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The purpose 0' this booklet ... 

... is to familiarize you with the Tek
tronix 7000 Series digital plug-in units. 
and to show you how they can make 
your oscilloscope a more versatile. ac-

' 

curate and easy to use measurement 
tool. The booklet is divided' into four 
sections: Timing and Frequency Mea
surements. Digital Delay Measure
m e n ts, Am p l i t u d e  and , Voltage 
Measurements, and Temperature 
Measurements, with a helpful cross
index of applications and digital plug
in units, 

Each section provides a brief descrip
tion of the features and operation of the 
related plug-ins, and some applications 
to help Illustrate the full m�asurement 
possibilities that these plug-ins offer. 

This booklet will be updated periodical
ly with new applications and other in
formation to help you make fuller use of 
your digital plug-ins. 
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The oscilloscope is a popular, time 
proven electronic measurement tool. Its 
bandwidth, sensitivity, and the interpre
tive power inherent in its visual display 
make It an unparalleled device for ac
quiring and displaying electronic sig
nals. Yet with its many irreplaceable 
qualities, the oscilloscope typically can
not compare with a digital instrument 
such as a DVM or a digital counter for 
accuracy or resolution. 
The plug-in compartments in the Tek
tronix 7000 Series mainframes and the 
availability of crt readout. offer a con
venient method of adding true digital 
measurement capability to your oscillo
scope. The Tektronix 7000 Series offers 
a full complement of digital measure
ment plug-ins. The units include a coun
ter, universal counter/timer, two digital 
delays, multi meter, sample and hold 
DVM, and RMS voltmeter. 

Including one or more digital plug-ins 
in your 7000 Series oscilloscope system 
provides you with the added accuracy 
and resolution of a digital instrument 
It also opens the door to a nL<mber of 
measurements that cannot be made 
with either an oscilloscope or a digital 
measurement instrument alone. 



Crt Readout Calibration Standard 

Bright Traces 

large No Parallax "" 
Illuminated Graticules 

" 
Easy Display Selection 

Convenient Camera 
Mountings And 
Connections 

Plug-in Flexibility 

The 7000 Series ... more than an oscilloscope 
This is more true today than ever. The 
7000 Ser ies  con tin ues  to of fer  un 
matched v a l u e  i n  o s c i l l o s c o p e s
super ior  per forman ce ,  w i d e-ran g ing  
f lexib i l i ty  and a stron g  commitmen t to  
your future needs. 

With this fami ly of e ight  osci ll oscope 
mainf rames, you can put together a 
h igh-per formance l a b o ratory instru
ment package based on you r measure
men t needs. 

• B andwidths range from �5to  500 MHz. 
• D i s p l a y  m o d e s  in cl u d e  n o rma l  or 

three types of storage, b ist able and 
fast mesh tran sfer, both developed by 
Tektron ix ,  as well as variable persist
en ce. The fast transfer technique, 
which makes mu l t imode storage pos
s ib le ,  provides the fastest wr i t in g 
rates avai lable today. 

• Si n gl e  or dual beam models are avail
able: the dua l  beam capabi l i ty fea
tures 400 MHz ban dwidth with f u l l  
scan overlap. 

With over 35 compatibl e pl ug-in s to 
ch oose from. you can con f igure a f lexi
b l e  scope package around your dig i tal  
a p p l i c a ti on ; 7000-seri es m a i nf rames 
accept th ree  or  four p lug- in s: 

• Dig i ta l  p lug- in s . . .  Opt  for un ique 
and accurate so lut ions to complex 
measuremen t problems. 

• Vert ical  ampl ifiers . • .  Select your 
system ban dwidth ,  number of input  
c h ann e ls ,  vert ica l  sens i tiv i ty ,  i nput 
impedan ce,  an d s in g le  or differentia l  
inputs. 

• Time bases . . .  C hoose sweep speed, 
s ing le or d ual sweep, an d n ow de l ta  
t ime capabil i ty.  

A lso, 
• Sampl ing and T D R  plug-in s . . . Choose 

s in g le  or  dual chann el sampl ing plu s  
t ime  domain ref lectometry. 

• Special-purpose p lug- ins . . .  Sel ect 
logic an alyz ers, and curve tracers. 
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Pick The Trigger Source 

The 7000-8eries commitment to supe

rior performance and wide-ranging flex
ibility merges digital accuracy with 
analog interpretation. Your timing, 
frequency, voltage, amplitude, digital 
delay or temperature measurement is 
digitally read out directly on the crt. 
This means a 7000-Series Plug-in Oscil
loscope offers you an easy and accu
rate way to handle your digital applica

tions. 



I NTRODUCTION 

more measurement 
capabil ity 

Time and Frequency. With our un iversal  
count er/t im er you can visual ly select 
counter start an d stop points on your 
waveform to m easure pu lse per iod, 
pu lse  w id th, or m ore com plex param e
ters l ike r iset im e, the  t im e between non 
adjacen t even ts, o r  the frequen cy of a 
gated burst .  Two exam ples of vi sual ly 
selected m eas urem ents that you can 
m ak e  are the t im e  between the first an d 
eighth pulse in a data t r a in or th e w id th 
o f  a pulse that o c c u r s  i n  the  m i dd le  of 
a con trol  sequen ce. Both o u r  coun ters 
provide gate display s  of  their  m easure
m ent intervals ,  wh ich  can be displayed 
on the crt to reduce errors in t r igger  
level adjustm en ts ,  an d m ak e  i t  easier  
for you to see exactly what  m easure
m en t  you are m akin g.  You can also 
m ake s ing le-shot m easurem ents with 
both counters. You m ight ,  for  exam pie ,  
,m easure the width of a n oise spik e in  a 
c o n t r o l  s e q u en c e  t o  d e t e rm in e th e 
am oun t o f  f i l ter in g n eeded in a c i rcu i t .  

Digital Delay. Both of our  de lay un i ts  
provide de lay-by-events, which a l lows 
you to delay your  osci l loscope' s  t ime 
base by an exact n um ber of  events or  
c lock pulses.  Th is  type of de lay el im i 
nates any In heren t  system j i t te r  d u e  t o  
m echanical  f luctuat ions and a l s o  a l lows 
you to eas i ly exam in e data t ra in s bit  by 
bit .  A very accurate t im e delay i s  also 
avai lab le for work in d ig it a l  logic,  radar 
an d son ar.  

Voltage and Amplitude. We also pro
v ide two d ig i tal m ul t im eters, a t rue RMS 
voltm eter, and sam ple an d ho ld m eas
urem en t capab i l ity. The sam ple and 
ho ld plug- in a l lows you to visual ly se
lect  any poin t on your waveform an d 
accurately m easure i ts voltage with re
spect to ground, o r  m easure the  voltage 
differen ce between any two points on 
th e waveform . With th is  u n i t  you can 
m easure voltage levels in core m em ory 
an d pu lse am pl i tudes in logi c or  con trol 
,c i rc u i ts .  

Temperature. Our two muftim eter un i ts  
a lso m easur e  tem perature. With a spe
c ia l  voltage insu lated probe you can 
m easure th e tem perature of  sem icon
ductor dev ices un der  test ,  double check 
your heat s ink ca lcu lat ion s, or qu ick ly 
troubl eshoot a d igit a l  log ic  board. 

easy to use 

Tek tron ix h as lon g recognized the con 
venience an d ease of operat ion af
forded by crt  readout of scale factors, 
test dates, test n um bers,  and other per
t in en t test data.  The d ig i ta l  p l u g- ins 
give you th e furth er con venien ce of  th e 
speed, repeatabi l i ty, and prec is ion of 
d ig i ta l  m easurem en ts, w i th  the m ea
surem en t results d isplayed on the crt. 
In d iv idual  d ig i ta l  p lug- ins  provide other  
t i m e  sav in g f e a tU r e s. Th e un i v e r s al 
coun ter/t im er, f o r  exam ple,  offers f in 
ger  t ip  se lect ion of frequen cy, pu lse 
per iod, pu lse wi dth an d t ime in ter val 
m easurem en ts. Visual d isp lay of the  
gate waveform s le ts  you  set up  m ea
surem en ts qu ick ly and precisely ,  

more accuracy 

The basic  am p l i tude an d t ime interval 
m easurem ent accuracy of th e con ven 
t iona l  osci l loscope is 3% . Delay t im e 
m easurem ents can be m ade at accu
racies up t o  1 % ,  The 7000 Ser ies d ig i ta l  
p l u g - ins provide great  im provem en t i n  
thi s bas ic  accuracy.  Th e 7D12/M2 Sam
ple/Ho ld  DVM,  for exam ple,  gives you 
d i rect am pl i tude m easurem en ts at ac
curacies approachin g 0. 25% , w h i l e  th e 
7015 U n iversal Coun ter m easures t im e 
i nterval s wi th  up to 0.0001 % accuracy,  
Th e 7011 D ig i ta l  Delay provides delay 
t im e accurac ies up to 0 .0000 1 % .  
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1A TI M IN G  AND 
FREQUEN CY 

The 7 0 1 4  D ig it a l Cou nter and t he 7 0 1 5  
Universal Cou nter/T imer  g ive you t he 
k ind of versatility that lets you so lve 
t oday's measurement problems as wel l 
as t omorrow's.  By combin ing one of  
these cou nters wit h  any 7000 -Series 
osci l loscope,  you obt ain  gre ater  flexi

bility and accuracy t han is possib le wit h 
eit he r an o s c i l l o s c o pe or  a c o u nt e r  
a lone .  T he cou nter g ives you digital 

accuracy and resolution, w h i le t he os
c i l l oscope lets you see what t he cou n
ter is  t r igger ing on. T he visu al  display 
redu ces errors, speeds up measu re
ment t ime, and  a l lows you to m a ke a 
greater var iet y of measu rements. This 
combinat ion a lso makes possib le t he 
u n ique feat u re of osci lloscope con
trolled t r igger arming .  Wit h  t rigger arm
ing you can visually select specific time 
intervals for measu rement wit h in a re
pet it i ve or non-repet it ive pu lse t ra in .  
C o u nt e r / o s c i l l o s c o pe m e a s u r e m e nt 
systems have proved inva lu ab le t o  en
g ineers and designers in d ig ita l  e lec
t ronics,  computer e lect ron ics ,  indu st r ia l  
cont ro ls ,  commu nicat ions and  many 
ot her f ie lds .  

Bot h  t he 7014 and 7 0 1 5  measu re fre
quency and events, mak ing  t hem in
valu able t ools when working w it h  CW 
or  frequency burst signals.  T he 7 0 1 4  
measu res frequency d i re ct ly  t o  525 
MHz; the 7 0 1 5  measu res frequency up 
to 225 MHz. 

The 7 0 1 5  can also provide you w it h  
t im ing  measu rement s wit h  a h igh  de
gree of accu racy (0 .5  ppm) and resolu 
t ion.  A s i m p le t ou ch of a button selects 
t he measu rement requ ire d, such as 
period, pulse width, o r  time interval. 
Usi ng t he de layed sweep of you r t i me 
base, you can externa l ly  arm t he t r igger 
c ircu it s  which a l lows you t o  visually 
select the time inter val you want mea
su red .  Now you can see if  you are fa lse 
t r iggering on no ise o r  even measu r ing 
t he wrong t ime interval .  

