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Introduction

	

second

	

to 0.05 microsecond /division . Α Χ10 magnifier
increases each sweep rate by α factor of 10 to provide α

The 465 Oscilloscope is α wide-band , portable oscillo-

	

maximum sweep rate of 5 nanoseconds/division in the
scope designed to operate in α wide range of environmental

	

0.05 μ s position . The delayed and mixed sweep features
condition s . The instrument is light in weight an d compact

	

allow the start of the Β sweep to be delayed α selected
of design for ease of transportaion, yet ca pable of perform-

	

amount from the start of Α sweep to provide accurate
ance necessary for accurate h igh -frequency measurements .

	

relative-time measurements . Calibrated Χ -Υ measurements
The dual-channel, DC-to-100 megahertz vertical deflection

	

can be made with Channel 2 providing the vertical
system p rovi des calibrate d deflection factors from 5 milli-

	

deflection and Channel 1 providing the h orizontal deflec-
volts to 5 volts/ division . The bandwid th limiting switch	tion(ΤΙΜΕ/DI V switch fully co u nterclockwise and VE RT
reduces interference from signals above about 20 megahertz

	

MODE switch to CH 2) . The regu lated DC power supplies
for viewing low-frequency, low-level signals .

	

ensure that instrument performance is not affected by
variations in line voltage and frequency . Maximum power
consumption of the instrument is approximately 75 watts .

The trigger circuits provide stable sweep triggering to
beyond the bandwidth of the vertical deflection system .
Separate controls are provided to select the desired mode of
triggering for the Α an d Β sweeps . The Α sweep can be

	

The following instrument specifications apply over an

operated in one of th ree modes : automatic triggering,

	

ambient temperature range of -15° C to +55°C unless

normal triggering, or single sweep . Α varia ble trigger holdoff

	

otherwise specified . Warm-up time for specifie d accuracies

control provides th e ability for Α sweep to trigger sta bly on

	

is 20 minutes . The calibration procedure given in section 5,

aperiodic signals or complex digital words . The horizontal

	

if performed com pletely, will allow an instrument to meet

deflection system h as calibrate d sweep rates from 0.5

	

the electrical ch aracteristics listed below .

V ERTICAL DEFLECTION SYSTEM

	

Maximum In put Voltage

DC coupled : 250 V (DC + Peak AC) or 500 V Ρ -Ρ AC at
1 kHz or less .

Calibrated range is from 5 millivolts to 5 volts per
division in 10 steps in α 1-2-5 sequence . Accuracy is

	

AC coupled : 500 V (DC + Pea k AC) or 500 V Ρ -Ρ AC at
within 3% . Uncali brated VA R control provi des deflec-

	

1 kHz or less .
tion factors conti n uously variable between the calibrated
settings, and extend s deflection factor to at least 12 .5
volts per division in th e 5 volts/div position .

	

Cascaded Operation (C H 1 VERT SIGNA L OUT
Connected to CH 2 OR Υ )

Deflection Factor

Frequency Response

Bandwidth in both Channel 1 and Channel 2 is DC to at
least 100 megahertz . R isetime is 3.5 nanoseconds or less .
The AC-coupled lower -3 dB point is 10 hertz or less (1
h ertz or less when using α 10Χ probe) . Vertical system
bandwidth with the BW L I M IT pushbutton pulled is
approximately 20 megahertz .

DC Coupled : 0.3 division internal or 50 millivolts
external from DC to 25 megahertz, increasing to 1 .5

Chopped Mode Repetition Rate

	

divisions internal or 150 millivolts external at 100
megahertz .

Approximately 250 kilohertz .

465 S PE CI FICATIO NS

Sensitivity

Section 1-465

Bandwidth is DC to at least 50 MH z with α sensitivity of
at least 1 mV/d ivision .

TRIGG ER ING

AC Coupled : 0.3 division internal or 50 millivolts

Input Resistance And Capacitance

	

external from 60 hertz to 25 megahertz, increasing to
1 .5 divisions internal or 150 millivolts external at 100

One megohm within 2% parallele d by approximately 20

	

megah ertz . Attenuates all signals below about 60

picofara ds .

	

h ertz .



Specifications-465

LF REJ Coupled : 0.3 division internal or 100 millivolts

	

Sweep accuracy, over any two or less d ivision portion ofexternal from 50 k ilohertz to 25 megahertz, in-

	

the sweep, is ±5%. Excl ude the first and last magnifiedcreasing to 1 .5 divisions internal or 300 millivolts

	

divisions of the 5 ns and 10 ns/div magnified sweepexternal at 100 megahertz . Blocks DC and attenuates

	

rates. Also exclude the first and last 50 ns of the 5, 10,all signals below about 50 k ilohertz .

	

and 20 ns/div magnified sweep rates .

HF REJ Coupled : 0.3 division i nternal or 50 millivolts
external from 60 hertz to 50 kilohertz . Blocks DC
and attenuates all signals below about 60 hertz and
above about 50 kilohertz .

Trigger Jitter

0.5 nanosecond or less at 5 nanoseconds/division with
100 megahertz applied (Χ10 MAG on).

External Trigger I nput

Maximum input voltage is 250 V DC + pea k AC or
250 V Ρ-Ρ AC (1 k ilohertz or less) . Input resistance is 1

	

Α Trigger Holdoff
megohm with in 10%.

LEVEL Control Range

ΕΧΤ =10 : At least + and - 20 volts, 40 volts pea k to
peak.

HORIZONTAL DE FLECTION SYSTEM

Calibrated Sweep Range

Α Sweep : from 0 .5 second/division to 0.05
microsecond/division in 22 steps in α 1-2-5 sequence .
Χ 10 MAG extends maximum sweep rate to 5
nanoseconds/divisio n .

Β Sweep : from 50 milliseconds/division to 0.05
microsecond/division in 19 steps in α 1-2-5 sequence .
Χ 10 MAG exte nds maximum sweep rate to 5
nanoseconds/division.

Calibrated Sweep Accuracy

Mixed sweep accuracy is 2% plus th e measured Α sweep
error when viewing the Α sweep portion only . The Β
sweep portion retains its normal accuracy .

Α Time/DivisionVariable Range
Provides continuously variable (uncali brated) sweep
rates between the cali brated settings of the Α ΤΙΜΕ /DIV
switch. Extends the slowest Α sweep rate to at least 1 .25
seconds/d ivision .

IncreasesΑ sweep holdoff time by at least α factor of 10.

εΧΤ : At least + and - 2 volts, 4 volts peak to pea k.

	

Delay Time And Differential Time Measurement
Αεευ racy

Over One Or More
Major Dial Division
Over Less Than One
Major Dial Division

Delay Time Jitter

+15°C to +3ς°ς ~~ -15°C to +55°C
(+60° F to +9ς°F)

	

(+50F to +1310 F)

±0.01 Major
Dial Division

±2.5%

±0.03 Major
Dial Division

Wit h in 0.002% (less than one part in 50,000) of the
maximum available delay time when operating on power
line frequencies other than 50 Hz .

Wit hin 0 .005% (less than one part in 20,000) of the
maximum availa ble delay time wh en operating on 50 H z
power line frequency .

