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Specifications and price change priv-
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SECTION 1
CHARACTERISTICS

Introduction

The Tektronix Type 453 Oscilloscope is a transistorized
portable oscilloscope designed to operate in a wide range
of environmental conditions. The light weight of the Type
453 allows it to be easily transported, while providing the
performance necessary for accurate high-frequency measure-
ments. The dual-channel, dc-to-50 Mc vertical system pro-
vides calibrated deflection factors from 5 millivolts to 10
volts/division. Channels 1 and 2 can be cascaded using
an external cable to provide 1 millivolt minimum deflection
factor (both VOLTS/DIV switches set to 5mV). The trigger
circuits provide stable triggering over the full range of
vertical frequency response. The horizontal sweep provides

a maximum sweep rate of 0.1 microsecond/division (10 nano-
seconds/division using 10X magnifier) along with a delayed
sweep feature for accurate relative-time measurements.
Accurate X-Y measurements can be made with Channel 2
providing the vertical deflection and Channel 1 providing
the horizontal deflection (TRIGGER switch set to CH 1T ONLY
HORIZ DISPLAY switch set to EXT HORIZ). The regulated dc
power supplies maintain constant output over a wide varia-
tion of line voltages and frequencies. Total power consump-
tion of the instrument is approximately 100 watts.

The following characteristics apply over an ambient tem-
perature 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
steps for each channel

5 millivolts/division to 10 volts/division in 11 calibrated

Steps in 1-2-5 sequence

Deflection Accuracy
control fully clockwise

Within +3% of indicated deflection with VARIABLE

With gain correct at 20 mV

Variable Deflection Factor

10 volts position.

Uncalibrated deflection factor at least 2.5 times the
VOLTS/DIV switch indication. This provides a maximum
uncalibrated deflection factor of 25 volts/division in the

Frequency Response (not more

than 30% down) Type 453 Only

With P6010 Probe

20 mV to 10 VOLTS/DIV D¢ to 52.5 Mc Dc to 50 Mc
10 mV/DIV Dc to 46.5Mc Dc to 45Mc
5mV/DIV Dc to 41 Mc Dc to 40 Mc
Channel 1 and 2 cascaded Dc to 25Mc Dc to 25Mc Measured at 1 millivolt/division
Added Dc to 52.5Mc Dc to 50 Mc Measured at 20 mV
Risetime {calculated)
20 mV to 10 VOLTS/DIV Less than 6.7 nanoseconds 7
10 mV/DIV Less than 7.5 nanoseconds 7.8
5mV/DIV Less than 8.75 nanoseconds 8.75
Channel 1 and 2 cascaded Less than 14 nanoseconds 14 Measured at 1 millivolt/division
Added Less than 6.7 nanoseconds 7 Measured at 20 mV

Input Rc Characteristics

Typically 1 megohm (2%),
parallel by 20 pf (#3%)

Maximum Input Voltage

600 volts combined dec and peak
ac

Input Coupling Modes

Ac or dc, selected by front-panel switch

AC Low-frequency response

Typically 30% down at 1.6 cps,
AC GND DC switch set to AC

Trace Shift Due to Input Grid
Current

Less than 0.4 division at 5 mv

Channel 1 only
Channel 2 only

Vertical Display Modes

Added algebraically

Dual-trace, alternate between channels
Dual-trace, chopped between channels
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Characteristics—Type 453

VERTICAL (cont'd)

Characteristic

Performance Requirement

Supplemental Information

Chopped Repetition Rate

Approximately 1-microsecond segments from each chan-
nel displayed at repetition rate of 500 ke, ==20%

Attenuator Isolation

Greater than 10,000:1, dc to 20 Mc

Common Mode Rejection Ratio

Greater than 20:1 at 20 Mc; input signal less than eight
times VOLTS/DIV switch setting

With optimum GAIN adjustment
at low frequency

Linear Dynamic Range useful for
Common-Mode Rejection in
ADD Mode

Less than 10% incremental sig-
nal distortion for instantaneous
input voltage of —10 or +10,
times VOLTS/DIV switch setting

Polarity [nversion

Signal on Channel 2 can be inverted

Signal Delay

Approximately 140 nanoseconds

Vertical Linearity

Less than 0.15 division compression or expansion of 2
division signal when positioned to vertical extremes of
display area

Includes crt linearity

Trace Drift (after 15 minute
warm up) Time Temperature
20mV to 10 VOLTS/DIV Typically less | Typically less
than 0.25 divi- | than 0.025 di-
sion/hour vision / degree
10 mV/DIV Typically  less | Typically less
than 0.5 divi- | than 0.05 divi-
sion/hour sion/degree C
5mV/DIV Typically  less | Typically less
than 1 division/ | than 0.1 divi-
hour sion/degree C

Channel 1 Output Signal
Output Voltage

Greater than 25 millivolts/division of crt display into
1 megohm load

At CH T OUT Connector.

Frequency Response (not more
than 309% down)

Risetime (calculated)

Dc to 25Mc when cascaded with Channel 2 or into
50-ohm load

14 nanoseconds

Output Coupling

Dc

Qutput Resistance

Approximately 50 ohms

TRIGGERING (A AND B SWEEP)

Characteristic

Performance Requirement

Supplemental Information

Source Internal from displayed channel or from Channel 1 only
Internal from ac line
External
External divide by 10
Coupling Ac
Ac low-frequency reject
Ac high-frequency reject
Dc
Polarity Sweep can be triggered from positive-going or nega

tive-going portion of trigger signal

Internal Trigger Sensitivity
AC

0.2 division of deflection, minimum, 30 cps to 10 Mc; in-
creasing to 1 division at 50 Mc

Typically 30% down at 16cps

LF REJ 0.2 division of deflection, minimum, 30 ke to 10 Mc; in-| Typically 30% down at 16ke
creasing to 1 division at 50 Mc
HF REJ 0.2 division of deflection, minimum, 30 cps to 50 ke Typically 30% down at 16cps
and 100 ke
DC 0.2 division of deflection, minimum, dc to 10 Mc; in-

creasing to 1 division at 50 Mc.




TRIGGERING (cont’d)
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Characteristic

Performance Requirement

Supplemental Information

External Trigger Sensitivity
AC

50 millivolts, minimum, 30 cps to 10 Mc; increasing to

Typically 30% down at 16cps

200 millivolts at 50 Mc
LF REJ 50 millivolts, minimum, 30kc to 10Mc; increasing to | Typically 30% down at 16éke
200 millivolts at 50 Mc
HF REJ 50 millvolts, minimum, 30 cps to 50 ke Typically 30% down at 16cps
and 100 kc
DC 50 millivolts, minimum, dc to 10 Mc; increasing to

200 millivolts at 50 Mc

Auto Triggering (A Sweep only)

Provides normal triggering capability for trigger signals
above 20 cps and produces free-running sweep in ab-
sence of trigger signal.

Single Sweep (A Sweep only)

Triggering capability same as normal trigger Perform-
ance Requirement.

Display lJitter

Less than 1 nanosecond at 10 nanoseconds/division
sweep rate [MAG switch set to X10)

Maximum Input Voltage

600 volts combined dc and

peak ac

External Trigger Input Rc Char-
acteristics {approximate)

1 Megohm paralleled by 20 pf,
except in LF REJ

LEVEL Control Range

At least
At least
tion

+2 volts, SOURCE switch in EXT position
—+20 volts, SOURCE switch in EXT =10 posi-

HORIZONTAL DEFLECTION SYSTEM
A and B Sweep Generator

Characteristic

Performance Requirement

Supplemental Information

Sweep Rates

A Sweep 0.1 microsecond/division to 5 seconds/division in 24 | A Sweep is main and delaying
calibrated steps sweep
B Sweep 0.1 microsecond/division to 0.5 second/division in 21 [ B Sweep is delayed sweep

calibrated steps

Sweep Accuracy — A and B
Sweep

5 SEC to 0.1 SEC/DIV

0°C to +40°C —15°C to +55°C

Within +3% of indicated | Within ==59% of indicat-

A VARIABLE and B TIME/DIV

sweep rate ed sweep rate VARIABLE controls set to CAL
50 mSEC to 0.1 uSEC/DIV Within #=3% of indicated | Within +49% of indicat-
sweep rate ed sweep rate

Variable Sweep Rate

Uncalibrated sweep rate to at least 2.5 times the TIME/
DIV indication, or @ maximum of at least 12.5 seconds/
division in the 5 SEC position (B Sweep, maximum of
1.25 seconds/division in the .5 SEC position).

Sweep Length

A Sweep Variable from less than 4 divisions to 11.0, ==0.5 divi- | A TIME/DIV switch set to 1
sion mSEC
B Sweep 11.0 divisions, #=0.5 division B TIME/DIV switch set to 1

mSEC

Sweep Hold-off—A Sweep
5 SEC to 10uSEC/DIV

Less than one times the A TIME/DIV switch setting

5 uSEC to 0.1 uSEC/DIV

Less than 2.5 microsecond

Gate Output Signal

Waveshape Rectangluar pulse

Polarity Positive-going Baseline at about —0.7 volts
Amplitude 12 volts, =10%

Duration About 11 times TIME/DIV switch setting A GATE duration variable be-

tween about 4 and 11 times A
TIME/DIV switch setting with A
SWEEP LENGTH control

Output resistance

Approximately 1.5 kilohms
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Sweep Magnifier

Characteristic

Performance Requirement

Supplemental Information

Sweep Magnification

Each sweep rate can be increased 10 times the indicat-
ed sweep rate by horizontally expanding the center divi-
sion of display

Extends fastest sweep rate to 10
nanoseconds/division

Magnified Sweep Accuracy

19% tolerance added to specified sweep accuracy

Magnified Sweep Linearity

+159% for any eight division portion of the total mag-
nified sweep length (excluding first and last 60 nano-
seconds of magnified sweep)

Normal/Magnified Registration

Less than =+0.2 division trace shift at graticule center
when switching MAG switch from X10 to OFF

Sweep Delay

Characteristic

Performance Requirement

Supplemental Information

Calibrated Delay Time Range

Continuous from 50 seconds to 1 microsecond

A VARIABLE control set to CAL
for indicated delay

Delay Time Accuracy
5 SEC to 0.1 SEC/DIV

0°C to +40°C —15°C to +55°C

Within +3.5% of indi-
cated sweep rate

Within £2.5% of indicat-
ed sweep rate

50 mSEC to 1 uSEC/DIV

Within #=1.5% of indicat- | Within =29, of indicated

Includes incremental multiplier

linearity

ed sweep rate sweep rate
Incremental Multiplier Linearity +0.2% +0.3%
Delay Time litter Less than 1 part in 20,000 of 10 times A TIME/DIV

switch setting

External Horizontal Amplifier

Characteristic

Performance Requirement

Supplemental Information

Input to Channel 1 (TRIGGER

switch in CH 1 ONLY)
Deflection factor

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

Steps in 1-2-5 sequence. Chan-
nel 1 VARIABLE control does
not affect horizontal deflection

Accuracy

0°C to +40°C —15°C to +55°C

Within +5% of indicated | Within £89% of indicat-
deflection ed deflection

With External Horizontal gain
correct at 20 mV

Frequency response

Dc to 5Mc, not more than 309 down

Input rc characteristics

Typically 1 megohm (2=2%),
paralleled by 20 pf (3%}

Phase difference between X
and Y amplifiers at 50 KC

Less than 3°

Input to EXT HORIZ Connector

Deflection factor

B TRIGGERING SOURCE switch in EXT — 270 milli-
volts/division, +=15%

B TRIGGERING SOURCE switch in EXT =10 — 2.7

volts/division, #20%

Frequency response

Dc to 5Mc, not more than 30% down

Input rc characteristics  (ap-

proximate)

1 megohm, paralleled by 20 pf

Phase difference between X
and Y amplifiers at 50 KC

Less than 3°




CALIBRATOR
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Characteristic

Performance Requirement

Supplemental Information

Waveshape

Square wave

Polarity

Positive going with baseline at zero volts

Output Voltage

0.1 volt or 1 volt, peak to peak

Selected by CALIBRATOR switch

on side panel

Output Current

5-milliamps through PROBE LOOP on side panel

Repetition Rate

1 ke

0°C to +40°C —15°C to +55°C
Voltage Accuracy +1% +1.5%
Current Accuracy +1% +1.5%
Repetition Rate Accuracy +0.5% “+1%

Risetime

Less than 1 microsecond

Duty Cycle

49% to 51%

Output Resistance

Approximately 200 ohms in 1V
position
Approximately 20 ohms in .1V
position

Z AXIS INPUT

Characteristic

Performance Requirement

Supplemental Information

Sensifivity

5 volt peak-to-peak signal produces noticeable modula-
tion

Usable Frequency Range

Dc to greater than 50 Mc

Input Resistance at DC

Approximately 47 kilohms

Input Coupling

Dc coupled

Polarity of Operation

Positive-going input signal will
decrease trace intensity
Negative-going signal will in-
crease trace intensity

Maximum Input Voltage

200 volts combined dc and
peak ac

POWER SUPPLY

Characteristic

Performance Requirement

Supplemental Information

Voltage Requirements

115-volt range

LOW—96 to 127 volts, rms, ac line voltage provides
regulated dc voltages

HIGH—103 to 137 volts, rms, ac line voltage provides
regulated dc voltages

230-volt range

LOW-—192 to 254 volts, rms, ac line voltage provides
regulated dc voltages

HIGH—206 to 274 volts, rms, ac line voltage provides
regulated dc voltages

Applicable when line contains
less than 2%, total harmonic dis-
tortion

Line Frequency

45 to 440 cps

Power Consumption

Approximately 100 watts

®
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CATHODE-RAY TUBE (CRT)

Characteristic ’ Information

Tube Type | T4530-31-1 rectangular, glass en-
‘ velope
Phosphor | P31 standard. Others available

on special order

Accelerating  Poten-

Apiproximately 10 kv (gun p;o;

tial tential, 2 kv)
Graticule
Type Internal
Area 6 divisions vertical by 10 divi-
, sions horizontal. Each division
| equals 0.8 centimeter
Illumination Variable edge lighting
Unblanking ‘ Dc-coupled to crt grid from

Sweep Generator

MECHANICAL CHARACTERISTICS

Characteristic | Information

Construction Aluminum-alloy chassis, panel
and cabinet
Glass laminate  etched-wiring
boards

Finish Anodized panel, blue vinyl-coat-
ed cabinet

Overall Dimensions 7.25" high, 12.5” wide, 23.5"

measured at maxi- .
mum points) |

long (includes panel cover and
handle)

Net Weight

29 |bs. 2 oz. (includes power
cord and panel cover without
accessories)

ENVIRONMENTAL CHARACTERISTICS

NOTE
The Type 453 has been designed to meet the

following environmental characteristics.  During
production, samples of the Type 453 will be
checked to assure that the instrument continues to
meet the environmental characteristics. Environ-
mental tests can be grouped into two general cat-
egories: Tests which may be repeated an indefinite
number of times without physical damage to, or
performance deterioration of, the instrument ({Cat-
egory |); and tests which should be repeated only
once as they may cause minor damage to the in-
strument without causing it to malfunction (Cat-
egory 11). The following environmental character-
istics will be grouped into these categories.
Complete details on environmental test proce-
dures, including failure criteria, etc., may be ob-
tained from Tektronix, Inc. Contact your local
Field Office or representative.

1-6

Category |

Characteristic

1 Requirement

Temperature
Operating

Type 453 will perform to limits
given in this section over a tem-
perature range of —15°C to
+55°C. Maximum operating
temperature must be derated
1°C/1000 feet increase in alti-
tude from 5000 to 15,000 feet.
Fan at rear of instrument blows
filtered air throughout instrument.
Automatic resetting thermal cut-
out interrupts instrument power if
internal temperature exceeds a
safe operating level.

Non-Operating

. —55°C to +75°C

Altitude
Operating

Type 453 will perform to limits
given in this section up to 15,000
| feet. See derating information
‘ under ‘Temperature'.

Non-Operating

o 750,0007feet maximum

Category I

Characteristic

‘ Requirement

“Humidity
Non-Operating

!

Instrument will perform to limits
given in this section following
5 cycles {120 hours) of Mil-Std-
202B, Method T106A {exclude

freezing and vibration).

Vibration
Operating and
Non operating

Shock
Operating and
Non-Operating

'Tronsportofio'n
Non-operating

Instrument will perform to limits
given in this section following
vibration test. Vibrated for 15
minutes along each axis at a
total displacement of 0.025-inch
. peak to peak (4G at 55 ¢ps) from
| 10-55-10 cps in 1 minute cycles.
| Held for 3 minutes at 55 cps.

Total vibration time, 55 minutes.

Instrument will perform to limits
given in this section following
shock test. 30G, one-half sine,
11 millisecond duration. Two
shocks each direction along each
axis (total of 12 shocks).

Meets National Safe Transit type
of test when factory packaged.
Package shake test—One hour
‘in excess of 1G.

' Package drop test—30-inch drops
"on one corner, three edges and
all flat surfaces [total of 10 drops).

ACCESSORIES

Information on accessories for use with this instrument is
included at the rear of the mechanical parts list.



SECTION 2
OPERATING INSTRUCTIONS

General

To effectively use the Type 453, the operation and capa-
bilities of the instrument must be known. This section
describes the operation of the front-, side- and rear-panel
controls and connectors, gives first time and general oper-
ating information and lists some basic applications for this
instrument.

Front Cover and Handle

The front cover furnished with the Type 453 provides a
dust-tight seal around the front panel. Use the cover to
protect the front panel when storing or transporting the in-
strument. The cover also provides storage space for probes
and other accessories (see Fig. 2-1).

The handle of the Type 453 can be positioned for carrying
or as a tilt-stand for the instrument. To position the handle,
press in at both pivot points (see Fig. 2-2) and turn the
handle to the desired position. Several positions are pro-
vided for convenient carrying or viewing. The instrument may
also be set on the rear-panel feet for operation or storage.

Voltage Considerations

The Type 453 can be operated from either a 115- or 230-
volt nominal line. Switching between ranges is automatically
accomplished when the correct power cord for the nominal
voltage range is installed in the power receptacle on the

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

®

rear of the instrument. Fig. 2-3 shows the power receptacle
on the rear of the instrument and the power cords.

WARNING

The Type 453 should not be operated with power
cords which have been altered to prevent the
above-mentioned switching. Operation of the in-
strument in the wrong voltage range will either
provide incorrect operation or damage the
instrument.

Press in here on
both sides to posi-
tion handle.

Fig. 2-2. Handle positioned to provide a stand for the instrument.

The LINE VOLTAGE RANGE switch on the rear panel al-
lows the instrument to operate on line voltages above or
below the nominal voltage. Each range provides correct
regulation at 115- (or 230-) volt nominal line. However, it
is recommended that the LOW range be used only when
the line voltage is below the lower limit of the HIGH range.
The regulating range in each position is given in Table 2-1.

TABLE 2-1

LINE VOLTAGE :

RANGE switch | 115-volt ; 230-volt
position | nominal | nominal
HGH | 103-137 206-274
LOW [ 96-127 192-254

CONTROLS AND CONNECTORS

A brief description of the function or operation of the
front-, side- and rear-panel controls and connectors follows
(see Fig. 2-4). More detailed information is given in this
section under 'General Operating Information.’
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230 Volt

Fig. 2-3. Power receptacle and power cords.

Cathode-Ray Tube

INTENSITY Controls brightness of display.
FOCUS Provides adjustment for a well-defined dis-
play.

SCALE ILLUM Controls graticule illumination.

TRACE FINDER  Returns the display to the screen, when
pressed, by reducing horizontal and verti-
cal deflection. Used to locate trace which
exceeds scan of display area.

Vertical (both channels if applicable)

VOLTS/DIV Selects vertical deflection factor (VARI-
ABLE control must be in CAL position for
indicated deflection factor).

VARIABLE Provides continuously variable deflection
factor to at least 2.5 times setting of
VOLTS/DIV switch.

POSITION Controls vertical position of trace.

GAIN Screwdriver adjustment to set gain of the
Vertical Preamp. Line between adjustment
and 20 mV VOLTS/DIV position indicates
that gain should be set with VOLTS/DIV
switch in this position.

AC GND DC Selects method of coupling input signal

to grid of Input Amplifier.

AC: Dc component of input signal is
blocked. Low frequency limit (30%
down) is about 1.6 cps.

GND: Input circuit is grounded (does not
ground applied signal).

DC: All components of the input signal are
passed to the Input Amplifier.

2-2

STEP ATTEN
BAL

INPUT
MODE

TRIGGER

INVERT

Screwdriver adjustment to balance Input
Amplifier in the 5, 10 and 20 mV positions
of the VOLTS/DIV switch.

Vertical input connector for signal.

Selects vertical mode of operation.

CH 1: The Channel 1 signal is displayed.

CH 2: The Channel 2 signal is displayed.

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

CHOP: Dual trace display of signal on
both channels. Approximately 1 micro-
second segments from each channel dis-
played at a repetition rate of about
500 ke.

ADD: Channel 1 and 2 signals are alge-
braically added and the algebraic sum
is displayed on the crt.

Selects source of internal triggering signal

from vertical system.

NORM: Sweep circuits triggered from dis-
played channel(s). Channel 1 signal
available at CH 1 OUT connector.

CH 1 ONLY: Sweep circuits triggered only
from signal on Channel 1. No signal
available at CH 1 OUT connector,

When pulled out, inverts the Channel 2
signal.

A and B Triggering (both where applicable)

EXT TRIG
INPUT

SOURCE

COUPLING

Input connector for external triggering
signal. Connector in B Triggering section
of front panel also serves as external
horizontal input when HORIZ DISPLAY
switch is in EXT HORIZ position.

Selects source of triggering signal.

INT: Internal triggering provided from
Vertical system. When CH 1 light is on,
triggering signal is obtained only from
the Channel 1 input signal; when the
light is off, triggering is obtained from
displayed channel(s). Source of internal
trigger signal is selected by the TRIG-
GER switch,

LINE: Sweep triggered at line frequency.

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

EXT =10: Attenuates external signals 10
times.

Determines method of coupling triggering

signal to trigger circuit.

AC: Rejects dc and attenuates signals
below 30 cps.

LF REJ: Rejects dc and attenuates signals
below 30 k.

HF REJ: Passes signals between 30 cps and
50 ke; rejects de and attenuates signals
outside the above range.

DC: Accepts ac and dc triggering signals.

®
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B Triggering

2 TYPE 453 OSCILLOSCOPE

~

B GATE .8A SLOW CH1 our
L)) .
Sl e

i SET (VERTI TRIG

Calibrator
and
Power

A and B Sweep

I
Channel 1 | Channel 2

B TIME/DIV
7z

CALIBRATOR SWITCH TO NOAM

TRACE
i - “ i ROTATION

SRR B  SEE

b. Side panel

a. Front panel

A Triggering

¢. Rear panel

Fig. 2-4. Front-, side-, and rear-panel controls and connectors.
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SLOPE

LEVEL

HF STAB

Selects portion of triggering signal which
will trigger sweep.

+: Sweep triggered from positive-going
portion of triggering signal.

—: Sweep triggered from negative-going
portion of triggering signal.

Selects amplitude point on triggering sig-
nal where sweep is triggered.

Provides stable display for signals above
about 10 Mc at sweep rates of 10 or 20
nanoseconds/division (MAG switch set to
X10). Has negligible effect at lower
sweep rates. (A Sweep only.)

A and B Sweep

DELAY-TIME
MULTIPLIER

A SWEEP
TRIG'D

UNCAL A
OR B

A AND B
TIME/DIV
AND DELAY
TIME

A VARIABLE

B SWEEP
MODE

HORIZ DIS-
PLAY

2-4

Provides variable sweep delay between
0.50 and 10.00 times the delay time indi-
cated by the A TIME/DIV switch.

Light indicates that A SWEEP is triggered
and will produce a stable display with
correct INTENSITY and Horizontal POSI-
TION control settings.

Light indicates that either A or B VARIA-
BLE control is not in the CAL position.

A TIME/DIV switch selects the sweep rate
of the A Sweep circuit and selects the
basic delay time (to be multiplied by DE-
LAY-TIME MULTIPLIER setting). B TIME/
DIV (DELAYED SWEEP) switch selects
sweep rate of the B Sweep circuit. VARI-
ABLE controls must be in the CAL position
for calibrated sweep rate.

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

Selects B Sweep operation mode.

B TRIGGERABLE AFTER DELAY TIME: B
Sweep circuit will not produce a sweep
until a trigger pulse is received follow-
ing the delay time selected by the DE-
LAY TIME {A TIME/DIV) switch and the
DELAY-TIME MULTIPLIER dial.

B STARTS AFTER DELAY TIME: B Sweep
circuit runs immediately following delay
time selected by the DELAY TIME switch
and DELAY-TIME MULTIPLIER dial.

Selects Horizontal mode of operation.

A: Horizontal sweep provided by A Sweep.
B Sweep inoperative.

A INTEN DURING B: Sweep rate deter-
mined by A TIME/DIV switch. An inten-
sified portion, length of which is about
10 times setting of B TIME/DIV switch,
will appear on the sweep. This position
provides a check of the duration and
position of B Sweep with respect to A
Sweep.

MAG

A SWEEP
MODE

RESET

A SWEEP
LENGTH

POSITION
FINE

1 KC CAL
POWER ON

Side Panel
ASTIG

B TIME/DIV-
VARIABLE

DELAYED SWEEP (B): Sweep rate deter-
mined by B TIME/DIV switch. Sweep
mode determined by B SWEEP MODE
switch.

EXT HORIZ: Horizontal deflection provided
by an external signal.

Increases sweep rate to ten times setting
of A or B TIME/DIV switch by horizontally
expanding the center division of the dis-
play. Light indicates when magnifier is on.

Determines A Sweep operation mode.

AUTO TRIG: Each sweep may be triggered
in the normal manner when the trigger-
ing signal repetition rate is above 20
cps. For lower repetition rates or when
there is no triggering signal, the sweep
generator free runs to produce a bright
reference trace at all sweep rates.

NORM TRIG: Sweep is triggered from an
internal or external signal using the A
Triggering controls.

SINGLE SWEEP: Displays one sweep and
then shuts off until reset.

When light is on, the sweep is ready to
produce a display when a trigger is re-
ceived (SINGLE SWEEP mode). After a
sweep is completed, the RESET button must
be pressed before another sweep can be
presented.

Adjusts length of A Sweep. In the FULL
position {clockwise detent), the sweep is
about 11 divisions long. As the control
is rotated counterclockwise, A Sweep
length will be reduced until it is less than
4 divisions long just before the detent in
the fully-counterclockwise position s
reached. In the B ENDS A position (coun-
terclockwise detent), the A Sweep is reset
at the end of the B Sweep. This provides
the fastest possible sweep repetition rate
for delayed sweep signals.

Controls horizontal position of trace.

Provides more precise horizontal position
adjustment.

Calibrator output connector.

Light: Indicates that POWER switch is on
and the instrument is connected to a line
source.

Switch: Applies power to the instrument.

Screwdriver adjustment used in conjunction
with the FOCUS control to obtain a well-
defined display. Dces not require read-
justment in normal use.

Provides continuously variable sweep rate
to at least 2.5 times setting of B TIME/DIV
switch. Sweep rate is calibrated when con-
trol is fully clockwise to CAL.



PROBE LOOP

A GATE

B GATE

.8A SLOW

CH 1 OUT

CALIBRATOR

TRACE ROTA-

TION

Rear Panel
Z AXIS INPUT

Power

LINE VOLTAGE
RANGE

Current loop providing 5-milliamp square-
wave current from calibrator circuit.

Qutput connector providing a rectangular
pulse coincident with A Sweep.

Qutput connector providing a rectangular
pulse coincident with B Sweep.

Fuses for line.

Output connector providing signal output
from Channel 1 when the TRIGGER switch
is in the NORM position.

Switch selects output voltage of Calibrator.
T-volt or 0.1-volt square wave available.

Screwdriver adjustment to align trace with
horizontal graticule lines.

Input connector for intensity modulation
of the crt display.

Input connector for line power. Left part
of connector is for 115-volt input; right
part is for 230-volt input. Instrument auto-
matically switched between ranges when
correct power cord is installed.

Selects line-voltage regulating range of
low-voltage power supplies.

FIRST-TIME OPERATION

The following steps will demonstrate the use of the con-
trols and connectors of the Type 453. It is recommended that
this procedure be followed completely for first-time famil-
iarization with the instrument.

1. Set the front-panel controls as follows:

Crt Controls

INTENSITY Counterclockwise

FOCUS Midrange

SCALE ILLUM Counterclockwise
Vertical Controls (both channels if applicable)

VOLTS/DIV 20 mV

VARIABLE CAL

POSITION Midrange

AC GND DC GND

MODE CH 1

TRIGGER NORM

INVERT Pushed in
Triggering Controls (both A and B if applicable)

LEVEL Clockwise {+)

SLOPE +

COUPLING AC

SOURCE INT
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Sweep Controls
DELAY-TIME MULTIPLIER 0.50
A and B TIME/DIV .5 mSEC
A VARIABLE CAL
B SWEEP MODE B STARTS AFTER DELAY

TIME

HORIZ DISPLAY A

MAG OFF

POSITION Midrange

A SWEEP LENGTH FULL

A SWEEP MODE AUTO TRIG

POWER ON
Side-Panel Controls

B TIME/DIV VARIABLE CAL

CALIBRATOR Y
Rear-Panel Controls

LINE VOLTAGE RANGE HIGH*

2. Connect the Type 453 to a power source that meets the
voltage and frequency requirements of the instrument.

3. Advance the INTENSITY control until the trace is at
the desired viewing level (near midrange).

4. Adjust the FOCUS control for a sharp well-defined dis-
play over the entire trace length. (If focused display can-
not be obtained, see ‘Astigmatism Adjustment’ in this section.)

5. Move the trace with the Channel 1 POSITION control
so it coincides with one of the horizontal graticule lines.
If the trace is not parallel with the graticule line, see ‘Trace
Alignment Adjustment’ in this section.

6. Turn the SCALE ILLUM control clockwise. Note that
as the control is advanced beyond about midrange the grati-
cule lines are illuminated (most obvious with mesh or smoke-
gray filter installed). Set control so graticule lines are il-
luminated as desired.

7. Change the CH 1 VOLTS/DIV switch from 20 mV to 5
mV. If the vertical position of the trace shifts, see 'Step
Attenuator Balance' in this section.

8. Set the Channel 1 AC GND DC switch to AC and con-
nect the 1 KC CAL connector to both the Channel 1 and 2
INPUT connectors with 50-ohm cables and a BNC T
connector.

9. Turn the A Triggering LEVEL control toward 0 until
the display becomes stable. Note that the A SWEEP TRIG'D
light comes on when the display is stable.

10. Turn the Channel 1 POSITION control to center the
display. The display is a square wave, 5 divisions in am-
plitude with 5 cycles displayed on the screen. If the display
is not 5 divisions in amplitude, see 'Vertical Gain Adjust-
ment' in this section.

*1f the line voltage is below 103 (206} volts, set to LOW.

2-5



Operating Instructions—Type 453

11. 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 deflection should be reduced to about 2 divisions.
Return the VARIABLE control to CAL.

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

13. Set the MODE switch to CH 2.

14. Turn the Channel 2 POSITION control to center the
display. The display will be similar to the previous display
for Channel 1. Check Channel 2 step attenuator balance,
gain and VARIABLE control as described in steps 7 through
11.

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

16. Pull the INVERT switch. The display is now at the top
of the graticule area. Push the switch in.

17. Set the MODE switch to ALT; the Channel 1 and 2 dis-
plays as set up in steps 12 and 15 should both be seen. Turn
the TIME/DIV switch throughout its range. Note that the
display alternates between channels at all sweep rates.

18. Set the MODE switch to CHOP and the TIME/DIV
switch to 10 uSEC. Note the switching between channels as
shown by the segmented trace. Set the TRIGGER switch to
CH 1 ONLY; the trace should appear more solid. Turn the
TIME/DIV switch throughout its range. A dual trace display
is presented at all sweep rates, but unlike ALT, both channels

are displayed on each trace on a time-sharing basis. Return
the TIME/DIV switch to .5 mSEC.

19. Set the MODE switch to ADD and the VOLTS/DIV
switches to 50 mV. The display should be four divisions in
amplitude. Note that either POSITION control moves the
display.

20. Pull the INVERT switch. The display is a straight line
indicating that the algebraic sum of the two signals is zero.

21. Set either VOLTS/DIV switch to 20 mV. The 3 divi-
sion display indicates that the algebraic sum of the two
signals is no longer zero. Return the MODE switch to CH
1 and both YOLTS/DIV switches to .2. Push in the INVERT
switch.

22. Set the CALIBRATOR switch to 1 V. Rotate the A Trig-
gering LEVEL control throughout its range. The display free
runs at the extremes of rotation. Note that the A SWEEP
TRIG'D light is on only when the display is triggered.

23. Set the A SWEEP MODE switch to NORM TRIG. Again
rotate the A Triggering LEVEL control throughout its range.
A display will be presented only when it is stable (triggered).
The A SWEEP TRIG'D light operates as in AUTO TRIG. Re-
turn the A SWEEP MODE switch to AUTO TRIG.

24. Set the A Triggering SLOPE switch to —. The trace
will start on the negative part of the square wave. Return
the switch to +; the trace starts with the positive part of the
square wave.

25. Set the A Triggering COUPLING switch to DC. Turn
the Channel 1 POSITION control until the display becomes
unstable (only part of square wave visible). Return the

2-6

COUPLING switch to AC; the display is again stable. Since
changing trace position changes dc level, this shows how dc
level changes affect DC trigger coupling. Return the display
to the center of the screen.

26. Set the MODE switch to CH 2; the display should be
stable. Remove the signal connected to Channel 1; the dis-
play will free run. Set the TRIGGER switch to NORM; the
display will again be stable. When the TRIGGER switch is
changed to NORM, the CH 1 lights in A and B Triggering
will go out.

27. Connect the Calibrator signal to both the Channel 2
INPUT and A Triggering EXT TRIG INPUT connectors. Set the
A Triggering SOURCE switch to EXT. Operation of the LEVEL,
SLOPE, COUPLING and SOURCE controls are the same as
described above.

28. Set the SOURCE switch to EXT =10. Operation is the
same as for EXT. Note that the LEVEL control has less range
in this position, indicating signal attenuation. Return the
SOURCE switch to INT.

29. Operation of the B Triggering controls is similar to
A Triggering.

30. Set the TIME/DIV switch to 5mSEC and the MAG
switch to X 10. The display should be similar to that ob-
tained with the TIME/DIV switch set to .5 mSEC and the MAG
switch to OFF. Return the TIME/DIV switch to .5 mSEC and
the MAG switch to OFF.

31. Turn the Horizontal POSITION control throughout its
range; the display should be positionable across the com-
plete display area. Now turn the FINE control. The display
moves a smaller amount and allows more precise positioning.
Return the start of the trace to the left graticule line.

32. Pull the DELAYED SWEEP knob out and turn it to 50
uSEC (DELAY TIME remains at .5mSEC). Set the HORIZ
DISPLAY switch to A INTEN DURING B. An intensified por-
tion, about one division in length, should be shown at the
start of the trace. Rotate the DELAY-TIME MULTIPLIER dial
throughout its range; the intensified portion should move
along the display.

33. Set the B SWEEP MODE switch to B TRIGGERABLE
AFTER DELAY TIME. Again rotate the DELAY-TIME MULTI-
PLIER dial throughout its range and note that the intensi-
fied portion appears to jump between positive slopes of the
display. Set the B Triggering SLOPE switch to —; the intensi-
fied portion begins on the negative slope. Rotate the B
Triggering LEVEL control; the intensified portion of the dis-
play disappears when the LEVEL control is out of the trigger-
able range. Return the LEVEL control to 0.

34. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B). Rotate the DELAY-TIME MULITIPLIER dial throughout
its range; about one-half cycle of the waveform should be
displayed on the screen (leading edge visible only at high
INTENSITY setting). The display will remain stable on the
screen, indicating that B Sweep is triggered.

35. Set the B SWEEP MODE switch to B STARTS AFTER
DELAY TIME. Rotate the DELAY-TIME MULTIPLIER dial
throughout its range; the display will move continuously
across the screen as the control is rotated.

36. Rotate the DELAY-TIME MULTIPLIER dial fully coun-
terclockwise and set the HORIZ DISPLAY switch to A INTEN
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DURING B. Rotate the A SWEEP LENGTH control counter-
clockwise; the length of the display decreases. Set the con-
trol to the B ENDS A position; now the display ends at the
end of the intensified portion. Rotate the DELAY-TIME
MULTIPLIER dial and note that the sweep length increases
as the display moves across the screen. Return the A SWEEP
LENGTH control to FULL and the HORIZ DISPLAY switch to
A.

37. Set the A SWEEP MODE switch to SINGLE SWEEP.
Remove the Calibrator signal from the Channel 2 INPUT con-
nector. Press the RESET button; the RESET light should come
on and remain on. Reapply the signal to the Channel 2 IN-
PUT connector; a single trace should be presented and the
light should go out. Return the A SWEEP MODE switch to
AUTO TRIG.

38. Connect the Calibrator signal to both the Channel 1
and 2 INPUT connectors. Set the HORIZ DISPLAY switch
to EXT HORIZ, the TRIGGER switch to CH 1 ONLY and the
B Triggering COUPLING switch to DC. Increase the IN-
TENSITY setting until two dots are displayed diagonally.
The display can be positioned horizontally with the Chan-
nel 1 POSITION control and vertically with the Channel 2
POSITION control.

39. Connect the Calibrator signal to both the Channel 2
INPUT and EXT HORIZ (B Triggering EXT TRIG INPUT) con-
nectors. Set the B Triggering SOURCE switch to EXT; the
display should be 5 divisions vertically and about 3.7 divi-
sions horizontally. Set the SOURCE switch to EXT =10;
the display should be reduced ten times horizontally. Re-
duce the INTENSITY setting to normal, return the HORIZ
DISPLAY switch to A and the B Triggering SOURCE switch
to INT.

40. If an external signal is available (5 volt peak-to-peak
minimum) the function of the Z AXIS INPUT circuit can be
demonstrated. Connect the external signal to both the Chan-
nel 2 INPUT connector and the Z AXIS INPUT binding posts.
Set the TIME/DIV switch to display about 5 cycles of the
waveform. The positive peaks of the waveform should be
blanked and the negative peaks intensified, indicating in-
tensity modulation.

41. This ends the basic operation procedure for the Type
453. Instrument operation not explained here, or operations
which need further explanation will be discussed under
‘General Operating Information’.

GENERAL OPERATING INFORMATION
Cooling

To maintain a safe operating temperature, the Type 453
is cooled with air drawn in at the rear and blown out
through holes at the front of the cabinet. A thermal cut-
out in the instrument provides thermal protection and dis-
connects the instrument power if the internal temperature
exceeds a safe operating level. Power is automatically re-
stored when the temperature returns to a safe level. The
air filter should be cleaned occasionally during normal use.
Cleaning instructions are given in Section 4.

Adequate clearance must be provided on all sides of the
instrument to allow heat to be dissipated away from the
instrument. The clearance provided by the feet at the bot-
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tom and rear should be maintained. If possible, allow about
an inch of clearance on the sides and top. Do not block
or restrict the air flow from the air-escape holes in the
cabinet.

Intensity Control

The setting of the INTENSITY control may affect the
correct focus of the display. Slight readjustment of the
FOCUS control may be necessary when the intensity level
is changed.

To protect the crt phosphor, do not turn the INTENSITY
control higher than necessary to provide a satisfactory dis-
play. Also, be careful that the INTENSITY control is not
set too high when changing from a fast to a slow sweep rate,
or when changing the HORIZ DISPLAY switch from the EXT
HORIZ to one of the other positions.

Astigmatism Adjustment

If a well-defined trace cannot be obtained with the
FOCUS control, adjust the ASTIG adjustment (side panel)
as follows.

NOTE

To check for proper setting of the ASTIG adjust-
ment, slowly turn the FOCUS control through the
optimum setting. If the ASTIG adjustment is cor-
rectly set, the vertical and horizontal portions of
the trace will come into sharpest focus at the same
position of the FOCUS control. This setting of the
ASTIG adjustment should be correct for any dis-
play. However, it may be necessary to reset the
FOCUS control slightly when the INTENSITY con-
trol is changed.

1. Connect a 1V Calibrator signal to either channel and
set the VOLTS/DIV switch of that channel to present a
2-division display.

2. Set the TIME/DIV switch to .2 mSEC.

3. With the FOCUS control and ASTIG adjustment set to
midrange, adjust the INTENSITY control so the rising por-
tion of the display can be seen.

4. Set the ASTIG adjustment so the horizontal and
vertical portions of the display are equally focused, but not
necessarily well focused.

5. Set the FOCUS control so the vertical portion of the
trace is as thin as possible.

6. Repeat steps 4 and 5 for best overall focus. Make
final check at normal intensity.

Trace Alignment Adjustment

If a free-running trace is not parallel to the horizontal
graticule lines, set the TRACE ROTATION adjustment as
follows. Position the trace to the graticule centerline. Ad-
just the TRACE ROTATION adjustment (side panel) so the
trace is parallel with the horizontal graticule lines.
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" Light Filter

The mesh filter provided with the Type 453 provides
shielding against radiated RFI (radio-frequency interference
radiation) from the face of the crt. It also serves as a light
filter to make the trace more visible under high ambient
light conditions. To remove the filter, press down at the
bottom of the frame and pull the top of the filter away
from the crt faceplate (see Fig. 2-5).

A tinted light filter is also provided. This filter minimizes
light reflections from the face of the crt to improve con-
trast when viewing the display under high ambient light
conditions.

- Pull out

down here

o

Fig. 2-5. Removing the filter or faceplate protector.

A clear plastic faceplate protector is provided with the
Type 453 for use when neither the mesh nor the tinted
filter are used. The clear faceplate protector provides the
best display for waveform photographs. It is also prefer-
able for viewing high writing rate displays.

A filter or the faceplate protector should be used at all
times to protect the crt faceplate from scratches. The face-
plate protector and the tinted light filter mount in the same
holder. To remove the light filter or faceplate protector
from the holder, press it out to the rear. Either can be re-
placed by snapping it back into the holder.

Trace Finder

The TRACE FINDER provides a means of locating a dis-
play which overscans the viewing area either vertically or
horizontally. When the TRACE FINDER button is pressed,
the display is compressed within the graticule area. To
locate and reposition an overscanned display, use the fol-
lowing procedure.
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1. Press the TRACE FINDER button.

2. While the TRACE FINDER button is held in, reduce
the deflection to less than 3 divisions by adjusting the am-
plitude of the input signal or the deflection factor.

3. Adjust the POSITION controls to center the display
on the viewing area.

4. Release the TRACE FINDER; the display should be
displayed on the viewing area.

Control Setup Chart

Fig. 2-6 shows the front, side and rear panels of the Type
453. This picture may be reproduced and used as a test-
setup record for special measurements, applications or
procedures, or it may be used as a training aid for famil-
iarization with this instrument.

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. For
dual-trace displays, connect the signals to both INPUT con-
nectors and set the MODE switch to one of the dual-trace
positions.

Vertical Gain Adjustment

Check. To check the gain of either channel, set the
VOLTS/DIV switch to 20 mV. Set the CALIBRATOR switch
to .1V and connect the 1 KC CAL connector to the INPUT
of the channel used. The vertical deflection should be ex-
actly 5 divisions. If not, adjust as follows.

Adjust. Front-panel GAIN adjustment for exactly 5 divi-
sions of deflection.

NOTE

If the gain of the two channels must be closely
matched (such as for ADD mode operation),
the adjustment procedure given in the Calibration
Section should be used.

Step Attenuator Balance

Check. To check the step attenuator balance of either
channel, set the AC GND DC switch to GND. Set the A
SWEEP MODE switch to AUTO TRIG to produce a free-
running trace. Change the VOLTS/DIV switch from 20 mV
to 5mV. If the trace moves vertically, adjust the front-
panel STEP ATTEN BAL adjustment as follows.

