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WARRANTY

All Tektronix instruments are warranted
against defective materials and workman-
ship for one year. Tektronix transformers,
manufactured in our own plant, are war-
ranted for the life of the instrument.

Any questions with respect to the war-
ranty mentioned above should be taken
up with your Tektronix Field Engineer.

Tektronix repair and replacement-part
service is geared directly to the field,
therefore all requests for repairs ond re-
placement parts should be directed to the
Tektronix Field Office or representative in
your area. This procedure will assure you
the fastest possible service. Please include
the instrument Type and Serial or Model
Number with all requests for parts or
service.

Specifications and price change privi-
leges reserved.

Copyright © 1965, new material copy-
rights 1966 and 1969 by Tektronix, Inc.,
Beaverton, Oregon. Printed in the United
States of America. All rights reserved.
Contents of this publication may not be
reproduced in any form without permis-
sion of the copyright owner.
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Fig, 1-1. Type 422 ond Type R422 Oscilloscope shown with the 016-0072-00 AC Power Supply.
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Type 422/R422 (SN 100-19,999)

SECTION 1
CHARACTERISTICS

introduction

The Tektronix Type 422 Oscilloscope is a transistorized
portable oscilloscope designed to operate in a wide 1ange
of environmental conditions. The light weight and small size
of the Type 422 allow it to be easily transported, while pro-
viding the performance necessary for accurate measurements.
The dual-channel, DC to 15MHz vertical system provides
calibrated deflection factors from 0.01 to 20 volts/division
(0.001 volts/division minimum, Channel 2 only with reduced
frequency response). The trigger circuits provide stable trig-
gering over the full range of vertical frequency response.
The horizontal circuits provide @ maximum sweep rote of
0.5 microseconds/division (0.05 microseconds/division using
X 10 magnifier).

A detachable power supply section allows the instrument
to be powered from a variety of power sources. With the
Type 422 AC Power Supply (016-0072-00) the instrument can
be operated from an AC power source. The Type 422 AC-
DC Power Supply (016-0073-00) provides operation from
either AC or DC power sources or internal batteries. Inform-
ation in this manual applies to the Type 422 Indicator only.

For information on the power supplies, refer to the applicable
instruction manual.

Information given in this instruction manual also applies
to the Type R422 (with AC Power Supply only) unless other-
wise noted. The Type R422 is electrically identical to the
Type 422 but is adapted for rackmounting in a standard
19-inch rack. Rackmounting instructions, a mechanical parts
list and a dimensional drawing for the Type R422 are pro-
vided in Section 10 of this manual.

The characteristics which follow are divided into two cate-
gories. Characteristics listed in the Performance Requirement
column are checked in the Performance Check and Calibra-
tion sections of this manual. ltems listed in the Supplemental
information column are provided for reference use and do
not directly reflect the measurement capabilities of this instru-
ment. The Performance Check procedure given in Section 5
of this manual provides a convenient method of checking
the Performance Requirements listed in this section. The
following characteristics apply over an ambient temperature
range of —15° C to +55° C, except as otherwise indicated.
Warm-up time for given accuracy is 20 minutes.

VERTICAL DEFLECTION SYSTEM

Characteristic

Performance Requirement

Supplemental Information

Deflection Factor
Channels 1 and 2 (X1)

10 millivolts/division to 20 volts/division
in 11 calibrated steps

Channel 2 only (X10)

1 millivolt/division to 2 volts/division
with X10 GAIN AC switch pulled out

Steps in 1-2-5 sequence

Deflection Accuracy
Channels 1 and 2 {X1)

Within 3% of indicated deflection factar

VARIABLE control fully clockwise

Channel 2 only (X10)

Within 7.5% of indicated deflection fac-
tor

VARIABLE control fully clockwise and X10
GAIN AC switch pulled out

Variable Deflection Factor

Uncalibrated deflection factor to 2.5 times
or greater, the indicated deflection factor

Maximum defiection factor 50 volts/divi-
sion or greater in 20 VOLTS/DIV position

Frequency Response
(—3 dB point)
Channels 1 and 2 (X1)

DC to 15MHz or greater

Risetime 23 nanoseconds or less

Channel 2 only (X10)

5Hz or less to 5 MHz or greater

Risetime 70 nanoseconds or less

AC Low-Frequency Response
(—3dB point)

2 Hz or less, AC GND DC switch set to AC

Input RC Characteristics

1 megohm (=+29%) paralleled by approxi-
mately 30 pF. Time constant of both chan-
nels matched within 1% in calibration
pracedure

Maximum [nput Voltage

300 volts combined DC and peak AC

Input Coupling Modes

AC or DC, selected by front-panel switch

Vertical Linearity
(low frequency)

0.2 division or less expansion or com-
pression of a two-division display when
positioned to vertical extremes aof dis-
play area

Includes CRT linearity

Trace Shift Due To
Input Grid Current

0.2 division or less at 10 millivolts/divi-
sion (2 nanoamps or less)

©1

1-1



Characteristics—Type 422/R422 (SN 100-19,999)

VERTICAL DEFLECTION SYSTEM (cont)

Characteristic

Performance Requirement

Supplemental Information

Vertical Display Modes

Algebraically added

Channel 1 only

Dual-trace chopped between channels
Channel 2 only

Dual-trace, alternate between channels

Chopped Repetition Rate

100 kHz, =20%

Channel Isolation Rejection Ratio

100:1 or greater at 50 kHz

With optimum GAIN adjustment at 1 kHz.
Channels centered vertically with eight
divisions or less of 50 kHz signal applied.

Trace Drift with Time

Typically 1 division or less in 24 hours
at 10 millivolts/division after 20-minute
warm up.

Signal Delay Approximately 150 nanosecond internal
delay line.
TRIGGERING
Source Internal from Channel 1 and 2
Internal from Channel 1 only
External
Coupling AC
AC low-frequency reject
DC
Polarity Sweep can be triggered from positive-
going or negative-going portion of trig-
ger signal
Mode Avtomatic triggeting

Adjustable triggering at desired level
Free running

Internal Trigger Sensitivity

AC

0.2 division of deflection, minimum 50 Hz
to 5MHz; increasing to one division at
15 MHz

Typical —3 dB point, 25Hz

AC LF REJ

0.2 division of deflection, minimum, 50
kHz to 5 MHz; increasing to one division
at 15 MHz

Typical —3dB point, 25 kHz

DC

0.2 division of deflection, minimum, DC
to 5MHz; increasing to one division at
15 MHz

AUTO

0.8 division of deflection, minimum, 50 Hz
to 4 MHz; increasing to 2.5 divisions at
15 MHz

External Trigger Sensitivity
AC

125 millivolts, minimum, 50 Hz to 5 MHz;
increasing to 0.6 volt at 15 MHz

Typical —3dB point, 25Hz

AC LF REJ 125 millivolts, minimum, 50 kHz to 5 MHz; Typically —3dB at 25kHz
increasing to 0.6 volt at 15 MHz

DC 125 millivolts, minimum, DC to 5 MHz;
increasing to 0.6 volt at 15 MHz

AUTO 0.6 volt, minimum, 50Hz to 7 MHz;

increasing to 1.2 volts at 15MHz

Maximum External Trigger
nput Voltage

AC and AC LF REJ

DC component ==250 volts or less with
AC component 100 volts or less, RMS

DC

Maximum of 100 volts RMS or peak volt-
age af =250 volts




TRIGGERING (cont)
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Characteristic

Performance Requirement

Supplemental Information

External Trigger Input
RC Characteristics

Approximately 100 kilohms paralleled by
about 35 pF

AUTO Repetition Rate

Sweep Trigger circuit automatically re-
triggers Sweep Generator at 40 to 55 Hz
repetition rate in absence of trigger sig-
nal (LEVEL control set to AUTO)

HORIZONTAL DEFLECTION SYSTEM

Sweep Rates

0.5 microsecond/division to 0.5 second/
division in 19 calibrated steps

Steps in 1-2-5 sequence

Sweep Accuracy

Within 39 of indicated sweep rate over
middle eight divisions of display

VARIABLE control fully clockwise and X 10
MAG switch pushed in

Variable Sweep Rate

Uncalibrated sweep rate 2.5 times, or
greater, the indicated sweep rate

Slowest sweep rate 1.25 seconds/division,
or greater, in 0.5 SEC position

Sweep Length

10.4 to 12.1 divisions

Sweep Magnification

Each sweep rate can be increased 10
times. Center division of display is ex-
panded to provide magnified display

Extends fastest sweep rate to 50 nano-
seconds/division

Magnified Sweep Accuracy

Within 5% of magnified sweep rate

VARIABLE control fully clockwise

Magnified Sweep Linearity

+19% for any eight division portion of
magnified sweep length at all sweep
rates except 50 nanoseconds/division.
=+39% at 50 nanoseconds/division (ex-
cluding first division, 1%, of total sweep)

Normal/Magnified Registration

=+0.2 division or less trace shift at grati-
cule center when switching X10 MAG
switch from on to off

Gate Output Signal

Waveshape Rectangular pulse

Polarity Negative going

Amplitude 0.5 volt or greater

Duration About 10.4 to 12.1 times the TIME/DIV

switch setting

Output resistance

Approximately 600 ohms

External Horizontal Amplifier
Deflection factor (X1)

10 volts/division, ==25%, with X10
MAG switch pushed in

Deflection Factor (X10)

1 volt/division, =#:25%, with X10 MAG
switch pulied out

HORIZ ATTEN control (Triggering LEVEL)
fully clockwise

Variable deflection factor

Deflection factor decreased 10 times or
greater when HORIZ ATTEN control is
fully counterclockwise

Frequency Response
(—3 dB point)

DC to 500 kHz or greater

Input RC Characteristics

Approximately 300 kilohms paralleled by
approximately 30 pF

CALIBRATOR

Wave shape

Square wave

Polarity

Negative going with baseline near zero
volts

Output Voltage
Calibrator jack

2 volts

Internal

©1

0.2 volt

Internally applied to vertical amplifier in
CALIBRATE 4 DIVISIONS position of
VOLTS/DIV switches
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CALIBRATOR (cont)

Characteristic Performance Requirement Supplemental Information
Voltage Accuracy +25° C —15°Cto 4+50°C
Calibrator jack Within =£2.79, Within +3.5%
internal Within ==0.7%, Within =1.59%,
Repetition Rate 1 kHz, %209
Duty Cycle 459, to 559,

Output Resistance (at jack)

Approximately 2 kilohms

EXTERNAL BLANKING

Sensitivity Two volts completely blanks CRT Blanking signal connected to unblanking
deflection plates. Does not provide inten-
sity madulation

Polarity of Operation Positive-going signal required

Input Coupling DC coupled

Input Resistance at DC

Approximately 235 ohms

CATHODE-RAY TUBE (CRT)

Tube Type T4220-31-1 rectangular, glass envelope
Phosphor P31 standard. Others available on spe-
cial order

Accelerating Potential

Approximately 6 kilovolts (gun potential,
—1400 volts)

Graticule
Type internal
Area 8 divisions vertical by 10 divisions hori-
zontal. Each division equals 0.8 centi-
meter
llumination Variable edge lighting
Unblanking Deflection type, DC coupled
Geometry Raster Distortion =+0.1 division or less horizontal and ver-
tical
ENVIRONMENTAL CHARACTERISTICS given in this section following environmental tests. Com-
plete details on environmental test procedures, including
The following environmental test limits apply when tested failure criteria, etc, may be obtained from Tektronix, Inc.
in accordance with the recommended test procedure. This Contact your local Tektronix Field Office or representative.

instrument will meet the electrical performance requirements

Characteristic Performance Requirement Supplemental Information
Temperature
Operating —15°C to 4+55°C Safe operating temperature maintained
by convection cooling. Thermal cutout
protects instrument from overheating
Non-operating —55°C to +75°C
Altitude
Operating 15,000 feet maximum
Non-operating 50,000 feet maximum May be tested during non-operating tem-
perature tests
Humidity
Non-operating Perform five cycles (120 hours) of Mil- Exclude freezing and vibration
Std-202B, Method 106A

1-4
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Characteristic Performance Requirement Supplemental Information

Vibration

Operating Vibrate for 15 minutes along each axis
at a total displacement of 0.025 inch,
=+0.003 inch, (4 g at 55 ¢/s} from 10-55-
10 in one-minute cycles. Hold for three

minutes at 55 c/s. Total vibration time, Instrument secured to vibration platform
55 minutes during test

Non-operating Perform resonant searches along each
axis at a total displacebent of 0.030 inch
from 10-55-10¢/s. All major resonances
should be above 55 ¢/s

Shock
Operating Two shocks of 30g, one-half sine, 11-
milisecond duration each direction along
each of the major axes. Total of twelve
shocks Guillotine type shock
Non-operating One shock, 60g, one-half sine, 11-milli-

second duration along each major axis.
Total of six shocks

Electromagnetic Interference

Operating Use test procedures and limits described Tests performed within electrically shielded
in Mil-[-6181D and Mil-I-16910A, para- enclosure with CRT mesh filter installed
graph 3.6.1.1.5.1. Check for radiated
interference within the specified limits
over a range of 14kHz to 1000 MHz,
and conducted interference within the
specified limits from 150'kHz to 25 MHz

Transportation Meets National Safe Transit type of test Package should just leave vibration sur-
when correctly packaged. face
Package vibration Vibrate for one hour slightly in excess
of 1g
Package drop Drop from a height of 30 inches on one Total of 10 drops

corner, all edges radiating from that
corner and all flat surfaces

MECHANICAL CHARACTERISTICS

Characteristic Information
Construction
Chassis Aluminum alloy
Cabinet Aluminum alloy with blue-vinyl finish
Panel Aluminum alloy with anodized finish
Circuit boards Glass-epoxy laminate
Overall Dimensions Measured at maximum point
(Type 422 422 only 422 with AC 422 with AC-DC
Power supply Power Supply
Height 6.75 inches  6.75 inches 6.75 inches
Width 10.0 inches  10.0 inches 10.0 inches
Depth —_ 17.8 inches 20.7 inches
Overall Dimensions
(Type R422)
Height 7 inches
Width 19 inches
Depth 16.125 inches
Connectors
Front-panel (except CALIBRATOR jack) BNC
CALIBRATOR jack tip jack

©1 1-3
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ACCESSORIES

Standard accessories supplied with the Type 422 are listed
on the last pullout page of the Mechanical Parts List illus-

trations. Standard accessories supplied with the Type R422
are given in Section 10. For optional accessories available

for use with this instrument, see the current Tektronix, Inc.
catalog.
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SECTION 2
OPERATING INSTRUCTIONS

General

To effectively use the Type 422, the operation and cape-
bilities of the instrument must be known, This section
describes the operaton of the front-panel contrals, gives
first-time and general cperating information and lists some
basic applicakons for this instrument.

Front Cover and Handle

The front cover furnished with the Type 422 provides a
dust-ight seal around the front panel. Use the cover to
protect the front ponel when storing or transporting the
instrument. The cover also provides storage for the probes,
power cord and other accessories {see Fig. 2-1).

AL TACREAT 4 ‘
" - =

both sides to posi-

tion hondle.

Fig. 2-1. Accessory storage provided in front cower.

The handie of the Type 422 can be positioned for carry-
ing or a5 a filtstand for the instrument. To position the
handle, press in at the pivet peints (see Fig. 2-2) and turn
the handle to the desired angle. Several pesitions are pro-
vided for convenient carrying or viewing. The instrument
may also be set on the rear-panel feet for operation or
storage.

Cooling

The Type 422 requires very little air dreulation for proper
operation. A thermal cutout in the instrument provides
thermal pretection and disconnects the instrument power if
the internal temperature exceeds o sofe cperating level.

€

Fig. 2-Z. Pivoting the corrying hondle to provide o stand for the
Type 422,

Power is autematically restored when the temperature returns
e a safe level.

Rackmounting

Complete information for mounting the Type R4ZZ in a
cobinet rack 15 given in Section 10 of this manual.

FRONT-PANEL CONTROLS
AND CONNECTORS
A brief description of the funclion or operation of the
front-panel controls ond connectors follows {see Fig. 2-3).
More detoiled information is given in this section under
General Operating Information.

Cathode-Ray Tube (CRT)

INTENSITY Controls brightness of display.

FOCUS Provides odjustment to obtain a well-
defined display.

ASTIGMATISM  Used in conjunction with the FOCUS con-
trol to cbiain a well-defined display.

SCALE ILLUM  Controls graticele illumination.

Vertical {both channels if applicable)

VOLTS/DIV Selects vertical deflection focter (VAR
ABLE control must be in CAL peosition for
indicated deflection).

2-1
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CRT

TYPE 422 OSCILLOSCOPE

Channe! 1

VARIABLE

UNCAL

POSITION
GAIN

STEF ATT BAL

INPLT

AC GND DC

2-2

Calibrater

Sweap
Channel 2
Triggering
Powsr and
Extarnel —| —
Blanking

Flg. 2-3. Front-pane! controls ond connectors.

Frovides centinuously variable deflection
facter to about 2.5 times setting of the
VOLTS/DIV switch.

Light indicates that VARIABLE control is
not set to CAL

Controls vertical position of the display.

Serewdriver adjustment to set the gain
of the vertical input amplifier.

Screwdnver adjustment to set the balance
of the input amplifier in the .02, .05 and .1
positions of the VOLTS/DIV swilch.

Input connecter for vertical deflection sig-
nal.

Selects methed of coupling input signal

to gnd of input amplifier.

AC. DC component of input signal is
blocked. Low frequency limit {—3dB
peint} is abeut two hertz.

GND:  Input arcuit is grounded [does
not ground applied signall.

DC: Al components of the input signal
are passed to the input amplifier.

Mode
{not labeled)

INVERT

>10 GAIN AC

Calibrator
2-VOLT PROBE

Selects vertico! mede of eperation,

ALG ADD: Chonnel 1 ond 2 signals are
olgebraically odded and the algebraic
sum is displayed on the CET.

CH 1: The Channel 1 signal is displayed.

CHOPPED: Dual trace display of signal
on beth channels. Appreximately four-
microsecond segments from each chan-
nel disployed at o repetition rate of
about 100 kilohertz.

CH 2: The Charnnel 2 signal is displayed.

ALT: Dual trace display of signal on both
channels. Display switched between
channels at end of each sweep.

Inverts the Channel 2 display when pulled
aut.

Increcses AC gain of Channel 2 amplifier
ten hmes when pulled out [decrecses
deflection factor 10 fimes).

Output  connector  providing  two-valt
square-wave signal for compensating and
checking gain of o probe.

@ 1



Triggering

Source
(not labeled)

Coupling
(not iabeled)

SLOPE

LEVEL

TRIG IN
GATE OUT

Sweep
POSITION
X 10 MAG

TIME/DIV

VARIABLE

UNCAL

HORIZ ATTEN

©:

Selects source of trigger signal.

CH 1 & 2: Internal trigger signal obtained
from displayed channel(s).

CH 1: Internal trigger signal obtained
only from Channel 1.

EXT: Sweep triggered from signal applied
to TRIG IN connector.

Determines method of coupling trigger

signal.

AC: Rejects DC and attenuates signals
below about 50 hertz.

AC LF REJ): Rejects DC aond attenuates
signals below about 50 kilohertz.

DC: Accepts both AC and DC signals.

Selects portion of trigger signal which
triggers sweep.

_/~: Sweep triggered from positive-go-
ing portion of trigger signal.

= : Sweep friggered from negative-
going portion of trigger signal.

Selects amplitude point on trigger signal
where sweep is triggered. When turned
fully counterclockwise to the AUTO posi-
tion, the sweep is automatically triggered.
In the FREE RUN position, fully clockwise,
the sweep free runs.

Input connector for external trigger signal.

Output connector providing a 0.5 volt or
greater negative-going rectangular pulse
which is time-coincident with the sweep.

Controls horizontal position of the display.

Increases sweep rate to 10 times setting
of TIME/DIV switch by expanding center
division of the display.

Selects sweep rate of the sweep circuit
(VARIABLE control must be in CAL posi-
tion for indicated sweep rate). In the EXT
HORIZ position, horizontal deflection is
provided by a signal connected to the
HORIZ IN connector.

Provides continuously variable sweep rate
to at least 2.5 times setting of the TIME/
DIV switch. Sweep rate is calibrated only
when control is set fully clockwise to the
CAL position.

Light indicates that VARIABLE control is
not set to CAL.

(Triggering LEVEL) Provides approximately
10:1 attenuation for external horizontal
signals connected to the HORIZ IN con-
nector when the TIME/DIV switch is set
to EXT HORIZ.

Operating Instructions—Type 422/R422 (SN 100-19,999)

HORIZ IN (TRIG IN} Input connector for external

horizontal signal when TIME/DIV switch
is set to EXT HORIZ.

Power and External Blanking

POWER Light: Indicotes that POWER switch is on
and the instrument is connected to @
power source.

Switch: Applies power to the instrument.

EXT BLANKING Input connector for external blanking sig-
nal.

FIRST-TIME OPERATION

The following steps will demonstrate the use of the con-
trols and connectors of the Type 422. It is recommended
that this procedure be followed completely for first time
familiarization with the instrument.

1. Set the front-panel controls as follows:

Vertical controls (both channels where applicable)

VOLTS/DIV CALIBRATE 4 DIV

VARIABLE CAL

AC GND DC GND

POSITION Midrange

Mode CH 1

INVERT Pushed in

X10 GAIN AC Pushed in
Horizontal controls

POSITION Midrange

TIME/DIV .5 mSEC

VARIABLE CAL

X10 MAG Pushed in
Triggering Controls

Source CH1&2

Coupling AC

SLOPE Positive going | _ /")

LEVEL AUTO

Other Controls

INTENSITY Counterclockwise
FOCUS Centered
ASTIGMATISM Centered

SCALE ILLUM Any position
POWER Pulted out

2. Connect the Type 422 to o power source that meets
the voltage ond frequency requirements of the instrument.

3. Advance the INTENSITY control until the troce is at
the desired viewing level (obout midrange).

4. Adjust the FOCUS and ASTIGMATISM controls for a
sharp, well-defined display over the entire trace length.

5. Set the Channel T VOLTS/DIV switch to .01.

6. Position the trace with the Channel 1 POSITION con-
trol so it coincides with one of the horizontal graticule lines.

2-3
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TYPE 422 CONTROL SETUP CHART

TYPE 422 OSCILLOSCOPE PoSTON

-

X10 MAG

PULL

UNCAL %

TRIGGERING

\—

1&2
LF REY

)

VOLTS/DIV 3 POSITION

UNCAL %
% 1 . 2

2
GAIN

5
- @ on

STEP ATT BaL ALG o

20 ADD
CALIBRATE @
4 DIVISIONS
INPUT 1

AC GND olo}
e, T
<300

TEKTRONIX INC

VOLTS/DIV POSITION

UNCAL
qﬂ\mu &y
[

2
CHOPPED
.

5
e CH2

® ALT 20

INPUT 2

GAIN INVERT

‘ PULL

STEP ATT BAL

CAUBRATE X10 GAIN AC
4 DIVISIONS

mMQ
=30

PORTLAND OREGON. USA

TIME/DIV
Gy

EXT
HORIZ

HORIZ ATTEN OR
LEVEL

HORIZ IN OR
TRIG IN

Fig. 2-4.



If the trace is not parallel with the graticule line, see Trace
Alignment Adjustment in this section.

7. Return the Channel 1 VOLTS/DIV switch to the CALI-
BRATE 4 DIVISIONS position.

8. The display should be a four-division square wave
showing about five cycles of the signal. K the display is
not four divisions in amplitude, adjust the front-panel GAIN
adjustment as described under Vertical Gain Adjusiment
in this section. The step attenuator balance should also be
checked as described under Step Attenuctor Balance Adijust-
ment in this section.

9. Turn the Channel 1 VARIABLE control throughout its
range. Note that the UNCAL light comes on when the VARI-
ABLE control is moved from the CAL position (fully clock-
wise). The uncalibrated vertical deflection factor is about
2.5 times the indicated deflection factor in the counterclock-
wise position. Return the VARIABLE control to CAL.

10. Turn the Channel 1 POSITION control to move the
display toward the top of the graticule.

11. Set the Mode switch to CH 2.

12. The Channel 2 display should be similar to Channel
1. Gain ond step attenuator balance can be checked in
the same manner as for Channel 1. The Channel 2 VARI-
ABLE control operates in the same manner as for Channel 1.

13. Turn the Channel 2 POSITION control to move the
display toward the bottom of the graticule.

14. Pull the INVERT switch. The trace is now at the top
of the graticule area. Push the INVERT switch in.

15. Set the Mode switch to ALT; the Channel 1 ond 2
displays as set up in steps 10 and 13 should be seen. Turn
the TIME/DIV switch throughout its range. Notice that the
flicker between traces decrecses as the sweep rate is
increased. Return the TIME/DIV switch to .5 mSEC.

16. Set the Mode switch to CHOPPED. Note that the trig-
gering is unstable in the CH 1 & 2 Triggering Source switch
position.

17. Set the Triggering Source switch to CH 1; the display
should be identical to that obtained in ALT (step 15). Turn
the TIME/DIV switch to 10 uSEC, set both VOLTS/DIV
switches to .01 and the Triggering Source switch to CH 1 &
2. Notice the switching between channels as shown by the
segmented traces. Reduce the sweep rate slowly and notice
that the traces appear solid at about .2 mSEC. Best results
in the CHOPPED mode are obtained at sweep rates below
this setting. Return the VOLTS/DIV switches to CALIBRATE
4 DIVISIONS and the Triggering Source switch to CH 1.
Continue to reduce the sweep rate and note that a usable
display is presented down to the slowest sweep rate pro-
vided. Return the TIME/DIV switch to .5 mSEC.

18. Set the Mode switch to ALG ADD. The display should
be eight divisions in amplitude. The Channel 1 and 2 sig-
nals are added for this display. Note that either POSITION
control will move the display.

19. Pull the INVERT switch and center both POSITION
controls. The display should be a straight line indicating
that the algebraic sum of the two signals is zero.

©i
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20. Set either VOLTS/DIV switch to .01. The square-wave
display indicates that the algebraic sum of the two signals
is no longer zero. Return the Mode switch to CH 1 and both
VOLTS/DIV switches to CALIBRATE 4 DIVISIONS. Push in
the INVERT switch.

21. Turn the LEVEL control clockwise to the FREE RUN
position. The trace should appear as two lines four divi-
sions apart (free running).

22. Rotate the LEVEL control counterclockwise until a stable
display appears. This indicates that the sweep is triggered.
Continue to turn the LEVEL control counterclockwise and
note that more of the leading edge is shown (leading edge
of trace appears to move negative] as the LEVEL control
is turned toward —. Turn the control fully counterclock-
wise to the AUTO position. The trace should again appear
stable.

23. Set the SLOPE switch to the negative-going position.
The trace should start with the negative part of the square
wave. Return the switch to the positive-going position; the
trace should start with the positive part of the square wave.

24. With the Triggering Coupling switch set to AC, the
display should be stable both in AUTO and with the LEVEL
control set at about the middle of rotation. In the AC LF
REJ position, triggering may be unstable in AUTO but should
be stable using the LEVEL control. Now switch to DC. With
the Triggering Source switch set to CH 1 & 2, adjust the
LEVEL control for o stable display. Now turn the Channel
1 POSITION control and note that the troce disappears
when it is moved several divisions. Set the Source switch
to CH 1 and rotate the vertical POSITION control to move
the display up and down the screen. The display will remain
triggered at any vertical POSITION setting. Also note that
the display is stable with AUTO triggering in either Trig-
gering Source position. Return the Triggering Coupling
switch to AC.

25. Set the Triggering Source switch to CH 1 & 2. The
display should be the same as in the CH 1 position. Turn
the Mode switch to CH 2 and the Channel 1 VOLTS/DIV
switch to .01. The Channel 2 signal should be displayed
and be triggered. Set the Triggering Source switch back
to the CH 1 position. The display is now unstable because
it is not triggered. Return the Mode switch to CH 1 and the
Channel 1 VOLTS/DIV switch to the CALIBRATE 4 DIVI-
SIONS position.

26. If an external signal is availoble (0.6-volt peak-to-
peak minimum, 50 Hz—15MHz) the EXT function of the
Triggering Source switch can be demonstrated. Connect the
external signal to both the INPUT 1 and TRIG IN connectors.
Set the Channel 1 AC GND DC switch to DC and set the
VOLTS/DIV switch to a position that will provide about a
six-division display. Operation of the Triggering Coupling
switch, SLOPE switch and LEVEL control should be the same
in the EXT position as described in steps 21 through 24 (with
six divisions of deflection). Return the Channel 1 VOLTS/DIV
switch to CALIBRATE 4 DIVISIONS and the Triggering Source
switch to CH 1.

27. Set the TIME/DIV switch to 5mSEC. Pull the X10
MAG switch. The display should show about one cycle/two

divisions. Pu_sh in the X10 MAG switch and return the
TIME/DIV switch to .5mSEC. The display should be similar
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te that ebiained with the TIME/DIV switch at 5mSEC and
the magnifier on.

28. Turn the heorizontal POSITION conirel so the display
starts at about the center of the graticule. MNow turn the
POSITION contrel in the oppesite direchon. Notice that for
about 60° of rotation the trace moves slowly to the left and
the contrel turns easily. Then, the drag on the control
increases slightly and the trace begins to move much faster
to the left. This control provides @ combination of coarse
and fine adjusiment. To use the control effectively, tum it
slightly past the desired peint of adjustment (coarse adjust].
Then reverse the direction of rotation and use the fine adjusi-
ment te establish meore precise peostfiening. Return the start
of the trace to the left edge of the graticule.

29. If an external signal is available {1 volt to 10 volts),
the function of the external horizental amplifier can be
demonstrated. Turn the INTENSITY conirol to o lower set-
ting to protect the CRT phospher. Then set the TIME/DIY
switch to EXT HORIZ ond turn the HORIZ ATTEN conirel
[LEVEL} fully clockwise. Cornect the externcl herizental
signal fo the HORIZ IN connector (TRIG IN). Now set the
INTENSITY control to provide an adequaie display. The dis-
play should be rectangular, four divisiors vertically with the
horizortal length of the display veriable with the HORIZ
ATTEN control (vertical deflection provided by Type 422
Calibratar signal and herizenial deflection provided by
external signal]. Turn the HORIZ ATTEN cenirel so the dis-
play is less thar one division herizontally. Pull the 10
MAG switch. Re-position the display on to the viewing
area if necessory and notice that the display is about 10
times larger horizontally. Push the X110 MAG switeh.

