments accessible from the outside of the
instrument are adjusted as part of the Performance Check
procedure. In addition, a cross-reference is provided to
the step in Part Il—Adjustment, which will return the
instrument to correct calibration. In most cases, the
adjustment step can be performed without changing
control settings or equipment connections.

Before proceeding with installation it is necessary to
check the settings of the Variable Selector multi-pin
connector (P140) and the Delayed Sweep Gate Out multi-
pin connector (P613). The Variable Selector multi-pin
connector (P140) determines whether the front-panel
VARIABLE control varies main sweep rates, delayed
sweep rates, or main sweep holdoff; the Delayed Sweep
Gate Out multi-pin connector (P613) determines whether
the Delayed Sweep Gate Out signal is connected to the
front-panel DLY'D TRIG IN connector (see Fig. 4-1). Refer
to General Operating Instructions in this section for
VARIABLE control and DLY'D GATE OUT information.
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Adjustment Procedure. To return this instrument to
correct calibration with the minimum number of steps,
perform only Part Il—Adjustment. The Adjustment
procedure gives the recommended calibration procedure
for all circuitsin this instrument. Procedures are not given
for checks that can be made without removing the covers;
see Part |—Performance Check for the procedure for
these checks.

Partial Procedure. A partial check or adjustment is
often desirable after replacing components, ortoimprove
the adjustment of a portion of the instrument between
major recalibrations. To check or adjust only part of the
instrument, set the controls as given under Preliminary
Control Settings and start with the nearest Equipment
Required list preceding the desired portion. To prevent
unnecessary recalibration of other parts of theinstrument,
readjust only if the tolerance giveninthe CHECK—part of
the step is not met. If re-adjustment is necessary, also
check the «calibration of any steps listed in the
INTERACTION—part of the step.

Complete Performance Check/Adjustment. To com-
pletely check and adjust all parts of this instrument,
perform both Part] and ll. Start the complete procedure by
adjusting the trigger system as given in the adjustment
procedure and follow this with the Performance Check for
the same portion (e.g.,, Trigger System Check). This
method ensures that the instrument is both correctly
adjusted and performing within all given specifications.

NOTE

All waveforms shown in this section were taken with
a TEKTRONIX Oscilloscope Camera System, unless
noted otherwise.

TEST EQUIPMENT REQUIRED

General

The following test equipment and accessories, or its
equivalent, is required for complete calibration of the
7B53A/7B53AN. Specifications given for the test equip-
ment are the minimum necessary for accurate calibration.
Therefore, some of the specifications listed here may be
less precise than the actual performance capabilities of
the test equipment. All test equipment is assumed to be
correctly calibrated and operating within the listed
specifications.

4-1




Calibration—7B53A/7B53AN

Variable Selector Connector
(P140)

Right Side
Of Instrument

Variable Delayed

Sweep Rates

_—e . O - B Variable Main

W1, SISy . Sweep Rates
stigd Bakat 2
LA B I 1 e
4 ww bew —

[ s
O Variable Main
=" Sweep Holdoff

Delayed Gate Out Connector

(P613) Left Side
Of Instrument

to DLY'D TRIG IN

P63 ‘j}
Signel Connected
Connector

PE13 +.. -~
4 s
Delayed Gate Out : ™
Signal Disconnected i
from DLY'D TRIG IN T X
. Cannector i
-

1342-27

Fig. 4-1. Location ofl Delayed Gate Out and Variable Selector multi-pin conneclors.
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The Performance Check and Adjustment procedures
are based on this recommended equipment. If other
equipment is substituted, control settings or calibration
setup may need to be altered to meet the requirements of
the equipment used. Detailed operating instructions for
the testequipment are not giveninthis procedure. Referto
the instruction manual for the test equipment if more
information is needed.

Special Calibration Fixtures

Special Tektronix calibration fixtures are used in this
procedure only where they facilitate instrument calibra-
tion. These special calibration fixtures are available from
Tektronix, Inc. Order by part number through your local
Tektronix Field Office or representative.

Calibration—7B53A/7B53AN

Calibration Equipment Alternatives

All of the listed test equipment, or equivalent, is
required to completely check and adjust this instrument.
The procedures are based on the first item of equipment
given as an example of applicable equipment. When other
equipment is substituted, control settings or setup might
need to be altered to meet the requirements. If the exact
item given as an example in the Test Equipment list is not
available, first check the specification columnto seeif any
other equipment might suffice. Then check the Usage
column to see what thisitemis used for. If usedfor acheck
or adjustment that is of little or no importance to your
measurement requirements, the item and corresponding
step(s) can be deleted. For exampile, if only a Performance
Check is to be performed, the square-wave generator can
be omitted.

Table 4-1
TEST EQUIPMENT

Description Minimum Specifications

Examples of Applicable

Usage Test Equipment

7000-series oscilloscope
mainframe. Bandwidth cap-
ability of 100 MHz re-
quired.

1. Oscilloscope

Used throughout procedure
to provide display.

a. TEKTRONIX 7603
Oscilloscope.

b. Any TEKTRONIX 7000-
series oscilloscope with
100 MHz bandwidth {(com-
bined with amplifier unit)

2. Amplifier Unit 7A-series amplifier unit.

Combined bandwidth of

Used throughout procedure
to provide vertical input to

a. TEKTRONIX7A16A Amplifier.

amplifier unit and oscillo-
scope, 100 MHz.

oscilloscope system.

b. TEKTRONIX 7A18A Amplifier.

3. Medium-frequency

Frequency range, 50 kHz
and 10 MHz to 100 MHz; out-
put amplitude, variable

from 15 to 500 mV into

50 Q.

Internal and external trig-
gering checks. Main and
delayed trigger dc bal-
ance adjustments.

a. TEKTRONIX Type SG 503
Signal Generator.”

b. General Radio Model 1310B
Oscillator with General

Radio Type 274 QBJ Adapter
to provide bnc output (can

be used for trigger dc bal-
ance adjustments only).

4. Low-frequency
sine-wave generator

Frequency range, variable
from 30 Hz to 2 MHz; out-
put amplitude, variable
from 30 mV to 4 Vinto
500 and to 30 Vinto

1 MQ.

Main and delayed triggering
checks. Check trigger
modes. Check external
amplifier gain and
bandwidth.

a. TEKTRONIX TYPE
FG 504 Generator.”

5. Square-wave
— generator

Amplitude, 500 mV into 50 (;
repetition rate, 1 kHz; rise-
time, less than 12 ns into

50 Q.

Main and delayed external
trigger input compensation
adjustments.

a. TEKTRONIX Type
PG 506 Generator.®
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Table 4-1 (cont)

Description Minimum Specifications Usage Examples
6. Time-mark Marker or sine-wave out- Sweep timing checks and a. TEKTRONIX Type
generator puts, from 5 s to 5 ns; adjustments. Sweep delay TG 501 Time-Mark
marker accuracy, within checks and adjustments. Generator.*
0.1%; amplitude at least
0.3 Vinto 50 Q. b. TEKTRONIX 2901 Time-
Mark Generator.
7. 10X voltage Compatible with 7A-series Check line triggering. a. TEKTRONIX P6053B Probe.
probe amplifier unit. Combined External trigger input
risetime of probe, ampli- compensation adjustments. | b. TEKTRONIX P6106A.
fier, and oscilloscope Main and delayed-sweep
must be less than 3.5 ns. offset adjustments.

8. Cable Impedance, 50 Q; type, Used throughout procedure | a. Tektronix Part No.
RG-58/U; length, 18 in. for signal interconnection. 012-0076-00.
connectors, bnc.

9. Cable (two Impedance, 50 Q; type, Used throughout procedure | a. Tektronix Part No.

required) RG-58/U; length 42 in,; for signal interconnection. 012-0057-01.
connectors, bnc.
10. Plug-in extender Rigid extender for 7000-series| Used throughout adjustment| a. Tektronix Part No.
plug-in units. procedure to provide access| 067-0589-00.
to internal adjustments
and test points.
11. T connector Connectors, bnc. External trigger checks. a. Tektronix Part No.
103-0030-00.
12. Termination Impedance, 50 Q; accuracy, |Used throughout procedure | a. Tektronix Part No.
+2%; connectors, bnc. to terminate 50 Q coaxial 011-0049-01.
cable with bnc connectors.
13. Adapter Connectors, GR874 to bnc Internal and external trig- a. Tektronix Part No.
female. gering checks. Main and de-| 017-0063-00.
layed-trigger dc balance
adjustments. External trig-
ger input compensation
adjustments.
14. Input RC Time constant, one MQ2 times | External trigger input com- a. Tektronix Calibration
Normalizer 20 pF; connectors, bnc. pensation adjustments. Fixture 067-0538-00.
15. Attenuator Impedance, 50 Q; attenua- External trigger input com- a. Tektronix Part No.
tion; 10X; type, feedthrough; |pensation adjustments. 011-0059-02.
accuracy, =3%; connectors,
bnc.
16. Screwdriver Three-inch shaft; 3/32-inch Used to adjust variable a. Xcelite R-33283.
bit. resistors.
17. Low-capacitance 1 1/2-inch shaft. Used to adjust variable a. Tektronix Part No.
screwdriver capacitors. 003-0000-00.
18. VOM 0-10 volt scale Used for sweep offset and a. TEKTRONIX Type DM 501A

trigger null adjustment.

Digital Multimeter.*
b. Simpson 262.
c. Tripplet 630NA.

*Requires TM 500-Series Power Module.