Adjust. Allow at least 10 minutes warm up before per-
forming this adjustment.

1. With the AC GND DC switch set to GND and the
VOLTS/DIV switch set to 20 mV, move the trace to the grati-
cule centerline with the Vertical POSITION control.

2. Set the VOLTS/DIV switch to 5mV and adjust the
STEP ATTEN BAL adjustment to return the trace to the
graticule centerline.
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3. Recheck step attenuator balance and repeat adjustment
until no trace shift occurs as the VOLTS/DIV switch is
changed from 20 mV to 5mV.

Signal Connections

In general, 10X attenuator probes offer the most con-
venient means of connecting a signal to the input of the
Type 453. A 10X attenuator probe offers a higher input
impedance and allows the circuit under test to perform more
closely to actual operating conditions. However, the 10X
probe also attenuates the input signal 10 times. The probe
is shielded to prevent pickup of electrostatic interference.
Low-frequency response with AC input coupling is extended
to about 0.16cps (30% down).

In some cases, the signal can be connected to the Type
453 with short unshielded leads. This is particularly true
with high-level, low-frequency signals. When such leads
are used, be sure to establish a common ground between
the Type 453 and the equipment under test. Attempt to
position the leads away from any source of interference to
avoid errors in the display. If interference is excessive with
unshielded leads, use a coaxial cable or a probe.

In high-frequency applications requiring maximum overall
bandwidth, use a coaxial cable terminated in its character-
istic impedance at the Type 453 INPUT connector.

Input Coupling

The Channel 1 and 2 AC GND DC switches allow a choice
of input coupling. The type of display desired will deter-
mine the coupling used.

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 1écps as they will be attenuated
in the AC position.

In the AC position, the dc component of the signal is
blocked by a capacitor in the input circuit. The low-fre-
quency response in the AC position is about 1.6 cps, 30%
down. Therefore, some low-frequency distortion can be ex-
pected near this frequency limit. Distortion will also appear
in square waves which have low-frequency components.

The GND position provides a ground reference at the
input of the Type 453. The signal applied to the input
connector is internally disconnected but not grounded. The
grid of the input tube is at ground potential, eliminating
the need to externally ground the input to establish a dc
ground reference.

Deflection Factor

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

The VARIABLE VOLTS/DIV control provides variable {un-
calibrated) vertical deflection between the calibrated set-
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tings of the VOLTS/DIV switch. The VARIABLE control
extends the maximum vertical deflection factor of the Type
453 to at least 25 volts/division (10 volts position).

Loading Effect of the Type 453

As nearly as possible, simulate actual operating condi-
tions in the equipment under test. Otherwise, the equip-
ment under test may not produce a normal signal. The 10X
attenuator probes mentioned previously offer the least cir-
cvit loading. Tektronix 10 X attenuator probes have an in-
put resistance of about 10 megohms with very low shunt
capacitance.

When the signal is coupled directly to the input of the
Type 453, the input impedance is about 1 megohm par-
alleled by about 20 pf. When the signal is coupled to the
input through a coaxial cable, the input capacitance is
greatly increased. Just a few feet of coaxial cable can
increase the input capacitance to well over 100 pf.

See the probe Instruction Manual for loading effect of the
probes.

Dual-Trace Operation

Alternate Mode. The ALT position of the 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 CHOP mode provides
a more satisfactory display at sweep rates below about
0.5 millisecond/division. At these slower sweep rates, al-
ternate mode switching becomes visually perceptible.

Proper internal triggering in the ALT mode can be ob-
tained in either the NORM or CH 1 ONLY positions of the
TRIGGER switch. When in the NORM 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 ONLY 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 ONLY position.

Chopped Mode. The CHOP 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 0.5 milli-
seconds or whenever dual-trace, single-shot phenomena
are to be displayed. At faster sweep rates the chopped
switching may become apparent and interfere with the
display.

Proper internal triggering for the CHOP mode is pro-
vided with the TRIGGER switch set to CH 1 ONLY. If
the NORM position is used, the sweep circuits will be trig-
gered from the between-channel switching signal and both
waveforms will be unstable. External triggering will pro-
vide the same result as CH 1 ONLY triggering.

Two signals which are time-reloted can be displayed
in the chopped mode showing true time relationship. If the
signals are not time-related, the Channel 2 display will ap-
pear unstable.

Two single-shot, transient, or random signals which occur
within the time interval determined by the TIME/DIV switch
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{10 times sweep rate) can be compared using the CHOP
mode. To trigger the sweep correctly, the Channel 1 sig-
nal must precede the Channel 2 signal. Since the signals
show true time relationship, time-difference measurements
can be made.

Channel 1 Output and Cascaded Operation

If a lower deflection factor than provided by the VOLTS/
DIV switch is desired, Channel 1 can be used as a wide-
band preamplifier for Channel 2. Apply the input signal
to Channel 1 INPUT connector. Connect a 50-ohm cable
between the CH 1 OUT (side panel) and the Channel 2
INPUT connectors. Set the MODE switch to CH 2 and the
TRIGGER switch to NORM. With both VOLTS/DIV switches
set to 5mV, the deflection factor will be less than 1 milki-
volt/division.

To provide calibrated 1 millivolt/division deflection fac-
tor, connect the .1 volt Calibrator signal to Channel 1 INPUT.
Set the CH 1 VOLTS/DIV switch to .1 and the CH 2 VOLTS/
DIV switch to 5mV. Adjust the Channel 2 VARIABLE
VOLTS/DIV control to produce a display exactly five divi-
sions in amplitude. The cascaded deflection factor is de-
termined by dividing the CH 1 VOLTS/DIV switch setting
by 5 (CH 2 VOLTS/DIV switch and VARIABLE control re-
main as set above). For example, with the CH 1 VOLTS/
DIV switch set to 5mV the calibrated deflection factor
will be 1 millivolt/division; 10 mV, 2 millivolts/division, etc.

The following operating consideratiocns and basic appli-
cations may suggest other uses for this feature.

1. If ac coupling is desired, set the Channel 1T AC GND
DC switch to AC and leave the Channel 2 AC GND DC
switch set to DC. When both AC GND DC switches are
set to DC, dc signal coupling is provided.

2. Keep both Vertical POSITION controls set near mid-
range. If the input signal has a dc level which necessitates
one of the POSITION controls being turned away from
midrange, correct operation can be obtained by keeping
the Channel 2 POSITION control near midrange and using
the Channel 1 POSITION control to position the trace near
the desired location. Then, use the Channel 2 POSITION
control for exact positioning. This method will keep both
Input Preamps operating in their linear range.

3. The voltage gain from the Channel 1 INPUT con-
nector to the CH 1 OUT connector is about 5X in the 5mV
position, about 2.5 X in the 10 mV position and about 1.25X
in the 20 mV position.

4. The MODE switch and Channel 1 VARIABLE VOLTS/
DIV control have no effect on the signal available at the
CH 1 OUT connector.

5. The Channel 1 Input Preamp can be used as an im-
pedance matching stage with or without voltage gain. The
input resistance is 1 megohm and the output resistance
is about 50 chms.

6. The dynamic range of the Channel 1 Input Preamp
is equal to about 20 times the CH 1 VOLTS/DIV setting.
The CH 1 OUT signal is nominally at 0 volt de for a 0
volt dc input level. The Channel 1 POSITION control can
be used to center the output signal within the dynamic
range of the amplifier.
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7. If dual-trace operation is used, the signal applied to
Channel 1 INPUT is displayed when Channel 1 is turned
on. When Channel 2 is turned on, the amplified signal is
displayed. Thus, Channel 1 trace can be used to monitor
the input signal while the amplified signal is displayed by
Chanrel 2.

8. In special applications where the flat frequency re-
sponse of the Type 453 is not desired, a filter inserted be-
tween the CH 1 OUT and Channel 2 INPUT connectors
will allow the oscilloscope to essentially take on the fre-
quency response of the filter. Combined with method 7,
the input can be monitored by Channel 1 and the filtered
signal displayed by Channel 2.

9. By using Channel 1 as a 5X low-level voltage pre-
amplifier (5mV position), the Channel 1 signal available
at the CH 1 OUT connector can be coupled to any source
where a low-impedance preamplified signal is needed.
Remember that if a 50-ohm load impedance is used, the
signal amplitude will be about one-half.

Algebraic Addition

The ADD position of the MODE switch can be used to
display the sum or difference of two signals, for common-
mode rejection to remove an undesired signal (about 20:1
rejection at 20 Mc) or for dc offset (applying a dc voltage
to one channel to offset the dc component of a signal on
the other channel).

The common-mode rejection ratio of the Type 453 is
greater than 20:1 at 20Mc for signal amplitudes up to
eight times the VOLTS/DIV switch setting. Rejection ratios
of 100:1 can typically be achieved between dc and 5Mc
by careful adjustment of the gain of either channel while
observing the displayed common-mode signal.

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

1. Do not exceed the input voltage rating of the Type
453.

2. Do not apply signals that will exceed an equivalent
of about 20 times the VOLTS/DIV switch setting. For ex-
ample, with a VOLTS/DIV switch setting of .5, the voltage
applied to that channel should not exceed about 10 volts.
Larger voltages 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 MODE switch
positions. This will insure the greatest dynamic range for
ADD mode operation.

Trigger Source

INT. For most applications, the sweep can be triggered
internally. In the INT position of the Triggering SOURCE
switch, the trigger signal is obtained from the vertical sys-
tem. The TRIGGER switch provides further selection of the
internal trigger signal: obtained from the Channel 1 sig-
nal in the CH 1 ONLY position, or from the displayed sig-
nal when in the NORM position. For single-trace displays
of either channel, the NORM position provides the most
convenient operation. However, for dual-trace displays,
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special considerations must be made to provide the correct
display. See ‘Dual-Trace Operation’ in this section for
dual-trace triggering information.

LINE. The LINE position of the SOURCE switch connects
a sample of the power-line frequency to the Trigger Gen-
erator. Line triggering is useful when the input signal is
time-related to the line frequency. It is also useful for pro-
viding a stable display of a line-frequency component in @
complex waveform.

EXT. An external signal connected to the EXT TRIG IN-
PUT connector can be used to trigger the sweep in the
EXT position of the SOURCE switch. The external signal
must be time-related to the displayed signal for a stable
display. An external trigger signal can be used to pro-
vide a triggered display when the internal signal is too
low in amplitude for correct triggering, or contains signal
components on which it is not desired to trigger. It is also
useful when signal tracing in amplifiers, phase-shift net-
works, wave-shaping circuits, etc. The signal from a single
point in the circuit can be connected to the EXT TRIG IN-
PUT connector through a signal probe or cable. The sweep
is then triggered by the same signal at all times and al-
lows amplitude, time relationship or waveshape changes
of signals at various points in the circuit to be examined
without resetting the triggering controls.

EXT = 10. Operation in the EXT =10 position is the
same as described for EXT except that the external trig-
gering signal is attenuated ten times. Attenuation of high-
amplitude external triggering signals is desirable to broaden
the range of the Triggering LEVEL control. When the COU-
PLING switch is set to LF REJ, attenuation is about 20:1.

Trigger Coupling

Four methods of coupling the trigger signal to the trig-
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 will trig-
ger the sweep.

AC. The AC position blocks the dc component of the
trigger signal. Signals with low-frequency components be-
low about 30 cps will be attenuated. In general, AC cou-
pling can be used for most applications. However, if the
trigger signal contains unwanted components or if the
sweep is to be triggered at a dc level, one of the remain-
ing COUPLING switch positions will provide a better dis-
play.

The triggering point in the AC position depends on the
average voltage level of the trigger signal. [f the trigger
signals occur in a random fashion, 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 maintain a stable display. In such cases, use

DC coupling.

LF REJ. In the LF REJ position, dc is rejected and sig-
nals below about 30kc are attenuated. Therefore, the
sweep will be triggered only by the higher-frequency com-
ponents of the signal. This position is particularly useful
for providing stable triggering if the trigger signal contains
line-frequency components. Also, in the ALT position of
the MODE switch, the LF REJ position provides the best
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display at high sweep rates when comparing two unrelated
signals (TRIGGER switch set to NORM).

HF REJ. The HF REJ position passes all low-frequency
signals between about 30 cps and 50 kc. Dc is rejected and
signals outside the given range are attenuated. When
triggering from complex waveforms, this position is use-
ful for providing stable display of low-frequency compo-
nents.

DC. DC coupling can be used to provide stable trig-
gering with low-frequency signals which would be attenu-
ated 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 waveforms. When using
internal triggering, the setting of the Vertical POSITION
controls will affect the dc trigger level.

DC trigger coupling should not be used in the ALT dual-
trace mode if the TRIGGER switch is set to NORM. 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 TRIGGER switch set to CH 1 ONLY.

Trigger Slope

The Triggering SLOPE switch determines whether the trig-
ger circuit responds on the positive-going or negative-going
portion of the trigger signal. When the SLOPE switch is in
the + (positive-going) position, the display will start with
the positive-going portion of the waveform; in the — (neg-
ative-going) position, the display will start with the negative-
going portion of the waveform (see Fig. 2-7). When sev-
eral cycles of a signal appear in the display, the setting
of the SLOPE switch will probably be unimportant. How-
ever, if only a certain portion of a cycle is to be displayed,
correct setting of the SLOPE switch will provide a display
which starts on the desired slope of the input signal.

Trigger Level

The Triggering LEVEL control 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
circuit responds at a more positive point on the trigger signal.
When the LEVEL control is set in the — region, the trigger
circuit responds at a more negative point on the trigger sig-
nal. 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 set the LEVEL con-
trol to 0 {except for DC coupling). If the display does not
start at the desired point, adjust the LEVEL control for cor-
rect triggering. In the DC position of the COUPLING
switch, correct triggering may be obtained at any setting
of the LEVEL control, depending on the dc level of the trig-
ger signal. To obtain correct triggering, set the LEVEL
control counterclockwise. Then turn the LEVEL control clock-
wise until the display is triggered at the correct dc level.

High-Frequency Stability

The HF STAB control is used to provide a stable display
of signals requiring sweep rates of 10 or 20 nanoseconds/
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division. If a stable display cannot be obtained using the
LEVEL control (trigger signal must have adequate ampli-
tude), adjust the HF STAB control for minimum horizontal
jitter. This control has little effect at lower sweep rates.

A Sweep Mode

AUTO TRIG. Avutomatic triggering can be used for most
applications. It is particularly useful where a reference
trace is needed in the absence of a trigger signal. When
a trigger signal is available, a stable display can be ob-
tained by correct adjustment of the LEVEL control as de-
scribed previously. The A SWEEP TRIG'D light indicates
when the A Sweep Generator is triggered.

When the trigger repetition rate is less than about 20 cps,
or in the absence of a trigger signal, the A Sweep Gen-
erator free runs to produce a reference trace. When a
trigger signal is again applied, the free running condition
ends and the A Sweep Generator is triggered to produce
a stable display.

NORM TRIG. Operation in the NORM TRIG position
when a trigger signal is applied is the same as in the AUTO
TRIG position. The A SWEEP TRIG'D light will indicate when
the sweep is triggered. However, when a trigger signal is
not applied, the A Sweep Generator will remain off and
the screen will be blanked.

Use the NORM TRIG mode to display signals with repeti-
tion rates below about 20 cps. Also use the mode when a
trace is not desired in the absence of trigger signals.

SINGLE SWEEP. When the signal to be displayed is
not repetitive or varies in amplitude, shape or time, a con-
ventional repetitive display may produce an unstable pre-
sentation. To avoid this, use the single-sweep feature of
the Type 453.

The SINGLE SWEEP mode can also be used to photo-
graph a non-repetitive signal. To use the SINGLE SWEEP
mode, first make sure the trigger circuit will trigger on the
event you wish to display. Set the A SWEEP MODE switch
to AUTO TRIG or NORM TRIG and obtain the best pos-
sible display in the normal manner. Then, set the A SWEEP
MODE switch to SINGLE SWEEP and press the RESET but-
ton. When the RESET button is pushed, the next trigger
pulse will initiate the sweep and a single trace will be pre-
sented on the screen. After the sweep is complete, the A
Sweep Generator will be ‘locked out’ until reset. The RE-
SET light located inside the RESET button will light when
the A Sweep Generator circuit has been reset and will go
out after the sweep is complete. To prepare the circuit
for another single-sweep display, press the RESET button
again.

Selecting Sweep Rate

The A AND B TIME/DIV switch selects calibrated sweep
rates for the Sweep Generators. The VARIABLE control
provides continuously variable sweep rates between the set-
tings of the TIME/DIV switch. Whenever the UNCAL A
OR B light is on, the sweep rate of either A or B Sweep
Generator, or both, is uncalibrated. The light is off when
the A VARIABLE (front panel) and B TIME/DIV VARIABLE
(side panel) controls are both set to the CAL position,
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Fig. 2-8. A AND B TIME/DIV switch.

The sweep rate of A Sweep Generator is bracketed by
the two black lines on the clear plastic inner flange of the
TIME/DIV switch (see Fig. 2-8). The B Sweep Generator
sweep rate is indicated by the dot on the DELAYED SWEEP
knob. When the dot on the outer knob is set to the same
position as the lines on the inner knob, the two knobs lock
together and the sweep rate of both Sweep Generators is
changed at the same time. However, when the DELAYED
SWEEP knob is pulled outward, the inner flange is dis-
engaged and only the B Sweep Generator sweep rate is
changed. This allows changing the delayed sweep rate
without changing the delay time determined by the A
Sweep Generator.

When making time measurements from the graticule,
the area between the first and ninth graticule lines pro-
vides the most linear time measurement (see Fig. 2-9).
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Fig. 2-9. Area of graticule used for accurate time measurements.
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Therefore, the first and last division of the display should
not be used for making accurate time measurements. Posi-
tion the start of the timing area to the first graticule line
and set the TIME/DIV switch so the end of the timing area
falls between the first and ninth graticule lines.

Sweep Magnification

The sweep magnifier expands the sweep ten times. The
center division of the unmagnified display is the portion
visible on the screen in magnified form (see Fig. 2-10).
Equivalent length of the magnified sweep is about 100
divisions; any 10 division portion may be viewed by ad-
justing the Horizontal POSITION control to bring the desired
portion onto the viewing area. The FINE position control
is particularly useful when the magnifier is on, as it pro-
vides positioning in small increments for more precise con-
trol.

To use the magnified sweep, first move the portion of
the display which is to be expanded to the center of the grati-
cule. Then set the MAG switch to X 10. The FINE position
control can be adjusted to move the magnified portion to
the desired position. The light located below the MAG
switch is on whenever the switch is set to X10.
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Fig. 2-10. Operation of sweep magnifier.

When the MAG switch is set to X 10, the sweep rate is
determined by dividing the TIME/DIV switch setting by
10. For example, if the TIME/DIV switch is set to .5 uSEC,
the magnified sweep rate is 0.05 microsecond/division. The
magnified sweep rate must be used for all time measure-
ments when the MAG switch is set to X10. The magnified
sweep rate is calibrated when the UNCAL A OR B light
is off.

Delayed Sweep

The delayed sweep (B Sweep) is operable in the A INTEN
DURING B and DELAYED SWEEP (B) positions of the HORIZ
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DISPLAY switch. The A Sweep determines the time that B
Sweep is delayed. Sweep rate of the de'ayed portion is
determined by the B TIME/DIV (DELAYELZ SWEEP} switch
setting.

In the A INTEN DURING B position, the display will
appear similar to Fig. 2-11a. The amount of delay time
between the start of A Sweep and the intensified portion
is determined by the setting of the A TIME/DIV switch and
the DELAY-TIME MULTIPLIER dial. Fig. 2-12 shows the
DELAY-TIME MULTIPLIER dial. The outer numbers are major
dial divisions and the inner numbers, minor dial divisions.
For example, the DELAY-TIME MULTIPLIER reading as
shown in Fig. 2-12 is 3.55; 3 major divisions and 55 minor
divisions. This reading multiplied by the setting of the A
TIME/DIV switch gives the calibrated delay time of B
Sweep.

Intensified
portion

4

Wit FEw e FW
LAR/LARERRS R

s FEEEE + IS W T FETEE S
T AR RS EERERE RS T ey

4+

e e S
+H

+

3

(b)

Fig. 2-11. (a) A INTEN DURING B display (A TIME/DIV, .5
mSEC; B TIME/DIV, 50 ySEC), (b) DELAYED SWEEP (B) display.

The intensified portion of the display is produced by
B Sweep. The length of this portion is about 10 times the
setting of B TIME/DIV switch. When the HORIZ DISPLAY
switch is set to DELAYED SWEEP (B), only this intensified
portion is displayed on the screen at the sweep rate in-
dicated by the B TIME/DIV switch {see Fig. 2-11b).

B SWEEP MODE. The B SWEEP MODE switch provides
two modes of delayed sweep. Fig. 2-13 illustrates the dif-
ference between these two modes. In the B STARTS AFTER
DELAY TIME position, the B Sweep is presented immediately
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Fig. 2-12. DELAY-TIME MULTIPLIER dial. Reading shown: 3.55.

after the delay time (see Fig. 2-13a). The B Sweep is es-
sentially free running. However, since the delay time is the
same for each sweep, the display will appear stable. In
the B TRIGGERABLE AFTER DELAY TIME position, the B
Sweep operates only when triggered after the delay time
(see Fig. 2-13b). The B Triggering controls operate as de-
scribed in this section.

A SWEEP LENGTH. The A SWEEP LENGTH control is
most useful when used with delayed sweep. As the control
is rotated counterclockwise from the FULL position, the length
of A Sweep decreases until it is about 4 divisions long in
the counterclockwise position (not in B ENDS A detent). The
B ENDS A position produces a display which ends immedi-
ately following B Sweep (B Sweep must end before the
normal end of A Sweep). The A SWEEP LENGTH control is
used to increase the repetition rate of delayed sweep dis-

plays.

To use the A SWEEP LENGTH control, set the HORIZ DIS-
PLAY switch to A INTEN DURING B and set the delay time
and delayed sweep rate in the normal manner. Turn the
A SWEEP LENGTH control counterclockwise until the sweep
ends immediately following the intensified portion on the dis-
play. Now set the HORIZ DISPLAY switch to DELAYED
SWEEP (B). Using this procedure, the maximum repetition
rate will be obtained. In the B ENDS A position, the maxi-
mum delayed sweep repetition rate is automatically main-
tained. However, care must be taken to avoid incorrect
displays since A Sweep repetition rate is now a function of
the DELAY-TIME MULTIPLIER dial and B TIME/DIV switch
setting.

Delayed Sweep Operation. To obtain a delayed sweep
display use the following procedure.

1. Set the HORIZ DISPLAY switch to A INTEN DURING B.

2. Set the B SWEEP MODE switch to the desired setting.
If B TRIGGERABLE AFTER DELAY TIME is used, correct trig-
gering is also necessary.

3. Set the delay time with the A TIME/DIV switch and the
DELAY-TIME MULTIPLIER dial.

4. Pull the DELAYED SWEEP (B TIME/DIV) knob out and
set to the desired sweep rate.
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5. If the B TRIGGERABLE AFTER DELAY TIME position is
used, check the display for an intensified portion. Absence
of the intensified zone indicates that B Sweep is not correctly
triggered.

6. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).
The intensified zone shown in the A INTEN DURING B posi-
tion is now displayed at the sweep rate selected by B TIME/
DIV,

Several examples of the uses of the delayed sweep feature
are given under ‘Basic Applications’ in this section.

External Horizontal Deflection

Ih some applications, it is desirable to display one signal
versus another (X-Y) rather than against time (internal sweep).
The EXT HORIZ position of the HORIZ DISPLAY switch pro-
vides a means for applying an external signal to the hori-
zontal amplifier for this type of display.

Two modes of external horizontal operation are provided.
When the TRIGGER switch is set to CH 1 ONLY, the B Trig-
gering SOURCE switch to INT and the COUPLING switch
to DC, the horizontal deflection is provided by a signal
applied to the Channel 1 INPUT connector. The CH 1
VOLTS/DIV setting indicates the calibrated horizontal deflec-
tion factor (Channel 1 VARIABLE control inoperative). Center
the Horizontal POSITION control and use the Channel 1
POSITION control for horizontal positioning.

In the EXT and EXT 10 positions of the B Triggering
SOURCE switch, external horizontal deflection is provided by
a signal applied to the EXT HORIZ input connector (B Trig-
gering EXT TRIG INPUT). The signal coupling provided by
the B Triggering COUPLING switch may be used to select
or reject components of the external horizontal signal. Using
this mode of operation, the horizontal deflection factor is
uncalibrated.

Intensity Modulation

Intensity (Z-axis) modulation can be used to relate further
information to the displayed signal without changing the
shape of the waveform. The modulating signal is applied to
the crt through the rear-panel Z AXIS INPUT binding posts.
The voltage amplitude required for visible trace modulation
depends on the setting of the INTENSITY control. At normal
intensity level, a 5-volt peak-to-peak signal will produce a
visible change in brightness.

Time markers applied to the Z AXIS INPUT binding posts
provide a direct time reference on the display. With un-
calibrated horizontal sweep or external horizontal deflection,
the time-markers provide a means of reading time directly
from the display. If the markers are not time-related to the
displayed waveform, a single-sweep display should be used
(internal sweep only) to provide a stable display. The
sharpest display will be provided by intensity modulation
signals with a fast rise and fall. When the Z AXIS INPUT
is not in use, keep the ground strap in place.

Calibrator

The 1-kc square-wave calibrator of the Type 453 provides
a convenient signal source for checking vertical gain and
basic horizontal timing. However, to provide maximum

®
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Fig. 2-13. Comparison of the delayed-sweep modes.

{a) B STARTS AFTER DELAY TIME,

play the B Sweep is delayed a selected amount of time by A Sweep.

measurement accuracy, the adjustment procedure given in
the Calibration section should be used. The Calibrator signal
is also very useful for checking and adjusting probe compen-
sation as described in the probe instruction manual. In addi-
tion, the calibrator can be used as a convenient signal source

for application

Voltage. The Calibrator provides peak-to-peak square-
wave voltages of 0.1 and 1 volt. Voltage range is selected

to external equipment.

by the CALIBRATOR switch on the side panel.

Current.

®

The current loop, located on the side panel,

(b) B TRIGGERABLE AFTER DELAY TIME. In each dis-

provides a 5 milliamp peak-to-peak square-wave current
which can be used to check and calibrate current-probe sys-
tems. This current signal is obtained by clipping the probe
around the current loop. Current is constant through the loop
in either position of the CALIBRATOR switch. The arrow
above the PROBE LOOP indicates conventional current flow;

from + to —.

Frequency. The Calibrator circuit uses frequency stable
components to maintain accurate frequency and constant
duty cycle. Thus the Calibrator can be used for checking

the basic horizontal timing as given above.
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BASIC APPLICATIONS

The following information describes the procedure and
technique for making basic measurements with a Type 453
Oscilloscope. These applications are not described in detail
since each application must be adapted to the requirements
of the individual measurements. Familiarity with the Type
453 will permit these basic techniques to be applied to a
wide variety of uses.

Peak-to-Peak Voltage Measurements—AC

To make a peak-to-peak voltage measurement, use the
following procedure:

1. Connect 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 5 divisions
of the waveform.

4. Set the AC GND DC switch to AC.

NOTE

For low-frequency signals below about 16 cps,
use the DC position.

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

Position to
Centerline
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Fig. 2-14. Measuring peak-to-peak voltage of a waveform.

6. Turn the Vertical POSITION control so the lower por-
tion 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
vertical centerline (see Fig. 2-14).

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

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

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

Example. Assume a peak-to-peak vertical deflection of
4.6 divisions (see Fig. 2-14} using a 10X attenuator probe and
a VOLTS/DIV switch setting of .5.

Using the formula:

vertical probe
Peakviahspeok = deflection X Vos«';ths/DN X_ aftenuation
(divisions) 'ng factor

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

Instantaneous Voltage Measurements—DC

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

1. Connect 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 5 divisions
of the waveform.

4. Set the AC GND DC switch to GND.
5. Set the A SWEEP MODE switch to AUTO TRIG.

6. Position the trace to the bottom line of the grati-
cule 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 reference line has been established.

NOTE

To measure a voltage level with respect to another
voltage rather 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 ref-
erence line can be checked at any time by switching to the
GND position.

8. Set the A Triggering controls to obtain a stable dis-
play. Set the TIME/DIV switch to a setting that will display

the desired waveform.

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. 2-15 the measure-
ment 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 (INVERT switch pushed in if using Chan-
nel 2).
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Fig. 2-15. Measuring instantaneous dc voltage with respect to a
reference.

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

Example. Assume that the vertical distance measured is
4.6 divisions (see Fig. 2-15), the waveform is above the ref-
erence line, using a 10X attenuator probe and a VOLTS/
DIV setting of 2.

Using the formula:

Instantaneous  __
Voltage
vertical probe
distance X polarity XVOLTS./DN X attenuation
L setting
(divisions) factor

Substituting the given values:

Instantaneous ___
Voltage = 46 X +1 X 2 X 10

The instantaneous voltage would be +92 volts.

Voltage Comparison Measurements

in some applications it may be necessary to establish a
set of deflection factors other than those indicated by the
VOLTS/DIV switch. This is useful for comparing signals to
a reference voltage amplitude. To establish a new set of
deflection factors based upon a specific reference amplitude,
proceed as follows.

1. Apply the reference signal of known amplitude to
either INPUT connector. Set the MODE switch to display the
channel used. Using the VOLTS/DIV switch and the VARI-
ABLE control, adjust the display for an exact number of
divisions. Do not move the VARIABLE VOLTS/DIV 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 Deflec-
tion Conversion Factor.

®
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Deflection ~ reference signal amplitude (volts)
Conversion == - o .
Factor deflection (divisions) X VOLTS/DIV setting

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

Adjusted Deflection
Deflection — VOLT$/D|V X Conversion
setting
Factor Factor

This Adjusted Deflection Factor applies only to the chan-
nel used and is correct only if the VARIABLE VOLTS/DIV

control is not moved from the position set in step 1.

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 will provide
sufficient deflection to make the measurement. Do not read-
just the VARIABLE VOLTS/DIV control.

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

Adjusted 4 flection
= Deflection X divisi
Factor (divisions)

Signal
Amplitude

Example. Assume a reference signal amplitude of 30
volts, a VOLTS/DIV setting of 5 and a deflection of 4 divi-
sions. Substituting these values in the Deflection Conversion
Factor formula (step 2):

Deflection
. 30
Conversion = y 5 =15
Factor X

Then, with a VOLTS/DIV switch setting of 10, the Adjusted
Deflection Factor (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 5 divisions,
use the Signal Amplitude formula (step 6):

Signal  __ _
Amplitude — 15 X 5 = 75 volts

Time-Duration Measurements

To measure time between two points on a waveform, use
the following procedure.

1. Connect 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 5 divisions
of the waveform.

4. Set the A Triggering controls to obtain a stable display.
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Fig. 2-16. Measuring the time duration between points on a
waveform.

5. Set the TIME/DIV switch to the fastest sweep rate that
will display less than eight divisions between the time meas-
urement points (see Fig. 2-16). See the topic entitled 'Select-
ing Sweep Rate’ in this section concerning non-linearity of
first and last divisions of display.

6. Adjust the Vertical POSITION control to move the
points between which the time measurement is made to the
horizontal centerline.

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

8. Measure the horizontal distance between the time
measurement points, Be sure the A VARIABLE 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. Assume that the distance between the time
measurement points is 5 divisions (see Fig. 2-16) and the
TIME/DIV switch is set to .1 mSEC with the magnifier off.

Using the formula:

horizontal
distance X Tli\gﬁ{r?lv
(divisions) >

Time Duration = - —
magnification

Substituting the given values:
5 X 0.1

1
The time duration would be 0.5 milliseconds.

Time Duration =

Frequency Measurements

The frequency of a periodically-recurrent waveform can
be determined as follows.

1. Measure the time duration of one cycle of the wave-
form as described in the previous application.
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2. Frequency of a signal is the reciprocal of the time
duration of one cycle.

Example. The frequency of the signal shown in Fig. 2-16
which has a time duration of 0.5 milliseconds would be:

1 1

Frequency = - -— — =
L 4 time duration 0.5

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 90% points of the waveform.
Falltime can be measured in the same manner on the trail-
ing edge of the waveform.

1. Connect the signal to either INPUT connector.
2. Set the MODE switch to display the channel used.

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

4. Center the display about the horizontal centerline.

5. Set the TIME/DIV switch to the fastest sweep rate that
will display less than eight divisions between the 109% and
90% points on the waveform.

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

7. Adjust the Horizontal POSITION control to move the
10% point of the waveform to the first graticule line. For
example, with a 4-division display as shown in Fig. 2-17, the
10% point would be 0.4 division up from the start of the
rising portion.

8. Measure the horizontal distance between the 10% and
90% points. Be sure the A VARIABLE 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. Assume that the horizontal distance between
the 10% and 909% points is 4 divisions (see Fig. 2-17) and the
TIME/DIV switch is set to 1 ;SEC with the MAG switch set
to X10.

Applying the time duration formula to risetime:

horizontal
distance X TIMfEt(DIV
(divisions) setiing

"~ magnification

Risetime -
(Time Duration}

Substituting the given values:

41

Risetime == 10

The risetime would be 0.4 microsecond.
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10. Adjust the Horizontal POSITION control so the Chan-
nel 1 (reference) waveform crosses the horizontal centerline
at a vertical graticule line.

11. Measure the horizontal difference between the Chan-
nel 1 waveform and the Channel 2 waveform (see Fig. 2-18).

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

Channel 1 (Reference) Channel 2

| so,'/.l, \\

Amplitude
Level
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-+
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I I
[Ia— Horizontal —]
Distance
Fig. 2-17. Measuring risetime.
TABLE 2-2
Vertical Display 10% and 90%
(Divisions) points
4 0.4 division
5 0.5 division
6 0.6 division

Time-Difference Measurements

The calibrated sweep rate and dual-trace features of the
Type 453 allow measurement of time difference between
two separate events. To measure time difference, use the
following procedure.

1. Set the AC GND DC switches to the desired coupling
positions.

2. Set the MODE switch to either CHOP or ALT. In gen-
eral, CHOP is more suitable for low-frequency signals and
the ALT position is more suitable for high-frequency signals.
Mcre information on determining the mode is given under
‘Dual-Trace Operation’ in this section.

3. Set the TRIGGER switch to CH 1 ONLY.

4. Connect the reference signal to Channel 1 INPUT and
the comparison signal to Channel 2 INPUT. The reference
signal should precede 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 the INVERT
switch out to invert the Channel 2 display.

6. Set the VOLTS/DIV switches to produce 4- or 5-
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
wavefcrm (or the points on the display between which the
measurement is made) in relation to the horizontal center-
fine.

®

Fig. 2-18. Measuring time difference between two pulses.

Example. Assume that the TIME/DIV switch is set to 50
uSEC, the MAG switch to X 10 and the horizontal difference
between waveforms is 4.5 divisions (see Fig. 2-18).

Using the formula:

horizontal
TiMi{EIV X difference
setiing (divisions)

Ti Del = — —
ime Delay magnification

Substituting the given values:

50 X 45

Time Delay = 10

The time delay would be 22.5 microseconds.

Delayed Sweep Time Measurements

The delayed sweep mode can be used to make accurate
time measurements. Overall accuracy of the time meas-
urement will be affected by the following factors.

a. Accuracy of the A Sweep Generator at the sweep rate
used.

b. DELAY-TIME MULTIPLIER dial incremental linearity.

The following measurement determines the time difference
between two pulses displayed on the same trace. This ap-
plication may also be used to measure time difference from
two different sources (dual-trace) or to measure time duration
of a single pulse.

1. Connect the signal to either INPUT connector. Set the
MODE switch to display the channel used.
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2. Set the VOLTS/DIV switch to produce a display about
4 divisions in amplitude.

3. Set the A TIME/DIV switch to a sweep rate which dis-
plays about 8 divisions between the pulses.

4. Adjust the A Triggering controls for a stable display.

5. Set the HORIZ DISPLAY switch to A INTEN DURING B
and the B SWEEP MODE switch to B STARTS AFTER DELAY
TIME.

6. Set the B TIME/DIV switch to a setting 1/100 of the
A TIME/DIV sweep rate. This will produce an intensified
portion about 0.1 division in length.

7. Turn the DELAY-TIME MULTIPLIER dial to move the
intensified portion to the first pulse.

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B}.

9. Adjust the DELAY-TIME MULTIPLIER dial to move the
pulse (or the rising portion) to the vertical centerline. Note
the reading on the DELAY-TIME MULTIPLIER dial.

10. Turn the DELAY-TIME MULTIPLIER dial clockwise
until the second pulse is positioned to this same point (if
several pulses are displayed, return to the A INTEN DURING
B position to locate the correct pulse). Again note the dial
reading.

11. Subtract the first reading from the second and multi-
ply by the setting of the A TIME/DIV switch. This is the
time interval between the pulses.

Example. Assume the first dial reading is 1.31 and the
second dial reading is 8.81 with the TIME/DIV switch set to
0.2 microsecond (see Fig. 2-19).

Using the formula:

Time Difference
(delayed sweep) —

first dial
reading

second dial
reading

A TIME/DIV
setting

Substituting the given values:
Time Difference — (8.81 — 1.31) X 0.2.

The time difference would be 1.5 microseconds.

Delayed Sweep Magnification

The delayed sweep feature of the Type 453 can be used
to provide higher apparent magnification than is provided
by the MAG switch. The sweep rate of the DELAYED
SWEEP (B Sweep) is not actually increased; the apparent
magnification is the result of delaying the B Sweep an
amount of time selected by the A TIME/DIV switch and the
DELAY-TIME MULTIPLIER dial before the display is presented
at the sweep rate selected by the B TIME/DIV switch. At
higher apparent magnification ranges, the ‘Triggered De-
layed Sweep Magnification' procedure should be used.

1. Connect the signal to either INPUT connector. Set
the MODE switch to display the channel used.

2. Set the VOLTS/DIV switch to produce a display about
4 divisions in amplitude.
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(b) DELAYED SWEEP (B) display.

Fig. 2-19. Measuring time difference using delayed sweep.

3. Set the A TIME/DIV switch to a sweep rate which dis-
plays the complete waveform.

4, Adjust the A Triggering controls for a stable display.

5. Set the HORIZ DISPLAY switch to A INTEN DURING
B and the B SWEEP MODE switch to B STARTS AFTER DE-
LAY TIME.

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

7. Set the B TIME/DIV switch to a setting which intensi-
fies the full portion to be magnified. The start of the in-
tensified trace will remain as positioned above.

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

9. Time measurements can be made from the display in
the conventional manner. Sweep rate is determined by the
setting of the B TIME/DIV switch.

10. The apparent sweep magnification can be calculated
by dividing the A TIME/DIV setting by the B TIME/DIV
setting.
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Fig. 2-20. Using delayed sweep for sweep magnification.

Example. The apparent magnification of the display
shown in Fig. 2-20 with an A TIME/DIV setting of .1 mSEC
and a B TIME/DIV setting of 1 uSEC would be:

A TIME/DIV setting
B TIME/DIV setting

Apparent Magnification
(Delayed Sweep)

Substituting the given values:

Apparent 1 X 10

1 X 10

Magpnification
The apparent magnification would be 100 times.

Triggered Delayed Sweep Magnification. The delayed
sweep magnification method just described may produce
too much jitter at high apparent magnification ranges. The
B TRIGGERABLE AFTER DELAY TIME position of the B
SWEEP MODE switch provides a more stable display since
the delayed display is triggered at the same point each
time.

1. Set up the display as given in steps 1 through 7 de-
scribed above.

2. Set the B SWEEP MODE switch to B TRIGGERABLE
AFTER DELAY TIME.

®
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3. Adjust the B Triggering LEVEL control so the intensi-
fied portion on the trace is stable. (If an intensified por-
tion cannot be obtained, see step 4.)

4. Inability to intensify the desired portion indicates that
the signal does not meet the triggering requirements.
If the condition cannot be remedied with the B Triggering
LEVEL control or by increasing the display amplitude (lower
VOLTS/DIV setting), externally trigger B Sweep.

5. When the correct portion is intensified, set the HORIZ
DISPLAY switch to DELAYED SWEEP (B). Slight readjustment
of the B Triggering LEVEL control may be necessary for a
stable display.

6. Measurement and magnification are as described
above.

Displaying Complex Signals Using Delayed
Sweep

Complex signals often consist of a number of individual
events of differing amplitudes. Since the trigger circuits
are sensitive to changes in signal amplitude, a stable dis-
play can normaily be obtained only when the sweep is
triggered by the event(s) having the greatest amplitude.
However, this may not produce the desired display of a
lower amplitude event which follows the triggering event.
The delayed sweep feature provides a means of delaying
the start of the B Sweep by a selected amount following
the event which triggers the A Sweep Generator. Then,
the part of the waveform which contains the information
of interest can be displayed. Fig. 2-21 demonstrates this
feature. Follow the operation under ‘Delayed Sweep Mag-
nification’ or ‘Triggered Delayed Sweep Magnification’ to
obtain a display in this mode.

Delayed Trigger Generator

The B GATE output signal can be used to trigger an ex-
ternal device at a selected delay time after the start of
A Sweep. The delay time of the B GATE output signal
can be selected by the setting of the DELAY-TIME MULTI-
PLIER dial and A TIME/DIV switch.

A Sweep Triggered Internally. When A Sweep is trig-
gered internally to produce a normal display, the delayed
trigger may be obtained as follows.

1. Obtain a triggered display in the normal manner.

2. Set the HORIZ DISPLAY switch to A INTEN DUR-
ING B.

3. Select the amount of delay from the start of A Sweep
with the DELAY-TIME MULTIPLIER dial. Delay time can
be calculated in the normal manner.

4. Set the B SWEEP MODE switch to B STARTS AFTER
DELAY TIME.

5. Connect the B GATE signal to the external equipment.

6. The duration of the B GATE pulse is determined by
the setting of the B TIME/DIV switch.

7. The external equipment will be triggered at the start
of the intensified portion if it responds to positive-going
triggers, or at the end of the intensified portion if it re-
sponds to negative-going triggers.
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Fig. 2-21. Displaying a complex signal using delayed sweep.

A Sweep Triggered Externally. This mode of opera-
tion can be used to produce a delayed trigger with or
without a corresponding display. Connect the external
trigger signal to the A Triggering EXT TRIG INPUT con-
nector and set the A Triggering SOURCE switch to EXT. Fol-
low the operation given above to obtain the delayed trig-

ger.

Normal Trigger Generator

Ordinarily, the signal to be displayed also provides
the trigger signal for the oscilloscope. In some instances,
it may be desirable to reverse this situation and have the
oscilloscope trigger the signal source. This can be done
by connecting the A GATE signal to the input of the sig-
nal source. Set the A Triggering LEVEL control fully clock-
wise, A SWEEP MODE switch to AUTO TRIG and adjust
the A TIME/DIV switch for the desired display. Since the
signal source is triggered by a signal that has a fixed time
relationship to the sweep, the output of the signal source
can be displayed on the crt as though the Type 453 were
triggered in the normal manner.

Multi-Trace Phase Difference Measurements

Phase comparison between two signals of the same fre-
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quency can be made using the dual-trace feature of the
Type 453. This method of phase difference measurement
can be used up to the frequency limit of the vertical sys-
tem. To make the comparison, use the following 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 CHOP or ALT. In gen-
eral, CHOP 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
‘Dual-Trace Operation’ in this section.

3. Set the TRIGGER switch to CH 1 ONLY.

4. Connect the reference signal to Channel 1 INPUT and
the comparison signal to Channel 2 INPUT. The reference
signal should precede 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 the IN-
VERT switch out to invert the Channel 2 display.

6. Set the VOLTS/DIV switches and the VARIABLE VOLTS/
DIV controls so the displays are equal and about 5 divi-
sions in amplitude.