30. ¥ an external signol is avoiloble (42 volks peak,
minimum) the function of the EXT BLANKING circuit can be
demensirated. Connect the exiernal signal to the INFUT 1
connecter. Set the AC GND DC switch o DC and set the
Channe!l 1 VOLTS/DIV switch te dispioy about five cycles
of the signal. Conrect the vertical input signal to the EXT
BLANKING connector olso, and notice that the pesitive
peaks of +2 velts er greater ore blanked out.

31. This completes the basic operation precedure for the
Type 422. More detailed informafion, where necessary will
follow.

CONTROL SETUP CHART

Fig. 2-4 shows the front panel of the Type 422. This chart
may be reproduced and used as a test-setup record for
special meosurements, applications or procedures, or it may
be used as a training aid for fomiliarizofion with this instru-
ment.

GENERAL OPERATING INFORMATION

Removing the Power Supply

The power supply can be removed from the Type 422 indi-
coter for maintencnce, colibration or remcte operation.
Locsen the four screws located on the rear of the power
supply ond then seporate the units by sliding the power
supply to the rear, off the support rods.

Operating the Power Supply Remotely

The Type 422 can be operated with the power supply
removed. The intercornecting plug on the rear of the indi-
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1. Hook interconnecting
plug te this spring clip.

Fig, 2-5 Securing the power coble te the power supply for remolo
operction.

cator con be detached and used as an exlension cable.
The instrument will not operate correctly with any extension
cable longer than the one previded with it. To remove
the interconnecting plug, loosen the three screws holding it
to the indicator and slide it up slighfly; then move it away
from the rear of the unit. Unwrap the power cable from the
rear of the indicator. The two spring clips (see Fig. 2-5) on
the power supply ore provided to lock the power cable to
the power supply for remote operation. Te use the clips,
hook ene spring clip into the hole provided in the intercon-
necting plug. [Be sure the POWER switch is ser te off) Slide
the plug into place while depressing the other spring clip.
To remove the plug, reverse the order in which it was
attached.

CAUTION

De not bend the spring clips so they laich without
using the procedure described cbove. If bent in
this manner, they will latch when the power supply
is remounted on the indicater and will be difficult
to remove without damage to the instrument.

Intensity Control

The setiing of the INTENSITY control may affect the cor-
rect focus and astigmatism of the display. To protect the CRT
phosphor, de not turn the INTENSITY contrel higher than
necessary to provide a sotisfactory display. Also, be careful
that the INTEMNSITY cortrel is net set teo hich when changing
from a fast to o slow sweep rafe or when setting the TIME/
DIV switch fo the EXT HORIZ position.

Trace Alignment Adjustment

if @ free-running trace is not parallel with the herizental
graticule lines, set the Trace Rotation adjustment as follows,

©:



Fig. 2-6. Removing the light filter or foceplate protector.

1. Position the troce to the graticule centerfine.

2. Adjust the Trace Rotation adjustment (the power supply
must be operated remotely for access to this adjustment] so
the trace is parallel with the horizental grahcule lines.

Light Filter

The mesh filter provided with the Type 422 provides shield-
ing against radiated RFl (radio-frequency interference radia-
tion} from the foce of the CRT. It olso serves os a light filter
to moke the trece more visible under high ambient light
conditions. Te remove the filter, press down at the bottom of
the frame and pull the top of the Tilter oway from the CRT
foceplate (see Fig. 2-6).

A finted light filter is also supplied, This filker mimimizes
light reflections from the foce of the CRT to improve contrast
when viewing the display under high ambient light conditions.
A dear plastic foceplate protector is provided for use when
neither the mesh nor the tinted filter is used. The clear face-
plate protector provides the best display for woveform photo-
graphs. It is also preferoble for viewing high writing rate
displays.

A filter or foceplote protector should be used at all hmes
to protect the CRT foceplate from scratches. The foceplare
protector and the tinted light filter mount in the same holder;
press it out to the rear. Eiher one can be replaced by snap-
ping it back inte the holder,

Signal Connections

In general, 103 attenuator probes offer the most con-
venient means of connecting a signal to the input of the Type
422. A 10 attenvater probe offers o higher input imped-

ance and dllows the circuit under test to operate more closely
to actval operafing conditions. However, the 10> probe
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also attenuates the input signal 10 fimes. The probe is
shielded to preveni pickup of electrostatic interference.
High-frequency response when using a Tektronix 103 probe
is affected only slightly. Low-frequency response with AC
input coupling is extended to cbout 0.2 hertz.

In some cases, the signal can be connected to the Type 422
with short unshielded leads. This is particularly true with
high-level, low-frequency signals. When such leads are used,
be sure to establish o commen ground betweesn the Type 422
and the equipment under test Attempt to position the leads
oway from any source of interference to avoid errors in the
display. If interference is excessive with unshielded leods,
uvse o coaxial cable or a probe.

In high-frequency applications requiring meaximum overall
bandwadth, wse coaxial cobles terminated in their choracter-
istic impedonce at the Type 422 input.

Loading Effect of the Type 422

As nearly as pessible, simulate actual eperating conditions
in the equipment under test. Otherwise, the equipment under
test may not produce o nermal signol. The 1020 attenuater
probes mentiocned previously offer the least circuit looding,
Tektronix 10> attenuater probes have on input resistonce of
about 10 megohms with very low shunt capacitance,

When the signal is coupled directly to the input of the Type
422, the input impedance is about one megehm paralleled by
about 30 pF. When the signal is coupled to the input of the
Type 422 through o ccaxial cable, the input copaitance is
greatly increcsed. Just o few feet of cooxiol ccble con
increase the input capacitance to well over 100 pF.

Vertical Gain Adjustment

Check. To Check the goin of either channel, set the
VOLTS/DIV switch to the CALIBRATE 4 DIVISIONS position
and the VARIABLE control to CAL. The vertical deflection
should be excetly four divisions. If not, adjust as follows,

Adjust. Front-panel GAIN control for exactly four divi-
sions of deflection.

NOTE

i the gain of the two channels must be closely
matched [such as for ALG ADD cperation}, use
the adjusiment procedure given in the Calibration
Procedure.

Step Attenuator Balonce Adjustment

Check. To check the step attenuator bolance of either
channel, set the AC GND DC switch to GND and the Trigger-
ing LEVEL control te AUTO. Change the VOLTS/DIV switch
from .05 to .01. I the trace moves vertically, adjust the STEP
ATT BAL adjustment as follows.

Adjusl. This procedure can be used to adjust the step
attenuvater balance of either channel  Set the Vertical Mode
switch to display the desired channel. Allow cbout ten
minutes worm up before performing this adjustment.

1. With the controls set as for the check, turn the POSI
TION centrel te midrange.
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2. Set the VARIABLE control to CAL and adjust the STEP
ATT BAL adjustment to bring the trace near graticule center.

3. Adjust the STEP ATT BAL adjustment so there is no trace
shift as the VOLTS/DV switch is changed from .05 to .01.
This may take several readjustments of the STEP ATT BAL
adjustment.

Vertical Channel Selection

Either of the input channels can be used for single-trace
displays. Apply the signal to the desired INPUT connector
and set the MODE switch to display the channel used. How-
ever, the invert and X10 AC gain features of this instrument
are provided only for Channel 2. To use these features, the
signal must be connected to INPUT 2. For dual-trace dis-
plays, connect the signals to both INPUT connectors and set
the MODE switch to one of the dual-trace positions.

Input Coupling

The Channel 1 and 2 AC GND DC switches allow a choice
of input coupling. The type of display desired will determine
the coupling used. The GND position on this switch provides
a convenient method of obtaining a DC ground reference.

The DC position can be used for most applications. How-
ever, if the DC component of the signal is much larger than
the AC component, the AC position will probably provide
a better display. DC coupling should be used to display AC
signals below about 20 hertz (2 hertz with a 10X probe) as
they will be ottenuated in the AC position.

In the AC position, the DC component of the signal is
blocked by @ capacitor in the input circuit. The low-fre-
quency response in the AC position is about 2 hertz (--3 dB
point). Therefore, some low-frequency attenuation con be
expected near this frequency limit. Attenuation in the form
of waveform tilt will also appear in square waves which
have low-frequency components.

The GND position provides a ground reference at the input
of the Type 422. The signal applied to the input connector
is internally disconnected but not grounded. The input circuit
is held at ground potential, eliminating the need to exter-
nally connect the input to ground to establish a DC giound
reference.

Deflection Factor

The amount of vertical deflection produced by a signal is
determined by the signal amplitude, the attenuation factor of
the probe (if used), the setting of the VOLTS/DIV switch and
the setting of the VARIABLE VOLTS/DIV control. The cali-
broted deflection factors indicated by the VOLTS/DIV
switches apply only when the VARIABLE control is set to
the CAL position.

The VARIABLE VOLTS/DIV control provides variable (un-
calibrated) vertical deflection between the calibroted set-
tings of the VOLTS/DIV switch. The VARIABLE control
extends the maximum vertical deflection factor of the Type
422 to at least 50 volts/division (20 volts/division position).

When the X10 GAIN AC switch in Channel 2 is pulled
out, the deflection factor indicated by the VOLTS/DIV switch
must be divided by 10 to obtain the true deflection factor.
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Channel 2 %10 Gain

The X10 GAIN AC switch provides 10 times gain for the
Channel 2 amplifier to extend the minimum deflection factor
to 0.001 volt/division in the .01 VOLTS/DIV switch position.
The DC component of the applied signal is not amplified.
For best results when using the X10 GAIN AC switch, the
AC GND DC switch should be in the AC position.

Dual-Trace Operation

Alternate Mode. The ALT position of the Vertical Mode
switch produces a display which alternates between Channel
1 and 2 with each sweep of the CRT. Although the ALT mode
can be used at all sweep rates, the CHOPPED mode provides
a more satisfactory display at sweep rates below about 0.5
millisecond/division. At these slower sweep rates, alternate
mode switching becomes visually preceptible.

Proper internal triggering in the ALT mode can be obtained
in either the CH 1 & 2 or the CH 1 position of the Triggering
Source switch. When in the CH 1 & 2 position, the sweep
will be triggered from the signal on each channel. This pro-
vides a stable display of two unrelated signals, but does not
indicate the time relationship between the signals. In the
CH 1 position, the two signals will be displayed showing true
time relationship. If the signals are not time related, the
Channel 2 waveform will be unstable in the CH 1 source
switch position.

Chopped Mode. The CHOPPED position of the MODE
switch produces a display which is electronically switched
between channels. In general, the CHOP mode provides the
best display at sweep rates slower than about 0.2 milli-
second/division or whenever dual-trace, non-repetitive phe-
nomena is to be disployed. At faster sweep rates the chop-
ped switching may become apparent and interfere with the
display.

Proper internal triggering for the CHOPPED mode is pro-
vided with the Triggering Source switch set to CH 1. If the
CH 1 & 2 position is used, the sweep circuits will be triggered
from the between-channel switching signal and both wave-
forms will be unstable. External triggering will provide the
same result as CH 1 triggering.

Two signals which are time-reloted con be displayed in
the CHOPPED mode showing true time relationship. If the
signals are not time-related, the Channel 2 display will
appear unstable.

Two non-repetitive, transient or random signals which occur
within the time interval determined by the TIME/DIV switch
(ten times sweep rate) can be compared using the CHOPPED
mode. To trigger the sweep correctly, the Channel 1 signal
must precede the Channel 2 signal. Since the signals show
trutzi time relationship, time-difference measurements can be
made.

Algebraic Addition

The ALG ADD position of the Mode switch can be used to
display the sum or difference of two signals or for common-
mode rejection to remove an undesired signal (obout 100:1
rejection).

The gain of the two channels is matched in the Calibration
Procedure. However, the deflection in the various positions
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of the VOLTS/DIV switches may vary slightly due to toler-
ance of the input attenuators involved. The defiection at
any setting of the VOLTS/DIV switch can be closely matched
by applying a signal to both inputs and inverting the Chan-
nel 2 signal with the INVERT switch. Adjust the VARIABLE
VOLTS/DIV control in the channel with the largest deflection
until a straight line is produced.

The following general precautions should be observed
when using the ALG ADD mode.

1. Do not exceed the input voltage rating of the Type 422.

2. Do not apply signals that exceed an equivalent of
about 8 times the VOLTS/DIV switch settings. As an example,
with the VOLTS/DIV switch set to 1, the voltage applied
to that channel should not exceed about 8 volts. Larger
signals may distort the display.

3. Use vertical POSITION control settings which most
nearly position the signal of each channel to mid-screen when
viewed in either the CH 1 or CH 2 positions of the MODE
switch. This will insure the greatest dynamic range for ALG
ADD mode operation.

Sweep Triggering

Proper sweep triggering is essential for a stable presenta-
tion of an input signal. For a stable display, the sweep must
be triggered by o signal that is time-related to the displayed
signal. The following considerations will help to obtain cor-
rect triggering.

Trigger Source

CH 1 & 2. Inthe CH 1 & 2 position of the Triggering
Source switch, the trigger signal is obtained from the dis-
played signal. This position provides the most convenient
operation when displaying single channel displays. However,
for dual-trace displays, special considerations must be made
to provide the correct display. See Dual-Trace Operation in
this section for dual-trace triggering information.

CH 1. The CH 1 position of the Triggering Source switch
provides a trigger signal from only the signal applied to the
INPUT 1 connector. This position provides a stable display
of the Channel 1 signal and is useful for certain dual-trace
applications (see Dual-Trace Operation).

EXT. An external signal connected to the TRIG IN con-
nector 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 signal for a stable display. An external trig-
ger signal can be used to provide o triggered display when
the internal signal is too low in amplitude for correct trigger-
ing or contains signal components on which it is not desired
to trigger. It is also useful when signal tracing in amplifiers,
phase-shift networks, wave-shaping circuits, etc. The signal
from a single point in the circuit can be connected to the
TRIG IN connector through a signal probe or cable. The
sweep is then triggered by the some signal at all times and
allows amplitude, time relationship or wave shape changes
of signals at various points in the circuit to be examined
without resetting the triggering controls.

Trigger Coupling
Three methods of coupling the trigger signal to the trig-
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ger circuits can be selected with the Triggering Coupling
switch. Each position permits selection or rejection of the
frequency components of the trigger signal which trigger the
sweep.

AC. The AC position blocks the DC component of the
trigger signal. Signals with low-frequency components below
about 50 hertz will be attenuated. In general, AC coupling
can be used for most applications. However, if the signal
contains unwanted low-frequency signals or if the sweep is
to be triggered at a DC level, one of the remaining Coupling
switch positions will provide a better display.

The triggering point in the AC position depends on the
average voltage level of the trigger signals. If the trigger
signals occur at random, the average voltage level will vary,
causing the triggering point to vary also. This shift of the
triggering point may be enough so it is impossible to main-
tain a stable display. In such cases, use DC coupling.

AC LF REJ. In the AC LF REJ position, all DC and low-
frequency signals below about 50 kilohertz are rejected or
attenuated. Then, 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 trig-
ger signal contains line-frequency components. Also, in the
ALT position of the Mode switch the AC LF REJ coupling
position provides the best display at high sweep rates when
comparing two unrelated signals (triggering from both Chan-
nel 1 and Channel 2).

DC. DC coupling can be used to provide stable triggering
with low-frequency signals which would be attenuated in
the AC position, or with low-repetition rate signals. The
LEVEL control can be adjusted to provide triggering at the
desired DC level on the waveform. In the CH 1 & 2 position
of the Source switch, the setting of the vertical POSITION
controls affects the DC trigger level.

DC trigger coupling should not be used in the ALT dual-
trace mode if the Triggering Source switch is set to CH 1 & 2.
If used, the sweep will trigger on the DC level of one trace
and then either lock out completely or free run on the other
trace. Correct DC triggering for this mode can be obtained
with the Triggering Source switch set to CH 1.

Trigger Slope

The Triggering SLOPE switch determines whether the trig-
ger circuit responds to the positive-going or negative-going
portion of the trigger signal. When the SLOPE switch is in
the positive-going (_/") position, the display starts with the
positive-going portion of the waveform; in the negative-going
(™\_) position, the display starts with the negative-going
portion of the waveform (see Fig. 2-7). When several cycles
of a signal appear in the display, the setting of the SLOPE
switch is probably unimportant. However, if you wish to look
at only a certain portion of a cycle, the setting of the SLOPE
switch insures that the display starts on the desired slope of
the input signal.

Trigger Level

The Triggering LEVEL contro! determines the voltage level
on the triggering waveform at which the sweep is triggered.
When the LEVEL control is set in the + region, the trigger cir-
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cuit responds at a more postive point on the trigger signal.
In the — region the trigger circuit responds at a more neg-
ative point on the trigger signal. Fig. 2-7 illustrates this
effect with different settings of the SLOPE switch.

To set the LEVEL control, first select the Triggering Source,
Coupling and SLOPE. Then, rotate the LEVEL control fully
counterclockwise to the AUTO position (operation in the
AUTO position is discussed below). Now turn the LEVEL
control clockwise until the sweep appears and is stable.
Further rotation in the clockwise direction causes the sweep
to trigger at a more positive point on the triggering wave-
form. In the extreme clockwise position, the sweep free runs.

Trigger Mode

Automatic Triggering. Automatic triggering is obtained
by rotating the Triggering LEVEL control fully counterclock-
wise to the AUTO position. In this position, triggering occurs
at the average voltage point of the applied waveform. If a
trigger signal is not present, the sweep is automatically
retriggered at a 40 to 55Hz rate to provide a reference
trace. Automatic triggering can be used with both internal
and external trigger signals. Best operation is provided for
signals with repetition rates above 55 hertz.

Automatic triggering is particularly useful when observing
a series of waveforms since it is not necessary to reset the
Triggering LEVEL control for each observation. Therefore,
this mode can be used for most applications and the remain-
ing modes used when special applications are necessary or
stable triggering is not obtainable in the AUTO mode.

Free Running. When the Triggering LEVEL control is
rotated fully clockwise, the sweep free runs independent of
any trigger signal. One difference between the free running
traces produced in the AUTO and FREE RUN positions is
the repetition rate. The repetition rate in the FREE RUN
position is dependent upon the setting of the TIME/DIV
switch and the trace appears at essentially the same inten-
sity at all sweep rates. The repetition rate in the AUTO
position is fixed at 40 to 55 hertz.

Operating Instructions—Type 422/R422 (SN 100-19,999)

Selecting Sweep Rate

The TIME/DIV switch provides 19 calibrated sweep rates
ranging from 0.5 microsecond to 0.5 second/division. The
VARIABLE control provides continuously variable sweep rates
between the settings of the TIME/DIV switch. Whenever
the UNCAL light is on, the sweep rate is not calibrated.

When making time measurements from the graticule, the
area between the first and ninth graticule lines provides the
most linear time measurement (see Fig. 2-B). Therefore, the
first and last divisions of the display should not be used
when making accurate time measurements. Position the
start of the timing area to the first graticule line and adjust
the TIME/DIV switch so the end of the timing area falls
between the first and ninth graticule lines.

Horizontal Position Control

The horizontal POSITION control used on the Type 422
provides a combination of a coarse and fine adjustment in
one control. When this control is rotated, fine positioning is
provided for a range of about 60° and the trace can be
precisely positioned. Then, after the fine range is exceeded,
the coarse adjustment comes into effect to provide rapid
positioning of the trace. To use this control effectively for
precise positioning, first turn the control to move the trace
slightly beyond the desired position (coarse range). Then
reverse the direction of rotation to use the fine range to
establish the precise position desired.

Sweep Magnification

The sweep magnifier expands the center division of the
display 10 times (see Fig. 2-9). To use this feature, first move
the portion of the display you wish to expand to the center
of the graticule. Then, pull the X10 MAG switch. The POSI-
TION control can be adjusted to position the magnified
waveform for correct viewing. Any portion of the original
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Fig. 2-8. Area of graticule used for accurate time measurements.

Fig. 2-9. Operation of the sweep magnifier.
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waveform can be viewed by adjusting the POSITION control
to bring the desired portion onto the viewing area.

With the X10 MAG switch pulled out, the sweep rate is
obtained by dividing the TIME/DIV switch setting by 10.
For example, if the TIME/DIV switch is set to 5mSEC, the
magnified sweep rate is 0.5 millisecond /division. The magni-
fied sweep rate must be used for all time measurements with
the X 10 MAG switch pulled out. The magnified sweep rate
is calibrated when the UNCAL light is off.

External Horizontal Input

In some applications it is desirable to display one signal
versus another signal rather than against time( internal sweep).
The EXT HORIZ position of the TIME/DIV switch provides a
means for applying an external signal to the horizontal ampli-
fier for this type of display.

Connect the external horizontal signal to the HORIZ IN
connector (TRIG IN). With the HORIZ ATTEN control (Trig-
gering LEVEL) fully clockwise and the magnifier off, the hori-
zontal deflection factor will be about 10 volts/division.
Deflection factor with the magnifier on is about one volt/
division. The HORIZ ATTEN control provides at least 10:1
variable atftenuation within the above ranges.

External Blanking

The CRT display of the Type 422 can be externally blanked
by a signal connected to the EXT BLANKING connector.
External blanking signals are direct-coupled to the blanking
deflection plates. A two-volt positive signal connected to the
EXT BLANKING connector on the front pane! will completely
blank the display at any INTENSITY setting. For external
banking, the CRT display cannot be satisfactorily intensity
modulated but is either turned on or off. Deflection blanking
systems (as used in the Type 422) provide a poor ‘gray
scale".

Calibrator

The internal calibrator of the Type 422 provides a conven-
ient signal for checking vertical gain. This signal is internally
connected to the Input Amplifiers when the VOLTS/DIV
switches are set to the CALIBRATE 4 DIVISIONS position.
The Calibrator signal is also very useful for checking and
adjusting probe compensation as described in the probe
instruction manual. In addition, the Calibrator can be used
as a convenient signal source for application to external
equipment.

BASIC APPLICATIONS

The following information describes the procedure and
technique for making basic measurements with a Type 422
O:scilloscope. No attempt has been made to describe these
applications in detail, as each application must be adapted
to the individual requirements. Familiarity with the Type 422
will enable the operator to apply these basic techniques to
a wide variety of uses.

Peak-to-Peak Voltage Measurements—AC

To make peak-to-peak voltage measurement, use the fol-
lowing procedure:
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1. Apply the signal to either INPUT connector.
2. Set the Mode switch to display the channel used.

3. Set the VOLTS/DIV switch to display about six divisions
of the waveform.

4. Set the AC GND DC switch to AC.

NOTE

For low-frequency signals below about 20 Hz use
the DC position to prevent attenuation.

5. Set the Triggering controls to obtain a stable display.
Set the TIME/DIV switch to a position that displays several
cycles of the waveform.

6. Turn the vertical POSITION control so the lower portion
of the waveform coincides with one of the graticule lines
below the centerline, and the top of the waveform is on the
viewing area. With the horizontal POSITION control, move
the display so one of the upper peaks lies near the graticule
center vertical line (see Fig. 2-10).

7. Measure the divisions peak to peak of vertical deflection.
Make sure the VARIABLE VOLTS/DIV control is in the CAL
position.

NOTE

This technique may also be used to make measure-
ments between two points on the waveform rather
than peak to peak.

B. Multiply the distance measured in step 7 by the VOLTS/
DIV setting. Also include the attenuation factor of the probe,
if any.

Posilion 1o
Com:rline
\
\
/N
G TN
De:l'::?cn \ [ 1

Fig. 2-10. Measuring peak-to-peak voltage of a waveform.

Example. As an example of this method of measurement,
assume that the peak-to-peak vertical deflection is 4.6 divi-
sions (see Fig. 2-10) using a 10X attenuator probe and a
VOLTS/DIV switch of .5.



ical robe
Volts vertical v orTS/DIV probe
Peak to Peak — deflection setting X attenuation

(divisions) factor

Substituting the given values:
Volts Peak to Peak — 4.6 X 0.5 volts X 10
The peak-to-peak voltage is 23 volts.

Voltage Measurements—Instantaneous DC

To measure the DC level at a given point on a waveform,
use the following procedure:

1. Connect the signal to either INPUT connectar.
2. Set the Mode switch to display the channel used.

3. Set the VOLTS/DIV switch to display about six divisions
of the waveform.

4. Set the AC GND DC switch to GND.
5. Set the Triggering LEVEL control to AUTO.

6. Position the trace to the bottom line of the graticule or
other reference line. If the voltage is negative with respect
to ground, position the trace to the top line of the graticule.
Do not move the vertical POSITION control after this refer-
.ence line has been established.

NOTE
To measure a voltage level with respect to a
voltage other than ground, make the following
changes in step 6. Set the AC GND DC switch to
DC. Apply the reference voltage to the INPUT
connector and position the trace to the reference
line.

7. Set the AC GND DC switch to DC. The ground 1efer-
ence line can be checked at any time by switching to the
GND position.

8. Set the Triggering controls to obtain a stable display.
Set the TIME/DIV switch to a setting that will display the
desired waveform.

— (a)

Verlical
Distance

Reference line

Fig. 2-11. Measuring instantaneous DC voltage with respect to a
reference.
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9. Measure the distance in divisions between the reference
line and the point on the waveform at which the DC level is
to be measured. For example, in Fig. 2-11 the measurement
is made between the reference line and point A.

10.. Establish the polarity of the signal. If the waveform is
above the reference line the voltage is positive; below the
line, negative.

11. Multiply the distance measured in step 9 by the VOLTS/
DIV switch setting. Include the attenuation factor of the
probe, if any.

Example: As an example of this method of measurement,
assume that the vertical distance measured is 4.6 divisions
(see Fig. 2-11) and the waveform is above the reference line
using a 10X attenuator probe and a VOLTS/DIV switch
setting of 2.

Using the formula:

vertical
Insf\ixcr:]t;nious = distance X polarity X
g (divisions)
VOLTS/DIV probe
. X attenuation
setting f
actor

Substituting the given values:

Instantaneous
Voltage 46 X 41 X 2volts X 10

The instantaneous voltage is 92 volts.

Voltage Comparison Measurements

In some applications it may be necessary to establish a set
of vertical deflection factors other than those available on
the VOLTS/DIV switch. This is useful for comparing signals
to a reference voltage amplitude. To establish a set of deflec-
tion factors based upon some specific reference amplitude,
proceed as follows:

1. Apply a reference signa! of known amplitude to the
INPUT connector and adjust the size of the display for an
exact number of graticule divisions using the VOLTS/DIV
switch and VARIABLE control. Do not change the VARIABLE
control after obtaining the desired deflection.

2. Divide the amplitude of the reference signal (volts) by
the product of the deflection in divisions (established in step
1) and the VOLTS/DIV switch setting. This is the Deflection
Conversion Factor.

CDe:Iectipn ___reference signal amplitude (volts)
oo O™ deflection (divisions] X VOLTS/DIV sefting

3. To calculate the Adjusted Deflection Factor at any set-
ting of the VOLTS/DIV switch, multiply the VOLTS/DIV switch
setting by the Defiection Conversion Factor established in
step 2.

Adjusted Deflection
Deflection = VOLTleN X Conversion
setting
Factor Factor

This Adjusted Deflection Factor applies only to the channel
used and is correct only if the VARIABLE control is not moved
from the position set in step 1.
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4. To determine the peak-to-peak amplitude of a signal
compared to a reference, disconnect the reference and apply
the signal to the input connector.

5. Set the VOLTS/DIV switch to a setting that provides
sufficient deflection to make the measurement. Do not re-
adjust the VARIABLE VOLTS/DIV control.

6. Measure the vertical deflection in divisions and deter-
mine the amplitude by the following formula:

. Adjusted .
Slgpal — Deflection % defl_es:hon
Amplitude (divisions)
Factor

Example. As an example of this method of measurement,
assume a reference signal amplitude of 30 volts, a VOLTS/
DIV setting of 5 and a deflection of four divisions. Substitut-
ing these values in the Deflection Conversion Factor formula
(step 2):

Deflection
Conversion — *:;LS =15
Factor 4

Then, with a YOLTS/DIV switch setting of 10 the Adjusted
Deflection Fator (step 3) would be:

Adjusted
Deflection = 10 X 1.5 = 15 volts/division
Factor

To determine the peak-to-peak amplitude of an applied
signal which produces a vertical deflection of 4.5 divisions,
use the Signal Amplitude formula (step 6):

Signal

Amplitude = 15 X 45 = 67.5 volts

Time Duration Measurements

To measure time between two points on a waveforn), use
the following procedure:

1. Connect the signal to one of the INPUT connectors.

2. Set the Mode switch to display the channel used.

/ \ 1/ \

\ Y

Ho‘rizonlul [
Distance

Fig. 2-12. Measuring time duration between points on ¢ waveform.
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3. Set the VOLTS/DIV switch to display about five divi-
sions of the waveform.

4. Set the Triggering LEVEL control to AUTO.

5. Set the TIME/DIV switch to the fastest sweep rate that
displays less than eight divisions between the time measure-
ment points (see Fig. 2-12). See Selecting Sweep Rate in this
section concerning nonlinearity of first and last division of
display.

6. Adjust the vertical POSITION control to move the points
between which the time measurement will be made to the
center horizontal line.

7. Adjust the horizontal POSITION control to move the
starting point of the time measurement to the first graticule
line.

B. Measure the horizontal distance between the time meas-
urement points. Be sure the VARIABLE TIME/DIV control is
set to CAL.

9. Multiply the distance measured in step 8 by the setting
of the TIME/DIV switch. If sweep magnification is used, divide
this answer by 10.

Example. As an example of this method of measurement,
assume that the distance between the time measurement
points is five divisions (see Fig. 2-12) and the TIME/DIV switch
is set to .1 mSEC with the magnifier off.

Using the formula:

horizontol
distance X TLA:rEi/nDIV
(divisions) g

Time Duration =

magnification
Substituting the given values:

5 X 01lms

Time Duration = 7

The time duration is 0.5 milliseconds.

Frequency Measurements

The frequency of a periodically recurrent waveform con be
determined as follows:

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

2. Frequency of a signal is the reciprocal of the time dura-
tion of one cycle.

Example. As an example of this method of measurement,
the frequency of the signal shown in Fig. 2-12 having a time
duration of 0.5 millisecond is:

1 1

Frequency = = - =
a Y time duration 0.5ms

= 2 kilohertz

Risetime Measurements

Risetime measurements employ basically the same tech-
niques as time-duration measurements. The main difference
is the points between which the measurement is made. The
following procedure gives the basic method of measuring
risetime between the 109 and 909% points of the waveform.
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1. Connect the signal to one of the INPUT connectors.
2. Set the Mode switch to display the channel used.