4-4
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Preliminary Control Settings

Set test equipment and 7B53A/7B53AN controls as
follows (for both Performance Check and Adjustment

procedure):

Position
AC-DC-GND
Polarity
Volts/Div

Variable Volts/Div

Vert Mode
Trig Source
Focus

Intensity
Graticule {llum

- REV A JUN 1980

7A16A

Midrange
AC

+UP

50 mV
(CAL-IN)

7603 Oscilloscope

Left

Vert Mode

Adjust for well-defined
display

Midrange

As desired

Calibration—7B53A/7B53AN

7B53A/7B53AN
MAIN TRIGGERING
SLOPE (+)
MODE AUTO
COUPLING AC
SOURCE INT
DLY'D TRIG RUNS AFTER
LEVEL DLY TIME
SLOPE +
COUPLING AC
SOURCE INT
POSITION Midrange
MAG X1
TIME/D!V OR
DLY’'D TIME 20 us
DLY'D Time/ 20 us (press in for
Division MAIN SWP Display Mode)
VARIABLE CAL

Variable Selector
DELAY TIME MULT

MAIN
1.00
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PART I—PERFORMANCE CHECK

Introduction

The following procedure checks the performance of
the 7B53A/7B53AN without removing the side-covers or
making internal adjustments. All tolerances given in this
procedure are based on the Specification section of the
7B53A/7B53AN Operators Manual.

INDEX TO PART |—PERFORMANCE

CHECK
Trigger System Check
Page
1. Check Main and Delayed Internal Triggering
Operation . ....... . . .. 4-7
2. Check Main and Delayed External Triggering
Operation .. ... ...t 4-8

3. Check Main and Delayed Internal Trigger Jitter 4-9

4. Check Main and Delayed Low-Frequency

Triggering Operation .................... 4-9
5. Check Main Triggering AC High-Frequency

Reject Operation . ................. ... .. 4-10
6. Check Main Triggering AC Low-Frequency

Reject Operation .. ..................... 4-10
7. Check Main and Delayed Trigger Level and

Slope Operation . . ... ... ... ............ ... 4-11
8. Check Main Trigger Modes . . . ........... 4-11
9. Check Line Triggering Operation ......... 4-12

Horizontal System Check

10. Check Main and Delayed Sweep Timing
Accuracy and Linearity . . ................. 4-13

11. Check Main and Delayed Sweep Magnifier
Accuracy and Linearity . .................. 4-14

4-6

12. Check Delay-Time Multiplier Differential

ACCUIACY . . v ottt et e et e e e et e e e e e 4-16
13. Check Delay-Time Jitter . ... ........... 4-17
14. Check Mixed Sweep Operation .......... 4-18
15. Check Main and Delayed Sweep Variable

Control Operation . ..................... 4-18
16. Check External Amplifier Gain........... 4-19
17. Check External Horizontal Bandwidth ... .. 4-19

Preliminary Procedure for Performance Check

NOTE

The performance of thisinstrument can be checked
at any temperature within 0°C to +50°C range
unless otherwise stated.

1. Install the 7B53A/7B53AN into the right compart-
ment of the indicator oscilloscope.

2. Install the 7A16A Vertical Amplifier unitinto the left
vertical compartment.

3. Turn on the oscilloscope and allow at least 20
minutes warmup before proceeding withthe Performance
Check.

4. Set the equipment controls as given in this section
under Preliminary Control Settings.
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TRIGGER SYSTEM CHECK

Equipment Required
1. 7603 Oscilloscope

2. 7TA16A Amplifier Unit
3. 10X probe
4. Medium-frequency signal generator

5. Low-frequency sine-wave generator

6. GR to bnc female adapter

7. Bnc T-connector

8. 42-inch 50 Q2 bnc cable

9. 18-inch 50 Q coaxial cable with bnc connectors

10. 50 Q) bnc termination

Control Settings

Set the controls as given under Preliminary Control
Settings.

1. Check Main and Delayed internal Triggering
Operation

a. Connectthe output of the medium-frequency signal
generator to the 7A16A Input with a GR-to-bnc female
adapter, 50 Q coaxial cable, and 50 Q bnc termination.

b. Change the following control settings:

MAIN TRIGGERING Set for stable main

LEVEL sweep display
TIME/DIV OR
DLY TIME 1 us
DLY'D Time/ .1 us (pressin
Division for MAIN SWP Display Mode)

c. Set the medium-frequency signal generator for a
0.3-division display at 10 MHz.

d. Change the MAIN TRIGGERING MODE switch to
NORM.

e. CHECK--Stable crt display can be obtained with
the MAIN TRIGGERING COUPLING switch setto AC, AC
LF REJ, and DC for both the positive and negative
positions of the MAIN TRIGGERING SLOPE switch
(MAIN TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable main sweep display, i.e,
TRIG'D light on).
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f. Change the following control settings:
MAIN TRIGGERING

COUPLING AC
LEVEL Set for stable main
sweep display

TIME/DIV OR

DLY TIME 2 us
DLY'D Time/ .1 us (press in for DLY'D

Division SWP Display Mode)
DLY'D TRIG DLY'D SWP

LEVEL TRIGGERABLE

g. CHECK-—Stable crt display can be obtained with
DLY'D TRIG COUPLING switch set to ACand DC for both
the + and — SLOPE (DLY’'D TRIG LEVEL control may be
adjusted as necessary to obtain a stable displayed sweep
display).

h. Change the following contro!l settings:
MAIN TRIGGERING

MODE AUTO
TIME/DIV OR

DLY TIME .05 us
DLY'D Time/

Division .05 us
MAG X10

i. Set the medium-frequency generator for a 1.5-
division display at 100 MHz.

j. Setthe MAIN TRIGGERING MODE switchto NORM.

k. CHECK—Stable crt display can be obtained with
the COUPLING switch for MAIN TRIGGERING set to AC,
AC LF REJ, and DC (MAIN TRIGGERING LEVEL control
may be adjusted as necessary to obtain a stable display).
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[. Change the following control settings:
MAIN TRIGGERING

MODE AUTO

COUPLING AC

LEVEL Set for a stable

main sweep display

TIME/DIV OR

DLY TIME A us
DLY'D Time/ .05 us (press in for

Division DLY’D SWP Display Mode)

m. CHECK—Stable crt display can be obtained with
the DLY’'D TRIG COUPLING switch set to AC and DC for
the + and — SLOPE (DLY'D TRIG LEVEL control may be
adjusted as necessary to obtain stable display).

n. Disconnect all test equipment.

2. Check Main and Delayed External Triggering
Operation

a. Change the following control settings:
MAIN TRIGGERING

COUPLING AC
SOURCE EXT
DLY'D TRIG
SOURCE EXT
COUPLING AC
MAG X1
TIME/DIV OR
DLY TIME 1 us
DLY'D Time/ .1 us (press in for MAIN

Division SWP Display Mode)

b. Connect the medium-frequency signal generator to
the 7A16A Input with a GR-to-bnc female adapter, 50 Q
coaxial cable, and bnc T-connector. Connect the output of
the T-connector to the 7B53A/7B53AN MAIN TRIG IN
connector with a 50 Q coaxial cable and 50 Q bnc
termination.

c. Set the medium-frequency signal generator for a
two-division display (100 mV) at 10 MHz.

d. CHECK—Stable crt display can be obtained with
the MAIN TRIGGERING COUPLING switch setto AC, AC
LF REJ, and DC for both the + and — SLOPE (MAIN
TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable display).

e. Disconnect the 50 Q2 cable and termination fromthe
MAIN TRIG IN connector and connect them tothe DLY'D
TRIG IN connector.

f. Change the following control settings:
MAIN TRIGGERING

SOURCE INT
COUPLING AC
LEVEL Set for stable main
sweep display
TIME/DIV OR
DLY TIME A us
DLY’'D Time/ .05 us (pressin for
Division DLY’D SWP Display Mode)

DLY’'D TRIG LEVEL RUNS AFTER DLY TIME

g. Set the medium-frequency signal generator for a
two-division display (100 mV) at 10 MHz.

h. Rotatethe DLY’'D TRIG LEVEL controltothe DLY’'D
SWP TRIGGERABLE position.

i. CHECK—Stable crt display can be obtained withthe
DLY'D TRIG COUPLING switch setto ACand DC for both
the + and — SLOPE (DLY’'D TRIG LEVEL control may be
adjusted as necessary to obtain a stable delayed sweep
display).

j. Disconnect the 50 Q) cable and termination from the
DLY’'D TRIG IN connector and connect it to the MAIN
TRIG IN connector.

k. Change the following control settings:

7B53A/7B53AN
MAIN TRIGGERING
SOURCE EXT
TIME/DIV OR
DLY TIME .1 us
DLY'D Time/ .1 us (press in for
Division MAIN SWP Display Mode)
DLY'D TRIG
LEVEL RUNS AFTER DLY TIME

I. Set the 7A16A Volts/Division switch to .1 V and set
the medium-frequency signal generator for a five-division
display (500 mV) at 10 MHz. Rotate the MAIN
TRIGGERING LEVEL control for a stable main sweep
display.
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m. Without changing the output amplitude, increase
the output frequency of the generator to 100 MHz.

n. Press and release the MAG switch to X10.

0. CHECK—Stable crt display can be obtained with
the MAIN TRIGGERING COUPLING switch setto AC, AC
LF REJ, and DC for both the + and — SLOPE (MAIN
TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable display).

p. Disconnectthe 50 Q cable and termination from the
MAIN TRIG IN connector and connect it to the DLY'D
TRIG IN connector.

g. Change the following control settings:
MAIN TRIGGERING

SOURCE INT

LEVEL Set for stable display
TIME/DIV OR

DLY TIME A us
DLY'D Time/ .05 us (press in for the

Division DLY’'D SWP Display Mode)
MAG X1

r. Set the medium-frequency signal generator for five
divisions (500 mV) at 10 MHz.

s. Without changing the amplitude, increase the out-
put frequency to 100 MHz.

t. Change the following control settings:

MAG X10
DLY'D TRIG LEVEL DLY'D SWP
TRIGGERABLE

u. CHECK—Stable crt display can be obtained with
the DLY’'D TRIG COUPLING switch set to AC and DC for
boththe + and — SLOPE (DLY’D TRIG LEVEL control may
be adjusted as necessary to obtain a stable delayed sweep
display).

v. Disconnect all test equipment.