Maximum available delay time is ten times the setting ofUnmagnified sweep accuracy is ±2% from +2ρ°ς to

	

the Α ΤΙΜΕ /DIV switch .
+30°C (+68° F to +86° F ) and ±3% from -15° C to
+20°C and +30°C to +55°C (+5° F to +68° F an d +86° F
to +131 ° F ) . For the same temperature ranges, magnified
sweep accuracy is ±3% an d ±4% respectively . Exclude

	

Calibrated Delay Time (Α VAR set to calibratedthe first and last 50 ns of th e 5 ns, 10 n s, and 20 ns

	

position)magnified sweep rates. Accuracy specifications apply
over full ten d ivisions unless otherwise specified .

	

Continuous from 5 seconds to 0.2 microsecond.



b . Adjust th e CH 1

	

POSITION control for α 0 volt

	

d. ADJUST-CH 1 Step Atten ΒαΙ ad justment, R25, (see
reading on the meter .

	

Fig . 5-10) for minimum trace sh ift when rotating the CH 1
VO LTS/D 1 V switch from 20 mV to 5 mV.

c . ADJUST-Vertical Output Centering adjustment,
R429, (see Fig . 5-9) to position the trace to the center
graticule line .

d . Remove the DC Voltmeter lead connections .

e . Position th e trace off-screen with th e CH 1 POSI-
TION and horizontal POSITIO N controls .

f . Push the BEAM F I ND button and hold it in .

g . CHECK-That the trace is brought into the CRT
viewing area .

h . Release the BEAM F I ND button .

11 . Adjust CH 1 Step Attenuator Balance

α . Set the CH 1 VOLTS/DI V switch to 20 mV an d th e
CH 1 I NPUT COUPL I NG switch to G ND.

b . Positio n the trace to the center h orizontal graticule
line .

ε . CHECK-C RT display for 0 .2 d ivision or less of trace
sh ift between adjacent switch positions wh en rotating the
CH 1 VO LTS/DI V switch from 20 mV to 5 mV.

F ig. 5-9 . Location of Vertical Outpu t Centeri ng adju stment .

Cal ibration-465

12. Adj ust CH 1 Variable Volts/Division Balance

α . Position the trace to th e center horizontal graticule
line .

b . CHECK--That the CH 1 UNCA L light comes on wh en
the VAR control is out of th e detent position .

ε . CHEC K-C RT display for 1 .0 division or less of trace
sh ift when rotating th e CH 1 VAR control through its
range .

d. ADJUST-CH 1 Variable B alance adjustment, R120,
(see Fig . 5-11) for minimum trace sh ift when rotating th e
CH 1 VA R control th rough its range .

e . Return the CH 1 VA R control to the detent position .

Fig . 5-10 . Locatio n of CH 1 Step Atten ΒαΙ adjustment .

Fig . 5-11 . Location of CH 1 Va r iable Bala nce and P osition
Centering adjustment .

5-31
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Tektronix

	

Se rial/Model No.
C kt . No .

	

Pa rt No .

	

Eff

	

Disc

	

Description

DI ODES (cont)
CR825

	

152-0141-02

	

Silicon, 1Ν4152
CR826

	

152-0141-02

	

Silicon, 1Ν4152
CR831

	

152-0141-02

	

Silicon, 1Ν4152
CR832

	

152-0141-02

	

Silicon, 1Ν4152
CR838

	

152-0141-02

	

Silicon, 1Ν4152
CR85 1

	

152-0322-00

	

Silicon, Α1108
CR859

	

152-0141-02

	

Silicon, 1Ν4152
CR863

	

152-0141-02 ΧΒΟ 10600

	

Silico n, 1Ν4152
CR879

	

152-0141-02

	

Silicon, 1Ν4152

CR1001

	

152-0141-02

	

Silicon, 1Ν4152
CR1004

	

152-0141-02

	

Silicon, 1Ν4152
CR1011

	

152-0141-02

	

Silico n, 1Ν4152
CR1024

	

152-0141-02

	

Silicon, 1Ν4152
CR1035

	

152-0141-02

	

Silicon, 1Ν4152
CR1042

	

152-0141-02

	

Silico n, 1Ν4152
CR1043

	

152-0141-02

	

Silicon, 1Ν4152
CR1061

	

152-0141-02

	

Silico n, 1Ν4152
CR1064

	

152-0141-02

	

Silicon, 1Ν4152

CR1071

	

152-0141-02

	

Silicon, 1Ν4152
CR1095

	

152-0141-02

	

Silicon, 1Ν4152
CR1101

	

152-0141-02

	

Sili con, 1Ν4152
CR1102

	

152-0141-02

	

Sili con, 1Ν4152
CR1155

	

152-0333-00

	

Sili con, FDH6012
CR1201

	

152-0141-02

	

Sili con, 1Ν4152
CR1202

	

152-0141-02

	

Sili con, 1Ν4152
CR1216

	

152-0141-02

	

Sili con, 1Ν4152
CR1248

	

152-0141-02

	

Sili con, 1Ν4152

CR1251

	

152-0153-00

	

Sili con, FD7003 or CD5574
CR1252

	

152-0153-00

	

Sili con, FD7003 or CD5574
CR1253

	

152-0322-00

	

Sili con, Α1108
CR1255

	

152-0141-02

	

Sili con, 1 Ν4152
CR1273

	

152-0322-00

	

Silicon, Α1108
CR1275

	

152-0141-02

	

Silicon, 1 Ν4152
CR1286

	

152-0141-02

	

Silicon, 1 Ν4152
CR1304

	

152-0141-02

	

Silicon, 1 Ν4152
CR1306

	

152-0141-02

	

Silicon, 1 Ν4152

CR1309

	

152-0141-02

	

Silicon, 1 Ν4152
CR1315

	

152-0141-02

	

Silicon, 1 Ν4152
CR1316

	

152-0141-02

	

Silicon, 1 Ν4152
CR1325

	

152-0141-02

	

Silicon, 1 Ν4152
CR1326

	

152-0141-02

	

Silicon, 1 Ν4152
CR1327

	

152-0141-02

	

Silicon, 1Ν4152
CR1334

	

152-0141-02

	

Silicon, 1 Ν4152
CR1335

	

152-0141-02

	

Silicon, 1Ν4152
CR1336

	

152-0141-02

	

Silicon, 1Ν4152
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R.6,-
C6

R 1

Fig . 7-3 . Α 1 . Ch a n nel 1 Attenuator circuit board .

R 16 & C16 on underside

Fig, 7-4 . ΡΙΟ Α4 Vertical Mode Switc h circuit boa rd .

C381 on underside
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8112 on underside
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Vertical Output Am p lifier--465

c . Adjust the Α LEVEL control for α stable display .

d .

	

Position the top of the display to the bottom graticu le

line .

e . CHECK.- CRT display for less than 5% aberrations .

f . Set the Pulse Generator polarity to - and the 465 Α S LOPE

switch to - .

g . Position the bottom of the display to the top graticule

line .

h . C HE CK - CRT display for less th an 7% aberrations .

31 . Adj ust CH 1 High - F req uency Compensation

α . Move the test signal from CH 2 to th e CH 1 input .

b . Set th e Α ΤΙΜΕ/DI V switch to 0 .05 us, th e Α S LO PE switch

to +, and th e VERT MODE switch to CH 1 .

c . Set th e Fast- Rise High -Amp litude Pulse Generator (Type

109) to + and adj ust the Pulse Generator for five divi-

sions of deflection . Remove or add attenuators as neces

sary to maintain α five division display th rough out th is

step .

d . CHECK - CRT dis p lay for risetime of 3 .5 nanoseconds or less .

e . CHE CK - C RT display for flat-top waveform with 3% or less

of ab errations .

f . ADJ UST - C27, C33, C105, R105, R122, C122, C149, an d R149

(see Fig . 5-23) with α low-cap acitance screwd river, for

t h e best flat-top waveform .

g . Set t h e Pulse Generator polarity to - and the 465 Α S LOPE

switch to - .