3. Set the VOLTS/DIV switch and VARIABLE control to
produce a display an exact number of divisions in amplitude.

4. Set the TIME/DIV switch to the fastest sweep rate that
will display less than eight divisions between the 10% and
90% points on the waveform.

5. Determine the 10% and 909 points on the rising portion
of the waveform. The figures given in Table 2-1 are for the
points 10% up from the start of the rising portion and 10%
down from the top of the rising portion (90% point).

6. Adjust the horizontal POSITION control to move the
10% point of the waveform to the first graticule line For
example with a six division display, the 10% point would be
0.6 division up from the start of the rising portion (se¢ Fig.
2-13).

7. Turn the vertical POSITION control to move the 90%
point down to the graticule center horizontal line.

8. Measure the horizontal distance between the 109 and
909% points. Be sure the VARIABLE TIME/DIV control s set
to CAL.

TABLE 2-1
Divisions of Display 10% and 90% points
4 0.4 division
5 0.5 division T
6 06 division
7 07 division
8 08 division

9. Multiply the distance measured in step 8 by the setting
of the TIME/DIV switch. If sweep magnification is used,
divide this answer by 10.

Example. As an example of this method of measurement,
assume that the distance between the 109 and 90% points is
6 divisions (see Fig. 2-13) and the TIME/DIV switch is set to
1 uSEC with the magnifier on.

— 1 90% _|
Poinl

pad

//

7
,/ [

=t 10%

: = Point
L P
Horizontal
| Distance

F

g. 2-13. Measuring risetime.
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Using the time duration formula to find risetime:

horizontal

distance X

(divisions)
magnification

TIME/DIV

. . setting
Time Durotion __

(Risetime)

Substituting the given values:

6 X 1 us
10

Risetime —

Time Difference Measurements

The calibrated sweep rate and dual-trace features of the
Type 422 allow measurement of time difference between two
separate events. To measure time difference use the follow-
ing procedure:

1. Set the AC GND DC switches to the same position,
depending on the type of coupling desired.

2. Set the Mode switch to either CHOPPED or ALT. In
generdl, CHOPPED is more suitable for low-frequency signals
and the ALT position is more suitable for high-frequency
signals. More information on determining the mode is given
under Trigger Source and Dual-Trace Operation in this
section.

3. Set the Triggering Source switch to CH 1.

4. Connect the reference signal to INPUT 1 and the com-
parison signal to INPUT 2. The reference signal should pre-
cede the comparison signal in time. Use coaxial cables or
probes which have equal time delay to connect the signals
to the INPUT connectors.

5. If the signals are of opposite polarity, pull out the
INVERT switch to invert the Channel 2 display.

6. Set the VOLTS/DIV switches to produce four or five
division displays.

7. Set the Triggering LEVEL control for a stable display.

8. Set the TIME/DIV switch for a sweep rate which shows
three or more divisions between the two waveforms,

9. Adjust the vertical POSITION controls to center each
waveform (or the points on the display between which the
measurement is being made) in relation to the horizontal
centerline.

10. Adjust the horizontal POSITION control so the Channel
1 (reference) waveform crosses the horizontal centerline at a
vertical graticule line.

11. Measure the horizontal distance between the Channel
1 waveform and the Channel 2 waveform (see Fig. 2-14).

12. Multiply the measured distance by the setting of the
TIME/DIV switch. If sweep magnification is used, divide this
answer by 10.

Example. For example, assume that the TIME/DIV switch
is set to 50 uSEC, the magnifier is on and the horizontal dis-
tance between waveforms is 4.5 divisions (see Fig. 2-14).
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Channel 1 (Reference) Channel 2
\
\
50% i
Amplilude | o
Level U
L
- Ho.rizomul |-
Distance H

Fig. 2-14. Measuring time difference belween two pulses.

Using the formula:

horizontal
TlstEﬁ/D'V X distance
efiing (divisions)

Time Delay = magnification

Substituting the given values:

50 us X 4.5
10

The time delay is 22.5 microseconds.

Time Delay =

Multi-Trace Phase Difference Measurements

Phase comparison between two signals of the same fre-
quency can be made using the dual-trace feature of the Type
422. To make the comparison, use the following procedure:

1. Follow steps 1 through 7 of Time-Difference Measure-
ments.

2. Set the TIME/DIV switch to a sweep rate which produces
slightly less than one cycle of the waveform.

3. Adjust the VARIABLE VOLTS/DIV control so the displays
are equal and about six divisions in amplitude. Reset the
VOLTS/DIV switches if necessary, to obtain equal amplitude
displays.

4. Move the waveforms to the center of the graticule with
the vertical POSITION controls.

5. Turn the VARIABLE TIME/DIV control until one cycle of
the reference signal (Channel 1) occupies exactly nine divi-
sions horizontally (see Fig. 2-15). Each division of the grati-
cule represents 40° of the cycle (360° ~+ 9 divisions = 40°/
division). The sweep rate can be stated in terms of degrees
as 40°/division.

6. Measure the horizontal distance between corresponding
points on the waveforms. Note whether the Channel 2 wave-
form is leading or lagging the reference waveform on Chan-
nel 1.
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7. Multiply the measured distance (in divisions) by 40°/
division (sweep rate) to obtain the exact amount of phase
difference.

Example. Assume a horizonta!l distance of 0.6 divisions
with a sweep rate of 40° /division as shown in Fig. 2-15.

Using the formula:

horizontal sweeb rate
Phase Difference — distance X p rate
(divisions) (degrees/division)

Substituting the given values:
Phase Difference = 0.6 X 40°
The phase difference is 24°.

More Accurate Phase Measurements. More accurate
phase measurements can be made by increasing the TIME/
DIV switch setting. One of the easiest ways to increase the
sweep rate is with the magnifier. The magnified sweep rate
is determined by dividing the sweep rate obtained previ-
ously by the increase in sweep rate.

Channel 1 Channel 2
(Reference) (lagging)
AN

FARAN

\ U7
/

Horiz.
Distance

e
| e @ Divisions (360° )mmmmamipn|

Fig. 2-15. Measuring phase difference.

Example. For example, if the sweep rate were increased
10 times with the magnifier, the magnified sweep rate would
be 40° = 10 = 4°/division. Fig. 2-16 shows the same
signals as used in Fig. 2-15 but with the magnifier on. With
a horizontal distance of six divisions, the phase difference
is:

horizontal mognified
Phase Difference — distance X sweep rate
(divisions) (degrees/div)

Substituting the given values:
Phase Difference — 6 X 4°.

The phase difference is 24°.
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Fig. 2-16. More accurate phase medasurement with increased sweep
rate.

Type 422 as a Trigger Source

Ordinarily, the signal to be displayed also provides the
trigger signal for the oscilloscope. In some instances, it moy
be desirable to reverse this situation and have the oscillo-
scope trigger the signal source. This can be done by connect-
ing the GATE OUT signal of the Type 422 to the input of the
signal source. Set the Triggering LEVEL control to FREE RUN
and adjust the TIME/DIV switch for the desired display. Since
the signal source is being triggered by a signal that has a
fixed time relationship to the Type 422 sweep, the output of
the signal source will produce a stable display on the CRT
as through the Type 422 were triggered in the normal monner.

Operating Instructions—Type 422/R422 (SN 100-19,999)

Common-Mode Rejection

The ALG ADD feature of the Type 422 can be used to dis-
play signals which contain undesirable components. These
undesirable components can be eliminated through common
mode rejection. The precautions given under Algebraic
Addition should be observed.

1. Connect the signal containing both the desired and
undesired information to the INPUT 1 connector.

2. Connect a signal similar to the unwanted portion of
the Channel 1 signal to the INPUT 2 cennector. For example,
in Fig. 2-17 a line-frequency signal is connected to Chan-
nel 2 to cancel out the line-frequency component of the
Channel 1 signal.

3. Set both AC GND DC switches to DC (AC if DC com-
ponent of input signal is too large).

4. Set the Mode switch to ALT. Set the VOLTS/DIV switches
so the signals are about equal in amplitude.

5. Set the Triggering Source switch to CH 1 & 2.

6. Set the Mode switch to ALG ADD. Pull the INVERT
switch so the common-mode signals are of opposite polarity.

7. Adjust the Channel 2 VOLTS/DIV switch and VARIABLE
control for maximum cancellation of the common-mode signal.

8. The signal which remains should be only the desired
portion of the Channel 1 signal. The undesired signal is
cancelled out.

Example. An example of this mode of operation is shown
in Fig. 2-17). The signal applied to Channel 1 contains
unwanted line-frequency components (Fig. 2-17A). A cor-
responding line-frequency signal is connected to Channel 2
(Fig. 2-17B). Fig. 2-17C shows the desired portion of the sig-
nal as displayed when common-mode rejection is used.

T T T - T T TI I 7] T T ITTII 7T 7] FFTITTiT T 1713
---------- L' I JR TR A R I R HRN H .,,,,‘,,,,,:,, e ] . e L e e EE R et (bl Ry
PR RS ‘:L Pl e + ! | §
Line ) ~ b - | | - dod -
AR 7 ~ S G |
Frequency \ 3 P ! 3 . 1 |
! = $o —— ; ranaas // t L]
FAT N I i : adl \
Desired ! | DTS } e : v—J -
Signal AN 1 P S L T N T O O U 0 A o A
rerepe e ?"'1;;" """" 1 [71r —»——I- """"" R R I A I El R S N H R
[T~ 1T 7311 * T Pt

(A) Channel 1 signal.

(B) Channel 2 signal.

(C) Resuitant dispiay.

Fig. 2-17. Using the ALG ADD feature for common-mode rejoction,
quency component,

(A} Channel 1 signal contains desired information along with line-fre-

(B} Channel 2 signal contains line-frequency only, (C) Resultant CRT display using common-mode rejection.
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SECTION 3
CIRCUIT DESCRIPTION

General

In the following circuit description, a detailed block dia-
gram will be given for each major circuit in this instrument.
The complete block diagram given in the Diagrams section
shows the overall relationship between the major circuits in
the instrument. .

Complete electrical diagrams are also given in the Dia-
grams section. Refer to these diagrams for electrical values
and relationship throughout the following circuit description.

Block Diagram

The block diagram given in Section 9 of this manual shows
the main circuits of the Type 422 Oscilloscope. Signals to be
displayed are connected to one of the INPUT connectors on
the front panel of the Type 422. Large signals may be attenu-
ated the desired amount (up to 400 times) by the attenuator
networks. Signals are amplified in the Input Amplifiers and
coupled push-pull through the dual-trace switching network
to the output amplifier. The dual-trace switching network
determines whether the output signal of Channel 1 or 2 passes
on to the Output Amplifier. The Output Amplifier couples
the signal directly to the vertical deflection plates of the CRT.

Two trigger-pickoff circuits in the vertical system obtain a
sample of the input signal for the time-base circuit to pro-
vide internal triggering. Either the Channel 1 trigger-pickoff
signal or the composite trigger-pickoff signal from the Out-
put Amplifier may be selected.

External or internal signals of widely varying shapes, fre-
quency and amplitude may be applied to the Sweep Trigger
circuit to initiate the sweep. The Sweep Trigger circuit pro-
duces constant-amplitude output pulses which start the sweep
at the proper time to insure a stable display of the signal of
interest.

The Sweep Generator produces a linear rising sawtooth
voltage that is used to sweep the electron beam across the
CRT at a selected rate. Output of the Sweep Generator is
coupled to the Horizontal Amplifier,

The Horizontal Amplifier amplifies the sawtooth (or the
signal applied to the HORIZ IN connector when the TIME/
DIV switch is in EXT HORIZ position) and converts the signal
to push-pull for application to the horizontal CRT deflection
plates. Gain of the Horizontal amplifier may be increased
ten times by pulling the X10 MAG switch.

The Calibrator circuit produces a square-wave output of
constant amplitude which can be used to check the gain of
the vertical system or to compensate probes. A 200-millivolt
peak to peak, square wave signal is coupled internally to
the channel 1 & 2 Input Amplifiers when the VOLTS/DIV
switches are set to the CALIBRATE 4 DIVISIONS positions.
If the GAIN adjustments on the front-panel are properly set,
this produces a display of exactly four divisions, providing
the VARIABLE control is set to CAL (fully clockwise). A two
volt peak-to-peak square wave is available at the CALI-
BRATOR jack on the front panel; this waveform can be used
to compensate an attenuator probe.

@

VERTICAL PREAMP
(see Fig. 3-1)

Input Coupling

Inpt signals applied to either the INPUT 1 or the INPUT 2
connector can be AC-coupled, DC-coupled or internally dis-
connected. When the AC GND DC switch (SW1 or SW101)
is in the DC position, the input signal is cirectly coupled to
the VOLTS/DIV attenuators. [n the AC position, the input
signal is passed through a blocking capacitor (C1 or C101).
This prevents the DC component of the signal from passing to
the amplifiers. In the GND position, the applied signal path
is broken and the input to the amplifier is grounded. This
provides a ground reference without the need to disconnect
the opplied signal.

input Attenuator

The overall effective deflection factor of the vertical deflec-
ton system of the Type 422 is controlled by the YOLTS/DIV
switches. In all positions of the VOLTS/DIV switches except
01 and .02, the basic deflection factor of the vertical system
is 0.05 volt per division of deflection on the CRT. To make the
instrument useful for a wide range of input voltages, precision
attenuators are used to increase this basic deflection factor.
In the .01 and .02 positions of the VOLTS/DIV switches, atten-
uation is not used in the input circuit. Instead, the amount of
negative feedback in the Feedback Amplifier, Q34-Q44
(Q134-Q144 in Channel 2), is changed to decrease the deflec-
tion factor.

For all VOLTS/DIV switch positions higher than the .05
posifion, the Attenuators are switched into the circuit singly
or in tandem pairs to produce the vertical deflection factor
indicated on the front panel. These attenuators are fre-
quency-compensated voltage dividers. For DC and low-fre-
quency signals they are predominantly resistance dividers
and the amount of voltage attenuation is determined by the
resistance in the circuit. The impedance of the capacitors in
the circuit is so high at low frequencies that their effect in
the circuit is negligible. However, at higher frequencies, the
impedance of the capacitors in the circuit decreases and the
circuit becomes primarily a capacitance voltage divider.

In addition to providing proper attenuation, the Attenua-
tors are designed to maintain the same input resistance (1
megohm) regardless of the setting of the VOLTS/DIV switches.
Also, the variable capacitor at the input of each network
provides a means for adjusting the input time constant so
that it remains at the same value {(nominally 30 pF X 1 meg-
ohm) for all settings of the VOLTS/DIV switches.

input Cathode Followers

The nuvistors, V13 in Channel 1 and V113 in Channel 2,
are used as cathode follower input stages for the two chan-
nels. This stage presents a high input impedance to the input
circuit and isolates the input circuit from the remaining ampli-
fier circuitry R10 (R110) in the grid circuit of VI3 (V113) is
the input resistor for the .01, .02 and .05 YOLTS/DIV switch
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positions. This resistor becomes port of the Attenuation net-
work at all VOLTS/DIV switch settings above .05. C12 (C112)
is part of the frequency compensation network. The neon bulb
B12 (B112) protects V13 (V113) if a high amplitude negative
signal is applied.

The diode arrangements in the cathode circuits of the Input
Cathode Followers D14, D15 and D17 (Channel 1) and D114,
D115 and D117 {Channe!l 2} are voltage limiting devices that
protect Q34 and Q134 from excess voltage. D16 (D114) is a
temperature compensation diode. Quiescent voltage at the
collector of Q24 (Q124) is near zero volts.

Transistor Q24 (Q124) is o constant current source for the
Input Cathode Follower. Zener diode D21 {D121) helps mini-
mize any ripple or noise riding on the current supplied by

Q24 (Q124).

The STEP ATT BAL adjustment sets the emitter of Q34
(Q134) to zero volts. This insures that the output DC level
of Q44 (Q144) does not change with changes in gain of the
stage in the .01, .02 and .05 positions of the VOLTS/DIV
switch. The effect of the Variable Balance adjustment is
described under Feedback Amplifier.

Channel 2 contains a variable capacitor, C114, in the cath-
ode circuit of V113. This capacitor is provided to match the
transient response of Channel 2 to that of Channel 1.

Feedback Amplifier

The Feedback Amplifier is a singie-ended amplifier consist-
ing of Q34 and Q44 (Q134 and Q144 in Channel 2). Gain
switching is used in this stage to provide the correct overall
gain in the .01, .02 and .05 positions of the VOLTS/DIV
switch. The gain is determined by R39 (R139) and the resistar
Re between the emitter of Q34 (Q134) and ground. The gain
can be represented by the formula:

R. 4+ R39 (R139)

Gain = R,

Therefore, when R, is infinity (0.05 position), the gain of the
feedback amplifier is one. When R, is 340 ohms (0.02 posi-
tion, the gain of the feedback amplifier is 2.5, etc.).

The Variable Balance adjustments (R35 in Channel 1 and
R135 in Channel 2} set the output DC level of the first ampli-
fier stages so there is no current flow between the emitters
of the paraphase amplifier stage (Q84-Q94 in Channel | and
Q184-Q194 in Channel 2) during quiescence. This insures
that the DC level of the display will not shift as the VARI-
ABLE control is rotated.

Channel 1 Trigger Pickoff

The Channel 1 Input Amplifier contains a Trigger Pickoff
circuit that supplies a sample of the Channel 1 signal to the
time-base circuit for internal triggering from Channel 1. This
signal is coupled to the time-base circuit when the Trigger
Source switch is set to CH 1. The Trigger Pickoff circuit is an
emitter follower with a high input impedance. The high input
impedance is desirable to that the output of Q44 is loaded
as lightly as possible.

¥ 10 Gain Network

The Channel 2 Input Amplifier contains an additional
capacitively caupled amplifier stage that is switched in ar

©1

Circuit Description—Type 422/R422 (SN 100-19,999)

out of the circuit with the front-panel X 10 GAIN AC switch,
SWI150. Gain of the Q154 stage is X9. This X9 gain,
algebraically added to the normal X1 gain through the
other side of the push-pull network, gives a total gain of
X10. However, the signal is DC coupled through the X1
side of the push-pull circuit and AC coupled through the
side with the X9 amplifier. To avoid a confusing display in
regard to DC level, the AC GND DC switch should be in
the AC position when using the X 10 gain feature.

Paraphase Amplifier

The Paraphase Amplifier consists of QB4 and Q%4 in Chan-
nel 1 and Q184 and Q194 in Channel 2. The Paraphase
Amplifier converts the single-ended output of the previous
stage to push-pull. Gain of the Paraphase Amplifier is con-
trolied by emitter degeneration. As the impedance between
the emitters of Q84 and Q94 (Q184 and Q194 in Channel 2)
is increased, emitter degeneration increases, resulting in less
gain of the stage. The POSITION controls (R60 and R160)
vary the base drive to Q64 and Q74 (Q164 and Q174). Q64
and Q74 (Q164 and Q174] supply the emitter current for the
last stage of the Vertical Preamp.

VERTICAL SWITCHING
(see Fig. 3-2)

General

The switching circuit determines which of the Vertical Pre-
amp output signals is connected to the Output Amplifier. in
the dual-trace positions af the MODE switch, the autput of
each channel is alternately coupled to the Output Amplifier
and displayed on the screen. In the CHOPPED positian, this
alternating action occurs at a fixed repetition rate af about
100 kilohertz. In the ALT position of the Mode switch, the
channel displayed changes at the end of each sweep.

Diode Gates

The Diode Gates consisting of D201 through D208 can be
thaught of as switches that allow ane or the other Vertical
Preamp autput signal to be caupled to the Output Amplifier.
These diode switching gates are cantrolled by the Dual-Trace
Switching Multivibrator Q265 and Q275.

CH 1 and 2. In the CH 1 position of the Mode switch (see
Fig. 3-3), +12 volts is applied through R273 to the junctian of
D206 and D207 (Channel 2 diade gate). This forward biases
D206 and D207 and back biases D205 and D208. Therefore,
Channel 2 signal is clamped by D205 and D208 and cannot
pass to the Output Amplifier.

The junction of D202 and D203 in the Channel 1 diode gate,
an the ather hand, is coupled to the —12-volt supply through
R265. This voitage holds D202 and D203 back biased while
D201 and D204 are forward biased. Therefare, Channel 1
signal current passes to the Output Amplifier. in the CH 2
position of the Made switch, apposite conditians prevail.
That is, the Channel 1 Diode Gate blocks the Channel 1
signal and the Channel 2 Diode Gate allows the signal to
pass to the Qutput Amplifier.
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Fig. 3-3. lllustration of the effect of the diode gates on the signal path in CH 1 position of the Mode switch.




Alt, In the ALT position of the Mode switch, the Alternate
Sweep Pulse Amplifier, Q264 is connected to the +12 volt
supply. Q264 is normally off and the current through the
collector resistor of Q264 from the +12-voit supply passes
to the emitter of the on side of the Switching Multivibrator.
For example, if Q265 is on and Q275 is off, a more positive
valtage is applied to the junction of D202 and D203 uand a
more negative potential is applied to the junction of D206
and D207. This turns off the Channel 1 diode gate and turns
on the Channel 2 diode gate.

At the end of the sweep, Q264 is turned on by the alternate
trace sync pulse and momentarily diverts the current thiough
R260 away from the switching multivibrator. This turns off
the on transistor and allows the multivibrator to switch. For
example, if Q265 were on, the change in current would pull
its collector negative. This change is connected to the base of
Q275 through R269 and C269 to set the base of Q275 more
negative than the base of Q265. When Q264 turns off after
the alternate trace sync pulse, current again is connected to
the multivibrator. Then, Q275 turns on since its base is more
negative than the base of Q265. The collector of Q275 rises
positive and Q265 is held off through R279 and C279. With
Q275 conducting and Q265 cut off, a more positive voltage
is developed at the collector of Q275, and D206 and D207
in the Channel 2 Diode Gate are forward biased. Also,
Q265 now has a more negative voltage on its collector, and
D202 and D203 in the Channel 1 Diode Gate is now passing
the signal on to the Output Amplifier and the Channel 2
Diode Gate is blocking the Channel 2 signal from the Out-
put Amplifier.

Chopped. In the CHOPPED position of the Mode Switch,
the Switching Multivibrator is allowed to free run at a fre-
quency of abaut 100 kilohertz. In this position of the Mode
switch, +12 volts is applied to the emitters of Q265 and
Q275 through R264 and R274. At the time of transition, the
off transistor is turned on by the increasing positive-going
charge on its emitter due to the exponential charge of C267.
Once the emitter voltage of the transistor (for example,
Q265) rises far enough positive to make it conduct, it. col-
lector goes positive to about 1.5 volts. This voltage is coupled
to the base of Q275 through R269 and C269 and turns Q275
off. When Q275 turns off, its emitter attempts to follow the

Circuit Description—Type 422/R422 (SN 100-19,999)

base. The emitter voltage, however, cannot rise immediately
since C267 must charge at an exponential rate through R274.
C267 is charging toward 412 volts and the base of Q275
is at about +5.2 volts. When C267 charges to a voltage
slightly more positive than the base voltage, Q275 conducts
and the Switching Multivibrator again changes states to
begin another cycle.

The switching transients from the emitters of Q265 and
Q275 are coupled through C266 and C276 to the base of
Q294. The Chopped Blanking Amplifier, Q294, blanks the
trace on the CRT so the switching transients turn the stage off
each time the Switching Multivibrator changes states. The
collector signal of Q294 is coupled to the emitter of Q864
in the CRT circuit.

Alg Add. In the ALG ADD position of the Mode switch,
the Switching Multivibrator is out of the circuit and both diode
gates allow the signal current to pass. Since both channels
are supplying current to the Output Amplifier simultaneously,
twice the normal current is present. To keep the current to
the Output Amplifier at its normal level, one half of the cur-
rent is shunted through R210 and R211 to the +12-volt
supply. The resultant signal at the output is the algebraic
sum of the two channels.

Delay-Line Driver

Diodes D210 and D211 are protection devices that prevent
Q84, Q94, Q184 and Q194 from being driven into satura-
tion during switching in the ALT dual-trace mode. The diode
arrangement of D213 and D214 limits the voltage swing
between the inputs of the amplifier by acting as an increas-
ingly lower shunt impedance to larger ampiitude signals.
To normal amplitude signals, D213 and D214 are high im-
pedance.

The Common Mode Current adjustment, R215, sets the com-
mon-emitter voltage of Q224 and Q234 to near zero.

The Delay-Line Driver stage (Q224 and Q234) is a push-
pull operational amplifier. The feedback network (R221,
R224, R227, C227, R228, C228, R237, C239, R231 and R234)
provide high-frequency compensatian far the delay line. R226
and R236 along with the autput impedance of this stage com-
prise the main reverse termination for the delay line.

I N

—_— — Vertical

From Delay Line Output Signal
Delay-Line (=150 nano- Amplifier To Vertical
Driver seconds) Q244, Deflection
Q254 ©

——— P Plates

l /

Fig. 3-4. Block diagram of Vertical Output Amplifier circuit.
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An internal trigger pickoff circuit is connected to the col-
lector of Q224. The vertical signal is sampled at this point
and coupled to the Sweep Trigger circuit for use as the CH
1 and 2 trigger signal.

C217 in the Trigger Pickoff circuit allows the high-frequency
campensation of the circuit to be matched to that of the
Channel 1 Trigger Pickoff circuit. The network of €235 and
R235 presents an impedance at the collector of Q234 that is
equivalent to the Trigger Pickoff circuit on Q224 and thus
balances the circuit.

VERTICAL OUTPUT AMPLIFIER
(see Fig. 3-4)

The vertical signal from the Q224-Q234 stage passes
through the delay line to the next stage. The delay line
delays the vertical signal enough to allow the Sweep Gen-
erator time to start a sweep before the signal reaches the
vertical deflection plates.

The Q244-Q254 stage is a push-pull grounded-base ampli-
fier. The delay line forward termination signal current
(through R242, R252) is coupled to the emitters. 124 and
L255 are high-frequency peaking adjustments.

SWEEP TRIGGER
(see Fig. 3-5)

Trigger Source

The Triggering Source switch (SW305) determines the
source of the trigger signal. In the CH 1 position the signal
from the Channel 1 Trigger Pickoff circuit is coupled 1o the
Sweep Trigger circuit. In the CH 1 and 2 position of the
Trigger Source switch the signal from the CH 1 and 2 Trigger
Pickaff is coupled to the Sweep Trigger circuit. In the EXT
position of the Triggering Source switch the signal from the
TRIG IN connector is caupled to the Sweep Trigger circuit in
all positions of the TIME/DIV switch except EXT HORIZ. The
external triggering circuit is high-frequency compensated by
variable capacitor C302.

Trigger Coupling

The Triggering Coupling switch (SW310) offers a means of
.accepting or rejecting certain frequency components of the
trigger signal. In the AC and AC LF REJ pasitions, the DC
component of the trigger signal is blocked by coupling
capacitars. In the AC position, trigger signal frequency com-
panents below about 50 hertz are attenuated. In the AC
LF REJ position, frequency components below about 50 kilo-
hertz are attenvated. The DC position passes all frequency
components down to DC. The Channel 1 trigger signal passes
through a separate set of coupling capacitors (C308 and
C309) in the AC position. This matches the time constunt of
the Channel 1 coupling network to the Channel 1 and 2
coupling network.

When the LEVEL switch is in the AUTO position, the trig-
ger signal is AC coupled through C306 or C309 in the AC
position and C305, C306 or C308, C309 in the AC LF REJ
position. The trigger signal cannot be DC coupled in the
AUTO position.
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Sweep Trigger (non-auto)

The essential active components in the Sweep Trigger cir-
cuit are Q323, Q324, Q343, Q364 and D375. The function of
the Sweep Trigger circuit is to derive a pulse that is consist-
ent in amplitude and risetime from widely varying input
trigger pulse shapes. The LEVEL control and SLOPE switch
determine the point on the input waveform at which the
trigger pulse is initiated.

Q323 and Q324 form an operational amplifier with non-
linear feedback. A combination Si-Ge diode circuit (D331,
D332, D333 and D334) limits the output voltage swing of
the operational amplifier to approximately #=0.3 volt, and is
determined by the difference in forward drop of the Si and
Ge diodes. Gain of the operational amplifier from the exter-
nal input is about 1.3 before limiting and 0.13 beyond
limiting.

The trigger signal passes from the emitter of the Q323 stage
to the base of the trigger amplifier stage, Q324. The output
of Q324 is coupled to the base of Q364 through Zener diode
D325. D325 drops the DC level close to ground potential
without appreciable attenuation of the trigger signal. The
negative feedback current to the base of Q323 ariginates
from the output of the Q324 stage by way of R353 when the
output swing is less than 0.3 volts.

The Q364 stage switches the tunnel diode D375 which
originates a constant-amplitude, fast-rise pulse that starts the
Sweep Generator. Since R377 shunts some current around
D375, Q364 must also supply this added current to switch
D375. With the SLOPE switch in the negative-going pasitiat
(Fig. 3-6A), the sum of the currents through Q364 and R374
equals the current delivered to D375 and R377. 8efore a trig-
gering signal arrives, Q364 and R374 are supplying about 10
milliamps to the D375-R377 circuit, which is not enaugh to
switch D375 to its high voltage state. When a triggering sig-
nal arrives and drives Q364 further into conductian, D375
switches to its high voltage state. The very fast switching
transient of D375 is transformer-coupled to the Sweep Gen-
erator to initiate the sweep.

When the SLOPE switch is in the positive-going position
(Fig. 3-6B), Q364 is cannected as a current-shunting device
with respect to D375. In this case, Q364 must be driven
tawards cutoff in order to increase the current through D375.
A positive-going signal at the base of Q323 drives Q364
towards cutaff and the current through R372 is diverted to
D375. This current increase through D375 causes it to switch
and thus generate the pulse that starts the sweep.

Once D375 switches to its high voltage state, it stays there
until the level of the triggering signal ultimately falls to a
low enough value to reset D375 ta its law valtage state. This
resetting level is always lawer than the original current level
that caused D375 to switch to its high voltage state. The
difference in voltage between these levels is known as the
hysteresis level of the circuit. The amplitude (AV) of the trig-
gering signal must always exceed the hysteresis level differ-
ence of the circuit for effective triggering.

The LEVEL control varies the DC current to the input of
the Sweep Trigger circuit and in so daing, sets the quiecen.
current ievel through D375. The LEVEL control thereby sets
the point on the triggering signal where triggering accurs
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T401

~12V

+12vV

Q364

+62V

D363 R363

-~ 12V

Fig. 3-6. Relationship between Q364 and D375 for (A) negative-going

to start the sweep. C353 is a high-frequency compensation
adjustment.