7. Set the triggering controls to obtain a stable display.

8. Set the TIME/DIV switch to a sweep rate which displays
about 1 cycle of the waveform.

9. Move the waveforms to the center of the graticule
with the Vertical POSITION controls.

10. Turn the A VARIABLE control until 1 cycle of the
reference signal (Channel 1) occupies exactly 9 divisions
horizontally (see Fig. 2-22). Each division of the graticule
represents 40° of the cycle (360° = 9 divisions = 40°/
division). This is the phase factor.

11. Measure the horizontal difference between correspond-
ing points on the waveform.

12. Multiply the measured distance (in divisions] by 40°
(phase factor) to obtain the exact amount of phase dif-
ference.

Example. Assume a horizontal difference of 0.6 divi-
sions with a phase factor of 40° as shown in Fig. 2-22.

Using the formula:

horizontal hase
Phase Difference = difference X ]?
.. actor
(divisions)

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

More Accurate Phase Measurements. More accurate
dual-trace phase measurements can be made by increas-
ing the sweep rate (without changing the A VARI-
ABLE control setting). One of the easiest ways to increase
the sweep rate is with the MAG switch. Delayed
sweep magnification may also be used. The adjusted phase
factor is determined by dividing the phase factor obtained
previously by the increase in sweep rate.
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Fig. 2-22. Measuring phase difference.

Example. If the sweep rate were increased 10 times
with the magnifier, the adjusted phase factor would be
40° <+ 10 = 4°/division. Fig. 2-23 shows the same sig-
nals as used in Fig. 2-22 but with the MAG switch set to
X 10. With a horizontal difference of 6 divisions, the phase
difference would be:

horizontal adjusted
Phase Difference = difference X phase
(division) factor
Substituting the given values:
Phase Difference = 6 X 4°
The phase difference would be 24°.
Channel 1
(Reference) Chann!el 2
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Fig. 2-23. Accurate phase-difference measurement with increased
sweep rate.

X-Y Phase Measurements

The X-Y phase measurement method can be used to
measure the phase difference between two signals of the
same frequency. This method provides a more precise
method of measurement for signal frequencies up to about
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100 ke than the multi-trace method discussed previously.
However, above this frequency the inherent phase difference
between the vertical and horizontal systems makes accu-
rate phase measurement difficult. In this mode, one of the
sine-wave signals provides horizontal deflection (X) while
the other signal provides the vertical deflection (Y). The
phase angle between the two signals can be determined
from the lissajous pattern as follows.

1. Connect one of the sine-wave signals to both the Chan-
nel 1 INPUT and the Channel 2 INPUT connectors. (Note:
steps 1 through 5 measure inherent phase difference be-
tween the X and Y amplifiers to provide more accurate
X-Y phase measurements; not necessary below about 1 ke.)

2. Set the HORIZ DISPLAY switch to EXT HORIZ. Set the
TRIGGER switch to CH 1 ONLY and the B Triggering
SOURCE switch to INT.

3. Position the display to the center of the screen and
adjust the YOLTS/DIV switches to produce about 4 divisions
in each direction. The CH 1 VOLTS/DIV switch controls
the horizontal deflection (X} and the CH 2 VOLTS/DIV
switch controls the vertical deflection (Y).

4, Center the display in relation to the vertical grati-
cule line. Measure the distances A and B as shown in Fig.
2-25. Distance A is the vertical measurement between the
two points where the trace crosses the vertical centerline.
Distance B is the maximum vertical height of the dipslay.

5. Divide A by B to obtain the sine of the phase angle
(¢} between the two signals. The angle can then be ob-
tained from a trigonometric table. If the display appears
as a diagonal straight line, the two signals are either in
phase (tilted upper right to lower left) or 180° out of phase
{tilted upper left to lower right). If the display is a circle,
the signals are 90° out of phase. Fig. 2-24 shows the
lissajous displays produced between 0° and 360°. Notice
that above 180° phase shift, the resultant display will be the
same as at some lower frequency.

6. Connect the Y signal to Channel 2 INPUT connector.
Repeat steps 2 through 5 to measure phase angle.

7. Subtract the inherent phase difference from the phase
angle ¢ to obtain the actual phase difference.

Example. Assume an inherent phase difference of 2°
with a display as shown in Fig. 2-25 where A is 2 divi-
sions and B is 4 divisions.

Using the formula:

Sine ¢ = %

Substituting the given values:

Sine ¢ = ~i— =05

From the trigonometric tables:
6 = 30°

To adjust for the phase difference between X and Y am-
plifiers, subtract the inherent phase factor.
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Fig. 2-24. Phase of lissajous displays. (a) 0° or 360°, {(b) 30° or 330° (c) 90° or 270°, (d} 150° or 210° and (e) 180°.

Actual Inherent
Phase = ¢ —  Phase
Factor Difference

Substituting the given values:

Actual
Phase = 30° — 2° = 28°
Factor
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Fig. 2-25. Phase-difference measurement
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from an X-Y display.

Common-Mode Rejection

The ADD feature of the Type 453 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 Channel 1 INPUT connector.

2. Connect a signal similar to the unwanted portion of
the Channel 1 signal to the Channel 2 INPUT connector.
For example, in Fig. 2-26 a line-frequency signal is con-
nected to Channel 2 to cancel out the line-frequency com-
ponent 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 TRIGGER switch to NORM.

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

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

@1
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(a) Channel 1 signal. (b) Channel 2 signal. (c) Resultant display.

Fig. 2-26. Using the ADD feature for common-mode rejection. (a) Channel 1 signal contains desired information along with line-frequency

p t, (b} Ch | 2 signal contains line-freq y only, (c) crt display using common-mode rejection.
8. The signal which remains should be only the desired shown in Fig. 2-26. The signal applied to Channel 1 con-
portion of the Channel 1 signal. The undesired signal is tains unwanted line-frequency components (Fig. 2-26a). A

corresponding line-frequency signal is connected to Chan-
nel 2 (Fig. 2-26b). Fig. 2-26c shows the desired portion of the

Example. An example of this mode of operation is signal as displayed when common-mode rejection is used.

cancelled out.
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SECTION 3
CIRCUIT DESCRIPTION

Introduction

This section of the manual contains an electrical descrip-
tion of each circuit in the Type 453 Oscilloscope. A de-
tailed block diagram is given for each main section in
the following description. A complete block diagram is
located in the Diagrams section of this manual. The
complete block diagram shows the relationship between
the major circuits of the instrument.

Complete schematic diagrams are also given in the Dia-
grams section. These diagrams should be referred to for
electrical values and relationship.

VERTICAL PREAMP
NOTE

The following circuit description applies to both
Ch 1 and 2 Vertical Preamps. Circuit numbers
used in this description are from Channel 1. Cir-
cuit numbers for Channel 2 will be the same,
except where circuit differences exist, only in the
100-series. Any differences between the two cir-
cuits is given under 'Ch 2 Vertical Preamp’.

Input Coupling

Input signals applied to the INPUT connector can be ac-
coupled, dc-coupled or internally disconnected. When the
AC GND DC switch, SW1, is in the DC position, the input
signal is coupled directly to the Input Attenuator. In the
AC position, the input signal is passed through a block-
ing capacitor, C1. This prevents the dc component of the
signal from passing to the amplifier. The GND position
opens the signal path and the input to the amplifier is
connected to ground. This provides a ground reference
without the need to remove the applied signal from the
INPUT connector.

Input Attenuator

The effective overall deflection factor of the Type 453
is determined by the VOLTS/DIV switch and the VARI-
ABLE control. In all positions of the VOLTS/DIV switch
above 20 mV, the basic deflection factor of the vertical
system is 20 millivolts per division of crt deflection. To in-
crease this basic deflection factor to the values indicated
on the front panel, various precision attenuators are
switched into the circuit. In the 5 and 10 mV positions, in-
put attenuation is not used. Instead, the gain of the Feed-
back Amplifier is changed to decrease the deflection factor
(see ‘Feedback Amplifier’).

For the VOLTS/DIV switch positions above 20 mV, the
attenuators are switched into the circuit singly or in pairs to
produce the vertical deflection factor indicated on the front
panel. These attenuators are frequency-compensated volt-
age dividers. For dc’and low-frequency signals they are
resistance dividers and the amount of voltage attenuation

®

is determined by the resistance in the circuit. The reactance
of the capacitors in the circuit is so high at low frequencies
that their effect is negligible. However, at higher frequen-
cies, the reactance of the capacitors decreases and the at-
tenuator becomes primarily a capacitance voltage divider.

In addition to providing correct attenuation, the Input
Attenuators are designed to maintain the same input re-
sistance (1 megohm) for each setting of the VOLTS/DIV
switch. A variable capacitor is provided to set the input
time constant of each attenuator to the same value (nom-
inally 20 pf X 1 megohm) for each setting of the VOLTS/
DIV switch.

Input Cathode Follower

The Input Cathode Follower, V23, provides a high input
impedance with low impedance output drive to the fol-
lowing circuits. This stage also serves to isolate the input
circuit and signal source from the remaining amplifier cir-
cuitry. R17 in the grid circuit of V23 is the input resistor.
This resistor is part of the attenuation network at all VOLTS/
DIV switch positions above 20 mV.

B18, D18 and D24 provide protection for V23. Neon
bulb B18 prevents the grid-to-cathode voltage limit from
being exceeded if a high amplitude negative signal is ap-
plied. Diode D18 limits the positive cathode excursion to
about +12 volts. Diode D24 clamps the cathode of V23
near ground to protect V23 until the filament reaches op-
erating temperature. It also provides limiting for negative
signals at the cathode. Limiting by D18 and D24 prevents
overdriving Q348B.

Transistor Q34A is a constant current source for V23.
The STEP ATTEN BAL adjustment, R30, varies the base level
of Q34A to provide a zero-volt level at the emitter of Q34B.
With a zero-volt level at the emitter of Q34B, the trace
position will not change when switching between the 5,
10 and 20 mV positions of the VOLTS/DIV switch.

R24 and R2¢ provide the correct operating bias for V23.
C24 improves high-frequency response of the Input Cathode
Follower.

Feedback Amplifier

The Feedback Amplifier, Q34B and Q54, provides se-
lectable gain to change the deflection factor in the 5
and 10 mV positions of the VOLTS/DIV switch. Gain of
this stage is determined by the ratio of R49 to R43, R44
or R45 (see CH 1 Attenuators diagram). R45 is always
in the circuit and provides basic gain of 2.5 times in the
20 mV and higher positions. When in the 10 mV position,
R44 provides 5 times gain; R43 provides 10 times gain in
the 5mV position. As mentioned previously, the STEP AT-
TEN BAL adjustment is set to provide zero volts at the
emitter of Q34B when the input is at zero volts. Since there
is no voltage difference across the emitter resistors (R43,
R44 and R45), changing the value of the resistance will not
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Fig. 3-1. Block diagram of Vertical Preamp circuit (Channel 1 shown).

change current in the circuit. Therefore, the trace posi-

tion will not change when switching between the 5, 10
and 20 mV positions.

Vertical position of the trace is determined by the set-
ting of the POSITION control, R40. The POSITION con-
trol changes the current into the emitter of Q34B, a low-
impedance point, which results in negligible voltage change
at this point. However, the output voltage of the stage
changes to provide positioning.

Q34A and Q34B are mounted in a common case to pro-
vide temperature compensation for the stage. When a
change in the characteristics occurs in one half of the dual
transistor because of temperature change, the other half
will be equally affected. The resuitant effect is cancella-
tion of temperature effects of Q34A and Q34B.

Zener diode D53 provides a low-impedance current source
for the emitter of Q54. It also holds the voltage across
R52 and R55 constant regardless of power-supply varia-
tions.

The Ch 1 Position Center adjustment, R55 is adjusted to
bring the collector of Q54 to zero volts when the POSI-
TION control is centered. This provides a zero-volt output
level from the Feedback Amplifier.

Output signal voltage from the Feedback Amplifier is
applied to the Paraphase Amplifier circuit and the Chan-
nel 1 Trigger Pickoff circuit.
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Paraphase Amplifier

The Paraphase Amplifier, Q84 and Q9%4, converts the
single-ended input signal to a push-pull output signal to
drive the next stage, the Delay-Line Driver. Gain of the
Paraphase Amplifier is determined by emitter degenera-
tion. As the impedance between the emitters of Q84 and
Q94 increases, emitter degeneration also increases, re-
sulting in less gain through the stage. The GAIN adjust-
ment, R90, varies the resistance between the emitters to
control overall gain of the Channel 1 Vertical Preamp.

When the VARIABLE control, R75, is moved from the CAL
position, voltage drive to the Paraphase Amplifier is at-
tenuated to provide variable deflection factors. SW75 is
ganged with R75 to turn on B75 when the VARIABLE con-
trol is moved from the CAL position.

Channel 1 Trigger Pickoff

The Channel 1 sigral at the output of the Feedback
Amplifier is connected to the Channel 1 Trigger Pickoff
circuit to provide internal triggering only from the Channel 1
signal. The signal is coupled to emitter follower Q63
through D58. D58 provides thermal compensation for Q63.
Use of an emitter follower for trigger pickoff provides
very little loading on the Ch 1 Vertical Preamp and pro-
vides a low impedance output to the Trigger Preamp. Q63
also isolates the Trigger Preamp and Ch 1 Vertical Pre-
amp circuits.
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Fig. 3-2. Block diagram of Vertical Switching circuit.

The Ch 1 Trigger Dc Level adjustment, R60, adjusts the

dc level at the emitter of Qé3 to provide a zero-volt out-

put from the Trigger Preamp circvit. Output from Q63
is connected to the Trigger Preamp in the CH 1 ONLY
position of the TRIGGER switch, SW230B. When the TRIG-
GER switch is set to NORM, the output of the Channel
1 Trigger Pickoff is available at the CH 1 OUT connector.

Ch 2 Vertical Preamp

The circuit differences between Ch 1 and 2 Vertical Pre-
amps are: {1} No trigger pickoff circuit in Channel 2; (2)
INVERT switch in Channel 2. R159 and C159 provide about
the same loading for the Channel 2 Feedback Amplifier,
Q134B and Q154, as the Channel 1 Trigger Pickoff stage
provides for the Channel 1 Feedback Amplifier. This pro-
vides equal response from both channels.

The INVERT switch provides polarity inversion by apply-
ing the Ch 2 Vertical Preamp output signal to the opposite
halves of the diode gate when pulled out.

VERTICAL SWITCHING

General

The Vertical Switching circuit determines which of the
Vertical Preamp signals is connected to the Vertical Out-
put Amplifier. In the ALT and CHOP positions of the MODE
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switch, both channels are alternately displayed on a shared-
time basis. The Vertical Switching circuit consists of a pair
of Diode Gates, the Switching Multivibrator, and the De-
lay-Line Driver stages.

Diode Gates

The two Diode Gates, consisting of four diodes each,
can be thought of as switches which allow either of the
Vertical Preamp signals to be coupled to the Vertical Out-
put Amplifier. D201 through D204 control the Channel 1
output and D206 through D209 control the Channel 2
output. These diodes are in turn controlled by the Switch-
ing Multivibrator for dual-trace displays, or by the MODE
switch for single-trace displays.

CH 1. In the CH 1 position of the MODE switch, —12
volts is applied through R227 to the junction of D207-D208
in the Channel 2 Diode Gate (see Fig. 3-3). This forward
biases D207-D208 and back biases D206-D209 since the
input to the Delay-Line Driver is at about —5.9 volts. D206-
D209 block the Channel 2 signal so it cannot pass to the
Delay-Line Driver stage.

In the Channel 1 Diode Gate, meanwhile, D202-D203 are
connected to ground through R212. D202-D203 are held
back biased while D201-D204 are forward biased. There-
fore, the Channel 1 signal passes to the Delay-Line Driver.

CH 2. In the CH 2 position of the MODE switch, the

above conditions are reversed. D202-D203 are connected
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Fig. 3-3. Effect of diode gates on signal path. Shown in CH 1 position of MODE switch.

to —12 volts through R217 and D207-D208 are connected
to ground through R222. The Channel 1 Diode Gate will
block the signal and the Channel 2 Diode Gate will allow
it to pass.

Switching Multivibrator

ALT. [n the ALT position of the MODE switch, —12 volts
is applied to the emitter of the Alternate Trace Switching
Amplifier, Q234. Q234 is conducting and supplies current
to the ‘on' Switching-Multivibrator transistor through D218
or D228. For example, if Q225 were conducting, current
would flow through D228 to Q225. Current flow through
the collector resistor drops the D207-D208 voltage level.
Channel 2 Diode Gate will be blocked as for Channel 1 only
operation and the signal will pass through the Channel 1
Diode Gate to the Output Amplifier.

The positive-going A Gate signal is applied to Q234
through R231 and C231. As the sweep ends, R231-C231
differentiate the negative-going portion of the gate wave-
form and this negative-going pulse is applied to the base
of Q234. Current through Q234 is momentarily interrupted
and both Q215 and Q225 turn off. When Q225 was con-
ducting, C218 charged negative on the D218 side and posi-
tive on the D228 side. This charge is stored while Q234
is off and determines which transistor will conduct next.
When current flow through Q234 is resumed, the anode of
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D218 will be more negative than the anode of D228 be-
cause of the stored charge on C218. This causes Q215
to be turned on and Q225 turned off, switching the multi-
vibrator. Channel 1 Diode Gate will be blocked and the
Channel 2 signal will pass through the Channel 2 Diode
Gate.

Q253 provides common-mode voltage feedback from the
Delay-Line Driver stage to allow the diode gates to be
switched with @ minimum amplitude switching signal. The
emitter of Q253 is connected to the anodes of D213-D223
and sets the voltage level to which these diodes are
switched when turned on or off. The level at the emitter
of Q253 follows the average voltage level at the emitters
of the Delay-Line Driver stage.

CHOP. In the CHOP position of the MODE switch, the
Switching Multivibrator free runs at about a 500-kc rate.
The emitters of Q215 and Q225 are connected to —12
volts through R218 and R228. At the time of turn-on, one
of the transistors will begin to conduct, for example Q225.
Q225 will conduct the Channel 2 current and prevent the
Channel 2 signal from reaching the Delay-Line Driver stage.
Meanwhile, the Channel 1 Diode Gate is passing the Chan-
nel 1 signal to the Delay-Line Driver.

The frequency-determining components in the CHOP
mode are C218-R218-R228. Switching action will occur as
follows: When Q225 is on, C218 will attempt to charge
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toward —12 volts through R218. The emitter of Q215 will
slowly go toward —12 volts as C218 charges. The base
of Q215 is held at a negative point determined by volt-
age divider R215-R224 between —12 volts and the col-
lector of Q225. When the emitter voltage of Q215 reaches
a level slightly more negative than the base, Q215 will
conduct. The collector level of Q215 will go negative and
pull the base of Q225 negative also, through divider
R214-R225, cutting Q225 off. Again C218 begins to charge
towards —12 volts but this time through R228. The emitter
of Q225 will slowly go negative as C218 again charges,
until Q225 turns on. Q215 will be shut off and the cycle
will begin again.

Diodes D218 and D228 are reverse biased through D235
and R235 to effectively remove them from the circuit in
the CHOP mode. Q253 operates the same in CHOP as in
ALT, allowing the Diode Gates to be switched with a mini-
mum signal level.

Chopped Blanking Amplifier Q244 provides an output
pulse to the Z Axis Amplifier which blanks out the transi-
tion from Channel 1 trace to Channel 2 trace. When the
Switching Multivibrator changes states, the voltage across
T241 momentarily increases. A negative pulse is applied to
the base of Q244, turning it off. The width of the pulse
at the base of Q244 is determined by R241 and C241.
Q244 clips the signal applied at its base, and the positive-
going output pulse, coincident with trace switching, is ap-
plied to the Z Axis Amplifier.

ADD. In the ADD position both Diode Gates allow sig-
nal to pass to the Delay-Line Driver stage. The Diode Gates
are both held on by —12 volts applied to the cathodes
through R260 and R270. Since both signals are applied to
the Delay-Line Driver stage, the output signal will be the
algebraic sum of the signals on both Channel 1 and 2.

Delay-Line Driver

Output of the Diode Gates is applied to Q284 and Q294,
the Delay-Line Driver. Q284 and Q294 are connected as
operational amplifiers with feedback provided by R268-
R269 and R278-R279 and the delay-line compensation net-
work. The delay-line compensation network, R261-R262-R264-
R265-C261-C262-C263-C264-C265-C266, provides high-fre-

Circuit Description—Type 453

quency compensation for the Delay Line. R289-C289 in the
collector circuit of Q284-Q294 improve the high-frequency
reverse termination of the Delay Line. Output of the De-
lay-Line Driver stage is connected to the Vertical Output
Amplifier through the Delay Line.

The trigger signal for NORM triggering is obtained from
the collector of Q284. The Normal Trigger Dc level ad-
justment, R285, sets the output of the Trigger Preamp to
zero-volt dc level. The normal trigger signal is connected
to the Trigger Preamp through SW230B. R294 and R295
provide the same dc load for Q294 as provided to Q284
by the Norm Trigger Pickoff.

VERTICAL OUTPUT AMPLIFIER

Output of the Delay-line Driver stage is applied to the
emitters of Q304 and Q314 through the Delay Line. The
Delay Line delays the signal approximately 140 nanosec-
onds to give the Sweep Generator circuit time to initiate
a sweep before the vertical signal reaches the vertical de-
flection plates. R303-C303 and R313-C313 provide the for-
ward termination for the Delay Line. L301-1302-1311-C301-
C302-C311-C312 comprise a phase equalizer network for
the Delay Line.

Output of Q304 and Q314 is applied to the bases of
Q324 and Q334. R328-C326-C327-C328-C336 provide high-
frequency peaking to compensate for the capacitive load-
ing of the deflection plates on the output stage. The TRACE
FINDER, SW330, reduces the quiescent current of Q324
and Q334 and restricts the collector voltage dynamic range
of these transistors to limit the trace to the display area.
This switch is used to locate a signal which has overscanned
the display area. SW330 also performs a similar function
in the Horizontal Amplifier.

Q344 and Q354 amplify the output of Q324 and Q334.
The signal at the collectors of Q344 and Q354 is applied
to the output transistors Q364 and Q374. D344 and D354
prevent saturation of Q344 and Q354 when large signals
deflect the display off screen. This improves the recovery
of the Vertical Output Amplifier. T357 provides high-fre-
quency balance.

@1
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Fig. 3-4. Block diagram of Vertical Output Amplifier circuit.
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Fig. 3-5. Block diagram of Trigger Preamp circuit.

Q364 and Q374 provide the voltage to drive the crt
vertical deflection plates. LR367 and LR377 provide damp-
ing for the leads connecting the output signal to the de-
flection plates.

TRIGGER PREAMP

The Trigger Preamp amplifies the internal trigger signal
to the level necessary to drive the Trigger Generator. In-
put to the Trigger Preamp circuit is selected from either the
Channel 1 Vertical Preamp or the Output Amplifier by the
TRIGGER switch.

When the TRIGGER switch is in the CH 1 ONLY posi-
tion, the trigger signal is obtained from the emitter of Qé3.
The neons B400 and B401 indicate that the TRIGGER switch
is in the CH 1 ONLY position. In this position of the TRIG-
GER switch, the CH 1 OUT connector, J402, is disconnected
from the circuit

The trigger signal in the NORM position is obtained from
the collector of Q284. Since the signal is taken off fol-
lowing the dual-trace switching, this signal will be a sample
of the composite vertical signal which is displayed on the
crt. When the TRIGGER switch is in the NORM position,
the CH 1 neons are disconnected. Also, the Channel 1
vertical signal is applied to the CH 1 OUT connector. This
output connector can be used to monitor the signal ap-
plied to Channel 1 INPUT or, when used in conjunction
with Channel 2, can be used to provide 1 millivolt/division
minimum deflection factor.

The internal trigger signal selected by the TRIGGER switch
is applied to Q404. The input signal amplitude will be
greater than 25 millivolts/division of crt display. The dc
level of the trigger signal is adjusted to zero volts by the
Ch 1 Trigger Dc Level and the Normal Trigger Dc Level
adjustments.
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The trigger signal is amplified by Q404 and Q414. D408
in the emitter circuit of Q404 provides thermal compensation
for the amplifier. The amplified signal at the collector of
Q414 is applied to the base of Q423 through D421. This
Zener diode provides a dc voltage drop while the signal is
coupled without attenuation. The voltage level at the base
of Q423 is about —0.7 volt and the emitter-base forward
voltage drop of the transistor provides an output signal
which maintains the zero-volt dc level of the input signal.
Feedback stabilization is provided from the emitter of Q423
to the base of Q414 by R419.

Q413 and Q423 are connected as emitter followers in the
complementary amplifier configuration. This configuration
overcomes the basic limitation of emitter followers; inability
to provide equal response to both positive- and negative-
going portions of a signal. This is accomplished by using
an NPN, Q413, for one emitter follower and a PNP, Q423,
for the other emitter follower. Since Q413 is an NPN transis-
tor, it will respond best to positive-going signals and Q423,
being a PNP transistor, will respond best to negative-going
signals. The result is an amplifier which has equally fast
response to both positive- and negative-going trigger signals
as well as providing a low output impedance.

Total gain of the Trigger Preamp is about ten. The am-
plified internal trigger signal is available at both the A and
B Triggering SOURCE switches.

A TRIGGER GENERATOR
NOTE

The following circuit description describes the op-
eration of both the A Trigger Generator and B
Trigger Generator. Differences between the two
circuits will be given under ‘B Trigger Generator'.
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Fig. 3-6. Block diagram of A Trigger Generator circvit.

Trigger Source

The trigger source is selected with the SOURCE switch.
The trigger signal can be selected from three sources;
internal, line and external. In addition, the external signal
can be attenuated ten times.

The internal triggering signal is obtained from the Vertical
Amplifier through the Trigger Preamp circuit. Amplitude
of the internal signal at this point will be greater than 250
millivolts/division of crt display (25 millivolts/division input
to Trigger Preamp amplified ten times in that circuit).

The line trigger is obtained from the voltage divider,
R1104-R1105, in the Power-Supply circuit. This sample of
the line frequency, about 1.5 volts in amplitude, is coupled
to the Trigger Generator in the same way as the internal
signal. The COUPLING switch should not be in the LF REJ
position when using this trigger source.

External triggering signals applied to the EXT TRIG INPUT
connector can be used to produce a trigger in the EXT and
EXT =10 positions of the SOURCE switch. Input resis-
tance (dc) is about 1 megohm in both external positions.
However, in the LF REJ position of the COUPLING switch, a
100-k resistor, R436, is switched in parallel with the 1-meg-
ohm input resistor to provide attenuvation of low-frequency
signals.

The EXT =10 position provides 10 times attenuation of
the input signal while maintaining the 1-megohm input
resistance.

®

Trigger Coupling

The COUPLING switch offers a means of accepting or
rejecting certain frequency components of the trigger signal.
In the AC and LF REJ positions, the dc component of the
trigger signal is blocked by coupling capacitors, C435 or
C436. In the AC position, frequency components below about
30 cps will be attenuated. In the LF REJ position, frequency
components below about 30 ke will be attenuated.

The HF REJ position attenuates high-frequency components
of the triggering signal. The trigger signal is ac coupled,
attenuating signals below about 30 cps and above about 50
kc. The DC position provides equal coupling for all signals
from dc to 50 Mc.

Input Cathode Follower

The Input Cathode Follower, V443, provides high input
impedance for signals applied to the EXT TRIG INPUT con-
nector. This stage also isolates the input and preceding cir-
cuits from the Trigger Generator circuit. B444 protects V443
from excessive voltage between the grid and cathode.

Slope Comparator

Q454 and Q464 provide selection of the slope of the trig-
ger signal on which triggering occurs. Diodes D446 and
D447 clamp the base of Q454 at about 1.4 volts negative.
The dc level at the base of Q454 is quiescently about 2
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volts positive. Diode D448 and Zener diode D449 limit the
positive swing of the signal to about 7 volts. This protects
the Trigger Generator circuits which follow.

The Trigger Level Centering adjustment sets the level at the
base of Q464 the same as the level on the base of Q454
(LEVEL control centered). The LEVEL control varies the base
level of Q464 to select the point on the trigger signal where
triggering occurs. As the LEVEL control is turned toward +,
the voltage at the base of Q464 will become more positive.
This will increase the current flow through R453, producing a
more positive voltage on the emitters of both Q454 and
Q464. The trigger signal must forward bias Q454 before it
will conduct. Since the emitter is at a more positive voltage,
Q454 will conduct at a more positive point on the trigger
signal.

The slope of the input signal which triggers the sweep is
determined by the SLOPE switch. When the SLOPE switch is
set to +, D466 is forward biased connecting the collector of
Q464 to the 4-12-volt supply through R467. The current path
for Q454 to the 412-volt supply through D456 is open. The
collector current path is now through D455, R459, L469,
R469, R468 and R467 or through D475.

A trigger pulse is produced as follows. As a positive-
going trigger signal is applied to the base of Q454, the
collector current of Q454 increases. This increased current
comes from the +12-volt supply through D455, R459 and
tunnel diode D475. The current flows through D475 since
inductor L469 does not respond instantaneously to the change
in current. The increased current flow through D475 switches
the tunnel diode to its high state producing a negative-go-
ing pulse with a very fast leading edge. The output pulse
produced is a fast-rising rectangular pulse which occurs at
the selected triggering point on the waveform.

When the SLOPE switch is set to —, the above situation is
reversed and Q454 is connected to the +12-volt supply
through D456 and Q464 through the parallel combination
L469-D475. Now, a negative-going trigger signal at the base
of Q454 will switch the tunnel diode as follows. A negative-
going signal at the base of Q454 is also negative at the
common emitters of Q454 and Q464. The signal is amplified
by Q464 without polarity inversion since Q464 is connected
as a grounded-base amplifier as far as the signal is con-
cerned. The increased collector current of Q464 (negative-
going signal} is supplied through D465, R459 and D475 since
L469 does not respond instantaneously to the change in cur-
rent. D475 switches state as described previously producing a
negative-going trigger pulse with a fast leading edge.

Pulse Amplifier

The negative-going, fast-rise pulse produced when D475
switches is applied to the base of Q473. Q473 amplifies and
inverts the pulse. D474 limits the signal amplitude at the
collector of Q473. T474 inverts the pulse and couples the
negative-going pulse to the Sweep Generator circuit through
R476 and C476.

The negative pulse at the emitter of Q473 is applied to
the Auto Trigger stage through R481.
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Auto Trigger

Pulse Shaper. The negative pulse at the emitter of Q473
is applied to the base of Q484 at the same time as the col-
lector pulse is applied to the Sweep Generator circuit. The
Q484 stage differentiates and shapes the output pulse at its
collector. The positive-going portion of the output pulse
is coupled through D484 to the Auto Multi. D484 is back
biased for any negative signals, blocking them from the
remainder of the circuit.

Auto Multi. The Auto Multi produces the control pulse
for the auto circuits located in the sweep generator. With
no trigger signal, Q495 is conducting with its base at about
—0.3 volt. The base of Q485 is held at about —0.7 volt
by the forward voltage drop of D484. Since Q485 and
Q495 share a common-emitter resistor, the conducting tran-
sistor establishes the emitter voltage. The emitter voltage
established by Q495 is positive enough to prevent Q485
from conducting. The circuit will remain in this condition
until a trigger pulse is received through Q484. Under trig-
gered conditions, the positive-going pulse from Q484 is ap-
plied to the base of Q485 and is sufficient to turn it on.
Q485 and Q495 become regenerative and switch to their
opposite states. Q485 gains full control of the emitter current
and Q495 shuts off until the multi recovers.

With no trigger signal applied, Q494 is off with about
+12 volts applied to its base through D493. D486 is also
conducting with its anode at about 412 volts. When Q485
switches, the voltage on its collector will drop to about
—0.3 volt which back biases both D486 and D493 allowing
Q494 to conduct. When Q494 conducts, its collector rises to
about +12 volts producing an output pulse for auto
operation.

When Q485 comes on, C485 will drop to about —0.3 volt
and then begin to charge toward +75 volts. However, when
it reaches about +12 volts, D486 will be biased on and will
clamp the voltage at this point. Current flow through Q485
will cease and Q495 will again come into conduction. Q494
will also be turned off, ending the output pulse. Recovery
time of the Auto Multi is about 85 milliseconds when only
one trigger pulse is applied.

If the trigger signal is repetitive (above about 20 cps),
Q485 will remain in conduction holding the output level at
the collector of Q494 at about 412 volts. The voltage will
be held at this level when a successive trigger pulse is
received at the base of Q485 before the Auto Multi recovers.

B TRIGGER GENERATOR

General

The B Trigger Generator is similar to the A Trigger Gen-
erator in most respects. The differences between the two
circuits will be given here. Parts of the circuit not mentioned
here operate as described under ‘A Trigger Generator.’

Input Cathode Follower

The function of the Input Cathode Follower circuit is con-
trolled by two switches in its cathode circuit; SW80TA,
HORIZ DISPLAY, and SWé35, B SWEEP MODE. These
switches affect the operation of V633 as follows.
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Fig. 3-7. Block diagram of B

In the A position of the HORIZ DISPLAY switch, the B
trigger signal is disconnected by Dé38. The cathode of D638
is held positive with respect to its anode. This back biases
D638, blocking the B trigger signal.

In the A INTEN DURING B and DELAYED SWEEP (B) posi-
tions, trigger signals will either be blocked or allowed to
pass, depending on the position of the B SWEEP MODE
switch. If the B SWEEP MODE switch is in the B STARTS
AFTER DELAY TIME position, the trigger signal will be
blocked as in the A position. However, when in the B TRIG-
GERABLE AFTER DELAY TIME position, —12 volts is con-
nected to the cathode of D638 through Ré39. The trigger
signal will pass to the Slope Comparator circuit since D638
is forward biased. D635 is back biased because its anode
is held more negative than its cathode.

In all positions of the HORIZ DISPLAY switch except EXT
HORIZ, Dé41 is back biased since it is connected to +12
volts through Ré641. In the EXT HORIZ position, D638 is
reverse biased because its cathode is held positive by +12
volts applied through Ré38. Therefore, trigger signals will
not pass through D638. Dé41 is forward biased by —12 volts
connected to its cathode through R642. Signals at the cath-
ode of V633 are connected to the Horizontal Amplifier
through D641 and the External Horizontal Gain Network,
R644, Ré45 and R646.

The external horizontal signal can be obtained either
externally from the EXT TRIG INPUT or EXT HORIZ connec-
tor (B Triggering) when the B Triggering SOURCE switch is

®

Trigger Generator circuit.

set to EXT or EXT =10, or internally from Channel 1 when
the TRIGGER switch is in the CH 1 ONLY position and the
SOURCE switch is set to INT. Gain of the External Hori-
zontal circuit is set by R645, Ext Heriz Gain, so a signal ap-
plied to Channel 1 INPUT produces the indicated horizontal
deflection.

Pulse Amplifier

The Pulse Amplifier in the B Trigger Generator operates
much the same as in the A Trigger Generator. However,
since there is no Auto circuit in the B Trigger Generator, a
pulse is available only at the collector of Q684. The output
pulse is applied to the B Sweep Generator through Té86 and
R688-C688.

A SWEEP GENERATOR

General

The A Sweep Generator produces five simultaneous output
signals controlled by three input signals. The output signals
are.

1. A negative-going sawtooth applied to the Horizontal
Amplifier for time measurements.

2. A negative-going sawtooth applied to the Delay Pick-
off Comparator to provide delayed sweep.
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Fig. 3-8. Block diagram of A Sweep Generator circuit.

3. A negative-going unblanking pulse applied to the Z
Axis Amplifier to unblank the crt for display.

4. A positive-going gate signal applied to the Vertical
Switching circuit to produce an alternate-trace display.

5. A positive-going gate signal coupled to the side-panel
A GATE OUT connector.

The input signals are:
1. Negative-going trigger pulse from A Trigger Generator.
2. Positive-going auto gate from the Auto Multi.

3. Negative-going B ENDS A reset pulse from B Sweep
Generator.

The A SWEEP MODE switch allows three modes of opera-
tion. In the NORM TRIG position, a sweep is produced only
when a trigger pulse is received from the A Trigger Gen-
erator circuit. Operation in the AUTO TRIG position is much
the same as NORM TRIG except that a free-running trace
will be displayed when a trigger pulse is not present. In
the SINGLE SWEEP position, operation will also be similar
to NORM TRIG except that the sweep will not be recurrent.

The following circuit description will be given with the
A SWEEP MODE switch set to NORM TRIG. Differences in
the other two modes will then follow.
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Normal Trigger Mode Operation

Sweep Gate. The trigger pulse generated by the A Trig-
ger Generator is applied to the A Sweep Generator circuit
through D501. This negative-going pulse switches D505 to its
‘high state' where it remains until reset by the Sweep Reset
Multivibrator at the end of the sweep. The negative-going
signal at the base of Q504 turns it on and produces a posi-
tive signal at the collector. This signal is connected to the
Disconnect Diode and the Output Signal Amplifier.

Output Signal Amplifier. The positive-going gate pulse
from the Sweep Gate stage applied to the base of Q514
produces a negative-going pulse at the collector. This pulse
is connected to the Z Axis Amplifier and is used to unblank
the crt during sweep time. It is also connected to the Hold-
off Capacitor to discharge it at the beginning of each sweep.

The positive-going gate pulse at the base of Q514 is also
coupled from the emitter of Q514 to Q524. The resulting
positive-going signal at the collector of Q524 is coupled to
the Vertical Switching circuit to produce an alternate-trace
display and to the side-panel A GATE connector.

Disconnect Diode. The Disconnect Diode, D533, is qui-

escently conducting current through R506, R508, R509, R530
and R531. The gate signal from Q504 reverse biases D533
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and interrupts this current flow allowing the sweep to be
generated. D547 is also reverse biased, disconnecting Q544.

Miller Sweep Generator. When the current flow through
D533 is interrupted by the Sweep Gate signal, the Timing
Capacitor, C530, begins to charge through the Timing Resis-
tor, R530, and the A Sweep Cal Adjustment, R531. The
Timing Capacitor and Resistor are selected by the A TIME/
DIV switch to change sweep rate. The A Sweep Cal ad-
justment allows calibration for correct sweep timing. The A
VARIABLE control, R530Y (see Timing Switch diagram), pro-
vides variable sweep rates by changing the charge time of

C530.

The positive-going voltage at the R530 side of C530 as
C530 charges toward +75 volts is connected to the grid of
V533. This positive-going voltage is connected to the base
of Q531 through V533 producing a negative-going sweep
output signal. To provide a linear charging rate for C530,
the sweep output signal is connected to the negative side of
C530. This feedback makes C530 appear to always be
charging toward the same positive voltage, maintaining a
constant charge rate and providing a linear sawtooth output
signal. The output signal will continue to go negative until
the circuit is reset through the Sweep Reset Multivibrator.
The output signal from the collector of Q531 is connected to
the Horizontal Amplifier and the B Delay Pickoff Com-
parator.

Sweep Reset Emitter Follower. The negative-going volt-
age at the collector of Q531 is connected to the Sweep Re-
set Emitter Follower, Q543. D542 provides warm-up protec-
tion for Q543. The negative-going signal at the emitter of
Q543 is coupled to the Sweep Reset Multivibrator to deter-
mine sweep length. It is also coupled to the emitter of the
Sweep Start Amplifier, Q544, through D543 and D545.

Sweep Start Amplifier. The negative-going voltage
coupled to D545 from the emitter of Q543 blocks current
flow through Q544. Q544 will remain off until the sweep re-
trace has been completed. When the voltage at the emitter
of Q543 returns to its original dc level at the end of the
sweep, D545 will again be forward biased and Q544 will
conduct. The dc level at the collector of Q544 is connected
to the Disconnect Diode through D547 to hold the cathode
of D533 at a constant voltage and establish the correct start-
ing point for the sweep. The Sweep Start adjustment, R758,
in B Sweep Generator sets the starting point of both the A
and B Sweep.

Sweep Reset Multivibrator. The negative-going voltage
at the emitter of Q543 is coupled to D555 and D556. These
diodes are reverse biased when the sweep starts. As the
voltage on the cathode of D556 goes negative, this diode
will become forward biased at a level determined by the A
SWEEP LENGTH control, R555. When D556 conducts, the
negative-going signal is connected to the base of Q575.
Q575 will turn on and Q585 will turn off. The collector volt-
age of Q575 will go positive and switch D505 back to its
original ‘low state’. This ends the Sweep Gate pulse and the
Disconnect Diode will be forward biased. The Timing Ca-
pacitor, €530, will rapidly discharge, returning the grid of
V533 to the original starting level. The positive-going re-
trace signal from the Sweep Reset Emitter Follower is blocked
by D555 and D556. When the voltage at the emitter of
Q543 reaches the original level, Q544 will conduct and
establish the starting level of the sweep.
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As the A SWEEP LENGTH control is rotated counterclock-
wise, the Sweep Reset Multivibrator will switch at a less
negative point on the Q543 signal. This means that the
sweep will not complete the full cycle before resetting and
the display will be shorter. In the B ENDS A position, fully
counterclockwise, a negative-going pulse generated from the
B unblanking pulse is connected to the emitters of Q575 and
Q585 through D575. The negative-going pulse momentarily
interrupts the emitter current of Q575 and Q585 and both
transistors shut off. When the pulse ends, the stored charge
on C572 will bring Q575 into conduction and end the A
Sweep.

When Q575 conducts, it will remain in conduction for a
period of time to establish a holdoff period and allow all
circuits to return to their original conditions before the next
sweep is produced. The holdoff time is determined by the
charging rate of the Holdoff Capacitor, C550. C550 charges
through R551 and R552 toward +75 volts. As the voltage
at the emitter of Q575 rises positive because of the charg-
ing of C550, Q575 will turn off and Q585 will return to
conduction. The level at the collector of Q575 will drop
negative and D505 will be ready to receive the next trigger
pulse. Holdoff time is changed for the various sweep rates
by the TIME/DIV switch. To insure correct holdoff, C550
is discharged by the negative-going unblanking pulse at the
collector of Q514 at the beginning of each sweep.

For fast sweep rates, the HF STAB control allows the hold-
off to be varied about 109% to provide a stable display. This
control has little effect on the display at low sweep rates.

Lamp Driver. The auto gate from the Auto Multi is con-
nected to the Lamp Driver, Q594. This auto gate is coinci-
dent with the trigger pulse generated by the A Trigger
Generator and is only present when a trigger signal is pres-
ent. The positive-going auto gate saturates Q594 and the
A SWEEP TRIG'D light will come on. This light will remain
on as long as the auto gate is present.

Auto Trigger Mode Operation

Operation of the Sweep Generator circuit in the AUTO
TRIG position of the A SWEEP MODE switch, is the same as
for NORM TRIG when a trigger pulse is applied. However,
when a trigger pulse is not applied, a free-running reference
trace is produced in the AUTO TRIG mode. This occurs as
follows.

Q585 is turned on after sweep retrace and holdoff. Q575
will be turned off and current will flow through R574, R502
and D505. This current is not enough to trigger D505. In
the AUTO TRIG position of the MODE switch, —12 volts is
applied to the cathodes of D592 and D593 through R593.
When the auto gate is present, the current through R593
flows through D592. However, when the gate is not present,
current will flow through D593 and add to the current from
R574. This additional current is enough to trigger D505 im-
mediately after the holdoff period is complete. The sweep
will be generated in the normal manner. Another sweep will
begin at the end of each holdoff period, repeating the cycle.

Single Sweep Operation

Operation of the Sweep Generator in the SINGLE SWEEP
position of the A SWEEP MODE switch is similar to operation
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Fig. 3-9. Block diagram of B Sweep Generator circuit.

in the other modes. However, after one sweep has been pro-
duced, the Sweep Reset Multivibrator will not reset. All suc-
ceeding trigger pulses are ‘locked out' until the RESET but-
ton is pressed.

