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.Emory Harry 

Counter and oscilloscope 
combinatio,n makes 
difficult measurements
 
" ,od~rn elei:rroni(,' counu~r~ ;uc versatile,. accurate instruments used i,n ~ 

," iVH!e vanely 01 ;'ppl'GllLOo&. Howcfer. many,measllJ'enrrnt~ are ellCh,
Cll'lr or even impossible to make wilh cOllveritioriaJ COllnlcrs. Here arc ;1 few 

cx:ullple:;: 

M 
PERIOD OFINTERE8T ~'-'--'-'-~-·"I 

• 

- l""'.--~"",I WIDTH OF INTEREST - . --
_. 

I"'.>'-'-~ TIMEc]NTERVAL ·OFINTEREST..,... --~·I...... 
.,-- FREQUENCY OF INTEREST 

FREQUENCY IN A "CHIRP"~ 
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VERlICAI,StGNAL OUTPUT 

500mVldill intal MI! 
2~mVldlv lilto'~~O H 

Amplitude 

$o(rtnV/dlv 1!'l10 lMn 
2SmV!dly iril050 n 

500 rriV/diY into 1M!l 
25IJlV/f;flv liltoSO IZ 

1.5Vjdivintol MH 

300 mV/djy into:;1 M!! 

500mV/divinto 1 MO 
25 mV!divinto 50~1 

SOOmVldivHitcr 1M!)
'25 inV/diVinto·50 n· 

aaridwi.dth 

70'Mltz:wlth tA24
.or7A26 .... 
e:~MHz with 7Al~ 

55MHzwHJi 1M2 

20MHz·With.7A18 

14() MHz .with 1A24 
or1A26 . 

75MHz'iilltlh rAja; 
laoOSerl6s 

7700 Series 

7313/R731$ 

549. > 5 MHzwith 1Al 

544/546/547/ I 15 Mljz whll·1 A1 
FtM544/RM546/, 
.;~M547 . I. . -:.'---+~--~~:-.c,--~ 
.S-aSA/R53S .i 5MHzwith1 A1 1'.5 V jdiv'll1to t M!:~ 

Fil;_,ltfE,KTI(ONrX ostnl()SI:t~f.>t.'S h;lv,ing,dd'lyed gale and \:I:rti
eIhlgnai OHtplll.s sultahle lon:lm apphc.atlon. 

~J.'g, 1,.. A (,'ollrlt&U.I~d OS..O.·H(}~c-o:pesCt !.l.·.ptilil.j(.~~ure lIle wmtllM 
('he eleva led. pulse dlsp[ayt:d 011 lhe (lS<;IJ[O~I:OPC(T!:. 

In each eXfllilJ>le, the (·ollmer's.trigger i:irniits e}lll

nnt,t1isp:jminate between thep,tHOr Jh~ W;lye(orlll of 
in t(,~resl a nd ~h~ par:t'lH>l orinterest.; 

A fe:w colm.teTSoffer'lllplll ga;ting mat'allpws the in
pufb-lgnalI.,1'H1nnel of'tlle <!ountert6 he galccLo:n aild off 
witlnm ex.ternal~ateol'cQhtr61&igha1.This m~1ke5 rn:ost 
of these diftknltmeasureniellt~.possible·; however, the 
appropriate gating signal 11 rarely:conveniently a\'ail· 
ablc,At(;wnlUmel'~ otter V;trl<tp1e li:old;;Off or p¢lay, 
whichintrodJ.lces :ivari~lble del,lyra theTinle [nterv<ll 
illOtle, betwecn when Channel A triggers Md CIHmncl 
n is.pennitted lonil,'rget. 'l'hi.s featnre also ftttlkes soine 
of thesediffin II t'rtteaSLJ ren letrts I}!.:issihlc, bilt it ·('an em Iyo 

be used 'ill the Time Il1terVallilOde. and theappmxi
lnate iHllOUut (jJde/:ay requiredrnustpeknown. . 

f\llllo I. all e)f these difficult measlU'ementis can,of 
wW'lIe; be 1l1ttt!t: direqly 'With an oscilloscope.. hllt n:pt 
with the same tlegi'CC of ;H;{~lll';:rey licotullcr oJ[ers. 