Automatic Triggering

When the LEVEL cantrol is set to AUTO, the operational
amplifier (Q323 and Q324) is converted to a 45-hertz phase-
shift oscillator by replacing R353 with a RC phase-shift feed-
back network in the emitter circuit of Q343.

Phase shift through the operational amplifier is 180°, and
phase shift through the RC network is 180° giving a tofal
phase shift of 360° at 45 hertz. The voltage limiting teed-
back network of diodes D331 through D344 limits the posi-
tive and negative excursions of the phase-shift oscillator.
In the absence of a triggering signal the circuit runs con-
tinuously as a free-running 45-hertz oscillator and switches
the tunnel diode D375 to produce a base-line display when a
triggering signal is not present. The Auto Center adjustment,
R350, sets the average DC level of the phase-shift oscillator
sc it is in the middle of the limit levels of the diode feedback
network D331, D332, D333 and D334.

A normal amplitude triggering signal of 45 hertz or higher
drives the amplifier into the limiting region at the triggering
frequency. 8ecause of the limiting action, no 45-hertz com-
ponent can now exist in the output and the 45-hertz oscilla-
tion ceases. Furthermore, the phase-shift network is also a
low-pass network (18 dB/octave) so that above 45 hertz
there is no significant feedback.
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slope and (B) positive-going slope positions of the SLOPE switch.

SWEEP GENERATOR
(see Fig. 3-7)

Sweep Gate

The trigger pulses praduced by the Sweep Trigger circuit
are transformer-coupled through T401 and initiate the saw-
tooth of the Sweep Generator. D401 in the secondary cir-
cuit of T401 allows the positive spikes to pass to the gating
tunnel diode, D405, when the collector of Q434 is clamped
by D435.D436.

When the Sweep Generator circuit is ready to be triggered,
the state of each essential active camponent is as follows:
D405 is conducting a small amount of current and it is in its
low-voltage state; Q414 is biased aff; Q473 is biased off
and the CRT is blanked; Q424 and Q434 are both on; dis-
connect diodes D430 and D439 are forward biased and keep
C440 from developing a charge; V443 is canducting heavily
and its cathode is positive; this positive voltage biases Q441
on hard and its callector is at about +3 volts; this voltage is
coupled back to tunnel diode D455 to hold it in its law-
voltage state; Q464 is biased off; with Q464 off, R464, R406
and R405 allow a small amount of current to flow through
tunnel diode D405 as mentioned above.

When a trigger signal is coupled through T401 to the
Sweep Generator, D401 allows the positive spikes to pass
to D405. This energy is sufficient to switch D405 to its high-
voltage state which saturates D414. When Q414 saturates
it shunts the current fram the emitters of Q424 and Q434.
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Fig. 3-7. Block diagram of Sweep Generator circult.

The mare negative callector voltage of Q414 turns Q473 on
to produce a signal that unblanks the CRT.

When Q424 turns off, D439 becomes back biased and
switches the charging current to the timing capacitor C440.
When Q434 turns off, its collector maves toward —12 valts.
This voltage is caupled back by way of the secandary of
T401 and holds D401 biased to black any incaming trigger
pulses.

Sweep Generator

The basic sweep generatar circuit is a Miller Integrator’.
To produce a linear sawtooth output, the voltage increase
across C440 (timing capacitor) is held constant. This is
accomplished as follaws. Because of the negative feedback
from Q441 through C440 to the grid of V443, any tendency
for the voltage at the grid of V443 to change is opposed
and only a small change occurs. Therefore, the charging
current through R440 remains constant. Since the current
through R440 is constant, the charging current to C440 is
also constant and the output valtage increases at o constant
rate to reproduce a linear sawtooth. A higher current
through R440 requires that the output voltage change at a

‘Jacob Millman and Herbert Taub, *‘Pulse, Digital and Switching
Waveforms,” McGraw-Hlll, New York, 1965, pp. 540-548,

©:

faster rate for a given value of C440. A current af apposite
directian causes the autput voltage ta change in the apposite
direction—this is what occurs during sweep reset.

Sweep Reset

As the valtage at the collectar of Q441 rises, an increas-
ing current is applied to tunnel diode D455 through R451.
When the current thraugh tunnel diode D455 exceeds its
switching level, it switches to its high voltage state and more
pasitive valtage appears on the base of Q464. This satu-
rates Q464, and the drop in collector voltage decreases the
current through the sweep gating tunnel diode, D405. D405
then resets to its low voltage state which turns off the Sweep
Gate stage, Q414, diverting its collector current to Q424. A
large part af the collectar current now flaws through D439
to the timing circuit. Since this current is larger and of oppo-
site directian to the timing resistor current, the output valtage
at Q441 must change at a fast rate in a negative direction
(see earlier discussion of timing circuit actian.) When the
caliectar of Q441 falls to about +3 volts, Q434 conducts
(removing reverse bias from D401) and direct caupled feed-
back from the output of Q441 through Q434 and Q424 ta
the grid of V443 holds the output at about 43 volts. When
the Sweep Gate stage turns off, the unblanking pulse also
ends and the CRT is blanked aut during sweep reset and
holdoff.
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The Sweep Generator, having completed one sweep and
reset, is now ready for, and will accept (through D401},
another trigger pulse.

Sweep Generator Output Signals

When Q414 turns off at the end of the sweep a positive
pulse is caupled from its collector to the dual-trace switching
circuit. This pulse switches the Switching Multivibrator at the
end of each sweep when in the alternate mode. The change
at the collector of Q414 is also connected to the GATE OUT
connector on the frant panel through emitter fallower (Q473.

Free Running Operation

With the LEVEL control in the FREE RUN position, the
cathodes af D435 and D436 are released from ground and
R435 is placed in series with R434. This allows the collector
of Q434 to go further positive following sweep reset to pro-
vide additional current back through D401 and D405. The
increased current is sufficient to switch D405 back into its
high-voltage state as socon as the sweep resets. The sweep
will be recurrent regardiess of the triggering signal from the
Sweep Trigger circuit.

External Horizontal

When the TIME/DIV switch is in the EXT HORIZ position,
the Sweep Generator is disabled. This is done by applying
a holding current to D405 through D403 and R403.

HORIZONTAL AMPLIFIER
(see Fig. 3-8)

Input Circuit

The Horizontal Amplifier has two inputs: (1) fram the Sweep
Generator output signal through R511-C511 and (2) fram the
HORIZ IN (TRIG IN) cannector when the TIME/DIV switch is
set to EXT HORIZ. The HORIZ ATTEN (Trigger LEVEL) con-

trol provides 10:1 variable attenuation of an externally
applied horizantal input signal.

The Sweep Cal patentiometer, R512, is a variable current
divider that varies the current drive to the summing point of
the operational amplifier (for internal sweep only) Q513.
This varies the displayed sweep rate of the trace. Variable
capacitor C511 is a compensation device that improves the
sweep linearity at the faster sweep rates.

The POSITION controls vary the output voltage of the
Horizontal Amplifier for horizontal positioning.

Amplifier Circuits

Q513, Q524 and Q543 form an operational amplifier. The
input emitter follower Q513 is current driven by the signal
from the input circuit. D512 and D513 are protection diodes
that limit the voltage swing at the base of Q513. The output
of the emitter follower Q513 drives the base of Q524. A por-
tion of the autput af the Q524 stage is coupled back to the
base of Q513 as negative feedback. In the X1 position of
the X10 MAG switch, maximum feedback occurs between
the collector of Q524 and the base of Q513. When the
X10 MAG switch is set to X 10, the gain of the Q513-Q524
stage is increased 10 times. The Mag Register adjustment
is set in the X1 position of the X10 MAG switch to match
the mid-screen DC level of the X1 display to the X10
display.

Emitter follower Q543 drives the Paraphase Amplifier
Q544-Q554. The Paraphase Amplifier converts the single-
ended signal to push-pull for application to the CRT deflec-
tian plates. Zener diades D549 and D559 provide a DC
voltage shift so the horizontal and vertical autput voltage
(average) are mare nearly the same.

External Horizontal

External horizontal signals applied to the HORIZ IN con-
nector are amplified by the Horizontal Amplifier when the

POSITION

Sweep Feedback Paraphase - > 'To
From Amplifier Q513, Output Amplifier Honzorjtol
Sweep Q524, Q543 Q544 Deflection
Generator y Plates

HORIZ HORIZ

IN ATTEN

Fig. 3-8. Block diagram of Horizontal Amplifier circuit.
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Fig. 3-9. Block diagram of Calibrat

TIME/DIV switch is set to EXT HORIZ. A DC affset current
is applied to the summing point of operationa! amplifier
Q513 through R515 and R516. This DC current positians
the display to the center of the CRT (when Horizontal POSI-
TION control is centered). Also, in the Sweep Generator
circuit, a holding current is applied to D405 to prevent the
Sweep Generatar from operating. Current is also applied
to the unblanking circuit through D404 to unblank the CRT.

CALIBRATOR AND REGULATORS
(see Fig. 3-9)

Amplitude Calibrator

The Calibrator circuit provides an accurate amplitude
square-wave voltage for setting the gain of the vertical
Input Amplifiers and high-frequency compensation of atten-
vator probes. Frequency of the Calibrator circuit is abaut
1 kilohertz.

The Calibrator circuit is an astable (free running) camman-
emitter multivibrator. The multivibrator maintains sustained
oscillation due to the collector to base coupling between the
transistors. Assuming that Q765 is just turning an, a pasitive-
going pulse develops at its collector. This positive-going
pulse is coupled to the base of Q775 and it turns aoff. How-
ever, since the positive-going voltage change is AC coupled
through C765, the valtage change an the base af Q775 is
not sustained and starts decaying at an exponental rate.
The level on the base af Q775 drops to a point where it can
conduct again. When Q775 conducts, a positive pulse is
coupled to the base of Q765 and it turns off. Again the
pulse is AC coupled and the voltage at the base af Q765
ultimately falls negative to a point where Q765 can con-
duct again.

The signal from the collector of Q775 is coupled to the
Input Amplifiers and the CALIBRATOR jack through voltage
divider R783, R786 and R787. Output amplitude af the Cali-
bratar is set by the Cal Amp! adjustment, R780.

@z

and Regulator circuits.

Regulators

The +20- and —81-volt Regulator circuits provide stable
voltages for several circuits in the Type 422. The —Bl-volt
Regulator circuit is referenced to voltage regulator tube V739.
The +20-volt Regulator circuit is referenced to Zener diode
D713.

in the —81-volt Regulatar circuit, Q734 acts as a regulat-
ed current source for the voltage regulatar tube V739. The
nominal valtage drap of V739 is about 81 volts. This valtage
is connected to the base af Q737. Emitter follower Q737 sup-
plies current to the —81-volt laad.

The netwark R735 and D735 insures that V739 will have
sufficient voltage across it to fire during turn-an. Before
V739 fires, D735 is back biased and the anade of V739 sets
at about +55 valts. This voltage plus the voltage on the
cathode of V739 is adequate to insure that V739 fires. Once
V739 fires, D735 is forward biased and the anode of V739
draps to a voltage near ground.

The autput level of the +20-Volt Regulator circuit is de-
termined by voltage divider R718-R719. Any change at the
emitter of Q717 due to a change in autput voltage is con-
nected to the base of Q714. This feedback changes the
collecter voltage of Q714 and the base voltage of Q717
to correct for the original error in the valtage at the emitter
of Q717.

CRT CIRCUIT
(see Fig. 3-10)

High Voltage Circuit

T801 is a voltage step-up transfarmer with a valtage out-
put of abaut 700 volts peak across the secondary winding.
Diodes D810 through D816 and D821 through D823 along
with the associated capacitars fram the high-voltage rectifier/
multiplier circuit. The positive valtage output of the multi-
plier is about 44900 valts while the negative voltage out-
put is abaut —2100 volts (negative voltage regulated to
—1400 valts).
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Positive
High-Voltage TRACE
Multiplier ROTATION
D810-D816 CRT
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Multiplier > Ree;l;qfor Pt - - -
D821-D823 p
—

Unblanking
Amplifier Q863,
Q864

Unblanking
Pulse From
Sweep Generator

Fig. 3-10. Block diagram of CRT circuit.

The negative high voltage is regulated by the —1400-volt
shunt regulator, V829. The negative voltage is applied to the
CRT gun circuit. Beam current is varied by the INTENSITY
control, R837, which controls display intensity.

Blanking Circuit

If there is small, or no voltage difference between the
deflectian blanking plates, the CRT is unblanked. When the
voltage difference between the plates is significant, the CRT
is blanked and virtually no electrons strike the phosphor.
The fixed blanking plate (pin 7) is connected to the +55
volt supply thraugh D841. This places a nominal voltage of
about 417 volts on pin 7. Quiescently, Q864 conducts only
a small amount of current as determined by the Unblanking
Center netwark. This places pin 12 a few volts more negative
than the +55 volt supply and the CRT is blanked.

NOTE

Both pin 7 and pin 12 are floating on the +55
volt supply. Pin 12 is isolated from ground by the
high output impedance of QBé4. Therefore, the
ripple on the 4 535 volt supply will appear on bath
blanking plates. Since this ripple is cammon to
both plates however, it will nat deflect the elec-
tran beam passing between the plates.

Q743 (in Sweep Generator) turns on during sweep time
and supplies current to QB64. This current brings Q864 and
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Q863 into conductian and the voltage at pin 12 drops to a
voltage very near to the level of pin 7. With the voltage on
both blanking plates near the some level, the CRT is
unblanked. The Unblanking Center adjustment, R869, is ad-
justed for maximum beam current (maximum trace bright-
ness).

The display may be blanked during sweep time or when
displaying on external horizontal signal by connecting a two
valt or greater pasitive signal ta the EXT BLANKING con-
nector. This signal diverts current fram Q864 and allaws its
collectar to rise positive. Then, pin 12 also rises pasitive and
the CRT beam is deflected by the blanking plates to blank
the desired portion of the display.

Trace Rotation

The Trace Ratation circuit is pravided to allow alignment
of the horizontal trace with the graticule lines. The Trace
Rotation adijustment, R851, varies the magnetic strength of a
cail around the CRT. The connections to the coil may be
reversed at the circuit board to reverse the adjustment range.

The Y Axis Align adjustment, R856, varies the magnetic
strength of coil L856. This circuit provides vertical alignment
of the trace.The cannectians to this cail may also be reversed
at the circuit board (an potentiometer) to reverse the adjust-
ment range.
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SECTION 4
MAINTENANCE

Introduction

This section of the manual contains maintenance informa-
tion for use in preventive maintenance, corrective mainten-
ance or froubleshooting of the Type 422.

Cabinet Removal
The cabinet can be removed from the Type 422 as follows:

1. First remove the power supply from the rear of the
indicator as follows:

a. Loosen the four securing screws located in the rear
feet of the power supply.

b. Separate the two units by sliding the power supply
to the rear, off the support rods.

2. Remove the three screws which hold the cabinet 1o the
rear of the indicator.

3. Slide the cabinet to the rear and off the support rods.

The Type R422 can be removed from the cabinet in a
similar manner if the instrument is first pulled out of, or
removed from the rack.

PREVENTIVE MAINTENANCE
General

Preventive maintenance consists of cleaning, visual inspec-
tion, lubrication, etc. Preventive maintenance performed on
a regular basis may prevent instrument breakdown and will
improve the reliability of this instrument. The severity of the
environment to which the Type 422 is subjected will deter-
mine the frequency of maintenance. A convenient time to
perform preventive maintenance is preceding recalibration
of the instrument.

Cleaning

The Type 422 should be cleaned as often as operating
conditions require. Accumulation of dirt in the instrument can
cause overheating and component breakdown. Dirt on com-
ponents acts as an insulating blanket and prevents efficient
heat dissipation. It also provides an electrical conduction
path.

The cabinet provides protection against dust in the interior
of the instrument. Operation without the cabinet in place
necessitates more frequent cleaning. The front cover provides
dust protection for the front panel and the CRT face. The
front cover should be installed for storage or transportation.

CAUTION

Avoid the use af chemical cleaning agents which
might damage the plastics used in this instrument.
Avoid chemicals which contain benzene, toluene,
xylene, acetane or similar salvents,

Exterior. Loose dust accumulated on the ouiside of the
Type 422 can be removed with a soft cloth or small paint
brush. The paint brush is particuiarly 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.

Clean the light filter, face plate protector and CRT face
with a soft, lint-free cloth dampened with denatured alcohol.

Interior. Dust in the interior of the instrument should be
removed occasionally due to its electrical conductivity under
high-humidity conditions. The best way to clean the interior
is to blow off the accumulated dust with dry, low-velocity
air. Remove any dirt which remains with a soft paint brush
or a cloth dampened with a mild detergent and water solu-
tion. A cotton-tipped applicator is useful for cleaning in
narrow spaces or for cleaning ceramic terminal strips and
circuit boards.

The high-voltage circuits, particularly parts located in the
high-voltage compartment and the area surrounding the post-
deflection anode connector, should receive special attention.
Excessive dirt in these areas may cause high-voltage arcing
and result in improper instrument operation.

Lubrication

General. The reliability of potentiometers, rotary switches
and other moving parts can be maintained if they are kept
properly lubricated. Use a cleaning-type lubricant [e.g.,
Tektronix Part No. 006-0218-00) on shaft bushings and switch
contacts. Lubricate switch detents with a heavier grease {e.g.,
Tektronix Part No. 006-0219-00). Potentiometers which are
not permanently sealed should be lubricated with a lubricant
which will not affect electrical characteristics (e.g., Tektronix
Part No. 006-0220-00). Do not over lubricate. A lubrication
kit containing the necessary lubricants and instructions is
available from Tektronix, Inc. Order Tektronix Part No. 003-
0342-00.

Visual Inspection

The Type 422 should be inspected occasionally for such
defects as broken connections, broken or damaged ceramic
strips, improperly seated transistors or nuvistors, damaged
circuit boards and heat damaged parts.

The corrective procedure for most visible defects is obvious;
however, particulor care must be taken if heat-damaged com-
ponents are found. Over-heating 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.

Transistor and Nuvistor Checks

Periodic checks of the transistors and nuvistors in the Type
422 are not recommended. The best check of transistor or
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nuvistor performance is its actual operation in the instrument.
More details on checking transistor and nuvistor operation is
given under Troubleshooting.

Recalibration

To assure accurate measurements, check the calibration of
this instrument after each 1000 hours of operation or every
six months if used infrequently. In addition, replacement of
components may necessitate recalibration of the affected
circuits. Complete calibration instructions are given in the
Calibration section.

The calibration procedure can also be helpful in localizing
certain troubles in the instrument. In some cases, minor trou-
bles may be revealed and/or corrected by recalibration.

TROUBLESHOOTING

Introduction

The following information is provided to facilitate trouble-
shooting of the Type 422 if trouble develops. Information
contoined 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 opera-
tion is very helpful in locating troubles, See the Circuit
Description section for complete information.

Troubleshooting Aids

Diagrams. Circuit diagrams are given in foldout pages in
Section 9. The component number and electrical value of
each component in this instrument are shown on the dia-
grams. Each main circuit is assigned a series of component
numbers. Table 4-1 lists the main circuits in the Type 422
and the series of component numbers assigned to each.
Important voltages and waveforms are also shown on the
diagrams. The portions of the circuit mounted on circuit
boards are enclosed with a blue line.

Switch Wafer Identification. Switch wafers shown on the
diagrams are coded to indicate the position of the waier in
the complete switch assembly. The numbered portion of the
code refers to the wafer number counting from the front, or
mounting end of the switch, toward the rear. The letters F
and R indicate whether the front or rear of the wafer per-
forms the particular switching function. For example, a wafer
designated 2R indicates that the rear of the second wafer
is used for this particular switching function.

Circuit Boards and Cards, Figs. 4-8 through 4-15 show
the circuit boards used in the Type 422. Fig. 4-17 shows
the location of each board within the instrument. Each
electrical component on the boards is identified by its cir-
cuit number. The circuit boards and cards are also outlined
on the diagrams with a blue line. These pictures used along
with the diagrams will aid in locating the components
mounted on the circuit boards.

Wiring Color-Code. All insulated wire and cable used in
the Type 422 is color-coded to facilitate circuit tracing. Sig-
nal carrying leads are identified with one or two colored
stripes. Voltage supply leads are identified with three siripes
to indicate the approximate voltage using the EIA resistor
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TABLE 4-1
CIRCUIT NUMBERS
Circuit Numbers
on Schematic Circuit
1-99 Ch 1 Input Amplifier
100-199 Ch 2 Input Amplifier
200-299 Switching and Output Amplifier
300-399 Sweep Trigger
400-499 Sweep Generator
500-599 Horizontal Amplifier
600-699 AC Power Supply
700-799 Calibrator and Regulators
800-899 CRT Circuit
1000-1299 AC-DC Power Supply

color code. A white background color indicates a positive
voltage and a tan background indicates a negative voltage.
Table 4-2 gives the wiring color-code for the power-supply
voltages used in the Type 422.

Resistor Color-Code. In addition to the brown composi-
tion resistors, some metal-film resistors (identifiable by their
gray body color) and some wire-wound resistors (usually
light blue or gray-green) are used in the Type 422. The
resistance values of composition resistors and metal-film resis-
tors are color-coded on the components (some metal-film
resistors may have the value printed on the body) with EIA
color-code. The color-code is read starting with the stripe
nearest the end of the resistor. Composition resistors have
four stripes which consist of two significant figures, a multi-
plier and a tolerance value (see Fig. 4-1). Metal-film resistors
have five stripes consisting of three significant figures, a
multiplier and a tolerance valve.

TABLE 4-2
WIRING COLOR CODE
Back-
ground 1st 2nd 3rd
Supply Color Stripe Stripe Stripe

—110 volt Tan Brown Black Brown
—81 volt Tan Gray Black Black
—12 volt Tan Brown Red Black
+12 volt White Brown Red Black
+20 volt White Red Black Black
+55 volt White Green Green Black
+95 volt White Brown Black Brown

Capacitor Marking. The capacitance values of common
disc capacitors and smoll electrolytics are marked in micro-
farods on the side of the component body. The white ceramic
capacitors used in the Type 422 are color coded in picofarads
using a modified EIA code (see Fig. 4-1).

Diode Color Code. The cathode end of each glass-
encased diode is indicated by a stripe, a series of stripes or
a dot. For most silicon or germanium diodes with a series of
stripes, the color-code also indicates the type of diode and
identifies the Tektronix Part Number using the resistor color-
code system (e.g., a diode color-coded blue-brown-gray-
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Composition Resistors:

Metal-Film Resistors:

Ceramic Capacitors:

(D) and (3) —1st. 2nd and 3rd significant figures
@ —mutiiplier; @ —tolerance;

—temperature coefficient.

Note: (T)

Resistor and Capacitor Color Cade
| Signifi- | Multiplier | Tolerance
cant Resis- |Capaci-{ Resis- Capaci-
Color Figures | tors tors tors tors
Silver | --- | 102 ’ --- +10% .-
Gold b 101 --- +=59%
Black | O 1 1 --- +20% or
| 2 pF*
Brown ‘ 1 10 10 +1% =+1% or
\ 0.1 pF*
Red | 2 10° 10? *+2% | +2%
Orange | 3 10# 100 | +=3% | =£3%
Yellow 4 10* 10* +4%, +100%
_O%
Green | 5 10° 10° =+0.5% | =£5% or
i 0.5 pF*
Blue | 6 | 10° 10 | --- .-
Violet | 7 - . - .-
Gray ‘ 8 - 10-* -- +80%
—20%
or 0.25 pF*
White 9 10-1 +10% or
| i 1 pF*
(none) | --- | -- --- +20% | =+=10% or
| | 1 pF*
*For capacitance of 10 pF or less.
and/or color code for capacitors depends upon
manufacturer and capacitor fype. May not be present in some cases.

Fig. 4-1. Color-code for resistors and ceramic capacitors.

green indicates diode type 6185 with Tektronix Part Number
152-0185-00). The cathode and anode end of metal-encased
diodes can be identified either by the diode symbol marked
on the body.

Troubleshooting Equipment

The following equipment is useful for troubleshooting the
Type 422.

1. Transistor Tester

Description: Tektronix Type 575 Transistor-Curve Tracer
or equivalent.

Purpose: to test the semiconductors used in this instru-
ment.

2. Volt-ohmmeter

Description: 20,000 ohms/volt. 0-500 volts DC (5000
volts to check high-voltage circuits). Accurate within
3%. Test prods must be well insulated.

3. Test Oscilloscope

Description: DC to 15 MHz frequency response, 5 milli-
volts to 50 volts/division deflection factor. Use a 10X
probe.

Purpose: To check waveforms in the instrument.

Troubleshooting Techniques

This troubleshooting procedure is arranged in an order
which checks the simple trouble possibilities before proceed-
ing with extensive troubleshooting. The first few checks assure
proper connection, operation and calibration. If the trouble
is not located by these checks, the remaining steps aid in
locating the defective component. When the defective com-
ponent is located, it should be replaced following the replace-
ment 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 section of this manual.

2. Check Associated Equipment. Before proceeding with
troubleshooting of the Type 422, check that the equipment
used with this instrument is operating correctly. Check that
the signal is properly connected and that the interconnecting
cables are not defective. Also, check the power source.

3. Check Instrument Calibration. Check the calibration
of this instrument, or the affected circuit if the trouble exists
in one circuit. The apparent trouble may only be a result of
misadjustment or may be corrected by calibration. Complete

calibration instructions are given in the Calibration Section of
this manual.
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Fig. 4-2. Circuit Isolation Troubleshooting Guide.
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4. Visual Check. Visually check the portion of the instru-
ment in which the trouble is located. Many troubles can be
located by visual indications such as unsoldered connections,
broken wires, damaged circuit boards, damaged components,
etc.

5. Isolate Trouble to a Circuit. To isolate a trouble to a
circuit, note the trouble symptom. The symptom often identi-
fies the circuit in which the trouble is located. For example,
poor focus indicates that the CRT circuit (includes high volt-
age) is probably at fault. When trouble symptoms appear in
more than one circuit, check all affected circuits by taking
voltage and waveform readings. Also check for the correct
output signals at the front-panel output connectors with a test
oscilloscope. If the signal is correct the circuit is working cor-
rectly up to that point. For example, correct amplitude and
time of the gate out waveform indicates that the Sweep Trig-
ger and Sweep Gate circuits are operating correctly.

Incorrect operation of all circuits indicates trouble in the
power supply. Check first for correct voltage of the individual
supplies. However, a defective component elsewhere in the
instrument can appear as a power-supply trouble and may
also affect the operation of other circuits. Table 4-3 lists the
tolerances of the power supplies in this instrument. If a power-
supply voltage is within the listed tolerance, the supply can
be assumed to be working correctly. If outside the tolerance,
the supply may be misadjusted or operating incorrectly. Use
the procedure given in the Colibration section to adjust the
power supplies.

Fig. 4-2 provides a guide to aid in locating the defective
circuit. This chart may not include checks for all possible
defects; see steps 6-8 in such cases. Start from the top of
the chart and perform the given checks on the left side of the
page until a step is found which is not correct. Further checks
and/or the circuit in which the trouble is located are listed
to the right of this step.

After the defective circuit has been located, proceed with
steps 6 through 8 to locate the defective component(s).

6. Check Circuit Board Interconnections. After the trou-
ble has been isolated to a particular circuit, check the pin
connectors on the circuit board for correct connection. Figs.
4-8 through 4-15 show the correct connections for each
board.

The pin connectors used in this instrument also provide a
convenient means of circuit isolation. For example, a short in
a power supply can be isolated to the power supply itself by
disconnecting the pin connectors for that voltage at the
boards.

TABLE 4-3
POWER SUPPLY TOLERANCES
Power Supply Tolerance o
—81 volt +1 volt T
—12 volt +012 volt
+12 volt +0.24 volt T
+20 volt —+1.4 volt T

7. Check Voltages and Waveforms. Often the defective
component can be located by checking for the correct volt-
age or waveform in the circuit. Typical voltages and wave-
forms are given on the diagrams.
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NOTE

Voltages and waveforms given on the diagrams
are not absolute and may vary slightly between
instruments. To obtain operating conditions similar
to those used to take these readings, see the first
diagram page.

8. Check Individual Components. The following proce-
dures describe methods of checking individual components in
the Type 422. Components which are soldered in place can
be checked most easily by disconnecting one end. This elimi-
nates incorrect measurements due to the effects of sur-
rounding circuitry.

A. TRANSISTORS AND NUVISTORS. The best check of
transistor or nuvistor operation is actual performance under
operating conditions. If a transistor or nuvistor is suspected of
being defective, it can best be checked by substituting a new
component or one which has been checked previously. How-
ever, be sure that circuit conditions are not such that a
replacement transistor or nuvistor might also be damaged.
If substitute transistors or nuvistors are not available, use a
dynamic tester (such as Tektronix Type 570 or 575). Static-
type testers are not recommended, since they do not check
operation under simulated operating conditions.

B. DIODES. A diode can be checked for an open or
shorted condition by measuring the resistance between fer-
minals. With an ohmmeter scale having an internal source of
about 1.5 volts, the resistance should be very high in one
direction and very low when the leads are reversed.

CAUTION

Do not use an ohmmeter scale that has a high
internal current. High currents may damage the
diode. Do not measure tunnel diodes with an ohm-
meter; use a dynamic tester (such as a Tektronix
Type 575 Transistor-Curve Tracer).

C. RESISTORS. Resistors can be checked with an ohm-
meter. Check the Electrical Parts List for the tolerance of the
resistors used in this instrument. Resistors normally do not
need to be replaced uniess the measured value varies widely
from the specified value.

D. INDUCTORS. Check for open inductors by checking
continunity with an ohmmeter. Shorted or partially shorted
inductors can usually be found by checking the waveform
response when high-frequency signals are passed through the
circuit. Partial shorting often reduces high-frequency response
(roll-off).

E. CAPACITORS. A leaky or shorted capacitor can best
be detected by checking resistance with an ohmmeter on the
highest scale. Do not exceed the voltage rating of the capaci-
tor. The resistance reading should be high after initial charge
of the capacitor. An open capacitor can best be detected
with a capacitance meter or by checking whether the capaci-
tor passes AC signals.

9. Repair and Readjust the Circuit. If any defective parts
are located, follow the replacement procedures given earlier
in this section. Be sure to check the performance of any cir-
cuit that has been repaired or that has had any electrical
components replaced.
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CORRECTIVE MAINTENANCE
General

Corrective maintenance consists of component replacement
and instrument repair. Special techniques required to replace
components in this instrument are given here.

