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Type 453/R453

SECTION 1
CHARACTERISTICS

Change information, if any, affecting this section is found ot the rear of the manval.

Introduction

The Tekironix Type 453 Oscilloscope is a transistorized
portable oscilloscope designed to operate in g wide range
of environmental conditions. The light weight of the Type
453 aliows it to be eosily transported, while providing the
performance necessary for accurate high-frequency meas.
vremenis. The dual-channel DC-te-50 MHz vertical system
provides calibrated deflection factors from 5 millivolls to
10 volts/division. Channels 1 and 2 can be cascaded using
an external cakle to provide o one millivelt minimum deflec-
tion factor (both VOLTS/DIV switches sef to 5 my},

The trigger circuils provide stable triggering over the full
range of vertical frequency respense. Separate frigger con-
trols are provided to select the desired triggering for the A
and B sweeps. One of three sweep modes can be selected
for the A sweep; automatic, normal or single sweep. The
horizontal sweep provides @ maximum sweep rate of 0.1
microsecond/division {10 nanoseconds/division using 10X
magnifier) along with o delayed sweep feature for accurate
relative-time  measurements.  Accurate XY meosurements
can be made with Channel 7 providing the vertical deflection,
and Channel 1 providing the horizontal deflection. (TRIGGER
switch set to CH T ONLY, HORIZ DISPLAY switch set 1o EXT
HORIZ!. The regulcted DC power supplies maintain con-

stant output over a wide variation of line voltages and fre-
quencies. Tolal power consumption of the instrument is
approximaiely 90 watts,

Information given in this instruction monual applies to the
Type R453 olso unless otherwise noted. The Type R453 is
electrically identical to the Type 453 but is mechanically
adapted for mounting in a standard 1%-inch rock. Rack-
mounting instructions, a mechanical parts list end a dimen-
sional drawing for the Type R453 are provided in Section
10 of this manual.

The elecirical choracteristics which follow are divided
into two cotegories. Characteristics listed in the Performance
Reguirement column are checked in the Performance Check
and Calibration sections of this manuval. ltems Hsted in the
Operaticnal Information column are provided for reference
use and do not directly reflect the measurement capabili-
ties of this insirument. The Performance Check procedure
given in Section 5 of this manual provides o convenient
method of checking the items listed in the Performance
Requirement column, The following elecfrical cheracteristics
apply cver o calibration interval of 1000 hours at an am-
bient temperature range of —15°C 1o +55°C, except as
otherwise indicated. Warm-up time for given accurgcy is
20 minutes.

ELECTRICAL CHARACTERISTICS
VERTICAL DEFLECTION SYSTEM

Characteristic

Performance Requirement

Operational Information

Deflection Factor

5 millivelts/division to 10 vols/division in 11
calibrated steps for each channel. One millivolt/
division when Channel 1 and 2 are cascaded.

Steps in 1-2-5 sequence

Deflection Accuracy

factor uncalibrated.

Within 3% of indicated deflection with VARI-
ABLE control set to CAL Cascaded deflection

With gain correct at 20 mV

Variable Deflection Factor

Uncalibrated deflection factor at least 2.5 times
the VOLTS/DIY switch indication. This provides
a moximum uncalibrated deflection factor of 25
volts/division in the 10 volts position.

Bandwidth ar Upper —3dB
point |with or without P4GT0

Probe)
20 mV to 10 VOLTS/DIV DC to 50 MHz or greater
10 mV/DIV DC to 45 MHz or greater Driven from 25-chm source
5mV/iD DC to 40 MHz or greater

Channels Tand 2 coscaded DC to 25 MHz or greater

Measured at one millivolt/division

Risetime [caleulated). With or Risetime calculated from  bandwidth
without P&0IC Probe, measurement using the formula:
20 mV to 10 VOLIS/DIV Less than 7 nanoseconds - 350
10 mV/DIV Less than 7.8 nonoseconds Wh ’ BW
5mV/DIV Less than 8.75 nanoseconds . en?. — Risetime in naneseconds.

Channels 1 and 2 cascaded | Less than 14 nanoseconds

BV\; == Bandwidth in megohertz.

Ful



Characteristics—Type 453/R453

VERTICAL (cont}

Characteristic

Performance Redquirement

Operational Information

input RC Characteristics

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

Maximum Input Voltage

&30 volts DC -+ peak AC [one kilohertz
or less). Peck-to-peak AC not to exceed
600 volits.

Input Coupling Modes

AC or DC, selected by front-panel switch

AC low-Frequency Response
{lower —3 dB point}
Without probe

Typically 1.6 Hz, Input Coupling switch
set to AC

With P&010 Probe

Typically 016 Hz

Trace Shift Due to Input Gate
Current {at 25°C)

Negligible

Vertical Display Modes

Channel 1 only

Channel 2 only

Duai-frace, alternate between channels
Duabrace, chopped between channels
Added algebraically

Chopped Repetiticn Rate

Approximately one-microsecond segments from
each channel displayed at repetition rofe of 500
iz, --20%.

Attenuator Isclation

Greater than 10,000:1, DC to 20 MHz

Commen Mode Rejection Ratio

Greater than 20:1 at 20 MHz for commen-mode
signals less than eight times YOLTS/DIV switch
seiting.

With optimum GAIN adjustment af low
frequency

linear Dynomic Range Usefyl
for Commen-Mode Rejection
in ADD Mode

less than 10% incremental signal dis-
tortion for instantanecus input voltage
of —10 or 410 times VOLTS/DIV

swiich setting

Polarity Inversion

Signal on Channel 2 con be inverted

Signal Delay Line

Approximately 140 nanoseconds

Low-Frequency
Vertical Linearity

Less than 0.15 division comprassion or expansion
of two division signal when positioned te vertical
extremes of display area

includes CRT linearity. Measured with
one-kilohertz square wave.

Trace Drift {after 20 minute
warm up}
20mY to 10 VOLTS/DIV

Time Temperature

Typically less than
0.03 division/hour

Typically less than
0.0075 division/de-
gree C

10 mV/DIV Typically less than | Typically less than
0.05 divisionfhour | 00125 division/de-
gree C
S5mV/DIV Typically less than ! Typically less than
0.08 division/hour | 0.02 division / de-
gree C
TRIGGERING (A AND B SWEEP)
Source Internal from displayed channel or from Channel
1 only
Internal  from AC power source
External
External divide by 10
Coupling AC
AC low-frequency reject
AC high-frequency reject
pC
Polarity Sweep can be friggered from positive-going or

negative-going portion of frigger signal

1-2

A



TRIGGERING ([cont}

Characteristics—Type 453/R453

Characteristic

Performance Reqguirement

Operational Information

Internal Trigger Sensitivity

0.2 division of deflection, minimum, 30Hz to 10 | Typical —3 dB point, 16 Hz
MHz; increasing to 1 division at 50 MHz
LF RE} 0.2 division of deflection, minimum, 30Hz to 10 | Typical —3 dB point, 16 kHz
0.2 division of deflection, minimum, 30 kHz to 10
HF REJ 0.2 division of deflection, minimum, 30Hz to 50 | Typical —3dB points, 16Hz and 100
kHz kHz
nC 0.2 division of deflection, minimum, DC to 10
MHz; increasing to 1 division ot 50 MHz
External Trigger Sensitivity '
AC 50 milkivolts, minimum, 30 Hz to 10 MHz; increas- | Typical —3 dB point, 16 Hz
ing to 200 millivolts at 50 MHz ]
LF REJ 50 milfivoits, minimum, 30 kHz to 10 MHz; increas- | Typical —3 dB point, 16 kHz
ing to 200 millivolts ot 50 MHz
HF RE) 50 millivolts, minimum, 30Hz to 50 kHz Typical —3dB points, 16Hz and 100
kHz
bC 50 millivolts, minimum, DC 1o 10 MHz; increas-

ing to 200 millivolts at 50 MHz

Auto Triggering (A sweep only}

Stable dispicy presented with signal amplitudes
given under Internal and External Trigger Sensi-
tivity above 20 Hz. Presents a free-running sweep
for ifower frequencies or in absence of frigger
signal,

Single Sweep (A sweep only)

A Sweep Generator produces only one sweep
when triggered, Further sweeps are locked out
until RESET button is pressed. Trigger sensitivity
some as given above,

Display litter

less than 1 nanosecond at 10 nanoseconds/divi-
sion sweep rate (MAG switch set to X10)

Maximum Input Voltage

600 volis DC - peak AC {cne kilohertz

or less). Peak-to-peak AC not fo exceed
600 volts.

External Trigger Input RC 1 Megobm paralleled by 20 pF, except
Characteristics [approximate) in LF RE}

LEVEL Control Range

At least =2 volts, SOURCE switch in EXT posi-
tion. At least =20 volis, SOURCE switch in EXT
<10 position

HORIZONTAL DEFLECTION SYSTEM

A ond B Sweep Generator

Sweep Rotes

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

in 21 calibrated steps

Sweep Accuracy-—A and B
Sweep
5s to 0.1s/DIV

0°C to 4-40°C —15°C to +55°C

Within -=3% of indi-

cated sweep rate

Within #=5% of indi-
cated sweep rate

50 ms fo 0.1 us/DIV

Within ==3% of indi- Within 4% of indi-
cated sweep rate cated sweep rate

A VARIABLE and B TIME/DIV VARI-
ABLE controls set to CAL

Varigble Sweep Rate

Unealibrated sweep rate to at least 2.5 times the
TIME/DIV indicalion, or a maximum of ot least
12.5 seconds/division in the 55 position (B sweep,
maximum of 1.25 seconds/division in the 5s
position.

@3



Characteristics—Type 453/R453

A and B Sweep Generator

Characteristic

Performance Requirement

Operational Information

Sweep Length

A sweep Variable from less than 4 divisions to 11.0, 205 . A TIME/DIV switch sef to T ms
division
B sweep 11.9 divisions, ==0.5 division B TIME/DIV swiich set fo 1 ms

Sweep Hold-off—A sweep
55 1o 10 us/DIV

less than one times the A TIME/DIV switch set-
ting

5us to 0.1 us/DIV

tess than 2.5 microseconds

Sweep Maognifier

Sweep Magnification

| Each sweep rate can be increased 10 times the

indicated sweep rate by horizontally expanding
the center division of display

Extends fastest sweep rate to 10 nano-
seconds/division

Magnified Sweep Accuracy

19 tolerance added fo specified sweep accuracy

Magnified Sweep Linearity

+1.5% for any eight division portion of the
total magnified sweep length (excluding first
and last 60 nonoseconds of magnified sweep)

Normal/Magnified Registration

0.2 division, or less, trace shift at graticule

center when swiiching MAG switch from X10

te OFF

Sweep Delay

Calibrated Delay Time Range

Continuvous from 50 seconds to 1 microsecond

A VARIABLE control set te CAL for indi-
cated delay

DELAY-TIME MULTIPLIER
Digl Range

0.20 to 1020

Delay Time Accuracy 0°C to -+40°C —15°C to +55°C
5s to 0.1s/DiV Within 222.5% of indi- | Within £3.5% of indi-
cated deiay cated delay Includes incremental multiplier linearity
50ms to 1 us/DIV Within ==1.59% of indi- | Within 2% of indi-
cated delay cated delay
Incremental Multiplier Linearity | £=0.29% =+0.3%

Delay Time litter

less than 1 part in 20,000 of 10 times A TIME/
DIV switch setting

Equal to 0.5 division, or less, with the A ‘
TIME/DIV switch set to 1 ms and the B
TIME/DIV switch set to 1 us

External Horizontal Amplifier

Input to Channel 1 {TRIGGER
switch in CH 1 ONLY}
Deflection factor

5 millivolts/division to 10 volts/division in 11 cali-
brated steps

Steps in 1-2-5 sequence.
Channel 1T VARIABLE control does not
affect horizontal deflection

Accuracy

0°C 1o +40°C —15°V to +55°C

Within 5% of indi-
cated deflection

Within =8% of indi-
cated deflection

With external horizontal gain correct
at 20mV

X Bandwidth ot Upper —3 dB
Point

5 MHz or greater

Input RC characteristics

Typically 1 megohm (::2°%), paralleled
by 20 pF {=£3%)

Phase difference between X
and Y amplifiers at 50 kHz

Less than 3°

Input to EXT HORIZ Connector
Deflection factor

B SOURCE swiich in EXT: 270 millivolts/division,
= 15%,.
B SOURCE switch in EXT = 10; 2.7 volts/division,
+20%,
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External Horizental Amplifier (cont)

Characteristics—Type 453/R453

Characteristic

Performance Requirement

Operational Information

X Bandwidth at Upper —3
db point

5 MHz or greater

input RC characteristics
{approximate)

1 megohm, paralleled by 20pF

Phase difference between X
and Y emplifiers ot 50 kHz

Less than 3°

CALIBRATOR

Waveshape

Square wave

Polarity

Positive going with baseline at zero volts

Output Voltage

0.1 volt or 1 volt, peak to peck

Selected by CALIBRATCR switch on side
panel

Output Current

5-milliomperes through PROBE LOOP on side
panel

Repetition Rate 1 kHz
0°C 1o +40°C ~15°C to +55°C
Voltage Accuracy +1% +1.5%
Current Accuracy =19, +1.59%
Repetition Rate Accuracy “:0.5% 1%

Risetime

Less thar % microsecond

Duty Cycle

49% to 51%

Output Resistance

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

Z AXIS INPUT

Sensitivity

5 volt peak-to-peak signal produces noliceable
modulation

Usable Frequency Range

DC to greater than 50 MHz

Input Resistance at DC

Approximately 47 kilohms

Input Coupling

DC coupled

Polarity of Operation

Positive-going  input signal decreases
frace infensity
Negative-going signul increases trace

intensity

Maximum Input Voltage

200 volts combined DC and peak AC

QUTPUT SIGMNALS

A and B Gate
Waveshape Rectangular pulse
Amplitude 12 volts peak, +10%
Polarity Positive-going with baseline at about —0.7 volts,
Duration Same duration as the respective sweep A GATE duratien voricble bhetween

about 4 and 11 #imes the A TIME/DIV
switch  sefting with the A SWEEP
LENGTH control.

