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The purpose of this booklet . . .

. . . is to familiarize you with the Tek-

	

The oscilloscope is α po p ular, time
tronix 7000 Series d igital plug-in units,

	

proven electronic measurement tool . Its
and to show you how they can make

	

bandwid th, sensitivity, and the interpre-
your oscilloscope α more versatile, ac-

	

tiυe power in herent in its visual d isplay
curate and easy to use measurement

	

make it an unparalleled device for ac-
tool . The booklet is divided- into four

	

q uiring an d displaying electronic sig-
sectio ns : Timin g and Frequency Mea-

	

nals. Yet with its many irreplaceable
suremen ts, Digital Delay Measure-

	

qualities, theoscilloscope typically can-
ments, Am p lit u d e and Voltage

	

not compare with α d igital instrument
Measurements,

	

and	Temperature

	

such as α DVM or α d igital counter for
Measurements, with α helpful cross-

	

accuracy or resolution .
in dex of applications and d igital plug-

	

The plug-in compartments in the Tek-
in units.

	

tronix 7000 Series mainframes and the
Each section p rovides α brief descri p-

	

availability of crt readout, offer α εοη-
tion of the featu res and operation of the

	

venient method of add i n g true d igital
related plug-ins, and some applications

	

measurement capability to your oscillo-
to help illustrate the full measurement

	

scope. The Tektronix 7000 Series offers
possibilities that these plug-ins offer.

	

α full complement of digital measure-

This booklet will be updated period ical-

	

ment plug-ins. The units include α εουη -

ly with new applications and other in-

	

ter, universal counter/timer, two d igital
formation to hel p you makefuller use of

	

delays, multimeter, samp le and hold

your digital plug-ins.

	

DVM, and RMS voltmeter.

Includ ing one or more digital plug-ins
i n your 7000 Series oscillosco pe system
provides you with the added accuracy
and resolution of α d igital instrume
It also opens the door to α numberW
measurements that cannot be made
with either an oscillosco pe or α d igital
measurement instrument alone.
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tu nes 400 MHz ban dwid th with full
scan overlap .

Crt Readout

	

Calibration Standard

Plug-in Flexibility

	

Pick The Trigger Source

The 7000 Series . . . more than an oscilloscope
Th is is more true tod ay than ever . The

	

With over 35 com p atible plug-ins to

	

The 7000-Se ries commitment to supe-

7000 Series continues to offer υη -

	

choose from, you can configure α flexi-

	

rior performance and wide-ranging flex-

m atch e d value i n oscillosco pes-

	

ble scope package arou nd your digital

	

ib ί lίty merges digital accuracy with
s up erior performance, wi d e-ran ging

	

app lication ; 7000-series mai nframes

	

analog interpretation . Your timing,
flexibility and α strong commitment to

	

accept three or four plug-ins:

	

frequency, voltage, amplitude, digital
your future nee ds.

	

" Digital p lug-i ns . . . Op t for unique

	

delay or temperature measurement is

With this family of eight oscillosco pe

	

and accurate solutions to complex

	

digitally read out directly on the crt .

mainframes, you can put together α

	

measurement problems.

	

This means α 7000-Series Plug-in Oscil-

hig h-performance lab oratory instru-

	

" Vertical amp lifiers . . . Select your

	

loscope offers you an easy and accu-

ment pac kage based on your meas u re-

	

system bandwid th, number of input

	

rate way to handle your digital αρρ1ίεα -

ment needs.

	

channels, vertical sensitivity, i nput

	

tίons .

" Ban dwid ths range from 25 to 500 MHz.

	

impedance, an d single or differential

*Display modes incl ude normal or

	

inputs.

three types of storage, bistable and

	

" Time bases . . . Choose sweep speed,

fast mesh transfer, both developed by

	

si ngle or dual sweep , and now delta

ί

	

Te ktronix, as well as variable persist- time cap ability .

Ι

	

ence . The fast tran sfer tech nique, Also,

which makes multimode storage pos-

	

" Sam pling and TDR plug-ins . . . Choose

sible, p rovides the fastest writing

	

single or du al channel samp li ng plus
rates available tod ay .

	

time domain reflectometry .

" Single o r
available

beam models are avail-

	

" Special-purpose p lug-ins . . . Selectdual
able ; th e dual beam capability tea-

	

logic analyzers, and cu rve tracers.



Time and Frequency. With our universal
counter/timer γου can visually select
counter start and stop points on your

	

Tektronix has long recognized the con-

'

	

waveform to measure p ulse period ,

	

venience and ease of operation af-

pulse width, or more complex parame-

	

forded by crt readout of scale factors,

ters li ke risetime, the time betwee n non-

	

test dates, test numbers, and other per-

adjacentad j acent events, or the freq uency of α

	

tinent test data . The d igital plug-ins
gated burst. Two examples of visually

	

give you the further convenience of the

selected meas u rements t h at you can

	

speed , repeatability, and p recision of

make are the time between the first and

	

d igital measurements, with the mea-

eighth pulse in α data trai n or th e width

	

surement res u lts displayed on the crt.

of α pulse that occurs in the midd le of

	

Individual d igital plug-ins provide other

α control sequence . Both our counters

	

time saving features . Th e universal

p rovide gate d is plays of their measure-

	

counter/timer, for examp le, offers fin-

ment intervals, which can be d isp layed	gerti p selection of frequency, p ulse

on the crt to reduce errors in trigger

	

period , p ulse wid th and time interval

level adjustments, and make it easier

	

measurements . Visual d isp lay of the

for you to see exactly what measure-

	

gate waveforms lets you set up mea-

me nt you are making. You can also

	

surements quickly and precisely .

make single-s h ot measuremen ts with
both counters . You mig h t, for exam p le,

	

more accuracy
measure th e wi dth of α noise sp i ke in α
control sequence to determine th e
amount of filtering needed in α circuit .

	

The basic amp litude and time interval
measurement accuracy of the conven-

`

	

Temperature. Ou r two multimeter units

I NTRODUCTION

	

also measure temperature. With α spe-
cial voltage insulated probe you can
measure the temperature of semicon-
ductor devices under test, double check

more measurement

	

your heat sink calculations, or quickly
capability

	

troubleshoot α d igital logic board .

vid e two d igital multimeters, α true RM S
voltmeter, and samp le and hold meas-
u rement capability . The sample an d
hold plug-in allows you to visually se-
lect any poi nt on you r waveform an d
accurately measure its voltage with re-
s pect to groun d , or measure the voltage
difference between any two points on
the waveform . With th is unit you can
measure voltage levels in core memory
and pulse am p litudes in logic or control

icircuits.

easy to use

Digital Delay. Both of our delay units

	

tional oscilloscope is 3°/ο . Delay time
p rovi de d elay-by-events, which allows

	

measurements can be mad e at accu-
you to delay your oscilloscope's time

	

racies up to 1 % . The 7000 Series digital
base by an exact number of events or

	

p l ug-ins p rovi de great imp rovement i n
clock pulses . T h is type of delay elimi-

	

this basic accuracy . The 7D12/M2 Sam-
nates any inheren t system jitter due to

	

p le/Hol d DVM, for exam p le, gives you
mechanical fluctuations and also allows

	

direct amp litude measurements at ac-
you to easily exami ne data trains bit by

	

curacies app roaching 0.25%, wh ile the
b it . Α very accurate time d elay is also

	

7D15 Universal Counter measures time
available for work in d igital logic, radar

	

i ntervals with up to 0.0001 °/ο accuracy .
and sonar.

	

The 7D11 Digital Delay p rovides delay
Voltage and Am plitude. We also pro-

	

time accuracies up to 0.00001% .



1Α TIM ING AND
FREQUENCY

The 7D14 Digital Counter and the 7D15
Universal Counter/Timer give you the
k ind of versatility that lets you solve
tod ay's measurement p roblems as well
as tomorrow's . By combin ing one of
these co unters with any 7000-Series
oscilloscope, you obtain greater flexi-
bility and accuracy than is possible with
eit her an oscillosco p e or α co unter
alone. The counter gives you digital
accu racy and resolution, wh ile the os-
cillosco pe lets you see what the cou n -
ter is triggeri ng on . The visual d isplay
reduces errors, speed s up measure-

	

The 7D14 Digital Counter and the 7D15 Universal Counter/Timer
ment time, and allows you to make α
greater variety of meas urements. This
combination also makes possible the

	

The following section describes the

	

counter. The TRIG SOURCE positions
u niq ue feature of oscillosco pe con-

	

purpose and operation of some of the

	

of the INPUT SEN S (7D14) an d the Ρ-Ρ
trolled trigger arming. W it h trigger arm-

	

basic controls on the 7D14 and 7D15,

	

SENS (7D15) switch es select this inter-
ing you can visually select specific time

	

to h el p you better u n derstand the full

	

παΙ trigger source mode. This signal in-
intervals for measurement with in α re-

	

measurement cap ability of the units.