3. Check Main and Delayed Internal Trigger Jitter

a. Connect the medium-frequency signal generator to
the 7A16A Input with a GR-to-bnc female adapter, 50 Q
coaxial cable, and a 50 Q bnc termination.
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b. Change the following control settings:

MAIN TRIGGERING Set for stable display

LEVEL (TRIG’'D light on)
DLY'D TRIG
SOURCE INT
COUPLING AC
LEVEL RUNS AFTER DLY TIME

c. Set the medium-frequency signal generatorfora1.5
division display at 75 MHz.

d. Rotate the DLY'D TRIG LEVEL control to DLY'D
SWP TRIGGERABLE and rotate control for a stable
display.

e. CHECK—crt display for no more than 0.2 division
(1 ns) of jitter. Disregard any slow drift.

f. Change the following control settings:

TIME/DIV OR
DLY TIME .05 us
DLY'D Time/ .05 us (press in for
Division MAIN SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for stable display

g. CHECK—crt display for less than 0.2 division (1 ns)
of jitter. Disregard any slow drift.

h. Disconnect all test equipment.

4. Check Main and Delayed Low-Frequency
Triggering Operation

a. Connect the low-frequency sine-wave generator to
the 7A16A Input with a 50 Q coaxial cable and bnc T-
connector. Connect the output of the bnc T-connector to
the MAIN TRIG IN connector with a 50 Q coaxial cable and
a 50 Q bnc termination.

b. Change the following control settings:

TIME/DIV OR
DLY TIME 10 ms
DLY'D Time/ 10 ms (press in for
Division MAIN SWP Display Mode)
MAG X1

c. Setthelow-frequency sine-wave generator for a 0.3-
division display at 30 Hz.
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d. CHECK—Stable crt display can be obtained with
the MAIN TRIGGERING COUPLING switch set to AC, AC
HF REJ, and DC for both the + and — SLOPE (MAIN
TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable display).

e. Change the following control settings:
MAIN TRIGGERING

COUPLING AC
LEVEL Set for stable main
sweep display
TIME/DIV OR
DLY TIME 10 ms
DLY'D Time/ 5 ms (press in for DLY’'D
Division SWP Display Mode)
DLY'D TRIG
LEVEL DLY'DSWPTRIGGERABLE

f. CHECK—Stable display can be obtained with the
DLY’'D TRIG COUPLING switch set to ACand DCfor both
the + and — SLOPE (DLY'D TRIG LEVEL control may be
adjusted as necessary to obtain a stable delayed sweep
display).

g. Change the following control settings:
MAIN TRIGGERING

MODE AUTO
SOURCE EXT
TIME/DIV OR
DLY TIME 10 ms
DLY'D Time/ 10 ms (press in for MAIN
Division SWP Display Mode)
DLY'D TRIG
SOURCE EXT

h. Set the low-frequency sine-wave generator for a
one-division display (100 mV) at 30 Hz; then return the
MAIN TRIGGERING MODE switch to NORM.

i. CHECK—Stable crt display can be obtained with the
MAIN TRIGGERING COUPLING switch set to AC, AC HF
REJ, and DC for both the + and — SLOPE (MAIN
TRIGGERING LEVEL control may be adjusted as
necessary to obtain a stable display).

j. Change the following control settings:
MAIN TRIGGERING

COUPLING AC
SOURCE INT
LEVEL Set for stable display
TIME/DIV OR
DLY TIME 10 ms
DLY’'D Time/ 5 ms (press in for DLY'D
Division SWP Display Mode)
4-10

k. Disconnectthe 50 Q cable and terminationfromthe
MAIN TRIG IN connector and placeit onthe DLY'D TRIG
IN connector.

. CHECK-—Stable crt display can be obtained withthe
DLY'D TRIG COUPLING switch set to ACand DCfor both
the + and — SLOPE (DLY'D TRIG LEVEL control may be
adjusted as necessary for a stable display).

5. Check Main Triggering AC High-Frequency
Reject Operation

a. Change the following control settings:

MAIN TRIGGERING

MODE AUTO
COUPLING AC HF REJ
TIME/DIV OR
DLY TIME 20 us
DLY'D Time/ 20 us (press in for MAIN

Division SWP Display Mode)

b. Set the low-frequency sine-wave generator for a
0.3-division display at 50 kHz; then return the MAIN
TRIGGERING MODE switch to NORM.

c. CHECK—Stable crt display can be obtained with
the MAIN TRIGGERING LEVEL control.

d. Without changing the output amplitude, set thelow-
frequency sine-wave generator to 1 MHz.

e. Press and release MAG switch to X10 position.

f. CHECK—Stable crt display cannot be obtained at
any setting of the MAIN TRIGGERING LEVEL control.

6. Check Main Triggering AC Low-Frequency
Reject Operation

a. Change the following control settings:

MAIN TRIGGERING

MODE AUTO
COUPLING AC LF REJ
MAG X1

b. Set the low-frequency sine-wave generator for a
0.3-division display at 30 kHz; then return the MAIN
TRIGGERING MODE switch to NORM.

c. CHECK—Stable crt display can be obtained with
the MAIN TRIGGERING LEVEL control.
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d. Without changing the output amplitude, setthe [ow-
frequency sine-wave generator to 60 Hz.

e. Set the TIME/DIV OR DLY TIME and DLYD
Time/Division switches to 2 ms (MAIN SWP Display
Mode).

f. CHECK—Stable crt display cannot be obtained at
any setting of the MAIN TRIGGERING LEVEL control.

7. Check Main and Delayed Trigger Level and
Slope Operation

a. Change the following control settings:

7A16A
Volts/Div 1V
7B53A/7B53AN

MAIN TRIGGERING

MODE AUTO

COUPLING DC
TIME/DIV OR

DLY TIME 1ms
DLY’'D Time/ .5 ms (press in for DLY'D

Division SWP Display Mode)
DLY'D TRIG

LEVEL RUNS AFTER DLY TIME
b. Remove the 50Q termination from the

7B53A/7B53AN DLYD TRIG |IN
reconnect the cable.

connector; then

c. Set the low-frequency sine-wave generator for the
three-divisions of 1 kHz signal.

d. Rotatethe DLY’'D TRIG LEVEL controitothe DLY'D
SWP TRIGGERABLE position.

e. CHECK—Rotate the DLY'D TRIG LEVEL control
throughout its range and check that display can be
triggered at any point along the positive slope of the
waveform. Check that no display exists when the LEVEL
control is rotated to either extreme.

f. Set the DLY'D TRIG SLOPE switch to —.

g. CHECK—Rotate the DLY'D TRIG LEVEL control
throughout its range and check that display can be
triggered at any point along the negative slope of the
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waveform (indicates DLY’'D TRIG LEVEL control range at
least +and —1.5 V). Check that nodisplay exists whenthe
LEVEL control is rotated to either extreme.

h. Change the following control settings:
MAIN TRIGGERING

MODE NORM
SOURCE EXT
TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 1 ms (press in for MAIN
Division SWP Display Mode)

i. Disconnect the cable from the DLY'D TRIG IN
connector and connectittothe MAIN TRIG IN connector.

j. CHECK—Rotate the MAIN TRIGGERING LEVEL
control and check that all levels can be selected as the
main sweep trigger point for both the + and — SLOPE
(indicates MAIN TRIGGERING LEVEL control range of at
least + and —1.5 V). Check that nodisplay exists whenthe
LEVEL control is rotated to either extreme.

k. Change the following control settings:

7A16A
Volts/Div 5V
7B53A/7B53AN
MAIN TRIGGERING
SOURCE EXT + 10

. Set the low-frequency sine-wave generator for six-
divisions of 1 kHz signal.

m. CHECK—Rotate the MAIN TRIGGERING LEVEL
control and check that ali levels can be selected as the
main sweep trigger point for both the + and — SLOPE
(indicates MAIN TRIGGERING LEVEL control range of at
least + and — 15 V). Check that no display exists when the
LEVEL control is rotated to either extreme.

n. Disconnect all test equipment.

8. Check Main Trigger Modes
a. Set the following control settings:
7A16A
Volts/div 1V
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7B53A/7B53AN
MAIN TRIGGERING
MODE AUTO
COUPLING AC
SOURCE INT
TIME/DIV OR
DLY TIME 20 us
DLY’'D Time/ 20 us (press in for
Division MAIN SWP Display Mode)

b. Connect the low-frequency sine-wave generator to
the 7A16A Input with a 50 Q) coaxial cable and 50 Q bnc
termination.

c. Set the low-frequency sine-wave generator for a
four-division display at 50 kHz.

d. Rotatethe MAIN TRIGGERING LEVEL control fora
free-running display.

e. Set the MAIN TRIGGERING MODE switch to
NORM.

f. CHECK—Crt for no display.

g. Set the MODE switch to AUTO. Rotate the MAIN
TRIGGERING LEVEL control so that the display is just
triggered.

h. Set the MAIN TRIGGERING MODE switch to
NORM.

i. CHECK—Crt for triggered display.

j- Set the low-frequency sine-wave generator for a
four-division display at 500 Hz.

k. Change the following control settings:

TIME/DIV OR
DLY TIME 2ms
DLY'D Time/ 2 ms (press in for MAIN
Division SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for a stable display
(TRIG'D light on)
MODE SINGLE SWP

I. CHECK—Crt for no display.
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m. Press the MAIN TRIGGERING RESET button.

n. CHECK—Crt for one sweep as RESET button is
pressed (Intensity control on the indicator oscilloscope
may need to be varied in order that a single sweep display
can be observed).