24
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SPECI FICATIONS
Introduction

	

F requency Response

Section 1-465 Service (SN Β250000 & up)

T he 465 Oscilloscope is α wide-ban d , portable os-

	

Bandwid th in both Ch annel 1 and Channel 2 is do to at
cilloscope designed to operate in α wide range of en-

	

least 100 megahertz from -15° C to +40° C and do to at
vironmental cond ition s . The instrume n t is ligh t in weig h t

	

least 85 megahertz from +40°C to +55°C . R isetime is
and com pact of design for ease of tra n sportation, yet

	

3 .5 nan oseconds or less from 0°C to +40°C and
ca pable of performance necessary for accurate h ig h-

	

4.2 nanoseconds or less from +40 ° Cto+55°C .T heac-
freq uency

	

measurements .

	

The

	

dual-channel

	

dc-to-

	

coupled lower-3 d B point is 10 h ertz or less (1 hertz or
100 megahertz

	

vertical

	

deflectio n	system

	

provides

	

less when using α 10Χ probe) . Vertical system
calibrated

	

deflection

	

factors

	

from

	

5 millivolts

	

to

	

bandwidth with the BW L I M IT p us h button pulled is
5 volts/division . The band width limiting switch reduces

	

app roximately 20 mega h ertz .
interference from signals above about 20 megah ertz for
viewing low-frequency, low-level signals .

Chopped Mode Repetition R ate

The trigger circuits provi de stable sweep triggering to

	

Ap proximately 250 k ilohertz .
beyond th e bandwidth of th e vertical deflection system .
Sep arate controls are provided to select t h e desired mode
of triggering for the Α and Β sweeps . The Α sweep can be

	

Input Resistance And Capacita nce
operated i n one of three mo des : automatic triggering,

	

One megohm with in 2 ο/ο paralleled by approximately
normal triggerin g, or single sweep . Α variable trigger

	

20 picofarads .
hold off control provid es th e ability for Α sweep to trigger
stably on ap eriod ic signals or complex digital words . The
horizontal d eflectio n system has calibrated swee p rates

	

Maximum Input Voltage
from 0.5 second to 0 .05 microsecond/d ivision . Α Χ 10
magnifier increases each sweep rate by α factor of 10 to

	

Dc cou pled : 250 V (dc + peak ac) or 500 V ρ -ρ ac at
p rovide

	

α

	

maximum

	

sweep	rate

	

of

	

5

	

ηαηο -

	

1 kHz or less .
seco nds/division

	

in

	

t he

	

0.05 μ s

	

position .

	

Th e
delayed and mixed swee p features allow t he start of the Β
sweep to be delayed α selected amount from the start of Α

	

Ac coupled : 500 V (dc + peak ac) or 500 V ρ - ρ ac at
sweep to p rovide accurate relative-time measureme n ts .

	

1 kHz or less .
Calibrated Χ -Υ measurements can be made with Channel
2 providing the vertical deflection and Channel 1 providi ng
the

	

horizontal

	

deflection

	

(ΤΙΜΕ/DIV	switch	fully

	

Cascaded Operation (CH 1 VERT SIG NAL OUT
counterclockwise and VERT MOD E switc h to C H 2) . The

	

Con nected to CH 2 O R Υ )
regulated

	

do

	

power

	

supp lies ensure that

	

instrument

	

Bandwidt h is do to at least 50 MHz with α sensitivity of
performance is not affected by variations in line voltage

	

at least 1 millivolt/division .
and freq uency . Maximum power consumption of the
instrument is app roximately 75 watts .

The following instrument specifications apply over an
ambient temperature range of -15°C to +55°C unless
oth erwise specified . Warm-up time for specified ac-
curacies is 20 minutes . The calibration procedure given in
section 6, if performed completely, will allow an instru-
ment to meet the electrical c h aracteristics listed below .

VERTICA L DEFLECTION SYSTEM

	

ACCoupled : 0.3 division internal or50 millivoltsexter-
ηαΙ from 60 hertz to 25 megahertz, increasing to

Deflect ion Factor

	

1 .5 d ivisions internal or 150 millivolts external at
100 mega h ertz . Attenuates all signals below about

Calibrate d range is from 5 millivolts to 5 volts/ d ivision

	

60 h ertz .
i n 10 steps in α 1-2-5 seq uence . Accuracy is with in 3ο/ο .
U ncalibrated VA R control provides deflection factors
continuously variable betwee n the calibrated settings

	

LF REJ Coup led : 0 .5 d ivision internal or 100 millivolts
an d	extends

	

deflection

	

factor

	

to

	

at

	

least

	

external from 50 k ilo h ertz to 25 mega hertz, increasing
12 .5 volts/division in t h e 5 VO LTS/DI V position .

	

to 1 .5 divisions internal or 300 millivolts external at

REV. Β , JUNE, 1975

Sensitivity

TRIGGER ING

DC Coupled : 0 .3 d ivision internal or50 millivoltsexter-
ηαΙ from d o to 25 mega h ertz, increasing to 1 .5 d ivisions
internal or 150 millivolts external at 100 megahertz .



Elect rical Parts List-465 Service (SN B250000-Up)

Te kt ronix Se rial/Model No .

	

Mfr
Ckt No.

	

Part No.

	

Eff

	

Dscont

	

Name & Description

	

Code Mfr Par t Number
CR68

	

152-0323-00

	

SEMICOND DEVICE :S ILICON,35V ,100MA

	

03508 SE365
CR81

	

152-0153-00

	

SEMICOND DEVICE :SILICON,15V ,50MA

	

13715 FD7003
CR82

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V ,50MA

	

13715 FD7003
CR84

	

152-0271-00

	

SEMICOND DEVICE :S ILICON ,10PF

	

01281 V10E
CR152

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V ,150MA

	

07910 ΙΝ4152

CR164

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V ,150MA

	

07910 1Ν4152
CR165

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152
CR166

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V,150MA

	

07910 1Ν4152
CR167

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V ,150MA

	

07910 1Ν4152
CR252

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V ,150MA

	

07910 1Ν4152

CR304

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V ,50MA

	

13715 FD7003
CR305

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V ,50MA

	

13715 FD7003
CR307

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V ,50MA

	

13715 FD7003
CR308

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V ,50MA

	

13715 FD7003
CR314

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V,50MA

	

13715 FD7003

CR315

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V,50MA

	

13715 FD7003
CR317

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V,50MA

	

13715 FD7003
CR318

	

152-0153-00

	

SEMICOND DEVICE :SILICON ,15V,50MA

	

13715 FD7003
CR342

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152
CR362

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152

CR368

	

152-0141-02

	

SEMICOΝD DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152
CR372

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152
CR378

	

152-0141-02

	

SEMICOND DEVICE :SILICON ,30V,150MA

	

07910 1Ν4152
CR421

	

152-0269-00

	

SEMICOND DEVICE :SILICON,VAR VCAP .,4V ,33PF

	

25403 1Ν3182
CR422

	

152-0269-00

	

SEMICOND DEVICE :SILICON,VAR VCAP .,4V,33PF

	

25403 1Ν3182

CR517

	

152-0246-00

	

SEMICOND DEVICE :SILICON ,400PIV ,200MA

	

07910 CD12676
CR550

	

152-0125-00

	

Β250000 Β256799

	