.Counter: and oscUloscppe 
A i::olHiWra1'ld ;U1 oseinosc:ripe ~::ull;>e <,:oinbined iilH) 
a pO'wcrJ'ul in~asuteme'ilt tool.t:hattan C()!lvclliemly 
lllak rImsc otheI',vise dWicll1 t i}rcven ~lnp0$-sihlc IhC;lS

urcnlcriis.With the technique to he described, the 
counler <:iU', Ix: made to l'ncasurc any' selected pt>rtiOll 
of the\v-ay:efofm displayed on rhe ()Srilloscope.. Thus, 
lhcfie>d1:>ilityand visual veriflcatiqp- offered by all 

p~cillosL,(ipeisc(jmbined with the a(,:(:tll~~t(y of a COUTllet~. 

'rheredlllique involves .supll11ing or algebraic<lUy 
;\<1dio15 the pottion of the waveforfhof interest with <I 

pulse, so that the pulSe l'l:e:H;cs .. voltage pedestal upon 
which the portion ol'interest rides. With a portion oJ 
the Wavcforlllelcv:H.ed, rhe counter's trigger threshold 

(triggering levd) ntn be SCt so ihat lhecoUi1tCl'tl'iggel's 
on ly un ibe<lesired portion~ 

Ira Pnnl~Tl'a~e,Dt'Ja}'edSwt'€pOsdllosrope whIr a 
Ver~h:;:11 Signtll Otltpul an~la Ilelayed Gate o.utptjlis 
u.~ed in conjunction with theconnter, 110 othet't?q,uip· 
in(:~nt is .required. The D6htyedGatc serv:esas taenc<.:es· 
s,irYIJul!ic;dlc[}ual-Trace Amplifier pcr[OnllS the SIUII' 

Illi 11gTU,i'lx:t1(m, and lhe Vertical Signal Output (~wa,ve
fonn.·ident;ical rotluH dispJaycll,on.the cTt.of the.uscil· 
IOSCfjpe) is ('onnt~!':tedW (heinpu! oftheC(lillHeLFigllre 
lsJlOwsa 7603iMainframc, 7:\18 DuaJ-Tracf:AlJIpl.i£er, 
7B5!3A 1)elaX<:d Sweep Tillie Base, and DC 5051\ Uni· 
vcrsi'll COlln~rrriinej' in the described conJiguratlc)i'1. 
Fig'ure2i~Ilch;lrt ()f 1'EKTRONJX O~dlloswpe,~\vit!J 

tbe necesS<H)' f0I11h.~natinl:l of featllfCS, and the band
wi<hllaT\(1 arnt!litudc OCdlC Vettir:al Sign'll Ol:\lPUIS. 

Making th~",easurement 
Tlw w:wefolTlI.aponion oj' which is tQ bCJneasured; is 
connect:~dlb Ch~ltinel I vetLic;Jl jnput, oJ the osdllo
sctlpeand the qmlrols ate set fora stil/)le display ap
pro~iiH,He}y two divisi()l1s in amr>lhude. "rhe wide 
n.lllg'e bfinplll mn pI itudes flla:bor;itory()sdlloscope can 

~rcq)tofferilthc added ad"ilntagc of signal (:ouditibn· 
ing;: iImplitying-or flttcllualing a waveform prior to 
being-connected to th",coqr'Hcr input. 

\'\lith the waveform poi'tion of intert,s! di;;playe:d(jtt· 
screen. the oscilloscope's HbrjloiltalModeswitc.b is 
placed ill the Intensil1ed tHode and the bl'ighleiiedpnr· 
(iott of the il-;I(.'e is "djiisted 10 ilHensiIy the portiott of 
imel'est. The Delayed Gate Olll,pm, a pulse whose 
width and positiolll'elative to the osriiloscope ll'igger 
point lsidentira! to the in tensified portion (lrthe tHIn:, 
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is then l'OllllededtoChaiulcl 2 vCI'{i(';ll illput. -rhe Ver
tilal Mode switrhis !,ct to Ghanrle12 anel the cvntrols 
;llljuHed rOl~ it dispLty two divisioils in amplitude. 
Switching to dIe A.lgebraic AddJl'lfJde, the two 'wave~ 