0. Remove thesignal from the7A16A Input, then press
the RESET button.

p. CHECK—Crt for no display and READY light on.

g. Reconnect the signal to the 7A16A input.

r. CHECK—That one sweep occurs as the signal is
applied to the 7A16A and that the READY light is out after
the completion of that sweep.

s. Disconnect all test equipment.

9, Check Line Triggering Operation
a. Connect the 10X probe to the 7A16A Input.

b. Change the following control settings:

7A16A
Volts/Div 5V
7B53A/7B53AN
MAIN TRIGGERING
SOURCE LINE
MODE NORM
TIME/DIV OR
DLY TIME 5ms
DLY'D Time/ 5 ms (press in for
Division MAIN SWP Display Mode)

c. Connect the X10 probe tip to the same line-voltage
source which is connected to the oscilloscope.

d. CHECK—For astablecrtdisplaythatistriggeredon
the correct slope.

e. Disconnect all test equipment.
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HORIZONTAL SYSTEM CHECK

Equipment Required
1. 7603 Oscilloscope

2. 7TA16A Amplifier Unit

3. Time-mark generator

4. Low-frequency sine-wave generator
5. 42-inch 50 Q cable

6. 50 Q bnc termination

Control Settings

Set the controls as given under Preliminary Control
Settings.

NOTE

The tolerances given in steps 10 and 11 are for an
ambient temperature range of +15°C to +35°C. If
outside this range, see Specifications in Section 1.

10. Check Main and Delayed Sweep Timing
Accuracy and Linearity

a. Connect the marker output of the time-mark
generator to the 7A16A Input with the 50 Q coaxial cable
and 50 Q bnc termination.

b. Change the following control settings:

7A16A
Volts/Div 5V
7B53A/7B53AN
MAIN TRIGGERING
MODE NORM
LEVEL Set for stable display

(TRIG'D light on)

c. CHECK—Usingthe TIME/DIVORDLY TIME switch
settings and the time-mark generator settings given in
Table 4-2, that the main sweep timing over the middle
eight graticule divisions is within the tolerances in Table
4-2.

d. CHECK—Using the time-mark generator settings
and the TIME/DIV OR DLY TIME and DLY'D Time/Divi-
sion switch settings given in Table 4-3, that the delayed
sweep timing over the middie eight graticule divisions is
within the tolerances in Table 4-3.

REV C JUN 1980

Table 4-2
MAIN SWEEP TIMING

NOTE

Main sweep timing must be checked when operating
in the MAIN SWP or INTEN Display Modes.

7B53A/7B53AN CRT Display | Tolerance
TIME/DIV or Time (marker/ MAIN
DLY TIME Markers division) Swp
.05 us 50 ns 1 (cycle) +0.24
A us 1 us 1 division
.2 us A us 2
S us Sus 1
1 us 1us 1
2 us 1us 2
Sus 5us 1
10 us 10 us 1
20 us 10 us 2
50 us 50 us 1 +0.16
.1ms .1ms 1 division
.2 ms .1ms 2
.5ms .5ms 1
1ms 1ms 1
2ms 1ms 2
5ms 5 ms 1
10 ms 10 ms 1
20 ms 10 ms 2
50 ms 50 ms 1
1s .1s 1
.2s 1s 2
5s 5s 1 +0.24
1s 1s 1 division
2s 1s 2
5s 5s 1
4-13
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Table 4-3

DELAYED SWEEP TIMING

NOTE

Delayed sweep timing must be checked when
operating in the DLY'D SWP Display Mode.

7B53A/7B53AN CRT
DLY'D
TIME/DIV Time/ Display | Tolerance
or Division Time |(markers/| DLYD
DLY TIME | (press in) | Markers | division) SWP
A us .05 us 50 ns |1 (cycle) +0.32
2 4S A us A us 1 division
Sus 2 us A us 2
1us 5 us .5 us 1
2 us 1 us 1us 1
5 us 2 us 1 us 2
10 us 5us 5 us 1
20 us 10 us 10 us 1
50 us 20 us 10 us 2
.1ms 50 us 50 us 1 +0.24
.2 ms .1 ms .1 ms 1 division
5 ms .2ms .1ms 2
1ms .5ms .5ms 1
2ms 1ms 1ms 1
5 ms 2ms 1ms 2
10 ms 5ms 5ms 1
20ms 10 ms 10 ms 1
50 ms 20 ms 10 ms 2
1s 50 ms 50 ms 1
2s as 1s 1 +0.32
.5s 23 1s 2 division
1s Ss Ss 1

e. Set the time-mark generator for 1 ms markers.

f. Change the following control settings:

TIME/DIV OR
DLY TIME 2ms

DLY’'D Time/ 1 ms (press in for
Division DLY’D SWP Display Mode)

g. Position the second marker tothe second graticule
line.

h. CHECK—Fourth marker within 0.12 division (6%) of
the fourth vertical line.
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i. Position the third marker to the third vertical line.

j. CHECK—Fifth marker within 0.12 division of the fifth
vertical line.

k. Continuethis check for each two-division portion of
the sweep that is within the center eight division of the
graticule.

. Set the TIME/DIV OR DLY TIME and DLY'D
Time/Division switches to 1 ms (MAIN SWP Display
Mode).

m. CHECK Repeat sweep linearity check given in
steps g through k. Check for main sweep linearity within
0.1 division (5%).

n. Calibration—See step 4 of adjustment procedure.

11. Check Main and Delayed Sweep Magnifier
Accuracy and Linearity

a. Change the following control settings:

MAG X10
POSITION Centered

b. Check—Using the TIME/DIV OR DLT TIME switch
and the time-mark generator settings given in Table 4-4,
the main sweep magnified timing, excluding the first ten
divisions and the last ten division of the total magnified
display.

c. Rotate the MAIN TRIGGERING LEVEL control for a
stable display. Using the TIME/DIV OR DLY TIME
settings, DLY'D Time/Division settings, and time-mark
generator settings given in Table 4-5, check the delayed
sweep magnified timing, excluding the first ten divisions:
and the last ten divisions of the total magnified display.

d. Change the following control settings:

TIME/DIV OR
DLY TIME 2ms

DLY'D Time/ 1 ms (press in for
Division DLY’'D SWP Display Mode)

e. Set the time-mark generator for 0.1 ms markers.

REV JUN 1986




Table 4-4
MAIN SWEEP MAGNIFIER ACCURACY

NOTE

Main sweep magnifier accuracy must be checked
when operating in the MAIN SWP or INTEN Display
Modes.

Calibration—7B53A/7B53AN
Performance Check

Table 4-5
DELAYED SWEEP MAGNIFIER ACCURACY

NOTE

Delayed sweep magnifier accuracy must be checked
when operating in the DLY'D SWP Display Mode.

7B53A/7B53AN
7B53A/7B53AN DLY'D
TIME/DIV Time-Mark | Crt Display | Tolerance TIME/DIV| Time/ CRT Display
OR DLY TIME | Generator | Markers/Div SWP OR Division {Time-Mark Markers/
0.5 us 5 ns 1 (cycle) +0.28 DLY TIME |(press in) | Generator] Division [Tolerance
A us 10 ns 1 (cycle) division 1 us .05 us 5ns 1 (cycle) | +0.36
2 us 10 ns 2 (cycles) 2 us 1 us 10 ns 1 (cycle) | division
5 us 50 ns 1 (cycle) 5 us 2 us 10 ns 2 (cycles)
1us 1 us 1 1 us 5 us 50 ns 1 (cycle)
2 us A us 2 2 us 1us .1 us 1
5us S us 1 5 us 2 us 1 us 2
10 us 1us 1 10 us 5 us 5 us 1
20 us 1 us 2 20 us 10 us 1us 1
50 us 5us 1 50 us 20 us 1 us 2
.1ms 10 us 1 .1 ms 50 us 5 us 1 +0.28
.2ms 10 us 2 +0.2 2ms .1ms 10 us 1 division
5 ms 50 us 1 division 5ms 2ms 10 us 2
1ms .1 ms 1 1ms .5ms 50 us 1 ]
2 ms .1 ms 2 2ms 1ms .1ms 1
5ms .5ms 1 5ms 2ms .1ms 2
10 ms 1ms 1 10 ms 5ms 5 ms 1
20 ms 1ms 2 20 ms 10 ms 1ms 1
50 ms 5ms 1 50 ms 20 ms 1ms 2
.1s 10 ms 1 1s 50 ms 5ms 1
.28 10 ms 2 .2s s 10 ms 1 +0.36
5s 50 ms 1 +0.28 5s 2s 10 ms 2 division
1s 1s 1 division 1s 5s 50 ms 1
2s .1s 2
5s .5s 1

f. Position the second displayed marker to the second
vertical line of the graticule.

g. CHECK—Fourth displayed marker is within 0.12
division (6%) of the fourth vertical line.

h. Position the third displayed marker to the third
vertical line.

i. CHECK—Fifth displayed marker is within 0.12 divi-
sion of the fifth vertical line.
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j. Continue this check for each two-division portion of
the total displayed sweep within the center eight divisions
of the graticule.

k. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms

DLY’D Time/ 1 ms (pressin for
Division MAIN SWP Display Mode)

I. CHECK—Repeat magnified sweep linearity check
given in steps fthroughj. Check for magnified main sweep
linearity within 0.1 division (5%).
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12. Check Delay Time Multiplier Differential
Accuracy

a. Set the time-mark generator for 1 ms markers.

b. Change the following control settings:

MAG X1
TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 10 us (press in for
Division DLY’D SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for stable display
DLY'D TRIG RUNS AFTER DLY TIME

NOTE

The following steps check delay time multiplier
accuracy. Two factors must be determined: the
maximum error allowable to be within the specifica-
tion, and the actual error of the measurement.

c. Rotate the DELAY TIME MULT dial to 1.00. If
necessary, furtherrotatethe dialto placea1 msmarkeron
the crt. To provide a reference point, position the 1 ms
marker to graticule center with the 7B53A/7B53AN
POSITION control (see Fig. 4-2). Note the exact DELAY
TIME MULT dial setting.

d. Rotatethe DELAY TIMEMULT dialto major division
points from the dial setting noted in part ¢ (e.g., if the
DELAY TIME MULT noted in part cis 0.90, major division
points will be 1.90, 2.90, 3.90 through 8.90). Check and
record the position of each time-marker (with respect to
the reference point established at graticule center) at each
major division over the center eight division. See Fig. 4-2
for error measurement and Fig. 4-3 for typical delay time
error figures.

e. CHECK—Scan the figures recorded in step dfor all
difference readings over the center eight divisions (see
Fig. 4-3). Find the maximum error over any one division
measurement. Check that it is within the allowable error
(see Fig. 4-4).