SEMICOND DEVICE : TUNNEL,15PF ,4 .7MA

	

03508 STD704
CR550

	

152-0125-01

	

Β256800

	

SEMICOND DEVICE : TUNNEL,15PF ,4 .7MA
CR552

	

152-0125-00

	

Β256800 Β256799

	

SEMICOND DEVICE : TUNNEL,15PF ,4.7MA

	

03508 STD704
CR552

	

152-0125-01

	

Β250000

	

SEMICOND DEVICE :TUNNEL15PF ,4 .7MA
CR553

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152

CR554

	

152-0141-02

	

SEMICOΝD DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152
CR617

	

152-0246-00

	

SEMICOND DEVICE :S ILICON ,400PIV ,200MA

	

07910 CD12676
CR650

	

152-0125-00

	

Β250000 Β256799

	

SEMICOND DEVICE : TUNNEL ,15PΣ ,4 .7MA

	

03508 STD704
CR650

	

152-0125-01

	

Β256800

	

SEMICOND DEVICE :TUNNEL ,15PF ,4 .7MA
CR652

	

152-0125-00

	

Β250000 Β257699

	

SEMICOND DEVICE :TUNNEL ,15PF ,4 .7MA

	

03508 STD704
CR652

	

152-0125-01

	

Β256800

	

SEMICOND DEVICE :TUNNEL ,15PF ,4.7MA

CR801

	

152-0322-00

	

SEMICOND DEVICE :S ILICON ,15V

	

28480 5082-2672
CR809

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152
CR818

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152
CR822

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 ΙΝ4152
CR825

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152

CR826

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR831

	

152-0141-02

	

SEMICOND DEVICE :S ILICON ,30V ,150MA

	

07910 1Ν4152
CR832

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR838

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR851

	

152-0322-00

	

SEMICOND DEVICE :SILICON,15V

	

28480 5082-2672

CR859

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR862

	

152-0141-02

	

SEMICOND DEVICE :SILICON,30V ,150MA

	

07910 1Ν4152
CR863

	

152-0141-02

	

SEMICOND DEVICE :SILICON,30V ,150MA

	

07910 1Ν4152
CR877

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR1001

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152

CR1004

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR1011

	

152-0141-02

	

SEMICOND DEVICE :S ILICON,30V ,150MA

	

07910 1Ν4152
CR1024

	

152-0141-02

	

SEMICOND DEVICE :SILICON,30V ,150MA

	

07910 1Ν4152
CR1035

	

152-0141-02

	

SEMICOND DEVICE :SILICON,30V ,150MA

	

07910 1Ν4152
CR1042

	

152-0141-02

	

SEMICOND DEVICE :SILICON,30V ,150MA

	

07910 1Ν4152
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Q3!

SWEEP & Ζ AX
LOGIC



SWITCHING

FEEDBACK
EF

Q332

CHOP
BLANK I NG
AMPL I F I ER

Q358

& Ζ AXIS
GIC

DELAY L I NE
DR I VER

Q322, Q324

Α SWEEP LOGIC
MULTIV IBRATOR

Q1012,Q1014

SWEEP &
Ζ AXIS
LOGIC

Q804, Q 1044
Q812, Q1052
Q814, Q1054
Q822, Q1304
Q824, Q1306
0828, Q1314
Q854, Q1324
Q862, Q1326
Q864,Q1334
Q1042, U870

U870

NORMAL
TRIGGER
SIGNAL
P ICKOFF
Q344, Q346

Β SWEEP LOGIC
MULTI V IBRATO R
Q1072, Q1074
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Q682, Q688

VERTICAL OUTPUT
TR IG VIEW

	

AMPL I F I ER

TR IGG ER V IEW
AMPL I F I ER

	

Ι ATR IGG ER V I EW

	

11
Q672, Q675

	

& CAL I BRATOR

Α SWEEP START
COMPARATO R

Q1002A & Β

Β SWEEP START
COMPARATOR
Q1062A & Β

DELAY
L I NE

D L339

Α SWEEP GATE
AMPL I F I ER
Q1024

Β SWEEP GATE
AMPL I F I ER

Q1084

LV PS
Q1516 Q1548
Q1518 Q1556
Q1532 Q1558
Q1534 Q1564
Q1536 Q1566
Q1544 Q1568
Q1546 U1524 12

U 1554

Α & Β SWEEP GENERATOR

Α SWEEP
G ENER ATOR
Q1030, Q1036

Q1040

Β SWEEP
G ENER ATOR
Q1090, Q1096

Q1170

Β SWEEP
OUTPUT AMP

Q1098

TO A LL
BLOC KS

Α SWEEP
OUTPUT AMP

Q1038

H IG H VOLTAGE
MULTI PL I ER

HOR IZONTA L
AMPLI F I ER

Q1214, Q1218, Q1224
Q1226, Q1234, Q1236
Q1244, Q1254, Q1262
Q1266, Q1274, Q1282

Q1288

HOR IZONTAL
AMPL I F I ERS

465-Servic

U 1432

CRT CI F

Q1404, C
Q1413, ι
Q1416,1

Ζ AN
AMPL I

Q1466,4
Q1474,4



VERTICAL OUTPUT
IG VI EW

	

AMPLI F I ER

Ι
ι

DELAY VERTICAL
L I NE OUTPUT

AMPLI F I ER
D L339

	

U440

~ ιεω
.R

75
38

ATR I13G ER VI EW

	

11& CAL IBRATOR

Α SWEEP START
CO MPARATOR
Q1002A & Β

ι

Α SWEEP GAT E
AMPL I F I ER
Q1024

Β SWEEP GAT E
AMPL I F I ER

Q1084

LV PS
Q1516 Q1548
Q1518 Q1556
Q1532 Q1558
Q1534 Q1564
01536 Q1566
Q1544 Q1568
Q1546 U 1524 12

U1554

Α SWEEP
GENERATOR
Q1030, Q1036

Q7040

Β SWEEP
GENER ATOR
Q1090, Q1096

Q1170

Β SWEEP STA RT

	

Β SWEEP
COMPARATOR

	

OUTPUT AMP
Q1 062A & Β

	

Q1098

Α & Β SWEEP GENERATOR

TO ALL
BLOCKS

Α SWEEP
OUTPUT AMP

Q1038

HIG H VIPLIER
MULT

~

~----~
~

V1440

U1432

HORIZO NTAL
AMPL I F IER

Q1214,Q1218,Q1224
Q1226, Q1234, Q1236
01244, Q1254, Q1262
Q1266, Q1274, 01282

Q1288

HOR IZONTA L Ο
AMPL IF I ERS

465-Service (SN Β250000 and up)
+

ΕΧΤ
AXIS Q"

CRT CI RCU IT
Q1404, Q1408
Q1413, Q1414
Q1416, Q1418

Ζ AXIS
AMPL IF I ER

Q1466, Q1472
Q1474,Q1478

CRT CIRCU IT



465-Service (SN Β250000 and up)

Α

Β

0

F

1 1 2 1 3 1 4 1 5 1 6 1 7
CHπ το χ - ν

Λ168
!166

αι64 τΡ 164

NORM
TRIG SIG

1349

03$0

!164

0162

0364

R 262

	

C253 R 242
C242

C262

	

R 251
C351

	

CR232ί354 1262

	

0252 C251
εΛGΡ Α17 .

	

R 252W:

	

R246
BLANKING SYNC .

TRIG . SIG.

*See parts list for serial number ranges .