	

put method red uces circuit loading and
petitive or non-repetitive pulse trai n.

	

Following this General Operation sec-

	

provides pre-conditioni ng of the input
Counter/oscilloscope measurement

	

tion is α series of detailed applications,

	

signal .
systems have p roved invaluable to en-

	

which	illustrate the measurement of

	

Trigger level preset is also available on
gineers and d esigners in d igital elec-

	

both time an d frequency parameters

	

both units. With the 7D14, the preset
tronics, computer electronics, industrial

	

such as wid th, period , propagation de-

	

level can be set wit h α front-panel,
controls,

	

communications

	

and	many

	

lay, frequency, etc . Each app lication

	

screwd river adjustment . When the 7D15
other fields.

	

i ncl ud es an equi pment setu p illustra-

	

TRIGGER LEVEL controls are set to
Both the 7D14 and 7D15 measure fre-

	

tion and α cookbook type description	PRESET,the unit automatically triggers
quency and even ts, makin g them i n-

	

of the p roper control settings .

	

at th e 0 volt level. In th is position you
valuable tools wh en working with CW

	

can also set the trigger level externally
or frequen cy burst signals. Th e 7D14

	

eneral et eration

	

(see the following discussion) .g p
measures frequency directly to 525
MHz; the 7D15 measures freq uency up
to 225 MHz.

	

Triggering . The trigger selectivity of the

The 7D15 can also provide you with

	

7D14 and 7D15 contributes greatly to

timing measurements with α high de-

	

the measurement flexibility of these

gree of accuracy (0 .5 ppm) an d resolu-

	

units. Both units provi de oscillosco pe

tion . Α simp le touch of α button selects

	

type trigger controls, wh ich allow the

the measurement req uired, suc h as

	

choice of AC or DC cou pling, + or -

period, pulse width , or time inte rval.

	

slope, i nter n al or extern al trigger

Using the d elayed swee p of your time

	

source, an d ad j ustable trigger level.

base, you can externally arm the trigger

	

These controls are located in the green

circuits which allows you to visually

	

shaded areas of each plug-in . Το obtain

	

Trigger Level Jacks. The 7D15 provides
select the time interval you want mea-

	

α trigger signal, the signal to be mea-

	

two front-panel TRIG LEVEL jacks. T he
sured. Now you can see if you are false

	

sured is generally in put d irectly into the

	

voltage that appears at these j acks is
triggering on noise or even measuring

	

counter th rough α front panel signal in-

	

proportional to th e actual voltage levels
t he wrong time inte rval.

	

p ut connector. With the counter in α

	

at which the trigger circuits (Α and Β)
horizontal plug-in compartment, how-

	

have been set to trigger. Table 1 lists
ever, you can ro ute α sig nal from α ver-

	

the actual trigger level ranges of the
tical am p lifier plug-in internally throug h	triggercircuits for the three positio ns
th e oscillosco p e mainframe to t h e

	

of the Ρ-Ρ SENS co ntrols and th e
correspon d ing outp u ts at th e TRIO
LEVEL jacks. Note that for all th ree trig-
ger level ranges, th e output of the TRIG
LEVEL jacks is from -0 .5 V to +0.5 V.



For t h e 5 V and 50 V ranges, the TRIG

	

counter to make highly accurate mea-

	

Fig . 1 shows an exam ple of the mea-
LEVEL output is thus pro portional to

	

surements on selected portions of α

	

surement of the time between two non-
he actual trigger level voltage. Usi ng α

	

repetitive or non-repetitive pulse train.

	

adj acent pulses, using trigger arming .
VM to monitor the voltage at one of

	

Few other counters offer th is feature .

	

In th is case, both the channel Α and Β
th ese jacks, you can set the respective

	

Since the counter is being used in an

	

trigger controls are set to trigger on the
trigger circuit to trigger on an exact

	

oscilloscope, the delayed sweep gate,

	

50% level of the positive-going slope
voltage level . For examp le, if you want

	

which is readily available from the time

	

of α pulse . The delayed sweep gate of
to set the Α TRIGGER LEVEL to trigger

	

base, ma kes α very convenient external

	

the oscilloscope is used as the armin g
on th e +2.5 V level of the Α i nput sig-

	

armi ng signal for the counter . The de-

	

gate, and must be connected to both
ηαΙ, then measure + 0.25 V with α DVM

	

layed swee p gate is particularly useful,

	

the Α ARM and the Β ARM connectors .
at Α TRIG LEVEL OUTPUT. This also

	

because both the wid th and the time

	

Using theoscilloscope Delay Time ΜυΙ-
means that you need to be on the 1 Ρ-Ρ

	

position (delay) of th is gate can be con-

	

tiplier and the Β swee p Time/Divisio n
SENS

	

range . This feature is helpful

	

trolled with thetime base Time/ Division

	

controls, th e delayed swee p gate can
when trying to measure α parameter like

	

controls an d the Delay Time M ulti plier

	

beadj usted to select the specific pulses
risetime or pulse width, where trigger

	

control, respectively. The gate also cor-

	

to be measured.
level is critical,

	

responds to the intensified zone that is

	

Note th at when using trigger arming,

Ρ-Ρ

	

Trigge r Level

	

TRIG LEVEL
The arming signals are input i nto the

	

tells t he trigger circuits when t hey

7D15 th rough the Α A RM and Β ARM should begin looki ng for the selected
0.1

	

-0.5 ν to + 0.5 ν

	

-0.5 ν to +0.5 ν start and stop measurement points.
-5 ν to +5ν

	

-0.5V to +0.5V

	

connectors. An arming gate amp litude . The

10

	

-5ο ν tο +50V

	

- ο.5 ν to +ο.5 ν

	

of greater than 0.5 V (α high) arms

	

settings of the trigger controls deter-
ch annel Α and an am plitude of less than	minethe exact trigger points and thus
0.2 V (α low) arms channel Β . When

	

the measurement interval .

SENS Range Output

table 1

TRIGGER LEVEL RANGES

	

seen on the CRT in the Α Intensified By

	

the arming gate does not affect the ac-
Β sweep mode .

	

curacy of the measurement. It merely

chan nel Α is armed, the counter starts- -

	

---

	

counting as soon as the channel Α trig
Wh en on e of the TRIGGER LEVEL con-

	

ger con ditions are met; when c hannel
trols is set to PRESET, the trigger cir-

	

Β is armed, the counter stops cou nting
cu it automatically triggers on the 0 V

	

as soon as the channel Β trigger con d i-

10
level of t he signal . In the PRESET posi-

	

tions are met.
tion, however, you can also set the trig-
ger level extern ally, by i nputin g α volt-

	

Ι

	

Ιage level throug h the respective TRIG

	

Ι

	

Ι

	

ΙLEVEL jack. As with the output voltage

	

Ch Α Trigger

	

Ι Ch Β Trigge r
of the TRIG LEVEL j ack, the i nput volt-

	

Ί

	

FILage range of the jacks is also -0 .5 V

	

Pulse Train
to +0.5 V. T he setting of th e Ρ-Ρ SENS

	

Ι

	

Ι
F1

switc h agai n sets th e trigger level
range, an d you input α voltage that is

	

Ι

	

Ι

	

Ι

	

Ι
proportio nal to the desired trigger level

	

Delayed Sweep Gate

voltage. For exam ple, if α +15 Vtrigger

	

Applied to both

	

Ι

level is desired, set th e Ρ-Ρ SENS switch

	

ΑARM and ΒARM

	

Ι

	

Ι
to 10 V (the 50 volt ran ge) and apply α

	

Ι

	

Ι

	

Ι
DC voltage of +0.15 V to the TRIG
LEVEL jac k.

	

Pseudo Gate (Actual

	

Ι

	

Ι

	

Ι
Time Interval

	

Ι

	

Ι
Measu red)

	

Ιj
.TRIG

	

Ι Ι

	

Ι Ι
LEVEL ,¬ ~

	

Ι

	

ι

	

ι

	

ι

Β
ARM

Selective Trigger Arming. Another use-
ΜυΙ feature of the 7D15 is the ability to
m

	

xternally arm the counte r trigger cir
cuits . Th is gives you external control
of the measurement interval, but more
im portant, it allows you to use th e

ChΑ is Armed

	

Ch B is Armed
Count starts and slope

	

Count stops and slope

Fig . 1 Measuring the time interval between two non-adjacent pu lses using trigger
225MHz UNIVER	arming.
G0UΝΤΕR/ΤΙΜ1
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. .

	

.
. . ι

	

.

the signal being measured, you have
, ., , _ _ _,

. . -

	

non-repetitive
nals, like gated bursts . As with time

interval measurements, the delayed
.	display .

	

-	sweepgate

	

.

	

- oscilloscope . .
Intensified

	

.

	

.