Example. Refer to the curve in Fig. 4-4 for the 0.5 s/div
to 1 us/div delay time range. For any one-division
measurement the allowable error is 3.7%. At the same
delay time range, for any five-division measurement the
allowable error is 1.3%.

f. CHECK—Scan the figures recorded in step d for
difference readings over the center eight divisions of
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- Second time-marker
\ positioned to graticule
1 center for reference.

— Error | + Error

A A \
Lovani % Time-marker showing
[ —0.2% error.
Lt
. —Error 4 + Error
’ o
[
NN 1L
g |
NN N
| . \ Time-marker showing
' +1.4% error.
—
— Error + Error
]
NOTE

With the delayed sweep rate 1/100 of the main sweep rate
{e.g. TIME/DIV or DLY TIME switch at 1 ms; DLY'D
Time/division switch at 10 us), each major horizontal grati-
cule division represents 1% error.

1342-28

Fig. 4-2. Typical delay time error measurement.

display (see Fig. 4-3). Find the maximum error over any
two division measurement, divide by two, and check that it
is within the allowable error given in Fig. 4-4.
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Recorded Error of Each Major
DELAY TIME MULT Dial Division
Typical DELAY TIME || o | 190 290 | 390| 490 | 590 | 6.90| 7.90 | 890
MULT Dial Setting
Typical Recorded
0 -04 |-03 [-0.2 |{-0.,1 |+0.3 |+0.7 {+1.2 |+1.4
Error {div/%)
Determining Maximum A Ar 4
One-Division Error
Divisions of
Measurement
1 0.5%=—
2 0.9div 0.45%
2
a 15dv_ 5 .375%
4
8 144V _ 6.175%
8
NOTE
Percentage figures apply only when delayed sweep rate is 1/100 of the main sweep rate.
1342-29

Percentage figures apply only when delayed sweep rate is 1/100 of the main sweep rate.

Fig. 4-3. Typical Delay Time Error Figures.

measurement, divide by four, and check thatitis withinthe
allowable error given in Fig. 4-4.

4%

h. CHECK—Scan the figures recorded in step d for
difference readings over the center eight divisions (see
Fig. 4-3). Find the maximum error over an eight-division

3% \\ measurement, divide by eight, and check that it is within
\\

the allowable error given in Fig. 4-4.
5 s/DIV to 1s/DIV
\

Allowable i~ . _
Error ° ‘ | i. Set the time-mark generator for 10 us markers.
o \ .05 s/DIV to 1 us/DIV
1% \,\\\- j. Change the following control settings:
I TIME/DIV OR

_ DLY TIME 10 us

1342-30 l DLY'D Time/ .1 us (pressin for DLY'D

1 2 3 4 5 6 7 8 9 10 Division SWP Display Mode)

MAIN TRIGGERING

Measurement {In Major DELAY TIME MULT divisions) LEVEL Set for stable display

Fig. 4-4. Allowable Delay Time Error.
— k. Repeat steps c through h.

o g. CHECK—Scan the figures recorded in step d for T .
difference readings over the center eight divisions (see 13. Check Delay-Time Jitter
- Fig. 4-3). Find the maximum error over any four division a. Set the time-mark generator for 1 ms markers.
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b. Change the following contro! settings:

DELAY TIME MULT 1.00
TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ .5 us (press in for DLY'D
Division SWP Display Mode)
VARIABLE CAL

c. Position the pulse near the center of the crt display
area with the DELAY TIME MULT dial.

d. CHECK—lJitter in the leading edge of the pulse
should not exceed one graticule division (one part in
20,000). Disregard any slow drift.

e. Turnthe DELAY TIME MULT dial to about 9.00 and
adjust so the pulse is displayed near the center of the crt
display area.

f. CHECK—Jitter on the leading edge of the pulse
should not exceed one graticule division.

14. Check Mixed Sweep Operation

a. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 1 ms (press in for MAIN
Division SWP Display Mode)
DELAY TIME MULT 10.00
MAIN TRIGGERING
LEVEL Set for stable display

b. CHECK—Timing over center eight graticule
divisions. Note the error for part d.

c. Change the following settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ .5 ms (press in for DLY'D
Division SWP Display Mode)
VARIABLE Pull out for MIXED

Display Mode

d. CHECK—Timing over center eight graticule
divisions is within 0.16 division (2%) plus the main sweep
error noted in part b.

e. Set the DELAY TIME MULT dial to 0.00.
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f. Set the time-mark generator for 0.5 ms markers.
g. CHECK-—Timing over center eight divisions is
within 0.16 division (2%). Position as necessary.

15. Check Main and Delayed Sweep Variable
Control Operation

a. Set the time-mark generator for 10 ms markers.

b. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 1 ms (press in for MAIN
Division SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for stable display

c. Position the markers to the far left and right
graticule lines with the POSITION control.

d. Turnthe VARIABLE control fully counterclockwise.

e. CHECK—Crt display for equal to or less than four
division spacing between markers (indicates adequate
range for continuously variable sweep rates between
calibrated steps).

f. Change the following control settings:

TIME/DIV OR
DLY TIME 5 ms
DLY'D Time/ 1 ms (press in for DLY'D
Division SWP Display Mode)
Variable Selector
(Internal) Delayed Variable
VARIABLE CAL

g. Position the markers to the far left and right
graticule lines with the POSITION control.

h. Rotate the VARIABLE control fully counter-
clockwise.

i. CHECK—Crt display for equal to or less than four
division spacing between markers (indicates adequate
range for continuously variable delayed sweep rates
between calibrated steps).

j. Disconnect all test equipment.
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16. Check External Amplifier Gain

a. Change the following control settings:

7A16A
AC-DC-GND DC
Volts/Div 2V
7B53A/7B53AN
MAIN TRIGGERING
MODE AUTO
SOURCE EXT
TIME/DIV OR
DLY TIME 10 us
DLY'D Time/ 10 us (press in for MAIN
Division SWP Display Mode)
MAG X1

b. Connect the low-frequency sine-wave generator to
the 7A16A Input with a 50 Q coaxial cable and 50 Q) bnc
termination.

c. Set the generator for a four-division display
(800 mV) at 100 kHz.

d. Disconnect the sine-wave generator from the
7A16A and connect it to the 7B53A/7B53AN MAIN TRIG
IN OR AMPL connector.

e. Change the TIME/DIV OR DLY TIME switch to
AMPL. Rotate the POSITION control to center the display
on the graticule.

f. CHECK—Crt horizontal trace length must be eight
divisions 10.8 division.

g. Press the EXT +10 button of the MAIN
TRIGGERING SOURCE switch.

h. CHECK—Crt horizontal trace length must be 0.8
divisions with +0.08 division.

i. Set the MAG switch to X10. Rotate the POSITION
control to center the display on the graticule.

j. CHECK-—Crt horizontal trace length must be eight
divisions +0.8 division.
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17. Check External Horizontal Bandwidth
a. Change the following control settings:
MAIN TRIGGERING

COUPLING AC
SOURCE EXT
MAG X1

b. Set the sine-wave generator to 1 kHz and adjust the
amplitude for a horizontal trace length of eight divisions.

¢. Without changing the amplitude, increase the fre-
quency of the sine-wave generator until the horizontal
trace length decreases to 5.6 divisions.

d. CHECK—Sine-wave generator frequency must be
2 MHz or greater (upper —3 dB point).

e. Change the MAIN TRIGGERING COUPLING
switch to AC LF REJ. Repeat parts b, ¢, and d.

f. Changethe MAIN TRIGGERING COUPLING switch
to DC. Repeat parts b, ¢, and d.

g. Change the MAIN TRIGGERING COUPLING
switch to AC HF REJ. Repeat parts b and c.

h. CHECK—Sine-wave generator frequency must be
100 kHz or less (upper —3 dB point).

This completes the Performance Check procedure for
the 7B53A/7B53AN. If the instrument has met all
tolerances given in this procedure, it is correctly
calibrated and withinthe specifiedtolerances. Disconnect
all test equipment.

NOTE

This procedure does not check the Delayed Sweep
Gate output signal as appliedto the front panel Diy’d
Trig In connector, since this requires removal of one
side cover and changing an internal connection.
This step is included in the Adjustment procedure
since the side covers are already removed. If it is
desired to check this step as part of the Performance
Check refer to step 11 of the Adjustment procedure.
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PART II—ADJUSTMENT

Introduction

The following procedure returns the 7B53A/7B53AN to
correct calibration. All limits and tolerances given in this
procedure are calibration guides, and should not be
interpreted as instrument specifications except as listedin
the Performance Requirement column of the
Specifications. The actual operation of the instrument
may exceed the given limits or tolerances if the instrument
meets the Performance Requirements as checked in
Part 1 —Performance Check of this section.