	

F ig . 8-2. Α 1 & Α2-Attenuators and ΕtLocated on b ack of board.
1Not used with 670-3023 V ertical Outp u t Board.

	

CKT

	

G RID

	

CKT

	

G RID

	

C KT

	

G R1η

	

CKT

	

G121D

	

CKT

	

G R I
NO

	

LOC NO

	

LOC NO

	

LOC NO

	

LOC Ι NO

	

LOC
C1

	

13C

	

C47

	

11Β

	

C164 - 4Β

	

L122

	

8Β

	

0164

	

4Α
C2 13C C48 10Β C165 4Α L149 6C 0168 2Α
C3 138 C49 10Β

	

G304 5Β
C6 13C C101 9Β CR 18 11C 020Α 11C 0308 6C
C7 13C C102 9Α CR31 10D 020Β 11C
C18 11C C105 8Β CR32 100 032 10C R1 13C
C21 11C C107 9Α CR34 10C 036 10C R3 13E
C22 11C C109 9Β CR39 8C 042 9Β R4 13E
C23 12C C122 7Β CR152 4Β G44 9Β R6 13C
C25 12C C124 88 CR164 4Α Q102 9Β R 15 11E
C27 11D C125 7Α CR165 5Α G104 9Β R 18 11C
C33 10C C135 6Β CR166 5Α Q122 7Β R21 11C
C34 10C C137 6Β CR167 5Α Q124 7Β R22 10C
C36 10C C142 6Α Q132 78 R23 11C
C37 9C C144 5Α J4 14C 0134 7Β R25 12C
C38 9C C149 6C J162 2Β Q142 6Α F(26 11(
C39 8C C151 5Β J164 2Α Q148 6Β R27 11(
C42 8C C161 3Α J168 1Α Q152 5Β R32 10(
C46 11Β C162 3Β

	

Q162 4Α R33 10(
R341 9C



R 1 ί 5

4727
ΑΤ 23 Ι

1 10 1 11 1 12 1 13 1 14 1

12 8

VR 129
R 134

4228

0737

0234

R 114

ς363

CKT GRID
NO LOC
0.164 4Α
Ο168 2Α
0.304 513
0.308 6C

R1 13C
R3 13Β
R4 13Β
R6 13C
R15 11 Β
R18 11C
R21 11C
R22 10C
R23 11C
R25 12C
Ρ(26 11C
R27 11C
R32 10C
R33 10C
R341 9C

5275

-Atten uators and A3-Vertical Pream p circ u it boards.

CKT GRID
NO LOC

R 92
C82

ηιεαι
Χι C88
RB6
R85
R.8 .11

C R84

CKT GRID
NO LOC

R35 9C R106 9Β
R36 9C R107 8Α
R37 9C R108 8C
R38 9C R 109 8Β
R41 9C R 111 8Β
R42 9C R 112 8Β
R43 9C R113 8Β
R44 9Α R114 7C
R45 9Α R115 7C
R46 11Β R116 7C
R47 11 Β Ill 17 8Α
R48 10Β R119 8Ε
R49 10Β R120 8Β
R85 9F R121 8Α
R 101 9Β R122 8C
R 102 9Α R123 8Β
R 103 9Β R125 7Β
R 104 9E R127 7Β
R 105 8Β R128 7Β

Α81
82

CKT
NO

GRID
ιοC

R130 713
R132 713
R133
R134
R135
R136
R137
R138
R141
R142
R143
R144
R145
R146
R147
R149
R151
R152
R154

7Β
7C
6Β
6Β
6Β
6Β
6Β
5Α
5Α
6Α
5Α
5Β
6Β
6C
58
413
413

CR68
ΟΟ R 71
C77

	

- . R76
Rλλ.

R155 58
R161 3Β
R162 3Α
R164 3Α
R165 4Α
R168 3Α
R169 3Β

RT39 9C
RT131 713

VR21 12C
VR129

	

7C

CKT GRID
NO LOC

R 56



Α

C

Α4
VERT MODE
3CUIT BOA R D

2 Ι 3

Fig . 8-3. A4-Vertical Mode Switch circ u it board .

F::ΚΤ GR ID
NO LOC

CKT GRID
NO LOC

C381 5Α R381 6Α
C391 5Α R383 6Α

R384 6Α
DS388 6Β R388 2Α
DS389 6D R389 2E
Ρ390 5Α R391 5Α
0382 6Α R393 4Α
0386 7Α R394 4Α
Q392 4Α
0396 3Α S350 1C

5 1 6 1 7

REV. Α, JAN . 1975

Located on back of board
R382
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C-Y
.ΟΟΙ

PARTIAL λ4 VERT+5V

	

4 . Ζ

	

Ι
Ι

	

MODE SW BOARD

	

1,

	

ιόόι5ς
~RΤ39

	

NOT USE D WITH
5Κ ξ = b7Ο-3023- ον

VERT OUTPUT
60AR0

4C,S OSCI L LOSCOPE

ΝΟΤΕ :

51Ο
VOLTS/~I V (SHoWN ΙΝ Stn,4 ΡΟ%1710Ν ~

5-
10
10
50
IOC

ss
\ AC

D(5 Ιμ , 6NΑ 0 Ρ

	

H HO "

	

"AC

	

Ο 5 Ι

	

DC "

	

"

	

5
ς

C59 ~CRa9

	

R34

	

-8ν. Ο2 FEC
+4 .2

PARTIAL Α3 VERT ΡRΕΑΜΡ BOARD

0, * THERMAL COUPLED

SEE PARTS LIST FOR EA RL IER
VALUES AND S ER IAL NUMBER
RANGES O F PA RTS MARKE D
WITH BL U E OUTLINE .

SEE PARTS LIST F O R
S EM ICO N DUCTO R TY PE S.

CιSΟ

-Ο .8
Ι
,,92

1 " 43 Κ =ε4l
4&- 10

R41ΙΚ

R4le} 1ε4bZoo
-τ-3 .3

RE\. 0,Κ 0`v. Ι 9-7 δ
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zot

PART
CH I
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Ι
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Ι
τ.8

	

Q42

	

ιRο4i
ΙΙ

	

ο , s

	

Ι
ι

c37

	

Ι

	

ι
ε . οοΙ

	

Ι

	

Ι

RΣ\J . ΓΡ , ΝΟ \/. 1 137 ό

PARTIAL Α4
VERT MME SW BO

+0 Ο \/

+5Υ

pl388
Ι5οΚ

+8.5

ΤΡΙ4η

+5ν

R142
390

R195 Cι35
100 470

c142
. ΟΙ

330 Ι Τ
CI
410

+5ν

	

p4

Ι52

+ο. Ι

ι 44

62Ο

R149
ΙΚ

ιι49

ν2ο

	

C4 Ι
---b -VERT SIGNALQι 34*

	

j̀-~^~-~ +5ν

	

το Qs08
R13T C13l ςΙ - -7

+$.7 ~

	

100

	

4I10

	

Ι +1C161
6. βι,F

RIGI
9 10ξ

	

~L~

CR152

	

{453

	

οV" Τ Ρι 62 Ι ' ι Ι

	

JI42

	

CH Ι
TRIG SIGNAL
TO J573o5r'OK

	

ιτ 162
Rόό9 45 .3

Ρο5ιτίοΝ

	

QIG2
C εΝτεRιΝφ -αν

	

- σ .7

	

Ι Ι +sv
Ι

	

- αν
J lG8

+sv

	

Χ AXIS SIGNAL+43.