	

.-

	

.nvenient gating signal .
cates position of arming gate .

is generated each time the trigger an d
arming conditions are met. Α th ird dis-
play, CH Β , is α conditio n ed signal that
6

is derived from the 7D15's CH Β trigger
circuit . It is useful for setting up the
trigger conditions of chan nel Β .

Counter Gate Displays . Both the 7D14
and the 7D15 provide the capability of
displaying their internal measurement
interva l gates, which indicate the ac-
tual points of α measurement. As is
shown in Fig . 2, these gates are d iffer-
ent from the external or arming gates.
The counter gate d isplays h el p to re-
duce errors, s peed set up time, and
provide you with greater trigger selec-

	

Selectable Resolution and Accuracy .
tivity .

	

Measurement averaging and selectable

When the 7D14 an d 7D15 are in vertical

	

clock rates on the 7D15 allow you to

mainframe compartments,

	

t he

	

gated

	

select the amount of resolution and the

d isp lays are obtained by p ressing the

	

maximum accuracy possible for α par-

app ro priate mainframe c hannel selec-

	

ticular time measurement. This featu re

tion switch. In α horizontal compart-

	

also helps you prevent readout over-

ment, α cable must be connected from

	

flow when measuring long time inter-

either the MONITOR conn ector (7D14)

	

vals.

or the DISPLAYED WAVEFORM OUT-

	

The CLOCK p us h buttons set the basic
PUT connector (7D15) to one channel

	

resolution of the counter. The 7D15's
of α vertical am plifier. When the coun-

	

fastest clock rate is 10 ns, whic h is the
ter gate is d isp layed (see Fig . 2), you

	

maximum resolution possible for α
can see the signal being measured	singleshot time measurement. When
along with the actual i nterval in wh ich	measuringre petitive signals, resolution
th e measu rement is being taken . The

	

can be increased using measurement
arming gate is generally not displayed.

	

averagi ng . Measurement averaging is α
However, if the delayed sweep gate is

	

statistical method of increasing resolu-
bei n g used for trigger arming, its width	tionwhich involves making α number
an d position are i ndicated by the inten-

	

of measurements and averaging the re-
sified zone on the d isplay.

	

sults . When measuring period, for ex-

The 7D15 provides th ree types of gates.

	

ample, with the Χ1000 AVERG pushbut-
The TRUE GATE is the actual gate

	

ton p resse d, the cou nter measu res the

waveform gen erated eac h time t he

	

time for 1000 cycles and divides the

counter takes α measurement . It typ i-

	

result by 1000 to obtain t h e time of one

cally h as α low rep rate and is difficult

	

period . Figs. 3, 4, and 5 s how graphs of

to use, because it is dependent on the

	

resolution vs . period, resolution vs . time

settin g of th e DISPLAY TIME control.

	

interval, and resolution vs . freq uency

The PSEU DO GATE is α high repetition

	

for the various settings of the CLOCK

rep lica of the TRUE GATE, and is the

	

and AVERG p ush butto n s . Note that for

most useful of these two. The PSEUDO

	

period measu rements, resolution is in-

GATE has α h ig h er rep rate, because it

	

creased 1000 times from the Χ1 to the

Χ1000 AVERG setting . For time interval
measurements, the maximum resolution
is increased from 10 ns to 2 ns (for the
10 ns clock rate)-an increase in reso~
lution of 5 times .

The resolution you select also deter-
mines the maximum time interval you
can measure wit h out overflowing the 8
d igit CRT readou t . For exam ple, if α
resolution of 10 ns is selected (10 ns
clock rate and Χ 1 measurement aver-
aging), the longest time interval that
can be measured before overflow oc-
curs is .99999999 second . The selected
resolution determines the u nits of the
least sign ificant digit of the d isplay . For
α longer time interval, you mu st select
less resolution . T his is p roviding that
you care about the most significant
d igit of the measu rement . If you are
merely trying to resolve α small time dif-
feren ce, and do not care about the
actual time interval, you can overflow
t h e counter and still obtain the maxi-
mum resolution desired.

Accuracy is defined as the ratio (in per-
cent) of the worst case error for α mea-
su rement to the actual measurement,
an d is α fun ction of resol ution and the
accuracy of the crystal controlled clock
oscillator . As Figs. 3, 4, an d 5 illustrate,*

	

Ι
accuracy tends to i ncrease with in-
creases in the period, time interval, or
frequency being measured . T h e 7D15
cloc k oscillator h as an accuracy of 0.5
ppm, whic h p rovi des time measurement
accuracies of up to 0.0001% on long
time intervals-much greater than the
1% accuracy of an oscillosco pe.



Fig . 3 . Resolution vs . Period Interval

Fig . 4 . Resolution vs . Time Interval

Fig . 5 . Resolution vs . Frequency
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1Β TIMING
MEASUREMENT

pulse width

The TIM WIDTH Α mode pushbutto n on
the 7D15 allows you to measure pulse
wi dth directly. Only the channel Α trig-
geri ng circuit is used in this measure-
ment . Fig . 6 shows the equ ipment setup
to measure the width of α TTL clock
pulse . The 10 ns clock rate and Χ1000
measurement average p rovi des maxi-
mum accuracy and resolution . The dis-
play of the PSEUDO GATE ind icates the
measurement interval .

Widt h measurements are ge nerally
made at the 50%ο amplitude level of the
pulse . For an exact measurement of
pulse wi dth at any amplitude level, set
t he trigger level by monitoring th e
c hannel Α TRIG LEVEL j ack with α
DVM . This pulse has α 5 V amp litude.
W it h the Ρ-Ρ SEN S control set to 1 V,
the trigger level should be set for an
o u tput at the Α TRIG LEVEL jac k of
+0.25 V . This voltage yiel ds an actual
trigger level of 2.5 V (see Table 1) .

Fig . 7 shows t he equ i pment set up to
measure the wi dth of α noise spi ke that
is appearing in α logic signal . Usi ng
trigger armin g, the 7D15 is set to make
the wid th measurement o n ly after the
logic signal has gone low.

Connect the delayed sweep gate outp ut
to the Α ARM connector of the 7D15 .
The Delay Time Multiplier and the Vari-

able Time/DW control can now be used
to positio n the beginning of t h e armi ng
gate after the falling edge of the logic
signal and to keep the trigger circuit
armed for th e duration of the low level.
The intensified zone i nd icates the posi-
tion and width of the arming gate . With
th is setup, the 7D15 will capt ure and
measure the width of the first positive-
going transition that occu rs after it is
armed.

Mai nframe
Ve rtical M od e . . . . . . . . . . . . . . . . . . . . . . . . Alt .

711315

	

Ho r izo ntal M o de
. . . . . . . . . . . . . . . . . . . . . .

. . Β
Mode . . . . . . . . . . . . . . . . . . . . . . . . TIM wi d t h Α

	

8 Trigge r So ur ce . . . . . . . . . . . . . . Left Vertical

loc k . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .
1 ρ 100

	

Time Base
C Time/div (7Β80) . . . . . . . . . . . . . . . . . . . . . . . . . .
Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . No rm

	

Triggering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Displayed Wavefo rm . . . . . . . . . . Pseudo Gate
T r igge r L evel . . . . . . . . . . . . . . 50% Amplitu d e

	

Ve rtical Ampli f ie r
Slo p e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +

	

Display Mode . . . . . . . . . . . . . . . . . . . . . . . C h 1
Co up l . . . . . . . . . . . . . . . . . . . . . . . . . ,

	

. DC

	

Tr igge r So urce . . . . . . . . . . . . . . . . . . . . . . C h 1
Source . . . . . . . . . . . . . . . . . . . . . . . . . . . Input Α

	

Volts/div . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 V

Fig . 6. Equipment setup for typical width measurement.

7113115 Gate from
Mo d e . . . . . . . . . . . . . . . . . . . . . . . . . TM width Α

	

RearPanelAverg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Χ 1000
Cloc k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 ns
Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Norm

	

Time Base
DIsplayed Wavefo rm . . . . . . . . . . . . . True Gate

	

Time/Div (7880) . . . . . . . . . . . . . . . . . . . . . . . . . .
T rigge r Level . . . . . . . . . . . . . . 50% Amp litude

	

Time/Div (7885) .
Slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +

	

T rigge ring (71380) . . . . . . . .
.

.
.

. . . . . . . . . .,Α C, .1 π t

Source
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

DC

	

Triggering (71385)

	

. . . . . . .

	

.

	

Norm,AC, E xt
ou

rc
e

	

. . . . . . . . . . . . . . . . . . . . . . . . . . .

	

Input Α

	

Β Delay Mo d e

	

. . . . . . . . . .

	

Β starts afte r d elay

Mai n f r am e

	

Vertical Amp li f ie r
Ve r t ί ca Ι Mode . . . . . . . . . . . . . . . . . . . . . . . .ALT

	

Ch 1 and 2 Volts/Div . . . . . . . . . . . . . . . . .
Ho rizo ntal Mode . . . . . . . . . . . . . . . . . . . . . . . . . .