INDEX TO PART II—ADJUSTMENT

Trigger System Adjustment

Page
1. Adjust Trigger DC Balance and Main Trigger
Level Centering (R72, R333) ............... 4-21
2. Adjust Delayed Trigger Level Centering (R435) 4-22

3. Adjust Main EXTernal - 10 Compensation (C16)
SN B210000 & UP 7B53A Only . ............ 4-22

4. Adjust Main and Delayed External
Compensation (C401, C301, C16) SN B209999 &
BELOW . .. e 4-22

Horizontal System Adjustment
5. Adjust Main and Delayed Sweep Offset (R592,

RB75) .o 4-24
6. Adjust SWP CAL (front-panel) . . .......... 4-24
7. Adjust Magnified Sweep Gain (R762) . ... ... 4-24

4-20

8. Adjust Main and Delayed Sweep Length (R564,

RB52) it e 4-25
9. Adjust Delayed Sweep Start and Delayed Sweep

Stop (R576, R572) . ... ... ... ... ... 4-25
10. Adjust Main and Delayed Sweep High-

Frequency Timing (C594, C691) . . ... ........ 4-26
11. Check Delayed Sweep Gate Output . . . .. ... 4-27

Preliminary Procedure for Adjustment

1. Install the Vertical Amplifier unit directly into the left
vertical compartment of the oscilloscope.

2. Install the 067-0589-00 plug-in extender into the
horizontal compartment.

3. Remove the side covers from the 7B53A/7BS3AN
and connect the instrument to the plug-in extender.

4. Turn on the oscilloscope and allow at least 20
minutes warmup before proceeding with adjustments.

5. Set the equipment controls as given in this section
under Preliminary Control Settings.

6. Referto Figs. 8-23, 24, and 25, adjustment locations,
for appropriate test point (TP) locations.
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TRIGGER SYSTEM ADJUSTMENT

Equipment Required
1. 7603 Oscilloscope

2. TA16A Amplifier

3. 10X Probe

4. Medium-frequency signal generator
5. Square-wave generator

6. Plug-in extender

7. 42-inch 50 Q coaxial cable
8. 18-inch 50 Q) coaxial cable
9. 50 Q bnc termination
10. GR to bnc female adapter
11. 50 Q X10 attenuator

12. Input RC Normalizer; RC 1 MQ X 20 pF

13. VOM

Control Settings

Set the controls as given under Preliminary Control
Settings.

NOTE

See Figs. 8-23, 24, and 25 (located on pull-out page
in rear of diagrams section) for location of trigger
system adjustments and test points.

1. Adjust Trigger DC Balance and Main Trigger
Level Centering (R72, R333) '

a. To establish electrical center, set the 7A16A input
coupling switch to GND. Connect a VOM across TP50 and
TP59 on the 7B53A/7B53AN. Rotate the 7A16A position
control for a 0 V reading on the VOM.

NOTE

Do not move the 7A16A position control until part 1
of this step has been completed.

b. Set the 7A16A input coupling to DC and the
7B53A/7B53AN MAIN TRIGGERING COUPLING switch
to DC.

c. Connect the medium-frequency signal generator to
the 7A16A Input with a GR-to-bnc female adapter, 50 Q
coaxial cable, and 50 Q bnc termination.

d. Set the medium-frequency signal generator for a
one-division display at 50 kHz.
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e. Set the MAIN TRIGGERING LEVEL control to (0).

f. CHECK—Crt for sweeptrigger point (start of sweep)
at the electrical center.

g. ADJUST—R72, Trigger DC Balance, for sweep
trigger point at crt electrical center.

h. Change the MAIN TRIGGERING SLOPE switch to
—and +. Note the positions of the sweep trigger point with
respect to crt electrical center.

i. Change the MAIN TRIGGERING COUPLING switch
to AC.

j. CHECK-—Sweep trigger points occur at crt electrical
center or at points equally above and below crt electricai
center of the — and + SLOPE.

k. ADJUST—R333, Main Trigger Level Center, for
sweep trigger points equally above and below crt elec-
trical center for the — and + SLOPE.

I. INTERACTION—Repeat the adjustment of R72,
Trigger DC Balance, and R333, Main Trigger Level Center,
as necessary.
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2. Adjust Delayed Trigger Level Centering (R435)

a. Change the following control settings:

TIME/DIV OR
DLY TIME 20 us

DLY'D Time/ 10 us (press in for DLY'D
Division SWP Display Mode)

DLY'D TRIG LEVEL RUNS AFTER DLY TIME

b. Rotate the DLY'D TRIG LEVEL control for a stable
display withthe sweeptrigger point at crt electrical center.

c. Change the DLY'D TRIG SLOPE switchto —and +.
Note the positions of the sweep trigger point with respect
to crt electrical center.

d. ADJUST—RA435 for sweep trigger pointstooccur at
crt electrical center or at points equally above and below
crt electrical center for the — and + DLY'D TRIG SLOPE.

e. Disconnect all test equipment.

3. Adjust Main EXTernal = 10 Compensation (C16)
SN B210000 & Up 7B53A Only

a. Connectthe output of the square-wave generatorto
the 7A16A Input witha20 pF X1 MQInput RC Normalizer.

b. Change the following control settings:

7A16A

Volts/Div 1V
COUPLING DC

7B53A/7B53AN
MAIN TRIGGERING

LEVEL Set for stable display

COUPLING DC
MAG X1
TIME/DIV .2ms
SOURCE EXT +~ 10

c. Set the square-wave generator for a five-division
display at 1 kHz,

d. Disconnect the RC Normalizer from the 7A16A
input and connect it to the MAIN TRIG IN connector.

e. Connect the 10X probe (properly compensated)
from the 7A16A input to TP315.
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f. Change the following control settings:

7A16A
Volts/Div 5mVv
COUPLING AC

g. ADJUST—EXT <+ 10 Input Compensation C16 for
best square corner on leading edge of waveform (ignore
first 2 us).

h. Disconnect all test equipment.

4. Adjust Main and Delayed External Compen-
sation (C401, C301, C16) SN B209999 & Below

a. Connect the output of the square-wave generator to
the 7A16A Input with a GR-to-bnc female adapter, 50 Q co-
axial cable, 10X attenuator, 50 @ termination and 20 pF X
1 MQ Input RC Normalizer.

b. Change the following control settings:

7A16A
Volts/Div AV
7B53A/7B53AN
MAIN TRIGGERING
LEVEL Set for stable display
COUPLING DC
MAG X1
TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ .5 ms (pull out for
Division INTEN Display Mode)
DLY'D TRIG
COUPLING DC
SOURCE EXT

c. Set the square-wave generator for a five-division
display at 1 kHz.

d. Disconnect the RC Normalizer from the 7A16A
Input and connect it to the DLY’'D TRIG IN connector.

e. Connect the 10X probe (properly compensated)
from the 7A16A Input to TP415.

f. Change the following control settings:
7A16A
Volts/Div 5mV
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7B53A/7B53AN
MAIN TRIGGERING
LEVEL Set for TRIG'D light on
DLY'D Time/ Press in for DLY'D SWP
Division Display Mode
DLY’'D TRIG Set for stable display
LEVEL delayed sweep display

g. ADJUST —Dly’d Ext Comp adjustment C401 for best
square corner on leading edge of displayed waveform.

h. Disconnect the 10X probe from TP415 and connect it
to TP315. Disconnect the RC Normalizer from the DLY'D
TRIG IN connector and connect it to the MAIN TRIG IN
connector.

i. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 1 ms {press in for MAIN
Division SWP Display Mode)
MAIN TRIGGERING
SOURCE EXT
LEVEL Adjust for stable main

sweep display

j- ADJUST —Main Ext Comp adjustment C301 for best
square corner on leading edge of waveform.

k. Remove the 10X attenuator and connect the 50 @
termination directly to the Normalizer. Change the MAIN
TRIGGERING SOURCE switch to EXT + 10.

I. ADJUST—Ext + 10 Input Compensation C16 for best
square corner on leading edge of waveform.

m. Disconnect all test equipment.
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5. Adjust Main High Frequency Triggering

a. Change the following control settings:

7A16A
Volts/Div v
7B53A
MAIN TRIGGERING
MODE Auto
COUPLING AC
SOURCE INT
MAG X10
TIME/DIV OR
DLY TIME .05 us

b. Connect the medium-frequency signal generator to
the 7A16A input.

c. Set the medium-frequency signal generator for 100
MHz and an amplitude for 1.5 divisions of display.

d. Set Main Level control to 0.

e. ADJUST—C323 for a stable display, if necessary.

6. Adjust Delayed High Frequency Triggering

a. Change the following control settings:

7B53A

TIME/DIV OR

DLY TIME 1 us
DLY'D Time/ .05 us (press in for DLY'D

Division SWP Display Mode)
DLY'D TRIG LEVEL Approx. 8 O’clock position
DLY'D TRIG

COUPLING AC

SOURCE INT

b. ADJUST—-DLY'D TRIG LEVEL for a triggered dis-
play.

¢. ADJUST —C423 for a stable display, if necessary.
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HORIZONTAL SYSTEM ADJUSTMENT

Equipment Required
1. 7603 Oscilloscope

2. 7TA16 A Amplifier
3. Time-mark generator

4, 42-inch 50 Q coaxial cable

5. 50 Q2 bnc termination
6. 10X probe
7. Plug-in extender

8. VOM

Control Settings

Set the controls as given under Preliminary Control
Settings.