Output resistance

Approximately 1.5 kilohms

Vertical Signal Qut {CH 1 oniy}
Output voliage

25 millivolts, or greater/division of CRT display
into 1 megohm load.

Bandwidth

DC to 25MHz or greater when cascaded with
Channel 2 or into 50-0hm load.

Output coupling

BC coupled

Qutput resistance

Approximately 50 ohms
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POWER SUPPLY

Characteristic

Performance Requirement

Operational Information

Line Voltage

115 volts nominal or 230 volis nominal

Voltage Ranges [AC, RMS)
115-volts nomingl

90 to 110 volts
104 to 126 volts
112 to 136 volis

230-volts nominal

180 to 220 volts
208 1o 252 volis
224 to 272 volis

Line voltage and range selected by Line
Voltage Selector assembly on  reor
panel. Voltage ranges apply for wave-
form distartion which does not reduce
the peak lire voltage more than 5%
below the true sine-wave peck value.

Line Frequency

48 to 440 Hz

Maximum Power Consumption
at 115 Volts, 60Hz

92 watts (105 volt-amperes)

CATHODE-RAY TUBE (CRT)

Tube Type Tekironix T4530-31-1 rectangular

Phosphor P31 standard. Others available on
special order.

Accelerating Potential Approximately  10kV  total  [cathode

potential —1.95 kV).

Graticule
Type internal
Area Six divisions verticat by 10 divisions horizontal,
Each division equals 0.8 cenfimeter.
llumination Yariable edge lighting
Unblanking Bias-type, DC coupled to CRT grid.

Raster Distortion

0.1 division or less total

Adiustable with Geometry and Y Axis
Align adjustments.

“Trace Finder

Limits display within graticule area when pressed.

ENVIRONMENTAL CHARACTERISTICS

The fellowing enviranmental test Emits apply when tested in accordance with the recom-
mended test procedure. This instrument will meet the electrical characteristics given in rhis
section following environmental test. Complete details on environmental test progedures,
including failure criteria, etc., may be obtained from Tekironix, Inc. Centact your local
Tektronix Field Office or representative,

Characteristic

Performance Requirement

Supplemental Informatien

Temperature
Operating

—~15°C to +55°C

Fan at rear circulates air throughout ins-
frument. Automatic resefting thermal
cutout protects instrument from over-
heating.

Non-operating

—55° fo +75°C

Altitude
Operating

15,0600 feet maximum

Derate moximum operating fempera-
ture by 1°C/1000 feet change in allitude
above 5000 feet.

Non-operating

50,000 feet maximum

Humidity
Non-operating

Five cycles {120 hours) of Mil-Std-202C, Method
1068

Exclude freezing and vibration

Vibration
Operating and
nen-operating

15 minutes along each of the three major oxes
at o totdl displacement of 0.025-inch peck to peak
{4 g at 55¢/s) with frequency varied from 10-55-
16 ¢/s in one-minute cycles. Hold ot 535¢/s for
three minutes on each axis.

instrument secured te vibration platform
during test. Total vibration time, chout
55 minutes.

Shock
Operating and
nen-operating

Two shocks of 30 g, one-half sine, 11 millisecond
duration each direction along each major axis.

Guillotine-type shocks,
Total of 12 shocks
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Characteristics—Type 453/R453

ENVIRONMENTAL CHARACTERISTICS {conf)

Characteristic

Performance Requirement

Operational Information

Transportation

Package vibration

Meets Neational Scfe Transit fype of fest when
pockaged as shipped from Tekironix, inc,
One hour vibration slightly in excess of 1 g.

Package should just leave vibration sur-

feice
Package drop
Type 4523 30-inch drop on any corner, edge or flat surface,
Type R453 18-inch drep on any comer, edge or flat surface.
MECHANICAL CHARACYERISTICS Width 19 inches -
Characteristic lnformation Length 17%, inches behind front

Censtruction ?g?/e!;- h I
Chassis Aluminum alloy . 15 Hiches overd
Partel Aluminum alloy with ano- Connectors o

dized finish Z AXIS INPUT Binding post
Cabinet Bive vinyl-coated aluminum All other conpectors BNC
Circuit boards Glass-epoxy laminate o Net Weight

Overall Dimensions, Type Type 453 (includes front Approximately 29 pounds,
453 (measured af maxi- cover without gccessor-
mum points) _ ies)

Height 7lfs_inches Type RA453 {without ac- | Approximately 32 pounds.
Width 12, inches cessories) .
Length 20, inches fincludes front

cover; 22% inches with

handle positioned for carry- STANDARD ACCESSORIES

ing.

Overall Dimensions, ?yp‘e Standard accessories supplied with the Type 453 and R453
R453 {mgasured at maxi- are listed on the last puilout page of the Mechanical Pasts
mum points . List illustrations. For optional accessories availeble for use
Height 7 inches with this instrument, see the current Tektrenix, Inc. catalog.
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Type 453/R453

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section is found af the rear of the manual.

General

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

Front Cover and Handle

The front cover furnished with the Type 453 provides o
dust-tight seal around the front panel. Use the cover to
profect the front ponel when storing or transporting the
instrument. The cover also provides storage space for probes
and other accessories [see Fig. 2.1).

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

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 posifion. Several positions are pro-
vided for convenient carrying or viewing. The instrument
may calso be set on the rear-panel feet for operation or
sterage.

Operafing Voltage

The Type 453 can be operated from either a 115.volt or
a 230wolt nominal line-voltage source. The Line Voltage

@

“Press in hers on
both sides to posi
tian hondle,

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

Selector assembly on the rear panel converts the insirument
from one operating range to the other. [n addition, this
assembly changes the primary connections of the power
transformer to cllow selection of one of three regulating
ranges. The assembly also includes the two line fuses. When
the instrument is converted from 115-voit to 230-volt nominal
operation, or vice versa, the assembly connects or discon-
nects one of the fuses to provide the correct protection for
the instrument. Use the following procedure to convert this
instrument between nominal line voltages or regulating
ranges.

1. Disconnect the instrument from the power source.

2. Loosen the two captive screws which hold the cover
ontc the voltage selector assembly; then pull to remove the
cover.

3. To convert from 115-volts nominct to 230-volts nomi-
nal line voltage, pull out the Voltage Selector switch bar
{[see Fig. 2-3%; turn it around 180° and plug if back into the
remaining holes. Change the line-cord power plug to maich
the power-source receptacle or use a 115- fo 230-velt
adapter.

4. To change regulating ranges, pull out the Range
Selector switeh bar (see Fig. 2.3} slide it to the desired
position and plug it back in, Select o range which is cen-
tered about the average line voltage to which the instru-
ment is to be connected (see Table 2.1).

5. Re-install the cover and tighten the two captive screws,

6. Before applying power to the instrument, check that
the indicating tabs on the swirch bars are protruding threugh
the correct holes for the desired nomingl line voltage and
regulating range.

2-1



QOperating Insfrucions—Type 453/R453

et

Fig, 2-3. Line Voltage Selector assembly on the rear panel (shown
with cover removed).

CAUTION

The Type 453 should not he operated with the
Voltage Selector or Range Selector switches in the
wrong positions for the line voltage applied.
Operation of the instrument with the switches in
the wrong posifions may either provide incorrect
operation or domage the instrument.

TABLE 2-1
Regulating Rounges

Regulating Range
115-Volis 230-Volts
Nominai Nominal

Range Selector
Switch Position

LO {switch bar in

left holes)

90 to 110 volts

180 to 220 volts

M [switch bar in
middle holes}

104 to 126 volts

208 to 252 volts

HI {switch bar

112 to 136 volis

224 to 272 volis

more frequently. The cir filter should be cleaned occusion-
ally to allow the maximum amount of cooling air to enter
the instrument. Cleaning instructions are given in Section 4,

The Type 453 can he operated where the ambient air
temperature is between —15°C and +55°C. Dercte the
maximum operafing femperature 1°C for each additiona!
1000 feet of altitude above 5000 feet. This instrumenf can
be stored in ambient temperctures befween —55°C and
4-75°C. After storage at temperatures beyond the operating
fimits, allow the chassis temperature to come within the
operating limits before power is applisd.

Rackmouniing

Complete information for mounting the Type R453 in «a
cabinet rack is given in Section 10 of this manual.

CONTROLS AND CONNECTORS

A brief descriprion of the function or operation of the
front-, side- and rear-panel controls and connectors follows
[see Fig. 2-4). More detoiled information is given in this
secticn under General Operating Information,

Cathode-Ray Tube

INTENSITY Controls brightess of display.

FOCUS Provides adjustment for a weli-defined dis-
play.

SCALE ILLUM Controls graticule illumination,

TRACE FINDER Compresses display within graticule area
independent of display position or appli-

ed signals,

Vertical (hoth channels except as noted)

YOLIS/DIY Selects vertical deflection factor [VARI-
ABLE confrol must be in CAL position for

indicated deflection factor).

right holes)

Operating Temperature

The Type 453 is cooled by air drawn in ot the rear and
blown out through holes in the top and bottom covers. Ade-
quote clearance on the fop, bottom and rear must be pro-
vided to allow heat to be dissipated away from the instru-
ment. The clearance provided by the feet at the bottom and
rear should be maintained. If possible, allow about one
inch of clearance on the top. Do not block or restrict the air
flow from the cir-escape holes in the cabinet.

A thermal cutout in this instrument provides thermal pro-
tection and disconnects the power to the instrument if the
internal temperature exceeds o safe operating level. Opera-
tion of the instrument for extended periods without the covers
may cause it to overhect and the thermal cutout to open

2-2

VARIABLE Provides confinvously variable deflection
factor between the calibrated setfings of
the YOLTS/DIV switch.

UNCAL Light indicates that the VARIABLE control
is not in the CAL positien.

POSITION Controls vertical position of trace.

GAIN Screwdriver adjustment to set gain of the

Input Coupling
(AC GND DC}

Vertical Preamp. Line between adjusi-
ment and 20 mVY VOLTS/DIV position in-
dicates that gain should be sef with
YOLTS/DIV switch in this position,

Selects method of coupling input signal
to Vertica! Deflection System.

AC: DC component of input signal is
blocked. Low frequency limit (—3dB
poinf] is about 1.6 heriz.

GND: Input circuit is grounded {does not
ground applied signal}.
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B Triggering and
External Horizontal

"TYPE 453 OSCHLOSCOPE -

Chennel 1

L B. Side panel

Calibrotor
and
Power

and B Sweep

A Triggering

Chonnel 2

A. Front panel

C. Rear ponel

Fig, 2-4, Front-, side- und rear-panel contrels and connectors.



Operating Instruciions—Type 453/R453

STEP ATTEN
BAL

INPUT
MODE

TRIGGER

INVERT {CH 2
only)

DC: Al components of the input signal are
passed fo the Vertical Deflection System.

Screwdriver adjustment fo balance Verti-
cal Deflection System in the 5, 10 and 20
mV¥ positions of the VOLTS/DIY 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 ot end of
each sweep.

CHOP: Dual troce display of signal on
both channels. Approximately one-mi-
crosecond segments from each channel
displayed at a repeiition rate of about
5090 kilohertz.

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

Selects source of infernal trigger signai
from vertical system.

NORM: Sweep circuits triggered frem dis-
played channells]. Channel 1 signat
available ot CH 1 OUT connector.

CH 1 ONLY: Sweep circuits triggered only
from signal applied to the Channel 1
INPUT connector, No signal available
at CH 1 OUT connector. CH 1 lights,
located beside A and B SOURCE switch-
es indicate when the TRIGGER switch is
in the CH 1 ONLY position,

inverts the Channel 2 signal when pulled
cut.

A ond B Triggering {(both where applicabie}

EXT TRIG
INPUT

SOURCE

input connector for exiernal trigger signal.
Connector in B Triggering section of front
panel also serves as external horizonial
input when HORIZ DISPLAY switch is in
EXT HORIZ position and B SOURCE switch
is in EXT position.

Selects saurce of trigger signal.

INT: Internal trigger sigral obtained from
Vertical Deflection System., When CH
1 light is on, trigger signal is obtuinad
only from the Chonnel 1 input signal;
when the light is off, the trigger signal
is obtained from the displayed chan-
nells). Scurce of internal trigger signal
is selected by the TRIGGER switch.

LINE: Trigger signal obfained from a sam-
ple of the line voltage applied to this
instrument.

CH 1

COUPLING

SLOPE

LEVEL

HF STAB
{A Trigger-
ing onlyj

EXT: Trigger signa! obiained from an ex-
ternal signal applied to the EXT TRIG
INPUT connector.

EXT <+ 10: Attenuates external trigger sig-
nal approximately 10 times.

Light indicates that the internal trigger sig-
nal is obtained only from the signal con-
nected to the Channel 1 INPUT connector
{see TRIGGER switch).

Determines method of coupling trigger
signal Yo trigger circuit.

AC: Rejects DC and attenvates signals be-
low about 30 hertz. Accepfs signals
between about 30 hertz and 50 mega-
hertz.

LF RE!: Rejects DC and attenuates signals
below about 30 kilchertz. Accepts sig-
nals between about 30 kilohertz and 50
magchertz.