Obtaining Replacement Parts

Stundard Parts. All electrical and mechanical part replace-
ments for the Type 422 can be obtained through your local
Tektronix Field Office or representative. However, many of
the standard electronic components can be obtained locally
in less time than is required to order them from Tektionix,
inc. Before purchasing replacement parts, check the parts lists
for value, tolerance, rating and description.

NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of a
component may affect its performance in the instru-
ment, particularly at high frequencies. All replace-
ment parts should be direct replacements unless it
is known that a different component will not
adversely affect instrument performance.

Special Parts. In addition to the standard electronic com-
ponents, some special parts are used in the Type 422. These
parts are manufactured or selected by Tektronix, Inc. to meet
specific performance requirements, or are manufactured for
Tektronix, Inc. in accordance with our specifications. These
special parts are indicated in the parts list by an asterisk
preceding the part number. Most of the mechanical parts
used in this instrument have been manufactured by Tektionix,
Inc. Order all special parts directly from your local Tek-
tronix Field Office or representative.

Ordering Parts, When ordering replacement parts from
Tektronix, Inc., include the following information:

1. Instrument Type.
2. Instrument Serial Number.

3. A description of the part (if electrical, include circuit
number).

4. Tektronix Part Number.

Soldering Techniques

WARNING

Disconnect the instrument from the power source
before saldering.

Circuit Boards. Use ordinary 60/40 solder and a 35 to 40-
watt pencil type soldering iron on the circuit boards. The tip
of the iron should be clean and properly tinned for best heat
transfer to the solder point. A higher wattage soldering iron
may separate the wiring from the base material.

The following technique should be used to replace a com-
ponent on a circuit board. Most components can be replaced
without removing the boards from the instrument.

4-6

1. Grip the component lead with long-nose pliers. Touch
the soldering iron to the lead at the solder connection. Do

not lay the iron directly on the board as it may damage the
board.

2. When the solder begins to melt, pull the lead out gently.
This should leave a clean hole in the board. If not, the hole
can be cleaned by reheating the solder and placing a sharp
object such as a toothpick into the hole to clean it out.

3. Bend the leads of the new component to fit the holes in
the board. If the component is replaced while the board is
mounted in the instrument, cut the leads so they will just
protrude through the board. Insert the leads into the holes in
the board so the component is firmly seated against the
board (or as positioned originally). If it does not seat pro-
perly, heat the solder and gently press the component into
place.

4. Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint; do not
apply too much solder. To protect heat-sensitive components,
hold the lead between the component body and the soider
joint with a pair of long-nose pliers or other heat sink.

5. Clip the excess lead that protrudes through the board.

6. Clean the area around the solder connection with a
flux-remover solvent. Be careful not to remove information
printed on the board.

Ceramic Terminal Strips. Solder used on the ceramic ter-
minal strips should contain about 3% silver. Use a 40- to
75-watt soidering iron with a ¥ inch wide wedge-shaped tip.
Ordinary solder can be used occasionally without damage to
the ceramic terminal strips. However, if ordinary solder is
used repeatedly or if excessive heat is applied, the solder-to-
ceramic bond may be broken.

A sample roll of 3% silver solder is mounted on the rear
of this instrument. Additional silver solder should be available
locally, or it can be purchased from Tektronix, Inc.; order by
Tektronix Part No. 251-0514-00.

Observe the following precautions when soldering to
ceramic terminal strips.

1. Use a hot iron for a short time. Apply only enough heat
to make the solder flow freely.

2. Maintain a clean, properly tinned tip.
3. Avoid putting pressure on the ceramic terminal strip.

4. Do not attempt to fill the terminal-strip notch with solder;
use only enough solder to cover the wires adequately.

5. Clean the flux from the terminal strip with a flux-remover
solvent.

Metal Terminals. When soldering metal terminals (e.g.,
switch terminals, potentiometers, etc.), ordinary 60/40 solder
can be used. Use a soldering iron with a 40- to 75-watt rat-
ing and a Yg-inch wide wedge-shaped tip.

Observe the following precautions when soldering metal
terminals:
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1. Apply only enough heat to make the solder flow freely.

2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder joint, clip off the
excess.

4. Clean the flux from the solder joint with a flux-remover
solvent.

Component Replacement

WARNING

Disconnect the instrument from the power source
. before replacing components.

Ceramic Terminal Strip Replacement. A complete
ceramic terminal strip assembly is shown in Fig. 4-3. Repiace-
ment strips (including studs) and spacers are supplied under
separate part numbers. However, the old spacers may be
re-used if they are not damaged. The applicable Tekironix
Part Numbers for the ceramic strips and spacers used in
this instrument are given in the Mechanical Parts List.

Chassis Spacer

Fig. 4-3. Ceramic terminal strip assembly.

To replace a ceramic terminal strip use the following
procedure:

REMOVAL:

1. Unsolder all components and connections on the strip.
To aid in replacing the strip, it may be advisable to mark
each lead or to draw a sketch to show location of the com-
ponents and connections.

2. Pry or pull the damaged strip from the chassis. Be care-
ful not to damage the chassis.

3. If the spacers come out with the strip, remove them from
the stud pins for use on the new sirip (spacers should be
replaced if they are damaged).

REPLACEMENT:

1. Place the spacers in the chassis holes.

@1
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2. Carefully press the studs of the strip into the spacers
until they are completely seated. If necessary, use a soft mal-
let and tap lightly, directly over the stud, to seat the strip
completely.

3. If the stud extends through the spacers, cut off the
excess.

4. Replace all components and connections. Observe the
soldering precautions given under Soldering Techniques in
this section.

Circuit Board Replacement. If a circuit board is dam-
aged beyond repair, either the entire assembly including all
soldered-on components, or the board only, can be replaced.
Part numbers are given in the Mechanical Parts List for either
the completely wired or the unwired board. Most of the com-
ponents mounted on the circuit boards can be replaced with-
out removing the boards from the instrument. Observe the
soldering precautions given under Soldering Techniques in
this section. However, if the bottom side of the board must
be reached or if the board must be moved to gain access
to other areas of the instrument, only the mounting screws
need to be removed. The interconnecting wires on most of
the boards are long enough to allow the board to be moved
out of the way or turned over without disconnecting the pin
connectors.

GENERAL:

Most of the connections to the circuit boards are made with
pin connectors. However, several connections are soidered to
the Input Amplifier Board. See the special removal instruc-
tions for this board. All connections are soldered to the high-
voltage circuit boards. These boards generally need to be
completely removed only to replace the boards.

Use the foliowing procedure to remove a circuit board:

1. Disconnect all pin connectors from the board and
unsolder any soldered connections (see the information which
follows to remove the Input Amplifier board and the Attenua-
tor as a unit).

2. Remove all screws holding the board to the chassis.

3. Lift the circuit board out of the instrument. Do not force
or bend the board.

4. To replace the board, reverse the order of removal. Cor-
rect location of the pin connectors is shown in Figs. 4-8
through 4-15. Replace the pin connectors carefully so they
mate correctly with the pins. If forced into place incorrectly
positioned, the pin connectors may be damaged.

INPUT AMPLIFIER UNIT REMOVAL:

The Input Amplifier boards and Attenuators can be
removed from the Type 422 as a unit or the circuit boards can
be removed separately. To remove the board only, foliow
the procedure described under GENERAL. To remove as a
unit, proceed as follows:

1. Unsolder the wire from the AC GND DC switch and the
ground lead from the BNC connector (see Fig. 4-4).

2. Remove the front-panel VOLTS/DIV and VARIABLE
knobs.

4.7
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-

Input Amplifier

Fig. 4-4, Leads to unsolder to remove oHenuator unit,

3. Remove the securing nuts on the VOLTS/DIV switch and
the GAIN control.

4. Remove the two screws locoted ot the rear of the Atten-
vator which secure the assembly to the chassis.

5. Discornect all pin connectors en the beard. Do not
unsolder the soldered connechons.

é. Lift up the rear of the assembly and slide it out of the
instrument. [To remove the Channel 1 atienuater, remove the
support rod from the lower left side of the instrument, A nui-
driver or socket wrench should be used to remove this rod.
An open-end wrench may domage the rod, preventing the
power supply from being secured properly.)

7. The Input Amglifier circuit board con now be removed
frem the unit as fallows:

a. Unsclder the remaining connections between the Atten-
vator and the circuit boord.

b. Remove the three screws which hold the circuit board
to the Atienuator unit.

B. To replace the unit, reverse the order of removal. When
repiacing the Channel 2 attenvator assembly, be sure the
INVERT and > 10 GAIN AC switches fit preperty in the act-
vating  assemblies.

Transistor and Nuvistor . Transistors and
nuvistors should not be reploced unless actually defective,
H remeved from their sockets during routine maointenance,
return them to their original sockets. Unnecessary reploce-
ment of transistors or nuvistors may affect the colibration of
this instrument. When transistors or nuvistors are replaced,
check the operation of that part of the instrument which
may be affected.

4-8

Replacement transistars or nuvistors should be of the orig-
inal type or o direct replacement. Remount the tronsistors in
the saome monner as the original. Transistors which are
mounted on the chassis use silicone grease to increase heat

transfer. Reploce the silicone greose when replacing these
tronsistors.,

WARNING

Handle silicone grease with care. Avoid getting
it in the eyes. Wash hands thoroughly ofter use.

Cathode-Ray Tube Replacement. Use care when han-
dling a CRT. Frotective clothing and safety glasses should
be worn. Aveoid striking it on any object which might cause it
ta erack or implode. When stonng a CRT, plece it foce down
on a smooth surface. A protective cover or seft mat should
be placed under the faceplate to protect it from scrotches.

The follewing proecedure outlines the removal and reploce-
ment of the cathode-ray tube:

REMOWVAL:

1. Remove the indicator cabinet as described on page 4-1.
2. Remove the light filter or faceplate protector.

3. Disconnect the CRT anode connector. Ground this lead
to the chassis to discharge ony stored charge.

4. Disconnect the troce rototion coil at the pin conneclors
on the Horizontal Amglifier boord. Alse disconnect the pin
connector from terminal 3 of the Y-Axis Alignment contrel.

5. Disconnect the faur deflechion-plate connectors.  Be
careful not to bend the deflection-plate pins.

&. Remove the CRT socket shield.
7. Disconnect the CRT socket.

B. Remove the two lock-nuts holding the front of the CRT
shield to the sub-panel.

9. Slide the graticule lights off the studs and move them
away from the shield.

10. Remove the remaining two screws holding the shieid
bracket to the rear of the instrument.

11. Slide the CRT assembly to the rear of the instrument
unhl the shield clears the mounting studs. The, hift the CRT
assembly stroight vp and out of the instrument [see Fig. 4-5).

12. Loosen the clamp near the shield bracket.

13. Holding the left hand on the CRT faceplate, push far-
ward on the CRT base with the right hand. As the CRT starts
out of the shield, grosp it firmly with the left hand. When the
CRT is free of the cloamp, slide the shield off the CRT. Be
careful not to bend the neck pins.

REPLACEMENT:

1. Insert the CRT into the shield. Be coreful not to bend
the neck pins. Push the CRT firmly into the shield.

2. Tighten the CRT clamp.



Slhide et back
ohout 3:*. Then
lift streight wp

Fig. 4-5. Removing the cathode-ray twbe.

3. Flace the light shield over the faceplate.

4. Using a method similar to that for removal (step 11),
reinsert the CRT assembly into the instrument. Be sure the
CRT faceplote seats properly in the subponel.

5. Replace the two lewer serews in the shield brocket.
&. Replace the graticule fights and the lock-nuts,
7. Replace the CRT socket and socket shield.

B. Reconnect the anode connector. Align the plug on the
CRT and the jock in the connector and press firmly on the
insulating cover to snap the jack into place.

% Reconnect the trace alignment leads. Correct location of
these wires is shown in Fig. 4-12. Also reconnect the pin con-
nector to terminal 3 of the Y-Axis Alignment control.

10. Reconnect the deflection-plate connectors.  Correct
location of the leads is shown on the CRT shieid.

11. Adjust the Geometry, Trace Rotation, Y-Axis Alignment
and Unblarking Center adjustments (see the Calibration sec-
tion far adjustment procedure).

NOTE

i the Troce Rotation adjustment does not hove
enough range to moke the traoce parallel with the
graticule lines, reverse the connection of the leads
at the Horizontal Amplifier board.

Retary Swiiches. Individval wafers or mecharical parts
of rotory switches are normally not replaceable. I a switch
is defective, replace the entire assembly. Replacement switches
can be ordered either wired or unwired; refer to the Parts List
for the opplicable part numbers.

=1
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When replacing o switch, tog the leads and switch ter-
minals with corresponding identification togs as the lead: are
disconnected. Then, use the old switch as a guide for install-
ing the new one. An alternative method is to draw a skeich
of the switch loyout and recerd the wire color at each ter-
minal. When scldering to the new swiich be careful that the
solder does not flow beyond the rivets on the switch terminals.
Spring tension of the switch contact can be destroyed by
excessive solder.

High-Veoltage Compartment. The components located
in the high-veltage compartment can be reached for mainten-
ance or replacement by using the fallowing procedure.

1. Remove the cabinet frem the instrument as described
earlier in this secion.

2. Tumn the instrument over so the bohHom side is up.

3. Remove the two screws which hold the high-velioge
compartment ta the chassis.

4. Lift the complete high-voltage compartment away from
the chassis.

5 Slide the shield off the high-voltage housing. The twe
pins on the bottam of the housing must be freed from the
heles in the shield before the shield con be slid off.

4. Remove the cover of the high-veoltage housing.

7. To reploce the high-voltoge compartment, reverse the
order of removal. When placing the circuit boards back into
the compartment, be sure the insulator sheet is installed in
the proper place. Fig. 4-6 shows the correct location of the
circuit boards and the insulator sheet.

High Veltege
Rectifier/ Muhiplier

Fig. 4-&. Correct bocation of circwit boards in high-voltoge compart-
ment.
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Recalibration After Repair

After any electrical component has been replaced, the
calibration of that particular circuit should be checked, as
well as the calibration of other closely related circuits. Since

4-10

the low-voltage supply affects all circuits, calibration of the
entire instrument should be checked if work has been done
in the low-voltage supply or if the power transformer has
been replaced. The Performance Check procedure in Section
5 provides a quick and convenient means of checking instru-
ment operation.

o)1
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Vertical Switching
and Cutpet Amplifier

High veoltoge
Ractifier/ Multiplier

1=

Fig. 4-7. Locction of circuil boords in the Type 422,
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Fig. 4-10. Vertical Switching ond Output Amplifier circuit board.
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SECTION 5
PERFORMANCE CHECK

Introduction

This section of the manual provides a procedure for rapidly
checking the performance of the Type 422. This procedure
checks the operation of the instrument without removing the
cabinet or making internal adjustments. However, screw-
driver adjustments which are located on the front panel are
adjusted in this procedure.

If the instrument does not meet the performance require-
ments given in this procedure, internal checks and/or adjust-
ments are required. See the Calibration section. All per-
formance requirements given in this section correspond to
those given in the Characteristics section.

NOTE

All wavefarms shown in this sectian are actual
waveform photographs taken with a Tektronix
Oscilloscope Camera System,

Recommended Equipment

The following equipment is recommended for a complete
performance check. Specifications given are the minimum
necessary to perform this procedure. All equipment is assumed
to be calibrated and operating within the given specifications.
If equipment is substituted, it must meet or exceed the speci-
fications of the recommended equipment.

For the most accurate and convenient performance check,
special calibration fixtures are used in this procedure. These
calibration fixtures are available from Tektronix, Inc. Order
by part number through your local Tektronix Field Office or
representative.

1. Test oscilloscope. Bandwidth, DC to 15 megahertz;
minimum deflection factor, 0.2 volt/division. Tektronix Type
422 Oscilloscope recommended.

2. 10X probe with BNC connector. Tektronix Pé006
recommended.

3. Standard amplitude calibrator. Amplitude accuracy,
within 0.25%,; signal amplitude, 50 millivolts to 100 volts;
output signal, one-kilohertz square wave and negative DC
voltage. Tektronix calibration fixture 067-0502-00 recom-
mended.

4. Square-wave generator. Frequency, 1, 10 and 100
kilohertz; risetime, one nanosecond or less from fast-rise out-
put; output amplitude, about 120 volts unterminated or 12
volts into 50 ohms. Tektronix Type 106 Square-Wave Gen-
erator recommended.

5. Constant amplitude sine-wave generator. Frequency,
50 kilohertz and 350 kilohertz to 15 megahertz; output ampli-
tude, variable from five millivolts 1o five volts; amplitude
accuracy, #+=3% from 50 kilohertz to 15 megahertz. Tek-
tronix Type 191 Constant Amplitude Signal Generator recom-
mended.

©1

6. Time-mark generator. Marker outputs, 0.5 second to
50 nanoseconds; marker accuracy, within 0.3%. Tektronix
Type 184 Time-Mark Generator recommended.

7. Low-frequency sine-wove generator. Frequency, 50
hertz; output amplitude, 40 millivolts to 0.6 volt. For example,
Heathkit 1G-72 Audio Generator.

8. 10X attenuator (two). Impedance, 50 ohms; accuracy,
=+3%; connectors, GR. Tektronix Part No. 017-0078-00.

9. Cable (two). Impedance, 50 ohms; type, RG-58A/U;
length 42 inches; connectors, BNC. Tektronix Part No. 012-
0057-00.

10. BNC T connector. Tektronix Part No. 103-0030-00.

11. Cable. Impedance, 50 ohms; type RG-8A/U; length,
five nanoseconds (for use with Type 106 and 191); connectors,
GR874. Tektronix Part No. 017-0502-00.

12. In-line termination. Impedance, 50 ohms; accuracy,
+-39; connectors, GR input with BNC male output. Tek-
tronix Part No. 017-0083-00.

13. Adapter. Connectors, BNC female and two alligator
clips. Tektronix Part No. 013-0076-00.

14. Screwdriver. Three-inch shaft. Tektronix Part No. 003-
0192-00.

PERFORMANCE CHECK PROCEDURE

General

In the following procedure, control settings or test equip-
ment connections should not be changed except as noted.
If only a partial check is desired, refer to the preceding stepl(s)
for setup information. Type 422 front-panel control titles
referred to in this procedure are capitalized (e.g., POSITION].

The following procedure uses the equipment listed under
Recommended Equipment. If equipment is substituted. control
settings or setup may need to be altered to meet the require-
ments of the equipment used.

Preliminary Procedure

1. Connect the Type 422 to a power source which meets
the voltage and frequency requirements of this instrument.

2. Set the Type 422 controls as follows:

CRT controls

INTENSITY Counterclockwise

FOCUS See step |

ASTIGMATISM See step 1

SCALE ILLUM As desired
Vertical controls (both channels if applicable)

VOLTS/DIV .01

VARIABLE CAL

5-1
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AC GND DC GND
POSITION Midrange
Mode CH 1
INVERT Pushed in
X10 GAIN AC Pushed in

Triggering controls

Source CHI1 &2
Coupling AC

SLOPE Positive going
LEVEL AUTO

Sweep controls

POSITION Midrange

TIME/DIV 1 mSEC

VARIABLE CAL

X10 MAG Pushed in
Other

POWER Pushed in

3. Set the POWER switch to ON (pulled out). Allow at
least 20 minutes warm up before proceeding.

1. Check Trace Rotation

REQUIREMENT—Trace paraliel to horizontal graticule
lines.

a. Set the INTENSITY control to midrange.

b. Set the FOCUS and ASTIGMATISM controls for a
focused display.

c. Position the trace to the center horizontal line with
the Channel 1 POSITION control.

d. CHECK—Trace parallel to the horizontal graticule lines.

2. Check CRT Geometry

REQUIREMENT—Alignment of markers within 0.1 division
of the vertical graticule iines; alignment of trace within 0.1
divisions of the horizontal graticule lines.

a. Set the AC GND DC switch to AC.

b. Connect the time mark generator to the INPUT 1 con-
nector through a 50-ohm BNC cable.

c. Set the time-mark generator for output markers of one
millisecond and 0.1 millisecond.

d. Set the Triggering LEVEL control for a stable display.

e. Set the Channel 1 VOLTS/DIV switch so the large mar-
kers extend beyond the bottom and top of the graticule area.

f. Set the Horizontal POSITION and the VARIABLE TIME/
DIV controls so o large marker coincides with each graticule
fine.

g. CHECK—CRT display for less than 0.1 division bowing
of the markers at the left and right edges of the graticule
(see Fig. 5-1).
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Fig. 5-1. Typical CRT display showing good geometry and Y-axis
alignment.

h. Disconnect the time-mark generator.
i. Position the trace to the top graticule line.

j. CHECK—Deviation from straight line should not exceed
0.1 division.

k. Position the trace to the botttom graticule line.

I. CHECK—Deviation from straight line should not exceed
0.1 division.

3. Check Channel 1 Step Attenuator and Vari-
able Balance

REQUIREMENT—No trace shift as the Channel 1 VOLTS/
DIV switch is changed from .05 to .01; two divisions or less
trace shift as the Channel 1 YARIABLE VOLTS/DIV control is
rotated throughout its range.

a. Set the Triggering LEVEL control to FREE RUN.
b. Set the Channel 1T AC GND DC switch to GND.

c. Vertically center the trace with the Channel 1 POSI-
TION control.

d. CHECK—Change the Channel 1 VOLTS/DIV switch from
.05 to .01. Trace should not move vertically.

e. ADJUST—Channel 1 STEP ATT BAL adjustment, (on front
panel), for no trace shift as the Channel 1 VOLTS/DIV switch
is changed from .05 to .01.

f. Return the Channel 1 VOLTS/DIV switch to .05.

g. CHECK—Rotate the Channel 1 VARIABLE VOLTS/DIV
control throughout its range. Trace should not move more
than two divisions vertically.

4. Check Channel 2 Step Attenuator and Vari-
able Balance

REQUIREMENT—No ftrace shift as the Channel 2 VOLTS/
DIV switch is changed from .05 to .01; two division or less
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trace shift as the Channel 2 VARIABLE VOLTS/DIV control
is rotated throughout its range.

a. Set the Mode switch to CH 2,
b. Set the Channel 2 AC GND DC switch to GND.

¢. Vertically center the trace with the Channel 2 POSI-
TION control.

d. CHECK—Change the Channel 2 VOLTS/DIV switch
from .05 to .01. Trace should not move vertically.

e. ADJUST—Channel 2 STEP ATT BAL adjustment, (on front
panel), for no trace shift as the Channe! 2 VOLTS/DIV switch
is changed from .05 to .01.

f. Return the Channel 2 VOLTS/DIV switch to .05.

g. CHECK—Rotate the Channel 2 VARIABLE VOLTS/DIV
control throughout its range. Trace should not move more
than two divisions vertically.

5. Check Alternate Operation
REQUIREMENT—Trace alternation at all sweep rates.
a. Set the Mode switch to ALT.

b. Position the traces about two divisions apart.
c. Turn the TIME/DIV switch throughout its range.

d. CHECK—Trace alternation between Channel 1 and 2
at all sweep rates. At foster sweep rates, alternation is not
apparent; display will appear as two fraces on screen.

6. Check Channel 1 and 2 Gain

REQUIREMENT—Vertical deflection within =+39% of
VOLTS/DIV switch indication.

a. Change the following control settings:

VOLTS/DIV 05
(both channels)

AC GND DC AC

Mode CH 1

TIME/DIV .5 mSEC

b. Connect the standard amplitude calibrator output con-
nector to the INPUT 1 connector through a BNC cable and
the BNC T connector. Connect the output of the BNC T con-
nector to INPUT 2 with a BNC cable.

c. Set the standard amplitude calibrator for a 0.2-volt
square-wave output.

d. Position the display to the center of the graticule with
the Channel 1 POSITION control.

e. CHECK~—CRT display four divisions ==0.12 division, in
amplitude (error #=3%,; see Fig. 5-2).

f. ADJUST—Channel 1 GAIN adjustment (on front panel)
for exactly four divisions of deflection.

@1
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Fig. 5-2. Typical CRT display showing correct vertical gain. Vertical
deflection, 0.05 volts/division.

g. Pull the INVERT switch.

h. Set the Mode switch to ALG ADD and position the
display to the center of the graticuie with the Channel 2
POSITION control.

i. CHECK—CRT display straight line.

i. ADJUST—Channel 2 GAIN adjustment (on front panel),
for a straight line display.

7. Check Added Mode Operation
REQUIREMENT—Correct signal addition within ==3%.
a. Push in the INVERT switch.

b. Set the standard amplitude calibrator for a 0.1-volt
square-wave output.

¢. CHECK—CRT display four divisions in amplitude, +0.12
division,

8. Check Channel 1 and 2 Deflection Accuracy

REQUIREMENT—Vertical deflection within +=39% of the
VOLTS/DIV switch indication.

a. Set the Mode switch to CH 1.
b. Set the Channel 2 AC GND DC switch to GND.

c¢. CHECK—Using the Channel 1 VOLTS/DIV switch and
standard amplitude calibrator settings given in Table 5-1,
check vertical deflection within +=3% at each position of the
Channel 1 VOLTS/DIV switch.

d. Set the Mode switch to CH 2.

e. Set the Channel 1 AC GND DC switch to GND and the
Channel 2 AC GND DC switch to DC.
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f. CHECK—Using the Channel 2 VOLTS/DIV switch and
standard amplitude calibrator settings given in Table 5-1,
check vertical deflection within #=3% at each position of the
Channel 2 YOLTS/DIV switch.

TABLE 5-1

Vertical Deflection Accuracy

Standard Maximum
Amplitude Vertical Errar For
VOLTS/DIV Calibrator Deflectian *=3%
Switch Square-Wave in Accuracy
Setting Output Divisions | (divisions)
.01 50 millivolts 5 =+0.15
02 0.1 volt 5 =015
.05 0.2 volt 4 =+0.12
1 0.5 volt 5 +0.15
2 1 volt 5 +0.15
.5 2 volts 4 +0.12
1 5 volts 5 +0.15
2 110 volts 5 =+0.15
5 | 20 volts 4 +0.12
10 50 volts 5 +015
20 100 volts 5 +0.15

9. Check Channel 2 %X 10 Gain

REQUIREMENT~-Correct Channel 2 deflection within
+7.5% when the X10 GAIN AC switch is pulled out.

a. Set both VOLTS/DIV switches to .05.

b. Set the standard amplitude calibrator for a 20-millivolt
square-wave output.

c. Pull the X10 GAIN AC switch out.

d. CHECK—CRT display four divisions in amplitude, +0.3
division (==7.5%).

e. Push in the X10 GAIN AC switch.

10. Check Channel 1 and 2 Variable Volts/
Division Range

REQUIREMENT—At least 2.5:1 reduction in vertical deflec-
tion when fully counterclockwise.

a. Set the standard amplitude calibrator for a 0.2-volt
square-wave output (four divisions of deflection).

b. CHECK—Turn the Channel 2 VARIABLE VOLTS/DIV
control fully counterclockwise. Display should be reduced to
1.6 divisions or less (reduction in amplitude by a factor of at
least 2.5:1; see Fig. 5-3). Channel 2 UNCAL light must be on
when VARIABLE control is not in CAL position.

c. Set the Mode switch to CH 1.
d. Set the Channel 1 AC GND DC switch to DC.

e. CHECK—TURN the Channel 1 VARIABLE VOLTS/DIV
control fully counterclockwise. Display should be reduced to
1.6 divisions or less {reduction in amplitude by a factor of at
least 2.5:1; see Fig. 5-3). Channel 1 UNCAL light must be on
when VARIABLE control is not in CAL position.
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Must be reduced to at least 1.6 divisions when fully

counterclockwise

Fig. 5-3. Typical CRT display showing correct VARIABLE VOLTS/DIV
control range (double exposure).

11. Check Vertical Linearity

REQUIREMENT—Less than 0.2 division compression or
expansion at extremes of display area.

a. Set the standard amplitude calibrator for a 0.2-voll
square-wave output.

b. Position the display to the center of the graticule with
the Channel 1 POSITION control.

c. Set the Channel 1 VARIABLE VOLTS/DIV control for
exactly two divisions of deflection (see Fig. 5-4B).

d. Position the top of the display to the top graticule line.

e. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 5-4).

f. Position the bottom of the display to the bottom grati-
cule line.

g. CHECK—Compression or expansion not to exxceed 0.2
division {see Fig. 5-4).

h. Set the Mode switch to CH 2.

i. Position the display to the center of the graticule with
the Channel 2 POSITION control.

j. Set the Channel 2 VARIABLE VOLTS/DIV control for
exactly two divisions of deflection (see Fig. 5-4).

k. Position the top of the display to the top graticule line.

I. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 5-4),

m. Position the bottom of the display to the bottom grati-
cule line,
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Fig. 5-4. Typical CRT display showing acceplable compression and
expansion. Waveform (A) shows expansion; waveform (C) shows
compression.

n. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 5-4).

12. Check Channel 1 and 2 AC GND DC Switch
Operation

REQUIREMENTS—Correct signal coupling in each position.

Performance Check—Type 422/R422 (SN 100-19,999)

a. Return both VARIABLE VOLTS/DIV controls to CAL.

b. Position display with the Channel 2 POSITION control
so the bottom of the square-wave is at the center horizontal
line.

c. Set the Channel 2 AC GND DC switch to AC.
d. CHECK—CRT display centered about centerline.
e. Set the Channel 2 AC GND DC switch to GND.

f. CHECK—CRT display for a straight line near the center-
line,

g. Set the Mode switch to CH 1.

h. Position display with the Channel 1 POSITION control
?iiethe bottom of the square-wave is at the center horizontal

i. Set the Channel 1T AC GND DC switch to AC.

|- CHECK—CRT display centered about centerline.

k. Set the Channel 1 AC GND DC switch to GND.

l. CHECK—CRT display for a straight line neor the center-
fine.

13. Check Trace Shift Due to Input Grid Current

REQUIREMENT—Trace shift 0.2 division or less at .01
VOLTS/DIV switch position.

a. Set both VOLTS/DIV switches to .01.
b. Set the Triggering LEVEL control to FREE RUN.

¢. Position the trace to the center horizontal line with the
Channel 1 POSITION control.

d. CHECK-—Set the Channel 1 AC GND DC switch to DC;
trace shift 0.2 division or less.

e. Set the Mode switch to CH 2.

f. Position the trace to the horizontal centerline with the
Channel 2 POSITION control.

g. CHECK—Set the Channel 2 AC GND DC switch to DC;
trace shift 0.2 division or less.