NOTE

See Figs. 8-23, 24, and 25 (located on pull-out page
inrearofdiagrams section) for location of horizontal
system adjustments and test points.

7. Adjust Main and Delayed Sweep Offset (R592,
R675)

a. Change the following control settings:

7A16A
Volts/Div 5mV
7B53A/7B53AN

TIME/DIV OR

DLY TIME 1ms
DLY'D Time/ 1 ms (press in for MAIN

Division SWP Display Mode)
Mode Normal

b. Connect a VOM between TP580 and ground.

c. ADJUST—R592, Main Sweep Offset, for 0 V.

d. Change the following control settings:

TIME/DIV OR
DLY TIME 2ms

DLY’D Time/ 1 ms (press in for DLY’'D
Division SWP Display Mode)

e. Move the test lead from TP580 to TP690.

f. ADJUST—R675, Delayed Sweep Offset, for 0 V.
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g. INTERACTION—Check step 7.

h. Disconnect all test equipment.

8. Adjust SWP CAL (front-panel)

a. Connect the marker output of the time-mark
generator to the 7A16A Input with the 50 Q) coaxial cable
and 50 Q bnc termination.

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

c. Change the following control settings:

7A16A
Volts/Div SV
7B53A/7B53AN

MAIN TRIGGERING Set for stable main

LEVEL sweep display
TIME/DIV OR

DLY TIME 1ms
DLY’D Time/ 1 ms (press in for MAIN

Division SWP Display Mode)
Mode Auto

d. CHECK—Crt display for one marker each division
between the second and tenth graticule lines (position the
display as necessary).

e. ADJUST—Front-panel SWP CAL control (R290) for
one marker per division. The second and tenth markers
must coincide exactly with their respective graticule lines
(reposition the display slightly with the horizontal
POSITION control, if necessary).

9. Adjust Magnified Sweep Gain (R762)

a. Set the time-mark generator for 0.1 ms markers.
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b. Press and release the MAG switch to X10 (increase
the oscilloscope intensity as necessary).

c. CHECK—Crt display for one marker per division
between the second and tenth graticule lines.

d. ADJUST—Mag Gain control R762 for one marker
per division. The second and tenth markers must coincide
exactly with their respective graticule lines (position the
display as necessary with the horizontal POSITION
control).

10. Adjust Main and Delayed Sweep Length (R564,
R652)

a. Set the time-mark generator for 0.1 and 1ms
markers. Press MAG switch to X1.

b. Rotatethe MAIN TRIGGERING LEVEL control fora
triggered display. Rotate the POSITION control to posi-
tion the eleventh 1 ms marker at the center vertical
graticule line (see Fig. 4-5).

Sododd
b4

1342-31

Fig. 4-5. Typical CRT display when checking sweep length.

c. CHECK—Crt display for sweep length of 10.4
divisions within 0.3 division, as shown by 0.1t0 0.7 division
of display to the right of the center vertical graticule line
(see Fig. 4-5).

d. ADJUST—Main Swp Length, R564 for four 0.1 ms
markers to the right of the center vertical graticule line.
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e. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ .1 ms (pressin for DLY'D
Division SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for TRIG'D light on
DLY'D TRIG
LEVEL DLY'D SWPTRIGGERABLE

f. Set the time-mark generator for 0.1 ms and 10 us
markers.

g. Rotate the DLY’D TRIG LEVEL control for a stabie
display. Rotate the horizontal POSITION control to posi-
tion the eleventh 0.1 ms marker to the center vertical
graticule line.

h. CHECK—Crt display for sweep length of 10.4
divisions within 0.3 division, as shown by 0.1t0 0.7 division
of display to the right of the center vertical graticule line.

i. ADJUST—R652, Dly'd Swp Length, for four 10 us
markers to the right of the center vertical graticule line.

j- INTERACTION—Check step 4.

11. Adjust Delayed Sweep Start and Delayed
Sweep Stop (R576, R572)

a. Set the time-mark generator for 1 ms markers.

b. Change the following control settings:

7B53A/7B53AN

TIME/DIV OR

DLY TIME 1ms
DLY'D Time/ 1 ms (puil out for

Division INTEN Display Mode)
MAIN TRIGGERING

LEVEL Set for stable display
DLY'D TRIG

LEVEL RUNS AFTER DLY TIME

NOTE

Coarse adjustments of the Delayed Start and
Delayed Stop controls will be made in the INTEN
DISPLAY MQDE followed by fine adjustment in the
DLY'D SWP DISPLAY MODE.
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c. CHECK—With the DELAY TIME MULT dial set to
1.00, check that the intensified sweep starts onthe second
marker (position as necessary).

d. ADJUST—DIy'd Start, R576, to start the intensified
sweep on the second marker.

e. CHECK—Rotatethe DELAY TIMEMULT dialto9.00
and check that the intensified sweep starts on the tenth
marker.

f. ADJUST—DIly’'d Stop control R572 to start the
intensified sweep on the tenth marker.

g. Change the following control settings:

TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ 10 us (press in for
Division DLY’'D SWP Display Mode)
DELAY TIME MULT 1.00

h. ADJUST—Observe the time-marker and adjust
R576 to start the delayed sweep at the bottom of marker
(see Fig. 4-6). Use the POSITION control to position the
display tothe center vertical graticule line. If the markeris
not displayed, repeat parts b through d, g, and h.

i. Rotatethe DELAY TIMEMULTt09.00. Obeservethe
time-marker and adjust R572 to start the delayed sweep at
the bottom of marker (see Fig. 4-6). Use the POSITION
control to position the display to the center vertical
graticule line. [f the markeris not displayed, repeat parts b,
e, f, g, andi.

j. INTERACTION—Repeatthe adjustment of R572and
R576 as necessary.

12. Adjust Main and Delayed Sweep High-Fre-
quency Timing (C594, C691)

a. Set the time-mark generator for .1 us markers.

b. Change the following control settings:

TIME/DIV OR
DLY TIME A us

DLY'D Time/
Division 1 us

MAIN TRIGGERING Set for stable main
LEVEL sweep display
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{A) Correct delayed sweep starting point.
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{B) Incorrect delayed sweep starting point.
1342-32

Fig. 4-6. Typical CRT display for adjustment of Dly’d Sweep Start
and Dly’d Sweep Stop.

c. Rotate the POSITION control to align the second
.1 us marker with the second vertical graticuleline and the
tenth .1 us marker with the tenth vertical graticule line.

d. CHECK—Crt display for .1 us marker per division
within 0.16 division (2%).

e. ADJUST—Main Swp HF Timing control C594 for
one marker each division.

f. Change the following control settings:

TIME/DIV OR
DLY TIME 2 us
DLY'D Time/ .1 us (press in for DLY'D
Division SWP Display Mode)
DLY'D TRIG
LEVEL RUNS AFTER DLY TIME
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g. Rotate the POSITION control to align the second
.1 us marker with the second vertical graticulelineand the
tenth marker with the tenth vertical graticule line.

h. CHECK—Crt display for .1 us marker each division
within 0.24 division (3%).

i. ADJUST—DIly'd Swp HF Timing control C631 for
one marker each division. Use the POSITION control as
necessary to align the display.

j- Change the following control settings:

TIME/DIV OR
DLY TIME 1us
DLY’'D Time/ .05 us (press in for DLY'D
Division SWP Display Mode)
MAIN TRIGGERING
LEVEL Set for stable display

k. Set the time-mark generator for 1 us markers.

. Rotate the DELAY TIME MULT dial to 1.00. Rotate
the dial as necessary to start the delayed sweep in the
second time-marker. Note the exact DELAY TIME MULT
dial setting.

m. Rotate the DELAY TIME MULT dial exactly 8.00
from the dial setting noted in part k.

n. CHECK—Delayed sweep to start on the tenth time
marker.

0. ADJUST—C584, Main HF Timing, to start the
delayed sweep on the tenth time-marker.

p. Disconnect all test equipment.
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13. Check Delayed Sweep Gate Output

a. Set the controls as given under Preliminary Control
Settings.

b. Connect the Delayed Gate Out multi-pin connector,
P613, so the signal is connected to the front-panel DLY'D
TRIG IN connector. See Fig. 4-1 for connector location.

c. Connect a 42-inch 50 Q coaxial cable from the
DLY'D TRIG IN connector to the 7A16A input.

d. Setthe Delayed Triggering SOURCE switch to INT.

e. Setthe 7A16A for adeflection factor of one volt/divi-
sion with DC input coupling.

f. Change the following control settings:

DLY TIME MULT 5.00
TIME/DIV OR
DLY TIME 1ms
DLY'D Time/ .1 ms (pull out for

Division INTEN Display Mode)

g. CHECK—The crt display for positive-going rectangu-
lar pulse with the baseline level from 0 to 1 V and peak-to-
peak amplitude of 3.5 V within 1.4 V. Check that the top of
the pulse is intensified (verifies that delayed-gate pulse is
same duration as delayed sweep).

h. Disconnect the Delayed Gate Out signal from the
DLY'D TRIG IN connector by reversing P613. See Fig. 4-1.

This completes the Adjustment procedure for the
7B53A/7B53AN. Disconnect all test equipment.
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Section 5—7B53A/7B53AN

MAINTENANCE

Introduction

This section of the manual contains maintenance
information for use in preventive maintenance, corrective
maintenance, and troubleshooting of the 7B53A/7B53AN.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual
inspeciton, lubrication, etc. Preventive maintenance per-
formed on a regular basis may prevent instrument
breakdown and will improve reliability of this instrument.
The severity of the environment to which the
7B53A/7B53AN is subjected determines the frequency of
maintenance. A convenient time to perform preventive
maintenance is preceding recalibration of the instrument.