HF REJ: Accepls signals between about 30
hertz and 50 kiloheriz; rejects DC and
cttenuates signals outside the above
range.

DC: Accepts ali trigger signals from DC to
50 megohertz or greater.

Selects portion of frigger signal which
starts the sweep.

+4: Sweep can be triggered from positive-
going portion of trigger signal.

—: Sweep can be triggered from negotive-
going portion of irigger signal,

Selects amplitude point on frigger signal
ai which sweep is triggered.

Decreases display jitter for high-frequency
signals. Has negligible effect at lower
sweep rafes.

A and B Sweep

DELAY-TIME
MULTIPLIER

A SWEEP
TRIG'D

UNCAL A
OR B

A AND B
TIME/DIY
AND DELAY
TIME

Provides variable sweep delay between
0.20 and 10.20 times the delay time indi-
cated by the A TIME/DIV switch.

Light indicates that A sweep is triggered
and will produce o stable display with
correct INTENSITY and POSITION control
settings.

Light indicates that either the A or B
VARIABLE contrel is not in the CAL posi-
ton.

A TIME/DW switeh (clear plastic flange)
selects the sweep rate of the A sweep
circuit for A sweep only operation and
selects the basic delay fime {to be mulsi-
plied by DELAY-TIME MULTIPLIER dict
setting) for delayed sweep operation.
B TIME/DIV (DELAYED SWEEP) swiich
selects sweep rate of the B sweep circuif
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A VARIABLE

B

SWEEP
MODE

HCRIZ

DISPLAY

MAG

A

SWEEP
MODE

for delayed sweep operation only. VAR
ABLE controls must be in CAL positions for
calibrated sweep rates.

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

Selects B sweep cperotion mode.

TRIGGERABLE AFTER DELAY TIME: B
sweep circuit will not produce a sweep
untif o trigger pulse is received follow-
ing the delay fime selected by the
DELAY 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 deflection provided by A
sweep. B sweep inoperafive.

A INTEN DURING B: Sweep rate deter-
mined by A TIME/DIV switch. An inten-
sified portion appears on the sweep
during the B sweep Hime. This position
provides ¢ check of the duretion and
position of the delayed sweep (B) with
respect to the delaying sweep (Al

DELAYED SWEEP (B}: Sweep rate defer-
mined by B TIME/DIV switch with the
delay time determined by the sefting of
the DELAY TIME (A TIME/DIV} switch
and the DELAY-TIME MULTIPLIER dial.
Sweep mode determined by B SWEEP
MODE switch,

EXT HORIZ: Horizontal deflection pro-
vided by an external signal.

Increases sweep rofe to fen fimes sefting
of A or B TIME/DIV switch by horizontally
expanding the center division of the dis-
play. Light indicates when magnifier is
on.

Determines the opercting mode for A
sweep.

AUTO TRIG: Sweep initicted by the ap-
plied trigger signal using the A Trig-
gering centrols when the trigger signal
repefition rate is above about 20 hertz.
For lower repefition rates or when there
is no trigger signal, the sweep free runs
at the sweep rote selected by the A
TIME/DIV switch to produce a bright
reference trace.

NORM TRIG: Sweep initiated by the ap-
plied trigger signal using the A Trig-
gering controls. No frace is displayed
when there is no trigger signal.

RESET

A SWEEP
LENGTH

POSITION
FINE

1 kHz CAL
POWER ON

Side Panel
ASTIG

B TIME/DIV-
VARIABLE

PROBE LOOP

A GATE

B GATE

CH 1 OUT

Operaiing Instructions—Type 453/R453

SINGLE SWEEP: After a sweep is display-
ed, further sweeps cannot be presented
until the RESET button is pressed. Dis-
play is triggered as for NORM opera-
tion using the A Triggering conirols,

When the RESET button is pressed [SiIN-
GLE SWEEP mode), a single displey will
be presented [with correct triggering} when
the next trigger pulse is received. RESET
light (inside RESET button) remains on
until a trigger is received and the sweep is
completed. 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 contrel is
rotafed counterclockwise, the length of A
sweep is reduced until it is less than four
divisions long just before the detent in
the fully-counterclockwise position is reach-
ed. In the B ENDS A positien [counter-
clockwise detentl, the A sweep is reset
at the end of the B sweep to provide the
fastest pessible sweep repetition rate for
delayed sweep displays.

Controls horizontal position of trace.

Provides more precise horizontal position
adjystment.

Celibrator output connector.

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

Switch: Controls power to the instrument.

Screwdriver adjustment used in conjunc-
tion with the FOCUS control to obtain @
well-defined display. Does not regquire
readiustment in normaf use.

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

Current loop providing five-miiliompere
square-wave currest from calibrotor cir-
cuit.

Qutput connector providing ¢ rectangular
pulse coincident with A sweep.

Output connector providing a reciangular
pulse coincident with B sweep.

Output connector praviding a somple of
the signal applied to the Channel 1 IN-
PUT connector when the TRIGGER switch
is in the NORM position.
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CALIBRATOR Switch selects output veltage of Calibrator.
T-velt or 0.1-volt square wave available.

TRACE Screwdriver adjustment to align trace with
ROTATION horizontal graticule lines.
Rear Panel

Z AXIS INPUT  Input connector for infensity meodulation
of the CRT display.

Line Voltage Switching assembly to select the nominal
Selecfor operating voltage and the line voltage
range. The assembly also inciudes the

line fuses.

Voltage Selector: Selects nomingl operat-
ing voltage range 115V or 230 V).

Range Selector: Selects line voltage range
(lew, medium, high).

FIRST-TIME OPERATION

The following steps will demonstrate the use of the con-
trols ond connectors of the Type 453. It is recommended
that fthis procedure be followed completely for familiariza-
tion with this instrument.

Setup Information

1. Set the front-panel controls as follows:

CRT Conirols

INTENSITY Counterclockwise
FOCUS Midrange
SCALE ILLUM Counterclockwise

Vertical Controls both channels i applicable}

VOLTS/DIY 26 mV
VARIABLE CAL
POSITION Midrange
INPUT COUPLING DC
MODE CH 1
TRIGGER NORM
INVERT Pushed in

Triggering Controls {both A and B if applicablel

LEVEL Clockwise {-+}
SLOPE +
COUPLING AC

SOURCE INT

Sweep Controls

DELAY-TIME .20
MULTIPLIER

A and B TIME/DIV o Sms

A VARIABLE CAL

B SWEEP MODE B STARTS AFTER

DELAY TIME

2-6

HORIZ DISPLAY A

MAG QOFF
POSITION Midrange
A SWEEP LENGTH FULL

A SWEEP MODE AUTO TRIG
POWER OFF

Side-Panel Controls

B TIME/DIV VARIABLE CAL
CALIBRATOR N

2. Connect the Type 453 to a power source that meets
the voltage and frequency requirements of the instrument
If the available line voltage is outside the limits of the Line
Veoltage Selector assembly position [on rear panell, see
Operating Veltage in this section.

3. Set the POWER switch to ON. Allow about five minutes
warmup se the instrument reaches a normal operating tem-
perature before proceeding.

CRT Controls

4. Advance the INTENSITY control untll the trace is af
the desired viewing level {necr midrange).

5. Connect the 1kHz CAL connector to the Channel 1
INPUT connector with & BNC cable.

6. Turn the A LEVEL contro! toward 0 until the display
becomes stable. Note that the A SWEEP TRIG'D light is on
when the display is stable.

7. Adjust the FOCUS control for a sharp, well-defined
display over the enfire trace length. {H focused display can-
not be cbtained, see Astigmatism Adjustment in this section.)

8. Disconnect the input signal and move the frace with
the Channel 1 POSITION contrel so it coincides with one of
the horizontal graficule lines. If the trace is not parallel with
the groticule line, see Trace Alignment Adjustment in this
section.

9. Rotate the SCALE ILLUM control throughout its range
and notice that the graticule lines are illuminated as the
control is turned clockwise [most cbvicus with mesh or smoke-
gray filter instalied). Set control so graticule lines are
ilfuminated as desired.

Vertical Controls

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

11. Set the CH 1 VOLTS/DIV switch to 20 mY and sst the
Channe!l 1 Input Coupling switch to AC. Connect the 1 kHz
CAL connector to both the Channel 1 and 2 INPUT con-
nectors with two BNC cables and ¢ BNC T connector.

NOTE

If the BNC cables and BNC T connector are not
available, make the following changes in the pro-
cedure, Place the BNC jock post (supplied ac-
cessory) on the T kHz CAL connector and connect
the two 10X probes {supplied accessories) to



the Channel 1 and 2 INPUT connectors, Connect
the probe tips to the BNC jack post, Set the CALl-
BRATOR switch {on side-panel} to 1 V.

12. Turn the Channel 1 POSITION conirol to center the
display. The display is a square wave, five divisions in
amplitude with about five cycles displayed on the screen. If
the display is not five divisions in amplitude, see Vertical
Gain Adjustment in this section.

13. Set the Channel 1 taput Coupling switch te GND and
position the frace to the center horizontel line.

14. Set the Channel T Input Coupling switch to DC. Note
that the boseline of the waveform remains af the center
horizontal line {ground referencel.

15. Set the Channel 1 input Coupling switch to AC. Note
that the waveform is centered about the center horizonigi
line,

16. Turn the Channel 1 VARIABLE conirol throughout ifs
range. Nete that the UNCAL light comes on when the YARI-
ABLE control is moved from the CAL position (fully clock-
wisel, The deflection should be reduced to about two divi-
sions, Return the VARIABLE control to CAL

17. Set the MODE switch to CH 2.

18. Turn the Channel 2 POSITION control to center the
display. The display will be similer to the previous display
for Channel 1. Check Channel 2 step attenuator balance and
gain as described in steps 10 through 12. The Channel 2
Input Coupling switch and VARIABLE control operate s
described in steps 13 through 16.

19. Set both VOLTS/DIV switches to 50 mV.

20. Set the MODE switch to ALT and position the Channel
1 waveform to the top of the graficule area and the Chon-
nel 2 waveform to the boftom of the graticule area. Tumn
the A TIME/DIV switch throughout its range. Note that the
display alternates between channels at all sweep rates.

21. Set the MODE switch to CHOP and the A TIME/DIV
switch fo 10 us. Note the swiiching between channels as
shown by the segmented trace. Set the TRIGGER swilkch to
CH 1 ONLY; the race should appear more solid, since it is
no longer friggered on the between-channel switching frans-
ients. Turn the A 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 A TIME/DIV switch to .5 ms.

22. Set the MODE switch to ADD. The display should be
four divisions in amplitude. Note that either POSITION con-
trol moves the display.

23. Pull the INVERT switch, The display is o straight fine
indicating that the algebraic sum of the two signals is zerc
(if the Channel 1 and 2 gain is correct).

24. Set either VOLTS/DIV switch to 20 mV. The square-
wave displey indicates that the algebraic sum of the two
signals is no longer zero. Return the MODE switch to CH 1
and both VOLTS/DIV switches to .2 [if using 10X probes,
set both VOLTS/DIV switches to 20 mV). Push in the INVERT
switch.

@1
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Triggering

25. Set the CALIBRATOR switch to 1 V. Rotote the A LEVEL
control throughout its range. The display free runs at the
extremes of rotation. Note thot the A SWEEP TRIG'D light
is on only when the display is triggered.

26. Set the A SWEEP MODE switch to NORM TRIG. Again
rotate the A LEVEL conirol throughout its range. A display
is presented only when correcily triggered. The A SWEEP
TRIG'D light operates as in AUTO TRIG. Return the A SWEEP
MODE switch to AUTO TRIG.

27. Set the A SLOPE switch to —. The trace starts on the
negative part of the squore wave. Return the switch fo +;
the trace starts with the positive part of the square wave.

28, Set the A COUPLING switch to DC. Turn the Chan-
nel 1 POSITION control yniil the display becomes unsfable
{orly part of square wave visible). Return the A COUPLING
switch to AC; the display s again steble. Since changing
trace position changes DC level, this shows how DC level
changes affect DC trigger coupling. Return the disslay to
the center of the screen.

29. Set the MODE switch to CH 2; the display should be
stable. Remove the signal connected to Channel 1; the dis-
play free runs. Set the TRIGGER swiich to NORM; the dis-
play is again stable. Note that the CH 1 lights in A and B
Triggering go out when the TRIGGER swifch is changed to
NORM,

30. Connect the Calibrator signel to both the Channel 2
INPUT and A EXT TRIG INPUT connectors. Set the A
SOURCE switch to EXT. Operation of the LEVEL, SLOPE
and COUPLING controls for external triggering are the same
as described in steps 25 through 28,

31, Set the A SCURCE switch to EXT = 10. Operation
is the same as for EXT. Note that the A LEVEL conirol has
less range in this position, indicating trigger signal attenua-
tion. Return the A SOURCE switch to INT.

32. Operation of the B Triggering controls is similar fo
A Triggering.

Normal and Magnified Sweep

33. Set the A TIME/DIV switch to 5ms and the MAG
switch to X10. The display should be similar to that obtdin-
ed with the A TIME/DIY switch set to .5ms and the MAG
switch to OFF.

34. Turn the horizonfal POSITION control throughout its
range; it should be possible to position the display across
the complete graticule area. Now turn the FINE control. The
display moves a smaller amount and allows more precise
positicning. Refyrn the A TIME/DIV swiich fo Sms, the
MAG switch to OFF and return the start of the trace to the
teft graoticuie line.

Delayed Sweep

36, Pull the DELAYED SWEEF knob out and turn it to 50
u3 {DELAY TIME remains at .5ms). Set the HORIZ DISPLAY
switch to A INTEN DURING B. An infensified porfion, 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 dis-

play.