The 7014 Digita l Counter and the 7015 Universal Counter/Timer 

The fo l lowing section descri bes the 
purpose and operat ion of some of  t he 
basic cont rols on t he 7014 and  7015, 
t o  hel p you better u n derst and t he f u l l  
measu rement capabilit y o f  t he u nit s. 
Fo l lowing  t his Genera l  Operat ion sec
t ion is a ser ies of det a i le d  appl icat ions, 
which i l lu st r ate t he measu rement of  
bot h  t i me and  frequency parameters 
such as widt h ,  per iod ,  propagat ion de
lay ,  frequency, et c. Each appl icat ion 
inc lu des an equ ipment set u p  i l l ust ra
t ion and a cookbook t ype descript ion 
of  t he proper cont rol sett ings.  

general operation 

Triggering. The trigger selectivity of the 
7014 and 7015 contributes greatly to 
the measurement flexibility of these 

units. Both u nits provide osci l loscope 
type t r igger contr ols,  which a l low t he 
choice of AC or DC coup l ing ,  + o r  -
sl o pe ,  i nt e r n a l  or e xt e r n a l  t r i g ger 
sou rce, and adju st able t r igger leve l .  
These contro ls  are located in  t he green 
shaded areas of each pl u g-in.  To obt ain 
a tr igger s ignal ,  t he s ignal to be mea 
su re d  i s  generally  i nput  d irect ly  i nt o  t he 
cou nter  t hrou gh a f ront p a nel s i g n a l  i n
put conne ct or .  W it h  t he cou nter  i n  a 
horizonta l  p lug- in compart ment, how
ever , you can route a signal from a ver
t ical ampli fier p lug-in i nternal ly  throu gh 
t he o s c i l l o s c o pe m a i n f r a me t o  t he 
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cou nter .  The TRIG SOURCE pOsitions 
of t he IN PU T SENS (7014 )  and t he pop 
SENS ( 7 0 1 5) swit ches select th is  in ter
n al t r igger sou rce mode.  This si gnal  in
put method redu ces c i rcu it load ing  an d 
prov ides pre-condit ioning of t he i nput 
s igna l .  

T r igge r  level preset i s  al so ava i l ab le on 
bot h  u nit s. With  t he 7 0 1 4, the preset 
level  ca n be set w i t h  a f ront- panel 
screwdr iver adjust ment .  When t he 7 0 1 5  
TR I GGER LEVEL cont rols are set to 
PRESET, t he u n it aut omat ical ly  t r iggers 
at t he 0 volt leve l .  In t his poSit ion you 
can also set t he t r igger level exter nal ly  
( see t he fo l lowing discu ssi on). 

Trigger Level Jacks. The 7015 provides 

two front-panel TRI G LEVEL jacks. The 
vo lt age t hat appears at t hese jacks is  
proport ional to t he act u al volt age leve ls  
a t  wh ich  t he t r igger  circu it s  (A and B) 
h a ve been set to t r igger. T a b le 1 l i sts 
t he act u al t r igger level ranges of t he 
t r igger ci rcu it s  for t he t hree posit ions 
of  t he pop SENS c o nt r o ls  and t he 
c or re s p o n di n g  out put s at t he T R I G  
LE VEL jacks.  N ote t h at f o r  a l l  t h ree t r ig
ger level ranges, t he out put of t he T R I G  
LEVEL jacks i s  from -0 .5 V t o  + 0 . 5  V .  



For the 5 V an d 50 V ran ges, the T R I G  
LE VEL output i s  t h u s  proportion al to 
the actual t rigger level voltage. Usin g a 
DVM to mQnitor the voltage at on e of 
these jacks,  you can set the respective 
tr igger ci rcu i t  to t r igger  on an exact 
voltage level .  For example. if you wan t 
to set the A T R I G GER LE VEL to t r igger  
on the  +2 .5  V level o f  t h e  A in put  sig
n al. then measure + 025 V with a DVM 
at A TR IG  LE VE L OU TPU T. This also 
mean s that you n eed to be on the 1 P-P 
SEN S ran ge. Th is  feature is helpful  
when tryin g to measure a parameter I ike 
r iset ime o r  pu lse width,  where t r igger  
level i s  cr i t ica l .  

TRIGGER LEVEL RANGES 
p.p Trigger level TRIG LEVEL 

SENS Range Outpul 
0.1 -0.5 V 10 + 0.5 V -0.5 V to + 0.5 V 

1 -5 V to + 5V -0.5 V to +0.5 V 

10 -50 V to + 50 V - 0.5 V to + 0.5 V 

table 1 

When on e of t h e  TR IGGER LE VEL con 
trols is set  to P RESET,  the  tr igger  cir
cuit  automatical ly tri ggers on the 0 V 
level of the sign al .  In the PRESE T  posi
t ion, however. you can a lso set  the t r ig
ger level extern al ly ,  by i nput ing a volt
age level through the respective T R I G  
LE VE L j a ck.  A s  with the output voltage 
of the TR IG  LE VEL jack ,  the in put volt
age ran ge of the jacks is also -0 .5  V 
to + 0.5 V .  The sett in g  of the P-P SENS 
sw i tch  a g a in se ts  the t r i g g e r  l e v e l  
ran ge, an d you in p u t  a voltage that  is 
proportional to the desired t r igger  l evel 
voltage. For example ,  i f  a + 1 5  V t rigger 
level is  des ired, set the p.p SE N S  switch 
to 10 V (the 50 volt ran ge) an d apply a 
DC voltage of + 0. 15  V to the T R I G  
LEVEL jack .  

Selective Trigger Arming.  Another use
ful feature of the 7015 is the ability to 
externally arm the counter trigger cir
cuits .  Th is gives you extern al control 
of the measuremen t interval ,  but  more 
i m po r t an t ,  i t  a l l o w s  you t o  use t h e  

coun ter t o  m a k e  h ighly  accurate mea
suremen ts on selected portion s of  a 
repet i t ive or n on-repetit ive pu lse tra in . 
Few other coun ters offer this  feature. 

Since the coun ter i s  bein g used in an 
osc i l l oscope, the delayed sweep gate,  
which i s  readily  avai labl e from the t ime  
base, makes a very conven ien t extern al 
armin g s ign al for the coun ter.  The de
layed sweep gate i s  part icu lar ly  usefu l ,  
because both the width and the t ime  
posit ion (del ay) of  th is  gate can  b e  con
t ro l l ed  w i t h  t h e  t ime  base  T ime/Div is ion 
con tro ls an d the De lay  Time Mul tip l ier  
con tro l ,  respectivel y. The gate al so cor
respon ds to the  in tens i f ied zone that  i s  
seen o n  the C RT i n  the A Inten sif ied By 
B sweep mode. 

The armin g s ignal s are in put  in to the 
7015 through the A ARM an d B ARM 
conn ectors.  An armin g gate ampl i tude 
of  greater  t h an 0.5 V ( a  h igh) arms 
chann e l  A an d an ampl i tude of l ess than 
0.2 V (a l ow) arms chann el B. When 
chann el A i s  armed, the coun ter starts 
coun t in g as soon as the chan n el A tr ig
ger con di t ion s are met;  when chan n el 
B is armed,  t h e  coun ter stops coun t in g 
as soon as the chann el B t r igger  condi
t ion s are met .  

Puls e  Train 

Delayed Sweep Gate 
Applied to both 
A ARM and B ARM 

Pseudo Gate (Actual 
Time Interval 
Measured) 

/ Ch A is Armed 

I 
I 
I 
I 

I 
I 

Ch A Trigger 

I 
I 
I 

" 

Fi g. 1 shows an example of the mea
suremen t of the t i m e  between two n on
adjacen t pulses,  us ing tr igger arm in g .  
I n  th is  case ,  both t h e  chan n el A an d B 
t r igger con trol s are set  to tr igger on the 
50% l evel of the posit ive-goin g slope 
of  a pulse. The delayed sweep gate of 
the osci l loscope is used as the armin g 
gate, and must  be conn ected to both 
the A ARM and the B ARM conn ectors. 
Usin g the osci l loscope De lay Time Mul 
t ipl ier  and the  B sweep Time/D iv is ion 
con trols ,  the de layed sweep gate can 
b e  adjusted to sel ect t h e  specific pulses 
to be measured. 

Note that when usin g trigger armin g, 
t h e  armin g gate  does n ot affect the ac
curacy of  the measuremen t.  I t  mere ly  
t e ll s  t h e  t r i g g e r  ci r c uits w h e n  t h e y  
shou ld  beg in looking f o r  the selected 
start and stop measuremen t poin ts.  The 
sett in gs of the trigger con trols deter
min e the exact t r igger  poin ts an d thus 
the measuremen t in terval . 

I I 
I Ch B Trigger 
I 

I 

I 

I 
I 
I 

Ch BiS A�d " 
Count starts and slope Count stops and slope 

Fig. 1 Measuring the time interval  between two non-adjacent pulses using trigger 
arming. 
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Fig. 2. Crt display of lime interval mea· 
surement. Intensified zone indi
cates position of arming gate. 

Counter Gate Displays. Both the 7014 
and the 7015 provide the cap ability of  
displaying their internal measurement 
interval gates, which indicate the ac
tual points of  a measurement. As i s  
sho wn i n  F ig .  2, thes e  gates a r e  differ
ent f ro m  the external o r  arming gates .  
T h e  co unter g a t e  d is p lays h e l p  to re
duce erro rs ,  speed set up t ime,  and 
pro v ide you with greater t r ig ger s elec
tivity .  

When t h e  7 0 14 and  7 0 15 a r e  in  vert ical  
mainframe co mpartments ,  the gated 
d isplays are  o btained by press ing the 
appro pr iate mainframe channel  selec
t io n  swi tch. In a ho r izo ntal  co mpart
ment, a cable must be co nnected fro m  
either the MONI TOR co nnecto r  (7014) 
or the DlS PLAYEO WAVEFORM OUT
PUT co nnector  (7015)  to one channe l  
of a vert ical amp l i f i e r .  When the COUIl
ter gate i s  d is play ed (s ee Fig. 2) ,  yo u 
can see the s ignal be ing  measured 
a long  with the actual  interval  in which 
the measurement i s  be ing taken.  The 
arm ing  gate is genera l ly no t d is p lay ed.  
Ho wever, i f  the del ay ed sweep gate is 
be ing  us ed fo r t r igger  arming,  i ts width 
and  pos i t io n  are ind icated by the in ten
s if ied  zo ne on the d is p lay .  