14. Check Channel 1 and 2 Input Capacitance

REQUIREMENT—Channel 1 and 2 time constant matched
within 19 in .05 position of VOLTS/DIV switches (with some
probe)‘

a. Change the following control settings:

VOLTS/DIvV .05
(both channels)
Mode CH1
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Fig. 5-5. (A) Typical CRT display showing correct input capacitance
adjustment; (B) and (C) incorrect.

LEVEL Adjust for stable display
TIME/DIV .2 mSEC
b. Connect the 10X probe to the INPUT 1 connector

c. Connect the probe tip to the square-wave generator
high-amplitude output connector. Connect the ground lead
to chassis ground.
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d. Set the square-wave generator output frequency to one
kilohertz and the output amplitude for five divisions of deflec-
tion.

e. Compensate the probe as described in the probe instruc-
tion manual.

f. Remove the probe from the INPUT 1 connector and con-
nect it to the INPUT 2 connector.

g. Set the Mode switch to CH 2.

h. CHECK—CRT display for less than 0.05 division over-
shoot or rounding (matched within 1%, see Fig. 5-5).

15. Check Channel 1 and 2 Volts/Division
Switch Compensation

REQUIREMENT—39, or less overshoot, rounding or tilt in
all positions of the VOLTS/DIV switches.

a. Remove the probe from the INPUT 2 connector and con-
nect it to the INPUT 1 connector,

b. Set the Mode switch to CH 1.

¢. CHECK—CRT display at each Channel 1 VOLTS/DIV
switch setting listed in Table 5-2 for 3% or less overshoot, or
rounding or tilt (see Fig. 5-6).

TABLE 5-2
VOLTS/DIV COMPENSATION
Maximum Overshoot,
VOLTS/DIV Divisions Rounding or Tilt for
Switch of 3% Accuracy
Setting Deflection (divisions)
A 5 015
2 5 0.15
5 5 0.15
5 2 0.06

d. Set the Mode switch to CH 2.

e. Remove the probe from the INPUT 1 connector and con-
nect it to the INPUT 2 connector.

f. Compensate the probe as described in the probe instruc-
tion manual to provide the correct response from Channel 2.

g. CHECK—CRT display at each Channel 2 VOLTS/DiV
switch setting listed in Table 5-2 for 3% or less overshoot,
rounding or tilt (see Fig. 5-6).

h. Remove the 10X probe.

16. Check High-Frequency Compensation

REQUIREMENT—39%, or less aberrations with 100 kilohertz
input signal.

a. Connect the positive-going fast-rise output of the square-
wave generator to the INPUT 1 connector through the five-
nanosecond GR cable and the 50-ohm in-line termination.

b. Change the following control settings:

©:
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Fig. 5-6. (A) Typical CRT display showing correct VOLTS/DIV switch
compensation; (B) and (C) incorrect compensation,

VOLTS/DIV .05

(both channels)
Mode CH1
TIME/DIV .5 uSEC
X10 MAG Pulled out
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c. Set the square-wave generator for five divisions of
deflection at 100 kilohertz,

d. CHECK—CRT display for ==0.15 division or less over-
shoot, rounding, ringing or tilt {see Fig. 5-7).

e. Set the Mode switch to CH 2.
f. Connect the positive-going fast-rise output of the
square-wave generafor to the INPUT 2 connector through the

five nanosecond GR cable and the 50-ohm in-line termination.

9. CHECK—CRT display for ==0.15 division or less over-
shoot, rounding, ringing or tilt (see Fig. 5-7).

h. Disconnect all test equipment.

17. Check Channel 1 and 2 Frequency Response
REQUIREMENT—Not more than —3dB at 15 meghertz.

a. Change the following control settings.

Mode CH 1
LEVEL FREE RUN
TIME/DIV .5mSEC
X10 MAG Pushed in

-t

————
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Fig. 5-7. Typical CRT display showing correct high-frequency com-
pensation.

b. Connect the constant-amplitude sine-wave generator to
the INPUT 1 cannector through the five-nanosecond GR cable
and the 50-ohm in-line termination.

c. Set the constant-amplitude generator for six divisions
of deflection at 50 kilohertz.

d. Without changing the output amplitude, increase the
output frequency of the constant-amplitude generatar until
the display is reduced to 4.2 divisions (—3 dB point; see Fig.
5-8).

e. CHECK—Output frequency of the constant-amplitude
generator must be 15 megahertz or higher.
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f. Set the Mode switch to CH 2.

g. Connect the constant-amplitude generator to the INPUT
2 connector through the five-nanosecond GR cable and the
50-ohm in-line termination.

h. Set the constant-amplitude generator for six divisions
of deflection at 50 kilohertz.

i. Without changing the output amplitude, increase the
output frequency of the constant-omplitude generator until
the display is reduced to 4.2 divisions (—3 dB point; see Fig.
5-8).

. CHECK—Output frequency of the constant-omplitude
generator must be 15 meghertz or higher.

18. Check Channel 2 X 10 Gain Frequency
Response

REQUIREMENT—Not more than —3 dB at five meghertz.
a. Set the Channel 2 AC GND DC switch to AC.
b. Pull the X10 GAIN AC switch.

c. Set the constant-amplitude generator for six divisions
of deflection at 50 kilohertz.

6-division
display at
50 kHz

-

Reduced to 4.2 divisions
at —3dB

IREWE S

HH

Fig. 5-8. Typical CRT display when checking vertical frequency
response.

d. Without changing the output amplitude, increase the
output frequency of the constant-amplitude generator until
the display is reduced to 4.2 divisions (—3 dB point; see Fig.
5-8).

e. CHECK—Output frequency of the constant-amplitude
generator must be five megahertz or higher.

19. Check Common-Mode Rejection Ratio
REQUIREMENT—At least 100:1 at 50 kilohertz.
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a. Connect the constant-amplitude generator to the INPUT
1 connector through the five-nanosecond GR cable, 50-ohm
in-line termination and the BNC T connector. Connect the
output of the BNC T connector to INPUT 2 with 50-ohm BNC
cable.

b. Set the constant-amplitude generator for eight divisions
of deflection at 50 kilohertz.

c. Change the following control settings:

Mode ALG ADD
INVERT Pulled out
X10 GAIN AC Pushed in

d. CHECK—CRT display 0.1 division or less {100:1 or
greater; see Fig. 59).

e. Disconnect all test equipment.

Fig. 5-9. Typical CRT display showing correct common-mode rejection
ratio.

20. Check Channel Isolation Ratio
REQUIREMENT—100,000:1 or greater at one kilohertz.

a. Change the following control settings:

VOLTS/DIV .01

(both channels)
Mode CH 2
INVERT Pushed in

b. Connect the standard amplitude calibrator to the INPUT
1 connector with the BNC cable.

¢. Set the Channel 1 YOLTS/DIV switch to 20.
d. Set the Channel 2 AC GND DC switch to GND.

e. Set the standard amplitude calibrator for 100-volt
square-wave output.

f. CHECK—CRT display 0.1 division or less in amplitude
(channel isolation ratio 100,000:1 or greater; see Fig. 5-10).

g. Change the following control settings:



Channel 1 VOLTS/DIV .01
Channel 2 VOLTS/DIV 20
Channel 1 AC GND DC GND
Channel 2 AC GND DC DC
Mode CH 1

h. Connect the standard amplitude calibrator to the INPUT
2 connector with the BNC cable.

i. CHECK—CRT display 0.1 division or less in amplitude
(channel isolation ratio 100,000:1 or greater; see Fig. 5-10).

Fig. 5-10. Typical CRT display showing correct channel isolation ratio.

21. Check Internal Calibrator Amplitude

REQUIREMENT—Four divisions of deflection in CALIBRATE
4 DIVISIONS position of VOLTS/DIV switch.

a. Change the following control settings:

VOLTS/DIV CALIBRATE 4 DIVISIONS
LEVEL Adjust for stable display.
b. CHECK—CRT display for four divisions of deflection.

NOTE

Internal accuracy of Calibrator given in the Char-
acteristics section can only be checked by the pro-
cedure given in the Calibration Procedure; see
Section 6.

c. Set the Mode switch to CH 2.
d. CHECK—CRT display for four divisions of deflection.

22. Check Calibrator Amplitude at Front-Panel
Jack

REQUIREMENT—Two volts, +2.7%.

a. Connect the CALIBRATOR jack to the unknown input of
the standard amplitude calibrator with a jumper lead. The
1X probe can be used for this purpose.
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b. Set the standard amplitude calibrator for @ —DC out-
put in the mixed mode.

c. Connect the standard amplitude calibrator output to
the input of the test oscilloscope.

d. Set the test oscilloscope for a vertical deflection of 0.2
volt/division, DC coupled ot a sweep rate of five milli-
seconds/division.

e. Set the standord amplitude calibrator output voltage
to off and position the top of the display on the screen. Set
the triggering controls for a stable display.

f. Note the difference between the standard amplitude
calibrator output (zero-volt level) and the Type 422 CALI-
BRATOR output level (see Fig. 5-11).

Standard
422 .
Calibrator Amplitude
Signal Calibrator
\ Signal
/
BEAtE BEEE

poa cnan LY

3
L1 -/ﬁ__;____h_-__d
;

Error
shown by
difference

here.

Fig. 5-11. Typical Test oscilloscope display when checking Calibrator
amplitude at front-panet jack. Vericial deflection, 0.2 volt/division;
sweep rate, five milliseconds/division.

g. Set the standard amplitude calibrator output voltage to
two volts and position the bottom of the display on the
screen. Reset the triggering controls for a stable display.

h. CHECK—Difference between the standard amplitude
calibrator output and the Type 422 CALIBRATOR output levels
within ==0.27 division of the difference measured in step f
(=2.7%]).

i. Disconnect the standard amplitude calibrator.

23. Check Cadlibrator Repetition Rate and Duty
Cycle

REQUIREMENT—Repetition rate, one kilohertz, =+20%;
duty cycle, 45% to 55%.

a. Connect the CALIBRATOR jack to the input of the test
oscilloscope with a jumper lead. The 1X probe can be used
for this purpose.

b. Set the test oscilloscope for a vertical deflection of 0.5
volt/division and a sweep rate of 0.2 millisecond/division.

c. CHECK-—Test oscilloscope display for duration of one
complete cycle bewteen 4.15 and 6.25 divisions (one kilo-

hertz, +20%; see Fig. 5-12A).
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d. Set the test oscilloscope sweep rate to 50 microseconds/
division and set the VARIABLE TIME/DIV control for one com-
plete cycle in ten divisions.

e. CHECK—Test oscilloscope display for length of the
positive segment of the square wave between 4.5 and 5.5
divisions (45% to 55%; see Fig. 5-12B).

f. Disconnect all test equipment.

24. Check Internal Trigger Sensitivity

REQUIREMENT—Stable display in AC, AC LF REJ and DC
positions of Triggering Coupling switch with 0.2-division
deflection at five megahertz and one-division deflection at 15
megahertz; stable display in AUTO position of LEVEL control
with 0.B-division deflection at four megahertz and 2.5 divisions
deflection at 15 megahertz.

a. Change the following control settings:

VOLTS/DIV 0.2

Mode CH 1

SLOPE Positive going
LEVEL Midrange
TIME/DIV .5 uSEC

b. Connect the constant-amplitude sine-wave generator to
the INPUT 1 connector through the five-nanosecond GR cable,
50-ohm in-line termination and the BNC T connector. Con-
nect the output of the BNC T connector to the TRIG IN con-
nector through a 50-ohm BNC cable.

c. Set the constant-amplitude generator for a 0.2 division
CRT display at five megaohertz.

d. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC.
Adjust the LEVEL control as necessary to obtain o stable dis-

play.

e. Set the constant-amplitude generator for a one division
CRT display at 15 megahertz.

f. Pull the X10 MAG switch.

g. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC.
Adijust the LEVEL control as necessary to obtain a stable dis-

play.
h. Set the LEVEL control to the AUTO position.
i. Push in the X10 MAG switch.

|- Set the constant-amplitude generator for a 0.8 division
CRT display at four megahertz.

k. CHECK—CRT display is stable.

I. Set the constant-amplitude generator for a 2.5 division
CRT display at 15 megaheriz.

m. Pull the X10 MAG switch.
n. CHECK—CRT display is stable.

o. Set the Triggering Source switch to CH 1 and repeat
steps ¢ through n.

25. Check External Trigger Sensitivity

REQUIREMENT—Stable display in AC, AC LF REJ and DC
positions of Triggering Coupling switch with 0.125-volt input
signal at five megahertz and 0.6-volt input signal at 15 mego-
hertz; stable display in AUTO position of LEVEL control with
0.6-volt input signal at seven megahertz and 1.2-volt input
signal at 15 megahertz.

a. Set the Triggering Source switch to EXT.
b. Push in the X10 MAG switch.

¢. Set the constant-amplitude generator for a three divi-
sion CRT display (0.6 volt} at 50 kilohertz.

e o o1

|

T

Il

T

- o ——— - - -

'

}

T

|

T

|

T

|

correct if within
these limits.

(A)

Calibrator frequency

(B} 45% 55%

Fig. 5-12. Typical test oscilloscope display when checking (A} Calibrator repetition rate, (B) Duty cycle. Vertical deflection, 0.5 volt/divi-

sion; sweep rate, 0.2 millisecond/division.
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d. Set the constant-amplitude generator output frequency
to seven megaohertz.

e. Set the TIME/DIV switch to .5 uSEC.
f. CHECK—CRT display is stable,

g. Set the constant-amplitude generator for a six division
CRT display (1.2 volts) at 50 kilohertz,

h. Without changing the output amplitude, set the constant-
amplitude generator output frequency to 15 megaheriz.

i. Pull the X10 MAG switch.

j. CHECK—CRT display is stable.

k. Set the Channel 1 VOLTS/DIV switch to .05.
I. Push in the X10 MAG switch.

. Set the constant-amplitude generator for a 2.5 division
CRT display (0.125 volt} at 50 kilohertz.

n. Without changing the output amplitude, set the constant-
amplitude generator output frequency to five megahertz.

o. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC.
Adjust the LEVEL contro! as necessary to obtain a stable dis-
play.

p. Set the Channel 1 VOLTS/DIV switch to .1.

g. Set the constant-amplitude generator for a six division
CRT display (0.6 volt} at 50 kilohertz.

r. Without changing the output amplitude, set the constant-
amplitude generator output frequency to 15 megahertz.

s. Pull the X10 MAG switch.

t. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC.
Adjust the LEVEL control as necessary to obtain a stable dis-
play.

u. Disconnect all test equipment.

26. Check Low-Frequency Triggering and Low-
Frequency Reject Operation

REQUIREMENT—Internal, stable display in AC and DC
positions of Triggering Coupling switch with 0.2-division
deflection at 50 hertz; stable display in AUTO position of
LEVEL control with 0.8-division deflection at 50 hertz; does not
trigger in AC LF REJ position of Triggering Coupling switch.
External, stable display in AC and DC positions of Triggering
Coupling switch with 0.125-volt input signal at 50 hertz;
stable display in AUTO position of LEVEL control with 0.6-
volt input signal at 50 hertz; does not trigger in AC LF REJ
position of Triggering Coupling switch.

a. Change the following control settings:

VOLTS/DIV .05
Coupling AC
TIME/DIV 5 mSEC
X 10 MAG Pushed in

b. Connect the low-frequency sine-wave generator to both
the INPUT 1 connector and the TRIG IN connector through
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a BNC T connector and two BNC cables (use the BNC to

alligator clip adapter to connect the generator output to the
BNC cable).

c. Set the low-frequency sine-wave generator for a 2.5-
division display {0.125 volt} at 50 hertz.

d. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC and DC. Adjust the
LEVEL control as necessary to obtain o stable display.

e. Set the Triggering Coupling switch to AC LF REJ.

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

g. Set the LEVEL control to AUTO.
h. Set the VOLTS/DIV switch to .1.

i. Set the low-frequency sine-wave generator for a six-
division display (0.6 volt} ot 50 hertz.

. CHECK—CRT display is not stable.

k. CHECK—CRT display is stable in the AC and DC posi-
tions of the Triggering Coupling switch.

. Set the Triggering Source switch to CH 1 & 2.

m. Set the low-frequency sine-wave generator for a 0.B
division display at 50 hertz.

n. CHECK—CRT display is stable in the AC and DC posi-
tions of the Triggering Coupling switch.

o. Set the Triggering Coupling switch to AC LF REJ.
p. CHECK—CRT display is not stable.

g. Set the low-frequency sine-wave generator for a 0.2-
division display ot 50 hertz (AC position of Triggering Cou-
pling switch must be used to set display amplitude; return
switch to AC LF REJ position).

r. CHECK—Stable CRT display cannot be obtained at any
setting of the LEVEL control.

s. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC and DC. Adjust the
LEVEL control as necessary to obtain a stable display.

27. Check Slope Switch Operation

REQUIREMENT—Display starts on correct slope of trig-
gering signal.

a. Set the low-frequency sine-wave generator for a four-
division display.

b. CHECK—CRT display starts on the positive-going slope
of the waveform (see Fig. 5-13A).

c. Set the SLOPE switch to the negative-going position.

d. CHECK—CRT display starts on the negative-going slope
of the waveform (see Fig. 5-13B).

e. Disconnect all test equipment.

28. Check Timing Accuracy
REQUIREMENT—Within =3% of TIME/DIV switch setting.

5-11
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(A)

Fig. 5-13. Typical CRT display showing correct operation of SLOPE switch.

switch set for negative-going triggering.

TABLE 5-3
TIME/DIV Accuracy
TIME/DIV Time-Mark CRT Display

Switch Generator (Markers/
Setting Qutput Division )
.5 uSEC 0.5 microsecond T
1 uSEC 1 microsecond 1 o
2 uSEC 1 microsecond 2
5 uSEC 5 micrasecond 1 T
10 uSEC 10 microsecond 1 o
20 uSEC 10 microsecond 2
50 uSEC 50 microsecond 1 o
1 mSEC 0.1 millisecond 1T
2mSEC 0.1 millisecond 2
5 mSEC 0.5 millisecond T
1 mSEC 1 millisecond 1 T
2 mSEC 1 millisecond 2
5mSEC 5 millisecond T
10 mSEC 10 millisecond 1 T
20 mSEC 10 millisecond 2 T
50 mSEC 50 miliisecond T
.1 SEC 0.1 second 1 T
2 SEC 0.1 second 2 o
5SEC 0.5 second T

a. Change the faliowing control settings:

VOLTS/DIV 2
Coupling AC
SLOPE Positive going

b. Connect the time-mark generator to the INPUT 1 connec-
tor through a@ 50-ohm BNC cable and a 50-ohm termination.

c. Set the LEVEL contro! for a stable display.

5-12

(A) SLOPE switch set for positive-going triggering, (B) SLOPE

d. CHECK—Using the TIME/DIV switch and time-mark gen-
erator settings given in Table 5-3, check sweep timing within
#+0.24 division over the middle eight divisions of the display
(£3%).

CAUTION

To prevent permanent damage to the CRT phosphor
at slow sweep rates, position the baseline of the
marker display below the viewing area.

29. Check Sweep Length
REQUIREMENT—10.4 to 12.1 divisions.

a. Set the time-mark generator for output markers of one
millisecond and 0.1 millisecond.

b. Set the TIME/DIV switch to 1 mSEC.

c. Position the tenth marker to the center vertical line
with the Horizontal POSITION control (see Fig. 5-14).

d. CHECK—sweep iength between 10.4 and 12.1 divisions.
as shown by 0.4 to 2.1 divisions of display to the right of the
vertical center line {see Fig. 5-14). Large markers in the dis-
play indicate divisions and small markers 0.1 division.

30. Check Normal/Magnified Registration

REQUIREMENT-—Less than 0.2-division shift when switching
X 10 MAG switch from on (pulled out) to off.

a. Pull the X10 MAG switch out.

b. Position the first marker to the center vertical line with
the Horizontal POSITION control. Use the fine range of the
POSITION control for precise positioning (see Operating
Instructions section for operation).

¢. Push the X10 MAG switch in.

d. CHECK—First marker within 0.2 division of the center
vertical line.

©:
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Fig. 5-14. Typical CRT display when checking sweep lenglh.

31. Check Magnifier Timing and Linearity

REQUIREMENT—Timing, within ==5%, of magnified sweep
rate; linearity, within ==19% for any eight division portion of
magnified sweep length (except in 0.5 uSEC position).

a. Pull the X10 MAG switch out.
b. Position the first large marker to the left graticule line.

c. CHECK—CRT display for one small marker each division
between the first and ninth graticule line (see Fig. 5-15). With
the second marker positioned to the first graticule line, the
tenth marker must be within 0.4 division of the ninth graticule
line {timing within ==5%).

d. CHECK—Each marker in CRT display must be within 0.08
division of its respective graticule line {1% linearity; see Fig.
5-15).

Performance Check—Type 422/R422 (SN 100-19,999)

e. Repeat check for each eight division portion of the
magnified sweep.

32. Check Variable Time/Division Control
Range

REQUIREMENT—At least 2.5:1 reduction in sweep rate.
a. Push the X10 MAG switch in.
b. Set the time-mark generator for 10-millisecond markers.

c. Position the two markers on the display to the left and
right graticule lines with the Horizontal POSITION control.

.d. Turn the VARIABLE TIME/DIV control fully counterclock-
wise.

e. CHECK—CRT display for four-division maximum spacing
between markers {2.5:1 range; see Fig. 5-16). UNCAL light
must be on when VARIABLE TIME/DIV contro! is not in CAL
position.

33. Check Chopped Operation

REQUIREMENT—Chopped repetition rate, 100 kilohertz,
=+20%. Switching transients blanked.

a. Change the following control settings:

Mode CHOPPED
LEVEL AUTO
TIME/DIV 2 uSEC
VARIABLE CAL

b. Position the traces about four divisions apart with the
Vertical POSITION controls.

c. CHECK—CRT display for duration of each cycle between
4.2 and 6.2 divisions {100 kilohertz, +=20%; see Fig. 5-17).

First Graticule

Line
"
1 Each marker musi be within
] *0.08 divisions of ils respec-
tive graticule line
Large

/Marker : /
-~ /

\ A
W
1% i

Spacing between markers must be 4 divisions or
“less for 2.5:1 VARIABLE control range. b

N N S S

Fig. 5-15. Typical CRT display when checking magnifier timing and
linearity.

©1

Fig. 5-16. Typical CRT display showing adequate VARIABLE TIME/
DIV control range.
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Fig. 5-17. Typical CRT display when checking chopped operation.

d. CHECK—CRT display for complete blanking of switch-
ing transients between chopped segments (see Fig. 5-17).

34. Check External Horizontal Deflection Factor
and Horizontal Attenuator Control Range

REQUIREMENT—Deflection factor: X10 MAG switch

pushed in, 10 valts/division, =25%; X10 MAG switch pul-

led out, one volt/division, =25%,. Attenuator control range,
10:1 or greater.

a. Change the following control settings:

Made CH
HORIZ ATTEN (LEVEL) Clockwise
TIME/DIV EXT HORIZ

b. Connect the standard amplitude calibrator to the HORIZ
IN (TRIG IN} connector with the BNC cable.

c. Set the standard amplitude calibrator for a 50-volt
square-wave output.

CAUTION

Ta prevent permanent damage to the CRT phos-
phor, reduce the INTENSITY control setting if a
halo forms around the dots.

d. CHECK—CRT display for horizontal deflection between
3.75 and 6.25 divisions (10 volts/division, =25%; see Fig.
5-18).

e. Pull the X10 MAG switch out.

f. Set the standard amplitude calibrator for a five-volt
square-wave output.

g. Reposition the display to the center of the CRT.

h. CHECK—CRT display for horizontal deflection between
3.75 and 6.25 divisions (one volt/division, =25%).

5-14

Fig. 5-18. Typical CRT display when checking external horizontal
operation.

i. Set the standard amplitude calibrator for a 50-volt
square-wave output.

i. Set the HORIZ ATTEN control fully counterclockwise.

k. CHECK—CRT display for horizontal deflection equal to
or less than obtained in step h {10:1 or greater range).

35. Check External Horizontal Frequency
Response

REQUIREMENT—Not more than —3 dB at 500 kilohertz.

T
Reduced fo not less than
2.8 divisions at 500 kHz

+
L

U

t

I

++

4 divisions of J——
defleclion at 50kHz

e s

Fig. 5-19. Typica! CRT display when checking external horizonta!
frequency response.
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Fig. 5-20. Typical CRT display showing correct external blanking.

a. Turn the HORIZ ATTEN (LEVEL) control fully clockwise.

b. Connect the constant-amplitude sine-wave generator to
the HORIZ IN (TRIG IN} connector through the five-nano-
second GR cable and the 50-ohm in-line termination.

c. Set the constant-amplitude generator for four divisions
of horizontal deflection at 50 kilohertz.

d. Without changing the output amplitude, increase the
output frequency of the canstant-amplitude generator until
the display is reduced to 2.8 divisions (—3 dB point; see Fig.
5.19).

e. CHECK—Output frequency of the constant-amplitude
generator must be 500 kilahertz or higher.

36. Check External Blanking
REQUIREMENT—Two-volt positive signal blanks trace.

a. Connect the constant-amplitude sine-wave generator to
the INPUT 1 connector through the five-nanosecond GR cable,
50-ohm in-line termination and the BNC T connector. Con-
nect the output of the BNC T connector to the EXT BLANK-
ING connector through a 50-ohm BNC cable.

b. Change the following control settings:

VOLTS/DIV 1

LEVEL AUTO
TIME/DIV 10 uSEC
X10 MAG Pushed in

Fig. 5-21. Typical test oscilloscope display when checking the gate
output signal. Vertical deflection, 0.2 volts/division; sweep rate,
2 milliseconds/division.

c. Set the constant-amplitude generator for a four-division
display.

d. CHECK—The positive peaks of the displayed signal
should be blanked with a normal INTENSITY control setting
(see Fig. 5-20).

€. Disconnect all test equipment.

37. Check Gate Output Signal

REQUIREMENT—Amplitude, —0.5 volt or greater negative-
going rectangular pulse; duration, 10.4 to 12.1 times the TIME/
DIV switch setting.

a. Change the following control settings:

LEVEL FREE RUN
TIME/DIV 1 mSEC

b. Connect the GATE OUT connector to the input of the
test oscilloscope with the BNC cable.

c. Set the test oscilloscope for a vertical deflection of 0.2
volts/division and a sweep rate of 2 milliseconds/division.

d. CHECK—Test oscilloscope display for 2.5 divisions or
greater amplitude with the top of the waveform at the zero
volt level. Gate duration should be 5.2 to .05 divisions
(—0.5 volt or greater amplitude with duration of 10.4 to 12.1
ties the TIME/DIV switch setting; see Fig. 5-21).

e. Disconnect all test equipment.

This completes the performance check procedure for the
Type 422. If the instrument has met all performance require-
ments given in this procedure it is correctly calibrated and
within the specified tolerances.

3-15



Type 422/R422 (SN 100-19,999)

SECTION 6
CALIBRATION

Introduction

Complete calibration information for the Type 422 is given
in this sectian. This procedure calibrates the instrument fo the
performance requirements listed in the Characteristics section.
The Type 422 can be returned to original performance stand-
ards by completion of each step in this procedure. If it is
desired to merely touch up the calibration, perform only
those steps entitled “"Adjust . . .". A short-form calibration
procedure is also provided in this section for the conven-
ience of the experienced calibrator.

The Type 422 should be checked, and recalibrated if nec-
essary, after each 1000 haurs of operation, or every six months
if used infrequently, to assure correct operation and accuracy.
The Performance Check section of this manual provides a
complete check of instrument performance without making
internal adjustments. Use the performance check procedure
to verify the calibration of the Type 422 and determine if
recalibration is required.

Test Equipment Required
General

The following test equipment, or its equivalent, is required
for complete calibration of the Type 422 (see Fig. 6-1). Spec-
ifications given are the minimum necessary for accurate cali-
bration of this instrument. All test equipment is assumed to be
correctly calibrated and operating within the given specifica-
tions. If equipment is substituted, it must meet or exceed the
specifications of the recommended equipment.

For the quickest and most accurate calibration, special
calibration fixtures are used where necessary. All calibration
fixtures listed here can be obtained from Tektronix, Inc. Order
by part number through your local Tektronix Field Office or
representative.

1. DC voltmeter. Minimum sensitivity, 20,000 ohms/volt;
range, 0 to 1500 volts; accuracy, checked to within 1% at
—=81 volts and within #=39% at —1400 volts. For example,
Simpson Model 262.

2. Test oscilloscope. Bandwidth, DC to 15 megahertz; mini-
mum deflection factor, one millivolt/division. Tektronix Type
422 Oscilloscope recommended (use X10 Gain feature for
one millivolt minimum deflection factor).

3. 1X probe with BNC connector. Tektronix P602B Probe
recommended.

4. 10X probe with BNC connector. Tektronix P6006 Probe
recommended.

5. Variable autotransformer. Must be capable of supplying
at least 75 volt amperes over a range of 103.5 to 126.5 volts
(207 to 253 voits for 230-volt nominal line). (If autotrans-
former does not have an AC voltmeter to indicate output
voltage, monitor output with an AC voltmeter with range of at
least 126.5 or 253 volts, RMS). For example, General Radio
WI1OMT3W Metered Variac Autotransformer (note that the
full current capabilities of this unit are not required).

©1

é. Standard amplitude calibrator. Amplitude accuracy,
within 0.259%,; signal amplitude, 50 millivolts to 100 volts;
output signal, one-kilohertz square wave and negative DC
voltage. Tektronix calibration fixture 067-0502-00 recom-
mended.

7. Square-wave generator. Frequency, 1, 10 and 100
kilohertz; risetime, one nanosecond or less from fast-rise out-
put; output amplitude, about 120 volts unterminated or 12
volts into 50 ohms. Tektronix Type 106 Square-Wave Gen-
erator recommended.

8. Constant amplitude sine-wave generator. Frequency, 50
kilohertz and 350 kilohertz to 15 megahertz; output ampli-
tude, variable from five millivolts to five volts; amplitude
accuracy =+=3% from 50 kilohertz to 15 megahertz. Tektronix
Type 191 Constant Amplitude Signal Generator recom-
mended.

9. Time-mark generator. Marker outputs, 0.5 second to 50
nanoseconds; marker accuracy, within 0.1%. Tektronix Type
1B4 Time-Mark Generator recommended.

10. Low-frequency sine-wave generator. Frequency, 50
hertz; output amplitude, 10 millivolts to 0.6 volt. For example,
Heathkit 1G-72 Audio Generator.