2-7



Operating Instructions—Type 453/R453

37. Set the B SWEEP MODE switch to TRIGGERABLE
AFTER DELAY TIME. Again rotate the DELAY-TIME MULTI-
PLIER dicl throughout ifs range and note that the intensified
portion appears to jump between positive slopes of the dis-
play. Set the B SLOPE switch to —-: the intensified portion
begins on the negative slope. Rotfate the B LEVEL control;
the intensified portion of the display disappears when the B
LEVEL contro! is out of the friggerable range. Return the
B LEVEL control 1o 0.

38. Set the HORIZ DISPLAY switch to DELAYED SWEEP
{B). Rotate the DELAY-TIME MULTIPLIER dial throughout its
range; about one-half cycle of the waveferm should be
disptayed on the screen {leading edge visible only at high
INTENSITY control setting). The display remains stable on
the screen, indicating that the B sweep is friggered.

39. Set the B SWEEP MODE switch to B STARTS AFTER
DELAY TIME. Rotate the DELAY.TIME MULTIPLIER didl
throughout its range; the display moves confinously across
the screen as the confrol is rotated.

40. Rotate the DELAY-TIME MULTIPLIER dial fully counter-
clockwise and set the HORIZ DISPLAY switch to A INTEN
DURING B. Rotate the A SWEEP LENGTH contrel counter-
clockwise; the length of the display decreases. Set the con-
frol to the B ENDS A posiiion; now the display ends ofter
the intensified poriion. 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 con-
trol to FULL and the HORIZ DISPLAY switch fo A.

Single Sweep

41. Set the A SWEEP MODE switch to SINGLE SWEEP.
Remove the Calibrator signal from the Channel 2 INPUT
connactor. Press the RESET button; the RESET light should
come on and remain on. Again apply the signal to the Chan-
nel 2 INPUT connector; a single trace should be presented
and the RESET light should go out. Return the A SWEEP
MODE switch o AUTO TRIG.

External Horizontal

42. Connect the Caolibrator signal to both the Channel 2
INPUT and EXT HORIZ {B EXT TRIG INPUT) connectors. Set
the B SOURCE switch to EXT, B COUPLING switch to DC
and the HORIZ DISPLAY switch to EXT HORIZ. increase the
INTENSITY conirol setting until the display is visible {two dots
displayed diagonally]. The display should be five divisions
vertically and about 3.7 divisions herizontally. Set the B
SOURCE switch to EXT = 10. The display should be reducad
ten times horizontally. The display can be positioned heri-
zontally with the horizontal POSITION or FINE control and
verfically with the Channel 2 POSITION control.

43. Connect the Calibrator signal to both the Channel 1
and 2 INPUT cennectors. Set the TRIGGER switch o €H 1
ONLY and the B SOURCE switch to INT.

44. The display should be five divisions vertically and
horizontally. The disploy can be positicned horizentally
with the Channel 1 POSITION conirol and vertically with the
Channel 2 PCSITION control.

45. Change the CH 1 VOLTS/DIV switch to .5. The dis-
olay is reduced fo two divisions herizontally. Now set the
CH 2 VOLTS/DIV switch to .5. The display is reduced to two
divisions vertically,
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Trace Finder

46, Set the CH 1 and CH 2 VOLTS/DIV switches to 10
mV. The display is not visible since it exceeds the scan area
of the CRT.

47. Press the TRACE FINDER butten. Note that the dis-
play is returned to the display area. While holding the
TRACE FINDER button depressed, increass the vestical and
horizontal deflection factors until the display is reduced to
ahout two divisions vertically and herizontally. Adjust the
Channel 1 and 2 POSITION controls to center the display
about the center lines of the graticule. Release the TRACE
FINDER and note that the disploy remains within the viewing
ared. Disconnect the dapplied signal,

48, Reduce the INTENSITY control setting to normal, B
SQURCE switch fo INT and set the HORIZ DISPLAY switch
te A.

Z-Axis Input

42, If an external signal is available {five volts peak to
peck minimum) the function of the Z AXIS INPUT circuit can
be demonstrated. Connect the external signal fo both the
Channel 2 INPUT connector and the Z AXIS INPUT binding
posts. Sef the A TIME/DIV switch to display about five
cycles of the waveform. The positive peaks of the waveform
shouid be blanked and the negative peaks intensified, indi-
cating intensity modulation.

50. This completes the basic operafing procedure for the
Type 453, Instrument operation neot explained here, or opera-
fions which need further explanation are discussed under
General Operating Information.

CONTROL SETUP CHARTY

Fig. 25 shows the front, side and rear panels of the Type
453, This chart can be reproduced and used as o fest-setup
record for special measurements, applications or procedures,
or it may be used as ¢ troining did for familiarization with
this instrument,

GENERAL OPERATING INFORMATION

Intensity Conirol

The setting of the INTENSITY control may affect the cor-
rect focus of the display. Slight readjustment of the FOCUS
control may be necessary when the infensity fevel is changed.
To protect the CRT phosphor, deo not turn the INTENSITY
control higher than necessary to provide o satisfactery dis-
play. The fight filters reduce the chserved light output from
the CRT. When using these filters, aveid advancing the
INTENSITY control te o setting that may bura the phosphor.
When the highest intensity display is desired, remove the
filters ond use the clear faceplate protector. Alse, be care-
ful that the INTENSITY control is not set too high when
changing the TIME/DIV swirch from o fast to a slow sweep
rate, or when changing the HORIZ DISPLAY switch from EXT
HORIZ operation to the normal sweep mode, :

Astigmaotism Adjustment

If a well-defined trace cannot be obtainad with the FOCUS
control, adjust the ASTIG adjustment (side panel] as fol-
lows.
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Fig. 2-5, Control setup chart for the Type 453.
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NOTE

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

1. Connect o 1V Calibrator signal to either channel and
set the VOLTS/DIV switch of thot channel to present ¢ two-
division display. Set the MODE switch 1o display the chan-
nel selected.

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

3. With the FOCUS contrel and ASTIG adjustment set to
midrange, adjust the INTENSITY contrel so the rising portion
of the display con be sesen.

4. Set the ASTIG adjustment so the horizontal and verti-
cal portions of the display cre equally focused, but not
necessarily well focused.

5. Set the FOCUS control so the vertical portion of the
frace it g5 thin as possible.

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

Graticule

The graticule of the Type 453 is internally marked on the
faceplate of the CRT fo provide accurate, no-parallax meas-
urements, The graticule is marked with six vertical and 10
horizontal divisions. Each division is 0.8 centimeter square.
In addition, each major division is divided info five minor
divisions ot the center vertical and horizontal lines. The
verticel gain and horizontal fiming are colibrated to the
graticule so accurate measurements can be made from the
CRT. The iliumination of the graticule lines can be varied
with the SCALE ILLUM control.

Fig. 2-6 shows the graficule of the Type 453 ond defines
the various measurement lines. The terminclogy defined here
will be used in all discussions invelving graticule measure-
ments.

Trace Alignment Adjustment

if o free-running trace is not parallel to the horizontal
graticule lines, set the TRACE ROTATION adjustment as fol-
lows. Position the trace to the center horizontal line. Adjust
the TRACE ROTATION adjustment (side panel) so the trace
is parallel with the horizentel graticule lines.

Light Filter
The mesh filter provided with the Type 453 provides shield-
ing against radiated EMI {electro-magnetic interference} from

the face of the CRT. It also serves as a light filter to make
the trace more visible under ambient light condifions. Te
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Fig., 2-6. Definition of medsurement lines on Type 453 graticule,

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. 2-7).

The finted fight filter minimizes light reflections from the
face of the CRT to improve contrast when viewing the dis-
play under high ambient light conditions, A clear plastic
faceplate protector is also provided with this instrument for
use when neither the mesh nor the tinted filter is used. The
clear faceplate protector provides the best display for wave-
form photographs. It is also preferable for viewing high
writing rate displays.

A filter or the faceplate protector should be used ot ol
fimes to protect the CRT faceplote from scraiches. The fuce-
plate profector and the tinfed filter mount in the same holder,

Pull out
here

Fig. 2.7, Removing the fifter or foceplate protector.




To remove the light filter or faceplate protector from the
holder, press it cut to the rear. They can be replaced by
snapping them back into the holder.

Trace Finder

The TRACE FINDER provides a means of locating a display
which overscans the viewing area either vertically or hori-
zontally. When the TRACE FINDER button is pressed, the
display is compressed within the graticule crea. To locate
and reposition an overscanned display, use the following
procadure.

1. Press the TRACE FINDER button.

2. While the TRACE FINDER button is held depressed,
increase the vertical and horizontal deflection facters until
the vertical deflection is reduced to about two divisions and
the horizontal deflecticn is reduced to about four divisions
[the horizontal deflection needs to be reduced only when in
the externc! horizontal mode of operation).

3. Adjust the vertical and horizontal POSITION centrols
to center the display abeout the vertical and horizontal cen-
ter fines.

4. Release the TRACE FINDER button; the display should
remain within the viewing arec.

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 switeh to display the channel used. How-
ever, since CH 1 ONLY triggering is provided only in Chan-
nel 1 and the invert feature only in Channel 2, the correct
channel must be selected to take advantage of these fec-
tures. For duci-frace displays, connect the signals to both
INPUT connectors and set the MODE switch to one of the
ducl-trace positions.

Vertical Goin Adjustment

To check the gain of either channel, set the VOLTS/DIV
switch to 20 mV, Set the CALIBRATOR switch o .1V ond
connect the 1 kHz CAL connector to the INPUT of the chan-
nel used. The vertical deflection should be exactly five
divisions. ¥ nrot, adjust the front-pane! GAIN adjustment
for exactly five divisions of deflection.

NOTE

If the gain of the two channels must be closely
maiched [(such as for ADD mode operation), the
ADJUSTMENT procedure given in the Calibration
section should be used.

The best measurement accuracy when using probes is pro-
vided if the GAIN adjustment is made with the probes in-
stalled (set the CALIBRATOR switch to 1 VL. Also, to provide
the most accurate measurements, calibrate the vertical gain
of the Type 453 at the temperaure at which the measurement
is fo be made.

Step Atftenuator Balance

To check the step aftenuator balance of either channel,
set the Input Coupling switch to GND and set the A SWEEP

&
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MODE swich te AUTO TRIG to provide a free-running trace.
Change the VOLTS/DIV switch from 20mVY 1o 5mV. if the
frace moves verfically, adjust the front-panel STEP ATTEN
BAL adjustment as follows {allow at least 10 minvtes warm
up before performing this adjusiment).

1. With the Input Coupling switch set to GND and the
YOLTS/DIV switch set to 20 mV, move the trace to the center
horizontal line of the graticule with the vertical POSITION
control.

2. Set the VOLTS/DIV switch to 5mV ond adjust the
STEP ATTEN BAL adjustment to return the trace to the center
horizonal line.

3. Recheck step attenvator balance and repeat adjusiment
untif no frace shift oceurs as the VOLTS/DIV switch is chang-
ed from 20 mV o0 5mV,

Signal Connections

In general, probes offer the most convenient means of con-
necting a signal to the input of the Type 453. The Tektronix
probes are shielded to prevent pickup of elecirostatic inter-
ference. A 102X aitenuator probe offers a high input imped-
ance and allows the circuit under test to perform very close
to normal operating conditions. However, a 10X probe
also attenuates the input signal 10 times. The Tekironix
P&045 Field Effect Transistor probe and accessory power
supply offer the same high-input impedance as the 10X
probes. However, it is particularly useful since it provides
wide-band operation while presenting no attenuation (1<
gain) and a low input capacitance. To obtain maximum
bardwidth when using the probes, observe the grounding
considerations given in the probe manual. The prcbe-to-
connector adapters and the bayonet-ground tip provide the
best frequency response. Remember that o ground strap
only @ few inches in length can produce several percent of
ringing when operating at the higher frequency limit of this
systam. See your Teklronix, Inc. catalog for characteristics
and compatibitiity of probes for use with this system.

In high-frequency opplications requiring maximum overa]!
bandwidth, use cooxial cables terminated at both ends in
their characteristic impedance. See the discussion on coax-
ial cables in this section for more information.

High-level, low-frequency signals can be connected directly
to the Type 453 INPUT connectors with short unshielded
leads. This coupling method works best for signals below
about one kilohertz and deflection factors above one voltf
division. When this method is used, establish a common
ground between the Type 453 and the equipment under test.
Attempt fo position the leads away from any source of inter-
ference 1o aveid errors in the display. If interference is
excessive with unshielded leads, use o coaxial cable or @
probe.

Loading Effect of the Type 453

As neorly s possible, simulate actual operating condi-
tons in the equipment under test. Otherwise, the equipment
under test may not produce a nermal signel. The 10X
attenuator probe and field effect rransistor probe mentioned
previcusly offer the least circuit loading, See the probe
instruction manual for loading characteristics of the indivi-
dual probes.
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When the signal is coupled direcily to the input of the
Type 453, the input impedance is abour one megohm
paralleled by about 20 pF. When the signal is coupled to
tha input through o coaxial cable, the effective input ca-
pacitance depends upon the type and length of cable used.
See the following discussion for information on obtaining
maximum frequency response with coaxial cables.

Coaxial Cable Considerations

The signal cables used to connect the signal to the Type
453 INPUT connectors have a large effect on the accuracy
of the displayed high-frequency waveform. To maintain the
high-frequency characieristics of the applied signal, high-
quality low-loss coaxial cable should be used. The cable
should be terminated af the Type 453 INPUT connector in its
characteristic impedance. 1§ it is necessary fo use cables
with differing characteristic impedances, use suitable imped-
ance-matching devices to provide the correct transition, with
minimum loss, from one impedance o the other.