forms (the delayed gate and the hlput'w<ln~f()nn) will 
ni)\v he Sliltlll1~d ;UHl the (C()lJlhinadon \vin be apprcixi. 
maldY. fOllr divisions if! aluplitlllleas i,nFigure L If' 
the delayed g-dte isposilionedpJ:qpcrly, the portion of 
rhe inpuiw'a\'c[(lri'n o[ ill ten';sl Win 1)(.' eleva ted ;Ipproxi
mattly twodivisiolli>. 

'nle ()1\d Iloscope\ V'cl'titit I SigilalOtitlJ\I t is IlI)W 

conriened to the cOLIIltcr input anti the WlIIltcr',s Trig· 
gel' Levd ('(mtrell is setsn l}}ecounter triggers only 011 
the elcv,\I,ed jlqrtioj1. 

Setting the counter trigger leVel 
If lhccouflter h<ls (lDC ,'rigger Level' Output, the trig
ger levd Gill he st'l by monitoring- this :outpUt with 'a 
D1\:l,\1, SI'ltll11-\' -il tn Ihe' desired voltage level as read 
from the oscillo:i('clpc'scn.l r the counter does not have 
a DC Trig-g'tw Level OllLplH, the (o!lowiu.g Icdmique 
will aid inselting (he cOtllltcrtrigge:r:level 

The amplitude of the voltaR"e pede&t:tl is. IQwered ap' 
proximately r}w~ by a,djusting the oscilloscope's (~han· 
!leI 2 V;lriable Volts Pet Diyjsioll controlf().j:a disphly 
about dilce divisions in amplittlde; Adjusti.n~ the 
munIcr's TriggtT Level coiHnil ii' the positive dii'cctiml 
!llnil the (Olillterql,iits trig-gering, thell ii;) the negative 
c1ir.eetion nntH the counter jllst Slart!; cO\lnting, ,()l' 

UJllllts erratically, will set the ('OliflterW trigger on the 
positivc'JllO-st ponjonof the input waveform, Now, ,re
turning the Challnel 2 Volts pei' Division C(iIllrn) to its 
original position (a four division display) will result in 
the counter triggering at the 50% poillt on the elevated 
portion of the wavqform, "('hi __ same rt'dlriique ran be 
Ilsed to ~t~l the coi-lI1lcr's trigger level at other than the 
5flo,;, point if desired. 

Counter modes 
Now 1et"scol1sider muking seletlecl pulse or cyde meas· 
urerllcntsin the v::trimls [,'ounter modes avaiJ<lbie. Hoi: 
v(;rsal (ountcis,. as opposed to single Junction or fnc'" 
qllemy oilly lountcrs, oHer a Variety of modes such ,is 
Period, \Vidth, and Time Interv,i1, as well as Frequen, 
c)' E:H'h mode requires that the width of the oscillo
scope's d('by(~d Ipte--the elevatingpliise-be seta little 
dilferently. 

Period 
If a period uleaslIrt':llIcni is 10 he made, the pedestal 
mUSI be wide elloilgh and so positiolled in Lime that the 
entire period of interest is elevated as shown in Figure 
;~, In the Period mode. the COllliter will trigger at ,l 
point 011 the first poshive or negaLlY!: going slc'}pe, 
whlchev<:r is selected, and at the ,al1lC poillt on the fo.l· 
lowillg \Iope of the saIne polarity, 

Elllployiitg this tedllli({ue, the Period mode can be 
u,~ed to measure freqtleJH:y ( F=-ic-) when thefrequen, 
cy "al'ics, or when .il is it bl,.lrsL or dlil-p. In the Frequenq 
Hlode acounler meilsures the average input freqliency 
(luring the gate lime, However, with this technique. 
l"i'cquehcy tan be me~Jsmcd for as short it period as Que 
cycle. The liIlearity of a swept l'rcfluency can eV~Ji be 
H1ea.~IJred cycle by cycle. ' 