T h e  7015 pro v ides three ty pes o f  gates .  
T h e  TRU E  G A TE i s  t h e  actual g a t e  
wavefo rm g e n e r a t e d  e a c h  t i m e  t h e  
counter takes a meas urement.  It ty pi
cal ly has a lo w rep rate and is  d i f ficu l t  
to us e, becaus e  i t  is  dependent on the 
set�ng of the OISPLAY TI ME co ntro l .  
The PSEU DO GATE is a high repetit io n 
repl ica a f the TRU E G ATE, and i s  the 
mos t  us eful  of thes e  two .  The PSEU DO 
G ATE has a h igher  rep rate, becaus e  i t  
i s  g e n e rated each t i m e  t h e  t r igger and 
arm ing  co nd i t io ns are met .  A third d is
play ,  CH B, i s  a co nd i t io ned s ignal that 

i s  der ived fro m  the 7 015's CH B tr igger 
circu i t .  I t  is  us eful  fo r setti n g  up the 
tr igger co nd i t io ns of  channel  B. 
Externally Gated Frequency Measure
ments. Both the 7014 and 7015 provide 
the ability to ext erna lly gate the counter 
for frequency measurements. By d is 
p l ay i ng  t h is gat ing waveform alo ng with 
the s ignal being measured,  yo u have 
the u n i q u e  abi l i ty to meas ure f requency 
and co unt  events with in no n-repetit ive 
s ignals ,  l ike  gated burs ts . As with t ime 
i n t e r v a l  m e asu r e m e n ts, the d e l ay e d  
sweep gate fro m  the osci l l osco pe pro 
v ides a co nvenient gat ing s ignal .  

10n1. 
f!!J 
lOOns 
(!) 

Selectable Resolution and Accuracy. 
Measurement averaging and selectable 
clock rates on the 7015 allow you to 
select the amount of resolution and the 
maximum accuracy possible fo r a par
ticular time measurem ent . T h is feature 
a lso h e l ps yo u prevent readout  over
flo w  when measur ing long t ime  inter
vals .  

T h e  CLOCK pus hbut lo ns s et the bas ic 
reso lut io n of  the co unter .  The 7015's 
fastes t  c lo ck  rate is 10 ns , w h i c h  is the 
m a x i m u m  r eso! u t io n po s s i b l e  fo r a 
s ing le  sho t  t ime meas urement.  When 
meas ur ing  repet i t ive s igna ls ,  reso lutio n 
can be increas ed us ing meas urement 
averag ing .  Meas urement aver ag ing i s  a 
statis t ical metho d  o f  increas ing reso lu
t io n  which invo lves m aking a number  
o f  meas urements and  averaging the re
sults .  When meas uring per io d, for ex
ample, with the X 1 000 AVE RG pus hbut
to n press ed,  the counter meas ures the 
t ime fo r 1 000 cy c les and  div ides the 
result by 1 000 to o btain the t ime of  o ne 
per io d. F igs .  3, 4, and 5 show graphs of  
resolut io n vs . per io d, reso lu t ion vs . t ime  
interval ,  a n d  reso lut io n  vs. f requency 
for the var io us setti ngs  of the CLOCK 
and AVERG pus hbutto ns . Note that fo r 
per io d  meas urements ,  reso lut ion i s  i n 
creas ed 1 000 t imes f ro m  the  X1 to  the 
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X 10 0 0  AVERG selti ng .  For t ime  interval 
meas urements .  the max imum resolut io n  
is i n creas ed fro m  10  ns t o  2 n s  (fo r the 
1 0  ns clo ck Tate)-an i n c reas e  in resol 
Iut io n of 5 t imes .  

T h e  reso lut io n  yo u s elect a lso deter
m i n es the max imum t ime i n terval yo u 
can measure witho ut overf lo wing the 8 
d i g i t  CRT reado ut. Fo r example,  i f  a 
reso lutio n  of 1 0  n s  i s  s elected ( 10 ns 
clo ck rate and X1  meas urement aver
a g i n g ) ,  the 10 n gest t ime interval that 
can be meas ured befo re o verflow oc
curs is .99999999 s eco nd. The s elected 
reso lutio n  determines the u n i ts of the 
least  s ignif icant d ig i t  of the d isplay .  Fo r 
a longer t ime  interval, you m ust s elect 
l ess r eso lut io n .  T h is is p ro v id ing thaI 
you care abo ut the mos t s ign if icant 
d i g i t  of the meas urement .  I f you are 
m e r e ly try ing to reso lve a s mal l  t ime dif
ference. and do no t care abo ut the 
actual t ime inter va l. y o u  can  overflow 
the  co unter  an d s t i l l  o btain the maxi
mum reso lut ion des ired. 

Accuracy i s  defined as the rat io ( in  per
cent)  o f  the wo rs t cas e  erro r  fo r a mea
s urement to the actual meas urement,  
and i s  a funct io n  of  reso lutio n and  t h e  
accuracy o f  the crys tal co ntro l led cloc k 
os ci l lato r . As F igs .  3 ,  4, and 5 i l l ustrate,  
accuracy tends to increas e  with in
creas es in the per io d, t i m e  interval ,  or 
frequency being meas ured.  The 7D15 
clo ck osci l lato r  h as a n  accuracy of 0.5 
ppm,  which pro v ides t ime  meas urement  
accuracies of  up to 0.000 1 %  on lo ng 
t ime interva ls-much greater than the 
1 % accuracy of  an os ci l losco pe. 



Fig. 3. Resolution vs.  Period Interval  

Fig. 4. Resolution vs.  Time Interval 

Fig. 5. Resolution vs. Frequency 
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18 TI M I N G  
M EASURE M ENT 

pulse width 

The TIM W I DTH A mode pushbutton on 
the  7 0 1 5  a l lows you to measure pulse 
widt h d i rectly. On ly the chan n el A trig
ger in g c i rcu it is used in  this measure
ment .  F ig. 6 shows the eq u ipment setup 
to measure the  width of  a TTL cI ock 
pu lse.  The 10 n s  c lock rate an d X1000 
measurement average provides max i 
mum accuracy an d resolut ion .  The d i s
play of the  PSEUDO GATE in dicates t h e  
measurement int erval .  

W i dt h  m e a s u r e m en ts are gen e ra ll y 
made at t h e  50% a m p l it ud e  level of the 
pu lse .  For  an exact measurement of  
pu lse w idt h  at  an y amp l it u d e  leve l ,  set 
the t r i g g er l e v e l  b y  m o n it or in g t h e  
chan n el A T R I G  LE VE L j a ck wit h  a 
DVM. T h i s  

-
pul se has a 5 V amplit ude. 

With  the P-P SEN S contro l  set to 1 V, 
the t r igger level should be set for an  
output at the  A T R I G  LE VE L j a ck of  
+ 0.25 V .  Th is  volt age yiel ds an act ua l  

t rigger leve l  of 2 .5  V (see Table 1 ). 

F ig .  7 shows the  equ ipment set u p  to 
measure the w idt h  of  a n oise s p ike that 
is appear in g i n  a logic s igna l .  U s in g 

t rigger armin g, the 7015 i s  set to make 
the width  measurement on ly  after the 
log ic  s ign a l  has gon e low.  

Conn ect the delayed sweep gat e  output 
to the  A ARM con n ect or of the  7015. 
The Delay Time M u lt i p l i er and the  Var i
ab le  Ti me/OW control can n ow be used 
t o  posit ion the beg inn in g of  the armin g 
gate after the fa ll in g edge of the  logic 
s ign a l  an d to k eep the  t r igger c ircu it 
ar med  for the  duration o f  t h e  low level .  
The int en sif ied zon e i n d i c ates the posi
t ion an d width  of  the  a rm ing gate.  With  
this setup ,  the  7 0 1 5  w i l l  capt ure an d 
measure the  width  of the  f i rst posit ive
go ing tran sit ion that occurs after  it is 
armed. 

Clock 

7D15 
Mode . . . . .  , . . • . • . . • . .  , , ...... TI M width A 
Averg . . . . . . . • . . . . . .  , . • • • • .  , . . . . . . . •  Xl00 
Clock . .  " . .  " . • . . . . • . . • • . . • • . . . • . . , 1 0 n5 
Ga:e . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .

. 
Norm 

Displayed Waveform ....... ,.. Pseudo Gate 
Trigger Level . . . • . . . . . . • • . . 50% Amplitude 
Slope • . . . . , . . • . . • . . . • . . . • . . • . . . . . • . • • • + 
Coupl . . . • . . . • . . • . . . • . • . . . . . • . . • . . . • . .  DC 
Source . • . . . . . .  , . . . . . . • . . . . . . . .  , .. Input A 

'f • 'I� 1" �I'l;;�'; 

-"-- - -- - - -
- - --

� - -- - -

.-: !�, ( 

7704A 

7A26 7D15 7885 I 7880 

CHA 

Mainframe 
Vertical M()de • . . . . . . • • . . . . . ' . . • . • . . • •  Alt. 
Horl�ontal Mode . " . • . • • . • • . . , . . . . • . . • • .  8 
8 Trigger Source • . . . . . . . . . • • . . LeI! Va;tlcal 

Time Base 
Ti�e/d.iv (7860) ......................... . 

Tflggellng . . • . . . . . . . , . . . • . . . . . . . • . . . . • . • .  

Vertical Amplifier 
Display Mode • • . . . . . • • . . • . . . • . . . • • . . Ch I 
Trigger Source . , . . . . . . . • . .  , ., ..... ,. Ch 1 
Volts/div • . . • . . .  , .................... 2 V 

Fig. 6. Equipment s etup for typical width measurement. 

L� 
Circuit 
Board 

Data 

7704A 

7880 

LI 

Frame '--__ Delayed Sweep 
Gate from 7015 

Mode . ' • • • • . • " • • • • . • . . . . . • . • . TM width A 
A,erg . . . . , ................ , ........ Xl000 
Clock • . • . • . . . . . . . . . . . . . . . . . . . . • . . . •  10 ns 
Gate • . • • • . . • . . • • • • . • . . . . . • • . . . . . . • •  Norm 
Displayed Waveform , . . • •  , . • . . . .  , True Gate 
Trigger Level . . . . . . . . . . • . . . 50% Amplitude 
Slope . .  , . . . . . . . . . . . . . . • . . • • . . . . . . . . • . . + 
Coupl • . . . . . . • . . . . . . • . . . . . . . . . . . • . • . . .  DC 
Source • . .  ' . . . . •  , • .  , • . . . . . . . . . . . . .  Input A 

Mainltsme 
Vertical Mode . . . , . . . . . • . . . . . . • . . . , . •• ALT 
Horizontal Mode . . • . . • . • . . • . . . . . . . . . . . . . . .  

B Trigger Source . . . • • . . • . . .  0 • • • • • • • • • • • • • 

Rear Panel 
tima 8ase 
1i�me/Div (7980) . • . • • • • • • • • • . • • • . . • • . . . • . • 

Tlme/Div (7985) ......................... . 

Triggering (7B601 • . . • . . . . . . . . .  Norm.ACo Int 
Triggering (7BlIS) • . . . • • . . . . . •  ' Norm.AC. Ext 
B Delay Mode • • • . . . • . . • B starts alter delay 

Vertical Amplifier 
Ch 1 and 2 Volts/Oiv . . . . . . . • . . .  , . . . . . . . . • •  

Display Mode . . . . .  , . . • • . . • • . . . . . . .  , • .  C h 1 
Trigger Source . . • . . . . . 0 ' • • • • • • • • •  , • • • • • • • 

F ig . 7. Equipment set up for transient measurement. 
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Fig.S. Waveform and width measure� 
m e n t  re a d o u t  f o r  d e s t r u ctio n 
test. 