In the SINGLE SWEEP position, the A SWEEP MODE
switch disconnects reset current from the Holdoff Circuit. The
base of Q575 is at a less positive level, allowing the stage
to operate as a bistable multi. The auto gate signal is
grounded at the cathode of D591.

The sweep cycle will occur as follows. When the sweep
reaches the length selected by the A SWEEP LENGTH con-
trol, Q575 will turn on and return D505 to its 'low state’.
Since the reset current is disconnected and the base of
Q575 is negative enough to hold it on, it will remain in con-
duction and hold D505 ‘locked out'. This condition will re-
main until the circuit is reset.

Single-Sweep Reset Amplifier. The Single-Sweep Reset
Amplifier, Q564, produces the reset pulse for the Sweep Re-
set Multivibrator in the SINGLE SWEEP mode. Normally,
Q564 is biased off and the RESET switch is open. When the
RESET button is pressed, B568 will ignite and the voltage at
the base of Q564 will go negative. Q564 will saturate and
produce a positive-going output pulse. This pulse has suf-
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ficient amplitude to shut off Q575 and allow Q585 to con-
duct. Q585 will remain in conduction until the next sweep
ends, keeping D505 in a triggerable state until the trigger
arrives.

Lamp Driver. In the SINGLE SWEEP mode the anode of
D595 is disconnected from ground and the diode is allowed
to conduct. When Q585 returns to conduction its collector
will go positive. This will pull the base of Q594 positive
through D595. Q594 will conduct through the RESET light,
indicating that the A Sweep Generator circuit is ready to
produce a sweep when a trigger pulse arrives. Q594 will
remain on until Q575 turns on again at the end of the sweep.

B SWEEP GENERATOR
General

Basic operation of the B Sweep Generator is the same
as the A Sweep Generator. Only the differences between
the two circuits will be discussed here. The following cir-
cuits operate as described for the corresponding circuits in
the A Sweep Generator: Sweep Gate, D705 and Q704; Out-
put Signal Amplifier, Q714 and Q724; Disconnect Diode,
D742; Miller Sweep Generator, V743 and Q741; Sweep Reset
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Emitter Follower, Q753; and the Sweep Start Amplifier, Q754.
See the A Sweep Generator circuit description for the opera-
tion of these circuits.

Delay Pickoff Comparator

The B Sweep Generator is 'locked out' at the end of each
sweep by the Sweep Reset Multivibrator. The circuit will
remain in this condition until a pulse from the Delay Pickoft
Comparator, controlled by A Sweep, resets the Sweep Reset
Multivibrator. The B Sweep Generator can produce a sweep
only during A Sweep and is not reset until during the fol-
lowing A Sweep. ‘

The output of the A Miller Sweep Generator is connected
to the base of Q764A. Q764A and B ore connected as a
voltage comparator with Q769 providing a constant current
to the emitters through diode D764A and B. Dual transistor
Q764 used along with dual diode D764 provides tempera-
ture compensation for the comparator circuit.

Reference voltage for the comparator is established by
the precision, ten-turn potentiometer R760, DELAY-TIME
MULTIPLIER dial. The voltage to this potentiometer is filtered
by C759 and held stable by R759. The instrument is cali-
brated so major dial markings correspond to graticule divi-
sions by correct adjustment of the Sweep Start and A Sweep
Cal adjustments.

Q764A is quiescently conducting, holding D765 in its 'high
state’. When the sweep voltage applied to the base of
Q764A goes more negative than the level at the base of
Q764B established by the DELAY-TIME MULTIPLIER dial,
Q764A will cutoff and Q764B will come into conduction.
Since the voltage point on the sweep where Q764A cuts off
represents time on the crt, the DELAY-TIME MULTIPLIER dial
is used to select delay time.

When Q764A cuts off, the current flow through D765
decreases and it switches to its ‘low state’. The positive-
going step at the cathode of D765 when it switches, is con-
nected to Q774. Q764A will regain control of the compara-
tor when the sweep retrace rises positive enough to bias
Q764A back into conduction. D765 will then return to its
original state and the step connected to Q774 will go
negative.

Pulse Shaper

The step produced when D765 switches states is applied
to the base of Q774 through C771. C773 and the emitter
resistance of Q774 differentiate the rising and falling por-
tions of the step. The differentiated pulses are amplified
and connected to the Sweep Reset Multivibrator. Output
from Q774 is a negative pulse to start the B Sweep and a
positive pulse produced from the A Sweep retrace to end
B Sweep.

Sweep Reset Multivibrator

If the A Sweep does not end before B Sweep, the nega-
tive-going sweep produced by the Miller Sweep Generator,
Q741, will reset the Sweep Reset Multivibrator through Q753
as described for A Sweep. The negative-going sweep is ap-
plied to the base of Q785 and will turn this transistor on
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when the base goes more negative than the emitter. When
Q785 turns on, it gains control of the circuit and will remain
on until a reset pulse is received from the Pulse Shaper
stage. The collector of Q785 will go positive and hold D705
in its ‘low state’, locking out the Sweep Gate stage.

The negative pulse produced by the Pulse Shaper stage
when Q764A cuts off, turns Q775 on. Q785 will be turned
off and D705 will be ready to trigger. When the B SWEEP
MODE switch is in the B TRIGGERABLE AFTER DELAY TIME
position the Sweep Gate, Disconnect Diode and the Mil-
ler Sweep Generator as described for A Sweep Generator
in the NORM TRIG mode to produce a sweep upon receipt
of a trigger.

However, in the A INTEN DURING B and DELAYED
SWEEP (B) positions of the HORIZ DISPLAY switch, the B
Sweep Generator will free run when the B Sweep Mode
switch is set to B STARTS AFTER DELAY TIME. When Q785 is
turned off, current flows through R787, R789 and D705. This
current is not enough to switch D705. However, in the B
STARTS AFTER DELAY TIME position, additional current is
supplied through R786. The total current is sufficient to
switch D705 and produce a trace immediately following
turn-off of Q785. Although B Sweep is free running, it will
appear stable on the screen because it is triggered at a
definite point on the A Sweep waveform.

If A Sweep ends before B Sweep, the positive pulse pro-
duced by Q774 when A Sweep retraces will turn Q775 off.
Q785 will turn on to end the B Sweep and hold D705 in its
‘low state’.

B Ends A Pulse Amplifier

The positive-going voltage as the B unblanking pulse ends
is coupled to the B Ends A Pulse Amplifier, Q734, through
D731 when the A SWEEP LENGTH controf is in the B ENDS
A position. This pulse saturates Q734 and produces a nega-
tive-going output pulse which is coupled to the A Sweep
Generator Sweep Reset Multivibrator.

HORIZONTAL AMPLIFIER
Input Amplifier

The input signal for the Horizontal Amplifier is selected
by the HORIZ DISPLAY switch. In the A, A INTEN DURING
B and DELAYED SWEEP (B) positions, the negative-going
sawtooth from either the A or B Sweep Generator is con-
nected to the —Input Amplifier stage, Q814. In the EXT
HORIZ position, the external horizontal signal is applied to
the +Input Amplifier stage, Q824. The Input Amplifiers have
a low input impedance and are current driven.

Input sensitivity of the Horizontal Amplifier is about 0.2
milliamp/division for normal gain or 0.02 milliamp/division
for magnified gain (MAG switch set to X10).

In the EXT HORIZ position, the magnifier is automatically
set to X10 {see '‘Paraphase Amplifier' which follows). The
signal for external horizontal deflection is obtained from the
B Trigger Generator and is connected to the base of Q824.
The B Triggering SOURCE switch can select either the inter-
nal signal from Channel 1 (TRIGGER switch set to CH 1
ONLY) or an external signal connected to the EXT HORIZ
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Fig. 3-10. Block diagram of Horizontal Amplifier circuit.

input connector. When the internal signal is selected, the
Channel 1 deflection factor as indicated by the CH 1 VOLTS/
DIVISION switch applies as Horizontal Volts/Division. More
information on the external horizontal circuitry is contained
in the ‘B Trigger Generator' circuit description.

Horizontal positioning is provided by the POSITION con-
trol, R805A, and the FINE control, R805B. Horizontal trace
position is changed by varying the dc current to the —Input
Amplifier, Q814.

Paraphase Amplifier

The Paraphase Amplifier, Q834 and Q844, converts the
single-ended input signal at either base to a push-pull
output signal to drive the Output Amplifier. Gain of this
stage is inversely proportional to the impedance between
the emitters of Q834 and Q844. The MAG switch increases
calibrated gain 10 times by switching in parallel emitter
resistance (resistance between emitters decreases). Variable
resistors R835, Norm Gain, and R845, Mag Gain, control the
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overall gain of the Horizontal Amplifier for normal sweep
(X 1) and magnified sweep (< 10) respectively.

When the HORIZ DISPLAY switch is set to EXT HORIZ, the
magnifier is switched to X 10 by the HORIZ DISPLAY switch.
The Magnifier light will not come on however, since the
indicated deflection factors apply directly.

Output Amplifier

The output of the Paraphase Amplifier is connected to
the Output Amplifier, Q863-Q884 and Q873-Q8%94. Each side
of the amplifier can be considered as a single-ended feed-
back amplifier which amplifies the current signal at the in-
put to produce a voltage for horizontal deflection on the crt.
As in the Input Amplifiers, the input impedance is low with
very little voltage change due to the signal. Capacitors
882 and C892 adijust the transient response to provide cor-
rect high speed linearity.

The Mag Register adjustment, R855, adjusts the Output
Amplifier input current for a center-screen display when the
emitters of the Pharaphase Amplifier are at equal voltage.

@



The Output Amplifier scan is limited by diodes D861,
D871, D851 and D852. The series diodes D861 and D871
prevent saturation of the corresponding output transistor.
When the output voltage drops below about five volts, the
series diode will cut off allowing one of the shunt diodes to
conduct. The input current will be shorted out, thereby also
limiting the upper voltage swing of the opposite transistor.

The TRACE FINDER, SW330, reduces horizontal scan by
restricting the current available to Q884 and Q8%4. When
pressed in, power from the +4-150-volt unregulated supply is
interrupted and power is supplied by the +75-volt supply
through D884. Current supplied from the +75-volt supply
will be lower, producing the desired scan limiting. R887
provides a load for the 4-150-volt supply when SW330 is
pressed in.

Z AXIS AMPLIFIER

General

The Z Axis Amplifier controls the crt intensity or unblank-
ing through a series of input signals and currents. The ef-
fect of these various inputs is to either increase or decrease
the trace intensity, or to completely blank the display or por-
tions of the display from view.

All inputs to the Z Axis Amplifier are applied to the emit-
ter of Q1014. Q1014 provides termination for all the input
signals as well as isolation between the crt circuit and the
input sources. D1015 and D1016 provide limiting protection
at minimum intensity (discussed further under ‘Intensity Con-
trol'). Amplification for the control signal is provided by
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Q1023 and Q1034. C1036 provides high-frequency com-
pensation adjustment. Output is provided through Q1043.
D1046 and D1047 provide protection for the Z Axis Am-
plifier if the High-Voltage supply is shorted. D1045 im-
proves response of Q1043 on negative-going signals.

Control signals for the Z Axis Amplifier can come from
the following sources:

1. INTENSITY control.

2. Unblanking signal from A Sweep Generator during A
Sweep.

3. Unblanking signal from B Sweep Generator to provide
an intensified display in the A INTEN DURING B position
of the HORIZ DISPLAY switch.

4. Unblanking signal from B Sweep Generator during B
Sweep.

5. Blanking signal from Vertical Switching circuit.
6. External signal applied to the Z AXIS INPUT connector.

The effect of these inputs will be discussed in more de-
tail in the following paragraphs.

Intensity Control

The INTENSITY control, R1005, connected between +12
volts and ground, varies the current through Q1014. When
set to minimum intensity (counterclockwise), current through
Q1014 will be reduced. The resultant output through Q1023,
Q1034, Q1043 and the crt control grid supply will be a
more negative crt bias which will blank the crt. When the
collector of Q1014 starts to go positive (reduced current),
D1015 will become reverse biased and D1016 forward

HORIZ DISPLAY
/
/
/
A A //
Unblanking /
signal —og% f
A INTEN
A Intensified DURING ‘B’
Unblanking
Signal
DELAYED
B SWEEP (B)
Unblanking > O
Signal
EXT HORIZ
+12v
Chopped
Blanking
Signal
From
7 Axis >
INPUT Connector

+90V To
ASTIG Adjustment

Z AXIS

Unblankin
AMPL Q1014, N Pulse !og
Q1023, Q1034, 7 Crt Grid
Q1043 Supply

INTENSITY

Fig. 3-11. Block diagram of Z Axis Amplifier circuit.
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biased to protect the circuit. At maximum intensity, maxi-
mum current flows through Q1014. This increases current flow
through Q1043 producing a more positive crt grid bias and
a higher intensity trace. Zener diode D1043 connected to
the +75-volt supply clamps the collector voltage of Q1043
at +90 volts at high intensity. This voltage is also connected
to the ASTIG adjustment.

R1006 from the +12-volt supply to the variable arm of
the INTENSITY control produces a logarithmic change in
trace intensity. To the eye, this appears as a smooth, grad-
val change in intensity level.

Unblanking Inputs

The unblanking inputs operate in a similar manner and
will be discussed as a group. More specific information
relating the unblanking signals to the originating circuits is
given in the A and B Sweep Generator circuit descriptions.

During retrace, the crt display is blanked and minimum
current is flowing through Q1014. When the crt is to be
unblanked to display a signal, Q1014 current is increased.
This raises the Q1043 output level to the level established
by the INTENSITY control, providing a visible trace on the
crt. When in the A INTEN DURING B position of the HORIZ
DISPLAY switch, the display will be partially unblanked dur-
ing A Sweep time and further unblanked during B. This will
make the portion of the sweep during which B Sweep Gen-
erator operates appear intensified.

In the EXT HORIZ position of the HORIZ DISPLAY switch,
+12 volts is connected to the emitter of Q1014 through
R1003. This raises the output level enough to unblank the
crt so the external horizontal signal can be displayed.

Blanking Input

The blanking input from the Vertical Switching circuit
blanks the trace during trace switching. Normally, a constant
current flows through R1011 and R245 (Vertical Switching
circuit). During trace switching, this current is changed
to reduce current through Q1014. Q1043 output level de-
creases temporarily, blanking the switching transient from
the display.

External Z Axis Input

A signal applied to the Z AXIS INPUT connector is ap-
plied both to the crt cathode through C979-C976-R976 and
to the Z Axis Amplifier. Low frequency Z-axis signals
are blocked from the crt cathode circuit by C976. They
pass to the Z Axis Amplifier, producing an increase in in-
tensity if negative going, or a decrease in intensity if
positive going. C979 couples high-frequency signals di-
rectly to the crt cathode producing the same resultant
display as the Z Axis Amplifier produces with low-frequency
signals. This configuration operates as a crossover network
to provide nearly constant intensity modulation from dc to
50 Mc.

CRT CIRCUIT
High Voltage Oscillator and Regulator

Q930 and associated circuitry comprise the high-voltage
oscillator. Q923 is a shunt regulator and Q913 and Q914
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are error amplifiers. Output of the High-Voltage Oscillator
is through T930.

After the instrument is turned on, the current through the
collector winding of T930 increases as the +12-volt sup-
ply comes into operation. This produces a corresponding
current increase in the feedback winding of T930 which
is connected to the base of Q930. The feedback current
increases the voltage level on the base of Q930, forcing
it to conduct even harder. The voltage level on the base
of Q930 will increase until it goes into saturation. Saturation
ends the current increase through the collector winding and
feedback winding of T930. While current was being induced
into the feedback winding of T930, C913 was being charged
negative. When this current ceases and then reverses, the
feedback winding pulls the base of Q930 negative. Q930
cuts off and the collector goes positive. When the dc level
on C913 rises positive and brings the base of Q930 posi-
tive, Q930 will again conduct and the cycle will be re-
peated. C913 normally has a negative 5- to 6-volt dc level
with respect to the emitter of Q930. Oscillation occurs at
about a 40- to 50-kc rate.

Feedback from the secondary of T930 is applied to the
base of Q914 through the voltage dropping network R903
to R910. This sample of the output voltage is amplified
by Q%914 and Q913 and applied to the base of Q923.
Base current of Q930 is controlled by the average level
on the emitter of Q923. The amplified sample of the out-
put applied at the base of Q923 will produce a resultant
current change in the collector winding of T930 to correct
the original error.

For example, if the output voltage at the —1950V test
point starts to go positive, a sample of this positive-
going voltage will be applied to the base of Q914. This
positive-going signal increases current flow through Q914
resulting in increased current flow through Q913. An in-
crease in current through Q913 means that the current
flowing through the feedback winding of T930 increases,
pulling the base level of Q930 more positive. A more posi-
tive level on the base of Q930 increases the collector cur-
rent. Increased current in the collector winding of T930
produces increased current in the secondary which will
appear as a more negative voltage at the —1950V test
point. This will correct the original positive-going voltage
change. By sampling the output on the negative high-volt-
age supply, the total output of the high-voltage rectifier
is held constant.

Output voltage level of the high-voltage supply is con-
trolled by R900, High Voltage adjustment, in the base cir-
cuit of Q914. This adjustment sets the conduction level of
Q914 which controls the current flow through Q%913. In a
similar manner to that described when correcting for an
output error, Q923 sets the base level of Q930 to control
the collector current swing and thereby control the rectified
output voltages at the cathode-ray tube.

High Voltage Rectifiers and Output

The high-voltage transformer has five output windings.
Two of these windings provide filament voltage for the
rectifier tubes V952 and V962. A third low-voltage winding
provides filament voltage for the cathode-ray tube. The
filament voltage can be supplied from the high-voltage
supply since the cathode-ray tube has a very low filament
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Fig. 3-12. Block

current drain. Two high-voltage windings provide the nega-
tive and positive accelerating voltage and the crt grid bias
voltage. All of these outputs are regulated by the high-
voltage regulator circuit in the primary of T930 to hold
the output voltage constant.

Positive accelerating potential is supplied by voltage
doubler V952 and V962. Regulated voltage output is about
+8 kilovolts. Ground return for this supply is through the
resistive helix inside the cathode-ray tube to pin 7 and

through R972.

The negative accelerating voltage for the crt cathode
is supplied by the half-wave rectifier D952. Voltage out-
put is about —1.95 kilovolts. A sample of this output volt-
age is connected to the voltage regulator to provide a
regulated high-voltage output.

The half-wave rectifier D940 provides a negative volt-
age for the control grid of the crt. Output level is adjust-
able by R940, Crt Grid Bias adjustment. The neon bulbs
B973, B974 and B975 provide protection if the voltage dif-
ference between the control grid and cathode exceeds about
165 volts. The unblanking pulse from the Z Axis Amplifier
is applied to the positive side of this circuit.

Crt Control Circuits

Focus of the crt display is controlled by the FOCUS con-
trol, R967. The divider R943 to R968 is connected between
the crt cathode supply and D1142 (in Low-Voltage Power
Supply) which is at about ground level. The voltage applied
to the focus grid is more positive {closer to ground level)
than the voltage on either the control grid or the crt

®

diagram of Crt circuit.

cathode. The ASTIG adjustment, R985, which is used in
conjunction with the FOCUS control to provide a well-
defined display, varies the positive level on the astigmatism
grid.

Geometry adjustment, R982, varies the positive level on
the horizontal deflection plate shields to control the over-
all geometry of the display.

Two adjustments control the trace alignment by vary-
ing the magnetic field around the crt. The Y Axis Align
adjustment, R989, controls the current through 1989, and the
TRACE ROTATION control, R980, controls the current
through L980.

External Z Axis Input

The external Z Axis input signal is applied to both the
crt cathode and the crt control grid through the Z Axis
Amplifier circuit. Full operation of this circuit is explained
under ‘Z Axis Amplifier'.

LOW VOLTAGE POWER SUPPLY

General

The Low-Voltage Power Supply provides the operating
power for the instrument from three regulated supplies and
one unregulated supply. Electronic regulation is used to
provide stable output voltages. Each supply contains a short
protection circuit. The power-input circuit includes a switch
to compensate for lower or higher than normal line voltages.
A switch in the power receptacle automatically switches
the instrument from 115-volt nominal to 230-volt nominal
operation when the correct power cord is connected.
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Fig. 3-13. Block diagram of Low-Voltage Power Supply circuit.
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Power Input

Power is applied to the instrument through P1101. The
left part of the plug is used for 115-volt nominal line
and the right part for 230-volt nominal line operation. As
the correct power plug for the nominal line voltage used
is connected to P1101, the 115V-230V Selector switch,
SW1102, is automatically changed to the correct position.
This switch connects the split primaries of T1101 in parallel
for 115-volt nominal operation, or in series for 230-volt
nominal operation. Fuses F1101 and F1102 are connected
in series with the primary windings for 115-volt operation.
For 230-volt operation, only F1101 is connected in series
with the primary.

LINE VOLTAGE RANGE switch, SW1103, allows higher
or lower than normal line voltages to be applied to the
instrument. The instrument will operate at nominal line
voltage (115 or 230 volts) in either range. This range se-
lection is provided by an extra winding in series with the
primary windings. For LOW range, the windings are not
used; for HIGH range the extra windings are switched into
the circuit.

TK1101 provides thermal protection by opening to in-
terrupt power if the instrument overheats.

—12-Volt Supply

The —12-Volt Supply provides the reference voltage for
the remaining supplies. Reference for the —12-Volt Supply
is provided by Zener diode D1114.

Output from the secondary of T1101 is rectified by
bridge rectifier D1112A-D. The output of the bridge recti-
fier is regulated to provide a stable output voltage. Zener
diode D1114 holds the base of Q1114 at about —9 volts.
Q1114 and Q1124 are connected as a comparator. In this
configuration, the emitter level will be established by
D1114 with the emitter current dividing between Q1114
and Q1124, depending on the setting of R1122. Collector
current of Q1114 controls conduction of Q1133 which in
turn controls the conduction of Q1137 to provide the cor-
rect output voltage. The base level of Q1124 is set by
the —12 Voits adjustment, R1122, to provide —12 volts
output from the supply.

Ripple in the output voltage is held to a minimum by
feeding a sample of the output back to the regulator tran-
sistor, Q1137. To understand this operation, assume that
the ripple is in the negative half of its cycle. This negative
signal at the output will be applied across the voltage
divider R1121, R1122 and R1123 resulting in reduced cur-
rent flow through Q1124. Reduced current flow through
Q1124 allows Q1114 to conduct more. Increased current
through Q1114 reduces the current through Q1133, result-
ing in reduced conduction of Q1137, the regulator tran-
sistor. Reduced current in Q1137 will oppose the original
output change due to ripple and provide a stable output
voltage. C1128 delays the current change at the base of
Q1133 slightly, preventing the circuit from oscillating but
allowing it to effectively remove line-frequency ripple from
the output. In a similar manner, the regulator circuit com-
pensates for changes in input voltage or changes in foad
current.

Q1129 protects the —12-volt Supply if the output is
shorted. When the output is shorted, high current is de-

®

Circuit Description—Type 453

manded from Q1137. However, this current flows through
R1129 and produces a voltage drop sufficient to bias Q1129
into operation. Current from Q1129 flows through R1117
and reduces the current through Q1133. Q1133 limits the
conduction of Q1137 and, while not correcting the original
shorted condition, it protects the regulator circuit from over-
load.

+ 12-Volt Supply

Rectified voltage for operation of the +12-Volt Supply
is provided by D1142A-D. This unregulated voltage is also
applied to the high-voltage oscillator. Reference volt-
age for this supply is provided by voltage divider R1151-
R1152-R1153 between —12 volts and the output of this
supply. The —12 volts is held stable by the —12-Volt
Supply as discussed previously. If the 412-volt output
changes, this change is applied to Q1154 as an error sig-
nal. Regulation is controlled by regulator transistor Q1167
as described for the —12-Volt Supply. R1152, +12 Volts
adjustment, sets the output level to +12 volts. D1152 pro-
vides thermal compensation for Q1154. C1156 prevents os-
cillation in the regulator circuit and C1164 improves low-
frequency gain.

Shorting protection 15 provided by Q1159 and R1159.
Q1159 limits the current of the regulator transistor, Q1167,
if the output is shorted. Operation is the same as described
in the —12-Volt Supply discussion. D1164 protects Q1154
when this supply is shorted. Zener diode D1167 clamps the
collectors of Q1163 and Q1167 at about +30 volts if the
high-voltage supply is shorted.

+75-Volt Supply

Operation of the +75-Volt Supply is basically the same
as the +12-Volt Supply. Only the differences in opera-
tion between the two supplies will be given in the fol-
lowing discussion.

Reference voltage for the +75-Volt Supply is provided
by divider R1181-R1182-R1183 between —12 volts and the
output of this supply. The regulator circuit and error am-
plifier operate as described for the —12-Volt Supply.
C1184 and C1191 prevent oscillation of the regulator cir-
cuit. Low-ripple current for the regulator circuit is provided
by D1209 from the +75-volt output. D1185 provides a
voltage drop, without current limiting, to provide the cor-
rect operating level for Q1184.

Q1189 provides shorting current limiting through D1188.
Under normal operating conditions, D1189 is conducting
and D1188 is reverse biased. However, when the out-
put is shorted, the collector of Q1189 goes more negative
and D1188 is forward biased with D1189 reverse biased.
This allows Q1189 to control the collector current of Q1197
through Q1193. F1172 also provides overload protection.

+ 150-Volt Unregulated Supply

Rectifiers D1202 and D1212 provide the unregulated out-
put for the +150-Volt Supply. D1198 provides protection
for the +75-Volt Supply when the +150-Volt Supply is
shorted. F1204 also provides overload protection.
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Fig. 3-14. Block diagram of Calibrator circuit,

Other Outputs

A 6.3-volt rms winding provides power for the pilot light
and scale illumination lights. A signal is also obtained
from this winding through divider R1104-R1105 to provide
line triggering for the Trigger Generators.

CALIBRATOR

Oscillator

Q1255 and Q1265 form the Oscillator stage for the Cali-
brator circuit. Frequency of the circuit is determined by
T1255 and C1255 in the collector of Q1255. The frequency
accuracy and stability of this circuit is obtained by using
a high-quality capacitor, C1255, which has a temperature
coefficient opposite to the temperature coefficient of T1255.
Oscillation is sustained by the feedback winding of T1255
to the base of Q1255. C1266 provides regenerative feed-
back to Q1265 which, along with the base feedback of
Q1255, provides fast changeover to quickly cut Q1255 off
or turn it back on. The square-wave current output of Q1265
is connected to the Output Amplifier.
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Output Amplifier

The Output Amplifier, Q1274, is either saturated or
turned off depending on the base signal. When Q1265 is
conducting, Q1274 will saturate and the collector will rise
to about +12 volts. The output of the +12-Volt Supply
is adjusted for 1 volt at the 1 KC CAL connector when the
CALIBRATOR switch is set to 1V. When Q1265 is off, the
voltage at the collector of Q1274 falls to zero. The output
signal has a fast risetime due to the fast changeover be-
tween Q1255 and Q1265.

Output Divider

The Output Divider, R1275-R1276-R1277, provides two
output voltages from the Calibrator circuit. In the 1V
CALIBRATOR switch position, voltage is taken off the col-
lector of Q1274 through R1274. In the .1 V CALIBRATOR
switch position, the output is obtained at the junction of
R1275 and R1276-R1277 to provide one-tenth of the pre-
vious output voltage.

Collector current of Q1274 flows through the PROBE
LOOP on the side panel. Output current is a 5-milliamp
square wave.




SECTION 4
MAINTENANCE

Introduction

This section of the manual contains maintenance informa-
tion for use in preventive maintenance, corrective main-
tenance or troubleshooting of the Type 453.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual inspec-
tion, lubrication, etc. Preventive maintenance performed on
a regular basis will help prevent instrument failure and
will improve reliability of this instrument. The severity of
the environment to which the Type 453 is subjected will
determine the frequency of maintenance.

Cleaning

The Type 453 should be cleaned as often as operating
conditions require. Accumulation of dirt in the instrument
can cause overheating and component breakdown. Dirt on
components acts as an insulating blanket and prevents
efficient heat dissipation. It also provides an electrical
conduction path.

The top and bottom covers provide protection against
dust in the interior of the instrument. Operation without the
covers in place will require more frequent cleaning. The
front cover provides dust protection for the front panel and
crt face. The front cover should be installed for storage or
transportation.

CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument,
Some chemicals to avoid are benzene, toluene,
xylene, acetone or similar solvents.

Air Filter. The air filter should be visually checked
every few weeks and cleaned if dirty. More frequent inspec-
tions and cleaning are required under severe operating con-
ditions. Remove the filter by pulling it out of the plastic
frame on the rear of the instrument. To clean the filter,
wash it out in the same manner as a plastic sponge. Rinse
the filter thoroughly and let it dry. Coat the dry filter with
fresh air-filter adhesive (available from air conditioner sup-
pliers or order Tektronix Part No. 006-0580-00). Let the
adhesive dry thoroughly before reinstalling the filter.

Exterior. Loose dust accumulated on the outside of the
Type 453 can be removed with a soft cloth or small paint
brush. The paint brush is particularly useful for dislodging
dirt on and around the front-panel controls. Dirt which
remains can be removed with a soft cloth dampened in a
mild solution of water and detergent. Abrasive cleaners
should not be used.

Clean the light filter, faceplate 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
etched-wiring 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 at-
tention. Excessive dust or dirt in these areas may cause
high-voltage arcing and result in improper instrument
operation.

Lubrication

The reliability of potentiometers, rotary switches and other
moving parts can be increased if they are kept properly
lubricated. Use a cleaning-type lubricant (such as Tektronix

‘Part No. 006-0218-00) on shaft bushings and switch contacts.

Lubricate switch detents with a heavier grease (such as
Tektronix Part No. 006-0219-00). Potentiometers should be
lubricated with a lubricant which will not affect electrical
characteristics (such as Tektronix Part No. 006-0220-00). Do
not overlubricate. A lubrication kit containing the necessary
lubricants and instructions is available from Tektronix. Order
Tektronix Part No. 003-0342-00.

The fan bearings are sealed and do not require lubrica-
tion.

Visual Inspection

The Type 453 should be inspected occasionally for such
defects as broken connections, broken or damaged ceramic
strips, improperly seated transistors or nuvistors, damaged
etched-wiring boards and heat-damaged parts.

The remedy for most visible defects is obvious; however,
care must be taken if heat-damaged parts are located.
Overheating is usually only a symptom of trouble. For this
reason, it is essential to determine the actual cause of
overheating before the heat-damaged part is replaced; other-
wise, the damage may be repeated.

Transistor and Nuvistor Checks

Periodic checks of the transistors and nuvistors in the Type
453 are not recommended. The best check of transistor or
nuvistor performance is its actual operation in the instru-
ment. 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
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every six months if used infrequently. Complete 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
troubles, not apparent during normal use, may be revealed
and/or corrected by recalibration.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replace-
ment and instrument repair. Special techniques or procedures
required to replace components in this instrument are de-
scribed here.

Obtaining Replacement Parts

Standard Parts. All electrical and mechanical part re-
placements for the Type 453 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 Tek-
tronix, Inc. Before purchasing or ordering replacement parts,
consult the Parts List for value, tolerance and rating.

NOTE

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

Special Parts. In addition to the standard electronic
components, some special parts are used in the Type 453.
These parts are manufactured or selected by Tektronix, Inc.
to meet specific performance requirements, or are manufac-
tured 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
Tektronix, Inc. Order all special parts directly from your
Tektronix Field Office or representative.

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

1. Instrument Type.

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

3. Tektronix Part Number.

4. Instrument Serial Number.

Soldering Techniques
WARNING

Disconnect the instrument from the power source
before soldering.
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Etched-Wiring Boards. Use ordinary 60/40 solder and a
35- to 40-watt pencil type soldering iron on the etched-wiring
boards. The tip of the iron should be clean and properly
tinned for best heat transfer to the solder joint. A higher
wattage soldering iron may separate the etched wiring from
the base material.

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

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 or pointed tool 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 board
until the component is firmly seated against the board. If
it does not seat properly, heat the solder and gently press
the component into place.

4. Apply the iron and a small amount of solder to the
connection to make a firm solder joint. To protect heat-
sensitive components, hold the lead between the component
body and the solder 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 soldered connection with a
flux-remover solvent to maintain good environmental charac-
teristics. Be careful not to remove information printed on

the board.

Ceramic Terminal Strips. Solder used on the ceramic
terminal strips should contain about 3% silver. Ordinary
tin-lead solder can be used occasionally without damage to
the ceramic terminal strips. Use a 40- to 75-watt soldering
iron with a ' wide chisel-shaped tip. If ordinary solder
is used repeatedly or if excessive heat is applied, the solder-
to-ceramic bond may be broken.

A small roll of 3% silver solder is mounted on the rear
subpanel. Additional silver solder should be available local-
ly or it can be purchased directly from Tektronix; order by

Tektronix Part No. 251-0514-00.

Observe the following precautions when soldering 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 to maintain good environmental character-
istics.



Metal Terminals. When soldering metal terminals (e.g.,
switch terminals, potentiometers, etc.), ordinary 60/40 solder
can be used. The soldering iron should have a 40- to 75-
watt rating with a 4" wide chisel-shaped tip.

Observe the following precautions when soldering metal
terminals:

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

4. Clean the flux from the solder joint with a flux-remover
solvent to maintain good environmental characteristics,

Component Replacement
WARNING

Disconnect the instrument from the power source
before replacing components.

Removing Covers. The top and bottom covers are held
in place by thumb screws located on each side of the instru-
ment. To remove the covers, loosen the thumb screws and
slide the covers off of the instrument.

Removing the Rear Panel. The rear panel must be re-
moved for access to the rear subpanel. This panel can be
removed by removing the Z Axis ground strap and the four
screws located near the feet.

Ceramic Terminal Strip Replacement. A complete cer-
amic terminal strip assembly is shown in Fig. 4-1. Replace-
ment strips (including studs) and spacers are supplied under
separate part numbers. The old spacers may be reused if
they are not damaged.

Notch—

Chassis

Fig. 4-1. Ceramic terminal strip assembly.

To replace a ceramic terminal strip, first unsolder all
connections. Then, the damaged strip can be pried or pulled
loose from the chassis. If the spacers come out with the
strip, remove them from the stud pins to be used for installa-
tion of the new strip.

After the damaged strip has been removed, place the un-
damaged spacers in the chassis holes. Then, carefully press
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the studs into the spacers until completely seated. If neces-
sary, use a soft mallet and tap lightly, directly over the stud
area of the strip.

Etched-Wiring Board Replacement. If an etched-wiring
board is damaged and cannot be repaired, the entire as-
sembly including all soldered-on components should be
replaced. The part number given in the Mechanical Parts
list is for the completely-wired board.

Procedure for replacing etched-wiring boards follows:

Etched-Wiring Board Removal. All connections to the
etched-wiring boards are made with pin connectors except
the connections between the Vertical Preamp board and
the attenuators. However, the attenuators and Vertical Pre-
amp board can be removed from the instrument as a unit
without unsoldering the interconnecting wires (see ‘Vertical
Preamp Unit Removal’).

Most of the components mounted on the etched-wiring
boards can be replaced without removing the boards from
the instrument. Observe soldering precautions given under
‘Soldering Techniques' in this section. However, if the under-
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 be removed. The interconnecting
wires allow the board to be moved out of the way or turned
over without disconnecting the pin connectors {except Verti-
cal Preamp). The Vertical Preamp board can be reconnected
to the instrument for troubleshooting after removal.

Use the following procedure to remove a board:

1. Disconnect all pin connectors which come through holes
in the board.

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

3. The board may now be lifted for maintenance or access
to areas beneath the board.

4. To completely remove the board, disconnect the re-
maining pin connectors.

5. Lift the etched-wiring board out of the instrument. Do
not force or bend the board.

6. To replace the board, reverse the order of removal.
Correct location of the pin connectors is shown in Figs. 4-5
through 4-13. Replace the pin connectors carefully so they
mate correctly with the pins. If forced into place incorrectly
positioned, the pin connectors may be damaged.

Vertical Preamp Unit Removal. Use the following pro-
cedure to remove the Vertical Preamp unit.

1. Remove the screw {mounted with a washer} which holds
the MODE-TRIGGER switch {rear of board) to the chassis.
The other screw may be left in place.

2. Remove the screw (with fiber washer) from the center

of the board.

3. Unsolder the connections on the MODE-TRIGGER switch
which do not go to the Vertical Preamp board.

4. Disconnect all pin connectors which lead off of the
Vertical Preamp board.

5. Remove the attenuator shield and remove the nuts {four)
located under this shield at each side of the INPUT con-
nectors.
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6. Remove the VOLTS/DIV, VARIABLE, POSITION, AC
GND DC, MODE and TRIGGER knobs.

7. Remove the securing nuts on the VOLTS/DIV switches
and the STEP ATTEN BAL controls.

8. Remove the three screws at the rear of the board.

9. Lift up on the rear of the assembly and slide it out of
the instrument.

10. The board may now be removed from the Vertical
Preamp unit as follows:

a. Disconnect all pin connectors remaining on the

board.

b. Unsolder all connections on the rear side of the
board which connect between the attenuators and the
board. Observe the soldering precautions given in this
section.

c. Remove the remaining screw which holds the MODE
TRIGGER switch to the board.

d. Remove the four screws holding the board to the
attenuators.

11. To replace the unit, reverse the order of removal.
Be sure the GAIN and INVERT extensions are positioned
correctly in the corresponding front-panel holes.

Cathode-Ray Tube Replacement. Use care when hand-
ling a crt. Protective clothing and safety glasses should be
worn. Avoid striking it on any object which might cause it
to crack or implode. When storing a crt, place it face down
on a smooth surface with a protective cover or soft mat
under the faceplate to protect it from scratches.

The following procedure outlines the removal and replace-
ment of the cathode-ray tube:

A. Removal:

1. Remove the top and bottom covers and rear panel as
described previously.

2. Remove the light filter or faceplate protector.

3. Disconnect the crt anode connector. Ground this lead
and the anode connection to discharge any stored charge.

4. Unsolder the trace-rotation leads at the crt shield.

5. Unsolder the y-axis rotation leads at the Y Axis Align
control.

6. Disconnect the deflection-plate connectors. Be careful
not to bend the deflection-plate pins.

7. Remove the crt socket.

8. Remove the two nuts (by the graticule lights) which
hold the front of the crt shield to the subpanel.

9. Remove the graticule lights from the studs and position
them away from the shield.

10. Loosen the two hex-head screws inside the rear of
the crt shield. Remove the shield angle clamps and mount-
ing screws.

11. Slide the crt assembly to the rear of the instrument
until the faceplate clears the mounting studs. Then, lift the
front of the crt assembly up and slide it out of the instrument
(see Fig. 4-2).

12. Loosen the three screws on the crt clamp inside the
crt shield. Do not remove the screws.

4-4

Slide crt assembly
'/“A back and then lift
- front up to remove.

Fig. 4-2. Removing the cathode-ray tube.

13. Hold the left hand on the crt faceplate and push
forward on the crt base with the right hand. As the crt starts
out of the shield, grasp it firmly with the left hand. When the
crt is free of the clamp, slide the shield completely off the
crt. Be careful not to bend the neck pins.

B. Replacement:

1. Insert the crt into the shield. Be careful not to bend
the neck pins. Seat the crt firmly against the shield.

2. Tighten the bottom clamp screw—inside the crt shield.
Recommended tightening torque: 4 to 7 in-lbs. Do not
tighten the screws on the sides.

3. Place the light mask over the crt faceplate.

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

5. Tighten the two remaining screws on the inside of the
crt shield.

6. Replace the shield angle clamps and mounting screws
on the rear subpanel. Tighten the two hex-head screws in-
side the rear of the crt shield.

7. Replace the graticule lights and securing nuts.
8. Replace the crt socket.

9. Reconnect the anode connector. Align the jack on
the crt and the plug in the connector and press firmly on
the insulated cover to snap the plug into place.

10. Reconnect the trace-rotation and y-axis leads.

11. Reconnect the deflection-plate connectors. Correct
location is indicated on the crt shield.

12. Adjust the High Voltage, TRACE ROTATION, ASTIG,
Y Axis Align and Geometry adjustments. Adjustment pro-
cedure is given in the Calibration section.

Transistor and Nuvistor Replacement. Transistors and
nuvistors should not be replaced unless actually defective.
If removed during routine maintenance, return them to their
original sockets. Unnecessary replacement of transistors or
nuvistors may affect the calibration of this instrument. When
transistors or nuvistors are replaced, check the operation of
that part of the circuit which may be affected.



Replacement transistors or nuvistors should be of the
original type or a direct replacement. The transistors should
be remounted in the same manner as the original. Some
of the power-supply transistors and the vertical and horizon-
tal output transistors use silicone grease to increase heat
transfer. Replace the silicone grease when replacing these
transistors,

WARNING

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

Fuse Replacement. The line fuses are located on the
side panel. The +75-volt, +150-volt and high-voltage
power-supply fuses are mounted on the rear subpanel. Re-
move the rear panel for access to these fuses. Table 4-1
gives the value of the fuses used in this instrument.

TABLE 4-1
Circuit
Number Rating Location Function
F937 2A Slow Rear subpanel | High voltage
F1101 0.8A Slow |Side panel Line
F1102 0.8A Slow |Side panel Line
F1172 0.5A Slow |Rear subpanel | +75 volt
F1204 0.25A Fast |Rear subpanel | 4150 volt

Rotary Switches. Individual wafers or mechanical parts
of rotary switches are normally not replaced. If a switch is
defective, replace the entire assembly. Replacement switches
can be ordered either wired or unwired; refer to the Parts List
for the applicable part numbers.

When replacing a switch, it is recommended that the leads
and switch terminals be tagged with corresponding identifica-
tion tags as the leads are disconnected. Then, use the old
switch as a guide for installing the new one. An alternative
method would be to draw a sketch of the switch layout and
record the wire color at each terminal.

The swing-out side panel provides access to the side of
the TIME/DIV and HORIZ DISPLAY switches. The top and
bottom of these switches may be reached for easier repair or
removal by removing the B Sweep board (top) or the A
Sweep board (bottom).

High-Voltage Compartment. The components located
in the high-voltage compartment can be reached for mainten-
ance or replacement by using the following procedure.

1. Remove the bottom cover of the instrument as described
in this section.

2. Remove the high-voltage shield.

3. Remove the three screws which hold the cover on the
high-voltage compartment.

4. To remove the complete wiring assembly from the high-
voltage compartment, unsolder the post-deflection anode
lead (heavily insulated lead at the side of the compartment).
The other leads are long enough to allow the assembly to
be lifted out of the compartment to reach the parts on the
under side.
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5. To replace the high-voltage compartment, reverse the
order of removal.

Power Chassis. The power transistors and other heat
dissipating power-supply components are mounted below the
Low-Voltage Regulator board. Remove the Low-Voltage
Regulator board to reach these components. To reach the
underside of the chassis, remove the fan through the rear
subpanel.

TROUBLESHOOTING
Introduction

The following information is provided to facilitate trouble-
shooting of the Type 453, if trouble develops. Information
contained in other sections of this manual should be used
along with the following information to aid in locating the
defective component.

Troubleshooting Aids

Diagrams. Circuit diagrams are given on foldout pages
in Section 7. The circuit number and electrical value of each
component in this instrument are shown on the diagrams.
Important voltages and waveforms are also shown on the
diagrams,

Component Numbering. The circuit number of each
electrical part is shown on the circuit diagram. Each main
circuit is assigned a series of circuit numbers. Table 4-2
lists the main circuits in the Type 453 and the series of circuit
numbers assigned to each. For example, using Table 4-2, a
resistor numbered R550 is identified as being located in the
A Sweep Generator.