Width 
If a width m~asu.r€lllent is to be fJlade, the set-up is tlu: 
salllc as for a period measurement, except that the ele
vating pedestallJlU,:H qnly hew-ide enough to deyate 
the width of illlcrest (Is shown in Figure .1. The counter 
in the \Vidthmode \v:illmeasure the ciine lX!tween a 
point on the first slope Qf the selected poJariry ;uid the 
same point Ofl the to-Ilowin~ slope of the opposite 
polariw, ' 

Time interval 
Acom:IICl' that o([CI'S a Time IIll,e-rv-al moue has two 
inpui dIilHli,eb ;md nlCa~ure~ the time between when 
Ihe first channel, Ch;umel A. trigg-ers and the second 
channel, Cha,nnel H; triggers, The slopes :md trh,.-gcr 
levels for each chann~l (an be selected independently. 
In the TiliJC [ntc-liVid mode, Channel B is held off (not 
penllitted to tri~:ger) until A triggers; however. Chan
nel B canm)t iifJ1'lrially be held ofT or pTcvented ft<>m 
trigg-cring the next tillle thf: input waveform reaches 
its trigger level. \Vith this lechnirlue, g t:an be held olt 
as lung as retjuired 10 perlll i [ the cOlmtcr to measure 
the tilllf' between any desired poims on the inr>ut wavc
kll'lll. Vnlike the Period and 'WidtliJllOdes. the width 
of the pedestal or clc\'atitig pUlse is adjusted to be 
slig-htly Jl<UTOWer than the tillIe ill tcrv'll of interest. As 
shown in Figure .5, the A trigger Ic\;el is SCI to trigger 
jnst as it wasin the Width or Period Hlotles, but the B 
nigger Jew'l issei below the leve.! of the pedestaL There
fore. B willnoj trig-gel' until the elevating pulse has 
returner! to the ll)wcr level and the input waveform 
passe~Lhrough the II trlggGl' level. Beall be held olIor 
IH'cveilted from triggering'ls h,ng as desired byiner'cils, 
ing t:he width of Ule pedesu-d. 

~ntHll variarions in pedeslal width should causcno 
variation in i'OIIIUCr I'elding if the pedestal is properly 
p6sitio'ned.H the C<lunler display varies directly with 
pedeswh",jdth; an erroneous reading is being obtained. 

The two input chanrlds can be nmnected to a Sill/{It" 
wavefortn or LO.two separ;-ite wave[(1j'll1S"tnd a ponion 
of either waveform can be selected and elevated. .'\ por
tion of each of tWO wavcfonm GUl also be elevated and 
therdlY selected, however, thi\ would reqUire an addi
tional pulse and s,llIllInjng HlllplilicJ'. 

Frequency 
~Jaking fn~lluenc}' JlIeaSllH,'I1ICnls directly is not prani
cal using this tce'hnique hecause the counter's gate and 

-----'-----~~~~-~------------------
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~; 6~TN~l'i(1Serjes et!,tfrgUiittWn:fnt 111akiRg·fatcdc('i:int~r 
lue;uuTcrO!it:lI$Wi.lh II. nQtPi;l~l",Ycd.&,weeJt'qsti1lQ~fillC.The AM 001 
,rtlSlf~nn$th'e sijmmillgftlti~fjon'u(,ltIli~lI~ p.rQvi~t!tI by~l}c ~iJfu< 
fci;~. .' . . . Fig,S~ Iu,~FjoomelJll~re.m~Jlf. 4¢laY"(l.,gatewttU~m,l1lU ~~ wide; 

enotlgh:'I.O'cll'vau,' eutl'fcP!,j.nqd Q.rin.~J,e~I., 

L I W~TH QF 
r- .I1N'f:EREST ·0····:·····.: ,". . .. , 

. - '. . .. 