	

Display M ode . . . . . . . . . . . . . . . . . . . . . . . . C h 1
Β T rigge r Sou rce . . . . . . . . . . . . . . . . . . . . . . . . .

	

T rigge r Source . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fig . 7. Equipment set up for transient measurement.
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Fig. 8. Waveform and wid th measure-
ment readout fo r destruction
test .

The 7D15 can also measure the wid th
of single-shot events . Fig . 8 shows the
waveform photograp h of destruction
test made with α storage oscilloscope
and the 7D15 . The width of this pulse
was measured simultaneously with the
storage of the display . Since the event
only occurred once, the arming gate
was not required .

pulse period

7D15

	

to Ext Trig In

	

from Rear
Mode . . . . . . . . . . . . . . . . . . . . . . . . . . Tim Α-ι Β

	

PanelAverg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Χ100
Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 ns
Gate

.
. . . . . . . . . . . . . . . . . . . . . . .

	

. . N orm
Displayed Waveform . . . . . . . . . . Pseudo Gate

	

Time Base
Tr igge r Level Α & Β . . . . . . . . .50% Amp lit ud e

	

Main Ti me/Div . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slo pe . . . . . . . . . . . . . . . . . . . . . . . . . . . A+, 13-

	

Delayed Ti me/Div . . . . . . . . . . . . . . . . . . . . . . . .
CουρΙ Α & Β . . . . . . . . . . . . . . . . . . . . . . . . . . DC

	

Trigge ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Source . . . . . . . . . . . . . . . . . . . . . . . . . .Inp ut Α

	

Β Delayed Mod . . . . . . . . . . . . . . . . . . . . . . . . .

Mainfr ame

	

Vertical Amp lifie r
V e rtical Mo d e . . . . . . . . . . . . . . . . . . . Alter nate

	

Disp lay Mo d e . . . . . . . . . . . . . . . . . . . . . . . . Ch 1
Hor izontal Mo d e . . . . . . . . . . . . . . . . . . . . . . . . . Α

	

T r igger So u rce . . . . . . . . . . . . . . . . . . . . . . . Ch 1
Α Trigger Sou rce . . . . . . . . . . Ve rtica Mode

	

Volts/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fig . 9. Equipment setup for measurement of time between non-adjacent events .

Pulse period is ju st as easy to meas u re

	

time between non-adjacent events
with the 7D15 as wid th. Using the same
set υρ as shown for the cloc k pulse
width measurement in Fig . 6, press the

	

The ability to select α particular pulse

	

slopes, and by ad j usting the position
PERIOD Α MOD E push button . The ρ~r ί-

	

in α pulse train for measurement, as

	

and wi d th of the intensified zone (t h e

od meas urement is now read out on the

	

was p reviously illustrated by the p u lse

	

delayed sweep gate). The Delay Time

CRT. M erely set the Α TRIGGER con-

	

wid th measurement of α noise sp i ke,

	

Multip lier (DTM) control determines the

trols to trigger the counter either on the

	

can also be applied to th e measure-

	

positio n of the leading edge of the de-
lead i n g or falling edge of the pulse . The

	

ment of the time-between non-adjacent

	

layed sweep gate and th us th e point of

trigger level can be ad j usted to meet

	

events . Few other time counters are

	

armi ng the Α TRIGGER circuit . The time

your specific

	

measurement require-

	

able to measure wi d th or time between

	

base Variable Time/Division control

ment .

	

non-adjacent events in repetitive or

	

sets the width of the delayed sweep
non-repetitive signals such as digital

	

gate and thus the position of the fall-
Sin ce the signal being measured is rep-

	

word pulses from α computer's main

	

ing edge of the gate, or the point of
etitive, Χ1000 measurement averagi ng

	

storage, CPU, radar I FF responses, etc.

	

arming for the Β TRIGGER circuit . The
is selected to obtain maximum accuracy

	

In these types of measurements, an

	

delayed sweep gate is app lied to the
and resol ution . See the discussion of

	

oscilloscope is essential.

	

Α and Β ARM inputs, Α trigger is armed
accuracy and resolution at the begin-

	

d uring the time Β trigger is disarmed ,
nin9 of this section.

	

Fig . 9 shows the eq uipment set up for and vice versa.
α time interval meas u rement on α serial

As wit h pu lse width measurements, trig-

	

word train from α d is k memory device .

	

In this exam p le, the counter arming
ger arming is not necessary to measure

	

The origin pu lse in this case is used to

	

gate is set to measu re the time between
the period of α signal . Arming is useful

	

trigger the Α time base

	

the falling edge
th o ugh when look ing at data pulse

	

. The delayed
	displayand gheο leading edge of the

trains or other signals where α pulse

	

counter's trigger circuits . In this case

	

last pulse . Th e waveform photo in Fig .
may or may not be p resent d uring α

	

the d elayed sweep gate is connected to

	

9 shows the analog waveform d isp lay
given clock cycle.

	

both the Α ARM and Β ARM connec-

	

(upper trace), t he PSEUDO GATE dis-
tors, because the TIM Α-Β mode is be-

	

play of the coun ter's actu al meas u re
ing used .

	

ment period (lower trace), and the read
out of the actual measurement. This

Once α stable disp lay is obtain e d ,

	

particular measurement is 1 .1041 ms,
measurements can be made between	which is much better resolution than
any two points on t h e waveform merely
by ad j usting th e trigger levels and 9
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can be obtained visually from the ana-
log d isplay. The 100Χ measurement
averagi ng improves the accuracy and
resolution of the measurement. Th e ac-
curacy in th is case is wit h in 4 ns
(.00036%) .

time between two voltage
levels

Risetime, th e time between the 10%
and 90% p ulse levels, or the time re-
quired for α tran sducer to rise from one
level to anot h er, can easily be acq u ired
from the 7D15's TIME Α-Β Mode.
The 7D15 offers digital reado ut, accu-
racy and convenience in making t h ese
measurements . For example, if you are
maki ng α series of risetime measure-
ments where the 10% and 90% levels
are not c h anging, eac h risetime is digi-
tally read out on th e crt ; this eliminates
t h e need to carefully position t h e wave-
form, and, then count divisions on t h e
crt.

Clock

7603

0
Delayed
Sweep
Gate C)"+

Mainf r a m e
Vertical M o d e . . . . . . . . . . . . . . . . . . . . Alte rnate
He r ί zοπtαt

	

Mode

	

. . . . . . . . . . . . . . . . . . . . . . . .

	

Α

713115

	

Α Trigge r So ur ce . . . . . . . . . . . . . . Left Ve r tical
Mo d e . . . . . . . . . . . . . . . . . . . . . . . . . . Tim Α-ι Β

	

Time Base
Averg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Χ1000

	

Main Time/Div . . . . . . . . . . . . . . . . . . . . . . . . .Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 ns

	

Trigge r i ng ,

	

. .

Gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . No rm

	

Β Delaye d M ode

	

1ndependent. . . . . . . . . . . . . .
Displaye d Waveform . . . . . . . . . Pse udo Gate
Trigger Level . . . . . . . . . . . . . . . . Α .6V, Β 5.4V

	

Vertical Amplifie r
Slo pe Α & Β . . . . . . . . . . . . . . . . . . . . . . . . . . . +

	

Display Mode . . . . . . . . . . . . . . . . . . . . . . . . Ch 1
Coup le Α & Β . . . . . . . . . . . . . . . . . . . . . . . . . DC

	

Trigger Sou rce . . . . . . . . . . . . . . . . . . . . . . C h 1
Source . . . . . . . . . . . . . . . . . . . . . . . . . . . Ιπρυt Α

	

V olts/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

When making adj ustments to your cir-

	

Fig . 10 . Equipment setup for risetime measurement.

cu itry, you can resolve small changes
in risetime with outstandi n g ease and

than 125 ns . T he trigger arming gate

	

signal from t h e c h annel Α inp ut (in the
resolution . However, the 7D15 is not

	

(the delayed sweep gate) must be con-

	

TIM Α-Β mode) . When in, each trigger
recommended for measuring risetimes

	

nected to both the Α ARM and th e Β

	

circuit receives its trigger

	

1
faster than 125 ns.

	

gger signal from
ARM connectors . Set the Α trigger level

	

its respective in put connector.
The two separate trigger circuits of th e

	

control to trigger at the 10% point and
7D15 and t h e ability to set exact trigger

	

t he Β trigger level co ntrol for the 90%

	

Trigger armi n g is required for th is

levels throug h the two TRIG LEVEL

	

point . Now α typical time interval mea-

	

measurement, because channel Β must

jack allows you to make very accurate

	

surement (TIM Α-Β) can be done by

	

know which pu lse to trigger on with re-

-isetime measurements with th e 7D15 .

	

moving the intensified zone from one

	

seect to the undelayed pulse . Connect

Again, trigger arming can be used to

	

risetime to another . This allows you to

	

the delayed sweep gate to both trigger

select α particular pulse i n non-repeti-

	

accurately perform selective risetime

	

arming input j acks.

tive pulse trains .