11. 10X attenuator (twa). Impedance, 50 ohms; accuracy,
+3%,; connectors, GR. Tektronix Part No. 017-0078-00.

12. Cable (two). Impedance, 50 ohms; Type RG-58A/U;
length 42 inches; connectors, BNC. Tektronix Part No. 012-
0057-00.

13. BNC T connector. Tektronix Part No. 103-0030-00.

14. Cable. Impedance, 50 ohms; Type RG-BA/U; length
five nanoseconds; connectors, GR874. Tektronix Part No. 017-
0502-00.

15. In-line termination. Impedance, 50 ohms; accuracy,
=+3%; connectors, GR input with BNC male output. Tek-
tronix Part No. 017-0083-00.

16. Capacitor. Capacitance, five microfarads; minimum
VDC, 10 volts. Tektronix Part No. 290-0024-00.

17. Adapter. Connectors, BNC female and two alligator
clips. Tektronix Part No. 013-0076-00.

18. Checked Type 422 power supply (not shown).
19. Adjustment tools (see Fig. 6-2).

Description Tektronix Part No.

a. Insulated screwdriver, 1Y, 003-0000-00
inch shaft, non-metallic
b. Screwdriver, 3-inch shaft 003-0192-00
c. Tuning tool

Handle 003-0307-00

Insert, for %, inch
(ID) hex cores
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Fig. 6-2. Adjustment tools.

CALIBRATION PROCEDURE

General

The following procedure is arranged in o sequence which
allews the Type 422 to be calibrated with the leost interaction
of odjustments and reconnection of equipment. However,
some adjustments offect the calibration of other circuits within
the instrument. In this case, it will be necessary ta check the
operation of other parts of the instrument. When o step inter-
octs with others, the steps which need to be checked are noted
vnder “INTERACTION | . .

Any needed maintenonce should be perfarmed before pro-
ceeding with calibrotion. Troubles which become apparent
during colibration should be corrected using the technigues
given in the Mairtenonce section.

The steps titled "Adjust . . . )" in the fallowing precadure
provide o check of instrument performonce, whenever pos-
sible, before the adijustment is made. The symbaol ) is used
to identify the steps in which an adjustment is made. To pre-
vent recolibration of other circuits when perfarming o porticl
calibration, readjust enly if the listed tolerance is not met.
However, when performing o complete calibration, best over-
oll performance will be pravided if eoch adjustment is mode
to the exact setting, ever if the "CHECK— . . " is within
the alloweble talearnce.

In the following procedure, a test equipment setup picture
is shawn for each mojor group of adjustments and checks.

(]

Beneath each setup picture is a compleie list of front-panel
control settings for the Type 422. To aid in locating individual
controls which have been chonged during complete calibra-
tion, these coniral names ore printed in bold type. If only
o pertio! calibration is performed, start with the nearest setup
preceding the desired portion. Type 422 from-ponel control
titles referred to in this procedure are copitolized (e.g.
VOLTS/DIV). Internal adjusiment titles are inifial-copitalized
only (eg., Unblanking Center).

The following procedure uses the equipment listed under
Equipment Required. If equipment is substituted, control set-
tings or lest equipment setup moy need to be altered to meet
the requirements of the equipment used.

NOTE

All woveforms shown in this procedure are actual
woveform photogreophs loken with o Tekironix
Oscilloscope Camerg System.

CALIBRATION RECORD AND INDEX

This short-form colibration procedure is provided to aid in
checking the operction of the Type 422. It may be used as
a colibration guide by the experienced colibrator, or it may
be used os o record of calibration. Since the step numbers
and fitles vsed here correspond to those used in the complers
procedure, this procedure also serves as an index to locote
o step in the complete Calibration Procedure. Perfarmonce
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reqgiurements correspond to those given in the Characteristics

section.

Type 422, Serial Na.
Calibration Date

Calibration Technician_.

o

] 10.

12

Check—81-Volt and +20-Volt Power Supplies.

Page 6-6
—81 volts,+2 volts, —1 volt.
+20 volts, ==1.4 volts.
. Check High-Voltage Supply. Page 6-7

—1385 volts, #=69.5 volts.

. Check—81-Volt and +20-Volt Power Supply Ripple.

Page 6-8
Line Frequency  Caiibrator Frequency

—81 volt 2 millivolts 5 millivolts
+20 volt 1 millivolt

. Adjust Unblanking Center (R869). Page 6-9
Maximum trace intensity.

. Adjust Trace Rotation (R851). Page 6-9
Trace paraliel to horizontal graticule lines.

. Adjust Y Axis Alignment (R856). Page 6-11
Markers parallel to center vertical line.

. Adjust CRT Geometry (R854). Page 6-11

Alignment of markers within ==0.1 division of the
vertical graticule lines; alignment of trace within
=+0.1 division of the top and bottom graticule lines.

. Adjust Channel 1 Step Attenuator and Variable Bal-

ance (R21, R35). Page 6-12
No trace shift as the Channel 1 VOLTS/DIV switch
is changed from .05 to .01 or the VARIABLE VOLTS/
DIV control is rotated.

. Adjust Channel 2 Step Attenuator and Variable

Balance (R121, R135). Page 6-13

No trace shift as the Channel 2 VOLTS/DIV switch
is changed from .05 to .01 or the VARIABLE VOLTS/
DIV control is rotated.

Check Alternate Operation. Page 6-13
Trace alternation at all sweep rates.
. Adjust Common-Mode Current (R215). Page 6-14

Optimum common-mode current balance within -=0.6
volts of zero.

Adjust Channel T and 2 Gain (R80, R180). Page 6-16

Correct vertical deflection as indicated by VOLTS/
DIV switches.

013

0] 14.

0] 15.

7.

] 18.

119

[120.

2.

0 22

0] 23.

0] 2.

O] 25.

0 26.

0 2.

. Check Channel 1

Check Added Mode Operation.

Correct signal addition within ==3%.

Page 616

Check Channel 1 and 2 Deflection Accuray.
Page é-17

Vertical deflection within =3% of the VOLTS/DIV
switch indication.

Check Channel 2 X10 Gain. Page 6-17
Correct Channel 2 deflection within #+7.5% when
the X10 GAIN AC switch is pulled out.

and 2 Variable Volts/Division
Page 617

At least 2.5:1 reduction in vertical deflection when
fully counterclockwise.

Range.

Check Vertical Linearity. Page 6-18
Less than 0.2 division compression or expansion at
extremes of display area.

Check Channel 1 and 2 AC GND DC Switch Opera-
tion. Page 6-18
Correct signal coupling in each position.

Check Trace Shift Due to Input Grid Current.

Page 6-19
0.2 division or less at .01 VOLTS/DIV switch position.

Adjust Input Capacitance (C12, C112). Page 6-20
Channel 1 and 2 input capacitance matched within
1% in .05 VOLTS/DIV switch positions.
Adjust Channel 1 and 2 Volts/Division Switch Com-
pensation. Page 6-21
3% or less overshoot, rounding or tilt in all positions
of the VOLTS/DIV switches.
Adjust High-Frequency Compensation (R237, C237,
L245, L255). Page 6-22
3% or less aberrations with 100 kilohertz input signal.
Check Channel 1 and 2 Frequency Response.

Page 6-24
Not more than —3dB at 15 megahertz.

Check Channel 2 X10 Gain Frequency Response.
Page 6-25

Not more than —3 dB at five megahertz.

Check Common-Mode Rejection Ratio. Page 6-25

At least 100:1 at 50 kilahertz

Check Channel Isolation Ratio. Page 6-26

100,000:1 or greater at one kilahertz.

Adjust Calibrator Amplitude (R7B0). Page 6-27

Four divisions of deflection, =0.7%, in CALIBRATE
4 DIVISIONS position of VOLTS/DIV switch.



] 28.

7 2.

7 3.

0] 31

0 32

7 3s.

0 34.

] 35.

] 3.

3.

1 38
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Check Calibrator Amplitude at Front-Panel Jack.
Page 6-27

Two volis, +=2.7%,.

Check Calibrator Repetition Rate and Duty Cycle.
Page 6-27

Repetition rate, one kilohertz, +20%; duty cycle,
45%, to 559,.

Adjust Internal Trigger Compensation (C353, C217).
Page 6-29

Optimum square-wave response for CH 1 and CH 1
& 2 triggering.

Adjust External Trigger Compensation (C302).
Page 6-30

Optimum square-wave response for EXT triggering.

Check Trigger Limiting. Page 6-30
10:1 or greater at extremes of LEVEL control rotation.

Adjust Auto Center (R350). Page 6-30

Correct AUTO triggering operation; see Calibration
Procedure.

Check Internal Trigger Sensitivity. Page 6-32

Stable display in AC, AC LF REJ, and DC positions
of Triggering Coupling switch with 0.2-division deflec-
tion at five megahertz and one-division deflection at
15 megahertz; stable display in AUTO position of
LEVEL control with 0.8-division deflection at four
megahertz and 2.5 divisions deflection at 15 mega-
hertz.

Check External Trigger Sensitivity. Page 6-33

Stable display in AC, AC LF REJ and DC positions of
Triggering Coupling switch with 0.125-volt input
signal at five megahertz and 0.6-volt input signai at
15 megahertz; stable display in AUTO position of
LEVEL control with 0.6-volt input signal at seven
megahertz and 1.2-volt input signal at 15 megahertz.

Check Low-Frequency Triggering and Low-Frequency
Reject Operation. Page 6-34

Internal, stable display in AC and DC positions of
Triggering Coupling switch with 0.2-division deflection
at 50 hertz; stable disploy in AUTO position of LEVEL
control with 0.8-division deflection at 50 hertz; does
not trigger in AC LF REJ position of Triggering
Coupling switch. External stable display in AC and
DC positions of Triggering Coupling switch with
0.125-volt input signal at 50 hertz; stable display in
AUTO position of LEVEL control with 0.6-volt signal
at 50 hertz; does not trigger in AC LF REJ position
of Triggering Coupling switch.

Check Slope Switch Operation. Page 6-35
Display starts on correct slope of triggering signal.
Adjust Sweep Calibration (R512). Page 6-36

Correct timing at 1 mSEC position of VOLTS/DIV
switch.

O] 3.

[] 40.

0J 4.

7 42.

0 43.

O 44.

O] 45.

7 46.

0 47.

[J 4s.

0] 49.

(] 50.

0 5.

0 52
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Check Sweep Length.
10.4 to 12.1 divisions.

Page 6-36

Adjust Normal/Magnified Registration (R535).

Page 6-37
Less than =0.2-division shift when switching X10
MAG switch from on f{pulled out] to aff.

Check Magnifier Timing and Linearity.  Page 6-37

Timing, within #=5% of magnified sweep rat2; linear-
ity, within #=19% for any eight division portion of
magnified sweep length.

Check Variable Time/Division Control Range.
Page 6-37

At least 2.5:1 reduction in sweep rate.

Adjust 10 Microsecond Timing (C440A).  Page 6-38
Correct timing at 10 uSEC position of VOLTS/DIV
switch.

Adjust 0.5 Microsecond Timing (C537). Page 4-38

Correct timing at 0.5 pSEC position of VOLTS/DIV
switch.

Adjust 0.5 Microsecond X 10 Magnifier Timing (C511,
C527). Page 6-38

Correct timing at start and center of sweep at 0.5
uwSEC position of VOLTS/DIV switch with magnifier
on.

Check 0.5 Microsecond X10 Magnifier Linearity.
Page 6-39
Within =39 for any eight division portion of mag-
nified sweep length.
Check Timing Accuracy.

Within +39% of TIME/DIV switch setting.

Page 6-40

Check Chopped Operation.
Chopped

Switching transients blanked.

Page 6-42

repetition rate, 100 kilohertz, =+20%.

Check External Horizontal Deflection Factor and
Horizontal Attenuator Control Range. Page 6-42

Defiection factor: X10 MAG switch pushed in, 10
volts/division, #=25%; X 10 MAG switch pulled out,
one volt/division, +=25%. Attenuator control range,
10:1 or greater.

Check External Horizontal Frequency Response.
Page 6-44

Not more than —3dB at 500 kilohertz,

Check External Blanking. Page 6-45
Two-volt positive signal blanks trace.
Check Gate Output Signal. Page 6-46

Amplitude, —0.5 volt or greater; duration, 10.4 to
12.1 times the TIME/DIV switch setting.
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Preliminary Procedure
1. Remove the cabinet from the Type 422,
2. Conrect the power supply for remote eperotion.
3. Connect the autotransformer to a suiteble power source.

4. Connect the Type 422 to the cutatransfermer cutput.

5. Set the outotransformer cutput veltoge to 115 [or 230)
volts.

é. Set the Type 422 POWER switch to O, Allow at least
20 minutes worm up ot 25°C, ==5°C, for checking the instru-
ment to the given occurocy.

oC
Valtmeter

Fig, &-3. Initial test equipment selup for sheps 1 ond 2.

CRT controls
INTESSITY Counterclodowise
FOCUS Any position
ASTIGMATISM Any position
SCALE ILLUM As desired

Vertical controls {both channels if applicable)

VOLTS /DI .0
VARIABLE CAL

AC GHND DC GHD
POSITION midrange
Mode CH 1
INVERT Pushed in
X0 GAIN AC Pushed in

Triggering controls

Source CH1&2
Coupling AC

SLOPE Pasitive going
LEVEL Midrange

Sweep controls
POCSITION Midrange
TIMES DIV 1 mSEC
VARIAELE CAL
10 MAG Pushed in
Other
POWER On lat power supply)

1. Check —81-Volt and + 20-Volt Power
Supplies
a. Test equipment sefup is shown in Fig. 6-3.

b. Connect the DC voltmeter from the —Bl-volt test point
lsee Fig. &-4) o chassis ground.

c. CHECK—Meter reading; —81 velts, +2 volts or —1
vall.

d. Connect the DC voltmeter from the -+-20-volt test point
(see Fig. &-4) to chassis ground,

e. CHECK—Meter reading; +20 volts, =1.4 volts,

Gl
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F g
20-Volt “meng —E1 Vlt - "
Aol —B]a —
Test Point Test Point o

s S e O
ll $

Akl b kg

e ———e i

e
High-\oltege |,
Tes! Point

\ v
Y5

Fig. 6-5. Locofion of high-voltage test point (rear panel, protective
cover removed) .

Fig. &-4. Location of power-supply test points (lett sidel.

2. Check High-Voltage Supply

c. Remove the plostic cover frem the CRT socket on the rear
of the indicotor {turn power off before removing).

b. Connect the DC voltmeter from the high-voltage test
peint (pin 3 of CRT sacket, see Fig. 6-5) to chassis ground.

c. CHECK—Meter reading; —13B5 volts, =69.5 volts,

d. Disconnect the DC voltmeter ond reploce plostic cover.
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CRT controls
INTEMNSITY
FOCUS
ASTIGMATISM
SCALE ILLUM

Fig. 6-6. Initial lest equipment setup for steps 3—5.

Counterclockwise
Any pesihon
Any pesiion

As desired

Vertical controls (both channels if applicablel

VOLTS/DIV
VARIABLE

AC GMND DC
POSITION
Mode

INVERT

>0 GAIN AC

Triggering controls
Source
Coupling
SLOPE
LEVEL

Sweep confrols
POSITION
TIME/DIV
VARIAELE
10 MAG

Other controls
POWER

6-8

.01

CAL
GHD
Midrange
a1
Pushed in
Pushed in

CH1&2
AC

Positive geing
Midrange

Midrange
1 mSEC
CAL
Pushed in

On [at power supply)

3. Check —81-Volt and + 20-Volt Power-Sup-
ply Ripple

o. Test equipment setup is shown in Fig. 6-6.

b. Connect the 13 probe to the test oscilloscope input
connector.

c. Set the test escillescope for o verticol deflection of one
millivelt/division, AC coupled, at o sweep rote of five milli-
seconds /division.

d. Connect the probe fip to the —Bl-velt test peint [see
Fig. &-4).

e. CHECK—Test oscilloscope disploy for twe divisions or
less line-frequency ripple (two millivelts or less; see Fig. 6-7)
while vorying the autotronsformer ocutput voltoge between
103.5 and 126.5 volts {207 and 253 volis for 230-velts nominal).

f. Set the test oscilloscope verticol deflection to two milli-
volts /division ond the sweep rate to 0.5 millisecond [division.

g. CHECK—Test osdilloscope display for 2.5 divisions or
less one-kilchertz rippie (five millivelts or less) while varying
the outotransformer cutput voltoge between 103.5 and 126.5
volts (207 and 253).

h. Ser the test osdilloscope vertical deflection to one milli-
velt/division and the sweep rote to five milliseconds/division.

i. Connect the probe fip to the 420 volt test point (see
Fig. &-4).
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TTIF3T 117
1T ITRREET T T ;
'mttm T i

i

'--*"‘*ﬁﬂ!n*"-‘l-‘- i

Line One-Kilohertz ripple

Fr
Ay aveney {8}

Fig. 6-7. Typical test-cscilloscope disploy of power-supply ripple. (A} Low-Frequency L&D-cycle line) : verticol deflection, one millivodt/ divi-
sion; sweep rate 5 milliseconds/division. (Bl high-frequency {calibrotorl: verticol deflection, one millivolt/division; sweep vate 0.5 milli-
seconds/ division.

j. CHECK—Test oscilloscope disploy for ene division or b. Set the INTENSITY control to midronge.
less line frequency ripple [one millivelt or less) while varying ) ) .
the autotransformer cutput voltage between 103.5 and 1265 £ ADJUS'I_‘—Unblodm:-g Cerrtef ol:_!|uslmnl, RBED [see Fig.
volts (207 and 253). 6-8), for moximum trace intensity. This should occur near the
center of contrel rotation.

k. Return autctransformer output voltoge to 115 {230) volis.
{if the line voltoge 15 near 115 (230) volts, the instrument may

be connected directy to the line; otherwise, ieove the instru- 5. Adjust Trace Rotation 0
ment connected directly to the cutotransformer for the remain-
der of this procedure) a. Posifion the trace to the center horizontal line with the

Chennel 1 POSITION contral.

b. CHECK—The trace should be porallel with the center-
line.

I. Disconnect ofl test equipment.

4. Adjust Unblanking Center 0 c. ADJUST—Troce Rofation odjustment, RB51 [see Fig. 65,
©. Set the Triggering LEVEL control to FREE RUN. so the trace is paroliel with the horizontol groticule lines,
- RE6T
1 Unblanking

» Center
RES51
T e
“"C& 1 Ro::i::n
l‘?
—
1_
e
= e .
Fig. &6-8. Loeation of Unblanking Center odjustment {Horizontal Fig. 6-9. Location of Trace Rotofion adjustment (reor panel).

Amplifier boord] .

i 6-9
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50-Ohm BNC
Coble

CRT controls

INTENSITY
FOCUS

ASTIGMATISM

SCALE ILLUM

Fip. 6-10, Initial test equipment serup for steps 6—10.

Midrange

Adjust for correct dis-

play

Adjust for correct dis-

play
As desired

Vertical controls {both channels if applicable}

VOLTS/DIV
VARIABLE

AC GND DC

POSITION
Mode
INVERT

>0 GAIM AC

Triggering Control

Source
Coupling
SLOPE
LEVEL

Sweep controls

POSITION
TIME/DIV
VARIABLE
10 MAG

6-10

0

CAL

AC
Midrange
CH 1
Pushed in
Pushed in

CH1&?Z
AC

Positive going
Midrange

Midrange
1 mSEC
CAL
Pushed in

Other controls
POWER Cn fat power supply)

RES6
Y-Axis Align

Fig. 6-11. Locatien of ¥ Axis adjustment (rear panell.

(G



6. Adjust Y Axis Alignment 0
a. Test equipment setup is shown in Fig. é-10.

b. Connect the hme-mark generator to the INPUT 1 con
nector through the 50-chm BMC cable.

c. Set the time-mork generctor for output merkers of one
millisecond and 0.1 millisecond.

d. Set the Triggering LEVEL contrel for a stoble disploy.

e. Set the Charnel 1 VOLTS/DIV switch so the lorge mar-
kers extend beyond the botlem end top of the graticule area.

f. CHECK—The markers should be pereliel to the center
vertical line.

g. ADJUST—-Y Axis Align edjustment, RB56 [see Fig, 6-11),
te dlign the markers with the centerline.

Calibralion—Type 422/R422 (SN 100-19.999)

7. Adjust CRT Geometry 0

o. Set the Honzontal PCSITICN and the VARIABLE TIME/
DIV controls so o lorge marker coincides with each graticule
line.

b. CHECE—CRT display for minimum bowing of the mark-
ers at the left ond right edges of the graticule. Fig. 612 shows
o typicol disploy of good geometry os well os examples of
pocr geometry.

c. ADJUST—Geom cdjustment, R854 (see Fig. 6-12D), for
minimum curvature of the morkers of the ieft ond right edges
of the groficule.

d. INTERACTION—Recheck step &.
e. Disconnect the lime-mark generalor,

f. Peosition the trace to the top grakcule line,

. /- . \
[ J i ST i - 3 [ F¥ i \
|
I Ll
eranfal (a8 ..........--.l..m-nln[ln ] ey
H T FTIUT O] ST I (Y] ST R
" [ ¥
........ 1
(A Good geometry iB]
| ". M . H ; N \
. H BN 1 S # R3S
i M T h ]
1 " pEe=—
1 3
3 VAR BAL
e
IRCTR) BOLACLLIY LTI L i
i sy "s"
iof asnalikd il I
‘ \ R854 —
I I'( ‘ Geom .
14 Poor geometry oy

Fig. 6-12, [A) Typical CRT display of good geometry; (B) ard (C) poor geometry; (DI locotion of Geom odjustment (left sidel.
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l

|Ilf'lr

QO ) CH1- T
“’l: PL( @

RZ1
Channe! 1
STEF ATT BAL

& wour

CALBHATOR

Fig. 6-13. (A) Location of Chonnel 1 STEP ATT BAL odjustment [front panel) (B) locotion of Chonnel 1 Ver Bol odjustment (left sidel.

g. CHECK—Deviation frem straight line should not exceed
+0.1 division.

h. Pesition the troce to the botiom groticule line,
i. CHECK—Deviction from straight line should not exceed
+0.1 division.
8. Adjust Channel 1 Step Attenuator and Vari-
able Balance 0
a. Set the Triggering LEVEL control to FREE RUN.
b. Set the Channel 1 AC GND DC switch to GND.

c. Peosition the trace to the center herizontal hine with the
Channel 1 POSITION contrel.

d. CHECK—Change the Channel 1 VOLTS/DIV switch from
.05 te 01, Troce should net move vertically.

€. ADJUST—Channel 1 STEP ATT BAL adjustment, R21

see Fig. 6-13A), for no troce shift os the Chonnel 1 VOLTS/
DIV switch is changed from .05 to 01.

f. Return the Chonnel 1 VOLTS/DIV switch to .05.

g. CHECK—Rotote the Chanrel 1 VARIABLE VOLTS/DIV
contrel threugheut its renge. Trace should net move vertically.

VOLTS D

an

aruT 2

LT .

@'o

. R121

[T el 3 m
STEP ATT BAL

14)

Fig. 6-14.

6-12

{A) Location of Chonne) 2 STEP ATT BAL odjustment [front ponsil;

(B) lecofion of Chonnel 2 Vor Bal odjustment (left sidel.



h. ADJUST—Channel 1 Var Bal adjustment, R35 (sce Fig.
6-138B), for no trace shift as the Channel 1 VARIABLE VOLTS/
DIV control is rotated throughout its range.

i. Repeat steps ¢ through h until there is no trace shift
for check d or g.

9. Adjust Channel 2 Step Attenuator and Vari-
able Balance 0

a. Set the Mode switch to CH 2.
b. Set the Channel 2 AC GND DC switch to GND

c. Position the trace to the center horizontal line with the
Channel 2 POSITION control.

d. CHECK—Change the Channel 2 VOLTS/DIV switch from
.05 to .01. Trace should not move vertically.

e. ADJUST—Channel 2 STEP ATT BAL adjustment, R121
(see Fig. 6-14A), for no trace shift as the Channel 2 VOLTS/
DIV switch is changed from .05 to .01.

Calibration—Type 422/R422 (SN 100-19,999)

f. Return the Channel 2 VOLTS/DIV switch to .05.

g. CHECK—Rotate the Channel 2 VARIABLE VOLTS/DIV
control throughout its range. Trace should not move vertically.

h. ADJUST—Channe! 2 Var Bal adjustment, R135 (see Fig.

6-14B), for no trace shift as the Channel 2 VARIABLE VOLTS/
DIV control is rotated throughout its range.

i. Repeat steps ¢ through h until there is no trace shift for
check d or g.
10. Check Alternate Operation

a. Set the Mode switch to ALT.

b. Position the traces about two divisions apart.

c. Turn the TIME/DIV switch throughout its range.

d. CHECK—Trace alternation between Channel 1 and 2 at

all sweep rates. At faster sweep rates, alternation will not
be apparent; display will appear as two traces on screen.

6-13
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Fig. &-15. Test equipment setup for step 11

CRT controls
IMNTEMSITY Midrange
FOCUS Adjust for comect display
ASTIGMATISM Adjust for correct display
SCALE ILLUM As desired

Vertical controls (both chonnels if applicable}

VOLTS/DIV 05

VARIABLE CAL

AC GMND DC GHD

FOSITION Midrange

Maode ALT

IMWVERT Fushed in

*10 GAIN AC Pushed in
Triggering controis

Source cH &2

Coupling AC

SLOPE Positive going

LEVEL FREE RUM
Sweep controls

FOSITION Midrange

TIME/DIV .5 m5EC

WARIABLE CAL

>0 MAG Pushed in
Other controls

POWER Cn ot power supply)

6-14

11. Adjust Common-Mode Current 0
a. Test equipment setup is shown in Fg. &-135.

b. Pesition both treces te the center horizental line with
the Chornel 1 ond 2 POSITION controls.

c. Connect the 10X probe to the input of the test oscillo-
scope.

d. Set the test escilloscope for o vertical deflection of 0.02
veltfdivision (0.2 velt including 103 prebe), DC coupled, at
o sweep rate of 5 milliseconds/division.

e. Ground the input of the test oscilloscope and position
the troce to the center horizental line.

f. Connect the 10> probe tip to the commen-mode current
test point {common emitters of Q224 ond Q234 see Fig.
E-164),

g. CHECK—Test oscilloscope display for =3 divisions or
less offset from the center herizental line [see Fig, &16B).

h. ADIUST—Cemmen-Mede Currert adjustment, R215 (see
Fig &-16A), for optimum balonce of common-mede current
in each channel as shown by equal spacing from the center
herizentel line. Belance must eccur within =3 divistons of the
centeriine (see Fig. 6-168).,

i. INTERACTIOMN—Check steps 12-14.

i. Disconnect all test equipment.
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Traces beyond these limits indicate
high common-mode current.

I Channel 1 [ R
Troce
EESZ-UEERE
Ierc Ref
L~ Line
=+ ++ “/}.H!:H“.‘E“:‘ +
1/ Tlﬂlﬂ‘ :
- =
Z"“ZL"'qZ"'IL"':l"' R R A R

Fig. 6-16, (Al Common-meds current test point ond odjustment [Verfical Switching end Cutput Amplifier board); (Bl typical test osdilloscope
disploy showing test limits. Verlicol deflection, 0.2 wolt/division; sweep rote, five milliseconds/division,

©i 6-15
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Stondord

Amplhude
Calibrater

CRT controls
INTEMSITY Midrange
FOCUS Adjust for correct display
ASTIGMATISM Adjust for correct display
SCALE [LLUM As desired
Verfical controls (both channels if applicoble)
VOLTS/DIV 05
VARIAELE CAL
AC GND DC AC
POSITION Midrange
Mode CH 1
INVERT Pushed in
10 GAIN AC Pushed in
Triggering controls
Source CH1E&2
Coupling AC
SLOFPE Positive geoing
LEVEL Midronge
Sweep controls
POSITION Midrange
TIME/DIV 5 mSEC
VARIABLE CAL
X0 MAG Pushed in
Other controls
POVVER On [at power supply)

6-16

Fig. 6-17. Initiol test equipment setwp for steps 12—19.

12. Adjust Channel 1 and 2 Gain 0
a. Test equipment setup is shown in Fig. 6-17.

b. Connect the standard amplitude calibrator output con-
nector to the INPUT 1 conmector through a BNC coble and
the BMC T connector. Connect the output of the BNC T con-
necter to INPUT 2 with a BNC cable.

c. Set the standard amplitude calibrator for o 0.Z-volt
square-wave output,

d. Position the display fo the center of the graticule with
the Channel 1 POSITION control.

e. CHECK—CRT display amplitude four divisions, +=0.12
division, [accuracy within £3%; see Fig. 6-18A).

f. ADJUST—Channel 1 GAIN adjustment, R80 [see Fig.
4-1BR, for exactly four divisions of defiection.

g Set the Mode switch 1o ALG ADD.
h. Pull the INVERT switch.
i. CHECKCRT display straight line.

i. ADJUST—Channel 2 GAIN odjusiment, RI1BO (see Fig.
&-1BE), for a straight line display.

13. Check Added Mode Operation
a. Push in the INVERT switch.

k. Set the standard amplitude calibrater for @ O1-volt
square-wave output.
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PR S M

1Al

TYPE 422 OSCILLOSCOPE

Fig. &-18, (A} Typical CRT display showing correct goin edjustment; (B} location of Chonnel 1 ond 2 GAIN odjustments (front ponel)

c. CHECK—CRT display four divisions in amplitude, +-0.12
division.
14, Check Channel 1 and 2 Deflection Accuracy
a. Set the Mode swilch to CH 1.

k. Set the Channel 2 AC GND BC switch to GMD.

c. CHECK—Using the Channel 1 VOLTS/DIV switch and
standard emplitude calibrator settings given in Table &-1,
check vertical deflection within =39 at each position of the
Channel 1 VOLTS/DIV switch.

d. Sef the Mode switch to CH 2.

e. Set the Charnel 1 AC GND DC switch to GHND and the
Channel 2 AC GND DC switch to DC.