The 7015 can also m easure the w id th 
of s ing le-shot events. F ig.  8 shows the 
waveform photograph of destruct ion 
test m ade w i th a storage osc i l loscop e 
and  the 7015. The w idth of this  p u lse 
was m easured s im u l taneous ly w i th the 
storage of the d isp lay .  S ince the event 
on ly occurred once, the arm ing gate 
was not required.  

pu lse period 

Pulse p eriod is just  as easy to m easure 
w ith the 7015 as w id th. U sing the sam e  
set up a s  show n for the clock p ulse 
w idth m easurem ent in Fig. 6, p ress the 
PER IOD A MODE p ushbutton. The p eri
od measurem ent is now read out on the 
CRT. Mere ly s et the A TRIG G E R  con
trols t o  tr igger  the counter  e i ther  on the 
leading or fa ll ing  edge of the p ulse. The 
trigger level can be adjusted to m eet 
y our  sp ecif ic m easurem ent requ ire
m ent. 

S ince the s igna l  be ing  m easured i s  rep 
etitive, X1000 measurem ent averaging 
i s  se lected to obt a i n  m axim um accuracy 
and  resolu t ion .  See the d iscussion of  
accuracy and  reso lut ion  at  the begin
n ing of th i s  section. 

As wi th p ulse w id th m easurem ents, tr ig
ger  arm ing i s  not  necessary to m easure 
the p eriod of a s i g n a l .  Arm ing is useful 
th o u gh when l o o k i n g  at  d a t a  p u l s e  
tra ins o r  other s ignals where a p ulse 
m ay or m ay not  be p resent d ur i ng  a 
given clod< cy cle, 

Disk 
M emory 

Word 
Train 

5r ;.1;1: r..W 
- - - - -

---' -

--_. 

I .:: �[�I �J.: 

7704A 

7A26 7D15 7885 7880 

'--------=--:--:--=--:----i------' Delayed 
Original P ulse '----- Sweep Gail 

7D1S to Ext Trig In f rom Rear 
Mode .......................... TimA .... S P a n el Averg . . . . . . • . • •  , . • . . ' "  • . . . . . . • • • • • . X100 
Ciock • . • • . • • • • . • . • •  , • . . . . , • • . . • •  , • .  10 ns 
Gate . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . Norm 
Displayed Wavetorm • • • • . . . . . ' P!eudo Gate 
Trigger Level A & B • . .  , . • .  , . 50% Amplitude 
Slope . . . . . . . . .  , .  " , . . . . . . . • . . •  A+.B-
Coupl A & S • • . . . • • • • • • • • . • • • • • • • • • . • •  DC 
Source . , . .  " . .  " • . . . . . . .  , . . •  , '  • • .  I nput A 
Mainframe 
Vertical Mode . • • . . • .  , • • . • . . • •  ' • •  Alternate 
Horizontal Mode . . • . • . . . . . •  ' ,  . . . .  , • . . • • •  A 

A Trigger Source . • • • . . . . • • •  Vertical Mode 

Time Base 
Main Time/Div . . . .  , . .  , . • . •  " . • . . . . • • . , . • .  
Delayed TimeiDiv . . . . . • . . . . .  , • . . . . . . . • . . •  

Triggering . . . . . . •  , . . . . . . . . . . .  , • .  , . . • . . . . .  

a Delayed Mod e • . . • . . . . . . . . . . . . . . . • . . . , .  

Vertical Amp'ilier 
Display Mode • • . • • •  ' • . . •  ' • • • •  , . , , . . • •  Ch 1 
Trigger Source . . • . . . • . . • . . . • . . . .  , , . . • Ch 1 
Volis/Div . . • . . .  " , . • • . . . .  , . . . . . . , . . . , .. . . 

Fig. 9. Equipment setup for measurement of t ime between non�adjacent events. 

time between non-adjacent events 

The a b i l i ty to select a p art icular p ulse 
in a p ulse t ra in  for m easurem ent, as 
was previously i l l ustrated by the p u lse 
width m easurem ent of  a noise sp ike,  
can a lso be app l ied to the m easure
m ent of  the t i m e-betw een non-adjacent 
events.  Few other t ine counters  are 
ab le  to m easure w idth or t ime betw een 
non-adjacent events in rep et it ive or 
non-rep et it ive signals s u ch as d ig i ta l  
w ord p ulses from a comp uter's m a in  
storage, CPU , radar  IFF resp onses, etc. 
in these types  of  m easurem ents, an 
osci l loscop e i s  essentia l .  

F ig. 9 show s the equ ipm ent set  up for 
a tim e interval m easurem ent on a serial  
w ord tra in from a disk m em ory device. 
The or ig i n  p ulse in this  case is used to 
t r igger the A tille base. The de lay ed 
sw eep gate is again used to arm the 
counter's t r igger  c ircu i ts .  In this case 
the delayed sw eep gate is connected to 
both the A ARM and B ARM connec
tors, because the T I M  A�B m ode i s  be
ing used. 

Once a s t a b l e  d i sp l ay is  o b t a i n e d ,  
m easurem ents can b e  m ade betw een 
any tw o p o ints on the wavefo rm m erely 
b y  a dj u st i n g  the tr i g g e r  l e v e l s  a n d  

9 

slop es, a n d  by adjust ing the p osit ion 
and w idth of the intensif ied zone (the 
delay e d  sw eep gate) .  The Delay T ime 
Mul t ip l ier ( DTM) control  determ ines the 
p osit ion  of the lead ing  edge of the de
layed sw eep gate and thus the p oint  o f  
arm ing the A  TRIG G E R  c i rcuit. The t im e 
base Var iable T ime/Div is ion control  
sets the w id th of  the delayed  sw eep 
gate and thu s  the p osit ion of  the fail
ing edge of  the gate, or the p oint of 
arm ing for the B TRIGGER circuit .  The 
de lay e d  sw eep gate is ap p l i ed  to the 
A and  B A R M  inp uts,  A t r igger  is arm ed 
dur ing the t im e  B tr igger i s  d isarm ed,  
and vice versa. 

In thIs ex am p le, the counter arm ing 
gate i s  set to m easure the t im e betw een 
the fa l l i ng  edge of the first p ulse in the 
d i sp l ay and the lead ing  edge of the 
last p ulse. The waveform photo in Fig .  
9 show s the analog waveform d i sp l ay 
( up p er trace) ,  the P S E U DO G ATE dis
p lay of  the counter's actual m eaSlXe
m ent p er iod ( low er trace) ,  a n d  the read 
out o f  the actual m easurem ent. This  
p art icu lar m easurem ent  i s  1.1041 ms, 
whi ch is m uch better resolut ion than 



can be obta in ed  visual ly from the ana
log d isp lay.  The 100X measuremen t 
averag ing  im proves the accuracy and 
resolut ion of the measurem en t.  The ac
c u r a c y  i n  t h i s  c a s e  i s  w i t h i n  4 n s  
(.00036% ) .  

time between two voltage 
levels 

Risetim e, the t i m e  between the 1 0 %  
and 90% p u l s e  levels,  or t h e  t im e re
quired for a tran sducer to rise from on e 
level to an other,  can easi ly be acquired 
from the 7 0 1 5's T I ME A-B Mode.  

The 7015 offers dig i ta l  readout ,  accu
racy and conven ien ce in mak ing these 
m easuremen ts. For exam ple, i f  you are 
m aking a series of r isetime m easure
men ts where the 1 0% and 90% level s 
are n ot chang in g, each r isetim e i s  d ig i 
ta l l y  read ou t  on th e c r t ;  th is  e l im in ates 
the need to carefu l ly  pos i t ion the wave
form , an d, t hen coun t divi si on s  on the 
crt .  

When m akin g  adjustments to your cir
cu i t ry, you can resolve sm al l  changes 
in ri set ime with outstan d in g ease an d 
resolut ion. However. the 7015 i s  n ot 
recommended for measuring risetim es 
faster than 125 ns. 

The two separate tr igger circuits of the 
7015 an d the ab i l i ty  to set exact tr igger 
levels through the two TRIG LE VEL 
iack a l lows you t o  m ake very accurate 
' iset ime measuremen ts  with the 7015. 
Aga in , t r igger arm ing can be used to 
select a part icu lar  pu lse in n on-repeti
tive pu lse tra ins.  

F ig .  1 0  shows the equipm ent set up for 
measur in g the r iset ime of a clock pu lse  
as i t  is in put  in to a f l ip-f lop. T h i s  is a 
f l ip- f lop, which requires a clock p ulse 
r iset im e o f  150 n s  f rom the 0 . 6  V t o  the 
5 .4 V leve l .  

The TRI G G E R  SLOPE con trols i n  th is  
m easurem en t are both  set  t o  + .  To set 
the T R I G G E R  LE VE L con trols ,  connect 
a D VM to one TRIG LE VEL jack at a 
t im e, an d set the A tr igger level for 0.6 
V an d B tr igger level  for 5.4 V. With the 
T IM A�B MO DE pushbutton pr essed, 
the r isetime i s  read d irect ly on the CRT. 
I n  th is case the r iset im e m easuremen t 
i s  155.60 ns. The accuracy is w i th in  2 ns 
or1 .3% . 

Th is  m ethod can b e  easi ly used for 
measuring rise and fal l t im es slower 
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Fig. 10. Equipment setup for rise time measurement. 

than 1 2 5  n s. The tr igger arm in g  gate 
( the delayed sweep gate)  must be con
n ected to both the A ARM and the B 
ARM conn ectors. Set the A tr igger level 
control to t r igger  at  t h e  10% po int  an d 
the B t r igger  level  con trol for the 90% 
poin t .  Now a typ ical t im e in terval mea
suremen t (TIM A-�B) can be don e by 
movin g the in tensif ied zon e  from one 
r iset im e to another. Th i s  al lows you to 
accuratel y perform selective r iset im e 
m easurem en ts wi th greater resolut ion 
than with a conventional osc i l loscope. 

propagation delay 

The two s ignal  In puts  t o  the 70 1 5  tr ig
ger c i rcu i ts  a l low you to m ake propaga
t ion delay m easurem ents quickly an d 
easily. Fig. 1 1  shows the equipmen t set
u p  required to measure the propaga
t ion delay experien ced by a clock s ig
n al as i t  passes through seven TTL 
gates. 

In this setup, the un delayed pu lse is 
conn ected to both chann ell of the ver
t ica l  amp l i f i e r  and chan ne l  A of the 
7 0 1 5 ;  the de layed pu lse i s  conn ected 
to channel 2 of the vertical amp l i f i e r  
and chan n el B of the 7015. The 701 5's 
SOU RCE I N PU T B pushbutton deter
min es the source of the tr igger s igna l  
for channel B .  When out ,  i t  receives i ts  

10 

s igna l  f rom the channe l  A input  ( in the 
T IM A---B mode). When in, each tr igger 
ci rcu i t  receives i ts  tri gger si gn a l  from 
its respective input connector. 