	

measurements with greater resol u tion	Wit h the oscilloscope vertical mode set

Fig . 10 s hows the eq ui pment set up for

	

than with α conventional oscilloscope.

	

for alternate trace sweeps, trigger the

measuring t h e risetime of α cloc k p ulse

	

scope on the undelayed pulse (ch annel

as it is input into α flip-flop . This is α

	

propagation delay

	

1) . Now adjust the intensified zone so

fΙίρ-flo p which regυί res α clock p ulse

	

that it begins before the rise of the υη -,
risetime of 150 ns from the 0.6 V to th e

	

d elayed pulse, and en ds before th e rise

5.4 V level.

	

The two signal inputs to the 7D15 trig-

	

of the delayed p u lse. The propagation
ger circuits allow you to make p ropaga-

	

d elay is then read out on the CRT. The
The TRIGGER SLOPE controls i n this

	

tion delay measurements quickly and	measurement in this case is 76.60 ns .
measurement are both set to + . To set

	

easily. Fig . 11 shows the equi p ment set-
the TRIGGER LEVEL controls, connect

	

up required to measure the p ropaga-

	

F
oGER
r

	

LEVEL

	

accuracy, both the et for

α DVM to one TRIG LEVEL jack at α

	

tion delay experienced by α cloc k sig-

	

the

	

LEVEL controls should be s

time, and set the Α trigger level for 0.6

	

ηαΙ as it passes through seven TTL
	samevoltage level . ring can be ob-

V an d Β trigger level for 5.4 V . W it h th e

	

gates.

	

tained either by measuring the voltage

TIM Α~Β MOD E p ushbutton pressed ,

	

levels throug h th e TRIG LEVEL jacks

t he r ί et ίme is read directly on the CRT.

	

In this setup, the undelayed pulse is

	

with α DVM, or by app lying the desired
1η this case the αί diec measurement

	

connected to both channel 1 of the ver-

	

voltage level to each j ac k (see the d is-

is 155.60 ns . The accuracy is within 2 ns

	

tical amplifier and chann el Α of the

	

cussion of trigger level in the introduc-

or 1 .3% .

	

7D15; the delayed p ulse is connected	tionsectio n ) .
to channel 2 of the vertical amp lifier

	

10
This method can be easily used for

	

and channel Β of th e 7D15 . The 7D15's
measuri n g rise and fall times slower

	

SOURCE INPUT Β push button deter-
mines the so u rce of the trigger signal

10

	

for c h annel Β . When out, it receives its



Σ

phase s h ift

Phase shift is critical in areas li ke servo,
RF or digital system design . The most
common method of measuring p hase
shift is to use an oscilloscope in the
Χ-Υ or delayed sweep mo de. Α more
accurate method of measuring ph ase is
with the 7D15 . To determine phase, the
time between the same voltage level on
t he lea d ing an d lagging sig n als is
measured and d ivided by α conversion
factor (Time/Degree).

For examp le, if the period of the signal
(as measu red with th e 7D15) is 2 its
(5 MHz), the Time/Degree conversion
factor is : 2 μs/360 degree =5.55 ns/de-
gree. If th e time interval between the
two phases is meas u red at 50 ns, the
phase difference is thus : 50 ns/5.55
ns/degree=9 .09 d egree of phase s hift.
Fig . 12 shows the eq uipment set up for
th e measurement of the ph ase shift of
α5 MHz signal . L i ke the previous p ro pa-
gation delay measurement, one signal
is a pplied to each trigger in put to the
7D15 . Again the SOURCE I NPUT Β
p ushbutton is p ressed to enable both
in pu t connectors. Both the channel Α
and Β TRIGGER LEVEL controls are
set to PRESET, wh ich means the trig-
ger circuits will trigger on th e zero
crossover point.

Trigger arming is not re quired for this
measurement. Merely trigger the scope
on the negative goi ng slop e of ch annel
1 . This assures that the pseudo gate
d isplay is on the CRT. The pseudo gate
display in dicates t h at th e measurement
is being made between the two zero
crossover points. In th is case, the time
measured is 75.60 ns for phase shift of
75.6 ns/5 .55 ns/ degree=13.8 degrees .

This method of measuring p h ase sh ift
can be used for singleshot or repetitive
sign als, with accuracies of 0.125° and
0.075°, respectively at 35 kHz. Several
factors affect t h is accuracy :
1 . Amp litude of the two signals-It is
more d ifficult for the 7D15 trigger cir-
cuits to detect the zero crossover point
on low am p litude signals.
2. Relative amp litude of the two signals
-I deally both signals s hou ld be the
same am p litude .
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Fig . 11 . Eq ui pment setup for propagation delay measurement.

Fig . 12 . Equipment setup for phase shift measurement .
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3. Noise on the signals-Noise may
fire the trigger circuits p rematurely
causing j itter in the measuremen t, ulti-
mately affecting the resolution of the
readout.

4 . Frequen cy of the signals-T h e fre-
quency ran ge, for best results, is 60 Hz
to 50 MHz .

FREQUENCY
MEASUREMENTS

frequency

Fig . 13 shows the equ i pment setup for
α basic frequency measurement of α
CW signal with the 7D14 . For this mea-
su rement, the signal to be measured is
routed throug h the vertical am p lifier to
th e 7D15. The MEAS UREMENT I NTER-
VAL determines the resolution of th e
measu rement. The longest measure-
ment interval (10 s) provides the high-
est resolution . In this case, the fre-
q uency is 120.055 MHz.

measuring the frequency of α
burst signal

Fig . 14 shows the equ ipment set up for
the meas u rement of α T.V. Burst signal
with the 7D14. (The same measurement
can also be made with the 7D15.) Note
that the burst signal from the T.V. sig-
nal generator is connected to both the
713114 for measurement and to the ver-
tical amplifier for d isp lay on the CRT.
Th e co u nter measurement i n terval
gate is connected from the 7D14 MON-
ITOR/EXIT GATE connector to the
vertical am p lifier for d isplay on the CRT.
The delayed sweep gate is used in th is
measu rement to trigger the counter,
and th us the Delay Time Mu ltip lier . de-
termines the point where the frequency
measurement begi ns.

Th e 7D14 front-panel decade divide
buttons select the measurement inter-
val for th is measurement. The selected
measurement i nterval must be shorter
than the burst time, or α consistently
lower frequency reading will occur.
Since 1 ms is the shortest measurement

CW
Signal

Burst

7Α19 i 7Α26 i 7D14 i 7 1392Α

I NPUT
ο

Fig . 13 . Equipment setup for frequency measurement.
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Fig . 14 . Equipment setup for measurement of burst frequency.
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interval, which can be selected on the
7D14, the burst to be measured must
be wider than 1 ms . The resol ution of

*he 7D14 using th e 1 ms interval is 1
kH z. Measurement resolution is thus
limited on lower frequency signals.

For this burst freq uen cy measurement,
the 1 ms MEASUREMENT I NTERVAL is
selected . The I NPUT SENSITIVITY is
set to 100 mVand theTRIGGER LEVEL/
SLOPE control is set to count on the
positive-going slope of each cycle with-
in the burst. F ig . 14 shows α bu rst fre-
quency measurement of 3.577 MHz. On
bursts of 10 ms or greater, the 10-ms
MEAS UREMENT I NTERVAL can be se-
lected to increase the resolution by α
factor of ten .

counting the number of cycles
or events in α burst
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Fig . 15 . Equipment setup for cou nting the number of cycles in α burst.
the 7D14 . Si nce the delayed sweep gate
is not α precision calibrated measure-
ment interval, οηΙγ t he actual count is

	

is d isplayed in the u pp er center of the

	

α measurement

	

fO 3114 cycles in α
" read out with no frequency units. Once

	

crt. The ±1 count ambiguity inherent

	

burst. The only limitation in making this
α stable d isplay is obtained, the Delay

	

in cou n ter measurements does not af-

	

measurement is that the minimum input
Time M ultiplier and the Variable Time/

	

fect the accuracy of this measu rement

	

cycle width to th e CH Α I NPUT is 10 ns,
Division controls are set to obtain α de-

	

if the counter gate is o pened and closed

	

and the gate input must be at least 500
layed sweep gate that encloses the

	

between bursts as shown . Fig . 17 shows

	

ns wi de.
burst to be measured . (N ote that this is
the opposite of the frequency measure-
ment.) Sin ce the delayed swee p gate is
d isplayed on the CRT along with the
Burst, the position and width of the
measurement interval can be set quick-
ly and accurately .