,,~. 

tlg•. 7;'TheI)n 5th·, Digi~1 pet~r sihlp,Hlie$ rrjgg¢I'!\ClecciilJf whe/" 
ddaJitilI the lrillteririg' of lhe;re,UnUzr ror~\'~l R)l~fit ~l((J~, 

INPut '. 
WAVSI'ORM 

.INPur!w"NEFORM 

1---,..,-.,-'__ 

--T ~f~-- .'~~, ·&;::~~ll.-· ~~ _ 
,yHANNEL.A

TRft:iGERLEVEI,.
 :CHANNELB DISPLAY 

TRIGGEI'l LEvel --,rIME ----
S!JMMATION 

tig.}l;.tm)nlX.u~'r~~nll~\:lllit)1:Clft;al lit!int: display time :¥,tdilgS;
Fig. 5. Forlhi'(¢ iJH~rval nleasIJJ·lmINIi$;deht)·ed,.t~ic!'j&'$cli;JightlY· If 'tlje'c:c:ulrilct 1l':ailo\it··i!teTtat~r Qr'loQla~~ hilmf>e!-". inqe-dsc
shorter ill (hita'rIiiild.lllntiinc intervalt(,!>i1 JO~silred:. . lb~,djllptay tltirc\vtth t1;t¢ QispJayTime Gpnl,I:oL .... . 
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" 
the elev"t~ngpuls.ewould bilve tobe$yrlCbr()tl~i~d. 

Frequcucr l1ii!~~utement'> can 00 made. as lllentiQPCl(l 
eatlierl in thecP~riod mode, arid, b~anse frequ:en<w is 
'tne 'reClppocnJ' of time; tb~cottv¢r~i'QJ~,is:simple-, 

Averaging 
In th~ r<:..iod~ Wi~th~an.d Timt' lnH~l''!al l}w(h:~. i~ i~, 
Oftc!l-,qesil:ab.letoayerage to~(:hieve ihe deli,h;ed,a,· 
l!udtt'f.' Rtl'le cou.lJter()f~rs WJdth J\ver~tl1gAn(J'~ime 
III tcrvat AVt;tllgitig. 'it is simply a, inauerofswitdiing 
to tb;~l mt)(te. The (;'otinter. win ilGhnnulatcreadiJ1~ in 
dec!ute 11:tultiples ~dlivel'aget:hern."No dtange in the 
pr:oced.,l:lre fora$inglei-nmeln~rval:or W:idth ~!lea$til'e· 

lllel'tt is lle'cess:1r,y:For :peYiO(l'lVf¢f'~itl'g.howe~er,.an 
<tltei'a~I()i:l,tQ,',tb:e ~e~iliquei~n~e~$liry. In pedod~v~r-: 

:igiitgi, theritljjlb~io.f.~periQds to ,be a:vera~a IUU~:t; aU 
be elevated,' To m/er~ge 10 }>ctioos. 10 or -flloresuc;«s
si:ve()r~ontilluOUlS petiods lilllSl beeievated. To'average 
lOO~peri9d!!.,H){) QI' Hl~m~ suYceS!liv~ or ~40ooti~lUOI;l~ pe-
riocb 1Uu~t he tl~yated. A largernunlberof aV~l'J:tges:' 
£11'p b,¢~tec:ted~ butsioce dtepl,ll'pdSe~[this tec,bhique 
is't;QAllltke ';lsel¢<;tiverueasuJ'em~tit ol, a lil'oallpotdon: 
ora: signal, it is unlikely lhat high~l: ~1:Yetaging,faCto)'s: 
wiWbe,£oilln14nly. use(l itl tJll~;Peri0d niadi:'. 

'.... :. ". 

Uling,a non.odelay8CIs*eep,oscllloJcope
 
If a NOD,Dehlyed'Sweep OsdJloscope is used.a~parate,
 
,pltlse generator wit,b 4~JIt)', tike t4~ T~~TRONI,\
 

PC ~05l)r p(t~Oa, mY'.s~ ~¢ill.(.'W"po'~aJedtog(merate~h~ 

rtecessafY pulliC,~ 'l'ije'p,ul$"e generator rttU$1: haved.(lay 
so it$ QUtPHtt<U1'be:positiiLinedin thn¢,rel-tUive tQ the· 
input wavefOrtll. , 

If ~he.os.ciHoSL'Ope does; not na'vc an Al~biaic Add 
in<ld~. it separalc,utlpIiner like dic,AM 5tH can' be. in. 
cQrporalcd to serve lhis hlnt:ti~n, . . .. ,.' '.' . 