The characteristic impedance, velocity of propagation and
nature of signal losses in o cooxicl coble are determined
by the physical and elecirical characteristics of the cable.
losses coused by energy dissipation in the dielectric are
proportional to the signal frequency. Therefore, much of
the high-frequency infermation in a fost-rise pulse can be
fost in only @ few feet of interconnecting coble i it is not
the correct type. To be sure of the high-frequency response
of the system when using cables longer than about five feet,
chserve the transient response of the Type 453 and the
interconecting coble with o fastrise pulse generator {gen-
erator risetime less than 0.5 nancseconds).

Input Coupling

The Channel 1 ond 2 Input Coupling switches allow o
choice of input coupling. The type of display desived will
determine the coupling used.

The DC positien can be used for most applications. How-
ever, if the DC compenent of the signel is much larger than
the AC compeonent, the AC position will probably provide o
better display. DC coupling should be used to display AC
signals below cbout 16 hertz as they will be aftenuated in
the AC position.

In the AC position, the DC component of the signg! is
biocked by o copacitor in the input circuit. The low-fre-
quency respense in the AC position is about 1.6 hertz {—3 dB
point). Therefore, some low-frequency distortion can be
expected near this frequency limit. Distortion wili also
appear in square waves which have low-frequency com-
ponents.

The GMND position provides a ground reference at the
input of the Type 453. The signal applied to the input con-
nector is internally disconnected but not grounded. The
input circuit is held at ground potential, eliminating the need
to externally ground the input to establish a DC ground
reference.

The GND position can also be used to pre-charge the
coupling copacitor o the average voltage level of the signal
applied to the INPUT connecter. This aliows measurement
of only the AC component of signals having beth AC and
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DC components. The pre-charging network incorporated
in this unit allows the input-coupling capacitor to charge o
the DC source voltage level when the Input Coupling switch
is set to GND. The procedure for using this feature is as

follows:

1. Before connecting the signal containing a DC compe-
nent to the Type 453 INPUT connector, set the Input Coupling
switch to GND. Then connect the signal to the INPUT
connector.

2. Wait about one second for the coupling capacitor to
charge.

3. Set the Input Coupling switch to AC. The trace {dis-
play] will remain on the screen and the AC component of
the signal can be measured in the normal manner,

Deflection Facior

The amount of vertical deflection produced by a signal
is determined by the signal amplitude, the attenuation factor
of the probe {if used), the setting of the VOLTS/DIV switch
and the seffing of the VARIABLE YOLTS/DIV control. The
calibrated deflection factors indicated by the YOLTS/DIV
switches apply only when the VARIABLE conirol s set to
the CAL position,

The VARIABLE VOLTS/DIV control provides variable
tuncalibrated) vertical deflection between the calibrated
settings of the VOLTS/DIV switch. The VARIABLE control
extends the maximum vertical deflection factor of the Type
453 to af least 25 volts/division [10 volts position).

Duai-Trace Operation

Alternate Mode. The ALT position of the MODE switch
produces o display which alternates between Chanrnel 1 and
2 with each sweep of the CRT, Although the ALT mode
can be used of all sweep rates, the CHOP mode provides
a more sotisfactory display ot sweep rafes below about 50
microseconds/division. At these slower sweep rates, alternate
mode switching becomes visually perceptible.

Proper internal friggering 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 is
triggerad from the signai on each channel. This provides o
stable display of two unrelated signals, but does not indicate
the fima relationship between the signals. In the CH T ONLY
position, the twe signals are 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 Mede. 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 ot sweep rates slower than about 56 microseconds/
division, or whenever dual-frace, single-shot phenomena are
to he disployed. At faster sweep rotes the chopped switch-
ing becomes apparent and moy interfere with the display,

Proger internc! triggering for the CHOP mode is provided
with the TRIGGER switch set to CH 1 ONLY. ¥ the NORM
position s used, the sweep circuils are triggered from the
between-channel switching signal and both waveforms will
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be unstable. Externc! triggering provides the same result as
CH 1 ONLY triggering.

Two signals which are time-related can be displayed in
the chopped mode showing true time relationship, if the
signals are not time-related, the Channel 2 display will
appear unstable. Two single-shot, transient, or random
signals which occur within the time interval determined by
the TIME/DIV switch (10 times sweep rate) can be compared
using the CHOP mode. To correctly trigger the sweep for
maximum resolution, the Channel 1 signol must precede the
Channel 2 signal. Since the signals show true time relation-
ship, time-difference measurements can be made.

Channel T Qutput ond Cascaded Operation

If a lower deflection fuctor than provided by the VOLTS/
DIV switches is desired, Channel T can be used a3 g wide-
band preamplifier for Channel 2. Apply the input signal to
the Channel 1 INPUT connector., Connect a 50-chm BNC
cable (18-inch or shorter cable for maximum cascaded fre-
quency response) between the CH 1 QUT (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 one millivelt/division.

To provide calibrated one millivolt/division defleciion
factor, connect the .1 volt Calibrator signal to the Channel 1
INPUT connector. Set the CH 1 VOLIS/DIV switch o .1
and the CH 2 VOLTS/DIV switch to 5mV. Adiust the Chan-
nel 2 VARIABLE VOLTS/DIV control to produce a display
exactly five divisions in amplifude. The cascaded deflection
factor is determined by dividing the CH T VOLTS/DiV switch
sefting by 5 [CH 2 VOLTS/DIV switch and VARIABLE control
remain s set above). For example, with the CH 1 VOLTS/
DIV switch set to 5mY the calibrated deflection factor will
be 1 millivelt/division; CH 1 VOLTS/DIV switch set to 10 mV,
2 millivolts/division, eic.

The following operating considerations and basic appli-
cations may suggest other uses for this featfure.

1. B AC coupling is desired, set the Channel 1 Input
Coupling switch to AC and leave the Channel 2 Input
Coupling switch set to DC. When both input Coupling
switches are set to DC, DC signal coupling is provided.

2. Keep both vertical POSITION contrels set near mid-
range. If the input signal hos a DC level which necessitates
cne of the POSITION controls being turned away from
midrange, correct operation can be obtained by keeping
the Channel 2 POSITION contro! near midrange and using
the Channel 1 POSITION control to position the frace near
the desired location. Then, use the Channel 2 POSITION
control for exact posifioning. This methed will keep both
Input Preamps cperating in their linear range.

3. The output voltage at the CH 1 OUT connector is af
least 25 millivolts/division of CRT display in all CH 1 VOLTS/
DIV switch positions.

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 cen be used as an imped-
ance matching stage with or without voltage gain. The
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input resistance is one megohm and the output resistance is
about 50 chms.

4. The dynamic range of the Channel T Input Preamp is
equal to about 20 times the CH 1 VOLTS/DIV sefting. The
CH 1 OUT signal is nominaily at G volt DC for g 0 volt DC
input level [Channel 1 POSITION control centered). The
Chanel 1 POSITION confrol can be used to center the oul-
put signal within the dynamic range of the amplifier.

7. If ducl-trace operation is used, the signal applied to
the Channel 1 INPUT connector is displayed when Channel
1 is turned on. When Chennel 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 dis-
played by Channel 2.

8. In special opplications where the flat frequency re-
sponse of the Type 453 is not desired, a filter inserted
between the CH 1 OUT and Channel 2 INPUT connector
allows the oscilloscope fo essentially take on the frequency
response of the filfer. Combined with method 7, the input can
ke 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 used for any application
where a low-impedance preamplified signal is neaded.
Remember that if a 50-chm load impedence is used, the
signal amplitude will be about one-half.

Algebraic Addition

General. The ADD position of the MODE switch can be
used to display the sum or difference of two signals, for
common-mode rejection fo remove an undesired signal or for
DC offset [applying a DC voliage to one channel to offset

the DC component of a signal on the other channel.

The common-mode rejection rafio of the Type 453 is
greaier than 20:1 at 20 megahertz for signal amplitudes up
to eight times the YOLTS/DIV swifch sefting. Rejection ratios
of 100:1 can typically be achieved between DC and 5 mego-
hertz by careful adjustment of the gain of either channel
while observing the displayed common-mode signal

Deflection Facior. The overall deflection in the ADD
position of the MODE switch when both VOLTS/DIV switches
are sef to the same positicn is the same as the deflection
facter indicated by either YOLTS/DIV switch. The ompli-
tude of an added mode display can be determined directly
from the resultant CRT deflection multiplied by the deflec-
tion factor indicated by either VOLTS/DIV switch. How-
ever, if the CH 1 and CH 2 VOLTS/DIV switches are set to
different deflection factors, resultant voltage is difficuls to
determine from the CRT display. In this case, the voliage
amplitude of the resultant display can be defermined accu-
rately only if the amplitude of the signal applied to either
channel is known.

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

1. Do not exceed the input voltage rating of the Type
453.
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2. Do not apply signals that exceed on equivalent of
about 20 fimes the VOLTS/DIV switch setiing. For example,
with ¢ VOLTS/DIV switch sefting of .5, the voliage applied
to that channel should not exceed chour 10 velis. Larger
voltages may distort the display.

3. Use vertical POSITION control seftings which most
nearly position the signa! of each channel to mid-screen
when viewed in either the CH 1 or CH 2 posifions of the
MODE switch. This insures the greatest dynamic range for
ADD mode operation.

4. For similiar response from each channel, set both Input
Coupling switches to the sams position.

Trigger Source

iNT. For most applications, the sweep can be triggered
internally. In the INT position of the Triggering SOURCE
switch, the irigger signal is obtained from the Verticol
Deflection System. The TRIGGER switch provides further
selection of the interna! trigger signal; obtained from the
Channe!l 1 signal in the CH T ONLY position, or from the
displayed signal when in the NORM position. For single-
trace displays of either channel, the NORM position pro-
vides the most convenient operation. However, for dual-
trace displays special considerations must be made to provide
the correct display. Set Dual-Trace Opergtion 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 circuit. Line triggering is useful when the input signal
is time-related to the line frequency. It is also useful for
providing a steble display of a line-frequency component
in o complex waveform,

EXT, An external signal cenected te the EXT TRIG INPUT
connector can be used to trigger the sweep in the EXT
position of the Triggering SOURCE switch. The external sig-
nal must be fime-reloted to the displayed signal for o stable
display. An externa! trigger signal can be used fo provide
a triggered display when the internal signal is too low in
omplitude for correct triggering, or contains signal com-
ponents on which it is not desired to trigger. It is also useful
when signal tracing in amplifiers, phase-shift networks, wave-
shaping circuits, etc. The signal from a single point in the
circult under test can be connected to the EXT TRIG INPUT
connector through a signal prebe or coble. The sweep is
then triggered by the same signal af all fimes and allows
amplitude, fime relationship or waveshape changes of
signals at various points in the cireuit to be exemined with-
out resetting the frigger controls.

EXT — 10. Operation in the EXT < 10 position is the
same as described for EXT except that the external triggering
signal is attenuated 10 times. Affenuation of high-amplitude
external triggering signals is desirable to broaden the range
of the Triggering LEVEL control. When the COUPLING
switch is sef to LF RE}, attenuation is about 20:1.

Trigger Coupling

Four methods of coupling the frigger signa! to the trigger
circuits con be selected with the Triggering COUPLING
switches. Foch position permits selection or rejection of the
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frequency components of the trigger signal which can trigger
the sweep.

AC. The AC position blocks the DC component of the
trigger signal. Signals with low-frequency components below
about 3G hertz are attenuated. In general, AC coupling can
be used for most opplications. However, if the irigger signal
contains unwanted components or if the sweep is to be
triggered ot a low repetition rate or a DC level, one of the
remaining COUPLING switch positions will provide a better
display.

The iriggering point in the AC position depends on the
average voltage level of the trigger signal. If the trigger
signals occur tn o random fashion, the average voltage level
will vary, causing the triggearing point to vary also. This shift
of the friggering point may be enough so it is impossible to
maintain a stable dispiay. In such cases, use DC coupling.

LF REJ. In the LF REJ position, DC is rejected and signals
below about 30 kilohertz 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 siable triggering if the trigger sighal contains
line-frequency components. Alse, in the ALT position of the
MODE switch, the LF REJ position provides the best display
af 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 hertz and 50 kilohertz. DC s
rejected ond signals outside the given range are attenuated.
When triggering from complex waveforms, this position is
useful for providing stable display of low-frequency compo-
nenis.

BLC. DC coupling can be used to provide stable triggering
with low-frequency signals whick would be attenuated in
the AC position, or with low-repetition rate signals. The
LEVEL control can be adjusted fo provide iriggering ot the
desired DC level on the waveform. When using internal
triggering, the setting of the Channel 1T and 2 POSITION
controls affects 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 frace.
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 trigger
circuit respends on the positive-going or negative-geing
portion of the trigger signal. When the SLOPE switch is in
the - [positive-going) position, the display storts with the
posiive-going portion of the waveform; in the — [negative-
going) pesition, the display staris with the negative-going
portion of the woveform [see Fig, 2-8l, When several cycles
of a signal appear in the display, the sefting of the SLOPE
switch is often unimporfont, However, if only a certain
portion of a cycie is to be displayed, correct setting of the
SLOPE switch is important to provide o display which starts
on -the desired slope of the input signal
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Trigger Level

The Triggering LEVEL control determines the voltage level
on the trigger signal at which the sweep is friggered. When
the LEVEL control is set in the -+ region, the trigger circuit
responds ot a more positive point on the frigger signal.
When the LEVEL control is set in the — region, the trigger
circuit responds af g more negative point on the trigger
signal, Fig. 2-8 illustrates this effect with different seftings
of the SLOPE switch.