TABLE 6-1
Vertical Deflection Accuracy
Standard | Maximum
Amplitude | Vertical Error
VOLTS/DIV | Calibrator | Deflection | Far %39
Switch Sgquare Wave! In Accuracy
) {nﬂng; Output | Divisions (divisions )
01 | 50 millivelts| 5 +015
02 | 01 volt | 5 +0.15
05 02 volt 4 T +012
R | 05 volt 5 +0.15
2 [ 1 volt 5 | =015
5 TZvelts | 4 +012
1 | Swolts | 5 +0.15
7 10 volts 5 - +015
5 20 volts 4 | =012
10 | 50 vohs 5 | =015
20 . 100 velts 5 | 015

f. CHECK-—Using the Channel 2 VOLTS/DIV switch ond
stondard omgplitude calibrator settings giver in Table &1,
check vertical defiection within 4-37%, at each position of the
Channel 2 VOLTS/DIV switch.

15. Check Channel 2 X 10 Gain
a. Set both VOLTS/DIV switches to .05

b. Set the stoandard amplitude calibrator for a 20-millivel
square-wave output.

c. Pull the >0 GalN AC switch out.
d. CHECK—CRT display four divisions in amplitude, =03

division [=7.5%).
e. Push in the X 10 GAIN AC switch.

16. Check Channel 1 and 2 Verioble Volts/
Division Range

a. Set the stondard amplitude calibrator for o 0.2-volt
square-wave output

k. CHECK—Turn the Channel 2 VARIABLE VOLTS/DIV con-
trol fully counterclockwise. Display should be reduced to
1.6 divisions or less [representing a conirel attenuation range
of 2.5:1 or greater; see Fig. &-19). Channel 2 UNCAL light
must be on when VARIABLE control is net in CAL posifion.

c. Set the Mode switch to CH 1.
d. Set the Channel 1 AC GND DC switch to DC,

e. CHECK—Turn the Channel 1 VARIABLE VOLTS/DIV con-
trol fully counterclockwise. Display should be reduced to 1.6
divisions or less [contrel range of 2.5:1 or greater; see Fig.
£-19), Channel 1 UNCAL light must be on when VARIABLE
conirel is not in CAL position.

6-17
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Four-division display with variable contrel at CAL

+

+
+

Must be reduced to at least 1.6 divisions when fully

counterclockwise

Fig. 6-19. Typical CRT display when checking VARIABLE VOLTS/DIV
control range (double exposure).

17. Check Vertical Linearity

a. Set the standard amplitude calibrator for a 0.2-volt
square-wave output.

b. Pasition the display to the center of the graticule with
the Channel 1 POSITION control.

c. Set the Channel 1 VARIABLE VOLTS/DIV control for
exactly two divisions of deflection (see Fig. 6-20B).

d. Position the top of the display to the top graticule line.

e. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 6-20).

f. Position the bottom of the display to the bottom grati-
cule line.

g. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 6-20).

h. Set the Mode switch to CH 2.

i. Position the display to the center of the graticule with
the Channel 2 POSITION control.

i- Set the Channel 2 VARIABLE VOLTS/DIV control for
exactly two divisions of deflection (see Fig. 6-20B).

k. Position the top of the display to the top graticule line.

I. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 6-20).

m. Position the bottom of the display to the bottom grati-
cule line.

n. CHECK—Compression or expansion not to exceed 0.2
division (see Fig. 6-20).

18. Check Channel 1 and 2 AC GND DC Switch

Operation
a. Return both VARIABLE VOLTS/DIV controls to CAL.

6-18
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Fl SUUTE
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(A) Expansien

I

4
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(B)
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' P W
A

(C) Compression

Fig. 6-20. Typical CRT display showing acceptable vertical compres-
sion and expansi Waveform (A) shows expansion; waveform (C)
shows compression.

b. Position display with the Channel 2 POSITION control
so the bottom of the square wave is at the center horizontal
line.

c. Set the Channel 2 AC GND DC switch to AC.



d. CHECK—CRT display centered about centerline.
e. Set the Channel 2 AC GND DC switch to GND.

f. CHECK—CRT display for a straight line near the center-
line.

g. Set the Mode switch to CH 1.

h. Position display with the Channel 1 POSITION control so
the bottom of the square wave is at the horizontal centeriine.

i. Set the Channel 1 AC GND DC switch to AC.

j. CHECK—CRT display centered about centerline.

k. Set the Channel 1 AC GND DC switch to GND.

|. CHECK—CRT display for a straight line near the center-

m. Disconnect all test equipment.

©1

Calibration—Type 422/R422 (SN 100-19,999)

19. Check Trace Shift Due to Input Grid Current
a. Set both VOLTS/DIV switches to .01.
b. Set the Triggering LEVEL control to FREE RUN.

¢. Position the trace to the center horizontal line with the

Channel 1 POSITION control.

d. CHECK—Set the Channel 1 AC GND DC switch to DC;
trace shift 0.2 division or less.

e. Set the Mode switch to CH 2.

f. Position the trace to the center horizontal line with the
Channel 2 POSITION control.

g. CHECK—Set the Channel 2 AC GND DC switch to DC;
trace shift 0.2 division or less.

6-19
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Frobe

Fig. 6-21. Initiol rest equipment setup for steps 20—22.

CRT contrels
INTEMNSITY Midrange
FOCUS Adjust for correct display
ASTIGMATISM Adjust for correct display
SCALE ILLUM As desired
Vertical controls (both channels if applicable)
VOLTS/DIV .05
VARIABLE CAL
AC GHND DC oC
POSITION Midrange
Mode CH 1
INVERT Pushed in
10 GAIN AC Pushed in
Triggering controls
Source CH 1 &2
Coupling AC
SLOPE Positive going
LEVEL Adjust for stable display
Sweep controls
FOSITION Midrange
TIME/DIV 2 mSEC
VARIABLE CAL
0 MAG Pushed in
Other controls
POWER On (at power supply)
6-20

20. Adijust Input Capacitance 0
a. Test equipment selup is shown in Fig. 6-21.

b. CHECK—Mechanical adjusiment of C12 [see Fig, 6-22A)
C12 should not be at either extreme of adjusiment.

c. ADJUST—C12 to midrange (see Fig. &-22B). To avoid
readjustment of all compensation adjustments, do not read-
just C12 unless it is near one of the extremes of adjusiment.

d. Connect the 103 probe to the INFUT 1 connector.

e, Place the 50-chm in-line fermination on the square-
wave generator high amplitude output and connect the
prcbe tip to the output of the termination. Connect the
ground lead to chassis ground.

f. Set the square-wave generator cutpul frequency to one
kilchertz and the output amplitvde for five divisions of
deflection.

g. Compensate the probe as described in the probe
instruchion  manual.

h. Remove the probe from the INPUT 1 connector and
connect it to the INPUT 2 connector.

i. Set the Mode switch to CH 2

j. CHECK—CRT display for less than C.05 division over-
shoot or rounding (=1%,; see Fig. 6-22C, D and E).

k. ADJUST—C112 (see Fig. £22A) for optimum flat top.

I. Remove the in-line termination ond connect the probe
tip directly to the high-amplitude output connector,

m. INTERACTION—Check step 21.
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Fig &-22. [A} Lecoltion of C12 ond C112 [bottom wiew): 1B} midrange odjustment of C12; (C) typical CRT disploy showing correct input
copecitonce odjustment; ID) ond (E! incorrect input copacitonce adjystment.

21. Adjust Channel 1 and 2 Volts/Division TABLE 6-2
Switch Compensation 0 VOLTS/DIV COMPENSATION

a. CHECK—CRT display at ench Channel 2 VOLTS/DIV T T Chonmei 3
switch setfing listed in Table &2 for 3% or less overshoot, '\"%IiLSf Adijust ;::'n:}pﬁmum Adijust m“ Optimum
rounding or hilt [see Fig. 234, B and C). Switch [ Square | Flot Square Flot

E. ADJUST—Channel 2 VOLTS/DIV compensation  ©s Setting | Corner | Top | Cormer |  Top
shown in Toble é-2. First adjust for optimum square comer 1 | cc | 3B cloic | Cl03e
on the display and then for optimum flat top. Reodjust the ] 1 | [
generator output with each seting of the VOLTS/DIV swifch 2 | -:::g E;g E:E;E | E:g
to provide g five-division display (except in 5§ position]. Fig. ._._.5‘5—,_ EGC i Cioee | CioaE—

&-230 shows the location of each variable capacitor,
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Fig. 6-23. (A) Typical CRT display showing correct VOLTS/DIV compensation; (B) and {C) incorrect compensofion; (D1 lecotion of varichle

copocitars  bottom viewl .

c. Set the Mode switch to CH 1.
d. Connect the 10> probe to the INPUT 1 connector,

e. CHECK—CRT display at each Channel 1 VOLTS/DIV
switch setfing listed in Table &2 for 3% or less overshoot,
rounding or tilt (see Fig, &-23A, B and C).

f. ADJUST—Channel 1 VOLTS/DIYV compensation as
shown in Table -2 First adjust for opfimum sguore corner
on the display ond then for optimum flat top. Readjust the
generator output with eoch seting of the VOLTS/DIV switch
to provide a five-division disploy (except in 5 position]. Fig.
6230 shows the lecation of each venakle copaciter.

g. Disconnect the 103 procbe.
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22. Adjust High-Frequency Campensation 0

a. Connect the positive-going fost-rise output of the
square-wove generator to the INPUT 1 connector through
the five-nanosecond GE coble and the S50-ohm  in-line
ferminahion,

b. Change the following control setfings:

VOLTS/DIV [both .05
channels)

TIME[DIV .5 pSEC

*10 Mog Fulled out
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n

TA)

Fig.

c. Set the sguare-wave generafor for five divisions of
deflection at 100 kilchertz.

d. CHECK—CRT display for optimum square corner and
flat top [see Fig. 6-24A).

e. ADJUST—RZ237, C237, 1245 and 1255 in listed order for
optimum square comer ond flat top. Fig. 6-24B shows the
location of these adjustments. Since these adjustments inter-
act, readjust until optimum square corner and flat top are
chiained,

f. Set the Mode switch to CH 2.

6-24, (A} Typicol CRT display showing correct high-frequency compensotion;
[Vertical Switching ond Output Amplifier board); (C1 location of C114 (Chonnel 2 Input Amplifier board) .

; (Bl location of higb-frequency compensation odjustments

g. Connect the positive-going fastrise ocutput of the
square-wove generator te the INPUT 2 connecter through
the five-nanosecond GR cable ond the 50-chm in-line
termination.

h. CHECK—CRT display for optimum square-wave re-
sponse similar to Channel 1 response.

i. ADJUST—CI114 (see Fig. 6-24C) for optimum Chonnel
2 response similar to Channel 1 response.

j- Disconnect cll test equipment.
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Constemi-
Amplitude
Generdtor

Five-MNanosecond
GR Coble

%

\ S

In-Linge
Terminotion

Fig. 6-25. Initial test equipment setup for steps 23—35.

CRT controls
INTEMNSITY Midrange
FOCUS Adjust for correct display
ASTIGMATISM Adjust for correct display
SCALE WLUM As desired
Vertical controls (both channels if applicable}
VOLTS/ DIV 05
VARIABLE CAL
AC GND DC DC
FOSITION Midrange
Mode CH 1
INVERT Pushed in
»10 GAIN AC Pushed in
Triggering controls
Source CH1&2
Ceupling AC
SLOPE Pesitive going
LEVEL FREE RUN
Sweep controls
POSITION Midrange
TIME/DIV .5 mSEC
VARIABLE CalL
10 MAG Pushed in

Other controls

POWER Cn ot power supply]
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23. Check Channel 1 and 2 Frequency Response
a. Test equipment setup is shown in Fig. 625

b. Connect the constant-amplitude sine-wave generator to
the INPUT 1 connecter through the five-nanosecond GR cable
ond the S0-ohm inline terminahon.

c. Set the constant-amplitude generaror for six divisions of
deflection at 50 kilohertz.

d. Without changing the output amplitude, increase the
output frequency of the constont-omplitede generaior wnfil
the display is reduced ta 4.2 divisions (—3 dB point; see Fig.
&-26).

e. CHECK—Output frequency of the comstant-amplitude
generator must be 15 megahertz or higher.

f. Set the Mode switch to CH 2.

g. Connect the constant-amplitude generator to the INPUT
2 connector through the five-nanosecond GR coble and the
50-ohm in-line termination.

h. Set the constant-amplitude generator for six divisions
of deflection at 50 kilohertz.

i Without changing the output amplitude, increase the
output frequency of the constont-amplitude generator until
the display is reduced to 4.2 divisions [—3 dB poinl; see Fig.
&-26).

ji. CHECK—Output frequency of the constant-amplitude
generator must be 15 megahertz or higher.

@i
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Fig. &-26. lllustratior of CRT display when checking verticol fre-
guency response.

24. Check Channel 2 % 10 Gain Frequency
Response

o. Set the Channel 2 AC GND DC switch to AC.
k. Pull the 10 GAIN AC switch,

c. Set the constant-amplitude generator for six divisions
of deflection ot 50 kilohertz.

d. Without chonging the output amplilude, increase the
outpul frequency of the constant-omplitude generator until
the display is reduced to 4.2 divisions (—3 dB point; see Fig.
6-26).

e. CHECK—OQutput frequency of the conslant-amplitude
generator must be five megahertz or higher.

.@:I

Fig. &-27. Typical CRT disploy showing correct common-mode rejection.

25. Check Common-Mode Rejection Ratio

a. Connect the constont-amplitude generator to the INPUT
1 connector through the five-nancsecond GR cable, 50-ohm
in-line termination and the BNC T connector. Connect the
output of the BNC T connecior to INPUT 2 with a 50-chm
BMNC cable.

b. Set the constont-amplitude generator for eight divisions
of deflection at 50 kilohertz,

c. Change the following control sehings:

Mode ALG ADD
INVERT Pulled out
>0 GAIN AC Pushed in

d. CHECK—CRT display 0.1 division or less [common-
mode rejection ratic of 100:1 or greater; see Fig. 6-27).

e. Disconnect all test equipment.
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Test
Oscilloscope

Standard
Amplitude
Calibrator

BNC Cable

Fig. 6-28. Initial test equipment setup for steps 26 and 27.

CRT controls 26. Check Channel Isolation Ratio
INTENSITY Midrange a. Test equipment setup is shown in Fig. 6-28.
FOCUS Adjust for correct dePIUY b. Connect the standard amplitude calibrator to the INPUT
ASTIGMATISM Adjust for correct display 1 connector with the BNC cable.

SCASS ISLUM fSigssired c. Set the Channel 1 VOLTS/DIV switch to 20.

Vertical controls (both channels if applicable) d. Set the Channel 2 AC GND DC switch to GND.
VOLTS/DIV 01 €. Set the standard amplitude calibrator for a 100-volt
VARIABLE CAL square-wave output.

AC GND DC DC
POSITION Midrange
Mode CH 2
INVERT Pushed in
X10 GAIN AC Pushed in

Triggering controls 1
Source CH1&2 T
Coupling AC I A B .
SLOPE Positive going
LEVEL FREE RUN

Sweep controls
POSITION Midrange
TIME/DIV .5 mSEC
VARIABLE CAL
>X10 MAG Pushed in

Other controls

POWER On (at power supply) Fig. 6-29. Typical CRT display showing correct channel isolation.
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Fig. 6-30. Location of Cal Ampl adjustment (Calibrator and Reg-
ulators board).

f. CHECK—CRT display 0.1 division or less in amplitude
{channel isolation 100,000:1 or greater; see Fig. 6-29).

g. Change the following control settings:

Channel 1 VOLTS/DIV 01
Channel 2 VOLTS/DIV 20
Chanrel 1 AC GND DC GND
Channel 2 AC GND DC DC
Mode CH 1

h. Connect the standard amplitude calibrator to the INPUT
2 connector with the BNC cable.

i. CHECK—CRT display 0.1 division or less in amplitude
{channel isolation 100,000:1 or greater; see Fig. 6-29).

27. Adjust Calibrator Amplitude

a. Connect the standard amplitude calibrator to the
INPUT 1 connector with the BNC cable.

b. Set the standard amplitude calibrator for a 0.2-volt
square-wave output.

c. Change the following control settings:

VOLTS/DIV .05
AC GND DC DC
LEVEL Adjust for stable display

d. Note the amplitude of the CRT display. Then, set the
Channel 1 VOLTS/DIV switch to the CALIBRATE 4 DIVI-
SIONS position.

e. CHECK—CRT display for same deflection as obtained
in step d.

f. ADJUST—Cal Ampl adjustment, R780 (see Fig. 6-30)
for exactly the same deflection as obtained in step d.

@1

Standard
422 c
Calibrator Am?lﬂude
i Calibrator
Signal .
\ SI?I‘IOI

shown by
difference

here,

Fig. 6-31. Typical test oscilloscope display when checking external
calibrator. Vertical deflection, 0.2 volt/division; sweep rate, five
milliseconds/division.

28. Check Calibrator Amplitude at Front-Panel
Jack

a. Connect the CALIBRATOR jack to the unknown input
of the standard amplitude calibrator with @ jumper lead.
The 13X probe can be used for this purpose.

b. Set the standard amplitude calibrator for a —DC out-
put in the mixed mode.

c. Connect the standard amplitude calibrator output to
the input of the test oscilloscope.

d. Set the test oscilloscope for a vertical deflection of
0.2 volts/division, DC coupled at a sweep rate of five milli-
seconds /division.

e. Set the standard amplitude calibrator output voltage
to off and position the top of the display on the screen. Set
the triggering controls for a stable display.

f. Note the difference between the standard amplitude
calibrator output (zero-volt level) and the Type 422 CALI-
BRATOR output level (see Fig. 6-31).

g. Set the standard amplitude calibrator output voltage
to two volts and position the bottom of the display on the
screen. Reset the triggering controls for a stable display.

h. CHECK—Difference between the standard amplitude
calibrator output and the Type 422 CALIBRATOR output level
within =#0.27 division of the difference measured in step f
(+27%).

i. Disconnect the standard amplitude calibrator.

29. Check Calibrator Repetition Rate and Duty
Cycle

a. Connect the CALIBRATOR jack to the input of the test
oscilloscope with a jumper lead. The 1 probe can be
used for this purpose.

b. Set the test oscilloscope for a vertical deflection of 0.5
volt/divisions and a sweep rate of 0.2 millisecond/division.
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Fig. 6-32. Typical test oscilloscope display when checking (A) calibrator repetition rate: Vertical deflection, 0.5 volts/division; sweep rate, 0.2
milliseconds/division. {B) Duty cycle: Vertical deflection, 0.5 volts/division; sweep rate, 50 microseconds/division.

c. CHECK—Test oscilloscope display for duration of one complete cycle in ten divisions.
complete cycle between 4.15 and 6.25 divisions (1 kilohertz,

. o . . { h
4209, see Fig. 6-32A. e. CHECK—Test oscilloscope display for length of the

positive segment of the square wave between 4.5 and 5.5
d. Set the test oscilloscope sweep rate to 50 microseconds/ divisions (duty cycle 45% to 55%; see Fig. 6-328).
division and set the VARIABLE TIME/DIV control for one f. Disconnect all test equipment.
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Test Oscilloscope

Square-Wave
Generator

50 2 In-Line
Termination 10>< Probe

5-Nanosecond

GR Cablie
10X
Attenuator
Fig. 6-33. Initial test equipment setup for steps 30—33.
CRT controls 30. Adjust Internal Trigger Compensation O
INTENSITY Midrenge a. Test equipment setup is shown in Fig. 6-33.
FOCUS Adjust for correct display . .
. R 64 f t ket Fig. 6-34A).
ASTIGMATISM Adjust for correct display b. Remove Q364 from ifs socket [see Fig. 6-34A)
SCALE ILLUM As desired c. Connect the square-wave generator high-amplituce out-
put to the INPUT 1 connector through the five-nanosecond

Vertical conirols {both channels if applicable) GR cable, two 10X attenvators and the 50-ohm in-line
VOLTS/DIV 05 termination.

VARIABLE CAL d. Set the square-wave generator output frequency to 10
AC GND DC GND kilohertz.
POSITION Midrange e. Connect the 10X probe to the input of the test oscillo-
Mode CH 1 scope. Connect the probe tip to the Trigger Compensation
INVERT Pushed in Test Point (base of Q364; see Fig. 6-34A). Be sure the probe
%10 GAIN AC Pushed in is compensated.

. . f. Set the test oscilloscope for a vertical deflection factor

Triggering controls of 0.05 volt/division at a sweep rate of 20 microseconds/
Source CH 1 division.

Coupling AC g. Establish the zero-volt level on the test oscilloscope CRT

SLOPE Positive going (use the ground position of input switch). Then set the LEVEL

LEVEL Midrange control to provide a zero-volt level at the Trigger Compensa-
tion Test Point.

Sweep controls h. Set the Channel 1 AC GND DC switch to DC.
POSITION Midrange . .
TIME/DIV 5 mSEC i. Set the square-wave generator for about two divisions

o m of display on the test oscilloscope.
VARIABLE CAL
10 MAG Pushed in . CHECK—Test oscilloscope display for optimum square-
wave response (see Fig. 6-34B).

Other controls k. ADJUST—C353 {see Fig. 6-34A) for optimum square-

POWER On (at power supply) wave response.
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Fig. 6-34. (A} Location of trigger compensation test point and
adjustment (Trigger/Sweep Generator board}; (B) typical test
oscilloscope display showing correct compensation; (C) location of
€217 ({Vertical Switching and Output Amplifier board}.

I. Set the Triggering Source switch to CH 1 & 2.

m. CHECK—Test oscilloscope display for optimum square-
wave response (see Fig. 6-34B).

n. ADJUST—C217 (see Fig. é-34C} for optimum square-
wave response.

31. Adjust External Trigger Compensation O

a. Disconnect the square-wave generator from the INPUT
1 connector and connect it to the TRIG IN connector through
the five-nanosecond GR cable, 10< attenuator and the 50-
ohm in-line termination.

b. Set the Triggering Source switch to EXT.

6-30

Fig. 6-35. (A} Typical test oscilloscope display showing correct
comensation; (B} location of €302 (Trigger/Sweep Generator
board].

c. Set the square-wave generator for about two divisions
of display on the test oscilloscope.

d. CHECK—Test oscilloscope display for optimum square-
wave response (see Fig. 6-35A).

e. ADJUST—C302 (see Fig. 6-35B) for optimum square-
wave response.

32. Check Trigger Limiting

a. Turn the LEVEL control fully clockwise {not in FREE RUN
detent).

b. CHECK—Test oscilloscope display reduced to 0.2 divi-
sion or less (trigger limiting 10:1 or greater].

c. Turn the LEVEL conirol fully counterclockwise (not in
AUTO detent).

d. CHECK—Test oscilloscope display reduced fo 0.2 divi-
sion or less (trigger limiting 10:1 or greater).

€. Reploce Q364 and disconnect the square-wave gen-
erator.

33. Adjust Auto Center 0
a. Set the Triggering Source switch to CH 1 & 2.
b. Set the LEVEL control to AUTO.

c. Set the test oscilloscope for a vertical deflection of 10
millivolts/division at a sweep rate of five milliseconds/
division.

@1
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Zero

Reference
s

"~ Junction of
Q364 R346-C346 Center

(B)

Fig. 6-36. (A) Location of auto trigger test points and Auto Center adjustment (Trigger/Sweep Generator board); (B) typical test oscilloscope

display of auto trigger waveform.

d. Establish the zero-volt level on the test oscilloscope CRT
{use ground position of input switch).

e. Connect the 5uF capacitor between the base of
Q364 and the junction of R346-C346 (see Fig. 6-36A).

f. CHECK—Test oscilloscope trace at zero volt level.

g. ADJUST—Auto Center adjustment, R350 (see Fig. 6-36A),

for zero volt indication on test oscilloscope.
h. Remove the 5 uF capacitor.

i. CHECK—Test oscilloscope display for waveform ampli-
tude of at least 1.6 divisions above zero reference level and
at least two divisions below zero reference level (see Fig.

6-36B).

- Disconnect all test equipment.
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Constant-Amplitude
Generator

50-Ohm
BNC Cable

50-Obhm

In-Li T inati
5-Nanosecond noiine fermination BNC T

GR Cable Connector

Fig. 6-37. Initial test equipment setup for steps 34 and 35.

CRT controls

INTENSITY
FOCUS

ASTIGMATISM

SCALE [LLUM

Midrange
Adjust for correct display
Adjust for correct display
As desired

Vertical controls {(both channels if applicable)

VOLTS/DIV
VARIABLE
AC GND DC
POSITION
Mede
INVERT

K10 GAIN AC

Triggering controls

Source
Coupling
SLOPE
LEVEL

Sweep controls

POSITION
TIME/DIV
VARIABLE
X10 MAG

Other conirols
POWER
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0.2

CAL

DC
Midrange
CH 1
Pushed in
Pushed in

CH1&2
AC

Positive going
Midrange

Midrange
.5 uSEC
CAL
Pushed in

On (at power supply)

34. Check Internal Trigger Sensitivity
a. Test equipment setup is shown in Fig. 6-37.

b. Connect the constant-amplitude sine-wave generator
to the INPUT 1 connector through the five-nanosecond GR
cable, 50-ohm in-line termination and the BNC T connector.
Connect the output of the BNC T connector to the TRIG IN
connector through a 50-ohm BNC cable.

c. Set the constant-amplitude generator for a 0.2- division
CRT display at five megahertz.

d. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC
(see Fig. 6-38A). Adjust the LEVEL control as necessary to
obtain a stable display.

e. Set the constant-amplitude generator for a one-division
CRT display at 15 megahertz.

f. Pull the X10 MAG switch.

g. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC (see
Fig. 6-38B). Adjust the LEVEL control as necessary to obtain
a stable display.

h. Set the LEVEL control to the AUTO position.
i. Push in the X10 MAG switch.

i. Set the constant-amplitude generator for a 0.8-divi-
sion CRT display at four megahertz.
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Fig. 6-38. (A} Typical CRT display when checking internal triggering at five megahertz; (B) typical CRT dispiay when checking internal trig-

gering at 15 megahertz.

k. CHECK—CRT display is stable.

I. Set the constant-amplitude generator for a 2.5-divi-
sion CRT display at 15 megahertz.

m. Pull the X10 MAG switch.
n. CHECK—CRT display is stable.

35. Check External Trigger Sensitivity
o. Set the Triggering Source switch to EXT.
b. Push in the X10 MAG switch.

c. Set the constant-amplitude generator for a three-divi-
sion CRT display (0.6 volt) at 50 kilohertz.

d. Set the constant-amplitude generator output frequency
to seven megahertz.

e. Set the TIME/DIV switch to .5 uSEC.
f. CHECK—CRT display is stable.

g. Set the constant-amplitude generator for a six-division
CRT display (1.2 volts) at 50 kilohertz.

h. Without changing the output amplitude, set the con-
stant-amplitude generator output frequency to 15 megahertz.

i. Pull the X10 MAG switch.

. CHECK—CRT display is stable.
k. Set the Channel 1 VOLTS/DIV switch to .05.
I, Push in the X10 MAG switch.

m. Set the constant-amplitude generator for a 2.5-division
CRT display (0.125 volt) at 50 kilohertz.

n. Without changing the output amplitude, set the con-
stant-amplitude generator output frequency to five mega-
hertz.

o. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC, AC LF REJ and DC.
Adjust the LEVEL control as necessary to obtain a stable dis-
play.

p. Set the Channel 1 VOLTS/DIV switch to .1.

g. Set the constant-amplitude generator for a six-division
CRT display (0.6 volt) at 50 kilohertz.

r. Without changing the output amplitude, set the con-
stant-amplitude generator output frequency to 15 megahertz.

s. Pull the X10 MAG switch.

t. CHECK—Stable CRT display can be obtained with
Triggering Coupling switch set to AC, AC LF RE} and DC.
Adjust the LEVEL control as necessary to obtain a stable dis-
play.

u. Disconnect all test equipment.
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Low-Frequency
Sine-Wave Generator

BNC to
Alligator
Clips Adapter

Connector

BNC
Cables

CRT controls

INTENSITY
FOCUS
ASTIGMATISM
SCALE [LLUM

Fig. 6-39. Initial test equipment setup for steps 36 and 37.

Midrange

Adjust for correct display
Adjust for correct display

As desired

Vertical controls {both channels if applicable)

VOLTS/DIV
VARIABLE

AC GND DC
POSITION
Mode

INVERT

#10 GAIN AC

Triggering controls
Source
Coupling
SLOPE
LEVEL

Sweep controls

POSITION
TIME/DIV
VARIABLE
X10 MAG

Other controls
POWER
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36. Check Low-Frequency Triggering and Low-
Frequency Reject Operation

a. Test equipment setup is shown in Fig. 6-39.

b. Connect the low-frequency sine-wave generator to both
the INPUT 1 connector and the TRIG IN connector through
a BNC T connector and two BNC cables (use the BNC to
alligator clips adapter to connect the generator output to

05 the BNC cable).
CAL
DC c. Set the low-frequency sine-wave generator for a 2.5-
Midrange division display (0.125 volt} at 50 hertz.
CH1 d. CHECK—Stable CRT display can be obtained with the
Pushed in Triggering Coupling switch set to AC and DC. Adjust the
Pushed in LEVEL control as necessary to obtain a stable display.

e. Set the Triggering Coupling switch to AC LF REJ.
EXT f. CHECK—Stable CRT display cannot be obtained at any
AC setting of the LEVEL control.
Positive going
Midrange g. Set the LEVEL control to AUTO.

h. Set the VOLTS/DIV switch to .1.
Midrange B i- _Setd‘rhe.»i lowdfgequ;ency 55i{31e'-1wcve generator for a six-
5 mSEC ivision display (0.6 volt) at ertz.
CAL i CHECK—CRT display is not stable.
Pushed in

On (at power supply)

k. CHECK—CRT display is stable in the AC and DC
positions of the Triggering Coupling switch.

I. Set the Triggering Source switch to CH 1 & 2.

©1
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Fig. 6-40. Typical CRT display when checking SLOPE switch operation; (A} positive going; (B) negative going.

m. Set the low-frequency sine-wave generator for o 0.8-
division display at 50 hertz.

n. CHECK—CRT display is stable in the AC and DC posi-
tions of the Triggering Coupling switch.

o. Set the Triggering Coupling switch to AC LF REL
p. CHECK—CRT display is not stable.

9. Set the low-frequency sine-wave generator for a 0.2-
division display at 50 hertz {AC position of Triggering Cou-
pling switch must be used to set display amplitude; return
switch to AC LF REJ position).

r. CHECK—Stable CRT display cannot be obtained at any
setting of the LEVEL control.

s. CHECK—Stable CRT display can be obtained with the
Triggering Coupling switch set to AC and DC. Adjust the
LEVEL control as necessary to obtain a stable display.

37. Check Slope Switch Operation

a. Set the low-frequency sine-wave generator for a four-
division display.

b. C