	

To R1111
~

R750 ~

	

,J.,
~CR164

	

4
Ι 68

C162
tl

VCRιG5
453

JIG+

CH Ι+ VERT SIGNAL
ΤΟ Q304o

JIGS

Q!69 CRIbG
I.154

Ι .τικ

	

CR ι67

	

CH Ι VERT
ειι,5_ + CΙ64

	

SIGNAL OUT
βΙ55 'Ο2

	

6"SpF
500 Ο

	

1R1b5CH 1 TRIG~~

	

_αν

	

350DC βΑL
-$V

C H 1 VERTICAL PREAMP Ο

	

mqF 874

5Ν Β250000 an d up



ΤΡ1486

R 1480
C RT B IAS

C1471
Ζ AXIS

COMPENSATION

R1538
+55 VOLT

ADJUSTMENT

ΤΡ G N D

Isolates -2450 V

	

ς1281
from t h e High -Voltage

	

HIGH SPEED
Multi p lier ( U 1432) .

	

MAGNI F I E D
ΤΡ 1423 Ι

	

TIMING

R 1400 C1261
HIGH VO LTAGE HIGH SPEED
ADJUSTMENT MAGN I F I E D

TIM I NG

R1442
G EOMETR Y

Isolates +15 V from
t h e Timin g boar d .

A L

Isolates -8 V from

	

Isolates +5 V fri
th e Timing board .

	

the Tim ing boa r

Fig . 8-19 .

	

Interface circu it board ad j ustmen t locati



:ED
ED
i

R 1442 R1446G EOMETRY

	

γ ΑχΙS

	

81237 R 1597
CA L IBRATOR
AMPLITUDE

Isolates +15 V from
th e Timing boar d .

	

ι

	

ΤΡ GND
3 V from

	

Isolates +5 V from
Ι board .

	

the Tim ing board .

.e circuit boa rd adjustmen t locations.

ΤΡ GND

465-Service (SN Β250000 and up)

ΤΡ1590

R1225
HOR IZONTAL
MAGN I F I ER

REGISTRATION

Isolates +55 V from
t h e Timi n g Board .
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The Tektronix 465 Oscilloscope is α d ual-channel,
portable i nstrument . The dual-channel dc-to-100 MHz
vertical system provides calibrated deflection factors from
5 millivolts to 5 volts/division . The sweep trigger circuits
are capable of stable triggerin g over the full band width
capabilities of the vertical deflection system . Thehorizon-
tal deflection system p rovides cali brated sweep rates from
0.5 second to 0.05 microseco nd/division along with
delayed sweep features for accurate relative-time
measu rements . Α Χ10 magn ifier extends the calibrated
sweep rate to 5 nanosecon ds/d ivision . The i nstrument
operates over α wide variation of line voltages and
frequencies . Maximum power consumption is about 100
watts.

T he Tektronix DM43 Digital Mulitmeter measures 0
ohms to 20 mego hms,0 do volts to 1200 do volts (+ or-) o r
-55°C to +150°C and displays the measurement on α
digital display wh ile the oscilloscope operates normally.

The d igital multimeter and oscilloscope combine to
provide α digital readout of the time between any two
points on the oscilloscope d isplay.

REV . Θ, SEPT 1974

The Tektronix 475 Osci l loscope is α dual-chann el,
portable instrument . The dual-channel dc-to-200 MHz
vertical system provides calibrated deflection factors from
2 millivolts to 5 volts/division . The sweep trigger circuits
are capable of stable triggering over the full ban dwidth
capabilities of the vertical deflection system . The horizon-
tal deflection system provides calibrated sweep rates from
0.5 second to 0.01 microsecond/division along with
delayed sweep features for accurate relative-time
measurements . Α Χ10 magnifier extends the calibrated
sweep rate to 1 nanosecond/division . The instrument
operates over α wide variation of li ne voltages and
frequencies . M aximum power consumption is about 100
watts.

The Tektron ix DM43 Digital Mulitmeter measures 0
ohms to 20 megoh ms, 0 do volts to 1200 do volts (+ or-) or
-55°C to +150°C and displays the measurement on α
d igital d isplay while the oscilloscope operates normally.

The d igital multimeter and oscilloscope combine to
provide α d igital readout of the time between any two
points on the oscilloscope display .

REV. Β, SEPT 1974

I NTRODUCTION

I NTRODUCTION

BEFORE OPERATING

465 and DM43/DM40 Operators

BEFORE OPERATING

475 and DM43/DM40 Operators

The DM40 is identical to the DM43, excep t that the
DM40 lacks temperature measurement capa bility.

SAFETY I NFORMATION

The instrument is designed to operate from α single-
phase power source with one of the current-carrying
conductors (the Neutral Cond uctor) at ground (earth)
poten tial . Operation from power sou rces where bot h
current-ca rrying conductors are live with respect to
ground (such as phase-to-p hase on α three-wi re system)
is not recommended , since only th e L i ne Conductor has
over-current (fuse) protection withi n the instrument.

The inst rumen t has α th ree-wi re power cord with α
three-termi nal polarize d p lug for connection to the power
source and safety-earth. The ground (earth ) terminal of
the plug is directly connected to the instrument frame. For
electric-s hock protection, insert th is plug only in αmating
outlet with α safety-earth contact .

The DM40 is identical to the DM43, except that th e
DM40 lacks tempe rature measurement capability .

SAFETY I NFORMATION

The instrument is designed to operate from α single-
phase power source with one of the cu rrent-ca rrying
conductors (the Neutral Cond uctor) at groun d (earth)
potential . Operation from power sources where both
current-carryi ng conductors are live with respect to
ground (such as p hase-to-ph ase on α three-wire system)
is not recommended , since only the Line Conductor has
over-current (fuse) protectio n withi n the instrument.

The instrument has α th ree-wire power cord with α
th ree-terminal polarize d p lug for connection to thepower
sou rce and safety-earth. T he ground (earth) termi nal of
theplug is directly con nected to the instrument frame . For
electric-shock protection, i nsert th is plug only in α mating
outlet with α safety-earth contact .
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The ADD mode can be used to d isplay sign als that
co ntain u ndesirab le componen ts . These undesirable
components can be elimi n ated th roug h common mode
rejection . The precautions given under algeb raic additio n
sh ould be observed.
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(Α ) CHANNEL 1 SIG NAL
WITH 3 DIV ISIONSOF
POSITIVE DC LEVEL.

COMMON-MODE REJECTION

(Α) CHANNEL 1 SIGNAL
WITH 3 DIV ISIONS OF
POSITI VE DC LEVEL.

COMMON-MOD E REJE CTION

ADD mode ca n be used to display sig nals thatThe
contain undesirable components . These undesirable
compo nents can be eliminated through common mode
re jection. The precautions given u nder algebraic addition
should be observed .

(Β) CHANNEL 2 DISPLAY
WITH 3 DIV ISIONS OF
NEGATI VE OFFSET.

Fig . 16. Algebraic addition.
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(Β ) CHANNEL2 DISPLAY
WITH 3 DIV ISIONS OF
N EGATIVE OFFSET.

Fig . 16. Algebraic addition.

(C) RESULTANT DISPLAY

465/DM-0-19

EXAMPLE: The signal applied to the CH 1 in put
contains unwanted li ne freq uency com ponents (see F ig .
17Α.) . To remove the undesired components use the
following proced u re .

1 . Connect α li ne freq uency signal to the CH 2 in put .