Wh en operating the 7D14 in α vertical
plug-in compartment of the oscillo-
scope, the output of the counter s h aper
can also be d isplayed (see F ig . 16) .
Simultaneo us viewin g of the 7D14 trig-
ger shaper output with the burst makes
it possible to adj ust the 7D14 TRIGGER
LEVEL control to count only those cy-
cles of the desired amplitude as shown.
The mainframe vertical mode switch
must be set to alternate or c hop to view

	

Fig . 16 . Display of counter shaper

	

Fig . 17. Display of 3114 cycle burst.
the trigger shaper output . As the TRIG-

	

output.
GER LEVEL control is ad j usted for
higher levels, the lower amp litude cy-
cles of the bu rst are not recognized
~by the 7D14 trigger circuit. The count



The oscilloscope delaying sweep time
base is α standard tool for measuring
the time delay between events and for
making delayed sweep measurements .
Trigger jitter an d th e 1%ο accuracy of
the delaying sweep ramp , however,
often limit the usefulness of this analog
type delay . These problems become
critical when working with d igital logic,
com puter peripherals, PCM telemetry,
radar, sonar, shock tube testing, or de-
lay line measurements, where low f it-
ter, precision time delays are req uired .
The Tektronix 7D11 Digital Delay and
7D10 Digital Delay units provide solu-
tions to these problems of accuracy and
jitter .

At first glance the operation of the 7D11
Digital Delay may seem com plicated,
but it actually performs the same func-
tion as the oscillosco pe analog delay .
In the 7D11 α p recise clock an d high
resol ution counter have been su bsti-
tuted for the delaying sweep ram p and
Delay Time M ulti p lier control, which
provides the delay time i n an oscillo-
scope. T he 7D11 has two modes of
operation, delay-by-time and de lay-by-
events, selected with front p anel push
buttons . The delay-by-timemode dupli-

cates the function of the oscillosco pe
delaying sweep time base, but with
much greater accuracy th an is possible
with analog delay . The delay-by-events
mode allows you to delay the sweep for
α specific n umber of counts or cloc k
pulses . (The 7D10 is similar to the 7D11
except that it p rovides only the delay-
by-events mode .)

1η the delay-by-time mode (see Fig . 18),
the 7D11 receives α trigger through the
front-panel ΕΧΤ TRIG IN connector,
which signals it to start counting t he
h igh ly accurate internal clock. At t he
en d of α selected delay time, α delayed
trigger signal is delivered both to the
front-panel DLY'D TRIG OUT con n ector
and i nternally to the mainframe, where
it can be routed directly to the time
base using the mainframe trigger selec-
tion p ush buttons.

2Α DIGITAL DELAY
MEASUREMENTS

digital delay

Τ�

R�

Delaye d Trigger

Ι

Delaye d Trigger
Ι

Events

7D11

Delay Time

Fig. 18. 7D11 DIGITAL DELAY operating in delay-by-time mode.
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Fig . 19 . 7D11 DIGITAL D ELAY operating in delay-by-events mode.



The delay time is selected with the
front panel DELAY TIME OR EVENTS

d F I NE DELAY controls . For conve-
J

n
ence, th e setting of the DELAY TIME

OR EVENTS control is displayed on the
oscilloscope crt readout.

The 7D11 internal cloc k provi des an
acc u racy of --2 ns (0.5 ppm), wh ich is

	

Τ
much more accurate than can be ob-
tained from an analog delayed sweep
time base . If accuracy greater th an 0.5
ppm is req uired , the 7D11 delay-by-

	

RP Ι
time clock can be referenced to an ex-
ternal 1- MHz timing sta n d ard i nput

	

Ι
th rough the ΕΧΤ 1 ΜΗΖ IN connector.

	

Delayed TriggerJ itter with the d igital delay is red uced
to less tha n 2.2 ns for d elay times as

	

Ι
lon g as 22 ms .

1η the delay-by-events m ode (see Fig .

	

Ί---

	

Delay Time

	

-j,
19), the 7D10 or 7D11 counts trigger
events from an extern al source, either
periodic or aperiod ic, and generates α
delayed trigger once α preselected
co unt has been reached . Two signals
are req uired to operate the 7D10 or
7D11 in the delay-by-events mode . One
signal is in put throug h the ΕΧΤ TRIG IN

	

Fig . 20 . Radar pulse timing measurement.
connector an d p rovi des t h e events to
be cou n ted . The other signal is in put
throug h th e EVENTS START TRIG ΙΝ ,-------------
. onnector and tells the delay u nit when
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Testing α radar system is one exam ple
delivered to both the DLY'D TRIG OUT

	

fixed time d elay . Timing signal j itter has

	

of how more accurate measurements
connector an d i n ternally to the main-

	

no effect on the d isplay.

	

can be made with α d igital delay unit .
frame. The events count, which is d is-

	

The measurement of the d elay time be-
played on the crt readout, can be set to

	

With delay-by-events you have t h e
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any number from 1 to 10 million .

	

added convenience of being able to
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υαΙΙγ counting cloc k pulses οη the crt

	

for this type of measurement (see F ig .the sign al b eing used to trigger the d isplay.

	

20). Το make this measurement, thed elay is unstable . Speed variations in
α rotation d isk memory, for example,

	

transmitter pulse is used to trigger the

cause typ ical d is k timing signals li ke

	

7D11 . The 7D11 delayed trigger output
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using either analog or d igital time d e-

	

echo pulse . Coincidence between the
Ιαγ, where the sweep is delayed by α

	

two pulses is obtained by ad j usting the
fixed amount of time, this j itter causes
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Before making this measurement, the
oscilloscope and the delay unit must be
calibrated . Fig . 21 shows the equi p-
ment setu p and waveforms for cali b rat-
ing t h is rad ar p u lse measurement
system . Initial system calibration is
required because the 7D11 and the
oscilloscope time base plug-in have
inde pendent trigger level controls . For
maximum measurement accuracy, both
p lug-ins must be set to trigger on the
same level and slope.
For th e most acc urate meas u rements,
α time mark generator with α 500-ns
time marker should be used for cali-
bration . Τ-connect the time mark gen-
erator outp ut to both the 7D11 ΕΧΤ
TRIG IN connector and CH 1 of the
dual-trace vertical amp lifier, then con-
nect th e 7D11 DLY'D TRIG OUT to CH 2
of the vertical amp lifier . Set the vertical
amp lifier trigger source switch to CH 2,
and the mainframe vertical mode, left
and trigger source, left . Select α 500-ns
delay (0.0005 ms) with the 7D11 DELAY
TIME OR EVENTS control, and set the
FI NE DELAY control to zero . After set-
ting the time base trigger level for α
stable d isplay, adju st the 7D11 TRIG-
GER LEVEL control for exact overlay
of the 0.5 μs time mark and the 7D11
delayed trigger output pulse as shown
in F ig . 21 . The system is now cali brated .
Th e 7D11 an d time base TRIGGER
LEVEL controls must not be read j usted
th roughout the remainder of the mea-
surement .
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Time Mark
Generator
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Fig . 21 . Equipment setup for initial calibration using α time mark generator.

If α time mark gen erator is not avail-
able, the method s h own in Fig . 22
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Fig . 22. Alternate method of system calibration using the radar transmission puls~

calibrated . Again, the 7D11 and time
base TRIGGER LEVEL controls must
not be read j usted th ro ughout the re-
mainder of the measurement.



The accuracy of the radar pulse mea-
su rement when using the cali bration

thod shown in Fig. 21 is 2 ns. U sing
1W

e
methOd shown i n Fig . 22 yields an

accuracy of 5 ns or less depen ding on
the accuracy of t he a nalog sweep
ramp .
W it h the system cali brated , the time
difference between the transmitter pulse
(Τ) and th e ec ho pulse (R) can now
be measured with the result d isplayed
on the crt readout. Fig . 23 s h ows the
equipment connected for the actual
radar pulse measurement. Connect the
transmitter pulse to the 7D11 ΕΧΤ TRIG
IN connector, the ec ho pulse to CH 1
of the vertical amp lifier, and set the
vertical am p lifier trigger source for
CH 2. The 7D11's DLY'D TRIG OUT
pu lse is now triggering the system . Th e
display is now α calibrated , movable
time window controlled by the 7D11
DELAY TIME OR EVENTS control. The
7D11 DLY'D TRIG OUT pulse is the
measurement reference point on the
display.

Ad ju st t he 7D11

	

DELAY TIME OR

	

Fig, 23. Equipment setup for radar pulse delay time measurement.
EVENTS knob to move the echo pulse
to coincide with the leading edge of
the DLY'D TRIG OUT pulse . Use slower
wee p speeds at first, then as the wave
forms get nearer, switch to faster

	

10 μs
sweep speeds for better resolution.
When the echo pulse is with in 100 ns
of the risi ng portion of the DLY'D TRIG

	

1 μS
OUT p ulse, use the 7D11 F INE DELAY

	

Ι

	

7D11 Ι
dial to align the two pulses (as shown

	

Display ,litte r
Ι vs . Ιin Fig . 26) . When aligned , the actual

	

1 ρ0

	

Delay Timeηsdelay time between transmitter and
ec ho pulses is th e su m of the crt read-
out plus the F INE DELAY setti ng . For

	

10 nsthis illustration , the 0.0051 ms crt read-

	

22
out and 75 ns F INE DELAY readout

	

ms
give α total delay of 0.005175 ms . The

	

2.2 n s
accuracy of the measurement is with in

	

1 ns
the 7D11 specified accuracy of 2 ns.