T r i g g e r  a r m i n g  is r eq u i r e d  f o r  t h i s  
measurem en t ,  because channel  B m ust  
know wh ich  pu lse to trigger on wi th re
spect to t h e  un delayed pu lse.  Conn ect 
the delayed sweep gate to both t r igger  
arm ing input  jacks.  

Wi th  the osci l loscope vertical m ode set 
for altern ate trace sweeps, tr igger the 
scope on the un delayed pulse ( chann el 
1) .  Now adjust the in tensif ied zone so 
that i t  begin s before the rise of the un
delayed pulse, and ends before the r ise 
of the delayed pu lse.  The propagation 
delay i s  then read out on the CRT. The 
m easurem ent in th is case i s  76.60 ns. 

For max im um accuracy, both the T R IG
GER LE VEL con tro ls should be set for 
the sam e voltage level .  This can be ob
tained either by  measur ing the voltage 
levels through the TR IG LE VEL jacks 
wi th a D VM, or  by apply in g the desired 
voltage level  to each jack  (see the dis
cuss ion of tr igger level  i n  the introduc
t ion sect ion) .  



phase shift 

Phas es h i f t  is c r i t ica l  i n  areas l ike servo, 
RF or d ig i ta l  system design . The most 
com m on m ethod of m easuring phase 
shi l t  i s  to use an osc i l loscope in the 
X-V o r delayed sweep mode.  A more  
accurate m ethod of  m easuring phase  i s  
with the 7 0 1 5 .  T o  determ ine phase, t h e  
t im e between the sam e voltage leve l  on 
t h e  l e a d in g an d l a g g i n g  s i gn a l s  i s  
measured and d iv ided by a con version 
factor (T im e/Degree) .  

For example ,  I f  the per iod of the s ign a l  
{as measured with the 7D15}  i s  2 ," S  

(5 MH z) ,  the Tim e/Degree co nvers ion 
factor is :  2 1's/360 d egree = 5.55 n s/d e
gree .  If the t ime  i nterval between the 
two p hases i s  measured at 50 n s, the 
phase differen ce i s  thus :  50 ns /5.55 
n s/degree = 9.09 d egree of phase shift .  

F ig.  1 2  shows the equipm ent setup for 
the measuremen t of the ph ase sh i f t  of 
a 5 M Hz s igna l .  L ike the prev ious  propa
gation d e lay measurem en t, one s ign a l  
is appl ied to each tr igger in put to the 
7015.  A gain the SOURC E I N PUT B 
pushbutto n  is pressed to enable both 
in put  co nnecto rs. Both the chan n el A 
an d B TR I GGER LEVE L con tro ls  are 
set  to P RESET, which m eans the tr ig
ger c ircu i ts w i l l  t r igger on the zero 
crossover po i n t. 

Tr igger arming is not required for th is  
measurement.  Mer e ly  t r igger  the scope 
on the n egative go ing s lope of  chan nel 
1 .  Thi s  assures that the pseudo gate 
di splay is on the CRT. The pseudo gate 
d isplay indicates that the m eas urem en t 
i s  bein g made between the two zero 
cr ossover p o in ts. In this case, the t im e 
measured is 75.60 ns for phase sh i f t  o f  
75 .6 ns/S . 55 n s/degree = 13 .8  degrees. 

Th is m ethod of measurin g phase sh i f t  
can be used for s ing lesho t  o r  repetit ive 
si gn als, with accuracies o f  0 . 125°  an d 
0.075° , respectively at 35 k Hz .  Several 
factors  affect this accuracy: 

1 .  A mplitude of th e two s ignals-I t i s  
more d i f f icu l t  f o r  th e 7 0 1 5  t r igger c i r
cui t s  to detect the zero crossover point  
on lo w ampl i tude s ign als. 

2. Relative am pl i tude of the two s ign a ls  
-I deal ly both s i gn a ls  should be the 
same amp l i tude. 
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Fig. 1 1 .  Equipment selup for propagation delay measurement.  
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Fig. 12. Equipment setup for phase shift measurement. 
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3. N oise on the sign a ls-N oise may 
f i re the tr igger circuits prematurely 
causing j itter in the measuremen t,  u lt i
mately affectin g the resolut ion of the 
readout. 

4. Frequency of the sign als-The fre
quency range, for best results, is 60 Hz 
to 50 MHz.  

1C FREQU E N CY 
M EAS U R E M  ENTS 

frequency 

Fig .  13 shows the equipmen t setup for 
a basic frequen cy measuremen t of a 
CW signal with the 7014. For th i s  mea
suremen t, the signal to be measured i s  
routed through the vertical ampl i f ier  to 
the 7015. Th e ME A SU RE MEN T I N TER
VA L determines the resolut ion of the 
measuremen t.  The lon gest measure
ment interval ( 10 s) provides the high
est resolution . In this case, the fre
quen cy is 1 20.055 MHz.  

measu ring the frequency of a 
bu rst signal 

Fig.  14 shows the equ ipmen t set up for 
the measuremen t of a T.V. Burst s ign al  
wi th  the 7014 .  (The same measuremen t 
can also be made with the 7 D 1 5 . )  N ote 
that the burst s ignal Irom the T.V. sig
n al gen erator is conn ected to both the 
7014  lor measuremen t and to the ver
tical ampl i f ier  for d isp lay on  th e CRT. 
The c o un t e r  m e a s u r e m e n t  i n t e r v a l  
gate is  conn ected from t h e  7 0 1 4  MON 
ITOR/EX IT  G A TE connector to the 
vertical ampl if ier for display on the CRT.  
The delayed sweep gate is used in  th is 
measuremen t to tr igger  the counter,  
an d thus the Delay Time M u ltip l i e r  .de
termines the point where the frequency 
measuremen t begins. 

The 7014 fron t-pan el decade divide 
buttons select the measuremen t inter
val lor  this measurement. The selected 
measurement in terval must be shorter 
than the burst time, or a con sisten tly 
lower frequency readin g w i l l  occur.  
Sin ce 1 ms is  the shortest measuremen t 
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Fig. 13. Equipment setup for frequency measurement. 
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Fig. 14. Equipment setup for measurement of burst frequency. 
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in terval, which can be selected on the 
7 0 1 4, the burst to be measured must 
be wider than 1 ms. The resolut ion of 
the 7 0 1 4  usin g the 1 ms in terval is 1 
kHz .  Measurement resolut ion i s  thus 
l imi ted on lower frequen cy s igna ls .  

For th is burst  frequen cy measurement,  
the 1 ms MEAS� EMENT I NTERVA L is 
selected. The I NPUT SENS ITIVI TY is 
set to 100 mV an d the T R I GGER LE VEll 
SLOPE control is  set  to coun t on the 
posit ive-going slope of  each cyc le  with
in  the burst. Fig. 1 4  shows a burst fre
quen cy measuremen t of 3.577 M Hz .  On 
bursts of 10 ms or greater, the 10-ms 
MEAS U REMENT I NTERVA L can be se
lected to in crease the resolution by a 
factor of ten.  

counting the number of cycles 

or events in a burst 

F ig .  1 5  shows the equ ipment set-up for 
coun t in g the n umber of  cycles in  a 
burst. I n  th is  case, the delayed sweep 
gate sets the measuremen t in terval of 
the 7014 .  Since the delayed sweep gate 
is not a precision ca l ib rated measure
men t in terval ,  on ly the actual  count is  
read ou t  wi th no freqlJp.ncy un i t s. On ce  
a stable d isp lay  is  obtained, the Delay 
Time Mu l t ip l ie r  and the Variable T ime/ 
D iv is ion con trols are set to obta in a de
layed sweep gate that encloses the 
burst to  be measured. ( Note that  th is  is  
the opposite of  the frequen cy measure
men t.) Since the delayed sweep gate is  
displayed on the  CRT a lon g w i th  the 
Burst, the posit ion an d width of  the 
measuremen t in terval can be set  quick
ly  an d accurately. 

When operat in g the 7 0 1 4  in a vertical 
plug-in compartmen t of the osci l lo
scope, the output  of the counter  shaper  
can also be d isp layed (see F ig .  1 6 ) .  
S imu l tan eous viewing o f  the 7 0 1 4  tr ig
ger shaper output  with the burst makes 
i t  possib le t o  adjust  the 7 0 1 4  TR I GGER 
LE VEL control to count o n l y  those cy
cles of the desired ampl i tud e  as shown. 
The main frame vert ical  mode switch 
must be set to altern ate or chop to view 
the trigger shaper output.  As the T RIG
G E R  L E  VEL con tro l  is a d j u s t e d  f o r  
hi gher levels,  t h e  lower amp l i tude  cy
cles of  the burst are not recognized 
by the 7014 t r igger  circuit .  The coun t 
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Fig. 1 5 .  Equipment setup for counlin g t h e  number of cycles in a burst. 

is d isp layed in the upper center of  the 
crt .  The ± 1 COllot ambigu i ty inherent 
in counter measurements does n ot af
fect  the accuracy of th is  measurement 
i f  the counter gate is open ed  an d c losed 
between bursts as shown . F ig .  1 7  shows 

Fig. 1 6. Display of counter shaper 
output. 

1 3  

a measuremen t of 3 1 1 4  cycles i n  a 
burst.  The on ly l i m i tation in making this 
measurement is  that the m in imum in put 
cycle width to the CH A I NPUT is 1 0  ns, 
and the gate input  must be at least 500 
n s  wide.  

Fig. 17. Display of  3114 cycle  bUrst. 



2A D I G ITAL D E LAY 
M EAS U R E M ENTS 

The osc i l loscope de lay ing sweep t ime 
base i s  a standard tool  for  measur ing 
the t ime delay between events and for 
mak ing  delayed sweep measurements.  
Tr igger j i tter and the 1 % accuracy of 
the de lay ing sweep ramp, however, 
often l i m i t  the usefulness of th is  analog 
type delay.  These problems become 
cr i t ica l  when working with d ig i ta l  log ic ,  
computer per iphera ls ,  PCM telemetry ,  
radar ,  sonar,  shock tube test ing ,  or de
lay l ine measurements,  where low iit

ter, precision time delays are required,  
The Tektronix 7011 Digital De(ay and 

7010 Digital Delay units provide solu

tions to these problems of accuracy and 

jitter. 

digi tal  del ay 

A t f i rs t  g lance the operation of the 7 0 1 1  
D ig i ta l  De lay may seem compl icated,  
but  i t  actual ly performs the same func
t ion as the osci l loscope analog delay. 
In the 7 0 1 1  a precise clock and h igh  
resolut ion counter have been subst i 
tuted for the delaying sweep ramp and 
Delay T ime Mult ip l ier  contro l ,  which 
provides the de lay t ime in  an osci l lo
scope. The 7 0 1 1  has two modes of 
operat ion, delay-by-time and delay-by

events, selected with front panel push
buttons.  The de/ay-by-time mode dupl i 
cates the function of  the osc i l loscope 
delaying sweep t ime base, but with 
much greater accuracy than i s  possib le 
with analog delay.  The delay-by-events 

mode al lows you to delay the sweep for 
a specif ic number of counts or c lock 
pu lses. ( The 7 0 1 0  is  s i m i l a r  t o  the 7 0 1 1  
except that  i t  provides on ly  t h e  delay
by-events mode,)  

In the delay-by-time mode (see F ig .  1 8) ,  
t h e  7 0 1 1  receives a tr igger through the 
front-panel EXT TR IG I N  connector, 
which s ignals it to start count ing the 
h igh ly  accurate internal  clock. At the 
end of a selected delay t ime, a delayed 
tr igger s igna l  i s  del ivered both to the 
front-panel  OL Y 'O TRI  G OU T connector 
and interna l ly  to the mainframe, where 
i t  can be routed d irect ly to the t ime 
base us ing  the  mainframe t r igger  selec
tion pushbuttons. 