2. Set the VERT MODE switch to ALT and the CH 2
I NVERT switch to on (button in) . Adjust the CH 2

(C) RESULTANT DISPLAY

465/DM-0-19

EXAMPLE : The signal app lied to the CH 1 input
con tains u nwanted line frequency components (see Fig .
17Α.) . To remove the u ndesired components use the
followin g procedu re.

1 . Connect α li ne frequency sign al to the CH 2 in pu t .

2. Set the VERT MODE switc h to ALT and the CH 2
I NVERT switch to on ( button in) . Adjust the CH 2

475 and DM43/DM40 Operators
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CH 1 SIGNAL
WIT H UNWANTED
L INE FREQUENCY
COMPONENT 9ο

CH 2 SIGNAL
FROM L INE
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COMPONENT
CA NCELED

OUT
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IA) CH 1 ANDCH 2 SIGNALS.
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( Β ) RESULTANT SIGNAL . 1738-19
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Fig . 17 . Common-mode rejection.

CH 1 SIGNAL
WIT H UNWANTED
L INE FREQUENCY , οο '
COMPONENT 90

CH 2 SIGNAL
FROM L I NE
FREQUENCY
SOURCE

(I NVERTED)

SIGNAL WITH
L INE FREQUENCY

COMPONENT
CA NCELED

OUT

ο
ο
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MEMEMEMEME

90
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(Α) CH 1 ANDCH 2 SIGNALS.

( Β ) RESULTANT SIGNAL . 1738-19

Fig . 17. Common-mode rejection .
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VOLTS/DI V and VA R VOLTS/DIV co ntrols so the CH 2

display is about the same amplitude as the undesired
portion of the CH 1 d isplay (see Fig . 17Α ) .

3. Set the VERT MOD E switch to ADD . Slightly
readjust the CH 2 VAR VOLTS/DIV cont rol for maximum
cancellation of the u ndesired signal component (see Fig .
17Β) .

If comparisons of an unknown signal with α reference
sign al are repetitious (e .g ., on an assembly line test) it is
possible to obtain more accurate easily read
measurements if the VAR VOLTS/DIV control is ad j usted
to set the reference sig nal to an exact number of d ivisions .
The unknown signal can then be q uic k ly and easily
co mpared with or ad j usted to an exact number of
divisions.

Other un kn own signals may be measured without
disturbing the setti ng of the VAR VOLTS/DIV control by
establis hi ng α vertical conversion factor and an arbitrary
deflection factor . The amp litu de of the reference signal
must be known before α vertical conversion factor can be
establis hed.

475 and DM43/DM40 Operators

AMPLITUDE COMPARISON
MEASUREMENTS

REV . θ , SEPT 1974

VOLTS/DIV and VAR VOLTS/DIV co ntrols so the CH 2
display is about the same amplitude as the un desired
portion of the CH 1 d isplay (see Fig . 17Α) .

3 . Set the VERT MODE switch to ADD. Slightly
readjust the CH 2 VAR VOLTS/DIV control for maxi mum
cancellation of the undesired signal component (see F ig .

17 Β) .

AMPL IT UDE COMPARISON
MEASUREMENTS

If comparisons of an un known signal with α refe rence
signal are repetitio us (e .g ., on an assembly line test) it is
possible to obtai n more accurate easily read
measurements if the VAR VOLTS/DIV control is adjusted
to set the reference signal to an exact number ofdivisio ns.
The unknown signal can then be quickly and easily
compared with or adj usted to an exact number of
divisions.

Other u nknown signals may be measured with out
disturbing the setting of the VAR VOLTS/DIV control by
establishing α vertical conversion factor and an arbitra ry
deflection factor . The amp litude of the reference signal
must be known before α vertical conversio n factor can be
established.

REV . Β, SEPT 1974



EXAMPLE: The apparent magnification of α display
with an Α ΤΙΜΕ/DIV switc h setting of .1 ms and α Β
ΤΙΜΕ/DIV switch setting of 1 μs is :

Apparent
Magnification _ΑΤΙΜΕ/DI V settin g

(Delayed ΒΤΙΜΕ/DI V setting
Sweep)

Substituti ng the given values :

Apparent

	

_

	

1 Χ 10-'
Mag nificatio n	1 Χ 10-`'

The apparent magnification is 100 times.

Triggered Delayed Sweep Magnification

Thedelayed sweep magnificatio n method just describ-
ed may produce too much jitter at h ig h apparent
magnificatio n ranges . Operati ng the Β Sweep in α
t riggered mode provides α more stable disp lay si nce the
delayed display is triggered at the same poi nt each time .

1 . Set up the display as give n i n steps 1 throug h 6
under "Magn ified Sweep Starts After Delay" .

EXAMPLE: The apparent magnificatio n of α disp lay
with an Α ΤΙΜΕ/DIV switch setting of .1 ms and α Β
ΤΙΜΕ/DI V switch setti ng of 1 μs is :

Appare nt
Magnification _ ΑΤΙΜΕ/DIV setting

(Delayed - Β ΤΙΜΕ/DIV setting
Sweep)

Substituti ng the given values :

Apparent

	

__

	

1 Χ 10-°
Magnification 1 10-~

The apparent magnificatio n is 100 times.

Triggered Delayed Sweep Magnification

Thedelayed sweep magnification method just describ-
ed may produce too much jitter at high apparent
magnification ranges . Operati ng the Β Sweep in α
triggered mode provides α more stable d isp lay since the
delayed display is triggere d at the same poi nt each time .

1 . Set up the display as given in steps 1 through 6
under " Mag nified Sweep Starts After Delay" .

465 and DM43/DM40 Operators
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2 . Set the Β Trigger SOURCE switch to the same
position as the Α Trigger SOURCE switch .

3. Adj ust the Β LEVEL control so the intensified zone
on the trace is stable . (If an intensified zone ca nnot be
obtain ed, see step 4.)

4. I n ability to intensify the desired portion indicates
that the signal does not meet th e triggering requirements .
If the cond ition can not be remedied with the Β Triggering .
co ntrols or by increasi ng the display amplitude (lower
VOLTS/DIV setting), trigger Β Sweep externally .

5. When the correct portion is inte nsified, set the
HORIZ DISPLAY switch to Β DLY'D. Slig ht read j ustment
of the Β LEVEL control may be necessary for α stable
d isplay.

6. Measurements are made and magn ification factors
are calculated as in the STARTS AFTER DELAY mode
p reviously give n.

55

2. Set the Β Trigger SOURCE switch to the same
position as the Α Trigger SOURCE switch.

3. Adjust the Β LEVEL control so the intensified zone
on the trace is stable . (If an intensified zone cannot be
obtai ned, see step 4.)

4. Inability to intensify the desired portion indicates
that the signal does not meet th e trigge ring requi rements .
If the condition cannot be remedied with the ΒTriggering
controls or by increasi ng the d isplay amp litude (lower
VOLTS/DIV setting), trigger Β Sweep externally .

5. When the correct portion is intensified, set the -
HORIZ DISPLAY switc h to Β DLY'D. Slight readj ustment
of the Β LEVEL control may be necessary for α stab le
display .

6. Measurements are made a nd magnification factors
are calculated as in th e STARTS AFTER D ELAY mode
previously given .
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PHAS E DIFFERENCE
MEASUREMENTS

Use either the CHOP or ALT mode. Set the Α Trigger
SOURCE switc h to CH 1 . The refe rence sig nal should
precede the comparison signal in time . Use coaxial cables
or probes that have eq ual time delay to connect the signals
to the input co nnectors .