	

10 μs

	

100 μs

	

1 ms

	

10 ms

	

100 ms

	

1 s

	

10S

	

100S
The same measurement made with the
analog d elayed swee p , yields an error

	

DELAY TIME
of app roximately 40 ns .

To determine the amount of j itter that
will appear on the display, use the chart
i n Fig . 24 . For the a bove measurement
of 0.005175 ms, the d isplay j itter is
less than 2.2 ns . Th is jitter is not notice-
able since the sweep speed is 5 ns/
DIV. T h is display j itter is also 20 times
better than can be obtai ned with an alog
gΙαγ.

Radar

7Α26

	

713111
Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . ALT

	

Delay Time . . . . . .

	

Set Delayed Trigger Out
Trigger Source . . . . . . . . . . . . . . . . . . . . . . . ςΗ 2

	

to be Coincident with R
Ρ

F ig . 24 . Chart of 7D11 jitter vs delay time.

(R) i

	

ιιδΗ 2 ΙΝ , ? 0 ο

σ

5000

7Α26 Ι 7D11 Ι 71353Α

I GH 1

	

Ι

	

DLY'D ITRIG

ααοσs+

	

s+υ ; :

	

) ΙΙΙΙΙ~

OUT
ΕΧΤ TRIG



An internal switch lets you set the 7D11
to indicate h alf t he actual delay time .
Th is mode is convenie nt for radar rang-
ing or TD R measurements w h ere you
are i nterested in "one-way trip" times .

For better visi b ility of very low rep-rate
pulses, use the 7D11 with α 7633 or
7613 storage oscillosco pe in the vari-
able persistence mod e . T h e storage
controls are set so th at the crt will "in-
tegrate up" the fast-rise low-rep-rate
pulses .

Radar ran gi ng and radar altimeter time
d elay measurements are only two ex-
amp les of applications for the 7D11
Digital Delay P lug-in, where accurate
timing measurements are necessary .

2C DELAY-BY-EVENTS
MEASUREMENTS

Looking at the data lines of α d isk mem-
ory is one example of t h e usefulness of
d elay-by-eve nts . Fig . 25 shows t h e
equi pment set up to look at α data li ne
from α flo ppy disk . The 7D10 is used in
this example .

The sector signal is used to start the
count an d the clock signal is used for
th e even ts co u nt . The cloc k signal is
also d isp layed on the crt along with
the data train . Wit h the mainframe trig-
ger selector set to right vertical, the
d elayed trigger from the 7D10 is routed
internally to the time base .

Th ree trigger adjustments must be
made in order to obtain α stable dis-
play . The 7D10 EVENTS START TR IG-
G ER control must be set to trigger on
th e sector pulse ; t h e TRIGG ER control
must be set to trigger on the clock
pulse ; and the time base must be set
to trigger on the delayed trigger out .

To observe α particular event, once α
stable d is p lay h as been obtained ,
merely set the EVENTS CO UNT co ntrol
for α particular count. The count dis-
played on th e crt reado ut corresponds
to the first cloc k p ulse d is played on the
left of the crt . In t he exam ple in F ig . 25,
it is believed th at α glitch is occurri n g
on or near the 82nd clock cycle of the
disk . The 7D10 is set for 82 an d the
82nd d ata pulse is disp layed . Α glitch
is indeed p resent .

F lo p py
Disk

71370
T r igge r Slo p e . . . . . . . . . . . . . . . . . . . . . . . . . . +
T r igge r Coupling . . . . . . . . . . . . . . . . . . . . . . AC

	

7Β80
T r igge r Sour ce . . . . . . . . . . . . . . . . . . . . . . . ΕΧΤ

	

Tr igge r Slo p e . . . . . . . . . . . . . . . . . . . . . . . . . . +
Eve n ts Trigger Sta r t . . . . . . . . . . . . . . . . . . . +

	

Trigge r M o d e . . . . . . . . . . . . . . . . . .

	

Ρ - Ρ AUTO
Β Sweep Dis play Mo d . . . . . . . . . . . . . . . . I N D

	

Trigger Coupli n g . . . . . . . . . . . . . . . . . . . . . . AC
T r igge r Source . . . . . . . . . . . . . . . . . . . . . . . . ΙΝΤ

7Α26
Display Mode . . . . . . . . . . . . . . . . . . . . . . C HO P

	

7603
T r igge r So ur ce . . . . . . . . . . . . . . . . . . . . . MODE

	

Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . LEFT
CH 2 Pola r ity . . . . . . . . . . . . . . . . . . . . . . . + UP

	

Trigge r So u rce

	

. . . . . . . . . . . RIGHT VERTICAL

Fig . 25 . Equipment setup for floppy disk monitoring .

Delay-by-events is α significant im-
provemen t over using absol ute time
delay, whenever you are observing α
signal whose repetition rate is aper ί -
odic or contains cycle-to-cycle varia-
tions li ke flutter, wow, line surges, or
data skew . The Tektronix 7D12 Α/D Converter
Another useful a pp lication of the 7D10

	

and the 7D13 Digital Multimeter plug-
or 7D11 is in con j unction with α logic

	

ins (see Fig . 26), take advantage of the
analyzer, such as the Tektron ix 7D01 .

	

7000-Series crt readout to give you
Because of the h igh cost of semicon-

	

both sign al and do measurement capa-
d uctor memory, logic analyzers have α

	

bility in one mainframe .
limite d measurement window, an d thus

	

The 7D13 is α typical m ultimeter, w h ich
rely on devices li ke word recognizers

	

measures do voltage, do current and
an d delay units to provi de sufficient

	

resistan ce . It also h as α uni que feature
trigger selectivity to capture the de-

	

of built-in temperature measurement
sired even t . When using α 7D10 or

	

capability .
7D11 (in the delay-by-events mode) in
conjunction wit h α 7D01, you can

	

The 7D12 p rovi des α mod ular app roac h

easilv move the loaic analvzer memorv

	

to DVM measurements . The Μ 1 M ulti-

wi ndow bac k and forth along α digital
waveform such as α data train to look
at the data coinci den t with specific
cloc k pulses .

Data

σ
Clock `~-

Frame

_~
ί_ ι

	

i

_
-

	

rι-Ϊ.~_

ιι ®

EVENTS START
ΕΧΤ TR IG T R IG IN

	

Ι

3Α AMPLITUD E
AND VO LTAG E
MEASUREMENTS

function Module p rovides do voltage,
resistance, and temperature measure-
ment capability ; the Μ2 Sam ple/ Hold
Module measures the voltage ampli-
tude of α sampled signal and displays
the meas u rement on the crt readout ;
the Μ3 Volts Mod ule measures true
RMS voltage.



3Β SAMPLE/HO LD
AND TRUE RM S
MEASUREMENTS
WITH THE 7D12/M2
AND 7D12/M3

Th e accuracy of an amp litu de meas u re-
ment made with an oscilloscope varies
from 2% for full display amp litude
measurements to 10% or greater when
using only one or two divisions of the
d isp lay. T h is accuracy is often n ot suf-
ficient, when looking at you r power sup-
p ly circuits, operational am p lifiers, or
com ponents li ke SCRs or Α/D con-
vertors .

The 7D12/M2 Sample/Hol d unit offers
an easy-to-use solution to the problem
of maki ng accurate meas u rements with
the oscilloscope. W it h th e 7D12/M2,
the resolution of the measurement is
ind ependent of the display amp litude.
An accurate measurement can th us be
made without magnifying the d isplay
beyon d th e li near limits of the am p li-
fier . Point-to-ground or point-to-point
amp litude measurements of complex
waveforms, wh ich can not be resolved
visually, can now be resolved d igitally.

The measurement of SCR switching
levels is one example of how the 7D12/
Μ2 can be used to make accu rate am-
p litu de measu rements . The true RMS
voltage of the SCR signal can also be
measured by substituting the Μ3 RMS
Volts Module for the Μ2 module .

F ig . 27 shows the 7D12/M2 set-up for
measuring SC R voltages . The SCR is
bei ng used in α light control circuit .
The oscilloscope d elaye d sweep gate
is used to trigger the Μ2 samp le an d
hold circuit . The delayed sweep gate is
α convenient measurement gating sig-
nal because the position and width of
the delayed sweep gate can be set
using the time base Delay Time M ulti-
p lier and t he variable Time/Div con-
trol . Other gate signal sources can also
be used . The 7D12/M2 d isplays both
th e signal being measured and the gate
signal . The display of the gate sign al
makes it easy for you to position the
measurement point to the exact posi-
tion on the waveform where you wish
to measure α voltage.