7 0 1 1  

D L Y ' D T R I G  
O U T  

��----------� EXT T R I G  
I N  

o 0 

TI, �---------�-

Delayed T r igg e r 

I I 
I I 

�I------------------------�r---i I 

I ... De l ay Ti me ----------i.�1 
I 

Fig. 1 8 .  1 0 1 1  DIGITAL DELAY operating in delay-by-time mode. 
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7 D 1 1  

DLY'O T R I G  
O U T  

EXT T R I G  
I N  

��------------� 
EVENTS START 
T R I G  I N  

I 
I 
I 
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r 
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- I  
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Fig. 1 9. 10 1 1  DIGITAL DELAY operating in delay-by-events mode. 
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The delay t ime i s  selected w i t h  the 
f ront  p�nel  D E L  A Y T I M E  OR EVENTS 
and F I N E  DELAY contro ls . For conve
n i ence,  t h e  selling of the DELAY T I M E  
OR EVENTS c o n t r o l  is  d isp layed on t h e  
o s c i l loscope c r t  readout.  

The 7 D 1 1  i n t e r n a l  c l o c k  provides an 
accuracy of ± 2  n s  (0.5 p p m ) ,  w h i c h  i s  
m u c h  more accurate than c a n  be ob
t a i n e d  from an analog delayed sweep 
t i m e  base. If accuracy greater than 0.5 
ppm is required,  t h e  7 D 1 1  delay-by
t i m e  clock c a n be referenced to an ex
t e r n a l  i - M H z  t i m i n g  s t a n d a r d  i n p u t  
through the EXT 1 M H Z  I N  connector.  
J i t ter  with the d i g i t a l  delay i s  reduced 
to less t h a n  2.2 n s  for delay t i m e s  as 
long as 22 ms.  

In the delay-by-events mode (see F i g .  
19 ) .  t h e  7 D 1 0 o r  7 D 1 1  c o u n t s  t r i g g e r  
events from a n  external  s o u r c e ,  e i t h e r  
p e r" i o d i c  o r  a p e r i o d i c ,  a n d  generates a 
delayed t r i g g e r  once a preselected 
count  has been reached.  Two s i g n a l s  
are r e q u i r e d  t o  operate t h e  7D10 o r  
7D11  i n  t h e  delay-by-events m o d e .  One 
signal  is  i n p u t  through t h e  EXT TRIG IN  
connector  and provides the events t o  
be c o u n t e d .  The o t h e r  s i g n a l  i s  i n p u t  
t h r o u g h  the EVENTS START T R I G  IN 
connector  and tel ls  the de lay u n i t  when 
t o  b e g i n  c o u n t i n g .  Both c o n n e c t o r s  
h a v e  i n d e p e n d e n t  t r i g g e r  c o n t r o l s . 
Events can b e  counted a t  rates u p  t o  
5 0  M H z .  When t h e  selected n u m b e r  of 
events has been c o u n t e d .  a s i g n a l  i s  
de l ivered t o  both t h e  DL Y ' D  T R I G O U T  
connector  a n d  i n t e r n a l l y  t o  t h e  m a i n 
frame. T h e  events c o u n t .  w h i c h  i s  d is
played on the c r t  readout ,  can be set  t o  
any n u m b e r  from 1 to 1 0  m i l l i o n .  

T h e  m a i n  reason f o r  u s i n g  delay-by
events is  d isp lay stabi l i ty .  D i s p l a y  sta
b i l i t y  becomes a problem with t r a d i t i o n 
al  d e l ay-by-t i m e  measurements,  w h e n  
t h e  s i g n a l  b e i n g  u s e d  t o  t r i g g e r  the 
delay is  unstab le .  Speed var iat ions i n  
a rotation d i s k  m e m o r y .  for example ,  
cause typ ical  d i s k  t i m i n g  s ignals  l i k e  
9r i g i n  o r  sec'tor  pulses t o  j i t t e r .  When 
us ing e i ther  ana log o r  d i g i t a l  t ime de
lay ,  where the sweep is de layed by a 
f ixed amount o i t i m e .  t h i s  j i t ter causes 
the display t o  jump back and forth.  For 
h igh t i m e  resolut ion measurements,  

I 
I 

� 
I 

Rp I 
I 

Del ayed T r i g g e r  

D e l a y  Ti m e  

Fig. 20. Radar pulse timing measurement. 

t h i s  i n s t a b i l i t y  can become excessiVe 
and make the d i s p l a y  un useable .  When 
using delay-by-events,  the  o s c i l l oscope 
is tr iggered a t  or near the event 1' 0  be 
observed,  rather  t h a n  a t  the end of a 
f ixed t i m e  delay.  T i m i n g  Signal  j i t ter  has 
no effect on the d isplay .  

W i t h  d e l ay-by-e v e n t,s y o u  have t h e  
added convenience 0 f be ing a b l e  t o  
s e l e c t  a p a r t i c u l a r  c l o c k  pu lse ( the 1 0th  
pulse,  the 256th  pu lse .  etc.) i n  a long 
pulse train to  tr igger  the o s c i l loscope 
on. This  rel ieves you of the j o b  o f  v is
ual ly c o u n t i n g  c lock pulses on t h e  c r t  
d i s p l a y .  
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28 DELAY-BY-TI M E  

M EASUREM EN TS 

Testing a radar system is one e x a m p l e  
of how m o r e  accurate measurements 
can be made w i t h  a d i g i t a l  de lay u n i t .  
The m e a s u r e m e n t  of t h e  d e l a y  t i m e  be
tween the t ransmi t ter  pu lses (T, ,)  and 
echo pu lses (RI » o f  a radar system t,ypi
c a l l y  c a l l s  for the measurement of l o n g  
delay t i m e s  w i t h  a n  a c c u r a c y  of a few 
nanoseconds.  I n  t h i s  e x a m p l e ,  t h e  7D1 1 
provides a very accurate t ime reference 
for t h i s  type o f  measurement (see F ig .  
2 0 ) .  To make th is  measurement ,  the 
transmitter  pu lse i s  used to t r igger  the 
7 D 1 1 .  The 7 D 1 1  delayed t r i g g e r  output  
is  t h e n  compared on the c r t  wi th t h e  
e c h o  pulse.  C o i n c i d e n c e  between t h e  
two pu lses i s  obta ined b y  a d j u s t i n g  t h e  
7 D 1 1  DELAY T I M E  O R  EVENTS a n d  
F I N E  D E L A Y  contro ls .  T h e  delay t i m e  
d isplayed o n  t h e  C R T  readout p l u s  t h e  
set t ing  o f  t h e  F I N E  D E LAY control  i s  
t h e  d e l a y  t i m e  between t h e  transmitter  
and the echo pulses . 



Before m akin g this m easurem en t, the 
osci l loscope an d th e delay unit m ust be 
cal ibrated.  Fig. 21 shows the equ ip
m ent setup and waveform s for  calibrat
in g t h is  radar  p u l s e  m e a s u rem e n t  
system . I n it ia l  system cal ibr ation is 
required because the 7 0 1 1  and th e 
osci l loscope tim e base p lug- in have 
i n depen dent tri gger level controls .  For 
maxi m um m easurem ent accuracy, both 
p lug- in s m ust be  set to tr igger on th e 
sam e level an d s lope.  

For the m ost accurate m easurem en ts, 
a t im e m ark gen erator w i th a 500-n s 
t im e  m ar ker shou ld  be used for ca l i 
bration . T -connect the tim e m ark gen
erator output to both the 7 0 1 1  EXT 
T R IG IN conn eclor an d CH 1 of the 
dual-trace vertical am pl i f ier ,  then con 
n ect the 701 1  OL Y ' O  TR I G O U T  to CH 2 
of th e vert ical  am p l i f ier .  Set  th e vert ical 
am pl if ier tr igger source switch t o  CH 2, 
an d the m ain fram e vert ical m ode, left 
an d tr igger source, left .  Select a 500-n s 
de lay (0.0005 m s) with the 7 0 1 1  DELA Y 
TI ME OR EVEN TS con trol ,  an d set th e 
F INE  DELAY con trol to zero. A fter set
tin g th e t im e  base t r igger  level for a 
stable display, adjust th e 7 0 1 1  TRIG 
GE R LE VE L con trol for exact over lay 
of the 0.5 ,lis l i me m ark an d the 7 0 1 1  
delayed t r igger out put p u l s e  as  shown 
in F ig .  21. The system is now catibrated_ 
The 7011  and tim e base TRIGGE R 
LE VE L con trols m ust n ot be readjusted 
throughout the rem ainder of  the m ea
surem en t. 

If a tim e m ark gen erator  is n ot avail
able, the m ethod sh own in  Fig.  22 
can be used for cal ibrati n g  the system 
at a sl ight sacr i f ice in accuracy. Th is 
m ethod rel ies on the accuracy of the 
an alog sweep for th e in it ia l  cal ibrat ion.  
T-conn ect the tran sm itter pulse to both 
the 7 0 1 1  E XT T R IG IN con nector an d 
C H  1 of th e vertical am pl i f ier ,  then con
nect the 7011  OL Y'O TRIG OUT con 
n ector to CH 2 of th e vertical am pl if ier .  
Select m in im um d elay (0.0001 ms) with 
the 7 0 1 1  DE LA Y TI ME OR E VENTS 
con trol ,  an d again m ake sure th e 7 0 1 1  
F IN E  DELAY con trol i s  a t  zero. Trigger 
the osci l loscope sweep on th e tran s
m itter pulse, th en adjust th e 7 0 1 1  
TRIG G E R  LEVEL con trol so th ai  1 0 0  n s  
exists between th e leading edges of  t h e  
tran sm itter p u l s e  an d the 7 0 1 1  OL Y ' O  
TRI G O U T  pu lse.  The syst em is  n ow 
calibrated. A gain , the 7 0 1 1  and t ime 
base TRI GGER LE VE L controls m ust 
not be readjusted throughout th e re
m ain der of the m easurem en t. 