TABLE 4-2
Circuit Numbers Circuit
on Schematics
1-99 Channel 1 Input Preamp
100-199 Channel 2 Input Preamp
200-299 Vertical Switching
300-399 Vertical Output Amplifier
400-429 Trigger Preamp
430-499 B A Trigger Generator o
500-599 A Sweep Generator
600699 B Trigger Generator S
700-799 B Sweep Generator N
~800-899 Horizontal Amplifier
900-999 Crt Circuit
1000-1099 Z Axis Amplifier
1100-1199 Power Supply S
1200-1299 Calibrator B

Switch Wafer Identification. Switch wafers shown on
the diagrams are coded to indicate the position of the wafer
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
performs 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.
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Etched-Wiring Boards. Figs. 4-5 through 4-13 show
the etched-wiring boards used in the Type 453. Fig. 4-4 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 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 etched-wiring boards.

Wiring Color-Code. All insulated wire used in the Type
453 is color-coded according to the EIA standard color-code
(as used for resistors} to facilitate circuit tracing. The widest
color stripe identifies the first color of the code. Power-
supply voltages can be identified by three color stripes and
the following background color-code; white, positive voltage;
tan, negative voltage. Table 4-3 shows the wiring color-code
for the power-supply voltages used in the Type 453. The
remainder of the wiring in the Type 453 is color-coded with
two or less stripes or has a solid background with no stripes.
The color-coding helps to trace a wire from one point in the
instrument to another.

TABLE 4-3
Supply | Background 1st 2nd 3rd
Color Stripe Stripe Stripe
—12 volt Tan Brown Red Black
+12 volt White Brown Red Black
+75 volt White Violet Green Black
+150 volt White Brown Green Brown

Resistor Color-Code. A number of precision metal-film
resistors are used in this instrument. These resistors can be
identified by their gray body color, If a metal-film resistor
has a value indicated by three significant figures and a mul-
tiplier, it will be color-coded according to the EIA standard
resistor color-code. If it has a value indicated by four signifi-
cant figures and a multiplier, the value will be printed on the
body of the resistor. For example, a 333k resistor will be
color-coded, but a 333.5k resistor will have its value printed
on the resistor body. The color-code sequence is shown in
Fig. 4-3.

Composition resistors are color-coded according to the
EIA standard resistor color-code.

1st Sig. Fig.

2nd Sig. Fig.
3rd Sig. Fig.
Multiplier

Tolerance

\
N

P

Fig. 4-3. Color-coding of metal-film resistors.

Troubleshooting Techniques

This troubleshooting procedure is arranged in an order
which checks the simple trouble possibilities before pro-
ceeding 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
component is located, it should be replaced following the
replacement procedures given in this section,

1. Check Associated Equipment. Before proceeding with
troubleshooting of the Type 453, check that the equipment
used with the Type 453 is operating correctly. Check that
the signal is properly connected and that the interconnecting
cables or probes are not defective. Also, check the power
source.

2. Check Control Settings. Incorrect control settings can
indicate a trouble that does not exist. For example, incorrect
setting of the A VARIABLE or B TIME/DIV VARIABLE controls
appears as an uncalibrated sweep; incorrect setting of the
Triggering controls appears as defective sweep or trigger
circuit; incorrect setting of the VARIABLE VOLTS/DIV controls
appears as incorrect gain, etc. If there is any question about
the correct function or operation of any control, see the
Operating Instructicns section of this manual.

3. Check Instrument Calibration. Check the calibration of
the instrument, or the affected circuit if the trouble exists in
one circuit. The indicated trouble may only be a result of
misadjustment or may be corrected by calibration. Complete
instructions are given in the Calibration section of this manual.
Individual calibration steps can be performed out of
sequence. However, if the circuit affects the calibration of
other circuits in the instrument, a more complete calibration
will be necessary. ‘General Information’ in the Calibration
section describes how calibration steps which interact are
noted.

4. Isolate Trouble to a Circuit. The Type 453 consists of 14
basic circuits. The normal interaction between these circuits
is given in Table 4-4 to aid in isolating a trouble to an
individual circuit. The left column of Table 4-4 lists the cir-
cuits in descending order as to their effect on other circuits
in the Type 453. The circuits which interact with the most
other circuits are at the top; those with least effect, at the
bottom. This table may not list all interaction but is given as
an aid in localizing a trouble in the Type 453.

To isolate a trouble to a circuit, note the trouble symptom.
The symptom often identifies the circuit in which the trouble
is located. For example, poor focus indicates that the crt cir-
cuit (includes high voltage} is probably at fault. When
trouble symptoms appear in more than one circuit, or if the
trouble is not located in the circuit which indicates the
trouble, Table 4-4 may aid in locating the cause of trouble.
To use the table, find the horizontal line which shows the cir-
cuit(s) affected. Check first the circuit listed in the left column.
If this circuit is not the source of the trouble, check the first
circuit listed in the top line which interacts, etc. Methods
of checking the circuits are given in steps 5 through 8.

The pin connectors used to connect the etched-wiring
boards to the instrument provide a unique means of circuit
isolation. For example, a short in a power supply can be
isolated to the Low-Voltage Supply by disconnecting pin
connectors for that voltage at the boards.
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Incorrect operation of all circuits often indicates trouble
in the Low-Voltage Power Supply. Check first for correct
adjustment 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 4-5 lists the tolerances of the power supplies in
the Type 453. If a power-supply voltage is within the listed
tolerance, the supply can be assumed to be working cor-
rectly. If outside the tolerance, the supply may be misad-
justed or operating incorrectly. Use the procedure given in
the Calibration section to adjust the power supplies.

TABLE 4-5
Power
Supply Tolerance
—12 volt =+0.12 volt
+12 volt 12.1 volts, 0.2 volt*
475 volt 075 volt -

*Adjusted for correct output from the Calibrator circuit. See Calibra-
tion procedure.

After the defective circuit has been located, proceed with
steps 5 through 8 to locate the defective component(s).
If the trouble has not been isolated to a circuit using the
procedure described here, check voltages and waveforms
as explained in step 7 to locate the defective circuit.

5. Check Etched-Wiring Board Interconnections. After the
trouble has been isolated to a particular circuit, check
the pin connectors on the etched-wiring board for correct

®

connection. Figs. 4-5 through 4-13 show the correct connec-
tions for each board.

6. Visual Check. Visually check the circuit in which the
trouble is located. Many troubles can be located by visual
indications such as unsoldered connections, broken wires,
damaged etched-wiring boards or damaged components.

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 voitages and wave-
forms are given on the Schematic Diagrams.

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
schematic page.

A. Voltages. Voltage measurements should be taken
with a 20,000 ohms/volt dc voltmeter. Accuracy of the
voltmeter should be within 3% on all ranges. Be sure that
the test prods are well insulated to prevent accidental short-
ing of components.

B. Waveforms. Use a test oscilloscope which has the
following minimum specifications:

Bandwidth: Dc to at least 40 Mc.
Deflection factor: 0.05 volts/division minimum.

fnput impedance: Approximately 10 megohms paralleled
by about 10 pf when using a 10X probe.
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8. Check Individual Components. The following procedures
describe methods of checking indvidual components in the
Type 453. 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 surround-
ing circuitry.

A. Transistors and Nuvistors. The best check of transis-
tor 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.
However, 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, a
dynamic tester may be used (such as Tektronix Type 570 or
575). Static-type testers are not recommended, however,
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 termi-
nals. 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
ohmmeter; use a dynamic tester (such as 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 unless the measured value varies
widely from the specified value.

D. Inductors. Check for open inductors by checking
continuity with an ohmmeter. Shorted or paritally 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
capacitor. 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 capacitor passes ac signals.
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B Sweep Boord
1. B Trigger Generator
2. B Sweep Generator
3. Horizontal Amplifier

A Sweep Board
1. Trigger Preamp
2. A Trigger Generator
3. A Sweep Generator
4, Calibrator

Vertical Output
Amplifier Board

Low-Voltage
Regulator Board

Vertical Preamp Board
1. Channel 1 Input Preamp
2. Channel 2 Input Preamp
3. Vertical Switching

Z Axis Amplifier and
High-Voltage Regulator Board

Fig. 4-4. Location of etched-wiring boards in Type 453.
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Fig. 4-6. Channel 1 and 2 Input Preamp etched-wiring board (partial Vertical Preamp board).
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Fig. 4-8. Trigger Preamp and A Trigger Generator etched-wiring board (partial A Sweep Board).
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HORIZ AMP
‘G’ grn-grn on
‘F* collector o*.\ gy (coax)
Q894 ‘H' shield for ‘G’
‘E' base o*\\ ‘I' yel-yel on
Q894 gy (coax)
‘D' emitter \ J' shield for ‘I
of Q894
‘C' emitter \
of Q884
‘B’ base o*\
Q884 ‘K’ blk-blu
on wht
‘A 3:-22\\\
of Q884 \

‘L' grn on wht

‘M orn-orn on
gy f{coax)

‘N' shield for ‘M’
‘Q’ shield for ‘P’
‘P" grn-grn on
gy (coax)

Maintenance—Type 453
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Fig. 4-9. Horizontal amplifier etched-wiring board (partial B Sweep board).



‘AO’" brn-red-
blk on wht

‘AN’ brn-red-
blk on tan

‘AM’ vio-grn-
blk on wht

‘AL’ blu-grn-
blk on wht
‘AK' blu-blu on -
gy lcoax)

-
‘Al shield for ‘AK'

‘Al' red-red on”"
gy (coax)

‘AG' gy l(coax)”

‘AF’ shield for ‘A

‘AE' red on wht

‘AD’ blk-grn _—
on wht :

‘AC' orn on wht

GI

‘AB' brn on wht

B Sweep Generator

‘AA'

.ARI

shield for ‘AS’

‘AQ' yel-yel on
gy (coax)

‘AP" shield for ‘AQ’

red en wht

‘BB' blk-yel
on wht
BA’

orn on wht

Maintenance—Type 453

‘AS' gy lcoax)

‘AT' red-red on
gy lcoax)

‘AU’ shield for ‘AT’

Trigger Level
Centering

£€9a

‘AZ' shield for ‘AY’”

‘AY' yel-yel on /
gy (coax)

‘CI" wht
‘CJ) shield for 'CK’

orn-orn on
gy (coax)

ACKI

Fig. 4-10. B Trigger Generator and B Sweep Generator etched-wiring board (partial B Sweep board) .

4l

4399

‘AV' vie on wht

‘AW' gy l(coax)

shield for ‘AW’

‘CA" blk on

‘CB' grn on

wht

wht

‘CC" gy on wht

‘CD' vio on wht

‘CE' blk-orn

on wht

‘CF' yel on wht

‘CG’ blk-grn
on wht

Trigger Generator

‘CH' orn on wht
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‘D' brn-red-
blk on tan
‘E' brn-red-
‘C’ blu on wht blk on wht

vesr oueur Awe

‘F' vio on wht

‘G’ base of
Q364

‘H' emitter

of Q364
‘B’ red-red on -~ 4@ ] § g ¥ . :
gy (coax) g - 3 " i ; h® 1 .
' , : : S , ¥ AEH—— ' emitter
of Q374
‘A’ gy (coax) e " S . Al - f ".' : A ; 1 ;
. f V il gk~ O A 4 J CSTT—J' base of
Q374

NOTE:
gg:; g::::j 2: g:gg?; Fig. 4-11. Vertical Output Amplifier etched-wiring board.
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‘K’ brn-red-
blk on whtx Z AXIS/CRT CIRCUIT
*J' wht
‘I' shield for
'‘G' and ‘H'

‘H' red (shielded) -
‘G' blk (shielded)~
‘F' shield for ‘E'~

‘E' grn-grn on.

gy (coax)

‘D" shield for 'C'T

‘C' red-red on

gy (coax]
‘B’' shield for ‘A’

‘A’ orn-orn on-

gy (coax)

‘AG' brn-red-

Maintenance—Type 453
‘N' emitter
of Q1034

Z Axis Amplifier

‘M’ collector
of Q1034

‘L' base of
Q1034

— 0" blk-blu
| on wht

_ P brn-blk-
brn on wht

" ‘Q" brn-grn-
~N R982 i brn on wht
- Geo:l'etry :

) ‘R blu on wht

‘S' brn on wht

blk on tan

R900 | &
High Voltagep. &
N el 7 s

‘AA’ orn on wht

High-Voltage Regulator

‘AF' vio on wht ‘AB' grn on wht
‘AE' vio-grn- ‘AC’ yel on wht
blk on wht

‘AD' blu on wht

Fig. 4-12. Z Axis Amplifier and High-Voltage Regulator etched-wiring board.
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‘B' vio-grn-
blk on wht

‘A’ vio-grn-
blk on wht

g
S~

1 . blk on tan
& ' .i__._..-——‘H' brn-red-
e ) . 7 g ' blk on tan
= &0 1E blk-blu
U blk—re:'\ : "8Ik = on wht
on w : :
‘T' blk-gy N-2
on wht : &
3 whl/‘ "
Y
]
i%\_.
i
‘Q" brn-grn- ‘*K' blk on wht
brn on wht
‘P' blk-ern ‘L' blk-grn
on wht on wht
‘R' blk-vio ‘07 wht ‘M" blk-yel ‘)" brn-red-
on wht on wht blk on tan
4-18 ‘N” blu on wht
Fig. 4-13. Low Voltage Regulator etched-wiring board. ®i

‘C’ brn-red-
blk on wht

‘D' brn-red-
blk on wht

‘E' wht

‘F' wht

OEv9:0f @
L oACUIBIA 1

‘G’ brn-red-



SECTION 5
PERFORMANCE CHECK

Introduction

This performance check procedure is provided to check
the operation of the Type 453 without removing the top or
bottom covers. This procedure may be used for incoming
inspection, instrument familiarization, reliability testing, cali-
bration verification, etc.

Failure to meet the characteristics given in this procedure
indicates that the instrument requires internal checks and/or
adjustments. See the Calibration section of the Instruction
Manual.

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 as-
sumed to be calibrated and operating within the original
specifications. If equipment is substituted, it must meet or
exceed the specifications 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. Or-
der by part number through your local Tektronix Field Of-
fice or representative.

1. Time-mark generator. Marker outputs, 5 second to 1
microsecond; sine-wave output, 5 and 10 Mc; accuracy,
0.001%. Tektronix Type 180A Time-Mark Generator recom-
mended.

2. Standard amplitude calibrator. Amplitude accuracy,
0.25%; signal amplitude, 5 millivolts to 50 volts; output sig-
nal, 1 ke, —DC and +DC; must have mixed dispiay feature.
Tektronix calibration fixture 067-0502-00 recommended.

3. Square-wave generator. Frequency, 1kc and 100 kc;
risetime, 20 nanoseconds maximum; output amplitude, about
8 volts into 50 ohms. Tektronix Type 105 Square-Wave Gen-
erator recommended.

4. Constant amplitude sine-wave generator. Frequency,
50 ke and 350kc to above 52.5Mc; output amplitude, 6
volts; amplitude accuracy, #3% from 50 kc to above 52.5
Mec. Tektronix calibration fixture 067-0506-00 recommended.

5. Test oscilloscope. Bandpass, dc to 300 ke; minimum
deflection factor, 10 millivolts/division differential. Tektronix
Type 540-Series oscilloscope with Type D Plug-in Unit recom-
mended.

6. Tunnel-diode pulser. Output amplitude, 200 millivolts
into 50 ohms; connectors, BNC. Tektronix TU-5 Pulser, Part
No. 015-0038-00.

7. Adapter, TU-5/105. Allows TU-5 Pulser to be used
with Type 105 Square-Wave Generator. Tektronix Part No.

013-0075-00.

8. Termination {two). Impedance, 50 ohm; accuracy,

+39%,; connectors, BNC. Tektronix Part No. 011-0049-00.

®

9. 2X Attenuator. Impedance, 50 ohm; accuracy +3%;
connectors, BNC. Tektronix Part No. 011-0069-00.

10. 2.5X Attenuator. Impedance, 50 ohm; accuracy
+3%,; connectors, BNC. Tektronix Part No, 011-0076-00.

11. 5X Attenuator. Impedance, 50-ohm; accuracy, +=3%;
connectors, BNC. Tektronix Part No. 011-0060-00.

12. 10X Attenuator {two). Impedance, 50 ohm; accuracy,
+39%,; connectors, BNC. Tektronix Part No. 011-0059-00.

13. Input rc standardizer. Time constant, 1 megohm X
20 pf; attenuation, 2X; connectors, BNC. Tektronix Part
No. 011-0066-00.

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

15. Adapter. Connectors, GR to BNC jack. Tektronix
Part No. 017-0063-00.

16. Adapter. Connectors, BNC jack to BNC jack. Tek-
tronix Part No. 103-0028-00.

17. Cable (two). Impedance, 50 ohm; type, RG58/AU;
length, 42 inch; connectors, BNC. Tektronix Part No. 012-
0057-00.

18. Cable (three). Impedance, 50 ohm; type, RG58/AU;
length, 18 inch; connectors, BNC. Tektronix Part No. 012-

0076-00.

19. 10X Probe with BNC connector. Tektronix P6010
recommended.

20. Adapter. Connectors, BNC jack to alligator clips. Tek-
tronix Part No. 013-0076-00.

21. Dual-input coupler. Matched signal transfer to each
input. Tektronix Part No. 067-0525-00.

PERFORMANCE CHECK PROCEDURE

General

In the following procedure, test equipment connection or
control settings should not be changed except as noted.
If only a partial check is desired, refer to the preceding
step(s) for setup information.

The following procedure uses the equipment listed under
'Recommended Equipment’. Hf substitute equipment is used,
control settings or setup must be altered to meet the re-
quirements of the equipment used.

Preliminary Procedure

1. Connect the Type 453 to a line voltage within the regu-
lating range of the power supplies.

2. Set the Type 453 controls as follows:
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Crt controls

INTENSITY Counterclockwise
FOCUS Adjust for focused display
SCALE ILLUM As desired

Vertical controls (both channels if applicable)

VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
AC GND DC DC
MODE CH 1
TRIGGER NORM
INVERT Pushed in

Triggering controls (both A and B if applicable)

LEVEL 0
SLOPE +
COUPLING AC
SOURCE INT

Sweep controls
DELAY-TIME MULTIPLIER 0.50

A TIME/DIV 1 mSEC

B TIME/DIV 1 mSEC

A VARIABLE CAL

A SWEEP MODE AUTO TRIG

B SWEEP MODE B TRIGGERABLE AFTER

DELAY TIME

HORIZ DISPLAY A

MAG OFF

A SWEEP LENGTH FULL

POSITION Midrange

POWER OFF
Side-panel controls

B TIME/DIV VARIABLE CAL

CALIBRATOR 1A%
Rear-panel controls

LINE VOLTAGE RANGE HIGH*

3. Set the POWER switch to ON. Allow at least 20
minutes warm up at 25° C, ==5°, for checking the instrument
to the given accuracy.

1. Check Crt Grid Bias

a. Requirement—Spot must be visible at maximum intensity
when sweep is inoperative.

b. Set the INTENSITY control so the trace is visible.

c. Position the start of the trace near the center of the
graticule with the Horizontal POSITION control.

* If line voltage is below 103 volts, set to LOW.

5-2

d. Set the A SWEEP MODE switch to NORM TRIG.
e. Set the INTENSITY control fully clockwise.

f. Check—Spot visible near center screen.

2. Check Trace Rotation

a. Requirement—Trace parallel to horizontal graticule
lines.

b. Change the following control settings:

INTENSITY Midrange
A SWEEP MODE AUTO TRIG
Horizontal POSITION Midrange

c. Position the trace to the horizontal centerline with the

Channel 1 POSITION control.
d. Check—Trace parallel to horizontal graticule lines.

e. If necessary, adjust the TRACE ROTATION adjustment
so trace is parallel to the horizontal graticule lines.

3. Check Z Axis Compensation
a. Requirement—Equal intensity over entire trace.
b. Set the TIME/DIV switch to .1 uSEC.
c. Set the INTENSITY control for a low-intensity trace.

d. Check—Display intensity equal over entire trace length.

4. Check Astigmatism
a. Requirement—Sharp, well-defined display.

b. Connect the time-mark generator to Channel 1 INPUT
with a 42-inch 50-ohm cable.

c. Set the time-mark generator for 1-millisecond and 100-
microsecond markers.

d. Set the TIME/DIV switch to 1 mSEC.

e. Set the CH 1 VOLTS/DIV switch so the markers extend
from the bottom to the top of the graticule area.

f. Set the A Triggering LEVEL control for a stable display.

g. Check—Well-defined markers with optimum setting of
FOCUS control.

h. If necessary, adjust ASTIGMATISM adjustment for a
well-defined display.

5. Check Y Axis Alignment and Geometry

a. Requirement—Linearity and alignment of markers with
the vertical graticule lines within 0.15 division.

b. Check—Bowing and tilt of markers over entire display
area not to exceed 0.15 division (see Fig. 5-1).

c. Disconnect all test equipment.
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8. Check Channel 1 and 2 Gain Adjustment

a. Requirement—Vertical deflection within 3% of
VOLTS/DIV switch indication.

b. Connect the standard amplitude calibrator to both
Channel 1 and 2 INPUT connectors using a BNC T connector
and two 42-inch 50-ohm cables.

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

d. Set both VOLTS/DIV switches to 20 mV.

e. Check—Crt display for exactly five divisions of deflec-
tion (see Fig. 5-2).

Fig. 5-1. Typical crt display showing good geometry and y axis
alignment.

6. Check Channel 1 and 2 Step Attenuator
Balance

a. Requirement—No trace shift as VOLTS/DIV switch is
changed from 20 mV to 5mV.

b. Set the CH 1 VOLTS/DIV switch to 20 mV.

c. Position the trace to the graticule centerline with the
Channel 1 POSITION control.

d. Check—Change the CH 1 VOLTS/DIV switch from
20mV to 5mV and check for trace shift.

e. If there is trace shift, adjust Channel 1 STEP ATTEN
BAL adjustment for no trace shift as the CH 1 VOLTS/DIV
switch is changed from 20mV to 5mV.

f. Set the MODE switch to CH 2.

g. Position the trace to the graticule centerline with the
Channel 2 POSITION control.

h. Check—Change the CH 2 VOLTS/DIV switch from
20mV to 5mV and check for trace shift.

i. If there is trace shift, adjust Channel 2 STEP ATTEN
BAL adjustment for no trace shift as the CH 2 VOLTS/DIV
switch is changed from 20 mV to 5 mV.

7. Check Channel 1 and 2 Position Center

a. Requirement—Trace within =3 divisions of graticule
center with POSITION control centered.

b. Set the Channe!l 2 POSITION control to the center of
rotation (dot straight up).

¢. Check—Trace should be within =#=3 divisions of the
horizontal centerline.

d. Set the MODE switch to CH 1.

e. Set the Channel 1 POSITION control to the center of
rotation.

f. Check—Trace should be within =3 divisions of the
horizontal centerline.

®
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Fig. 5-2. Typical crt display showing correct vertical gain.

f. If necessary, adjust Channel 1 GAIN adjustment for
exactly five divisions of deflection.

g. Set the MODE switch to ADD.
h. Pull the INVERT switch out.

i. Check—Crt display for straight line indicating identical
gain for both channels.

j. If necessary, adjust Channel 2 GAIN adjustment for
straight line.

9. Check Added Mode Operation

a. Requirement—Signal addition.

b. Set standard amplitude calibrator for 50-millivolt
square-wave output.

c. Push the INVERT switch in.

d. Check—Crt display 5 divisions in amplitude (see Fig.
5-2).

10. Check Channel 1 and 2 Variable Control
Range

a. Requirement—At least 2.5:1 reduction in deflection
when fully counterclockwise.

5-3
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b. Set standard amplitude calibrator for a 0.1-volt square-
wave output.

c. Set the MODE switch to CH 1.

d. Turn the Channel 1 VARIABLE VOLTS/DIV control fully
counterclockwise.

e. Check—Maximum deflection of 2 divisions (2.5:1
range). See Fig. 5-3. UNCAL light must be on when VARI-
ABLE control is not in CAL position.

f. Set the MODE switch to CH 2.

g. Turn the Channel 2 VARIABLE VOLTS/DIV control
fully counterclockwise.

h. Check—Maximum deflection of 2 divisions (2.5:1
range). See Fig. 5-3. UNCAL light must be on when VARI-
ABLE control is not in CAL position.

/Five-division display with variable control at CAL

{ + |
+ | -

-

ps

he
A }
l Must be reduced to at least two divisions when
fully counterclockwise

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

11. Check Channel 1 and 2 Deflection Accuracy

a. Requirement—Vertical ~deflection within 3% of
VOLTS/DIV switch indication.

b. Set both VARIABLE VOLTS/DIV controls to CAL
c. Set the Channel T AC GND DC switch to GND.

d. Check—Using Table 5-1, check vertical detlection
within #=39% in each position of Channel 2 VOLTS/DIV
switch.

e. Set MODE switch to CH 1.

f. Set the Channel 1 AC GND DC switch to DC and the
Channel 2 AC GND DC switch to GND.

g. Check—Using Table 5-1, check vertical deflection
within #=39% in each position of Channel 1 VOLTS/DIV
switch.

12. Check Vertical Linearity

a. Requirement—Less than 0.15 division compression or
expansion at extremes of display area.

5-4

TABLE 5-1
Standard | [ Maximum
VOLTS/DIV | Amplitude Vertical Error For
Switch Calibrator | Deflection /3% Accuracy
Setting | Output | In Divisions | (divisions)
© 5mV 20 millivolts| 4 | =+0.12
10mV | 50 millivolts| 5 +015
20mV | 01 volt | 5 Set exactly
T 50mV | 02 volt | 4 +0.12
e 05 volt | 5 | =015
2 [ volt 5 | =015
5 "2 volts 4 +0.12
] 5 volts 5 015
2 T 10wvolts | 5 | =*015
5 |20 volts ' 4 | =012
10 | 50 volts | 5 EAE

b. Set both VOLTS/DIV switches to 20 mV.

c. Set the standard amplitude calibrator for a 50-milli-
volt square-wave output.

d. Adjust the Channel 1 VARIABLE VOLTS/DIV control
for exactly two divisions of deflection, positioned to grati-
cule center.

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

f. Check—Compression or expansion less than 0.15 divi-
sion (see Fig. 5-4).

g. Position bottom of display to bottom graticule line.

h. Check—Compression or expansion less than 0.15 divi-
sion (see Fig. 5-4).

i. Set MODE switch to CH 2.
i Set the Channel 2 AC GND DC switch to DC.

k. Adjust the Channel 2 VARIABLE VOLTS/DIV control
for exactly two divisions of deflection, positioned to grati-
cule center.

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

m. Check—Compression or expansion less than 0.15 divi-
sion (see Fig. 5-4).

n. Position bottom of display to bottom graticule line.

0. Check—Compression or expansion less than 0.15 divi-
sion (see Fig. 5-4).

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

a. Requirement—Correct signal coupling in each posi-
tion.

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

c. Position display so bottom of the square wave is at
the graticule centerline.

d. Set the Channel 2 AC GND DC switch to AC.

@1
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Fig. 5-4. Typical crt display showing acceptable compression and
expansion. Waveform (a) shows expansion; waveform (c) shows
compression.

e. Check—Crt display should be centered about center-
line.

f. Set the Channel 2 AC GND DC switch to GND.

g. Check—Crt display should be a straight line near
the graticule centerline.

h. Set the MODE switch to CH 1.

i. Position display so bottom of the square wave is at
the graticule centerline.

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

k. Check—Crt display should be centered about center-
line.

®
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I. Set the Channel 1 AC GND DC switch to GND.

m. Check—Crt display should be a straight line near
the graticule centerline.

n. Disconnect all test equipment.

14. Check Channel 1 Output Operation

a. Requirement—Deflection factor less than 1 millivolt/
division when cascaded with Channel 2.

b. Set both AC GND DC switches to DC.
c. Set both VOLTS/DIV switches to 5mV.

d. Connect the standard amplitude calibrator signal to
Channel 1 INPUT with a 42-inch 50-ohm cable.

e. Set the standard amplitude calibrator for a 5-millivolt
square-wave output.

f. Connect the CH 1 OUT connector to Channel 2 IN-
PUT with an 18-inch 50-ohm cable.

g. Set the MODE switch to CH 2.

h. Check—Deflection greater than 5 divisions in ampli-
tude (less than 1 millivolt/division deflection factor).

15. Check External Horizontal Gain

a. Requirement—Horizontal deflection within +5% of
Channel 1 VOLTS/DIV switch indication.

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

¢. Change the following control settings:

VOLTS/DIV 20 mV
MODE CH 1
TRIGGER CH 1 ONLY

B Triggering COUPLING DC
HORIZ DISPLAY EXT HORIZ

d. Increase the INTENSITY control setting so the display
is visible.

e. Check—Crt display 5 divisions horizontally (see Fig.
5-5), #0.25 divisions (*=5%).

f. Disconnect all test equipment.

16. Check Trace Shift Due to Input Grid Current

a. Requirement—Trace shift due to input grid current
not to exceed 0.4 division at 5mV.

b. Return the INTENSITY control to normal.

c. Change the following control settings:

VOLTS/DIV 5mV
TRIGGER NORM
B Triggering COUPLING DC
HORIZ DISPLAY A

5-5
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Fig. 5-5. Typical crt display showing correct external horizontal
gain.

d. Position the trace to the graticule centerline.

e. Change the Channel 1 AC GND DC switch from DC
to GND.

f. Check—Trace shift not to exceed 0.4 division.
g. Set the MODE switch to CH 2,
h. Position the trace to the graticule centerline.

i. Change the Channel 2 AC GND DC switch from DC
to GND.

j. Check—Trace shift not to exceed 0.4 division.

17. Check Alternate Mode Operation
a. Requirement—Trace alternation at all sweep rates.
b. Set the MODE switch to ALT.
c. Position the traces about 2 divisions apart.
d. Turn the TIME/DIV switch throughout its range.

e. Check—The display should alternate between traces
at all positions of the TIME/DIV switch. At faster sweep
rates, alternation will not be apparent; display will appear
as two traces on the screen.

18. Check Chopped Mode Operation

a. Requirement—Chopped repetition rate, 500 kc, #=20%,.
Blanking of switching transients.

b. Set the MODE switch to CHOP.
c. Set the TIME/DIV switch to .5 uSEC.

d. Adjust the A Triggering LEVEL control to produce a
stable display.

e. Check—Duration of one complete cycle between 3.4
and 5 divisions {500 ke, +20%).

f. Check—Switching transients between segments com-
pletely blanked.
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19. Check Channel 1 and 2 Volts/Division
Compensation

a. Requirement—Optimum square-wave response with
minimum rolloff, overshoot or tilt.

b. Change the following control settings:

VOLTS/DIV 20 mV
MODE CH 1
AC GND DC DC
TIME/DIV .2mSEC

c. Connect the square-wave generator to Channel 1
INPUT through a 42-inch 50-ohm cable, 10X attenuator,
50-ohm termination and 20-pf input rc standardizer, in given
order.
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Fig. 5-6. (a) Typical crt display showing correct VOLTS/DIV switch
compensation; (b) and {c) incorrect compensation.
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d. Set the square-wave generator for 4 divisions of 1-
ke signal.

e. Check—Top of square wave for minimum rolloff, over-
shoot or tilt {see Fig. 5-6). Repeat check at each CH
1 VOLTS/DIV switch position between 20 mV and 2 volts.
Adjust the square-wave generator output or remove attenu-
ation as needed to maintain 4-division display.

f. Set the MODE switch to CH 2.

g. Connect the square-wave generator to Channel 2
INPUT as in step c.

h. Set the square-wave generator for 4 divisions of 1-kc
signal.

i. Check—Top of square wave for minimum rolloff, over-
shoot or filt (see Fig. 5-6). Repeat check at each CH
2 VOLTS/DIV switch position between 20mV and 2 volts.
Adjust the square-wave generator output or remove attenu-
ation as needed to maintain a 4-division display.

20. Check High-Frequency Compensation

a. Requirement—Optimum square-wave response at high
frequency.

b. Change the foilowing control settings:

VOLTS/DIV 20mV
TIME/DIV .2 uSEC
MAG X10

c. Connect the square-wave generator to Channel 2
INPUT through the TU5/105 adapter, 42-inch 50-ohm cable,
TU-5 Pulser, 25X attenvator and a 50-ohm termination,
in given order.

d. Set the square-wave generator output frequency to
100 ke. Adjust the output amplitude and the TU-5 bias
control to produce a pulse.

e. Turn the Horizontal POSITION control so the rising
portion of the pulse is displayed.

f. Check—Crt display for optimum square-wave response
(see Fig. 5-7).
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Fig. 5-7. Typical crt display showing correct high-frequency com-
pensation.
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g. Set the CH 2 VOLTS/DIV switch to 10 mV.
h. Replace the 2.5X attenuator with a 5X attenuator.

i. Check—Crt display for optimum square-wave response
(see Fig. 5-7).

i. Set the CH 2 VOLTS/DIV switch to 5mV.
k. Replace the 5X attenuator with a 10X attenuator.

I. Check—Crt display for optimum square-wave response
(see Fig. 5-7).

m. Set the MODE switch to CH 1.
n. Connect the signal to Channe! 1 INPUT as in step k.
o. Set the CH 1 VOLTS/DIV switch to 5mV.

p. Check—Crt display for optimum square-wave response
(see Fig. 5-7).

q. Set the CH 1 VOLTS/DIV switch to 10 mV.
r. Replace the 10X attenuator with a 5X attenuator.

s. Check—Crt display for optimum square-wave response
(see Fig. 5-7).

1. Set the CH 1 VOLTS/DIV switch to 20 mV.
u. Replace the 5X attenuator with a 25X attenuator.

v. Check—Crt display for optimum square-wave response
(see Fig. 5-7).

21. Check Vertical System Frequency Response

a. Requiremeni—20mV to 10 VOLTS/DIV, not more
than 30% down at 52.5Mc; 10mV, not more than 30%
down at 46.5 Mc; 5mV, not more than 30% down at 41 Mc.

b. Change the following control settings:

VOLTS/DIV 20 mV
TIME/DIV 20 uSEC
MAG OFF

c. Connect the constant-amplitude sine-wave generator
to Channel 1 INPUT through the GR to BNC adapter, 18-
inch 50-ohm cable, 5X attenuator, 10X attenuator and 50-
ohm termination, in given order.

d. Set the constant-amplitude generator for 4 divisions
at 50 ke.

e. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

f. Check—Output frequency 52.5Mc or higher. Actual
response, _ _ . Mc.

g. Set the CH 1 VOLTS/DIV switch to 10 mV.

h. Replace the 5X attenuator with a 10X attenuator.

i. Set the constant-amplitude generator for 4 divisions
at 50 ke.

i. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 28

divisions {see Fig. 5-8).

k. Check—OQutput frequency 46.5Mc or higher. Actual
response, _ . — Mc.
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4-division display at 50 KC
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Reduced to 2.8 divisions when 30% down

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

I. Set the CH 1 VOLTS/DIV switch to 5mV.
m. Add a 2X attenuator.

n. Set the constant-amplitude generator for 4 divisions

at 50 ke.

o. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

p. Check—OQutput frequency 41 Mc or higher. Actual
response, ___ Mc.

q. Set the MODE switch to CH 2.

r. Connect the constant-amplitude generator to the Chan-
nel 2 INPUT connector as in step c.

s. Set the constant-amplitude generator for 4 divisions
at 50 ke.

t. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions {see Fig. 5-8).

u. Check—Output frequency 52.5Mc or higher. Actual
response, _..___Mec.

v. Set the CH 2 VOLTS/DIV switch to 10 mV.
w. Replace the 5X attenuator with a 10X attenuator.

x. Set the constant-amplitude generator for 4 divisions
at 50 k.

y. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

z. Check—Output frequency 46.5Mc or higher. Actual
response, ______Mc.

aa. Set the CH 2 VOLTS/DIV switch to 5mV.
ab. Add a 2X attenuator.

ac. Set the constant-amplitude generator for 4 divisions

at 50 kc.
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ad. Without changing the output amplitude, increase
the output frequency until the deflection is reduced to 2.8
divisions (see Fig. 5-8).

ae. Check—Output frequency 41 Mc or higher. Actual
response, _ __. . Mc.

22. Check Channel 1 and 2 Cascaded Fre-
quency Response

a. Requirement—Not more than 30% down at 25Mec.

b. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 2X attenuator, 5X attenuator, 10X attenuator,
10X attenuator and 50-ohm termination, in given order.

¢. Connect the CH 1 OUT connector to the Channel 2
INPUT connector with an 18-inch 50-ohm cable.

d. Set the constant-amplitude generator for 4 divisions
at 50 ke.

e. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

f. Check—Output frequency 25Mc or higher. Actual
response, ___ Mc.

23. Check Added Mode Frequency Response
a. Requirement—Not more than 30% down at 52.5Mc.

b. Connect the constant-amplitude generator to Channel
2 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 5X attenuator, 10X attenuator and 50-ohm termina-
tion, in given order.

c. Change the following control settings:

VOLTS/DIV 20 mV
Channel 1 AC GND DC GND
MODE ADD

d. Set the constant-amplitude generator for 4 divisions
at 50 ke.

e. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

f. Check—Output frequency 52.5Mc or higher. Actual
response, ~ M

g. Set the Channel 1 AC GND DC switch to DC and the
Channel 2 AC GND DC switch to GND.

h. Connect the constant-amplitude generator to Channel
1 INPUT connector as in step b.

i. Set the constant-amplitude generator for 4 divisions

at 50 kc.

|- Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 5-8).

k. Check—OQutput frequency 52.5Mc or higher. Actual
response, - . _Mc. :

@1



24. Check External Horizontal Frequency Re-
sponse

a. Requirement—Not more than 30% down at 5Mc.

b. Change the following control settings:

MODE CH 2
TRIGGER CH 1 ONLY
AC GND DC DC

HORIZ DISPLAY EXT HORIZ
B Triggering COUPLING DC

c. Increase the INTENSITY setting until a spot is visible.

d. Connect the constant-amplitude generator to Chan-
nel 1 INPUT through the GR to BNC adapter, 18-inch-50-
ohm cable, 5X attenuator, 10X attenuator and 50-ohm
termination, in given order.

e. Set the constant-amplitude generator for & divisions
of horizontal deflection.

f. Without changing the output amplitude, increase the
output frequency until the horizontal deflection is reduced
to 4.2 divisions (see Fig. 5-9).

g. Check—Output frequency 5Mc or higher. Actual
response, _ .. Mc.

6 divisions of deflection at 50 KC
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Fig. 5-9. Typical crt display when checking external horizontal
frequency response.

25. Check Phase Shift
a. Requirement—Less than 3° at 50 kc.

b. Connect the constant-amplitude generator through the
GR to BNC adapter, 18-inch 50-ohm cable, 2X attenuator,
2.5X attenuator, 10X attenuator, 50-ohm termination and
the dual-input coupler to both INPUT connectors.

c. Set the constant-amplitude generator for 4 divisions
of vertical deflection at 50 ke.

d. Check—Separation of displayed waveform along ver-
tical centerline (see Fig. 5-10) not to exceed 0.2 division
(3° phase shift).

®
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Must be less than 0.2 division for less than 3°
phase shift.

Fig. 5-10. Typical crt display when checking phase shift.

26. Check Common Mode Rejection Ratio
a. Requirement—At least 20:1 at 20 Mc.
b. Set the HORIZ DISPLAY switch to A.

c. Leave the constant-amplitude generator connected as
in step 25b.

d. Set the constant-amplitude generator for 4 divisions
at 20 Mc.

e. Remove the 2X attenuator.
f. Set the MODE switch to ADD.
g. Pull the INVERT switch out.

h. Check—Crt display less than 0.4 division (20:1 re-
jection).

27. Check Attenuator Isolation
a. Requirement—Greater than 10,000:1.

b. Change the following control settings:

CH 1 VOLTS/DIV 5 Volts
CH 2 VOLTS/DIV S5mVv
MODE CH 1
Channel 2 AC GND DC GND
INVERT Pushed in

c. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter and the 18-inch
50-ohm cable.

d. Set the constant-amplitude generator for 2 divisions
at 20 Mc.

e. Set the MODE switch to CH 2.
f. Check—Crt display less than 0.2 division (10,000:1).

g. Change the following control settings:

CH 1 VOLTS/DIV 5mV
CH 2 VOLTS/DIV 5 Volts
MODE Ch 1
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Channel 1 AC GND DC GND
Channel 2 AC GND DC DC

h. Connect the constant-amplitude generator to Channel
2 INPUT connector as in step c.

i. Check—Crt display less than 0.2 division ({10,000:1).

28. Check Trigger Level Centering

a. Requirement—Stable display within +2 divisions of
graticule center with LEVEL control centered.

b. Change the following control settings:

YOLTS/DIV 20 mv
TRIGGER NORM
AC GND DC DC
COUPLING DC
LEVEL 0

A SWEEP MODE NORM TRIG

c. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 25X attenuator, 5X attenuator, 10X attenuator,
10X attenuator and 50-ohm termination, in given order.

d. Set the constant-amplitude generator for a 0.2-division
display at 50 kc.

e. Turn the Channel 1 POSITION control so the display
is stable.

f. Check—Display within =2 divisions of graticule cen-
ter.

g. Set the TRIGGER switch to CH 1 ONLY.

h. Turn the Channel 1 POSITION control so the display
is stable.

i. Check—Display within =2 divisions of graticule cen-
ter. CH 1 light in both A and B Triggering must be on.

i. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

k. Turn the Channel 1 POSITION control so the display
is stable.

|. Check—Display within +2 divisions of graticule cen-
ter.

29. Check Internal Trigger Sensitivity

a. Requirement—Triggered display in AC, LF REJ and
DC positions of the A and B Triggering COUPLING switch
with 0.2-division deflection at 10 Mc and 1 division at 50 Mc.

b. Change the following control settings:

TRIGGER NORM
TIME/DIV .1 uSEC
HORIZ DISPLAY A

c. Connect the constant-amplitude generator as in step

28c.

d. Set the constant-amplitude generator for a 0.2-division
display at 10 Mc.
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e. Check—Stable display with A Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for correct triggering). The A SWEEP
TRIG'D light should be on when the display is stable.

f. Set the constant-amplitude generator for a 1-division
display at 50 Mc (remove attenuation as necessary to obtain
1-division display).

g. Check—Stable display with A Triggering COUPLING

switch set to AC, LF REJ and DC (LEVEL and HF STAB con-
trol may be adjusted as necessary for correct triggering).

h. Set the A SWEEP MODE switch to AUTO TRIG.
i. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

i. Set the constant-amplitude generator for a 0.2-divi-
sion display at 10Mc (replace attenuation removed in
step f).

k. Check—Stable display with B Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for correct triggering).

I. Set the constant-amplitude generator for a 1-division
display at 50 Mc {remove attenuation as necessary to ob-
tain 1-division display).

m. Check—Stable display with B Triggering COUPLING

switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for correct triggering).

30. Check External Trigger Sensitivity

a. Requirement—Triggered display in AC, LF REJ and
DC positions of the A and B Triggering COUPLING switches
with  50-millivolt input signal at 10Mc, and 200-millivolt
at 50 Mc.

b. Connect the constant-amplitude generator through the
GR to BNC adapter, 18-inch 50-ohm cable, 2X attenuator,
5X attenuator, 10X attenuator, BNC to BNC adapter,
BNC T connector and an 18-inch 50-ohm cable and a 50-
ohm termination to both the CH 1 INPUT and the B Trig-
gering EXT TRIG INPUT connectors, in given order.

c. Set the CH 1 VOLTS/DIV switch to 50 mV.

d. Set the constant-amplitude generator for a 1-division
display (50 millivolts) at 10 Mc.

e. Set the B Triggering SOURCE switch to EXT.

f. Check—Stable display with B Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for stable display).

g. Set the constant-amplitude generator for a 4-division
display (200 millivolts) ot 10 Mc (remove 5X attenuator).

h. Without changing the output amplitude, set the con-
stant-amplitude generator to 50 Mc.

i. Check—Stable display with B Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for stable display).

ji. Change the following control settings:

HORIZ DISPLAY A
A SWEEP MODE NORM TRIG
SOURCE EXT



k. Change the signal from the B Triggering EXT TRIG
INPUT to the A Triggering EXT TRIG INPUT connector.