To set the LEVEL control, first select the Triggering
SQURCE, COUPLING and SLOPE. Then set the LEVEL
control fully counterclockwise and rotate it clockwise until
the display starts at the desired point.

High-Frequency Stability

The HF STAB contrel [A only) is used to provide a stable
display of high-frequency signals. If o stable display cannot
be obtained using the A LEVEL control {trigger signal must
have adequate amplitude), adjust the HF STAB conirol for
minimum horizontal jitter in the display. This control has
little effect with low-frequency signals.

A Sweep Triggered Light

The A SWEEP TRIG'D light provides o convenient indica-
tion of the condition of the A Triggering circuit, ¥ the A
Triggering contrels cre correctly adjusted with an adeguate
trigger signal applied, the light is on. However, if the A
LEVEL control is misadjusted, the A COUPLING or A
SOURCE switches incorrectly set or the trigger signal too
low in amplitude, the A SWEEP TRIG'D light will be off.
This feature con be used as o general indicotion of correct
triggering. it is porticulorly useful when setting up the
trigger circuifs when a trigger signol is available without
trace displayed on the CRT and it clso indicates that the A
sweep is correctly triggered when operating in the DELAYED
SWEEP (B) mode.

A Sweep Mode

AUTO TRIG. The AUTO TRIG position of the A SWEEP
MODE switch provides a stable disploy when the A LEVEL
control is correctly set [see Trigger Level in this section} and
a trigger signal is available. The A SWEEP TRIG'D light
indicares when the A Sweep Generator is triggered,

When the trigger repetifion rate is less than about 20
hertz, or in the absence of en adequate irigger signal, the
A Sweep Generator free runs to produce o reference frace,
When an adequate trigger signal is again applied, the
free-running condition ends and the A Sweep Generator is
triggered fo produce a stable display [with correct A LEVEL
control setting).

NORM TRIC. Operation in the NORM TRIG position
when a trigger signal is applied is the same as in the AUTO
TRIG position. However, when a trigger signal is not present,
the A Sweep Generator remains off and there is no display.
The A SWEEP TRIG'D light indicotes when the A sweep is
triggered. The NORM TRIG mode can be used o display
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signals with repetition rates below aboutr 20 hertz. This mede
provides an indication of an adequate trigger signal as well
as the correctness of trigger control settings, since there is
no display without proper triggering. Also, the A SWEEP
TRIG'D light is off when the A sweep is not correcily
triggered.

SINGLE SWEEP. When the signal fo be displayed is not
repetitive or varies in amplitude, shape or time, a conven-
tional repetitive display may produce an unstable presenta-
fion. 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
migger cireuit will respond to the event to be displayed.
Set the A SWEEP MODE switch 1o AUTO TRIG or NORM
TRIG and obtain the best possible display in the normal
manner {for random signals set the trigger circuit fo trigger
on a signat which is approximately the same amplitude and
frequency as the random signal). Then, set the A SWEEP
MODE switch fo SINGLE SWEEP ond press the RESET bution.
When the RESET button is pushed, the next trigger pulse
initiates the sweep and a single trace will be presented on
the screen. After this sweep is complete, the A Sweep Gen.
erator is “locked out’ untit reser. The RESET light located
inside the RESET button lights when the A Sweep Generator
circuit has been reset and is recdy fo preduce a sweep;
it goes ouf after the sweep is complete. To prepare the
circuif for another single-sweep display, press the RESET
bution again.

Selecting Sweep Rate

The A AND B TIME/DIV switches select calibrated sweep
rates for the Sweep Generators. The A and B VARIABLE
confrols provide continuously variable sweep rotes between
the seftings of the TIME/DIV switches. 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.

The sweep rote of the A Sweep Generator is broecketed
by the two black lines on the clear plastic flunge of the
TIME/DIV switch (see Fig. 2-9). 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 Generctors is
changed ot the some time. However, when the DELAYED
SWEEP knob is pulled outward, the clear plastic flange is
disengaged and only the B Sweep Generator sweep rate is
changed. This cllows changing the delayed sweep rate
wihout changing the delay time determined by the A Sweep
Generaior.

When moking fime measuremenis from the groticule, the
area between the first-division and ninth-division vertical fines
provides the most linear time measurement (see Fig. 2-10
Therefore, the first and last division of the display should not
be used for making accurate time measurements. Position
the start of the hming area to the firsi-division vertical line
and set the TIME/DIV switch so the end of the timing arec
falls between the first- and ninth-division vertical lines.
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Sweep Maognification

The sweep magnifier expands the sweep tfen times. The
center division of the unmagnified display is the portion
visible on the screen in mognified form {see Fig. 2-11}. Equiv-
alent length of the magnified sweep is chout 100 divisions;
any 10 division portion may be viewed by adjusting the
horizontal POSITION contral fo bring the desired portion
onto the viewing area. The FINE position control is parficu-
larly useful when the magnifier is on, as it provides position-
ing in small increments for more precise control.

To use the magnified sweep, first move the portion of the
display which is to be exponded to the center of the grafi-
cule. Then set the MAG switch to > 10. The FINE position
control can be adjusted to position the magnified display
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Fig. 2-11. Operation of sweep magnifier,

os desired. The light located below the MAG swiich is on
whenever the magnifier is on.

When the MAG switch is set to X108, the sweep rate is
determined by dividing the TIME/DIV switch sefting by 10.
For example, if the TIME/DIV switch is set to 5us, the
magnified sweep rafe is 0.05 microsecond/division. The
magnified sweep rate must be used for all time meosure-
ments when the MAG swiich is set to X 10. The magnified
sweep rote is calibrated when the UNCAL A OR B light
is off,

Delayed Sweep (B}

The delayed sweep (B sweep} is operable in the A INTEN
DURING B and DELAYED SWEEP (B) positions of the HORIZ
DISPLAY switch. The A sweep rate along with the DELAY-
TIME MULTIPLIER dial sefting determines the time that the
B sweep is delayed. Sweep rate of the delayed portion is
determined by the B TIME/DIV [DELAYED SWEEP] switch
sefting.

In the A INTEN DURING B position, the dispiey will
cppear similar to Fig. 2-12A. 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.

For example, the defay indicated by the DELAY-TIME
MULTIPLIER dial setting shown in Fig. 2-13 is 3.55; this cor-
responds to 3.55 CRT divisions of A sweep. This reading
mulfiplied by the sefting of the A TIME/DIV switch gives
the colibrated delay fime before the start of the B sweep
[see B Sweep Mode which follows). The intensified portion
of the display is produced by the B sweep. The length of
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Fig. 2-12. {A} A INTEN DURING B display (DELAY-TIME MULTI-
PLIER, 2.95; A TIME/DIV, .5 ms; B TIME/DIV, 50 ys}, (B} DELAYED
SWEEP (B) display.

this portion is about 10 fimes the setting of the B TIME/DIV
switch.

When the HORIZ DISPLAY switch is set to DELAYED
SWEEP (B], only the intensified portion as viewed in the A
INTEN DURING B posifion is displayed on the screen at
the sweep rate indicated by the B TIME/DIV switch {see
Fig. 2-12B).

Fig. 2-13. DELAY-TIME MULTIPLIER dial. Reading shown: 3.55.
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B SWEEP MODE. The B SWEEP MODE switch provides
two modes of delayed sweep operation. Fig. 2-14 illustrates
the difference between these two modes. In the B STARTS
AFTER DELAY TIME position, the B sweep is presented im-
mediately after the delay time (see Fig. 2-14A]. The B sweep
is triggered at a selected point on A sweep fo provide the
delay fime (B sweep essentially free running). Since the delay
time is the same for each sweep, the display appears stable.
In the TRIGGERABLE AFTER DELAY TIME position, the B
sweep operctes only when it is triggered (by Trigger Circuits)
after the selected delay time {see Fig. 2-14B). The B Trig-
gring conlrols operate as described in this section.

Delayed Sweep Operation. To obidin a deluyed sweep
display use the following procedure.

1. Obtain a stable display with the HORIZ DISPLAY
switch set to A.

2, Set the HORIZ DISPLAY switch fo A INTEN DURING
B.

3. Set the B SWEEP MODE switch to the desired setting.
if TRIGGERABLE AFTER DELAY TIME is selected, correct B
Triggering is clso necessary.

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

5, Pull the DELAYED SWEEP (B TIME/DiV] knob out and
sef 1o the desired sweep rate.

&, tf the 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 correctiy
triggered,

7. Set the HORIZ DISFLAY switch to DELAYED SWEEP (B).
The intensified zone shown in the A INTEN DURING B posi-
tien is now displayed at the sweep rate selected by the B
TIME/DIY switch.

Several examples using the delayed sweep feature are
given under Basic Applications in this section.

A Sweep Lengih. The A SWEEP LENGTH control is
most useful when used with deloyed sweep. As the control
is rotated counterclockwise from the FULL position, the length
of the A sweep decreases [sweep rafe remains constant)
until it is about four divisions long in the counterclockwise
position {not in B ENDS A detent). The B ENDS A position
produces a display which ends immediately following B
sweep if the B sweep ends before the normal end of A sweep.
The A SWEEP LENGTH control is used fo increase the repe-
tiion rate of delayed sweep displays.

To use the A SWEEP LENGTH control, set the HORIZ
DISPLAY 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 display. Now set the HORIZ DISPLAY switch to DELAYED
SWEEP (B). This method provides the maximum repefition
rate for a given delayed sweep display. In the B ENDS A
position, the maximum delayed sweep repetition rate is
maintained automatically.

@i
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Fig. 2«14, Comparison of the delayed-sweep modes. (A} B STARTS AFTER DELAY TIME, (B) TRIGGERABLE AFTER DELAY TIME. In each
display the B sweep is delayed o selected amount of time by A sweep.

NOTE The EXT HORIZ position of the HORIZ DISPLAY switch
prevides @ means for applying an external signal to the

i int d into the displ in- .
Jitter can be introduced into the display and in horizontal amplifier for this type of display.

correct displays produced through the wrong

usage of the A SWEEP LENGTH control. When Two modes of externcl horizontal operation are provided.

using this contrel first obtain the best possible When the TRIGGER switch is sef to CH 1 ONLY, the B
display in the FULL position. Then, set the control SOURCE switch fo INT and the B COUPLING switch to DC,
for the desired A sweep leng?h.. lf';aﬁer is evident the horizontal deflection is provided by o signal applied to
in the display, readjust the Triggering controls or the Channe! 1 INPUT connector. The CH 1 VOLTS/DIV

change the A SWEEP LENGTH control to o position

- switch setting indicates the calibrated horizontal deflection
that does nol cause jitter.

factor {Channel 1 VARIABLE control in-operative). Center
the horizontal POSITION conirel and use the Channel 1

External Horizontal Deflection POSITION control for horizontal positioning.
in some applications, it is desirable to display one signal in the EXT and EXT -+ 10 positions of the 8 SOURCE
versus ancther [X.Y) rather than against fime linternal sweep). switch, exiernal horizental deflection is provided by o signal
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applied to the EXT HORIZ input connector (B EXT TRIG
INPUT). The signal coupling provided by the B COUPLING
switch can be used to select or reject components of the
external horizontal signal {all compenents of external hori-
zontal signal accepted in DC position). Using this mode of
operation, the horizontal deflection factor is uncalibrated.
External horizontal deflection factor is about 270 millivolis/
division in the EXT position of the B SOURCE switeh and
about 2.7 volts/division in the EXT = 10 position.

A and B Gate

The A ond B Gaite output connectors {on side panel} pro-
vide a rectangular cutput pulse which is coincident with the
sweep time of the respective sweep generctor. This rectangu-
far pulse is about 412 volts in amplitude {inte high-imped-
ance loads] with pulse duration the scme as the respective
sweep.

Intensity Modulation

Intensity (Z-axis) modulation can be vsed fo relate ¢ third
item of electrical phenomena to the vertical {Y-axist and the
horizontal {X-axis) coordinates without changing the wave
shape. The Z-axis meduloting signel applied to the CRY
circuit changes the intensity of the displayed waveform to
provide this display. "Gray scale” intensity modulation can
be obtained by applying signals which do not completely
blank the display. large amplitude signals of the correct
polarity will complately blank the display; the sharpest dis-
play is provided by signals with a fast rise and fall. The
voltage amplitude required for visible trace modulation
depends upon the setfing of the INTENSITY control. At
normal intensity level, a five-vclt peak-to-peak signal pro-
duces a visible change in brighiness. When the Z AXIS
INPUT is not in use, keep the ground strap in place fo pre-
vent changes in trace intensity due to extraneous noise.

Time markers applied fo the Z AXIS INPUT connector
provide @ direct time reference on the display. With uncali-
brated horizontal sweep or external horizontal mode opera-
tion, the time markers provide a means of reading time
directly from the display. However, if the markers gre not
time-related to the displayed waveform, a single-sweep
display should be used {for internal sweep only} to provide
a stable display.

Calibrator

The one-kilohertz square-wave Calibrator of the Type 453
provides a convenient signal source for checking basic verti-
cal gain ond sweep Hming. However, to provide maximum
measurement acuracy, the adjustment procedure given in the
Calibration section of this menual should be wsed. The
Calibrater output signal is also very useful for adjusting
probe compensation as described in the probe instruction
manual. in addition, the calibretor can be used as o con-
venient signal scurce for application to external equipment.