7011 

T i m e  M a rk 
Generator 

Tr igger SOfJrce . . . . . . . . . . . . . . . . _ . . _ . . . EXT 
Trigger Coupling . . . . . . . . . . . . . . . . . . . . . .  AC 
Tri gger Level . . • • • • • • • • • • • . • • • . . . . . . . . . + 
B Sweep D e l a y M o de  . . . . . . . . . . . . . . . . . .  J N D  
Dalay T i m e  o r  El enlS . . . • . . . . . . 5 0 0  os oeley 
Count Mode . • . . • . .  TIME INTERNAL CLOCK Fine Delay • . • • • • • • • • . . • . . . • . . • . . . • . •  0 ns 

!o.�".. . � .  � 
� 
� 

11' � 

7603 

7A26 7D 1 1  I 7853A 

DLY'O TRIG OUT o 

Malnl,.en. 
Vertical Moeli! . . . . . . . . . . . . . . . . . . . . . . . LE FT 
A Trigger Source . . . . . . . . . . . . . . . . . . . .  LEFT 

Tinte Ba .. 
Vert ical Am p l i l,er • • • . . • . . • • • • . • . . . . . . . . . . .  

Trl llller Source . . . . . . . . . . . . . . . . . . . . . . C H :2 
Ve rlie.1 M()da . . . . . . . . . . . . . . . . . . . . . . . . A L T  

Fig. 21. Equipment setup for initial calibration using a l ime mark generator. 

R ad a r 

7 0 1 1  
Delay T i me Or Eve n l s  • • . • • . • • . . . .  0.0001 m s  (Same a s  Fig.  2 1 )  

7603 
Vertical Mode . . . . . _ .  . . . . . . .  . . . . .  • . .  LEFT 
Trigger Source . . . . . . . . . . . . . . . . . . . . . .  LEFT 

�. ... " . ; � . 
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" . 

7603 

7A26 701 1 7853A 

7A2 B 

D LY ' D  T R I G  
O U T  

V4utlcal M o d e  . . . . . . . . . . . . . . . . . . . . . . . .  ALI 
Trigger Source . . . . . . . . . . . . . . . . . . . . . . CH 1 

Fig.  22. Alternate method 01 system cal ibration using the radar transmission p u l se 
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The accuracy of the radar pulse mea
surement when using the ca l ibra tion 
method shown i n  Fig .  21 is  2 ns. U sing 
the method shown in F ig .  22 yields an 
accuracy of 5 n s  o r  less depending on 
the a c c u r a c y  of  the a n a lo g  sweep 
ramp. 

With the system cal ibrated,  the t ime 
difference between the transmitter pulse 
(T p) and  the echo pulse (Rp)  can now 
be measured with the result displayed 
on  the crt  readout. F ig .  23 shows the 
equipment connected for the actual 
radar pu lse measurement. Connect  the 
transmitter pulse to the 7 0 1 1  EXT T R I G  
IN co n n ector ,  t h e  echo p u l s e  to CH 1 
of the vertical amp l i f ier ,  and  set the 
vert ical  ampl i f ier  tr igger source fo r 
C H  2 .  The 7 0 1 1 ' s O LY ' O  TRI G OUT 
pulse is now tr igger ing the system. The 
display is  now a cal ibrated. movable 
t ime w indow contro l led  by the 7 0 1 1  
OELA Y TIME O R  E VEN TS control .  The  
7 0 1 1  OLY ' O  TRIG OU T pulse is  the 
measurement reference point  on  the 
d isp lay.  

A d jus t  the 7 0 1 1 O E LA Y TI  M E  O R  
EVEN TS k nob to move the echo pulse 
to coinc ide  with the lead ing  edge of  
the  OL Y 'O  TR IG OU T pu lse .  U se s lower 
sweep speeds at f i rst ,  then as thp. wavp.
fo r m s  g e t  n e a r e r ,  s w i t c h  to faster  
sweep speeds fo r better resolu t ion.  
When the echo pu lse is  wi th in 1 0 0  ns 
of the r is ing port ion of  the OLY'O TRI G 
OU T pulse ,  use the 7 0 1 1  F I N E  OELA Y 
d ia l  to a l i gn  the two pu lses ( as shown 
in  F i g .  26 ) .  When a l igned .  the actual 
delay time between transmitter and  
echo pu lses is  the  sum of  the cr t  read
out plus the FIN E OELA Y sett ing. Fo r 
th i s  i l lustra tion,  the  0.0051 m s  cr t  read
out and 75 ns F INE  OELA Y readout 
give a total  delay of  0. 005175 ms. T h e  
accuracy o f  t h e  measurement i s  wi th in 
the 7 0 1 1  specif ied accuracy of 2 ns.  
The same measurement  made wi th  the 
ana log  delayed sweep,  y ie lds  a n  error  
of approx imate ly  4 0  ns .  

To determine the amount  of  jitter that 
wi l l  appear on  the display, lIse the chart 
i n  F ig .  24.  For the above measurement 
of 0.005175 ms, the display j i t ter is 
less than 2.2 ns. This j itter is not not ice
able s ince the sweep speed is 5 nsl  
O I V. Th is  d isp lay j i t ter  i s  a l so 20 t imes 
better than can be obtained with ana log 
delay .  

Radar 

7A2& 
Ve<1ical Mode . . . . . . . . . . . . . . . . . . . . . . . .  AL T 

I �g g er Source • . . • . . . . . • • . . . . • . . • • . • .  CH 2 

7011 
Delay Time • • • , • •  Sel Delayed Trigger Oul 

10 be Coincident wilt! R 
p 

Fig.23. Equipment setup for radar pulse delay l ime measurement. 
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Fig. 24. Chart at 7 0 1 1  jitter v s  delay time. 
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A n  internal switch lets you set the 701 1  
to i ndicate ha l f  t h e  actual  d e l a y  t ime.  
Th is  mode is convenient  for  radar  rang
ing or  T DR measurements where you 
are i nterested in "one-way t r ip"  t imes.  

For  better v is ib i l i ty  o f  very low rep-rate 
pu lses.  use the 7 D 1 1  with a 7633 o r  
7 6 1 3  storage osci l loscope i n  the vari
able persistence mode. The storage 
controls are set so that the crt  w i l l  " i n 
tegrate u p "  t h e  fast-rise low-rep-rate 
pulses. 

Radar ranging and radar  a l t imeter  t ime 
delay measurements are  on ly  two ex
amples of app l ications for the 7 D 1 1  
Dig i ta l  Delay P lug- in ,  where accurate 
t im ing  measurements are necessary. 

2C DELAY-BY-EVEN TS 
M EASUREM EN TS 

L ooking at the data l i nes  of a disk mem
ory is one example of the usefulness of  
d e l a y-by-events.  F ig .  2 5  shows the 
equipment set  up  to look at  a data l ine 
f rom a f loppy d isk .  The 7D10 I s used in  
th is  example .  

The sector  s ignal  i s  used to start  the 
count and the clock s igna l  is  used for  
the events count.  The  c lock s igna l  is 
a lso d isp layed on  the crt along wi th  
the data  train.  Wi th  the mainf rame t r ig
g e r  selector set to r ight  vertical ,  the 
delayed t r igger  from the 7 D 1 0  is routed 
in terna l ly  to the time base. 

Three t r igger  adjustments must be 
made in order to obtain a stable d is
p lay .  The 7 D l 0  EVEN TS START T R I G
GE R contro l  must be set to tr igger on 
the sector pu lse ;  the TRI GGER control 
must be set to tr igger on the clock 
pu lse ;  and the t ime  base must be set 
to t r igger on the delayed trigger out. 

To observe a part icu lar  event, once a 
s t a b l e  d i s p l a y  has been o b t a i n e d ,  
merely set the EVEN TS C OUNT contro l  
for  a part icu lar  count. The count dis
played on the crt  readout corresponds 
to the first c lock pulse d isp layed on  the 
left o f  the crt .  In the example in Fig. 25,  
it is bel ieved that a gl i tch is occurr ing 
on or  near the 82nd c lock cycle of the 
d isk .  The  7D10 is set for 82 and the 
82nd data pu lse is d isp layed. A gl i tch 
i s  indeed present.  

I� -I Data 
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�- I  
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Tri gge. Source . . . . . . . . . . . . . . . . . . . . . .  EX T 
Events Triggu r S lart • • • . . . • . • . . . • . . . . . .  + 
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Trigger S l o p e  . . . . . . . . . . . . . . . . . . . . . . . . . .  + 
Trigger Mode • . . . . . • . • . . . . • • . . . .  PoP AUTO 
Trigger C oupl i ng . . . . . . . . . . . . . . . . . . . .  " AC 
Trt gger Source • . . . . . , . . . . . . . . _ . . •  _ _ _  . _ IN T 

����C.I Mode . . . . _ . . . . _ . . . . . . . . . . . .  LEFT 
T r i g g e r  Sou rce . . . . . . . . . . .  R I G H T  VERTICAL 

Fig. 25. EQuipment setup for floppy disk mon itor ing . 

Delay-by-events is a signif icant im
provement over us ing absolute time 
delay, whenever you are observing a 
signal whose repetit ion rate is aper i
odic or r.ontains cycle-to-cycle var ia
t ions l ike flutter, wow, l i n e  surges, o r  
data skew. 

Another useful  appl icat ion of  the 7 D 1 0  
or  7 D 1 1  is  in conjunction w i t h  a log ic 
ana lyzer ,  such as the Tektron ix  7 D O t  
Because of  the h igh cost  of  semicon
ductor memory ,  logic analyzers have a 
l im i ted measurement window,  and thus 
re ly  on devices l i ke  word recognizers 
and d e l ay units to provide suff ic ient 
tr igger select iv ity to capture the de
s i red event .  When using a 7 D 1 0  Of 
7 D 1 1  (in the delay-by-events mode)  in 
c o n j u n c t i o n  w i t h  a 7 D 0 1 ,  you c a n  
e a s i l y  move the  l o g i c  analyzer memory 
window back and forth a long a d ig i ta l  
waveform such as a data tra in to look 
at the data coincident with specif ic 
clock pu lses.  

18 

3A A M PLIT UDE 
AN D VOLTAG E  
M EASUREM E N TS 

The Tektronix 7 D 1 2 AID Converter 
and the 7 D 1 3  Dig i ta l  Mult imeter  p lug
ins (see Fig. 26 ), take advantage of the 
7000-Ser ies crt readout to give you 
both s igna l  and dc measurement capa
b i l i ty  i n  one mainframe.  

The 7D13 is  a typica l  mult imeter ,  which 
measures d c  voltage, dc c urrent and 
resistance. It also has a unique feature 
of bui l t - in  temperature measurement 
capabi l i ty .  

The 7 D 1 2  provides a modular  approach 
to DVM measurements. The M1 Mult i 
funct ion  Modu le  provides d c  voltage, 
resistance, and temperature measure
ment capabi l i ty ;  the M2 Samp le/Ho ld  
Modu le  measures the voltage ampli
tude 01 a sampled signal and displays 
the measurement on the crt readout; 
the M3 Volts Modu le  measures true 

RMS voltage. 



38 SAM PLE/HOLD 
AND TRUE R M S  
M EAS U R E M ENTS 
WITH T H E  7D12/ M 2  
A N D  7D12 / M 3  

T h e  accuracy o f  a n  amp l i tude measure
ment made wi th  an osci l loscope var ies 
from 2 %  for fu l l  display amp l i tude 
measurements to  1 0 %  or  greater  when 
us ing on ly  one o r  two d iv is ions of  the 
d isp lay .  This accuracy is often not suf
f ic ient ,  when look ing at your power sup 
p ly  c i rcu i ts ,  operat ional  amp l i f i e rs ,  o r  
components l i ke  SeRs or  AID con
vertors. 