I. Set the constant-amplitude generator for a 1-division
display (50 millivolts) at 10 Mc (replace 5X attenuator).

m. Check—Stable display with A Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for stable display).

n. Set the constant-amplitude generator for a 4-division
display {200 millivolts) at 10 Mc (remove 5X attenuator).

o. Without changing the output amplitude, set the con-
stant-amplitude generator to 50 Mc.

p. Check—Stable display with A Triggering COUPLING
switch set to AC, LF REJ and DC (LEVEL control may be
adjusted as necessary for stable display).

31. Check High-Frequency Reject Operation

a. Requirement—Stable triggering with 0.2-division de-
flection at 50 kc; does not trigger at 1 Mc.

b. Change the following control settings:

VOLTS/DIV 20 mV
SOURCE INT
COUPLING HF REJ
TIME/DIV 5 uSEC

c. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 25X attenuator, 5X attenuator, 10X attenuator,
10X attenuator and 50-ohm termination, in given order.

d. Set the constant-amplitude generator for a 0.2-division
display at 50 kc.

e. Check—Stable display (LEVEL control may be ad-
justed as necessary for stable display).

f. Without changing output amplitude, set the constant-
amplitude generator to 1 Mc.

g. Check—Display not triggered at any setting of the
A Triggering LEVEL control.

h. Change the following control settings:

HORI!Z DISPLAY DELAYED SWEEP (B)
A SWEEP MODE AUTO TRIG
A Triggering COUPLING AC

i. Set the constant-amplitude generator for a 0.2-division
display at 50 ke.

j. Check—Stable display (LEVEL control may be ad-
justed as necessary for stable display).

k. Without changing output amplitude, set the constant-
amplitude generator to 1 Mc.

I. Check—Display not triggered at any setting of B
Triggering LEVEL control.

32. Check Single Sweep Operation

a. Requirement—Sweep triggers with same A Trigger-
ing LEVEL control setting as in AUTO TRIG; sweep locks
out until reset.

®
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b. Leave the constant-amplitude generator connected as
in step 3lc.

c. Set the constant-amplitude generator for a 0.2-divi-
sion display at 50 ke.

d. Set the HORIZ DISPLAY switch to A.
e. Set the TIME/DIV switch to 20 uSEC.

f. Adjust the A Triggering LEVEL control for a stable
display.

g. Disconnect the signal.
h. Set the A SWEEP MODE switch to SINGLE SWEEP.
i. Push the RESET button.

j. Check—RESET light comes on when button is pressed
and remains on until signal is reapplied.

k. Reconnect the signal to Channel 1 INPUT connector.

I. Check—A single, stable display should be presented.
RESET light must go off and remain off until the RESET but-
ton is pressed again.

m. Disconnect all test equipment.

33. Check Line Triggering, Slope Switch Opera-
tion and Low-Frequency Reject Operation

a. Requirement—Line triggering, must produce stable dis-
play of correct polarity; Slope, changes display polarity

when switched; Low-frequency reject operation, does not
trigger at line frequency.

b. Connect the 10X probe to Channel 1 INPUT con-
nector.

c. Change the following control settings:

VOLTS/DIV 10 Volts
TIME/DIV 2 mSEC
SOURCE LINE

A SWEEP MODE NORM TRIG

d. Connect the probe tip to a line-voltage source.
e. Check—Stable display starts on positive slope (see
Fig. 5-11q).

NOTE

When connected to a 230-volt nominal line, dis-
play may start on opposite slope because of line
phasing.

f. Set the A Triggering SLOPE switch to —.

g. Check—Stable display starts on negative slope (see
Fig. 5-11b).

h. Set the A Triggering SOURCE switch to INT.

i. Set the A Triggering COUPLING switch to LF REJ.
j. Check—Stable display cannot be obtained.

k. Change the following control settings:

HORIZ DISPLAY DELAYED SWEEP (B)
A Triggering COUPLING AC
A SWEEP MODE AUTO TRIG
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Fig. 5-11. Typical crt display showing correct operation of the
SLOPE switch. {a) SLOPE switch set to 4, (b) SLOPE switch set
to—.

I. Check—Stable display starts on positive slope (see
Fig. 5-11a).
m. Set the B Triggering SLOPE switch to —.

n. Check—Stable display starts on negative slope (see
Fig. 5-11b).

o. Set the B Triggering SOURCE switch to INT.
p. Set the B Triggering COUPLING switch to LF REJ.
q. Check—Stable display cannot be obtained.

r. Disconnect all test equipment.

34. Check Triggering Level Control Range

a. Requirement—EXT, at least =2 volts; EXT =10, at
least =20 volts.

b. Change the following control settings:

VOLTS/DIV 5 Volts
SLOPE +
COUPLING DC
SOURCE EXT
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c. Connect the standard amplitude calibrator to the
Channel 1 INPUT connector and the B Triggering EXT TRIG
INPUT connector through the BNC T connector and two
42-inch 50-ohm cables.

d. Set the standard amplitude calibrator for 2-volts +dc
in the mixed output mode.

e. Turn the B Triggering LEVEL control fully clockwise.

f. Check—Display not triggered, demonstrating that the
control has moved the dc level of the Triggering circuit
beyond the positive 2-volt signal amplitude.

g. Set the standard amplitude calibrator for —dc out-
put.

h. Set the B Triggering SLOPE switch to —.

i. Set the B Triggering LEVEL control fully counterclock-
wise.

j. Check—Display not triggered, demonstrating that the
control has moved the level of the triggering circuit be-
yond the amplitude of the negative 2-volt input signal.

k. Set the standard amplitude calibrator for 20 volts
output.

I. Set both SOURCE switches to EXT = 10.
m. Check—Display not triggered.

n. Set the standard amplitude calibrator for +dc out-
put.

o. Set the B Triggering SLOPE switch to +.

p. Turn the B Triggering LEVEL control fully clockwise.
q. Check—Display not triggered.

r. Set the HORIZ DISPLAY switch to A.

Change the signal from the B Triggering EXT TRIG
INPUT to the A Triggering EXT TRIG INPUT connector.

t. Set the A SWEEP MODE switch to NORM TRIG.

u. Set the A Triggering LEVEL control fully clockwise.

v. Check—Display not triggered.

w. Set the standard amplitude calibrator for —dc output.
x. Set the A Triggering SLOPE switch to —.

y. Turn the A Triggering LEVEL control fully counter-
clockwise.

z. Check—Display not triggered.

aa. Set the standard amplitude calibrator for 2 volts
output.

ab. Set the A Triggering SOURCE switch to EXT.

ac. Check—Display not triggered.



ad. Set the standard amplitude calibrator for -+dc out-
put.

ae. Set the A Triggering SLOPE switch to +.
af. Turn the A Triggering LEVEL control fully clockwise.
ag. Check—Display not triggered.

ah. Disconnect all test equipment.

35. Check Auto Recovery Time and Operation
a. Requirement—Stable display above 20 cps repetition
rate.

b. Connect the time-mark generator to Channel 1 INPUT
connector with a 42-inch 50-ohm cable.

c. Set the time-mark generator for 50-millisecond markers.

CAUTION

To prevent permanent damage to the crt phosphor
at slow sweep rates, position the baseline of the
marker display below the viewing area.

d. Change the following control settings:

VOLTS/DIV 2 VOLTS
TIME/DIV 50 mSEC

A SWEEP MODE AUTO TRIG
LEVEL Stable display
SLOPE 4
COUPLING AC

SOURCE INT

e. Check—Stable display (LEVEL control may be adjusted
as necessary for stable display). A SWEEP TRIG'D light on
when display is stable.

f. Set the time-mark generator for 100-millisecond
markers.

g. Check—Sweep free runs and stable display cannot
be obtained.

36. Check Normal Gain

a. Requirement—Timing within ==3% of TIME/DIV switch
indication.
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Fig. 5-12. Typical crt display showing correct normal gain adjust-
ment.
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b. Set the time-mark generator for 1 millisecond markers.

c. Set the TIME/DIV switch to 1 mSEC.

d. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. 5-12) =0.24
division {*=3%).

NOTE

Unless otherwise noted, use the middle eight hori-

zontal divisions when checking timing (see Fig.

2-9, Operating Instructions).

37. Check Magnified Gain

a. Requirement—Timing within 4% of magnified sweep
rate.

b. Set the time-mark generator for 100-microsecond
markers.

c. Set the MAG switch to X10.

d. Check—Crt display for one marker each division be-

tween the first and ninth graticule lines {see Fig. 5-13) =0.32
division (4%).
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Fig. 5-13. Typical crt display showing correct magnified gain ad-
justment.

38. Check Magnified Linearity

a. Requirement—Linearity within =1.5% for any eight-
division portion of the magnified sweep.

b. Position the first marker to the first graticule line.
Check that the ninth marker is aligned with the ninth graticule
line. If the ninth marker and graticule line do not coincide,
change the TIME/DIV switch to .5mSEC and adjust the A
VARIABLE control for accurate alignment of the first and
ninth markers with their respective graticule lines.

¢c. Check—Displacement of each marker from its respective
graticule line not to exceed ==0.12 division (£1.5%); see
Fig. 5-14.

d. Repeat check for each eight-division portion of the
total display.

39. Check Fine Position Range

a. Requirement—Range between 5 and 8 divisions with
MAG switch set to X 10.

b. Center the FINE position control.
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Each marker must be within ' 0.12 division of
its respective graticule line.
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Fig. 5-14. Typical crt display when checking magnified linearity.

c. Position the start of the trace to the center of the grati-
cule with the Horizontal POSITION control.

d. Check—FINE control will move the start of the trace
horizontally over a range of 5 to 8 graticule divisions.

40. Check Normal/Magnified Registration

a. Requirement—Less than 0.2-division shift when switch-
ing MAG switch from X10 to OFF.

b. Set the time-mark generator for 500-microsecond
markers.

¢. Position middle marker to the graticule centerline.
d. Set the MAG switch to OFF.

e. Check—Trace shift less than 0.2 division.

41. Check A Sweep Length

a. Requirement—A sweep length variable from 11, ==0.5
division, maximum, to less than 4 divisions, minimum.

b. Set the time-mark generator for 1-millisecond and 100-
microsecond markers.

c. Return the TIME/DIV switch to 1 mSEC and the A VARI-
ABLE control to CAL.

d. Position start of trace to the left graticule edge.

e. Check—A Sweep length between 105 and 11.5 divi-
sions. Large markers indicate divisions, and small markers
indicate 0.1 division.

f. Turn the A SWEEP LENGTH control fully counterclock-
wise (not in detent).

g. Check—A Sweep length less than 4 divisions.
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42. Check A Variable Control Range

a. Requirement—At least 2.5:1 reduction in A Sweep rate.
b. Set the time-mark generator for 10-millisecond markers.
c. Set the A SWEEP LENGTH control to FULL.

d. Position the markers to the far left and far right grati-
cule lines with the Horizontal POSITION control.

e. Turn the A VARIABLE control fully counterclockwise.
f. Check—4 divisions or less between markers (2.5:1

range); see Fig. 5-15. UNCAL A or B light must be on when
A VARIABLE control is not in CAL position.

43. Check B Variable Control Range
a. Requirement—At least 2.5:1 reduction in B Sweep rate.

b. Change the following conirol settings:

A TIME/DIV 2 mSEC

B TIME/DIV 1 mSEC

A VARIABLE CAL

B SWEEP MODE B TRIGGERABLE AFTER
DELAY TIME

HORIZ DISPLAY DELAYED SWEEP (B)

c. Position the markers to the far left and far right grati-
cule lines with the Horizontal POSITION control.

d. Turn the B TIME/DIV VARIABLE control fully counter-
clockwise.

e. Check—4 divisions or less between markers (2.5:1
range); see Fig. 5-15. UNCAL A or B light must be on
when B VARIABLE control is not in CAL position.

Spacing between markers must be 4 divisions or
less for 2.5:1 VARIABLE control range.
A

N
A

Fig. 5-15. Typical crt display when checking VARIABLE TIME/DIV
control range.

@1



44, Check B Sweep Length

a. Requirement—B Sweep length 11 divisions, #=0.5 divi-

sion,

b. Set the B TIME/DIV VARIABLE control to CAL.

c. Set the time-mark generator for 1-millisecond and 100-
microsecond markers.

d. Set the DELAY-TIME MULTIPLIER dial to 0.50.

e. Position start of trace to the left graticule edge.

f. Check—B Sweep length between 10.5 and 11.5 divi-
sions. Large markers indicate divisions, and small markers
indicate 0.1 division.

45. Check B Sweep Timing Accuracy

a. Requirement—Timing within

switch setting.

+3%

of B TIME/DIV

b. Check—Using Table 5-2, check B Sweep timing within
=+39% (=0.24 division for middle 8 divisions) in each position
of the B TIME/DIV switch.

TABLE 5-2
A and B ' Crt Display
TIME/DIV Time-Mark (Markers/
Switch Setting | Generator Output| Division)
B p,SEC 10 Megacycle i 1 cycle
.2 pSEC 5 Megacycle 1 cycle
.5 uSEC 1 Microsecond | 1marker/2 divisions
1 uSEC 1 Microsecond 1
~ 2uSEC 1 Microsecond | 2
5 pSEC 5 Microsecond 1
"~ 10uSEC | 10 Microsecond 1
20 uSEC 10 Microsecond 2
~ 50uSEC | 50 Microsecond 1
~ ImSEC | 100 Microsecond 1
2mSEC | 100 Microsecond | 2
5 mSEC 500 Microsecond | 1
1 mSEC 1 Millisecond | 1
2 mSEC 1 Millisecond 2
~ 5mSEC 5 Millisecond T
10mSEC | 10 Millisecond 1
"~ 20mSEC | 10 Millisecond 2
50 mSEC 50 Millisecond 1
~ UseC | 100 Millisecond | 1
2SEC | 100 Millisecond 2
5SEC | 500 Millisecond 1
A Sweep ONLY
e T s T
2SEC | 1Second 2
5SEC 5 Second 1

Performance Check—Type 453

46. Check A Sweep Timing Accuracy

a. Requirement—Timing within +3% of A TIME/DIV
switch setting.

b. Set the HORIZ DISPLAY switch to A.

¢. Check—Using Table 5-2, check A Sweep timing within
=+39, (=2=0.24 division for middle 8 divisions) in each position
of the A TIME/DIV switch.

47. Check High Speed Timing Linearity

a. Requirement—Within =49, of magnified sweep rate.
b. Set the A TIME/DIV switch to .1 uSEC.

c. Set the MAG switch to X10,

d. Set the time-mark generator for 50 Mc output.

e. Check—Timing over entire sweep length, excluding
first and last 3 cycles of the total sweep, within ==4%
(#=0.32 division for middle eight divisions); see Fig. 5-16.

bt
++

+
-+
+

Fig. 5-16. Typical crt display when checking high speed timing
linearity.

48. Check Delay-Time Multiplier Operation and
B Ends A Operation

a. Requirement—Correct operation of intensified zone,
eight major dial divisions, #+-1.5%, between markers at 1.00
and 9.00; B ENDS A, A Sweep ends after intensified zone.

b. Change the following control settings:
A TIME/DIV 1 mSEC
B TIME/DIV 5 uSEC

HORIZ DISPLAY A INTEN DURING B

B SWEEP MODE B STARTS AFTER DELAY
TIME

MAG OFF
c. Set the time-mark generator for 1-millisecond markers.
d. Position the first marker to the left graticule line.

e. Check—Turn the DELAY-TIME MULTIPLIER dial to 1.00
and check that the intensified portion is at the first grati-
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cule line (second marker). Then turn the DELAY-TIME MUL-
TIPLIER dial to 9.00 and check that the intensified portion
is at the ninth graticule line {tenth marker).

f. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

g. Turn the DELAY-TIME MULTIPLIER dial to about 1.00
so a marker is displayed at the start of the sweep. Note
dial reading,

h. Turn the DELAY-TIME MULTIPLIER dial to about 9.00
so a marker is displayed at the start of the sweep. Note
dial reading.

i. Check—Difference between dial readings in steps g
and h must not exceed 8 major dial divisions, =12 minor
dial divisions (+1.5%).

i Set the A SWEEP LENGTH control to the B ENDS
A position.

k. Set the HORIZ DISPLAY switch to A INTEN DUR-
ING (B).

|. Turn the DELAY-TIME MULTIPLIER dial throughout its
range.

m. Check—Crt display ends after the intensified portion
at all DELAY-TIME MULTIPLIER dial positions.

49. Check Delay-Time Multiplier Incremental
Linearity

a. Requirement—Incremental linearity within tolerance of
+0.2%.

b. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B).

c. Set the A SWEEP LENGTH control to FULL (clock-
wise).

d. If the difference between the DELAY-TIME MULTIPLIER
dial reading at about 1.00 and 9.00 as measured in step 48
was not exactly 8 major dial divisions, use steps e through
m to compensate for this error so the incremental linearity
may be read directly from the DELAY-TIME MULTIPLIER dial.
If the difference was exactly 8 dial divisions, proceed to
steps n and o.

e. Set the A TIME/DIV switch to .5mSEC and return the
B TIME/DIV switch to 5 uSEC.

f. Set the HORIZ DISPLAY switch to A INTEN DURING B.

g. Set the A VARIABLE control for one marker each divi-
sion.

h. Return the HORIZ DISPLAY switch to DELAYED SWEEP
(B).

i. Turn the DELAY-TIME MULTIPLIER dial to about 1.00
so a marker is displayed at the start of the sweep.

i Turn the DELAY-TIME MULTIPLIER dial to exactly 8
major dial divisions higher than the reading in step i.

k. Turn the A VARIABLE control so a marker is displayed
at the start of the sweep.
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I. Set the HORIZ DISPLAY switch to A INTEN DURING
B and check for nine markers between 1.00 and 9.00.

m. Return the HORIZ DISPLAY switch to DELAYED SWEEP
(B) and repeat steps i through k until the difference be-
tween the markers at about 1.00 aond 9.00 is exactly 8
major dial divisions.

n. Set the DELAY-TIME MULTIPLIER dial to each major
dial division, taking into account the basic error, and ad-
just so a marker is displayed at the start of the sweep.
For example, if the basic error at 1.00 is 8 minor divisions
(actual dial reading 0.92), set the dial to 1.92 for check-
ing error at 2.00, etc.

o. Check—Dial reading at each major dial division must
be within 2 minor divisions (*=0.2%) of the reading at 1.00
(take into account basic dial error).

50. Check Delay-Time litter

a. Requirement—litter not to exceed 1 part in 20,000.

b. Change the following control settings:

A TIME/DIV 1 mSEC
B TIME/DIV 1 uSEC
A VARIABLE CAL

c. Set the DELAY-TIME MULTIPLIER dial to about 1.00 so
a marker is displayed at center screen.

d. Check—litter on leading edge of marker not to exceed
0.5 division (1 part in 20,000); see Fig. 5-17. Ignore slow
drift.

e. Set the DELAY-TIME MULTIPLIER dial to 9.00.

f. Check—litter on leading edge of marker not to exceed
0.5 division {1 part in 20,000); see Fig. 5-17. Ignore slow
drift.

Jitter on leading edge of delayed-sweep display

\

bttt
ey

Fig. 5-17. Typical c¢rt display showing acceptable delay-time jitter.
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51. Check Calibrator Operation

a. Requirement—Repetition rate, 1 ke, ==0.5%,; duty cycle,
49 to 51%,; risetime, less than 1 microsecond; voltage ac-
curacy, *=1%.

b. Change the following control settings:

CH 1 VOLTS/DIV 50 mV
CH 2 VOLTS/DIV 2 Volts
MODE ALT
TIME/DIV .1 mSEC
HORIZ DISPLAY A

c. Connect the 1 KC CAL connector to Channel 1 INPUT
with an 18-inch 50-ohm cable.

d. Connect the time-mark generator to Channel 2 INPUT
with a 42-inch 50-ohm cable.

e. Position both waveforms to the graticule centerline.

f. Set the A Triggering LEVEL control so both waveforms
start at the same point.

g. Position the rising portion of the second Calibrator cycle
to the vertical centerline.

h. Set the MAG switch to X10.

i. Check—Separation between Calibrator waveform lead-
ing edge and the marker leading edge not to exceed 0.5
division (0.5% frequency accuracy).

i. Disconnect the time-mark generator.

k. Change the following control settings:

MODE CH 1
TIME/DIV 50 pSEC
MAG OFF

|. Set the A Triggering LEVEL control so the display starts
at the 509 point on the rising portion.

m. Set the MAG switch to X10.

n. Position the 50% point on the falling edge of the Cali-
brator waveform to the vertical centerline.

ISUWE DY
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- g - —— -

‘\ Risetime

Fig. 5-18. Typical crt display when checking Calibrator risetime.
Indicated riseetime is 0.36 microsecond.

®1

Performance Check—Type 453

o. Set the A Triggering SLOPE switch to —.

p. Check—50% point on rising edge, now displayed, not
displaced more than 4 divisions from the vertical centerline
(duty cycle 49% to 51%).

q. Change the following control settings:

CH 1 VOLTS/DIV 20 mV
A Triggering SLOPE +
TIME/DIVY .2 uSEC
MAG OFF

r. Adjust the A Triggering LEVEL control so all of the
rising portion of the Calibrator waveform is visible.

s. Check—Risetime between 10% and 90% points on
waveform less than 5 divisions {1 microsecond); see Fig. 5-18.

t. Connect the 1 KC CAL connector to Input A of the
Type D Plug-In unit with a 42-inch 50-ohm cable.

u. Connect the standard amplitude calibrator to Input B
of the Type D Plug-In unit with a 42-inch 50-ohm cable.

v. Set the standard amplitude calibrator for a 1-volt
square-wave output.

w. Set the Type D unit Millivolts/Cm switch to 1, Mv/Cm
Multiplier switch to 10 and the input selector to A — B, DC.

x. Check—Difference between Calibrator output and
standard amplitude calibrator output less than 1 division
(#=1%); see Fig. 5-19.

y. Set the CALIBRATOR switch to .IV.

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

Calibrator error shown by difference here.
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Fig. 5-19. Typical test oscilloscope display when checking amplitude
accuracy of Calibrator (sweep rate, 0.5 millisecond/division).

aa. Set the Type D unit Mv/Cm Mulitplier switch to 1.

ab. Check—Difference between Type 453 Calibrator out-
put and standard amplitude calibrator output less than 1
division (=1%); see Fig. 5-19.

ac. Disconnect all test equipment.
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53. Check Z Axis Sensitivity

a. Requirement—Noticeable intensity modulation with 5-
volt signal.

b. Change the following control settings:

INTENSITY Normal
TIME/DIV 1 mSEC
HORIZ DISPLAY A

c. Connect the standard amplitude calibrator to the
Z AXIS INPUT binding posts using a 42-inch 50-ohm cable
and the BNC to alligator clips adapter.

d. Remove the ground strap from between the binding
posts.

e. Set the standard amplitude calibrator for a 5-volt
square-wave output.

Fig. 5-20. Typical crt display when checking external horizontal
deflection facter at EXT HORIZ input connector. {a) B Triggering
SOURCE switch set to EXT; (b) B Triggering SOURCE switch set to
EXT —=10.

52. Check External Horizontal Deflection Factor

a. Requirement—B Triggering SOURCE switch in EXT,
270 millivolts/division #=15%; EXT <10, 2.7 volts/division
+20%.

b. Connect the standard amplitude calibrator to the EXT
HORIZ connector with a 42-inch 50-ohm cable.

c. Set the standard amplitude calibrator for a 2-volt
square-wave output.

d. Set the HORIZ DISPLAY switch to EXT HORIZ.

e. Increase the INTENSITY control setting until the display
is visible.

f. Set the B Triggering SOURCE switch to EXT.

g. Check—Horizontal deflection 6.5 to 8.7 divisions (270
millivolts/division, ==15%); see Fig. 5-20a.

h. Set the B Triggering SOURCE switch to EXT —=10.

i. Set the standard amplitude calibrator for a 20-volt
square-wave output.

j. Check—Horizontal deflection 6.2 to 9.2 divisions (2.7
volts/division, +=20%); see Fig. 5-20b.

k. Disconnect all test equipment.
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Intensity
Modulation

[\
\

FeTE FUTE
-
e— L

Fig. 5-21. Typical crt display showing intensity modulation (A
Sweep externally triggered for stable display).

f. Check—Crt display for noticeable intensity modulation
(see Fig. 5-21).

g. Replace ground strap.

h. Disconnect all test equipment.

54. Check Trace Finder Operation

a. Requirement—Overscanned display returns to display
area when TRACE FINDER is pressed.

b. Connect the standard amplitude calibrator to Channel
1 INPUT connector through the 42-inch 50-ohm cable.

c. Set the standard amplitude calibrator for a 10-volt
square-wave output,

d. Press the TRACE FINDER button.

e. Check—Display reduced to about 4 divisions vertically
and 7 divisions horizontally.

f. While holding the TRACE FINDER button depressed,
increase the CH 1 VOLTS/DIV setting until the display is
reduced in amplitude {at about 5 VOLTS/DIV).



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

h. Check—Release TRACE FINDER button; display must
remain on screen,

55. Check A and B Gate Output

a. Requirement—Polarity, positive going; amplitude, 12
volts, 2=10%; duration, approximately same length as sweep.

b. Set the TIME/DIV switch to 1 mSEC.

c. Connect the A GATE connector to the Type D unit
Input A connector with a 42-inch 50-ohm cable.

d. Set the Type D unit Millivolts/Cm switch to 1000, Mv/
Cm Multiplier to 5 and Input Selector to A, DC.

€. Check—Test oscilloscope deflection between 2.16 and
2.64 divisions (12 volts =10%); see Fig. 5-22.

f. Check—Gate signal duration about 11 milliseconds.

g. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B).

h. Set the DELAY-TIME MULTIPLIER dial to 0.50.

i. Connect the B GATE connector to the Type D unit Input
A connector with a 42-inch 50-ohm cable.

Performance Check—Type 453

Amplitude—12
volts, ©10%

Duration—About
> 11 milliseconds €

Fig. 5-22. Typical test oscilloscope display showing correct operation
of A and B GATE circvit. Vertical deflection, 5 volts/division;
sweep rate, 2 milliseconds/division.

j. Check—Test oscilloscope deflection between 2.16 and
2.64 divisions (12 volts, *=10%); see Fig. 5-22.

k. Check—Gate signal duration about 11 milliseconds.

This completes the performance check procedure for the
Type 453. Disconnect all test equipment. If the instrument
has met all performance requirements given in this procedure,
it is correctly calibrated and within the specified tolerances.
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SECTION 6
CALIBRATION

Introduction

This calibration procedure can be used either for com-
plete calibration of the Type 453 to return it to original
performance, or as an operational check of instrument
performance. Completion of every step in this procedure
returns the Type 453 to original factory performance stand-
ards. If it is desired to merely 'touch up' the calibration, per-
form only those steps entitled ‘Adjust . . .\

NOTE

The ‘Adjust . . .' steps provide a check of instru-
ment performance before the adjustment is made.
To prevent recalibration of other circuits when per-
forming a partial calibration, readjust only if the
listed tolerance is not met.

General Information

Any needed maintenance should be performed before pro-
ceeding with calibration. Troubles which become apparent
during calibration should be corrected using the techniques
given in the Maintenance section of the Instruction Manual.

This procedure is arranged in a sequence which allows
this instrument to be calibrated with the least interaction of
adjustments and reconnection of equipment. If desired,
the steps may be performed out of sequence or a step may
be done individually. However, some adjustments affect the
calibration of other circuits within the instrument. In this
case, it will be necessary to check the operation of other
parts of the instrument. When a step interacts with others,
the steps which need to be checked will be noted.

The location of test points and adjustments is shown in
each step. Waveforms which are helpful in determining the
correct adjustment or operation are also shown.

Where references are made to divisions of deflection, the
indication will be major divisions.

EQUIPMENT REQUIRED
(see Figs. 6-1 and 6-2)

General

The following equipment, or its equivalent, is required
for complete calibration of the Type 453. Specifications
given are the minimum necessary for accurate calibration of
this instrument. All test equipment is assumed to be cor-
rectly calibrated and operating within the original specifi-
cations. If equipment is substituted, it must meet or exceed
the specifications of the recommended equipment.

Special Test Equipment

For the quickest and most accurate calibration, special

®

calibration fixtures are used where necessary. All calibration
fixtures listed under 'Equipment Required’ can be obtained
from Tektronix, Inc. Order by part number through your
local Tektronix Field Office or representative.

1. Precision dc voltmeter. Accuracy, within #+0.05%;
meter resolution, 50 nV; range, 0.1 to 75 volts. For ex-
ample, Fluke Model 801B.

2.' Dc voltmeter. Minimum sensitivity, 20,000 ohms/volt;
accuracy, checked to within 1% at —1950 volts. For ex-
ample, Simpson Model 262.

3. Test oscilloscope. Bandpass, dc to 50 Mc; minimum
deflection factor, 0.005 volts/division. Tektronix Type 544
Oscilloscope with Type 1A1 Plug-In Unit and Tektronix
P6008 Probe, or Tektronix Type 453 Oscilloscope with Tek-
tronix P6010 Probe recommended.

4. Current probe. Sensitivity, 1 milliamp/division; accuracy,
within 3%. Tektronix P6016 Current Probe with Type 131
Amplifier recommended.

52 1X probe with BNC connector. Tektronix P6028
Probe recommended.

6.% Variable autotransformer. Must be capable of sup-
plying at least 200 volt-amperes over a voltage range of 96
to 137 volts {192 to 274 volts for 230-volt nominal line).
If autotransformer does not have an ac voltmeter to indicate
output voltage, monitor output with an ac voltmeter (rms)
with range of at least 137 {or 274) volts. For example,
General Radio WIOMT3W Metered Variac Autotransformer.

7. Time-mark generator. Marker outputs, 5 seconds to 1
microsecond; sine-wave output, 5 and 10Mc; accuracy,
0.001%. Tektronix Type 180A Time-Mark Generator recom-
mended.

8. Standard amplitude calibrator. Amplitude accuracy,
within 0.25%; signal amplitude, 5 millivolts to 50 volts;
output signal, 1-kc, —DC and +DC; must have mixed
display feature. Tektronix calibration fixture 067-0502-00
recommended.

9. Square-wave generator. Frequency, 1kc and 100 kc;
risetime, 20 nanoseconds maximum; output amplitude, about
8 volts into 50 ohms. Tektronix Type 105 Square-Wave
Generator recommended.

10. Constant amplitude sine-wave generator. Frequency,
50 ke and 350 kc to above 52.5Mc; output amplitude, 6
volts; amplitude accuracy, +3% from 50kc to above
52.5Mc. Tektronix calibration fixture 067-0506-00 recom-
mended.

'If a precision voltage divider (such as a Fluke 80A-2) is avail-
able for use with the precision dc voltmeter, it is recommended for
more accurate adjustment of the High-Voltage Supply.

* Used only to check power-supply ripple in step 4. May be deleted
if this check is not made.
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Recommended calibration equipment. Items 1 through 12.
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Fig. 6-2. Recommended calibration equipment. Items 13 through 26.
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Fig. 6-3. Adjustment tools.

11. Tunnel-diode pulser. Output amplitude, about 200
millivolts intoe 50 ohms; connectors, BNC. Tektronix TU-5
Pulser, Part No. 015-0038-00, recommended.

12. Adapter, TU-5/105. Allows TU-5 Pulser to be used
with Type 105 Square-Wave Generator. Tektronix Part No.
013-0075-00. (When using Tektronix 540-series test oscillo-
scope, the oscilloscope calibrator may be used to drive the
TU-5)

13. Termination (two). Impedance, 50 ohm; accuracy,
+39%; connectors, BNC. Tektronix Part No. 011-004%-00.

14. 22X attenuator. Impedance, 50 ohm; accuracy, #=3%;
connectors, BNC. Tektronix Part No. 011-006%-00.

15. 25X attenuator. Impedance, 50 ohm; accuracy,
+3%,; connectors, BNC. Tektronix Part No. 011-0076-00.

164. 5X attenuator. Impedance, 50 ohm; accuracy, ==3%;
connectors, BNC. Tektronix Part No. 011-0060-00.

17. 10X attenuator (two). Impedance, 50 ohm; accuracy,
—+3%,; connectors, BNC. Tektronix Part No. 011-0059-00.

18. Input rc standardizer. Time constant, 1 megohm X
20 pf; attenuation, 2<; connectors, BNC. Tektronix Part No.
011-0066-00.
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19. BNC T connector. Tektronix Part No. 103-0030-00.

20. Adapter, Connectors, GR to BNC jack. Tektronix
Part No. 017-0063-00.

21. Adapter. Connectors, BNC jack to BNC jack. Tek-
tronix Part No. 103-0028-00.

22. Cable (two). Impedance, 50 ohm; type, RG58/AU;
length, 42 inch; connectors, BNC. Tektronix Part No. 012-
0057-00.

23. Cable (three). Impedance, 50 ohm; type, RG58/AU;
length, 18 inch; connectors, BNC. Tektronix Part No. 012-
0076-00.

24. 10< probe with BNC connector. Tektronix P6010
Probe recommended.

25. Adapter. Connectors, BNC jack to alligator clips.
Tektronix Part No. 013-0076-00.

26. Dual-input coupler. Matched signal transfer to each
input. Tektronix calibration fixture 067-0525-00.



27. Adjustment tools (see Fig. 6-3).

Description § Tektronix

o e Part Noo

a. Insulated screwdriver, 17" .

__ shaft, non-metallic 003-0000-00

b Screwdriver, 3" shaft | 0030192.00

~c. Tuning rod, 5" I 7003-03017-700
d. Tuning tool -

Handle 003-0307-00

Insert, for %44 (ID) hex cores 003-0310-00

ABRIDGED CALIBRATION PROCEDURE
AND INDEX

This Abridged Calibration Procedure is provided to aid
in checking the operation of the Type 453. It may be used
as a calibration guide by the experienced calibrator, or it
may be used as a calibration record. Since the step numbers
and titles used here correspond to those used in the complete
Calibration Procedure, the following procedure serves as an
index to locate a step in the complete Calibration Procedure.
Characteristics are those listed in the Characteristics section
of the Instruction Manual.
Type 453, Serial No. .
Calibration Date _

[] 1. Adjust —12-Volt Power Supply (page 6-8)
—12 volts, =0.012 volt.
[1 2. Adjust +12-Volt Power Supply (page 6-9)

Adjust for +1 volt, #=0.002 volt.
Check for +12.1 volts, #0.12 volt.

[] 3. Adjust +75-Volt Power Supply [page 6-9)
+75 volts, =0.075 volt.
[] 4. Check Low-Voltage Power-Supply Ripple (page 6-10)
2 millivolts maximum.
[] 5. Adjust High-Voltage Supply (page 6-13)
—1950 volts, =60 volts.
[] é. Adjust Crt Grid Bias {page 6-13)
Correct operation; see Calibration Procedure.
[] 7. Adjust Z Axis Compensation (page 6-15)
Optimum square wave.
[] 8. Adjust Trace Alignment (page 6é-15)
Trace parallel to horizontal graticule lines.
[] 9. Adjust Astigmatism (page 6-16)
Sharp, well-defined display.
[]10. Adjust Y Axis Alignment (page é-17)
Markers parallel to vertical graticule centerline.
[111. Adjust Crt Geometry (page 6-17)

Best overall geometry.

@1

Calibration—Type 453

[] 12. Adjust Channel 1 and 2 Step Attenuator Balance
(page 6-17)

No trace shift as VOLTS/DIV switch is changed from
20 mV to 5mV.

[] 13. Adjust Channel 1 and 2 Position Center (page 6-18]

Trace at horizontal centerline with POSITION con-
trol centered.

[[] 14. Adjust Channel 1 and 2 Gain (page 6-20)

Correct vertical deflection as indicated by VOLTS/
DIV switch.

[] 15. Check Added Mode Operation (page 6-21)
Signal addition.

[] 16. Check Channel 1 and 2 Deflection Accuracy (page
6-21)

Vertical deflection within ==3% of VOLTS/D!V switch
indication.

[[] 17. Check Channel 1 and 2 Variable Volts/Division
Range (page 6-22)

VARIABLE VOLTS/DIV control range of at least 2.5:1.
[] 18. Check Compression and Expansion (page 6-22)

Less than 0.15 division compression or expansion at
extremes of display area.

[] 19. Check Trace Shift Due to Input Grid Current (page
6-23)

Less than 0.4 division at 5 mV.
[] 20. Check Alternate Operation (page 6-23)
Trace alternation at all sweep rates.

[] 21. Adjust Channel 1 Volts/Division Compensation (page
6-24)

Optimum square-wave response in all CH 1 YOLTS/
DIV switch positions.

[] 22. Adjust Channel 2 Volts/Division Compensation {page
6-25)

Optimum square-wave response in all CH 2 VOLTS/
DIV switch positions.

23. Adjust High-Frequency Compensation (page 6-27)
|
Optimum square-wave response at high frequency.

[] 24. Check Vertical Frequency Response (page 6-30)

20mV to 10 Volts 50 Mc minimum
10 mV 45 Mc minimum
5mV 40 Mc minimum

[] 25. Check Channel 1 and 2 Cascaded Frequency Re-
sponse {page 6-31)

25 Mc minimum.

[] 26. Check Added Mode Frequency Response (page 6-32)
50 Mc minimum.

[] 27. Check External Horizontal Frequency Response (page
6-32)

5 Mc minimum.
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[] 28. Check Common-Mode Rejection Ratio (page 6-33)
At least 20:1 at 20 Mc.

[] 29. Adjust Trigger Level Centering (page 6-36)
Correct operation; see Calibration Procedure.

[] 30. Check Internal Triggering Operation (page 6-36)

Stable triggering with minimum deflection in all posi-
tions of the COUPLING switches except HF REJ.

[J 31. Check External Triggering Operation (page 6-38)

Stable triggering with minimum signal in all posi-
tions of the COUPLING switches except HF REJ.

[ 32. Check High-Frequency Reject Operation (page 6-39)
Display not triggered at 1 Mc.

[] 33. Check Single Sweep Operation {page 6-40)

Sweep triggers with same A Triggering LEVEL con-
trol setting as in AUTO TRIG; sweep locks out until
reset.

[] 34. Check Line Triggering, Slope Switch Operation and
Low-Frequency Reject Operation (page 6-41)

Correct triggering operation.
[] 35. Check Triggering Level Control Range (page 6-43)

EXT +2 volts
EXT =10 -+20 volts

[] 36. Check Auto Recovery Time and Operation (page
6-44)

Stable triggering at 20 cps.

[] 37. Adjust Sweep Start and A Sweep Calibration (page
6-45)

Correct operation; see Calibration Procedure.

[] 38. Check Delay-Time Multiplier Incremental Linearity
(page 6-44)

Within +0.2%.
(] 39. Adjust Normal Gain (page 6-46)

Correct timing as indicated by A TIME/DIV switch.
[] 40. Adjust Magnified Gain (page 6-46)

Correct timing with MAG switch set to X10.

[] 41. Check Magnified Linearity (page 6-46)
Within +1.5% over any 8-division portion of the
total sweep.

[] 42. Adjust Magnifier Register (page 6-47)
Less than 0.2 division shift when switching from
magnified to normal sweep.

[] 43. Adjust B Sweep Calibration (page 6-47)
Correct Timing as indicated by B TIME/DIV switch.

[] 44. Check B Sweep Length (page 6-47)
11 divisions, =£=0.5 division.

[] 45. Check A Sweep Length (page 6-48)

Variable from 11, 0.5, to less than 4 divisions.

[] 46. Check A Variable Control Range (page 6-48)
At least 2.5:1.

[] 47. Check B Variable Control Range {page 6-49)
At least 2.5:1.

[[] 48. Check Fine Position Range (page 6-49)

Between 5 and 8 divisions with MAG switch set to
X10.

[] 49. Adjust 1 Microsecond Timing (page 6-49)
Correct timing.
[] 50. Adjust High-Speed Linearity (page 6-50)
Equal linearity on left and right sides of graticule.

[} 51. Check B Sweep Timing Accuracy (page 6-50)
B Sweep timing within ==3% of indicated sweep rate.

[] 52. Check A Sweep Timing Accuracy (page 6-51)
A Sweep timing within #+3% of indicated sweep
rate.

[] 53. Check Delay-Time litter (page 6-51)
Not to exceed 1 part in 20,000.
[] 54. Check B Ends A Operation (page 6-51)

Sweep ends after intensified portion.

[] 55. Adjust External Horizontal Gain and Check Opera-
tion (page 6-52)

Input to Channel 1, correct horizontal deflection as
indicated by CH 1 VOLTS/DIV switch. Input to EXT
HORIZ connector, see Calibration Procedure.

[] 56. Check Z Axis Operation (page 6-53)
Noticeable modulation with 5-volt input.
[] 57. Check Trace Finder Operation (page 6-53)

Overscanned display returned to viewing area.

[] 58. Check Channel 1 Output Operation (page 6-53)
At least 1 millivolt/division minimum deflection factor.
[] 59. Check Chopped Operation (page 6-54)

1.7- to 2.5-microsecond duration of each cycle and
chopped blanking of switching transients.

[] 60. Adjust Calibrator Repetition Rate (page 6-55)
1 ke, #0.5%.

[] é1. Check Calibrator Duty Cycle and Risetime (page
6-56)
Duty cycle, 49% to 51%. Risetime, less than 1 micro-
second.

[] 62. Check Calibrator Current Through Probe Loop (page
6-57)

5 milliamps.

[} 63. Check Gate Output Signals (page 6-59)
12 volts in amplitude, ==10% with same duration as
sweep.



CALIBRATION PROCEDURE

General

In the following calibration procedure, a test equipment
setup is shown for each major setup change. Complete con-
trol settings are listed beneath the picture. To aid in locating
individual controls which have been changed during complete
calibration, these control names are printed in bold type.
If only a partial calibration is performed, start with the
nearest setup preceding the desired portion.

NOTE

When performing a complete recalibration, best
performance will be provided if each adjustment
is made to the exact setting, even if the Check is
within the allowable tolerance.

Calibration—Type 453

The following procedure uses the equipment listed under
‘Equipment Required’. If substitute equipment is used, con-
trol settings or setup must be altered to meet the require-
ments of the equipment used.

Preliminary Procedure

1. Remove the top and bottom covers from the Type 453.

2. Connect the autotransformer {if used) to a suitable
power source.

3. Connect the Type 453 power cord to the autotrans-
former output (or directly to the power source).

4. Set the autotransformer to 115 (or 230} volts.

5. Set the Type 453 POWER switch to ON. Allow at least
20 minutes warm up at 25° C, +=5°, for checking the in-
strument to the given accuracy.
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Precision
DC
Voltmeter

Autotransformer

Fig. 6-4. Initial test equipment setup for steps 1 through 3.

Crt controls
INTENSITY Counterclockwise
FOCUS Adjust for focused display
SCALE ILLUM As desired
Vertical controls (both channels if applicable)
VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
AC GND DC AC
MODE CH 1
TRIGGER NORM
INVERT Pushed in
Triggering controls (both A and B if applicable)
LEVEL 0
SLOPE +
COUPLING AC
SOURCE INT

Sweep controls
DELAY-TIME MULTIPLIER 0.50

A TIME/DIV 1 mSEC

B TIME/DIV 1 mSEC

A VARIABLE CAL

A SWEEP MODE NORM TRIG

B SWEEP MODE B TRIGGERABLE AFTER
DELAY TIME

6-8

HORIZ DISPLAY A

MAG OFF

A SWEEP LENGTH FULL
POSITION Midrange
POWER ON

Side-panel controls

B TIME/DIV VARIABLE CAL
CALIBRATOR v

Rear-panel controls
LINE VOLTAGE RANGE HIGH

1. Adjust —12-Volt Power Supply 0

a. Test equipment setup is shown in Fig. é-4.

b. Connect the precision dc voltmeter from the —12-volt
test point (pin connector 'G’, Low-Voltage Regulator board;
see Fig. 6-5) to chassis ground.

c. Check—Meter reading; —12 volts, +0.012 volt.

d. Adjust— —12 Volts adjustment, R1122 (see Fig. é-5),
for —12 volts.

e. Interaction—May affect operation of all circuits with-
in the Type 453.
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*
o
-~

+75-Volt Z2=
Test Point

® )|
i B4+ 75 Vohs = i

B
~ B - DF

'_a..