Voltage. The Colibrator provides accurate peak-to-peak
square-wave voltages of 0.1 and 1 volt into o high imped-
ance load. Voltage range is selected by the CALIBRATOR
switch on the side panel. Qutput resistance is abeut 200
ohms in the 1V position and cbout 20 ohms in the 0.1V
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position. The actual voltage across an external load resistor
cem be calculated in the same manner os with any series
resistor combination Inecessary only if the load resistance
is less than about 50 kilohms).

Curreni. The current loop, located on the side panel,
provides o five milliompere peok-to-peok square-wave cur-
rent which can be used fo check and calibrate current-
measuring probe systems. This current signal is obtained by
clipping the probe around the current loop. Current is
constant through the loop in either position of the CALI-
BRATOR switch. The arrow obove the PROBE LOOP indi-

cates conventional current flow; te., from + to —.

Frequency. The Calibrator circuit uses frequency-stable
components fo maintain accurate frequency and constant
duty cycle. Thus the Colibrator can be used for checking
the basic sweep timing of the horizontal sysfem.

Wave shape. The square-wave output signal of the Cali-
brator can be used as o reference wave shape when check-
ing or adjusting the compensation of passive, high-resistance
probes. Since the sguaore-wave output from the Calibrator
has a flar rop, any distortion in the displayed waveform is
due to the probe compensation.

BASIC APPLICATIONS

Generai

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 reguirements
of the individual measurements. Familiarity with the Type
453 will permit these basic techniques to be applied to «
wide variety of uses.

Peak-to-Peak Voltage Measurements—AC

To make o peck-to-peak voltage megsurement, use the
following procedure:

1. Connect the signal to either INPUT connector.
2. Set the MODE switch to displey the channel used.
3. Set the VOLTS/DIV switch o display about five divi-

sions of the waveform.

4. Set the Input Coupling switch te AC.

NOTE

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

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

6. Turn the vertical POSITION control so the lower por-
tion of the waveform coincides with one of the graficule
lines below the center horizontal line, and the top of the
waveform is on the viewing area. Move the display with
the horizontal POSITION control so one of the upper peaks
lies near the center vertical line (see Fig. 2-15)



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

NOTE

This technigue may also be used fo 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. Alse include the attenuation factor of
the probe, if any.

Exomple. Assume a peckto-peak vertical deflection of
4.6 divisions [see Fig. 2-15) using a 10X attenuator probe
and a VOLTS/DIV switch sefting of 5

Using the formufa:

vertical probe
Pecz%v?“SP ak ~ deflection VOS:L?;:DIV X attenuation
o e {divisions) g factor

Substituting the given values:
Volts Peak to Peck — 4.6 > G5V X 10
The peak-to-peak voltage is 23 volis.
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Fig. 2-15. Measuring peak-fo-peck voltoge of a waveform.

Instantonecus Voltage Measurements—DC

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

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

3. Set the VOLTS/DIV switch to display about five divi-
sions of the waveform.

4, Set the Input Coupling switch o GND.
5. Set the A SWEEP MODE switch to AUTC TRIG,

4. Position the trace to the bottom line of the graticule
or other reference line. 1f the voltage is negative with respect
to ground, position the frace to the top line of the graticule,

®
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Do not move the vertical POSITION centrol after this refer-
ence line has been esablished.

NOTE

To measure o voltage level with respect to a
voltage rather than ground, make the following
changes in step 6. Set the Input Coupling switch
to DC and apply the reference voltage to the IN-
PUT connector. Then position the trace to the ref-
erence line.

7. Set the input Coupling switch to DC. The ground refer-
ence line can be checked at any time by switching to the
GND position [except when using a DC reference voltege).

8. Set the A Triggering controls to obfain a stable display.
Set the TIME/DIV switch to a setting that displays several
cycles of the signal.

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. 2-16 the measure-
ment is made between the reference line and point A

10. Establish the polarity of the signal. lf the waveform
is ahove the reference line, the voltage is positive; below
the fine, negative {when the INVERT switch is pushed in if
using Channel 2).

11. Muliply the distance measured in step ¢ by the VOLTS/
DIV switch sefting. [nclude the attenuetion factor of the
probe, if any.

Example. Assume that the verfical distonce measured is
4.4 divisions (see Fig. 2-18), the waveform is above the ref-
arence line, using a 103X attenuator probe and a VOLTS/
DIV setting of 2.

Using the formula:

Instantanecus
Voltage
veriical probe
distonce X polarity X chljfsi{,‘fDiv X aftenuation
{divisions} ¢ factor

Substituting the given values:

Instantaneous

Voltage wmo46 X 41 X 2V X 10

The instanfaneous voltage is 92 volts.

Voltage Comparison Measurements

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

1. Apply the reference signal of known amplitude to either
INPUT conector. Set the MODE switch to display the channel
used. Using the YOLTS/DIV switch and the VARIABLE con-
trol, adjusr the display for an exact number of divisions.
Do not move the VARIABLE VOLTS/DIV control after obtain-
ing the desired deflection.
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Fig. 2-16. Measuring instantaneous DC voltage with respect to o
reference.

2. Divide the amplitude of the reference signal [velts) by
the product of the deflection in divisions (esteblished in
step 1) and the VOLTS/DIV switch setting. This is the Deflec-
tion Conversion Factor,

é);r]:lve;rgi%r; . reference signal amplitude {volts)
Factor "~ deflection (divisions) X YOLTS/DIV setting

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

Adjusted Deflection
De;:ﬂecfion = Voslé;?r’:;w X Conversion
actor Factor

This Adjusted Deflection Factor applies only to the channel
used and is correct only if the VARIABLE VOLTS/DIV con-
trol is not moved from the positien set in step 1.

4. To determine the peak to peok amplitude of a signol
compared fo a reference, disconnect the reference and apply
the signal to the INPUT connecior,

5. Set the VOLTS/DIV switch to ¢ setting that will provide

sufficient deflection to make the measurement. Do not re-
adjust the VARIABLE VOLTS/DIV control.

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

Signal Aci;uste.ad . deflection
Amplitude Beflection X {divisions)
Factor
Example. Assume ¢ reference signal amplitude of 30

volts, a VOLTS/DIV sefting of 5 and o deflection of 4 divi-
sions. Substituting these values in the Deflection Conversion
Factor formula (step 2):

Deﬂecti'on 0V
Conversion = TS5y — 15
Factor 5

Then, with a YOLTS/DIV switch setting of 10, the Adjusted
Deflection Factor (step 3} is:

2.22

Adjusted
Deflection — 10V X 1.5 — 15 volis/division
Factor

To determine the peak-to-peck amplitude of an cpplied
signal which produces a vertical deflection of 5 divisions,
use the Signal Amplitude formula (step 4):

Signal

Amplitude =15V X 5 = 75 velis

Time-Duration Measurements

To measure fime 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 VOLTIS/DIV switch to display about five divi-
sions of the waveform.

4. Set the A Triggering confrols to obtain « stable display.

5. Set the TIME/DIV switch to the fostest sweep rate that
displays less than eight divisions between the time measure-
ment points (see Fig. 2-17}. (See the tepic entitled Selecting
Sweep Rate in this section concerning non-linearity of first
and last divisions of display.}

6. Adjust the vertical POSITION control to move the poinfs
between which the Hime measurement is made to the center
horizontal line.

7. Adjust the horizontal POSITION control o cenfer the
display within the center eight divisions of the graticule.

8. Measure the horizental distance between the time
measurement points, Be sure the A VARIABLE conirol is set
te CAL.

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

Example. Assume that the distance between the time
measurement points is 5 divisions {see Fig. 2-17) and the
TIME/DIV switch is set to .1 ms with the magnifier off.

Using the formula:

horizontat
distance X

{divisions}
magnification

TIME/DIV
setting

Time Duration

Substituiing the given valyes:
5 X 01ms

Time Duratien = == ]

The time duration is 0.5 milliseconds.

Frequency Measurements

The time measurement technique can also be used to
measure the frequency of a signal. The frequency of & peri-
odically-recurrent signal is the reciprocal of the fime dura-
tien of one cycle.
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Fig. 2-17. Measuring the time duration between peoinis on a wave.
form.

1. Measure the fime duration of one cycle of the wave-
form s described in the previous application,

2. Take the reciprocal of the time duration to determine
the frequency.

Example. The frequency of the signal shewn in Fig. 2-17
which has a time duration of 0.5 milliseconds is:

1 ]

F > et —
requency time duration 0.5 ms

= 2 kHz

Risetime Measurements

Risetime measurements employ basically the some tech-
niques as time-duration measuremenis. 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 frailing
edge of the woveform.

1. Connect the signa! to either INPUT connector,
2. Set the MODE switch to display the channel used.
3. Setr the VOLTS/DIV switch and the VARIABLE contral

to produce a disploy an exact number of divisions in ampli-
tude.

4. Center the display about the center horizonta! line,

5. Set the A Triggering controls to obtain ¢ stoble dis-
play.

6. Set the TIME/DIV switch to the fostest sweep rate that
displays less than eight divisions between the 10% ond $0%
poeints on the wavelorm.

7. Determine the 10% and 909 points on the rising
portion 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}.

8. Adiust the herizontal POSITION control to move the
10% point of the waveform fo the first graticule line. For

@

example, with a five-division display as shown in Fig. 2-18,
the 10% point is 0.5 division up from the start of the rising
portion.

9. Measure the horizontal distance between the 10%, and
?0% points. Be sure the A VARIABLE control is set to CAL

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

Example, Assume that the herizonfol distonce between
the 10% and %0% points is four divisions ({see Fig. 2-18}
and the TIME/DIV switch is set to ¥ pus with the MAG
swirch set fo X110,

Applying the time duration formula fo risetime:

horizontal
distance X

(divisions)
magnification

TIME/DiV

seftin
Risetime 9

{Time Duration}

Substituting the given values:

4 X 1ps
0

Risetime ==

The risetime is 0.4 microsecond.
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Fig. 2-18. Measuring risetime.

Time-Difference Measurements

The calibrated sweep rate ond dual-trace features of the
Type 453 allow measurement of time difference between
two separate events, To measure time difference, use the
following procedure.
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1. Set the Input Coupling swiiches to the desired coupling
positions.

2. Sef the MODE swilch 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
Bugl-Trace Operation in this section.

3. Sef the TRIGGER switch to CH 1 ONLY.

4. Connect the reference signal to Channel T INPUT and
the comparison signal to Channe! 2 INPUT. The reference
sighal 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 cre of opposite polarity, pull out the
INVERT switch fo invert the Channel 2 display {signal may
be of oppoesite polarity due to 180° time difference; if so,
take into account in final calculation).

6. Set the VYOLTS/DIV swiiches to produce four-or five-
division displays.

7. Set the A LEVEL control for g stable display.

8. If possible, set the TIME/DIV switch for a sweep rate
which shows three or more divisicns between the two wave-
forms.

9. Adjust the vertical POSITION controls to center each
waveform [or the points on the display between which the
measyrement is made} in relation to the center horizonta!
line.

10. Adjust the horizontal POSITION controf so the Chan-
nel ¥ [reference) waveform crosses the center horizontal fine
at a vertical graticule line.

11. Measure the horizontal difference between the Channel
1 waveferm and the Channel 2 waveform (see Fig. 2-19).

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

Example. Assume that the TIME/DIV switch is set to 50
ps, the MAG switch to >0 and the horizontal difference
between waveforms is 4.5 divisions {see Fig. 2-19).

Using the formula:

horizontal
Tli\gili"?]v X difference
g {divisions)

Time Delay = YT
’ magnification

Substituting the given values:
Time Delay = —-re padl

The time delay is 22.5 microseconds.

Delayed Sweep Time Measuremenis

The delayed sweep mode can be used to moke accurate
time measurements. The following mecsurement determines
the time difference between two pulses displayed on the
same frace. This application may also be used to measure

2.24

Channel T (referencel Chonnel 2
! | \ + f L

50% i T
Amplitude

level

[EERU EEER
4

I PN NS IS
LI N

i dd iy
LI O

et

bbb
L L R

Sl it
Ht

Horizontal
difference [}

Fig. 2-19. Measuring time difference between two pulses.

time difference from two different sources [dual-trace] or to
measure time duration of a single pulse. See Section 1 for
measurement dccuracy.

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

2. Set the VOLTS/DIV switch to produce a display about
four divisions in amplitude.

3. Adjust the A Triggering contfrels for a stable display.

4. If possible, setf the A TIME/DIV switch to a sweep rate
which displays about eight divisions between the pulses.

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

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

NOTE

Do not change the A LEVEL control setting or
the horizontal POSITION conirol setting in the
following steps os the measurement accuracy will
be affected.

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

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

9. Adjust the DELAY-TIME MULTIPLER dicl to move the
pulse {or the rising portion) to the center vertical line, Note
the seiting of the DELAY-TIME MULTIPLIER dial.

10. Turn the DELAY-TIME MULTIPUER dicl clockwise uniil
the second pulse is positioned to this same point (if several
pulses are displayed, return to the A INTEN DURING B
position to locafe the correct pulse). Again note the dial
setting.

11. Subtract the first dial setfing from the second and
multiply by the delay time shown by the A TIME/DIV switch,
This is the time interval between the pulses.




Example, Assume the first dial setting is 1.31 and the
second dial setting is 8.81 with the TIME/DIV switch set fo
0.2 microsecond [see Fig. 2-20).

Using the formula:

Time Difference __
(delayed sweep) —

delay time
[second dial setting — first dial setting] X {A TIME/DIV
setting)

Substituting the given values:

Time Difference = [881 — 1.31] X 02us

The time difference is 1.5 microseconds.

DELAY-TIME DELAY-TIME
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Fig. 2-20. Measuring fime difference using delayed sweep.