.... The, TM MO produt:t linep-rPvides an ideal s91uti(:)r~' 
'to,the; problem; ;Figure 6 isa dij;lgnttil s11'owin:g the 
5(:;502 Nort,..])eli1:ying S}\'e~p Osdlloscof>e. ·PC. SU5 Ptdse 
Cenetaloi';AM501 Aillplifiel', aud either lhe 'DC, 50S 
or D~;p05A Univei:Slll Counter/Tirtlerwith the ap", 
proprj~~e lmercon~~ction:s in~eT'M500 ~i~inlr;n.~tf. 
'Tlli,s partict4aT systern'is usableqpn1 de 'to he:tweep 
50 kHl and lQOkHz, limited b)'sU-mWing: a:mplifiet 
Q~l1\dwj(lth and pi!lse ~enerat(ir (i~¢ tiu'lts. . 

DlgUa'detay '. .' ..
 
Wl~ert it is> iie<;css;u:,t tdd~iay dr.¢. triggeti.Ilgol .thet:Q-;Ur¢

er f(,jr a: latge'num~r at p,ul~'Qt bYd,,8.. it .¢an \)eOO1J1e
 
11tlptactic.al due to ihe LiinitellreStJJ U lioll dlIcrc<f.by the
 
{;i't of an ()sliUoSc;ope, ~ven wid\. a lnagftifier.Forex

ample! it would he;iltll-~?t in:mosslbleto position the.:;
 
pulseol'.- pedestalqn'the :()n~thou~nctth j~p~~t'ppl~'
 

to Ole~ISll-r.e Hsperi~~lj widt:q..:or~1;ne itlr;ervaL 'g,ven
 
With a times ten rnagtli6cr. there would be ten, in:p:u't
 
pulses or tyclesp,er di"jslbfl on the ¢it, 'rIle 11DI)01
 
Digi:tal:[)e1ay sulvesthi-s problem. It Cab delay by .up
 

to onehUlldi'edHi(>u~rtdevents,andgeIleratea qc\g.
get' ~\ t I'heselel;~edn lllnbel' of events. . . . 

When theQD 501 is JJ~d witbUlis' tedl1li:qge" hiS. 
~:6h1i~cl.¢9assh:ow»: 11) Fl/Wre 7,. The input ~igp:a11s 
'colmecLed to. die PI) -50) S~~m and.Events inl:>hts a.nA 
tlJ'e,inpUt ofthe~i1l<j!itope~The onq)ut of the nilti tal 
Detay is conn~cted totheExternal Tri.gger input of the: 
~dnoSCope.mld the appr:upriatenum!)et 6fevent$, 
pulsesr·ol',cydelt'to,heil~layed IS dI-a1e<lvp on' ~~DL.l:OOl 
b-ont pane~. The countet:' 'i$Cqdv~ by 'the s~tll1ne.4 
pedest;rl. and s~n'alh~tudie scope verticaloutpllJ\,pr by' 
aseparate slOOnli~g' ainpJifiet. Whendte sel~(:ted uniil
bel' Qf events: takes place" theDD5m puts out"a tt.r 
thai trigg~l'S thescQl>e;tttd. die: d~Ia,y,ed,gstte. A (aster 
o~iU:os.,opeswec:p spcedc;Ul' (lOW be ~l~ed, which offers' 
entltlg,p resoltlt.lQJl tQ:p<>siti.bw rhe elevating pulse. 
. rfi;tis lleccssary tQd~laybytiflier the c()unter's titn:~ 

:base'QU-tput'l1t.ti be,t;61ii:letted.t6 the.Q:D 50t· i!1Pll:h TM 
COUllter-ls fill,le ;base ,ltCts< as adotk ,Utat,the DD50l 
COUtl,tS. 