Fig . 26 . The 7D13 Digital Multimeter and 7D12 Α/D Converter with Μ1 Multifunc-
tion Module, Μ2 Sample/Hold Modu le, and Μ3 RMS Volts Module.

SC R
Light Control P6055

	

INPUT

Ci rcuit

7D12 Ι 7Α18 Ι 7Β53Α
Μ 2 Q ΕΧΤ TRIG

Ι IN

7D12/M2

	

Manfr ame

Ve rtical Display

	

Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . . Left. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 5Χ

	

Trigger So urce . . . . . . . . . . . . . . . . . . . . . . . LeftTriggeri ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . E xt
Gate Display . . . . . . . . . . . . . . . . . . . . . . . . . . On

	

Time BaseMode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S1

	

Mai n Time/Div . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coup ling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DC

	

Dly Time/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V

	

Trigge ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fig . 27. Equipment setup for measurement of SCR voltages .

7603

DLY'D TR IG

ο 0 .~

Delayed Swee p
Gate F rom
Time Base



Fig . 28. (Α) Measurement of base volt-

	

Fig . 28 . ( Β) Measurement of peak volt-

	

Fig . 29 . Measurement of voltage be-
age level.

	

age.

	

tween two sample points .

The voltage from the sample point on
the waveform to ground is d isplayed on
the upper left corner of the crt . F ig . 28Α
shows the do level (1 .0 V) measured
j ust before the SCR switches ; Fig . 28Β
is α measurement of t h e peak amp li-
tude (+169.8 V) of the waveform . Both
measurements are made by positioning
the delayed swee p gate rise to the de-
sired sam ple poi nt on the waveform
with the Delay Time Multip lier . In the
S1 mode voltage measuremen ts of
±200 volts can be measured .

In the S2-S1 mode of the Μ2 mod ule
(see Fig . 29), two sam ples are taken,
one at the leading edge of the delayed
sweep gate and one at the falling edge .
T h e difference between the two sample
levels is displayed on the crt readout .
Th is mode permits voltage d ifference
measu rements up to α maximum of 200
volts with the Ρ6055 10Χ probe with α
resol u tion of 100 mV.

20

-50Υ

INPUT Ι
H IGH COM

7603

7D12 7Α18 7Β53Α
Μ3

7D12/M3

	

Mai n fr ame
Ve rtical Dis p lay . . . . . . . . . . . . . . . . . . . . . . . . 5Χ

	

"~rt ίοα 1 Mo de

	

Left. .

	

. . .The Ρ6055 10Χ probe used in this αρ -

	

Tr igge ri n g . . . . . . . . . . . . . . . . . . . . . . . . . . . Auto

	

Trigger source . . . . . . . . . . . . . . . . . . . . . Left
Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 Vplication is do ad j ustable within the

	

Gate Display . . : . . . . . . . . . . . . . . . . . . . . . . . Off

	

Time Base
robe . Accuracy is not sacrificed as

	

νert Dis p lay Atte n . . . . . . . . . . . . . . . . . . . . . Χ1

	

Time/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .probe. Accuracy

	

Coup li ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AC

	

Triggeri n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

long as the p robe is properly adjusted .
Wh en the probe is connected to the Μ2

	

Fig. 30 . Equi pment setup for measurement of SCR RMS voltage.
inp ut, scale factor information is auto-
matically corrected . Without the probe,
resolutions of 10 mV and 1 mV are

	

Fig . 30 shows the setup for measuring

	

signal bei ng measured . The accuracy
possible on the 20 V and 2 V ranges

	

the true RM S value of the SC R wave-

	

of the Μ3 module is within 0.25% be-
respectively . Accuracy is 0.5% or bet-

	

form using the 7D12/M3 RMS Volts

	

tween 40 Hz and 4 kHz, and within
ter ±1 count on αΙΙ ranges with or with-

	

Mod ule. The measurement i n th is case

	

0.5% between 4 kHz and 100 kHz up
out the p robe .

	

is 93.0 volts RMS. The Μ3 mod ule in-

	

to α crest factor of 5.
puts are isolated from the d isplay am-
p lifier, whic h permits you to view the

"Crest factor is the ratio of the peak voltage
to the RMS voltage.



4 TEMPERATURE
MEASUREMENTS

One of the most common causes of lC
or transistor failure is overheating . Α
typical method of checking the effect
of heat on α circuit is to put the circuit
in α heat c h amber, raise the tempera-
ture to the maximum ambient tempera-
ture that the circuit was designed to
withstand , and wait for failures .
Another method of chec k ing for com-
ponent heat fail ures is with the Ρ6058
voltage/temperature probe along with
the 7D12/M1 M ultifunction unit or th e
7D13 Digital Multimeter (see Fig . 31).
The Ρ6058 is α comb ination do voltage
and temperature meas u ring d evice.
The temperature sensing element con-
sists of α transistor installed in α ti p
that p l ugs into the end of the p robe
body. This probe can be used to mea-
sure both am bient an d case tempera-
tures up to +150`C . This temperature
measurement is d isplayed on the crt
readout.

th e flat surface of the probe ti p to the
actual device. The case temperature
can be measured even if the case is at
α voltage level above or below ground .
The temperature probe ti p is isolated
from voltages up to 250 V .

The tem perature p robe can also be
used to h el p determine th e correct size
of α heat sink for α p articular device, or
for general insp ection of α circuit
board for hot spots. The settling time of
the probe allows you to chec k all the
com ponents on even α large circuit

Fig . 31 . Temperature measurement for

	

board in α few mi nutes .
component heat failures .

If α temperature c h amber is not avail-
able, or if you merely wish to make α
quick check of the effect of tempera-
tures up to +150"C, simu late the h eat
chamber with α heat gun. Α piece of
card board might be used to isolate
particular components or parts of the
circuit board . To measure the am bient
tem perature, h ol d the probe tip in the
vicinity of thecom ponent to be checked
without touc hin g the component. To
measure the case tem perature, touch



Digital Application Notes
Use the attac h ed rep ly card to request any of the appli-
cation notes listed below.

Measuring time Interval Between Νοη-Ad jacent Dίg ί tα 1

	

Measuring D ίsc DϊΊVV AccessT;-.and Access Voltages
Word Train Pulses or M ulti-Echo Radar Pulses.

	

with Tektronix 7000-Series Digital Plug-ins.
This app lication n ote descri bes how the 7D15 Time-

	

This application note demonstrates how the 7D12/M2
Interval plug-in in α 7000-Series M ainframe p rovi des the

	

Samp le/Hold Mo dule makes voltage measu rements on
ability to make selective d igital time-interval measure-

	

any portion of α waveform accu rately with d igital reso-
ments from any repetitive or non-repetitive pulse . It also

	

l ution to 1 mV. It also d escribes how the time between
describes how this combi nation can make time-interval

	

two points on α waveform can be accurately determine d
measurements between non-adjacent pulses with out

	

using the 7D15 225 MHz Un iversal Counter/Timer .
sacrificing d igital counter accuracy .

	

SCR Gating Waveform Measurements with H igh Reso-
Counting Events i n α Burst and M easuring Burst Fre-

	

lution Digital Accuracy.
quency .

	

This application note d emonstrates how you can mea-
Α procedure shows you how the 7D14, 525 MHz h ig h-

	

sure any point on waveforms up to 220V ρ-ρ with 100 mV
frequency counter can be used to measure the fre-

	

resolution an d better th an 0.5% accuracy using the
quency or events on any part of α waveform . Α delayed

	

7D12/M2 Samp le/Hold DVM. It also describes how this
gate is used to isolate the portion of the waveform to

	

is an excellent means to accurately measure the voltages
be measured .

	

of α waveform and avoi d the difficulties of sampling

Digital Delay in an Oscilloscope Makes Your Radar

	

oscilloscopes and overd rive recovery problems of ver-

Pulse Time Delay Measurements Quic ker, Easier and

	

tical am p lifiers .

More Accurate .

	

Why Use Digital Events in Your Measurement Applica-
This app lication note describes how to easily make delay

	

tions.
time meas urements to within 2 ns accuracy using the

	

Th is app lication note demonstrates how the 7D11 Digital
7D11 Digital Delay Unit .

	

Delay Unit gives you stable displays, eliminates trigger

M easuring M emory Core 1/Ο Signals with Digital

	

ambiguity and accurately determines wh ic h clock p ulse

Accuracy.

	

is on screen . For examp le, you would be able to tell if

T his application note d escribes how the 7D12/M2

	

you were on th e 1st cloc k pulse, the 129th clock pulse

Sample/Hold Module is used to make amp litu de mea-

	

or any clock pulse to 107.

su rements on any poi nt on α waveform with accu racies
better th an 0.5% . It also demonstrates how th e time
between two points on α waveform can be measured
with digital accuracy usi ng the 7D15 225 MHz Universal
Counter/Timer Plug-in .
22
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