Cleaning

The 7B53A/7B53AN should be cleaned as often as
operating conditions require. Accumulation of dirtin the
instrument can cause overheating and component
breakdown. Dirt on components acts as an insulating
blanket and prevents efficient heat dissipation. It may also
provide an electrical conduction path.

The covers of the oscilloscope reduce the amount of
dust which reaches the interior of the 7B53A/7B53AN.
Operation of the system without the oscilloscope coversin
place necessitates more frequent cleaning. When the
instrument is not in use, it should be stored in a protected
location such as a dust-tight cabinet.

CAUTION

Avoid the use of chemical agents which might
damage the plastics used in this instrument. Avoid
chemicals which contain benzene, toluene, zylene,
acetone, or similar solvents,

Exterior. Loose dust accumulated on the outside of the
7B53A/7B53AN can be removed with a soft cloth or small
paint brush. The paint brush is particularly useful for
dislodging dirt on and around the front-panel controls.
Dirt which remains can be removed with a soft cloth
dampened in a mild detergent and water solution.
Abrasive cleaners should not be used.
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Interior. Dust in the interior of theinstrument should be
removed occasionally due to its electrical conductivity
under high-humidity conditions. The best way to cleanthe
interior is to blow off the accumulated dust with dry low-
velocity air. Remove any dirt which remains with a soft
paint brush or cloth dampened with a mild detergent and
water solution. A cotton-tipped applicatior is useful for
cleaning in narrow spaces.

Visual Inspection

The 7B53A/7B53AN should be inspected occasionally
for such defects as broken connections, broken or
damaged circuit boards, improperly seated transistors or
relays, and heat-damaged parts.

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

Semiconductor Checks

Periodic checks of the transistors, FET's, and IC’s used
in the 7B53A/7B53AN are not recommended. The best
indication of performance is the actual operation of the
device in the circuit. Performance of the circuits is
thoroughly checked during recalibration; substandard
semiconductors will usually be detected at that time.

Recalibration

To ensure accurate measurements, check the calibra-
tion of this instrument each 1000 hours of operation or
every sixmonths if usedinfrequently. In addition, replace-
ment of components may necessitate recalibration of the
affected circuits. Calibration instructions are given in
Section 4.

Static-Sensitive Components

CAUTION

Static discharge can damage any semiconductor
component in this instrument.

This instrument contains electrical components that
are susceptible to damage from static discharge. See
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Table 5-1 for relative susceptibility of various classes of
semiconductors. Static voltages of 1 kV to 30 kV are
common in unprotected environments.

Observe the following precautions to avoid damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metal rail,
or on conductive foam. Label any package that con-
tains static-sensitive assemblies or components.

3. Dischargethe static voltage from your body by wearing
a wrist strap while handling these components. Ser-
vicing static-sensitive assemblies or components
should be performed only at a static-free work station
by qualified service personnel.

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together whenever
possible.

6. Pick up components by the body, never by the leads.

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor
or work-surface covering capable of generating a static
charge.

9. Useasolderingironthatisconnectedtoearth ground.

10. Use only special antistatic suction type or wick type
desoldering tools.

Before using any test equipment to make measure-
ments on static-sensitive components or assemblies, be
certain that any voltage or current supplied by the test
equipment does not exceed the limits of the componentto
be tested.
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Table 5-1

RELATIVE SUSCEPTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Susceptibility
Semiconductor Classes Levels®
MOS or CMOS microcircuits or
discretes, or linear microcircuits
with MOS inputs  (Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFETS 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9

*Voltage equivalent for levels:

1 =100 to 500 V 4 =500V 7=1400to 1000 V (est)
2=200to 500V 5 = 400 to 600 V 8 =900V
3 =250V 6 = 600 to 800 V 9=1200V

(Voltage discharged from a 100 pF capacitor through aresistance
of 100 ohms.)

TROUBLESHOOTING

Introduction

The following information is provided to facilitate
troubleshooting of the 7B53A/7B53AN. Information con-
tained in other sections of this manual should be used
along with the following information to aid in locating the
defective component. An understanding of the circuit
operation is very helpful in locating troubles. See the
Circuit Operation in Section 3.

Troubleshooting Aids

Diagrams. Circuit diagrams are given on foldout pages
in Section 8. The component number and electrical value
of each component in this instrument are shown on the
diagrams.

Circuit Boards. Fig. 8-2 (located in the Diagrams sec-
tion) shows the location of the circuit boards within this in-
strument along with the assembly numbers. The assembly
numbers are used on the diagrams to aid in locating the
boards. Pictures of the circuit boards are shown in the Dia-
grams section, on the back of the page opposite the circuit
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diagram, to aid the cross-referencing between the diagrams
and the circuit-board pictures. Each electrical component on
the boards is identified by its circuit number as well as the
interconnecting wire or connectors. The circuit boards are
also outlined on the diagrams with a black line to show
which portions of the circuit are located on a circuit board.

Switch Cam Identification. Switch cam numbers shown
on the diagrams indicate the position of the cam in the
complete switch assembly. The switch cams are
numbered from front to rear.

Diode Color Code. The cathode end of each glass
encased diode is identified by a stripe, a series of stripes,
or a dot. For most silicon or germanium diodes with a
series of stripes, the color code also indicates the type of
diode or identifies the Tektronix Part Number using the
resistor color-code system (e.g., a diode color coded blue-
or-pink brown-gray-green indicates Tektronix Part No.
152-0185-00). The cathode and anode ends of a metal-
encased diode can be identified by the diode symbol
marked on the body.

Transistor and Integrated Circuit Basing. Fig. 8-1
(located in the diagrams section) illustrates basing con-
figurations for all transistors and integrated circuits used
in the 7B53A/7B53AN.

Wiring Color Code. Insulated wire and cableusedinthe
7B53A/7B53AN is color-coded to facilitate circuit tracing.

Interface Connector Pin Locations. The Interface cir-
cuit board couples the 7B53A/7B53AN to the associated
oscilloscope. Fig. 5-1 illustrates the locations of pins on
the interface connector as shown on the Voltage distribu-
tion and Output Connectors schematic in the diagrams
section.

Troubleshooting Techniques

This troubleshooting procedure is arrangedin an order
which checks the simple trouble possiblities first. Thefirst
few checks ensure proper connection, operation, and
calibration. if the trouble is not located by these checks,
the remaining steps aid in locating the defective compo-
nent. When the defective componentislocated, it sould be
replaced following the replacement procedures given
under Corrective Maintenance.

1. Check Control Settings. Incorrect control settings
can indicate a trouble that does not exist. If there is any
question about the correct function or operation of any
control, see the Operating Instructions in this manual or
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the detailed Operating Instructions in the 7B53A/7B53AN
Operators Manuai.

2. Check Associated Equipment. Before proceeding
with troubleshooting of the 7B53A/7B53AN, check that
the equipment used with this instrument is operating
correctly. Check that the signal is properly connected and
that the probe (if used) is not defective. The indicator
oscilloscope and vertical plug-in unit can be checked for
proper operation by substituting another time-base unit
which is known to be operating properly (preferably
another 7B53A/7B53AN or similar unit). If the trouble
persists after substitution, the oscilloscope or vertical
plug-in unit should be checked.

3. Visual Check. Visually check the portion of the
instrument in which the trouble is located. Many troubles
can be located by visual indications such as unsoldered
connections, borken wires, damaged components.

4. Check Instrument Calibration. Check the calibra-
tion of this instrument, or the affected circuit if thetrouble
exists in one circuit. The apparent trouble may only be a
result of misadjustment and may be corrected by calibra-
tion. Complete calibration instructions are given in the
Calibration section.

5. Isolate Trouble to a Circuit. Toisolate atroubletoa
particular circuit, note thetrouble symptom. The symptom
often indicates the circuit in which the trouble is located.
For example, if stable triggering can be obtained in INT
position of the SOURCE switch and cannot be obtainedin
the EXT or LINE positions, the External Trigger Preamp or
Trigger Source Switching circuits are probably at fault.
When trouble symptoms appear, use the front-panel
controls and the crt display to isolate the trouble to one
circuit. Remember, the amplifier unit or the indicator

Fig. 5-1. Location of pins on Interface connector.
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oscilloscope may be responsible for the trouble. When
trouble appears in more than one circuit, check all
affected circuits by taking voltage and waveform
measurements. Once the defective circuit has been
located, proceed with steps 6 and 7 to locate the defective
component(s).

6. Check Individual Components. The following
procedures describe methods of checking individual
components in the 7B53A/7B53AN. Components that are
soldered in place are best checked by disconnecting one
end. This isolates the measurement from the effects of
surrounding circuitry.

a. TRANSISTORS. The best check of transistor
operation is actual performance under operating con-
ditions. If a transistor is suspected of being defective, it
can be checked by substituting a new component or
one which has been checked previously. However, be
sure that circuit conditions are not such that arepiace-
ment transistor might also be damaged. If substitute
transistors are not available, use adynamictester (such
as TEKTRONIX Type 576).

b. INTEGRATED CIRCUITS. Integrated circuits
should not be replaced unless they are actualiy defec-
tive. The best metfod for checking these devices is by
direct substitution with a new component or one which
is known to be good. Be sure that circuit conditions are
not such that a replacement component might be
damaged.

¢c. DIODES. A diode can be checked for an open or
for a short circuit by measuring the resistance between
terminals with an ohmmeter settothe R X 1k scale. The
diode resistance should be very high in one direction
and very low when the meter leads are reversed. Do not
check tunnel diodes or back diodes with an ohmmeter.

Do not use an ohmmeter scale that has a high internal
current. High currents may damage the diode.

d. RESISTORS. Resistors can be checked with an
ohmmeter