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 magnifica-
tion is the result of delaying the B sweep an amount of fime
selected by the A TIME/DIV switch and the DELAY-TIME
MULTIPLIER dial before the display is presented at the sweep
rote selected by the B TIME/DIV switch. The following
methods uses the B STARTS AFTER DELAY TIME position to
aliow the delayed portion to be positioned with the DELAY-
TIME MULTIPLIER dial. H there is too much jitter in the delay-
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ed display, use the Triggered Delayed Sweep Magnification
procedure.

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

2. Set the YOLTS/DIV switch to produce a display about
4 divisions in amplitude.

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

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

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

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

7. Set the B TIME/DIV swifch to o selting which intensifies
the full portion to be magnified. The start of the intensified
trace will remain as positioned above,

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(8).
9. Time measurements can be made from the display in

the conventional manner. Sweep rafe is determined by the
setting of the B TIME/DIV switch.

10. The cpparent sweep magnificafion can be caleulated
by dividing the A TIME/DIV switch setting by the B TIME/DIV
switch setting.

Example: The apparent magnification of the display
shown in Fig. 2-21 with an A TIME/DIV switch setting of .1
ms and a B TIME/DIV switch setting of 1 us is:

Apparent Magnification A TIME/DIV seiting
(delayed sweep) B TIME/DIV seiting

Substituting the given values:

w1 X0
T X 10

Apparent
Magnification

The cpparent magnification is 100 times.

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

1. Set up the display as given in steps 1 through 7
described above.

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

3. Adjust the B LEVEL control so the intensified portion
on the trace is stable. {If an infensified portion cannot be
obtained, see step 4.}

4. Inability to intensify the desired portion indicates that
the B Triggering controls are incorrectly set or the signal
does not meet the triggering requiremenis. If the condition
cannot be remedied with the B Triggering controls or by
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Fig. 2-21. Using delayed sweep for sweep magnificotion.

increasing the disploy amplitude {lower VOLTS/DIV setting],
exiernally trigger B sweep.

5. When the correct portion is intensified, sef the HORIZ
DISPLAY switch to DELAYED SWEEP [B). Slight readjustment
of the B LEVEL control may be necessary for a stable dis-

play.

6. Measurement and magnification are as described chove.

Displaying Complex Signals Using Delayed
Sweep

Complex signals often consist of a number of individuct
events of differing amplitudes. Since the frigger circuits
are sensitive fo changes in signal amplitude, g stable display
can normaolly be ebtained only when the sweep is triggered
py the eventls) having the greatest amplitude. However, this
may not produce the desired display of a lower amplifude
event which follows the triggering event. The delayed sweep
feature provides a means of deloying the start of the B
sweep by a selected amount following the event which trig-
gers the A Sweep Generator, Then, the part of the wave-
form which contains the information of interest can be dis-
played.

Use the following procedure:

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

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

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

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

4, Position the start of the intensified portion with the
DELAY-TIME MULTIPLIER digl to the part of the display to be
magnified.

7. Set the B TIME/DIV switch to a setting which intensifies
the full portion to be magnified. The start of the intensified
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 sel-
ting of the B TIME/DIV switch.

Example. Fig. 2-22 shows o complex waveform cs dis-
played on the CRT. The circled porfion of the waveform can-
not be viewed in any greater defail because the sweep is
triggered by the lorger amplitude pulses at the start of the
display and a faster sweep rate moves this erea of the wave-
form off the viewing area. The second waveform shows the
areq of interest magnified 10 times using Delayed Sweep.
The DELAY-TIME MULTIPLIER dial has been adiusted so the
delayed sweep sfarfs just before the aren of inferest,

Pulse lJitter Medasurements

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

Use the following procedure:

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

2. Set the VOLTS/DIV switch te display about four divi-
sions of the waveform.

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

4. Set the A Triggering controls fo cbtain as stable a dis-
play as possible.

5. Set the HORIZ DISPLAY switch to A INTEN DURING
B and the B SWEEP MODE switch 1o B STARTS AFTER DELAY
TIME,

6. Position the start of the infensified portion with the
DELAY.TIME MULTIFLIER dial so the pulse to be measured
is infensified.

7. Set the B TIME/D!V switch to o setting which intensifies
the full portion of the pulse that shows jitter.

8. Set the B SWEEP MODE switch to TRIGGERABLE AFTER
DELAY TIME.
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Fig. 2-22. Displaying « complex signal using delayed sweep.

7. Adjust the B LEVEL control so the intensified portion is
as stable as possible.

10. Set the HORIZ DISPLAY swiich to DELAYED SWEEP
(B). Slight readjustment of the B LEVEL control may be necess-
ary to produce as stable o display as possible,

11. Pulse jitter is shown by horizontal movement of the
pulse (take into account inherent jitter of Delayed Sweep).
Measure the amount of horizontal movement. Be sure both
VARIABLE controls are set to CAL

12. Multiply the distance measured in step 11 by the
B TIME/DIV switch seiting fe obtain pulse jitter in time.

Example. Assume that the horizental movement is 0.5
divisions {see Fig. 2-23}, and the B TIME/DIV switch setting
is .5 ps.

Using the formula:

horizontal
Pulse lJitter = jitter X B T”:E/Dlv
{divisions) sering

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

The pulse jitter is 0.25 microseconds.

@®

Fig. 2-23. Measuring pulse jitter.

Delayed Trigger Generator

The B GATE output signal cen be used to trigger an exter-
nai device at a selected delay time after the start of A
Sweep. The delay time of the B GATE output signal can he
selected by the setting of the DELAY-TIME MULTIPLIER dic!
and A TIME/DIV switch.

A Sweep Triggered Internally. When A sweep is trig-
gered iaternally to produce a normal display. the delayed
trigger may be obtained os follows.

1. Obtain a triggered display in the normal manner.

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

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

4. Set the B SWEEP MQDE switch to B STARTS AFTER
DELAY TIME.
5. Connect the B GATE signal to the exfernal equipment,

6. The duration of the B GATE signal is determined by the
sefting of the B TIME/DIV switch.

7. The externat equipment will be triggered ot the start
of the intensified portion if it responds to positive-going
triggers, or ot the end of the intensified portion if it res-
ponds to negotive-going friggers.

A Sweep Triggered Externally. This mode of operation
can be used fo produce a delayed trigger with or without @
corresponding display. Connect the external trigger signal
to the A EXT TRIG INPUT connector and set the A SOURCE
switch to EXT. Follow the operation given above to obtain
the delayed trigger.

Normal Trigger Generator

Orsdinarily, the signal to be displayed also provides the
trigger signal for the oscilloscope. [n seme 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 signal
source. Set the A LEVEL control fully clockwise, A SWEEP
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MODE switch to AUTO TRIG and adjust the A TIME/DIV
switch for the desired display. Since the signal source is irig-
gered by a signal that has a fixed time relationship fo the
sweep, the output of the signal source can be displayed on
the CRT s though the Type 453 were triggered in the nor-
mal manner {this method does not allow selection of trigger
level or coupling).

Multi-Trace Phase Difference Megsurements

Phase comparison between two signals of the same fre-
quency can be made using the dual-troce feature of the
Type 453. This method of phase difference measurement can
be used up to the frequency limit of the vertical system. To
make the comparison, use the following procedure,

1, Set the Input Coupling swiiches 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 the Channel 1 INPUT
connector and the comparison signal to the Channel 2 INPUT
connector. The reference signal should precede the com-
parison signal in time. Use coaxial cobles or probes which
have equal time delay fo connect the signals to the INPUT
connectors.

5. W the signals are of opposite polarity, pull the INVERT
switch out to inverf the Channel 2 display. (Signals may be
of opposite polarity due to 180° phase difference; if so, fake
this into account in the fingl calculation}

6. Set the CH 1 and CH 2 VOLTS/DIV swilches and the
VARIABLE VOLTS/DIV controls so the displays are equal
and about five divisions in amplitude.

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

8. Set the TIME/DIV switch to o sweep rate which dis-
plays about cne 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 one cycle of the
reference signal {Channel 1) occupies exactly eight divisions
herizentally (see Fig. 2-24). Each division of the groticule
represents 45° of the cycle {360° -+ 8 divisions = 45°/
division). The sweep rate can be stated in terms of degress
as 45° [division.

11. Measure the herizontal difference between correspond-
ing points on the waveforms,

12. Multiply the measured distance (in divisions] by 45°/
division (sweep rate} to obtain the exact amount of phase
difference.

Example. Assume a horizonial difference of 0.6 divisions
with a sweep rafe of 45° [division as shown in Fig. 2-24,

Using the formula:

2-28

horizental W rate
Phase Difference = difference W8P a0
(divisions)  \degrees/div]

Substituting the given values:
Phase Difference = 0.6 X 45°

The phase difference is 27°.

High Resoclution Phase Measurements

More accurste duol-race phase measuremenis can be
made by increasing the sweep rate (without changing the A
VARIABLE conirol setting). Cne of the easiest ways fo increase
the sweep rate is with the MAG switch. Delayed sweep mag-
nification may olso be used. The magnified sweep rate is
determined by dividing the sweep rate obtained previously
by the emount of sweep magnification.

Channel 1 Channel 2
{reference) Hagging)
N, f
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Fig. 2-24. Measuring phase difference.

Example. If the sweep rate were increased 10 times with
the magnifier, the magnified sweep rate would be 45° /divi-
sion -+ 10 = 4.5° /division. Fig. 2-25 shows the same signals
as used in Fig. 2-24 but with the MAG switch sef to X 10,
With a horizontat difference of six divisions, the phase dif-
ference is:

horizontal magnified
Phase Difference = difference X sweep rafe
[divisions} idegrees/div)

Substituting the given values:
Phase Difference — 6 X 4.5°.
The phase difference is 27°.

X-Y Phase Measuremenis

The X-Y phase measurement method can be used fo meas-
ure the phase difference between the two signals of the same
fraquency. This method provides an alternate method of
measurement for signal frequencies up to about 100 kilo-
hertz. However, above this frequency the inherent phase

®
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Fig. 2-25. High resolution phase-difference measvrement with in-
creased swoep rate,

difference between the vertical and horizontal systems mekes
accurate 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 fo both the Chan-
nel 1 INPUT and the Channel 2 INPUT connectors. {Note:
steps 1 through 5 measure inherent phase difference between
the X and Y amplifiers to provide a more accurate X-Y
phase measyrement; pot necessary below about 1 kHzl

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

Fig. 2-26. Phase-difference mecsurement from an XY display.

3. Position the display to the center of the screen and
adjust the VOLTS/DIV switches to produce a display less
than 6 divisions vertically (Y} and less than 10 divisions hori-
zontally (X} The CH 1 VOLTS/DIV switch controls the hori-
zontal deflection (X} and the CH 2 VOLTS/DIV switch con-
trols the vertical deflection (YL

4. Center the display in relation to the vertica! gratficule
line. Measure the distances A and B as shown in Fig. 2-26.
Distance A is the herizontal measurement between the two
points where the trace crosses the center horizontal line.
Distance B is the maximum horizonial width of the display.

5. Divide A by B to obtain the sine of the phose angle
id} between the two signals. The angle can then be obtainaed
from a irigenometric table. This is the inherent phase shift
of the instrument.

6, Connect the Y signal to Channel 2 INPUT connecfor,
Repeart steps 2 through 5 to measure phase angle. [f the dis-

T // ] // z// T \\
/ ; A ‘M—{. : o xf{ o :
T H . HHHHH L bbb L T b4
- =
- ( A S L
1A} {c)
e — ]
N -~ ~
(D} (E}

Fig. 2-27. Phase of lissajous disploy. (A} 09 or 3609, (B} 30° or 330%, {C) 90° or 270°, (D) 130° or 210° and (E) 180°,
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play appeadrs as a diagonel straight line, the two signals are
either in phose (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. 2-27 shows
the lissajous displays produced between 0° and 360°. Notice
that above 180° phase shift, the resultent display is the same
as at some lower angle.

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

Example. Assume an inherent phase difference of 2° with
a display os shown in Fig. 2.26 where A is 5 divisions and
B is 10 divisions.

Using the formuic:

. _ A

Sine ¢ = B
Substituting the given values:

Sine ¢ = 15—0 = 0.5

From the trigonometric tables:
¢ = 30°

To adjust for the phase difference between X and Y ampli-
fiers, subract the inherent phase shift.

Actual inherent
Phase = ¢ — phase
Angle shift

Substituting the given value:

Common-Mode Rejection

The ADD feature of the Type 453 can be used to display
signals which contain undesirable components. These un-
desirable components can be eliminated through common-
mode rejection. The precavtions given under Algebraic
Addition should be observed,

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

2. Connect a signal similar to the unwanfed peortion of
the Channel 1 signal to the Channel 2 INPUT cannector. For
example, in Fig. 2-28 a line-frequency signal is connected
to Channel 2 to cancel out the line-frequency component of
the Channei 1 signal.

3. Set both input Coupling swiltches to DC [AC if DC
component 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.

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

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

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

Example. An example of this mode of operation is shown
in Fig. 2-28. The signal applied to Channel 1 contains un-
wanted line-frequency components (Fig. 2-28AL A corres-

Actual ponding line-frequency signal is connected to Channel 2
Phose == 30° -.2° == 28° (Fig. 2-28B). Fig. 2-28C shows the desired portion of the
Angle signal as displayed wher common-mode rejection is used.
. Ik . _i b _
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(A} Channel T signal {B} Channel 2 signal. (C) Resuitant display.

Fig. 2-28. Using the ADD feature for common-mode rejection, (A} Charne! 1 signal contains desired information aleng with line-frequency
component, (B} Channel 2 signal contains Hne-frequency only, {C) CRT display using common-mode rejection.
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