The 7D12/M2 Sample/Ho ld  u n i t  offers 
an easy-Io-use so lut ion to the problem 
of making accurate measurements w i th  
the osci l loscope. Wi th  the 7 D 1 2 / M 2 ,  
t h e  resolut ion o f  the measurement i s  
independent o f  the d isp lay ampl i tude .  
An accurate measurement can thus be 
made without  magnify ing the d isp lay 
beyond the l inear  l im i ts  of the ampl i 
f ier .  Point-Io-ground or  point-to-point 
ampl i tude measurements of  complex 
waveforms, wh ich cannot b e  resolved 
v isua l ly ,  can now be resolved d ig i ta l ly .  

The  measurement of SeR swi tch ing  
levels is one  example of how the 7 0 1 2 /  
M 2  can  b e  used to make accurate a m 
p l i tude measurements. The t r u e  R M S  
voltage of  t h e  S e R  s i g n a l  can  a lso be 
measured by subst i tut ing the M3 AMS 
Volts Module for  the M2 modu le .  

F ig .  27  shows the 7D12/M2 set-up for  
measur ing  SeR voltages. The SeR is  
be ing used in a l ight  contro l  c i rcu i t .  
The osci l loscope de layed sweep gate 
is used to t r igger  the M2 sample  and 
hold c i rcu i t .  The delayed sweep gate is 
a convenient measurement gat ing s ig 
na l  because the pos i t ion a n d  w id th  of 
the delayed sweep gate can be set 
using the t ime base Delay T i m e  Mu l t i 
p l i e r  and  the var iable T ime/D iv  con
trol.  Other gate s ignal  sources can also 
be used. The 7 D 1 2 / M 2  displays both 
the s igna l  be ing measured and the gate 
s igna l .  The d isp lay o f  the gate s i g n a l  
makes i t  easy f o r  y o u  t o  posi t ion t h e  
measurement point  t o  the exact posi
t ion on  the waveform where you wish 
to measure a voltage. 

Fig.  26. The 7013 D ig i ta l Multimeter and 7012 A/D Converter with M1 M u l tifunc
tion Module,  M2 Sample/Hold Modu le, and M 3  RMS Volts Module.  
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Fig. 27.  Equipment setup for measurement of SCR voltages. 

1 9  



Fig. 28.  (A) Measurement of base volt
age level. 

The voltage from the sample point on 
the waveform to ground is  displayed o n  
the upper left corner o f  the crt .  F ig .  28A 
shows the dc level  ( 1 . 0  V) measured 
just  before the SCA switches; Fig. 288 
is a measurement of  the peak ampl i 
tude ( +  1 69.8 V )  of the waveform. 80th 
measurements are made by posit ioning 
the delayed sweep gate r ise to the de
sired sample point on  the waveform 
with the Delay Time Mul t ip l ier .  In the 
S1 mode  vol tage measurements  of 
±200 volts can be measured. 

In  the S2-S1 mode of the M2 module 
(see F ig .  29) ,  two samples are taken, 
one at the leading edge of the delayed 
sweep gate and one at  the fal l ing edge.  
The difference between the  two sample 
levels is  d isp layed o n  the crt readout.  
This mode permits voltage difference 
measurements up  to a maximum of  200 
volts with the P6055 1 0 X  probe with a 
resolut ion of 1 00 mV. 

The P6055 lOX probe used in th is  ap
pl icat ion is dc adjustable wi th in  the 
probe. Accuracy is  not sacrif iced as 
long as the probe is properly adjusted. 
When the probe is connected to the M2 
input. scale factor information is auto
mat ical ly corrected. Without the probe, 
resolutions of 1 0  mV and 1 mV are 
possible on the 20 V and 2 V ranges 
respectively. Accuracy is 0 .5% or bet
ter ± 1 count on a l l  ranges with or with
out the probe. 

Fig.  28. ( 8 )  Measurement of peak volt
age.  
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Fig. 29. Measurement of voltage be
tween two sample points. 
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Fig. 30. Equipment setup for measurement of SeR RMS voltage. 

Fig. 30 shows the setup for measuring 
the true RMS value of the . SCA wave
form us ing the 7 D 1 2 / M 3  AMS Volts 
Module .  The measurement in th is  case 
i s  93.0 volts AMS.  The M3 modu le  in
puts are isolated from the display am
p l i f ier ,  which permits you to view the 
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s igna l  be ing measured. The accuracy 
of the M3 modu le  is within 0.25% be
tween 40 H z  and 4 kHz, and with in 
0.5% between 4 kHz and 100 kHz up 
to a crest factor* of 5.  

·Crest factor Is  the ratio of the peak voltage 
to the RMS voltage. 



4 T E M P E RAT U R E  
M EAS UR EM EN TS 

One of  the most common causes of Ie 
or transistor failure is overheating. A 
typical method of checking the effect 
of heat on  a c i rcu i t  i s  to put the c i rcu i t  
i n  a heat chamber .  raise the  tempera
ture to the maximum ambient tempera
ture that the c i rcu i t  was des igned to 
withstand, and wait  for fai lures. 

Another method of  checking for com
ponent heat fa i lures i s  with the P6058 
voltage/temperature probe a long with 
the 7 D 1 2 / M 1  Mul t i funct ion unit  or the 
7013 D ig i ta l  Mul t imeter (see F ig .  3 1 ) .  
The P6058 i s  a combinat ion  d e  voltage 
a n d  t e m p e r a t u r e  m e a s u r i n g  d e v i c e .  
The temperature sens ing  e lement con
sists of a transistor insta l led i n  a t ip  
that  p lugs in to  the end  of t h e  probe 
body. This probe can be used to mea
sure both ambient and case tempera
tures up to + 1 5 0 · C. This temperature 
measurement i s  d isp layed on the crt 
readout. 

Fig. 31. Temperature measurement for 
component heat failures. 

I f a temperature chamber i s  not avail
able, or if  you merely wish to make a 
quick check of the effect of tempera
tures up  to + 1 5 0· C, s imulate the heat 
chamber with a heat gun .  A p iece of 
cardboard might  be used to isolate 
part icular components or parts of  the 
c i rcu i t  board. To measure the ambient 
temperature, ho ld  the probe t ip i n  the 
v ic in i ty  of the component  to be checked 
without touch ing the component.  To 
measure the case temperature,  touch 

21 

the flat surface of  the probe l ip to the 
actual device. The case temperature 
can be measured even if the case i s  at 
a voltage level above or below ground .  
The temperature probe t ip  is isolated 
from voltages up to 250 V. 

The temperature probe can also be 
used to help determine the correct s ize 
of  a heat s ink for a part icular device,  or 
for g e n e r a l  i n s p e c t i o n  of  a c i r c u i t  
board for hot spots. The sett l ing t i m e  of 
the probe al lows you to check a l l  the 
components on even a large c i rcu i t  
board i n  a few m i n utes. 



Digital Application Notes 

Use t h e  attached r e p l y  card to request any of t h e  a p p l i 

cat ion notes l i s t e d  below. 

Measuring Time Interval Between Non-Adjacent Digital  
Word Train Pulses or  Mult i-Echo Radar Pulses.  
This appl icat ion n o t e  descr ibes how t h e  7 0 1 5  Time

Interval  p l u g - i n  i n  a 7000-Series Mainframe provides the 
abi l i ty  to make se lect ive d i g i t a l  t ime- interva l  measure
ments from any repetit ive or non-repet i t ive pulse. I t  also 
describes how this c o m b i n ation can make t ime- interval  
measurements between n o n - a d j a c e n t  p u l s e s  w i t h o u t  

s a c r i f i c i n g  d i g i t a l  counter  accuracy.  

Counting Events in  a Burst and Measuring Burst  Fre

quency. 

A procedure shows you how the 7 0 1 4 ,  525 MHz high
frequency counter  c a n  b e  used to measure the fre
quency o r  events on any part  o f  a waveform. A delayed 
gate i s  used to isolate the portion o f  t h e  waveform to 
be measu red.  

Digital  Delay in an Oscil loscope Makes Your Radar 
Pulse Time Delay Measurements Quicker,  Easier and 

More Accurate. 

This a p p l i c a t i o n  note describes how to easi ly  make delay 
t i m e  measurements to within 2 n s  accuracy using the 
7 D l 1  Dig i ta l  Delay U n i t .  

M e a s u r i n g  M e m o r y  C o r e  I / O  S i g n a l s  w i t h  D i g i t a l  
Accuracy. 

T h i s  appl icat ion note describes how the 7 D l 2 / M 2  
S a m p l e / H o l d  M o d u l e  i s  used t o  m a k e  a m p l i t u d e  mea
surements o n  any p o i n t  o n  a waveform with accuracies 
better than 0 . 5 % . It  also demonstrates how t h e  t i m e  
between t w o  p o i n t s  o n  a waveform c a n  be measured 
with dig i ta l  accuracy using the 7 0 1 5  225 Ml-lz U n i versal  
C o u n t e r / T i m e r  P l u g - i n .  
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Measuring Disc Drive Access Time and Access Voltages 
with Tektronix 7000-Series Digital Plug-ins.  

T h i s  appl icat ion n o t e  demonstrates how t h e  7 D 1 2 / M 2  
S a m p l e / H o l d  M o d u l e  makes voltage measurements o n  
a n y  port ion o f  a waveform accurately with d ig i ta l  reso
l u t i o n  to 1 mV. I t also descr ibes how the t i m e  between 
two p o i n t s  on a waveform can b e  accurately d e t e r m i n e d  
us ing t h e  7 0 1 5 225 MHz U n i versal C o u n t e r / T i m e r .  

SCR Gat ing Waveform Measurements w i t h  H i g h  Reso
lution Digital  Accuracy. 

This a p p l i c a t ion note demonstrates how you can mea
sure any point  on waveforms up to 220 V pop with 100 mV 
resolut ion and better than 0.5% accuracy u s i n g  the 
7 D 1 2 / M 2  S a m p l e / H o l d  DVM. It  also descr ibes how this 
is an exce l lent  means to accurately measure the voltages 
of a waveform and avoid the d i f f i c u l t i e s  of s a m pl i n g  
osci l loscopes a n d  overdrive recovery problems of ver

tical a m p l i f i e rs. 

Why Use Digital  Events in Your Measurement Applica

tions. 

T h i s  a p p l i c a t i o n  note demonstrates how the 7 0 1 1  D i g i t a l  
De lay U n i t  g i v e s  y o u  stable d i s p l a y s ,  e l i m i n ates t r i g g e r  
a m b i g u i t y  a n d  accurate ly  determines w h i c h  c l o c k  pu lse 
i s  o n  screen.  For example,  you would b e  a b l e  to t e l l  i f  
y o u  w e r e  o n  t h e  1 s t  c l o c k  pulse, t h e  129th c l o c k  p u lse 
or  any clock pulse to 1 07 . 
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