-
__;_+12 Vo!l __?: J
'l

i B 1 11

Fig. 6-5. Low-voltage test points and adjustment (Low-Voltage Regulator board).

2. Adjust 4 12-Volt Power Supply 0

a. Test equipment setup is shown in Fig. é-4.

b. Connect the precision dc voltmeter from the center
contact of the 1 KC CAL connector to chassis ground.

c. Remove Q1255 (see Fig. 6-6) from the Calibrator board.
d. Check—Meter reading; +1 volt, +0.002 volt.

e. Adjust— 412 Volts adjustment, R1152 (see Fig. 6-5),
for 41 volt.

f. Set the CALIBRATOR switch to .1V.
g. Check—Meter reading; +0.1 volt, #-0.001 volt.
h. Replace Q1255.

i. Connect the precision dc voltmeter from the +12-volt
test point (pin connector 'C’, Low-Voltage Regulator board;
see Fig. 6-5) to chassis ground

|- Check—Meter reading; 4+12.1 volts, ==0.12 volt.

k. Interaction—May affect operation of all circuits within
the Type 453.

3. Adjust +475-Volt Power Supply 0

a. Test equipment setup is shown in Fig. 6-4.

b. Connect the precision dc voltmeter from the +75-volt
test point (pin connector ‘B, Low-Voltage Regulator board;
see Fig. 6-5) to chassis ground.

Fig. 6-6. Location of Q1255 (Calibrator section of A Sweep board).

c. Check—Meter reading; +75 volts, ==0.075 volt.

d. Adjust— +75 Volts adjustment, R1182 (see Fig. 6-5),
for 475 volts.

e. Recheck all supplies and readjust if necessary.

f. Interaction—May affect operation of all circuits within
the Type 453.

g. Disconnect all test equipment.
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Autotransformer

Test
Oscilloscope

Probe

Fig. 6-7. Test equipment setup for step 4.

Crt controls HORIZ DISPLAY A
INTENSITY Counterclockwise MAG OFF
FOCUS Adjust for focused display A SWEEP LENGTH FULL
.SCALE ILLUM As.deswed. POSITION Midrange

Vertical controls (both channels if applicable) POWER ON
VOLTS/DIV 20 mV
VARIABLE CAL Side-panel controls
;(nglﬁ; o ‘X"Cd"’"ge B TIME/DIV VARIABLE CAL
MODE CH 1 CALIBRATOR v
TRIGGER NORM Rear-panel controls
INVERT Pushed in LINE VOLTAGE RANGE ~ HIGH

Triggering controls (both A and B if applicable)
LEVEL 0 i
SLOPE + 4. Check Low-Voltage Power-Supply Ripple
COUPLING AC a. Test equipment setup is shown in Fig. 6-7.
SOURCE INT

Sweep controls b. Connect the 13X probe to the test oscilloscope input.
DELAY-TIME MULTIPLIER 0.50 c. Set the test oscilloscope for a vertical deflection of 0.005
A TIME/DIV 1 mSEC volts/division, ac coupled, at a sweep rate of 5 milliseconds/
B TIME/DIV 1 mSEC division.
A VARIABLE CAL d. Check—2 millivolts peak-to-peak maximum line-fre-
A SWEEP MODE NORM TRIG quency ripple on the —12-volt, +12-volt and +75-volt
B SWEEP MODE B TRIGGERABLE AFTER supplies while changing the autotransformer output voltage

DELAY TIME between 103, 115 and 137 volts (206, 230 and 274 volts for
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230-volts nominal). Power-supply test points are shown in
Fig. 6-5. Fig. 6-8 shows typical test oscilloscope display of

ripple.

e. Set the LINE VOLTAGE RANGE switch to LOW.

f. Check—Power-supply ripple as in step d while chang-
ing the autotransformer output voltage between 96, 115
and 127 volts (192, 230 and 254 volts for 230-volts nominal).

g. Return autotransformer output voltage to 115 (230)
volts. (If the line voltage is about 115 {230) volts, the Type
453 may be connected directly to the line; otherwise, leave
the instrument connected to the autotransformer for the
remainder of the procedure.)

h. Disconnect all test equipment.

Calibration—Type 453

-
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I

Fig. 6-8. Typical test oscilloscope display of power-supply ripple
(60-cycle line). Vertical deflection, 0.005 volts/division; sweep
rate, 5 milliseconds/division.
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Crt controls

INTENSITY Counterclockwise

FOCUS Adjust for focused display

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

VOLTS/DIV 20 mV

VARIABLE CAL

POSITION Midrange

AC GND DC AC

MODE CH 1

TRIGGER NORM

INVERT Pushed in
Triggering controls (both A and B if applicable)

LEVEL 0

SLOPE -

COUPLING AC

SOURCE INT
6-12

DC
Voltmeter

Fig. 6-9. Test equipment setup for steps 5 and 6.

Sweep controls

DELAY-TIME MULTIPLIER
A TIME/DIV

B TIME/DIV

A VARIABLE

A SWEEP MODE

B SWEEP MODE

HORIZ DISPLAY
MAG

A SWEEP LENGTH
POSITION
POWER

Side-panel controls

B TIME/DIV VARIABLE
CALIBRATOR

Rear-panel controls

LINE VOLTAGE RANGE

0.50

1 mSEC

1 mSEC

CAL

NORM TRIG

B TRIGGERABLE AFTER
DELAY TIME

A

OFF

FULL
Midrange
ON

CAL
RAY

HIGH



JOVITIOA HDIH
e
l —1950V d3ONV{ R940
Test Point

.

Crt Grid Bias

Calibration—Type 453

@ rioidk

ety

=,

Fig. 6-10. Location of adjustments and test points on Z Axis Amplifier board.

5. Adjust High-Voltage Supply (1]
a. Test equipment setup is shown in Fig. 6-9.

b. Connect the dc voltmeter from the —1950V test point
(see Fig. 6-10) to chassis ground.

c. Check—Meter reading; —1950 volts, =60 volts.?

d. Adjust—High-Voltage adjustment, R900 (see Fig. é-10),
for —1950 volts.

e. Interaction—May affect operation of all circuits within
the Type 453.
"If the precision dc voltmeter and precision divider are used for
this step, meter reading should be — 1950 volts, =20 volts.

6. Adijust Crt Grid Bias 0

a. Test equipment setup is shown in Fig. 6-9.

b. Connect the dc voltmeter from TP1047 (Z Axis Amplifier
board; see Fig. 6-10) to chassis ground.

c. Set the A SWEEP MODE switch to SINGLE SWEEP,

d. Set the INTENSITY control for a meter reading of
+12 volts.

e. Adjust—Crt Grid Bias adjustment, R940 (see Fig. 6-10),
so the spot just disappears.

f. Interaction—Check steps 7, 56 and 59.

g. Disconnect all test equipment.
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Test
Oscilloscope

Fig. 6-11. Initial test equipment setup for steps 7 and 8.

Crt controls

INTENSITY Midrange
FOCUS Adjust for focused display
SCALE ILLUM As desired

Vertical controls (both channels if applicable)

VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
AC GND DC AC
MODE CH1
TRIGGER NORM
INVERT Pushed in

Triggering controls (both A and B if applicable)

LEVEL 0
SLOPE +
COUPLING AC
SOURCE INT

6-14

Sweep controls

DELAY-TIME MULTIPLIER
A TIME/DIV

B TIME/DIV

A VARIABLE

A SWEEP MODE

B SWEEP MODE

HORIZ DISPLAY
MAG

A SWEEP LENGTH
POSITION
POWER

Side-panel controls

B TIME/DIV VARIABLE
CALIBRATOR

Rear-panel controls
LINE VOLTAGE RANGE

\ 10X

Probe

0.50
.1 uSEC

.1 uSEC
CAL

AUTO TRIG

B TRIGGERABLE AFTER
DELAY TIME

A

OFF

FULL
Midrange
ON

CAL
AV

HIGH



(a)

T I T T
/Opiimur square corner
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1

Fig. 6-12. (a) Location of TP1047 and C1036; (b) Typical test
oscilloscope display showing correct adjustment of C1036 (vertical
deflection, 0.5 volt/division; sweep rate, 0.1 microsecond/division).

Calibration—Type 453

R980
| TRACE
ROTATION

Fig. 6-13. Location of Trace Rotation adjustment (side panel).

7. Adjust Z Axis Compensation 0

a. Test equipment setup is shown in Fig. 6-11.

b. Connect the test oscilloscope 10X probe to TP1047
(see Fig. 6-12a).

c. Check—Test oscilloscope display for optimum square
corner on square-wave display (see Fig. 6-12b).

d. Adjust—C1036 (see Fig. 6-12a) for best square corner
on the square-wave display.

e. Disconnect all test equipment.

8. Adjust Trace Alignment (1]

a. Turn the Channel 1 POSITION control to move the
trace to the horizontal centerline.

b. Check—The trace should be parallel with the center-
line.

c. Adjust—TRACE ROTATION adjustment, R980 (see Fig.
6-13), so the trace is parallel to the horizontal graticule lines.
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GENERATOR

YPE 1BOA TIWE- MARK

000000
L Q :
1
co0eeeeee
000000000

Cables

421 SO-Ohm/

Time-Mark

/ Generator

Fig. 6-14. Initial test equipment setup for steps 9 through 13.

Crt controls B SWEEP MODE B TRIGGERABLE AFTER
INTENSITY Midrange DELAY TIME
FOCUS Adjust for focused display HORIZ DISPLAY A
SCALE ILLUM As desired MAG OFF
Vertical controls (both channels if applicable) A SWEEP LENGTH FULL
VOLTS/DIV 20 mV POSITION Midrange
VARIABLE CAL POWER ON
:CESZIS;DC r:ncdrange Side-panel controls
B TI DIV VARIABLE CAL
MOPE o C A;::\TOR
TRIGGER NORM Al 1V
INVERT Pushed in Rear-panel controls
Triggering controls (both A and B if applicable) LINE VOLTAGE RANGE  HIGH
LEVEL 0
SLOPE + 9. Adjust Astigmatism 0
COUPLING AC
SOURCE INT a. Test equipment setup is shown in Fig. 6-14.
Sweep controls b. Connect the time-mark generator (Type 180A) to Chan-
DELAY-TIME MULTIPLIER 050 nel 1 INPUT through a 42-inch 50-ohm cable,
A TIME/DIV 1 mSEC c. Set the time-mark generator for output markers of 1
B TIME/DIV 1 mSEC millisecond and 100 microsecond.
A VARIABLE CAL d. Set the CH 1 VOLTS/DIV switch so the markers extend
A SWEEP MODE AUTO TRIG from the bottom to the top of the graticule area.
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e. Set the A Triggering LEVEL control for a stable display.

f. Check—Markers should be well defined with optimum
setting of FOCUS control.

g. Adjust—FOCUS control and ASTIG adjustment, R985
(see Fig. 6-15), for best definition of markers.

10. Adjust Y Axis Alignment 0

a. Test setup is given in step 9.

b. Check—The markers should be parallel to the vertical
centerline.

c. Adjust—Y Axis Align adjustment, R989 (see Fig. é-16),
to align the markers with the centerline.

11. Adjust Crt Geometry 0

a. Test setup is given in step 9.

b. Check—Geometry at left and right edges of the grati-
cule. Fig. 6-17 shows typical display of good geometry
as well as examples of poor geometry.

S .

¥ : .

E
ﬂ@_"

Fig. 6-15. L ion of A

tigmatism adjustment (side panel).

c. Adjust—Geometry adjustment, R982 (see Fig. 6-17d),
for minimum bowing of the trace at the left and right edges
of the graticule.

d. Interaction—Recheck step 10.
e. Disconnect the time-mark generator.

f. Position the trace to the top of the graticule area.

Calibration—Type 453

g. Check—Deviation from straight line should not exceed
0.1 division.

h. Position the trace to the bottom of the graticule area.

i. Check—Deviation from straight line should not exceed
0.1 division.

12. Adjust Channel 1 and 2 Step Attenuator O
Balance

a. Position the trace to the horizontal centerline with the
Channel 1 POSITION control.

b. Set both AC GND DC switches to GND.

Fig. 6-16. Location of Y Axis Alignment adjustment (left side).

c. Check—Change the CH 1 VOLTS/DIV switch from 20
mV to 5mV. Trace should not move vertically.

d. Adjust—Channel 1 STEP ATTEN BAL adjustment, R30
(see Fig. 6-18), for no trace shift as the CH 1 VOLTS/DIV
switch is changed from 20 mV to 5mV.

e. Set the MODE switch to CH 2.

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

g. Check—Change the CH 2 VOLTS/DIV switch from 20
mV to 5mV. Trace should not move vertically.

h. Adjust—Channel 2 STEP ATTEN BAL adjustment, R130
(see Fig. 6-18), for no trace shift as the CH 2 VOLTS/DIV
switch is changed from 20 mV to 5mV.
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Fig. 6-17. (a) Typical crt display showing good geometry; (b) and (c) Poor geometry;

plifier board).

=\
—d

| — e - 3
lac -0 6 qaw 'O
\ R30 N

R130
Channel 1

Channel 2
STEP ATTEN BAL STEP ATTEN BAL

Fig. 6-18. Location of Channel 1 and 2 Step Attenuator Balance
adjustments (front panel).
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(d) Location of Geometry adjustment (Z Axis Am-

13. Adijust Channel 1 and 2 Position Center

a. Connect the dc voltmeter to the Ch 2 position center
test point (pin connector ‘AH’) on the Vertical Preamp
board (see Fig. 6-19).

b. Set the Channel 2 POSITION control to electrical center
by adjusting for 0 volts on the meter.

c. Check—Trace should be at the horizontal centerline.

d. Adjust—Ch 2 Position Center adjustment, R155 (see
Fig. 6-19), to position the trace to the centerline.

e. Set the MODE switch to CH 1.

f. Connect the dc voltmeter to the Ch 1 position center
test point (pin connector ‘AB’) on the Vertical Preamp board
(see Fig. 6-19).

g. Set the Channel 1 POSITION control to electrical center
by adjusting for 0 volts on the meter.

h. Check—Trace should be at the horizontal centerline.

i. Adjust—Ch 1 Position Center adjustment, R55 (see Fig.
6-19), to position the trace to the centerline,

i- Interaction—Recheck step 12.
k. Disconnect all test equipment.
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Fig. 6-19. Location of Channel 1 and 2 position center test points and adjustments (Vertical Preamp board). 6-19
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Standard
Amplitude
Calibrator

BNC T
Connector

42" 50-Ohm
Cables

Fig. 6-20. Initial test equipment setup for steps 14 through 20.

Crt controls A VARIABLE CAL
INTENSITY Midrange A SWEEP MODE AUTO TRIG
FOCUS Adjust for focused display B SWEEP MODE B TRIGGERABLE AFTER
SCALE ILLUM As desired DELAY TIME
HORIZ DISPLAY A
Vertical controls (both channels if applicable) MAG OFF
VOLTS/DIV 20 mV A SWEEP LENGTH FULL
VARIABLE CAL POSITION Midrange
POSITION Midrange POWER ON
AC GND DC DC _
MODE CH 1 Side-panel controls
TRIGGER NORM B TIME/DIV VARIABLE CAL
INVERT Pushed in CALIPRATER 1
i g . 3 Rear-panel controls
Triggering controls (both A and B if applicable) LINE VOLTAGE RANGE HIGH
LEVEL 0
SLOPE +
COUPLING AC 14. Adiusf Channel 1 and 2 Gain 0
SOURCE INT a. Test equipment setup is shown in Fig. 6-20.
b. Connect the standard amplitude calibrator (067-0502-00)
Sweep controls output connector to both INPUT 1 and 2 through a BNC T
DELAY-TIME MULTIPLIER 0.50 connector and two 42-inch 50-ohm cables.
A TIME/DIV .5 mSEC c. Set the standard amplitude calibrator for a 0.1-volt
B TIME/DIV .5 mSEC square-wave output.
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d. Position the display to the center of the graticule with
the Channel 1 POSITION control.

e. Check—Crt display exactly five divisions in amplitude
(see Fig. 6-21a).

f. Adjust—Channel 1 GAIN adjustment, R90 (see Fig.
6-21b), for exactly five divisions of deflection.

g. Set the MODE switch to ADD.
h. Pull the INVERT switch out.
i. Check—Crt display for straight line.

Adjust—Channel 2 GAIN adjustment,
621b} for straight line display.

R190 (see Fig.

15. Check Added Mode Operation
a. Test setup is given in step 14.

b. Push the INVERT switch in.

Calibration—Type 453

/ Five-division display with variable control at CAL

3 P 4
et

4
]

Must be reduced to at least two divisions when

fully counterclockwise

(a)

. TYPE 453 OSCILLOSCOPE

OOrTT

Channel 1 f

Fig. 6-22. Typical crt display showing correct VARIABLE VOLTS/DIV
control range (double exposurel.

c. Set the standard amplitude calibrator for a 0.05-volt
square-wave output.

d. Check—Crt display five divisions in amplitude.

16. Check Channel 1 and 2 Deflection Accuracy
a. Test setup is given in step 15.
b. Set the MODE switch to CH 1.
c. Set the Channel 2 AC GND DC switch to GND.

d. Check—Using the CH 1 VOLTS/DIV switch and stand-
ard amplitude calibrator settings given in Table 6-1, check
vertical deflection within #=39% in each position of the CH 1
VOLTS/DIV switch.

e. Set the MODE switch to CH 2.

f. Set the Channel 1 AC GND DC switch to GND and
Channel 2 AC GND DC switch to DC.

g. Check—Using the CH 2 VOLTS/DIV switch and standard
amplitude calibrator settings given in Table 6-1, check ver-
tical deflection within =#=3% in each position of the CH 2
VOLTS/DIV switch.

(b}

Fig. 6-21. (a) Typical ert display showing correct gain adjustments;
(b) Location of Channel 1 and 2 GAIN adjustments (front panell.

TABLE 6-1
YOLTS/DIV Standard Vertical | Maximum
Switch Amplitude Deflection | Error For
Setting Calibrator | In Divisions *=3%
Output Accuracy
[division_s ]_
5mV 20 millivolts 4 | =012
10mV 5 millivolts| 5 | =015
20 mV 0.1 volt 5 | Set exacrly
50mV | 02volt |4 [ 012
S 05 volt 5 | =015
2 1 volt 5 +0.15
5 2 volts 4| =012
Bl S5volts | 5 | =015
2 |10 volts 5 =+0.15
5 | 20 volts 4 =+0.12
10 | 50wvelts | 5 | =015
6-21



Calibration—Type 453

IUURE FTUTE ITETS FEUTE FUwY 4+
-+t -

(a) Expansion
~ T |
- T -
pe
I
I
I
s
I
I
+ 4+ T B o e o o e e e s R e
I
T
I
I
I
o 1 _T

L Ll

(c) Compression

Fig. 6-23. Typical crt display showing acceptable compression and
expansion. Waveform (a) shows expansion; waveform (c) shows
compression.
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17. Check Channel 1 and 2 Variable Volts/
Division Range

a. Test setup is given in step 16.

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

¢. Change the following control settings:

VOLTS/DWV 20 mVY
MODE CH 1
AC GND DC AC

d. Check—Turn the Channel T VARIABLE VOLTS/DIV con-
trol fully counterclockwise. Display should be reduced to
2 divisions or less (see Fig. 6-22). UNCAL light must be on
when VARIABLE control is not in CAL position.

e. Set the MODE switch to CH 2.

f. Check—Turn the Channel 2 VARIABLE VOLTS/DIV con-
trol fully counterclockwise. Display should be reduced to
2 divisions or less (see Fig. 6-22). UNCAL light must be on
when VARIABLE control is not in CAL position.

18. Check Compression and Expansion
a. Test setup is given in step 17.

b. Set the standard amplitude calibrator for a 50-millivolt
square-wave output.

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

d. Set the Channel 2 VARIABLE VOLTS/DIV control for
exactly 2 divisions of deflection.

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

f. Check—Compression or expansion should not exceed
0.15 division (see Fig. 6-23).

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

h. Check—Compression or expansion should not exceed
0.15 division (see Fig. 6-23).

i. Set the MODE switch to CH 1.

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

k. Set the Channel 1 VARIABLE VOLTS/DIV control for
exactly 2 divisions of deflection.

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

@



m. Check—Compression or expansion should not exceed
0.15 division (see Fig. 6-23).

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

0. Check—Compression or expansion should not exceed
0.15 division (see Fig. 6-23).

p. Disconnect all test equipment.

19. Check Trace Shift Due to Input Grid Current

a. Change the following control settings:

VOLTS/DIV S5my
VARIABLE CAL
AC GND DC GND

b. Position the trace to the horizontal centerline with the
Channel 1 POSITION control.

Calibration—Type 453

c. Check—Set the AC GND DC switch to DC and note
trace shift; should not exceed 0.4 division.

d. Set the MODE switch to CH 2.

e. Position the trace to the horizontal centerline with the
Channe!l 2 POSITION control.

f. Check—Set the AC GND DC switch to DC and note
trace shift; should not exceed 0.4 division.

20. Check Alternate Operation
a. Set the MODE switch to ALT.
b. Position the traces about 2 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 the screen.
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Square-Wave
Generator

TrPE 105 SQUARE wavE GENERATOR

i

ot

@
o
|

42" 50-Ohm
Cable
20 pf RC
Standardizer

50-Ohm

Termination
10X

Attenuator

Fig. 6-24. Initial test equipment setup for steps 21 and 22.

Crt controls B TIME/DIV .2 mSEC
INTENSITY Midrange A VARIABLE CAL
FOCUS Adjust for focused display A SWEEP MODE AUTO TRIG
SCALE ILLUM As desired B SWEEP MODE B TRIGGERABLE AFTER
LAY TIME
Vertical controls (both channels if applicable) HORIZ DISPLAY A bE
VARIABLE CAL A SWEEP LENGTH FULL
POSITION Midrange POSITION Midrange
AC GND DC DC POWER ON
MODE CH 1 Side-panel controls
TRIGGER NORM . B TIME/DIV VARIABLE CAL
INVERT Pushed in CALIBRATOR v
Triggering controls (both A and B if applicable) Rear-panel controls
LEVEL Adjust for stable display LINE VOLTAGE RANGE HIGH
SLOPE + . L.
COUPLING AC 21. Adjust Cha.nnel 1 Volits/Division 0
SOURCE INT Compensation
Sweep controls a. Test equipment setup is shown in Fig. 6-24.
DELAY-TIME MULTIPLIER 0.50 b. Connect the square-wave generator (Type 105} to Chan-
A TIME/DIV .2 mSEC nel 1 INPUT through a 42-inch 50-ohm cable, 10>{ atten-
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vator, 50-ohm termination and 20 pf input rc standardizer,
in given order.

c. Set the square-wave generator for 4 divisions of 1-ke
signal.

d. Check—Crt display at each CH 1 VOLTS/DIV setting
listed in Table 6-2 for optimum square corner and flat
top (see Fig. 6-25a, b and «c).

e. Adjust—CH 1 VOLTS/DIV compensation as shown
in Table 6-2. First adjust for optimum square corner on
the display and then for optimum flat top. Readjust the
generator output with each setting of the CH 1 VOLTS/
DIV switch to provide 4 divisions of deflection [remove
102X attenuator when necessary). Fig. 6-25d shows the
location of the variable capacitors.

22. Adjust Channel 2 Volts/Division 0
Compensation

a. Test equipment setup is shown in Fig. 6-24.

Calibration—Type 453

b. Set the MODE switch to CH 2.

c. Connect the square-wave generator to Channel 2 INPUT
through a 42-inch 50-chm cable, 10X attenuator, 50-chm
termination and 20 pf input rc standardizer, in given order.

TABLE 6-2
CH 1 Adjust For Optimum
VOLTS/DIV - - -

Switch Setting Square Corner Flat Top

20 mV S ar

50 mV CéC CéB

1 : c7cC C7B

2 Cc8C C8B

5 Adjust C11

for best
1 compromise
2 cocC C9B

O+
. \.Correcr
. 1 e (Optimum square
{a] ! T T corner and flat top)
1
&
3 [
+— ™ Incorrect T
% (spike and top
(b) e 3 not flat) *H
I
| fl r 4 _
|
P 1 B.'"lnca:ureci
I | & lrolloff and top i
(c) + + not flat) )
| |
| {

DR

C1098

€109c

DB sth Dl
e | i b
£ () C106B s C107B
i crosc W cro7c

)

Fig. 6-25. (a) Typical crt display showing correct compensation; (b) and (c) Incorrect compensation; (d) Location of variable capacitors

(bottom view).

®
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d. Set the square-wave generator for 4 divisions of 1-kc TABLE 6-3
signal. CH 2 Adjust for Optimum
. e.d Chec-llf—bfrr 6dgplfay at each CH 2 VOLTS/DIV iie”filng VOLTS/DIV

isted in Table &-3 for optimum square corner an at itch Setti Sau Flat T
top (see Fig. 6-25a, b and c). iwa CQO Si‘ ng avare (??Lrtr__ 2]]70p

m

f. Adjust—CH 2 VOLTS/DIV compensation as shown T somy | cl06C | T Cl106B
in Table 6-3. First adjust for optimum square corner on the - i clo7c Cl078
display and then for optimum flat top. Readjust the generator : i S
output with each setting of the CH 2 VOLTS/DIV switch 2 . ciosc C108B
to provide 4 divisions of deflection (remove 10X atten- 5 Adjust C111
vator when necessary). Fig. 6-25d shows the location of for best
the variable capacitors. 1 compromise

g. Disconnect all test equipment. 2 C109C C1098

Square-Wave

Generator

FYPE 105 SOUARE.-WAVE GENERATOR

5X
Attenuator

10X
Attenuator

50-Ohm

42" 50-Ohm Termination

Cable

Fig. 6-26. Test equipment setup for step 23.
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Crt controls

INTENSITY Midrange
FOCUS Adjust for focused display
SCALE ILLUM As desired

Vertical controls (both channels if applicable)

VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
AC GND DC DC
MODE CH 1
TRIGGER NORM
INVERT Pushed in

23. Adijust High-Frequency Compensation

Triggering controls (both A and B if applicable)

LEVEL Stable display
SLOPE +
COUPLING AC
SOURCE INT
Sweep controls
DELAY-TIME MULTIPLIER 0.50
A TIME/DIV .5 uSEC
B TIME/DIV .5 uSEC
A VARIABLE CAL
A SWEEP MODE AUTO TRIG
B SWEEP MODE B TRIGGERABLE AFTER
DELAY TIME
HORIZ DISPLAY A
MAG OFF
A SWEEP LENGTH FULL
POSITION Midrange
POWER ON
Side-pane! controls
B TIME/DIV VARIABLE CAL
CALIBRATOR RRY
Rear-panel controls
LINE VOLTAGE RANGE HIGH

0

a. Test equipment setup is shown in Fig. 6-26.

b. Connect the square-wave generator to Channel 1 IN-

PUT through the 42-inch 50-ohm cable, 5X attenuator, 10>
attenuator and 50-ohm termination, in given order.

c. Set the square-wave generator for 5 divisions of 100-

ke signal.

®

Calibration—Type 453

d. Check—Crt display for optimum flat top (see Fig.
6-27a).

e. Adjust—C263 and C265 (see Fig. 6-27c) for optimum
flat top.

f. Connect the square-wave generator to Channel 1 IN-
PUT through the TU-5/105 Adapter, 42-inch 50-ohm cable,
TU-5 Pulser, 2.5X attenuator and 50-ohm termination, in
given order.

g. Set the square-wave generator output amplitude and
the TU-5 bias control to produce a pulse.

h. Set the TIME/DIV switch to .1 uSEC.
i. Set the MAG switch to X10.

i. Check—Crt display for optimum square corner and
flat top (see Fig. 6-27b).

k. Adjust—R328, C328, C336, R45C, C45A and C45C (see
Fig. 6-27d and e) for optimum square corner and flat top.
To adjust R328 and R45C, advance them until ringing is
apparent on the display. Then reverse the direction of ad-
justment until the ringing is just damped out. If the high-
frequency response appears similar to Fig. 6-27b, only minor
compensation of the given adjustments will be necessary.
However, if the crt display indicates that the circuit is seri-
ously misadjusted, first set the capacitors to midrange. Then
adjust the resistors for correct response before attempting
to obtain correct square corner and flat top with capacitors.
Table é-4 indicates the effect of each adjustment.

TABLE 6-4
Adjustment| Area of Waveform Affected or
- | Interaction With Other Adjustments
C328 | Adjusts amplitude of longest time constant.

R328 Adjusts damping of “slowest ringing com-
ponent. Readjust each time C328 is adjusted.
C336 Adjusts amplitude of intermediate time con-
stant.

C45C | Adjusts amplitude of intermediate time con-
stant.

R45C Adjusts damping of fastest ringing component.
Readjust each time C45C is adjusted

C45A | Adjusts amplitude of shortest time constant.

. After good response is obtained in step k, set the MAG
switch to OFF and make minor readjustments of longer time
constants (C328 and R328) to optimize response.

m. Set the MODE switch to CH 2.

n. Connect the signal to the Channel 2 INPUT connector
as in step f.

o. Set the MAG switch to X10.

p. Check—Crt display for optimum square-wave response
similar to Channel 1 response (see Fig. 6-27b).

q. Adjust—C145C, R145C and C145A (see Fig. 6-27d) for

optimum square-wave response similar to Channel 1 response.

r. Set the MODE switch to CH 1 and recheck Channel 1
response as given in steps b through e, and readjust if
necessary.
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Fig. 6-27. (a) Typical crt display showing correct high-frequency compensation (0.5 microseconds/division); (b) Typical crt display showing
correct high-frequency compensation (10 nanoseconds/division); (c) Location of R285, C265 and C263 (Vertical Preamp board); (d) Loca-
tion of high-frequency compensation adjustments (Vertical Preamp board); (e) Location of R328, €328 and C336 (Vertical Output Amplifier
board) .
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s. Connect the square-wave generator to Channel 2 IN-
PUT through the 42-inch 50-ohm cable, 5X attenuator,
10X attenuator and 50-ohm termination, in given order.

t. Set the MODE switch to CH 2.

u. Be sure the MAG switch is off and the TIME/DIV
switch is set to .5 uSEC as for step r.

v. Check—Channel 2 response matches response of Chan-
nel 1 checked in step r (also see Fig. 6-27a).

NOTE

If response of Channel 1 and 2 is not matched
as measured in steps r and v, the selected resistor
R195 may have to be changed (normally neces-
sary only if Q84, Q%94, Q184 or Q194 have been
changed). Table 6-5 lists typical values of R195
as determined by the amount of increase or de-
crease of Channel 2 front corner with respect to
that obtained with nominal resistance value. For
example, if 0.5% overshoot was observed with
R195 having a value of 33k, using Table 6-5
R195 should be changed to 43 k (0.5% lower)
to obtain correct response.

TABLE 6-5

Percent Variation of Front Corner With R195

Respect to That Obtained With Nom- | (5%, Vi w)
inal Resistance Value. B

+1.35% 24 k

+1.05% 27 k

+0.8% - 30k

+0.6% 33k

+0.45%, 36k

+0.3% 39k

+0.1% 43k

0 47 k
(nom. value)

—0.3% 56 k

—0.459, 68 k

—0.6% 82 k
—075% 100k

—0.959% 150 k

—1.25% 300 k

a —1.4% open

Calibration—Type 453

w. Change the following control settings:

CH 2 VOLTS/DIV 10 my
TIME/DIV .1 uSEC
MAG xi0

x. Connect the square-wave generator to Channel 2
INPUT through the TU-5/105 Adapter, 42-inch 50-ohm cable,
TU-5 Pulser, 5X attenuator and a 50-ohm termination, in
given order.

y. Check—Crt display for optimum square-wave response
(see Fig. 6-27b).

z. Adjust—C144A and C144C (see Fig. 6-27d) for op-
timum square-wave response.

aa. Set the CH 2 VOLTS/DIV switch to 5mV.
ab. Replace the 5> attenuator with a 10X attenuator.

ac. Check—Crt display for optimum square-wave re-
sponse (see Fig. 6-27b).

ad. Adjust—L143A, C143A, C143C and R143C (see Fig.
6-27d) for optimum square-wave response.

ae. Set the MODE switch to CH 1.
af. Set the CH 1 VOLTS/DIV switch to 5mV.

ag. Connect the signal to the Channel 1 INPUT connector
as in step ab.

ah. Check—Crt display for optimum square-wave re-
sponse (see Fig. 6-27b).

ai. Adjust—L43A, C43A, C43C and R43C (see Fig. 6-27d)
for optimum square-wave response

qaj. Set the CH 1 VOLTS/DIV switch to 10 mV.
ak. Replace the 10X attenuator with a 5X attenuator.

al. Check—Crt display for optimum square-wave re-
sponse (see Fig. 6-27b).

am. Adjust—C44A and C44C (see Fig. 6-27d) for opti-
mum square-wave response.

an. Disconnect all test equipment.
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Constant-Amplitude
Sine-Wave Generator

18" 50-Ohm
Cable

50-Ohm
Termination

10X
Attenuvater

5X
Attenuator

Fig. 6-28. Initial test equipment setup for steps 24 through 27.

Crt Controls B TIME/DIV 20 .SEC
INTENSITY Midrange A VARIABLE CAL
FOCUS Adjust for focused display A SWEEP MODE AUTO TRIG
SCALE ILLUM As desired B SWEEP MODE B TRIGGERABLE AFTER
Vertical controls (both channels if applicable) DELAY TIME
VOLTS/DIV 20 mV HORIZ DISPLAY A
VARIABLE CAL MAG OFF
POSITION Midrange A SWEEP LENGTH FULL
AC GND DC e POSITION Midrange
MODE CH 1 POWER ON
TRIGGER NORM Side-panel controls
INVERT Pushed in B TIME/DIV VARIABLE CAL
Triggering controls (both A and B if applicable) CALIBRATOR vV
LEVEL Any position Rear-panel controls
SLOPE + LINE VOLTAGE RANGE  HIGH
COUPLING AC
SOURCE INT

24. Check Vertical Frequency Response

Sweep Controls

DELAY-TIME MULTIPLIER 0.50 . .
b. Connect the constant-amplitude sine-wave generator
A TIME/DIV 20 ,.SEC (067-0506-00) to the Channel 1 INPUT through the GR to

a. Test equipment setup is shown in Fig. 6-28.

6-30



BNC adapter, 18-inch 50-ohm cable, 5X attenuator, 10X
attenuator and 50-ohm termination, in given order.

c. Set the constant-amplitude generator for 4 divisions at
50 ke.

d. Without changing the output amplitude, increase the
output frequency until the display is reduced to 2.8 divi-
sions (see Fig. 6-29).

e. Check—Output frequency must be 52.5Mc or higher.
f. Set the CH 1 VOLTS/DIV switch to 10 mV.
g. Replace the 5X attenuator with a 10X attenuator.

h. Set the constant-amplitude generator for 4 divisions at
50 kc.

i. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

j. Check—OQutput frequency must be 46.5Mc or higher.

k. Set the CH 1 VOLTS/DIV switch to 5mV.

I. Add a 2X attenuator.

Set the constant-amplitude generator for 4 divisions at

m.
50 kc.

4-division display at 50 KC

i |

I W

7Tt
i

o

Reduced to 2.8 divisions when 30% down

Fig. 6-29. Typical crt display when checking vertical frequency
response.

n. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8
divisions (see Fig. 6-29).

o. Check—OQutput frequency must be 41 Mc or higher.

p. Set the MODE switch to CH 2.

q. Connect the constant-amplitude generator to the Chan-
nel 2 INPUT through the GR to BNC adapter, 18-inch 50-

ohm cable, 5X attenuator, 10X attenvator and 50-chm
termination, in given order.

®i
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r. Set the constant-amplitude generator for 4 divisions at

50 ke.

s. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

t. Check—OQutput frequency must be 52.5Mc or higher.
u. Set the CH 2 VOLTS/DIV switch to 10 mV.
v. Replace the 5X attenuator with a 10X attenuator.

w. Set the constant-amplitude generator for 4 divisions at
50 ke.

x. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

y. Check—OQutput frequency must be 46.5Mc or higher.
z. Set the CH 2 VOLTS/DIV switch to 5mV.
aa. Add a 2X attenuator.

ab. Set the constant-amplitude generator for 4 divisions at
50 ke.

ac. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

ad. Check—OQutput frequency must be 41 Mc or higher.

25. Check Channel 1 and 2 Cascaded Fre-
quency Response

a. Test setup is given in step 24.

b. Connect the constant-amplitude generator to Channel 1
INPUT through the GR to BNC adapter, 18-inch 50-ochm
cable, 2X attenuator, 5X attenuator, 10X attenuator,
10X attenvator and 50-ohm termination, in given order.

c. Connect the CH 1 OUT connector to the Channel 2
INPUT connector with an 18-inch 50-ohm cable.

d. Set the constant-amplitude generator for 4 divisions
at 50 ke.

e. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8
divisions (see Fig. 6-29).

f. Check—Output frequency must be 25Mc or higher.

g. Disconnect the 18-inch 50-ohm cable from between the
CH 1 OUT and Channel 2 INPUT connectors.

26. Check Added Mode Frequency Response

a. Test setup is given in step 25.

b. Connect the constant-amplitude generator to Channel
2 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 5X attenuator, 10X attenuator and 50-ohm termina-
tion, in given order.
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c. Change the following control settings:

VOLTS/DIV 20 mV
Channel 1 AC GND DC GND
MODE ADD

d. Set the constant-amplitude generator for 4 divisions at

50 ke.

e. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

f. Check—Output frequency must be 52.5Mc or higher.

g. Set the Channel 1 AC GND DC switch to DC and the
Channel 2 AC GND DC switch to GND.

h. Connect the signa! to Channel 1 INPUT connector.

i. Set the constant-amplitude generator for 4 divisions at
50 ke.

i. Without changing the output amplitude, increase the
output frequency until the deflection is reduced to 2.8 divi-
sions (see Fig. 6-29).

k. Check—Output frequency must be 52.5Mc or higher.

27. Check External Horizontal Frequency Re-
sponse

a. Test setup is given in step 26.

b. Change the following control settings:

MODE CH 2
TRIGGER CH 1 ONLY
HORIZ DISPLAY EXT HORIZ
COUPLING DC

6-32

c. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 5X attenuater, 10X attenuator and 50-ohm termina-
tion, in given order.

d. Increase the INTENSITY setting until the display is
visible.

e. Set the constant-amplitude generator for 6 divisions of
horizontal deflection.

f. Without changing the output amplitude, increase the
output frequency until the horizontal deflection is reduced
to 4.2 divisions (see Fig. 6-30).

g. Check—Output frequency must be 5Mc or higher.

6 divisions of deflection at 50 KC

i
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Reduced to 4.2 divisions when 30% down

Fig. 6-30. Typical crt display when checking external horizontal
bandpass.



Constant-Amplitude
Sine-Wave Generator

GR to BNC
Adapter

Calibration—Type 453

Dual-Input
Coupler

50-Ohm
Termination

10X
Attenuator

2.5X
Attenuator

2X

Fig. 6-31. Test equipment setup for step 28.

18" 50-Ohm
Cable
Crt Controls
INTENSITY Midrange
FOCUS Adjust for focused display
SCALE ILLUM As desired
Vertical controls (both channels if applicable)
VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
AC GND DC DC
MODE CH 1
TRIGGER NORM
INVERT Pushed in

Triggering controls (both A and B if applicable)

LEVEL Any position
SLOPE +
COUPLING AC

SOURCE INT

Sweep controls
DELAY-TIME MULTIPLIER 0.50

A TIME/DIV .1 mSEC
B TIME/DIV .1 mSEC
A VARIABLE CAL

A SWEEP MODE AUTO TRIG
B SWEEP MODE B TRIGGERABLE AFTER
DELAY TIME

HORIZ DISPLAY A

MAG OFF

A SWEEP LENGTH FULL

POSITION Midrange

POWER ON
Side-panel controls

B TIME/DIV VARIABLE CAL

CALIBRATOR Vv

Rear-panel controls
LINE VOLTAGE RANGE HIGH

28. Check Common-Mode Rejection Ratio
a. Test equipment setup is shown in Fig. 6-31.

b. Connect the constant-amplitude generator through the
GR to BNC adapter, 18-inch 50-ohm cable, 2X attenuator,
2.5>< attenuator, 10X attenuator, 50-ochm termination and
the dual-input coupler to both INPUT connectors,

c. Set the constant-amplitude generator for 4 divisions
at 50 ke.
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Fig. 6-32. Typical crt display
jection.

6-34

showing correct common-mode re-

d. Remove the 2X attenuator.
e. Set the MODE switch to ADD.
f. Pull the INVERT switch out,

g. Adjust the Channel 2 GAIN adjustment for minimum
amplitude.

h. Without changing the output amplitude, set the con-
stant-amplitude generator to 20 Mc.

i. Check—Crt display should be 0.4 division or less in
amplitude (20:1; see Fig. 6-32).

i. Interaction—Recheck step 14 if GAIN adjustment was
changed in step g.
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Constant Amplitude
Sine-Wave Generator

2.5%
Attenuator

5X
Attenuator
10X
Attenuator
10X
Attenuator
50-Ohm
18% 50-Oh Termination
| o GR to BNC Cable
Adapter
Fig. 6-33. Initial test equipment setup for steps 29 and 30.
Crt controls Sweep controls _
INTENSITY Midrange DELAY-TIME MULTIPLIER 0.50
FOCUS Adjust for focused display A TIME/DIV 20 ;SEC
SCALE ILLUM As desired B TIME/DIV 20 ;SEC
A VARIABLE CAL
Vertical controls (both channels if applicable) A SWEEP MODE NORM TRIG
VOLTS/DIV 20 mv B SWEEP MODE B TRIGGERABLE AFTER
VARIABLE CAL DELAY TIME
POSITION Midrange HORIZ DISPLAY A
AC GND DC DC MAG OFF
MODE CH 1 A SWEEP LENGTH FULL
TRIGGER NORM POSITION Midrange
INVERT Pushed in POWER ON
Triggering controls (both A and B if applicable) Side-panel controls
LEVEL 0 B TIME/DIV VARIABLE CAL
SLOPE + CALIBRATOR AV
COUPLING AC Rear-panel controls
SOURCE INT LINE VOLTAGE RANGE HIGH

@1
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Level Centeri
- 1

Fig. 6-34. (a) Typical crt display when checking trigger level centering; (b) Location of the A Trigger Level Centering adjustment (A Sweep
board); (¢) Location of the Normal Trigger Dc Level and Ch 1 Trigger Dc Level Adjustment (Vertical Preamp board); (d) Location of B Trig-

ger Level Centering adjustment (B Sweep board).

29. Adjust Trigger Level Centering 0

a. Test equipment setup is shown in Fig. 6-33.

b. Connect the constant-amplitude generator to Channel
1 INPUT through the GR to BNC adapter, 18-inch 50-ohm
cable, 2.5 attenuator, 5X attenuator, 10< attenuator,
10X attenuator and 50-chm termination, in given order.

c. Set the constant-amplitude generator for a 0.2-division
display at 50 kc.