If the signals are of opposite polarity, set the I NVERT
pushbutton to i nvert the Ch annel 2 d isplay (sig nals may be

of opposite polarity due to 180° phase difference ; if so,
take th is into accou nt in the final calculatio n) . Set the CH 1
and CH 2 VOLTS/DIV switches and the CH 1 and CH 2
VAR controls so the d isplays are equal i n amp litude .

Set the ΤΙΜΕ/DIV switch for about α one-cycle
waveform . Position the display and turn the Α VAR
ΤΙΜΕ/DIV control for 1 refe rence signal cycle in exactly
eight divisions (see Fig . 30) . Each d ivisio n of thegraticule
represents 45° of the cycle (360° - 8 d ivisions =
45°/divisio n) . The swee p rate can be stated in terms of
degrees as 45°/divisio n .

Measure the horizo ntal d iffere nce between correspon-
ding points on the waveforms and multip ly the distance
measured (in divisions) by 45°/division (sweep rate) to
obtain the amount of phase difference .

PHAS E DIFFERENCE
MEASUREMENTS

Use either the CHOP or ALT mode. Set the Α Trigger
SOURCE switch to CH 1 . The reference signal should
precede the comparison sign al i n time . Use coaxial cables

or probes that have eq ual time delay to connectthe signals
to the i nput connecto rs .

If the signals are of opposite pola rity, set the I NVERT
pushbutton to invert the Chan nel 2 display (signals may be
of opposite polarity d ue to 180° p hase differen ce ; if so,
take th is into account in th e fi nal calculation) . Set the CH 1
an d CH 2 VOLTS/DIV switches and the CH 1 a n d CH 2
VAR controls so the displays are equal in amplitude .

Set the ΤΙΜΕ/DI V switc h for about α one-cycle
waveform . Position the d isplay and turn the Α VAR
ΤΙΜΕ/DI V control for 1 reference signal cycle in exactly
eig ht divisions (see F ig . 30) . Eac h d ivision of the graticule
represents 45° of the cycle (360° - 8 divisions =
45°/division ) . The sweep rate can be stated in te rms of
degrees as 45°/d ivision .

Measure the horizontal difference between correspon-
ding poi nts on the waveforms and multiply the distance
measured (in divisions) by 45°/division (sweep rate) to
obtain the amou nt of phase difference .

56
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CHANNEL 1
(REFERENCE)

Β
ι

m
Α ιυ Ι

h

	

Ι $ νΙ ~ Ι Ι . ί . . . Ι

8 DI VISIONS
(360°)

CHANNEL 2
( LAGGI NG)

MEASURE
TIME FROM

ΑTO Β

HORIZONTAL
DI FFERENCE

465/DM-0-15

Using the formula:

Using the fo rmula :

Fig . 30 . Phase difference.

division
with α sweep rate of 45°/division as shown in Fig . 30 .

EXAMPLE : The ho rizontal difference is 0.6

horizontal sweep
Difere n ce - difference

	

Χ (deg ees//div)d ivisio ns

CHANNEL 1
(REFERENCE)

ELIO NEON

WIMM
OR

NONE
8 DIV ISIONS

(360°)

CHANNEL 2
(LAGGI NG)

MEASURE
TIME FROM

ΑTO Β

HORIZONTAL
DI FFERENCE

465/DM-0-15

Fig . 30. Phase d iffe rence .

EXAMPLE : The horizontal difference is 0.6 divisio n
with α sweep rate of 45°/division as shown in Fig . 30 .

Ph ase
horizontal

Difference - difference
d ivisions

sweepΧ (degrees/div)



Substituting the given values :

Phase Difference = 0.6 Χ 45° = 27° .

HIGH RESOLUTION PHASE
DI FFERENCE MEASUREMENTS

M ake more accurate phase measurements by in-
creasin g the sweep rate (without changing the Α VAR
ΤΙΜΕ/DIV control) by using the Χ10 MAG mode . Delayed
sweep magn ification may also be used (see Fig . 31) .

EXA MPLE : If the sweep rate were i ncreased 10 times
with the magnifier, the magn ified sweep ratewould be45°

10 = 4.5°/division . Fig . 31 shows the same signals as
used in Fig . 30 but with th e Χ10 MAG switch set to Χ 10.
W it h α horizontal difference of 6 divisions, the phase
difference is :

Ph ase horizontal magnified

Difference - difference Χ sweep rate
(divisions) (degrees/div)

Substituting th e given values :

Phase Difference = 6 Χ 4 .5° = 27° .

Substituti ng the given val ues :

Phase Difference = 0.6 Χ 45° = 27° .

H IG H RESOLUTIO N PHASE
DIFFERENCE MEASUREMENTS

Make more accurate phase measurements by in-
creasing the sweep rate (without changing the Α VAR
ΤΙΜΕ/DI V control) by using the Χ 10 MAG mode . Delayed
sweep magnificatio n may also be used (see Fig . 31) .

EXAMPLE : If the sweep rate were i ncreased 10 times
with the magnifier, the magnified sweep rate would be 45°

10 = 4.5°/division. Fig . 31 shows the same signals as
used in Fig . 30 but with the Χ10 MAG switch set to Χ10 .
With α horizontal differen ce of 6 d ivisions, the phase
d iffe rence is :

Phase
horizontal magn ified

- difference Χ sweep rate
Difference (divisions) (degrees/div)

Substituti ng the given values :

Phase Diffe rence = 6 Χ 4.5° = 27° .

465 and DM43/DM40 Operato rs
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CHANNEL 1
(REFERENCE)

HOR IZONTAL
ΊF DI FFERENCE - - Ί

CHANNEL 2

M EASURE
TIΜΕ FROM

ΑTO Β

465/DM-0-16

Fig. 31 . High resolution phase d if ference .

CHANNEL 1
(REFEREN C E)

HORIZONTAL
Ίt DIFFERENCE ~1

CHANNEL 2

~ro:

ΙΛΑΙΛ~~fΙ~ωιι...__ 1 _

MIMMMMMMMI

MEASURE
TIME FROM

Α TO Β

465/DM-0-16

Fig . 31 . High resolution phase difference .
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Be sure the VAR ΤΙΜΕ/DI V switch is i n t he calibrated
deten t . Set the Β ΤΙΜΕ/DIV switch to intensify the full
rising portion of the pulse . Set the HO RIZ DISPLAY switch
to Β DLY'D .

Pulse j itter is shown by horizontal moveme nt of the
pu lse and includes the inheren t j itter of the Delayed
Sweep (see Fig . 32) . M ulti ply the distance by the Β
ΤΙΜΕ/DIV switch setting to obtai n pulse jitter time .

58
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PULSE J ITTER
MEASUREMENTS

PUL SE JITTER
MEASUREMENTS

465 and DM43/DM40 Operators

Be sure the VAR ΤΙΜΕ/DIV switch is in the calibrated
d etent . Set the Β ΤΙΜΕ/DIV switch to intensify the full

risi n g portion ofthe pulse . Setthe H O RIZ DISPLAY switch
to Β DLY'D .

P ulse j itte r is shown by horizontal movement of the
pulse and i ncludes th e in herent j itter of the Delayed
Sweep (see Fig . 32) . M ultiply the distance by the Β
ΤΙΜΕ/DIV switch setting to obtai n pulse j itte r time .

MEASURE
TIME FROM

Α TO Β

MOMMEMMEME

M
E G, Eli I

MENEM, 1100

MEMEMIN
1738-34
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Fig . 32 . Pulse jitter .
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Fig . 32. Pulse jitte r .
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