6-36

d. Position the display to the horizontal centerline.
e. Be sure the A Triggering LEVEL control is set to 0.

f. Check—Stable crt display (see Fig. 6-34a).

g. Adjust—A Trigger Level Centering adjustment, R462
(see Fig. 6-34b), for a stable display.

h. Set the A Triggering COUPLING switch to DC.
i. Check—Stable crt display (see Fig. 6-34a).
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Fig. 6-35. (a)} Typical crt display when checking internal triggering
operations at 10 Mc; (b} Typical crt display when checking inter-
nal triggering operation at 50 Mc.

i Adjust—Normal Trigger Dc Llevel adjustment, R285
(see Fig. 6-34c), for a stable display.

k. Set the TRIGGER switch to CH 1 ONLY,

I. Check—Stable crt display (see Fig. 6-34a). CH 1 light
in both A and B Triggering must be on.

m. Adjust—Channel 1 Trigger Dc Leve! adjustment, Ré0
(see Fig. 6-34c), for a stable display.

n. Change the following control settings:

TRIGGER NORM
B Triggering COUPLING ~ DC

A SWEEP MODE AUTO TRIG

HORIZ DISPLAY DELAYED SWEEP (B)

Calibration—Type 453

o. Be sure the B Triggering LEVEL control is set to 0.
p. Check—Stable crt display {see Fig. 6-34a).

q. Adjust—B Trigger Level Centering adjustment, R662
(see Fig. 6-34d), for a stable display.

30. Check Internal Triggering Operation
a. Test setup is given in step 29.

b. Set the constant-amplitude generator for 0.2 division at
10 Mc.

c. Set the HORIZ DISPLAY switch to A.
d. Set the TIME/DIV switch to .1 uSEC.
e. Set the A SWEEP MODE switch to NORM TRIG.

f. Check—Stable display (see Fig. 6-35a) can be obtained
with the A Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL control may be adjusted as necessary to
obtain stable display). The A SWEEP TRIG'D light should
be on when the display is stable.

g. Set the constant-amplitude generator for 1 division at
50 Mc (remove 10X attenuator).

h. Set the MAG switch to X10.

i. Check—Stable display (see Fig. 6-35b) can be obtained
with the A Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL and HF STAB control may be adjusted as
necessary to obtain stable display). Display jitter should
not exceed 0.1 division.

i- Set the A SWEEP MODE switch to AUTO TRIG.

k. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B).

|. Set the MAG switch to OFF.

m. Set the constant-amplitude generator for a 0.2-divi-
sion display at 10 Mc {replace 10X attenuator removed in

step g).

n. Check—Stable display (see Fig. 6-35a) can be obtained
with the B Triggering COUPLING switch set to AC, LF REJ
and DC {LEVEL control may be adjusted as necessary to
obtain stable display).

o. Set the constant-amplitude generator for a I-division
display at 50 Mc (remove 10X attenuator).

p. Set the MAG switch to X10.

q. Check—Stable display (see Fig. 6-35b) can be obtained
with the B Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL control may be adjusted as necessary to
obtain a stable display; A Sweep must also be triggered].
Display jitter should not exceed 0.1 division.
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Constant-Amplitude
Sine-Wave Generator

50-Ohm
Terminations

18" 50-Ohm

cable:
GR to BNC .
Adapter :
18" 50-Ohm . \
Cable > BNC T
e Connector
BNC to BNC
Adapter
10X
Attenuator
5%
Attenuator
2%
Attenuator
Fig. 6-36. Initial test equipment setup for steps 31 through 33.
Crt controls B TIME/DIV .1 uSEC
INTENSITY Midrange A VARIABLE CAL
FOCUS Adjust for focused display A SWEEP MODE AUTO TRIG
SCALE ILLUM As desired B SWEEP MODE B TRIGGERABLE AFTER
Vertical controls (both channels if applicable) DELAY TIME
VOLTS/DIV 50 mV HORIZ DISPLAY DELAYED SWEEP (B)
VARIABLE CAL MAG OFF
POSITION Midrange A SWEEP LENGTH FULL
MODE CH 1 POWER ON
TRIGGER NORM Side-panel controls
INVERT Pushed in B TIME/DIV VARIABLE CAL
Triggering controls (both A and B if applicable) CALIBRATOR AV
LEVEL Stable display Rear-panel controls
SLOPE + LINE VOLTAGE RANGE HIGH
COUPLING AC
A SOURCE INT . . .
B SOURCE EXT 31. Check External Triggering Operation
Sweep controls a. Test equipment setup is shown in Fig. 6-36.
DELAY-TIME MULTIPLIER 0.50 b. Connect the constant-amplitude generator through the
A TIME/DIV .1 uSEC GR to BNC adapter, 18-inch 50-ohm cable, 2> attenuator,
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5X attenuator, 10X attenuator, BNC to BNC adapter, BNC
T connector and two 18-inch 50-ohm cables and 50-ohm
terminations to the Channel 1 INPUT and B Triggering EXT
TRIG INPUT connectors, in given order.

c. Set the constant-amplitude generator for a 1-division
display (50 millivolts) at 10 Mc.

d. Check—Stable display (see Fig. 6-37a) can be obtained
with the B Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL control may be adjusted as necessary to ob-
tain stable display).

e. Set the constant-amplitude generator for a 4-division dis-
play (200 millivolts} at 10 Mc (remove 5X attenuator).

f. Without changing the output amplitude, set the con-
stant-amplitude generator to 50 Mc.

g. Set the MAG switch to X10.

h. Check—Stable display (see Fig. 6-37b) can be obtained
with the B Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL control may be adjusted as necessary to
obtain stable display).

i. Change signal from B Triggering EXT TRIG INPUT to
A Triggering EXT TRIG INPUT connector.

Calibration—Type 453

i. Change the following control settings:

MAG OFF

HORIZ DISPLAY A

A SWEEP MODE NORM TRIG
A Triggering SOURCE EXT

k. Set the constant-amplitude generator for a 1-division
display at 10 Mc (replace 5X attenuator).
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Fig. 6-37. (a) Typical crt display when checking external triggering
at 10 Mc; (b} Typical crt display when checking external trigger-
ing at 50 Mc.

@1

Fig. 6-38. Typical crt display when checking high-frequency reject
operation at 50 kc.

I. Check—Stable display (see Fig. 6-37a) can be ob-
tained with the A Triggering COUPLING switch set to AC,
LF REJ and DC (LEVEL control may be adjusted as necessary
to obtain stable display).

m. Set the constant-amplitude generator for a 4-division
display at 10 Mc (remove 5X attenuator).

n. Without changing the output amplitude, set the con-
stant-amplitude generator to 50 Mc.

o. Set the MAG switch to X10.

p. Check—Stable display (see Fig. 6-37b) can be obtained
with the A Triggering COUPLING switch set to AC, LF REJ
and DC (LEVEL and HF STAB controls may be adjusted as
necessary to obtain stable display).

32. Check High-Frequency Reject Operation

a. Test setup is given in step 31.

b. Change the following control settings:

VOLTS/DIV 20 mV
TIME/DIV 20 uSEC
MAG OFF
SOURCE INT
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c. Set the constant-amplitude generator for a 0.2-division
display at 50 ke (replace 5 attenuator and add 10X
attenuator).

d. Set the A Triggering COUPLING switch to HF REJ.
e. Check—Stable display can be obtained (see Fig. 6-38).

f. Without changing the output amplitude, set the con-
stant-amplitude generator to 1 Mc.

g. Check—Stable display cannot be obtained.
h. Change the following control settings:
A SWEEP MODE AUTO TRIG
A Triggering COUPLING AC
HORIZ DISPLAY DELAYED SWEEP (B)

i. Set the constant-amplitude generator for 0.2 division
at 50 ke.

i- Set the B Triggering COUPLING switch to HF REJ.
k. Check—Stable display can be obtained (see Fig. 6-38).

l. Without changing the output amplitude, set the con-
stant-amplitude generator to 1 Mc.

m. Check—Stable display cannot be obtained.

33. Check Single Sweep Operation
a. Test setup is given in step 32.
b. Set HORIZ DISPLAY switch to A,
c. Set the TIME/DIV switch to 20 pSEC,

d. Set the constant-amplitude generator for a 0.2-division
display at 50 ke.

e. Adjust the A Triggering LEVEL control for a stable
display.

f. Disconnect the signal from the Channel 1 INPUT con-
nector.

g. Set the A SWEEP MODE switch to SINGLE SWEEP.
h. Push the RESET bution.

i. Check—RESET light must come on when button is
pressed and remain on until signal is applied.

i. Reconnect the signal to the Channel 1 [INPUT
connector.

k. Check—A single display (one sweep only) should be
presented. RESET light must go off and remain off until the
RESET button is pressed again,

|. Disconnect all test equipment.

10X
Probe

Fig. 6-39. Test equipment setup for step 34.
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Crt controls
INTENSITY Midrange I
FOCUS Adjust for focused display *
SCALE ILLUM As desired TN 3 el
Vertical controls (both channels if applicable) \ s /,
VOLTS/DIV 10 Volis et ::::\:H;;:::: HHTHHTY -+
VARIABLE CAL \: /
POSITION Midrange Nl
AC GND DC DC — T
MODE CH 1 B :
TRIGGER NORM o)
INVERT Pushed in
Triggering controls (both A and B if applicable)
LEVEL Stable display T ] ]
SLOPE + 1 -
COUPLING AC N\
SOURCE LINE £ AN
Sweep controls e A e+ HHXYH..
DELAY-TIME MULTIPLIER ~ 0.50 / 1 N
A TIME/DIV 2 mSEC 4 I N
B TIME/DIV 2 mSEC
A VARIABLE CAL 3
A SWEEP MODE NORM TRIG
B SWEEP MODE B TRIGGERABLE AFTER !
DELAY TIME
HORIZ DISPLAY A
MAG OFF
A SWEEP LENGTH FULL
rOSION pickarge . 440 Tyl o sty hen hding SLOP s, g
POWER ON
Side-panel controls g. Set the A Triggering SOURCE switch to INT.
B TIME/DIV VARIABLE CAL ) . )
CALIBRATOR Y h. Set the A Triggering COUPLING switch to LF REJ.

i. Check—Stable display cannot be obtained.

Rear-panel controls

Change the following control settings:
HORIZ DISPLAY DELAYED SWEEP (B)
A Triggering COUPLING AC

LINE VOLTAGE RANGE HIGH I

34. Check Line Triggering, Slope Switch Opera-
tion and Low-Frequency Reject Operation A SWEEP MODE AUTO TRIG
. ) L k. Check—Display must be stable and start on the posi-
a. Test equipment setup is shown in Fig. 6-39. tive slope (see Fig. 6-40a).
b. Connect the 10X probe to Channel 1 INPUT connector. | Set the B Triggering SLOPE switch to —.
c. Connect the probe tip fo a line-voltage source (such m. Check—Display must be stable and start on the nega-
as the rear of the POWER switch). tive slope (see Fig. 6-40b).
d. Check—Display must be stable and start on the posi- n. Set the B Triggering SOURCE switch to INT.
tive slope (see Fig. 6-40a).
. . ) o. Set the B Triggering COUPLING switch to LF REJ.
e. Set the A Triggering SLOPE switch to —.
. p. Check—Stable display cannot be obtained.
f. Check—Display must be stable and start on the nega-
tive slope (see Fig. 6-40b). g. Disconnect all test equipment.

®
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Calibrator

Crt controls
INTENSITY
FOCUS
SCALE ILLUM

Vertical controls (both channels if applicable)

VOLTS/DIV
VARIABLE
POSITION
AC GND DC
MODE
TRIGGER
INVERT

Standard Amplitude

BNC T
Connector

42 50-Ohm
Cables

Fig. 6-41. Test equipment setup for step 35.

Sweep controls

Midrange DELAY-TIME MULTIPLIER
Adjust for focused display A TIME/DIV
As desired B TIME/DIV

A VARIABLE

A SWEEP MODE

3 Volts B SWEEP MODE
CAL
Midrange HORIZ DISPLAY
MA
DC G
A SWEEP LENGTH
CH 1
POSITION
NORM POWER
Pushed in

Side-panel controls

Triggering controls (both A and B if applicable)

LEVEL
SLOPE
COUPLING
SOURCE

6-42

B TIME/DIV VARIABLE

0
CALIBRATOR
+
DC Rear-panel controls
EXT LINE VOLTAGE RANGE

0.50

2 mSEC

2 mSEC

CAL

AUTO TRIG

B TRIGGERABLE AFTER
DELAY TIME

DELAYED SWEEP (B
OFF

FULL

Midrange

ON

CAL
qV

HIGH



35. Check Triggering Level Control Range
a. Test equipment setup is shown in Fig. 6-41.

b. Connect the standard amplitude calibrator output to
Channel 1 INPUT connector and B Triggering EXT TRIG IN-
PUT connector through the BNC T connector and two 42-inch
50-ohm cables.

c. Set the standard amplitude calibrator for 2 volts +dc
in the mixed output mode.

d. Turn the B Triggering LEVEL control fully clockwise.

e. Check—Display is not triggered, indicating that the
control has moved the dc level of the triggering circuit
beyond the positive 2-volt signal amplitude.

f. Set the standard amplitude calibrator for —dc output.
g. Set the B Triggering SLOPE switch to —.

h. Turn the B Triggering LEVEL control fully counter-
clockwise.

i. Check—Display is not triggered, indicating that the
control has moved the dc level of the triggering circuit
beyond the negative 2-volt signal amplitude.

{. Set the standard amplitude calibrator for 20-volts out-
put.

k. Set both Triggering SOURCE switches to EXT —+10.
I. Check—Display is not triggered.

m. Set the standard amplitude calibrator for +dc output.
n. Set the B Triggering SLOPE switch to +.

Calibration—Type 453

o. Turn the B Triggering LEVEL control fully clockwise.
p. Check—Display is not triggered.
q. Set the HORIZ DISPLAY switch to A.

r. Change the signal from the B Triggering EXT TRIG
INPUT to A Triggering EXT TRIG INPUT connector.

s. Set the A SWEEP MODE switch to NORM TRIG.
t. Set the A Triggering LEVEL control fully clockwise.
u. Check—Display is not triggered.

v. Set the standard amplitude calibrator for —dc out-
put.

w. Set the A Triggering SLOPE switch to —.

x. Turn the A Triggering LEVEL control fully counterclock-
wise.

y. Check—Display is not triggered.

z. Set the standard amplitude calibrator for 2-volts out-
put.

aa. Set the A Triggering SOURCE switch to EXT.
ab. Check—Display is not triggered.

ac. Set the standard amplitude calibrator for +dc out-
put.

ad. Set the A Triggering SLOPE switch to +.
ae. Turn the A Triggering LEVEL control fully clockwise.
af. Check—Display is not triggered.

ag. Disconnect all test equipment.
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Time-Mark
Generator

TYPE 100 TIME- MARK GENERATOR

200000000
00000

000000000
= . 00000009

@ qé

421 50-Ohm/

Cable

Fig. 6-42. Initial test equipment setup for steps 36 through 53.

Crt controls HORIZ DISPLAY A
INTENSITY Midrange MAG OFF
FOCUS Adjust for focused display A SWEEP LENGTH FULL
SCALE ILLUM As desired POSITION Midrange
Vertical controls (both channels if applicable) POWER ON
Side-panel controls
VOLTs/DIV 2 Volts B TIME/DIV VARIABLE CAL
VARIABLE CAL CALIBRATOR v
POSITION Midrange ’
AC GND DC DC Rear-panel controls
MODE CH 1 LINE VOLTAGE RANGE HIGH
TRIGGER NORM 36. Check Auto Recovery Time and Operation
INVERT Pushed in . . -
a. Test equipment setup is shown in Fig. 6-42.
Triggering controls (both A and B if applicable) b. Connect the time-mark generator to Channel 1 INPUT
LEVEL Stable display connector with a 42-inch 50-ohm cable.
SLOPE + c. Set the time-mark generator for 50 millisecond markers.
COUPLING AC
SOURCE INT CAUTION

Sweep controls

To prevent permanent damage to the crt phos-
phor at slow sweep rates, position the baseline
of the marker display below the viewing area.

DELAY-TIME MULTIPLIER 1.00

A TIME/DIV 50 mSEC d. Check—Stable display can be obtained with the A

B TIME/DIV 50 mSEC Triggering LEVEL control,

A VARIABLE CAL e. Set the time-mark generator for 100-millisecond

A SWEEP MODE AUTO TRIG markers.

B SWEEP MODE B STARTS AFTER f. Check—Sweep free runs and stable display cannot be
DELAY-TIME obtained.
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Fig. 6-43. (a) Typical crt display showing intensified portion correctly located at the 2nd marker; (b) Typical crt display showing intensi-
fied portion correctly located at the 10th marker; (c) Location of Sweep Start and A Sweep Cal adjustments (B Sweep board); (d) Typical
crt display showing correct final adjustment of Sweep Start and A Sweep Cal adjustments.

37. Adjust Sweep Start and A Sweep 0

Calibration

a. Test setup is given in step 36.

b. Change the following control settings:
A TIME/DIV 1 mSEC
B TIME/DIV 5 uSEC
HORIZ DISPLAY A INTEN DURING B

c. Set the time-mark generator for 1-millisecond markers.

d. Check—Intensified portion of display starts at 2nd
marker (see Fig. 6-43a).

e. Adjust—Sweep Start adjustment, R758 (see Fig. 6-43c),
so intensified portion starts at 2nd marker (preliminary
adjustment),

f. Set DELAY-TIME MULTIPLIER dial to 9.00.

g. Check—Intensified portion of display starts at 10th
marker (see Fig. 6-43b).

®

h. Adjust—A Sweep Cal adjustment, R531 (see Fig. 6-43c),
so intensified portion starts at 10th marker (preliminary ad-
justment).

i. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B).

|- Set the DELAY-TIME MULTIPLIER dial to 2.00.

k. Check—Displayed pulse starts at the beginning of
the sweep (see Fig. 6-43d).

I Adjust—Sweep Start adjustment, R758 (see Fig. 6-43c),
so displayed pulse starts at the beginning of the sweep
(final adjustment).

m. Set DELAY-TIME MULTIPLIER dial to 8.00.

n. Check—Displayed pulse starts at the beginning of
the sweep (see Fig. 6-43d).

o. Adjust—A Sweep Cal adjustment, R531 (see Fig. 6-43c),
so displayed pulse starts at the beginning of the sweep
(final adjustment).

p. Recheck steps | through n and readjust if necessary.

6-45



Calibration—Type 453

38. Check Delay-Time Multiplier Incremental
Linearity

a. Test setup is given in step 37.
b. Set the DELAY-TIME MULTIPLIER dial to 9.00.

c. Rotate the dial as necessary to position the start of the
pulse to the beginning of the sweep (see Fig. 6-44).

d. Check—Deviation of dial reading from 9.00 should
be within 2 minor dial divisions (==0.2%).

e. Repeat check at each major dial division between 9.00
and 1.00.
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b. Set the time-mark generator for 100-microsecond mark-
ers.

c. Set the MAG switch to X10.

d. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. é-4éal.

e. Adjust—Mag Gain adjustment, R845 (see Fig. 6-46b),
for one marker each division.

f. Interaction—Check steps 41, 42 and 50.

41. Check Magnified Linearity

a. Test setup is given in step 40.

b. Position the first marker to the first graticule line.

Fig. 6-44. Typical crt display when checking DELAY-TIME MULTI-
PLIER incremental linearity.

39. Adjust Normal Gain 0
a. Test setup is given in step 38.
b. Set the HORIZ DISPLAY switch to A.

c. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. 6-45a).

NOTE

Unless otherwise noted, use the middle eight
horizontal divisons when checking or adjusting
timing (see Fig. 2-9, Operating Instructions).

d. Adjust—Norm Gain adjustment, R835 (see Fig. é-45b),
for one marker each division.

e. Interaction—Check steps 40-54.

40. Adjust Magnified Gain 0

a. Test setup is given in step 39.
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Fig. 6-45. (a) Typical ert display showing correct normal gain;
(b) Location of Norm Gain adjustment (B Sweep board).
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Fig. 6-46. (a) Typical crt display showing correct magnified gain;
(b) Location of Mag Gain adjustment (B Sweep board).

c. Check—Linearity of crt display between the first and
ninth graticule lines is within tolerance of ==1.5% (==0.12
division); see Fig. 6-47.

d. Repeat check for each eight-division portion of the
magnified sweep.

42. Adjust Magnifier Register 0

a. Test setup is given in step 40.
b. Set the time-mark generator for 5-millisecond markers.

c. Position the middle marker (three markers on total
sweep) to the graticule centerline (see Fig. 6-48a).

d. Set the MAG switch to OFF.

e. Check—Middle marker should be at the graticule
centerline (see Fig. 6-48b),

f. Adjust—Mag Register adjustment, R855 (see Fig. 6-48c),
to position the middle marker to the graticule centerline,

®
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g. Set the MAG switch to X10.

h. Repeat steps ¢ through f until no shift occurs when
MAG switch is set to OFF.

43. Adjust B Sweep Calibration 0
a. Test setup is given in step 42,
b. Change the following control settings:
DELAY-TIME MULTIPLIER 0.50
B SWEEP MODE B TRIGGERABLE AFTER

DELAY TIME
TIME/DIV 1 mSEC
HORIZ DISPLAY DELAYED SWEEP (B)
MAG OFF
Each marker must be within ©0.12 division of
its respective graticule line.
T - 1
First ::\
Graticule T
Line I
v I
4 First p
Marker EE \
.y

=t

Fig. 6-47. Typical crt display when checking magnified linearity.

c. Set the time-mark generator for 1-millisecond markers.
d. Set the B Triggering LEVEL control for a stable display.

e. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. 6-49q).

f. Adjust—B Sweep Cal adjustment, R741 (see Fig. 6-4%9b),
for one marker each division.

g. Interaction—Check step 51.

44, Check B Sweep Length
a. Test setup is given in step 43.
b. Set the A TIME/DIV switch to 2 mSEC.
c. Set the B TIME/DIV switch to 1 mSEC.

d. Set the time-mark generator for 1-millisecond and 100-
microsecond markers.
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Fig. 6-48. Typical crt display showing correct magnifier register.
(a) MAG switch set to X10; (b) MAG switch set to OFF; (c)
Location of Mag Register adjustment (B Sweep board).

e. Check—B Sweep length must be between 10.5 and
11.5 divisions (large markers indicate divisions and small
markers indicate 0.1 division).

45. Check A Sweep Length

a. Test setup is given in step 44.

b. Set the HORIZ DISPLAY switch to A,

c. Set the A TIME/DIV switch to 1 mSEC.

6-48

d. Check—A Sweep length must be between 10.5 and
11.5 divisions with the A SWEEP LENGTH control set to FULL.

e. Turn the A SWEEP LENGTH control to 4 DIV (not in
detent).

f. Check—A Sweep length must be 4 divisions or less.

dbdd

LI B B L B B A

+
+
+
L
-+
+
+
+
+
p
+
4
4

0

LN

)<,

Fig. 6-49. (a) Typical crt display showing correct B Sweep calibra-
tion, (b) Location of the B Sweep Cal adjustment (B Sweep board).

46. Check A Variable Control Range
a. Test setup is given in step 45.
b. Set the A SWEEP LENGTH control to FULL.
c. Set the time-mark generator for 10 millisecond markers.

d. Position the markers to the far left and right grati-
cule lines with the Horizontal POSITION control.

e. Turn the A VARIABLE control fully counterclockwise.

f. Check—Crt display for 4-division maximum spacing be-
tween markers (see Fig. 6-50). UNCAL A OR B light must be
on when A VARIABLE control is not in CAL position.

®)



Spacing between markers must be 4 divisions or
less for 2.5:1 VARIABLE control range.

A
L/

Fig. 6-50. Typical crt display when checking VARIABLE control range.

47. Check B Variable Control Range

a. Test setup is given in step 46,

b. Change the following control settings:

A TIME/DIV 5 mSEC
B TIME/DIV 1 mSEC
A VARIABLE CAL

HORIZ DISPLAY DELAYED SWEEP (B)

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

d. Turn the B TIME/DIV VARIABLE control fully counter-
clockwise.

e. Check—Crt display for 4-division maximum spacing

between markers (see Fig. 6-50). UNCAL A OR B light must
be on when B VARIABLE control is not in CAL position.

48. Check Fine Position Range
a. Test setup is given in step 47.

b. Change the following control settings:

HORIZ DISPLAY A
TIME/DIV 1 mSEC
B TIME/DIV VARIABLE CAL
MAG X 10

c. Center the FINE control and position a marker to the
graticule center with the Horizontal POSITION control.

d. Check—Range of FINE position control must be be-
tween 5 and 8 divisions.

®)
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49. Adjust 1 Microsecond Timing 0

a. Test setup is given in step 48.
b. Return the Horizontal POSITION control to midrange.

c. Set the time-mark generator for 1-microsecond markers.

(b)

Fig. 6-51. (a) Typical crt display showing correct 1 microsecond
timing; (b) Location of C530A and C740A (behind side panel).

d. Set the MAG switch to OFF.
e. Set the TIME/DIV switch to 1 nSEC.

f. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. 6-51a).

g. Adjust—C530A (see Fig. 6é-51b) for one marker each
division,
h. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

i. Check—Crt display for one marker each division be-
tween the first and ninth graticule lines (see Fig. é-51a).

i- Adjust—C740A (see Fig. é-51b) for one marker each
division,
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50. Adjust High-Speed Linearity 0
a. Test setup is given in step 49.
b. Set the TIME/DIV switch to .1 uSEC.
c. Set the HORIZ DISPLAY switch to A.
d. Set the time-mark generator for 50-Mc output.

e. Position display so sweep starts at left edge of grati-
cule.

f. Set the MAG switch to X10.

g. Check—Equal linearity for the two cycles to the left
and the two cycles to the right of graticule center (see Fig.
6-52a).

'Y
-+

lal)

Fig. 6-52. (a) Typical crt display showing correct high speed line-
arity; (b) Location of CB82 and C892 (B Sweep board).
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h. Adjust—CB882 and C892 (see Fig. 6-52b) for equal
spacing (linearity) for two cycles to the left and right of
graticule center; that is, equal rate between the first and
fifth graticule line and the fifth and ninth graticule line.

i. Check—Timing within =4% over full sweep length
(excluding first and last three cycles of total sweep).

51.
a. Test setup is

b. Set the MAG

given in step 50.

switch to OFF.

Check B Sweep Timing Accuracy

c. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

d. Check—Using the A AND B TIME/DIV switch and time-
mark generator settings given in Table 6-6, check B Sweep
timing within #=39%,.

TABLE 6-6
A AND B TIME/' Time-Mark Crt Display
DIV Switch Generator Output (Markers/
Setting Division)
.1 uSEC 10 Megacycle 1 cycle
.2 uSEC 5 Megacycle 1 cycle
.5 pSEC , 1 Microsecond | 1 marker/2 division
1 uSEC i 1 Microsecond | 1
2 uSEC 1 Microsecond | 2
5 uSEC 5 Microsecond | 1
10 uSEC 10 Microsecond | 1
20 1SEC 10 Microsecond | 2
50 uSEC 50 Microsecond 1
.1 mSEC | 100 Microsecond 1
2mSEC | 100 Microsecond 2
.5 mSEC 500 Microsecond 1
1 mSEC 1 Millisecond 1
~ 2mSEC 1 Millisecond 2
5mSEC 5 Millisecond 1
10 mSEC 10 Millisecond 1
20 mSEC 10 Millisecond 2
50 mSEC 50 Millisecond 1
1SEC 100 Millisecond 1
2 SEC 100 Millisecond 2 )
5SEC 500 Millisecond T
A Sweep ONLY | -
 1SEC 1 Second 1
2SEC 1 Second 2
5SEC 5 Second 1




52. Check A Sweep Timing Accuracy
a. Test setup is given in step 51.
b. Set the HORIZ DISPLAY switch to A.

c. Check—Using the A TIME/DIV switch and time-mark
generator settings given in Table 6-6, check A Sweep timing
within #=39%,.

53. Check Delay-Time lJitter
a. Test setup is given in step 52.
b. Change the following control settings:
DELAY-TIME MULTIPLIER 1.00
A TIME/DIV
B TIME/DIV
HORIZ DISPLAY
B SWEEP MODE

1 mSEC
1 uSEC
DELAYED SWEEP (B)

B STARTS AFTER DELAY
TIME

c. Set the time-mark generator for 1-millisecond markers.

d. Position the pulse near the center of the display area

with the DELAY-TIME MULTIPLIER dial.

e. Check—-lJitter on the leading edge of the pulse should
not exceed 0.5 division (1 part in 20,000); see Fig. 6-53.
Ignore slow drift.

f. Turn the DELAY-TIME MULTIPLIER dial to 9.00 and ad-
just so the pulse is displayed near the center of the display
area.

Calibration—Type 453

g. Check—litter on leading edge of the pulse should not
exceed 0.5 division; see Fig. é-53. Ignore slow drift.

h. Disconnect all test equipment.

Jitter on leading edge of delayed-sweep display

+
+
+
<+

-

ITUTE FUTEY FUww
-t

Fig. 6-53. Typical crt display when checking delay-time jitter.

54. Check B Ends A Operation
a. Test setup is given in step 53.
b. Set the B TIME/DIV switch to 5 uSEC.
c. Set the A SWEEP LENGTH control to B ENDS A.

d. Turn the DELAY-TIME MULTIPLIER dial throughout its
range.

e. Check—The sweep ends after the intensified portion
at all DELAY-TIME MULTIPLIER dial settings.
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Standard
Amplitude
Calibrator

Crt controls

INTENSITY Midrange

FOCUS Adjust for focused display

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

VOLTS/DIV 20 mV

VARIABLE CAL

POSITION Midrange

AC GND DC DC

MODE CH 1

TRIGGER CH 1 ONLY

INVERT Pushed in

\42" 50-Ohm

Cable

Fig. 6-54. Initial test equipment setup for steps 55 through 59.

Triggering controls (both A and B if applicable)

LEVEL
SLOPE
COUPLING
SOURCE

Sweep controls

DELAY-TIME MULTIPLIER

A TIME/DIV
B TIME/DIV
A VARIABLE

A SWEEP MODE
B SWEEP MODE

HORIZ DISPLAY

MAG

6-52

Any position
..+-

DC

INT

9.00

1 mSEC

1 mSEC
CAL

AUTO TRIG

B STARTS AFTER DELAY

TIME
EXT HORIZ
OFF

A SWEEP LENGTH FULL
POSITION Midrange
POWER ON

Side-panel controls

B TIME/DIV VARIABLE CAL
CALIBRATOR RY

Rear-panel controls
LINE VOLTAGE RANGE HIGH

55. Adjust External Horizontal Gain and O
Check Operation

a. Test setup is shown in Fig. 6-54.

b. Connect the standard amplitude calibrator to the Chan-
nel 1 INPUT connector through the 42-inch 50-ohm cable.

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

d. Increase the INTENSITY setting until the display is
visible.

e. Check—Crt display for 5 divisions horizontal deflec-
tion, -=0.25 division (-5%); see Fig. é-55a.

f. Adjust—Ext Horiz Gain adjustment, R645 (see Fig.
6-55b), for 5 divisions horizontal deflection.

g. Set the B Triggering SOURCE switch to EXT.



h. Connect the standard amplitude calibrator to the EXT
HORIZ input connector (B Triggering EXT TRIG INPUT).

i. Set the standard amplitude calibrator for a 2-volt
square-wave output.

i. Check—Crt display for horizontal deflection between
6.5 and 8.7 divisions (similar to Fig. 6-55c¢).

RN FEEEE W il
LI L L

LI I O L I A A L A A

L
EXT
8.7 divisions

—— 6.5 divisions

TT T T T -.-.i.--r

i- 6.2 divisions -

B i I

9.2 divisions .
EXT =— 10

+
+
L
-

[y

le)
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k. Set standard amplitude calibrator for a 20-volt square-
wave output.

I. Set the B Triggering SOURCE switch to EXT =10,

m. Check—Crt display for horizontal deflection between
6.2 and 9.2 divisions (similar to Fig. 6-55c|.

56. Check Z Axis Operation

a. Test setup is given in step 55.

b. Set the INTENSITY control to a normal setting.

Intensity
Modulation

il
A
\

b

T
1
1

+
-+

+
+
A

-

AN E IR C NN SR

L L L L

il

Fig. 6-55. la) Typical crt display showing correct external hori-
zontal gain; (b) Location of Ext Horiz Gain adjustment (B Sweep
board; (c) Typical crt display when checking external horizontal
deflection at EXT HORIZ input connector.

Fig. 6-56. Typical crt display showing intensity modulation (A
Sweep externally triggered for stable display).

c. Set the HORIZ DISPLAY switch to A.

d. Connect the standard amplitude calibrator to the Z
AXIS INPUT binding posts using a 42-inch 50-ohm cable and
the BNC to alligator clips adapter.

e. Remove the ground strap from between the binding
posts.

f. Set the standard amplitude calibrator for a 5-volt
square-wave output,

g. Check—Crt display for noticeable intensity modulation
(see Fig. 6-56). (INTENSITY setting may have to be reduced
to view trace modulation.)

h. Replace ground strap.

57. Check Trace Finder Operation

a. Test setup is given in step 56.

b. Connect the standard amplitude calibrator to Channel
1 INPUT through the 42-inch 50-ohm cable.

c. Set the standard amplitude calibrator for 10-volt
square-wave output.

d. Press the TRACE FINDER button.
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e. Check—Display should be reduced to about 4 divisions
vertically and 7 divisions horizontally.

f. While holding the TRACE FINDER button depressed,
increase the CH 1 VOLTS/DIV switch setting until the dis-
play is reduced in amplitude (at about 5 VOLTS/DIV).

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

h. Check—Release TRACE FINDER button. Display must

remain on screen.

58. Check Channel 1 Output Operation
a. Test setup is given in step 57.
b. Set both VOLTS/DIV switches to 5mV.

c. Set the MODE switch to CH 2.

d. Connect the CH 1 QUT connector to Channel 2 INPUT
through an 18-inch 50-ohm cable.

e. Set the standard amplitude calibrator for a 5-millivolt
square-wave output.

f. Check—Vertical deflection at least 5 divisions in am-
plitude.

g. Disconnect all test equipment.

59. Check Chopped Operation
a. Change the following control settings:

MODE CHOP
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SANINRA
Y

f
“_.:\:4 ¢:\: ++
?5\
LY

Durati t
) vra |?n abou
2 microseconds

+
T+

" e
et

s
+

-t

n

Fig. 6-57. Typical crt display when checking chopped repetition rate
and blanking.

NORM
.5 uSEC

TRIGGER
TIME/DIV

b. Position the traces about 4 divisions apart.
c. Set the A Triggering LEVEL control for a stable display.

d. Check—Each cycle for duration of 1.7 to 2.5 microsec-
onds (see Fig. 6-57).

e. Check—Crt display for complete blanking of switching
transients between chopped segments (see Fig. 6-57).
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Time-Mqu
Generator

FyPE 1B0A TIME MARK GEMFRATOR

T 18" 50-Ohm
6........ Cable
QO.""’:
== . 0 '..‘.::
. ge0000®
v eeeee®
P
a2¢ 50—0hrn/
Cable
Fig. 6-58. Initial test equipment setup for steps &0 and 61.
Crt controls A VARIABLE CAL
INTENSITY Midrange A SWEEP MODE AUTO TRIG
FOCUS Adijust for focused display B SWEEP MODE B STARTS AFTER DELAY
SCALE ILLUM As desired TIME
Vertical controls (both channels if applicable) HORIZ DISPLAY A
CH 1 VOLTS/DIV 50 mV MAG OFF
CH 2 VOLTS/DIV 2 Volts A SWEEP LENGTH FULL
VARIABLE CAL POSITION Midrange
POSITION Midrange POWER ON
AC GND DC DC Side-panel controls
MODE ALT B TIME/DIV VARIABLE CAL
TRIGGER NORM CALIBRATOR AV
INVERT Pushed in Rear-panel controls
Triggering controls (both A and B if applicable) LINE VOLTAGE RANGE HIGH
LEVEL Stable display
SLOPE + 60. Adjust Calibrator Repetition Rate 0
COUPLING AC
SOURCE INT a. Test equipment setup is shown in Fig. 6-58.
Sweep controls b. Connect the 1 KC CAL connector to Channel 1 INPUT
DELAY-TIME MULTIPLIER 9.00 with a 18-inch 50-ohm cable.
A TIME/DIV 1 mSEC c. Connect the time-mark generator to Channel 2 INPUT
B TIME/DIV 1 mSEC with a 42-inch 50-ohm cable.
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Calibrator
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Risetime

Fig. 6-59. (a) Typical crt display showing correct calibrator repeti-
tion rate; (b) Location of Calibrator Frequency adjustment.

d. Set the time-mark generator for 1-millisecond markers.

e. Position the display so the tips of the markers fall just
below the rising portions of the square wave [see Fig. 6-5%a).

f. Check—For one cycle of calibrator waveform for each
marker (see Fig. 6-5%a).

g. Adjust—Calibrator Frequency adjustment, T1255 (see
Fig. 6-59b), for one cycle of calibrator waveform for each
marker.

h. Set the TRIGGER switch to CH 1 ONLY.
i. Check—Minimum drift of time markers.
j. Adjust—T1255 for minimum drift of time markers.

k. Disconnect all test equipment,

6-56

Fig. 6-60, Typical crt display when checking Calibrator risetime.
Indicated risetime is 0.36 microsecond.

61. Check Calibrator Duty Cycle and Risetime

a. Change the following control settings:

VOLTS/DIV 20 mV
MODE CH1
TIME/DIV 50 uSEC

b. Connect the 1 KC CAL connector to Channel 1 INPUT
with an 18-inch 50-ohm cable.

c. Set the A Triggering LEVEL control so the display
starts at the 509 point on the rising portion of the waveform.

d. Set the MAG switch to X10.

e. Position the 50% point on the falling edge of the Cali-
brator waveform to the vertical centerline.

f. Set the A Triggering SLOPE switch to —.

g. Check—50% point on rising edge now displayed not
displaced more than 4 divisions from the vertical centerline
(duty cycle 499% to 519%).

h. Change the following control settings:

A Triggering SLOPE 4
TIME/DIV .2 uSEC
MAG OFF

i. Set the A Triggering LEVEL control so all of the rising
portion of the Calibrator waveform is visible.

j. Check—Risetime between 10% and 909 points on the
waveform less than 1 microsecond as shown by less than 5
divisions horizontally (see Fig. 6-60).
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Oscilloscope

Current
Probe Assembly

Fig. 6-61. Initial test equipment setup for step 62,

Cri controls

INTENSITY Midrange

FOCUS Adjust for focused display

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

Volts/div 50 mV

VARIABLE CAL

POSITION Midrange

AC GND DC DC

MODE CH1

TRIGGER CH 1 ONLY

INVERT Pushed in
Triggering controls (both A and B if applicable)

LEVEL Stable display

SLOPE +

COUPLING AC

SOURCE INT

Sweep controls
DELAY-TIME MULTIPLIER 9.00

A TIME/DIV 2 uSEC

B TIME/DIV 2 uSEC

A VARIABLE CAL

A SWEEP MODE AUTO TRIG

B SWEEP MODE B STARTS AFTER DELAY
TIME

HORIZ DISPLAY A

MAG OFF

A SWEEP LENGTH FULL

Al

POSITION Midrange

POWER ON
Side-panel controls

B TIME/DIV VARIABLE CAL

CALIBRATOR AV

Rear-panel controls
LINE VOLTAGE RANGE HIGH

62. Check Calibrator Current Through Probe
Loop

a. Test equipment setup is shown in Fig. 6-61.

b. Connect the current probe assembly to the input of
the test oscilloscope.

c. Clip the current probe around the PROBE LOOP.
d. Check—5-milliamp current through PROBE LOOP.
e. Set the CALIBRATOR switch to 1V.

f. Check—Current should be 5 milliamps,

g. Disconnect all test equipment.

NOTE

Calibrator output voltage is checked and adjusted
in step 2 of this procedure.

6-57



Calibration—Type 453

42" 50-Ohm

Crt controls

INTENSITY
FOCUS
SCALE ILLUM

Vertical controls (both channels if applicable)

Volis/div
VARIABLE
POSITION
AC GND DC
MODE
TRIGGER
INVERT

Fig. 6-62. Initial test equipment setup for step 63.

Midrange

Adjust for focused display

As desired

20 mV

CAL
Midrange
DC

CH 1

CH 1 ONLY
Pushed in

Triggering controls (both A and B if applicable)

LEVEL
SLOPE
COUPLING
SOURCE
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Clockwise
+

AC

INT

Sweep controls

DELAY-TIME MULTI-
PLIER

A TIME/DIV
B TIME/DIV
A VARIABLE
A SWEEP MODE
B SWEEP MODE

HORIZ DISPLAY

MAG

A SWEEP LENGTH
POSITION

POWER

Side-panel controls

B TIME/DIV VARIABLE
CALIBRATOR

Rear-panel controls

LINE VOLTAGE RANGE

0.05

1 mSEC

1 mSEC
CAL

AUTO TRIG

B STARTS AFTER DELAY
TIME

A

OFF

FULL
Midrange
ON

CAL
1V

HIGH



63. Check Gate Output Signals

a. Test equipment setup is shown in Fig. 6-62.

b. Connect the A GATE connector to the input of the test
oscilloscope with a 42-inch 50-chm cable.

c. Check—A GATE output signal +12 volts in amplitude,
+109% (see Fig. 6-63). Gate duration same as A Sweep.

d. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B).

e. Connect the B GATE connector to the input of the test
oscilloscope with a 42-inch 50-ohm cable.

f. Check—B GATE output signal +12 volts in amplitude,
+10% (see Fig. 6-63). Gate duration same as B Sweep.

This completes the calibration of the Type 453. Disconnect
all test equipment and replace the top and bottom covers.
If the instrument has been completely calibrated to the
tolerances given in this procedure, it will perform to the
limits given in the Characteristics section of the Instruction
Manual.

Calibration—Type 453

= 4
Amplitude—12
volts, ©10%

Duration—About
> 11 milliseconds -

Fig. 6-63. Typical crt display when checking gate amplitude and
duration (vertical deflection, 5 volts/division; sweep rate, 2 milli-
seconds/division) .
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a or amp
BHS
C

cer
cm
comp
cps
crt
CSK
dia
div

Use

SECTION 7
PARTS LIST and DIAGRAMS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix Field Office.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix Field Office will contact you concerning any change in part number.

ABBREVIATIONS AND SYMBOLS

amperes mm millimeter
binding head steel meg or M megohms or mega (109
carbon met. metal
ceramic M micro, or 107
centimeter n nano, or 10~°
composition Q ohm
cycles per second oD outside diameter
cathode-ray tube OHS oval head steel
counter sunk p pico, or 107'2
diameter PHS pan head steel
division piv peak inverse voltage
electrolytic, metal cased plstc plastic
electroyltic, metal tubular PMC paper, metal cased
external poly polystyrene
farad Prec precision
focus and intensity PT paper tubular
flat head steel PTM paper or plastic, tubular, molded
fillister head steel RHS round head steel
giga, or 10° rms root mean square
germanium sec second
guaranteed minimum value Si silicon
henry S/N serial number
hexagonal tor T tera, or 10"
hex head steel LI toroid
hex socket steel THS truss head steel
high voltage tub. tubular
inside diameter vorV volt
incandescent Var variable
internal w watt
kilohms or kilo (10%) w/ with
kilocycle w/o without
milli, or 103 ww wire-wound
megacycle
SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number.
000X Part removed after this serial number.
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
or reworked or checked components.
000-000 Part number indicated is direct replacement.

0 Internal screwdriver adjustment.

I Front-panel adjustment or connector.
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FRONT
REF. SERIAL/MODEL NO. Q
NO. PART NO. EFF. DISC. : DESCRIPTION
1 { 333-0891-00 1| PANEL, front
2 | 366-0153-00 1| KNOB, small charcoal—INTENSITY
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/14 inch, HSS
3 | 366-0153-00 1| KNOB, small charcoalFOCUS
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/,s inch, HSS
4 | 366-0153-00 1| KNOB, small charcoal—SCALE ILLUM
...... - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/,4 inch, HSS
51------ 2| POT
------ - | mounting hardware for each: (not included w/po