Erron$"ous:readJng: 
SOllle;r~ng('r> 01 inpHtrepetitionrarescan cause an os" 
ciUoscope to trigger 6n dme~;l plllses. on e;~cli -l\weep. 
hGwevet.thili can ~.cor~(!ted widl Trigg~t HQ~~l,~fE if 
lne' C!sdl1o~"ppe lla, thiS- 1eatuteY .Qr' with (lie Vatiable, 
Tinit:'Per J)ivisiOiNfit does not. In eifhercas(: the basic 
iepetitlon tate of' tli:e6scdUosC9pe'S sweej:) gener-at!)!' is 
diali:gedsofhatth.-.: Q,~€ill()8~'()pe triggers l;lt J!lc .same 
poinl Or 011 th~same:p-\l'~ .lQT :eac;~sw~ep; WithtQ'e 
teC!mique de~hed in this j1C;Jte, itl!!, possiMe to bav~ 
~li&eoti~lIt thcsilUle problem w#ll ~counteI'. Tbe' 
:('()l.Jlll\efb.as a'meWiurement cycle 'umear' repetitiont<ite; 
\\'hith is determined by die length ·oflimc ittltkesto 
11lake the ni~Jsurem'ent"l:ll'ltsthe dilipJa 'y timc, As~h(jWn. 
in the IJeriodJlle;'lSl!rementiJi1"lgure8, iI the'C01}nt~~~: 
me~liU,rementcydetimere.<il,llS ill tb~'4isplay tjme~n(J' 
ing itt th¢ midcUeo(die perl1){t ~,hemeall'ired, an~· 
.tPoeOll5 period tl1casUrem¢t1tr~stilts. And ~hesa~ne 
tliing tali (K<:Urin tbeWidt:h, 6t'Timc Interval modes. 
The inilkalionis ancrut'ti:cl'eadiog- ora readulg dlat 
is tOfi large, The' f9u:rih wavefoimIronittietopin Pig. 
ltre 8 shows <til erl'oneQlts., too ~O)~g, periOd,'To correct 
.the '. p'rol;ilem; theC(Hlllter's <fi~play {i,rne IS iucreasctd 
'\'ith th¢.D'isI>lay Time' Colun)Las shown ItlFi8Jire 8. 
The cQIit.nter nnw hits ..l,t~sl~W~i'ref)elidon rate ot'long.ct 
mcm~ureilleill:'cyde tiute~ilddoe$ .. not reset' intlie mid· 
dle·of the period, width,or:tiineiiiterval'tohe meastli·ed. 

. .~ 
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i'e~'Ulatest1re sll/JpIy voltilges'lndpmvides. the ftiiidioh· 
seieCl(lr swjtch,~ wbkllsel~l'p the int.c::Tlta[ circu'itsflW 
the appl'Opriate l~sts~ 'the [l8alsQ~ar>provisioJ.tto 
sweep d~e,npl,t~ ~upply vol ragcsata ~le(;'ted ctate;a:nd 
•aUl ~1itl.rde fot-' lhie regllI'ati()n,~nd other (~~~, 

Fa:ur b;l,~i(!tests tiilthl'ee,;termitt.a! r~g.;ihuo:rs cm:il ltt:: 
performed.oilt'he 5-17/118: Idarltegulatihn. .Iiiteregil' 
Iadori; quieSL't'ut ofC()illmonCllttent; ahddfo}>out volt
age. A fifth(es~, ripple r~j(ro~ion. caIlalsol¥Jpedorrned, 
depending 011 how it is 'sp~citied. The device& cal' be 
~~st~l()vel! :11) h'l'pUc(fange of ()~'60v()Jts,cwitb loai:J, 
r.urf;eti~s u,t; {j) 2a.mper:es (pHlseq). 

loadregu.atic)It 
1"oo<LreI;fOJati<)'O i~the <ij;:rngtj4:~ulatQt(jutfiut iQlt
age dver the spe6fiea hihge: of load t;ilrrent, w'ithl>to

.viii6n iii~lde t6 keep thip temper'oitUre c6nstan't 
This test isdt)ne 0'0 tlie CUfVe tfacer using t/i¢ step 

gcncratorasa <:;UlTeul sillk PI' v~rlahleJoa<l; Tbe step 
generator isopen~~l in tJ'w;Ptlise ll11'!<ie wpr(lvi<le a 
Ibadth:H is~cth'(1J(jr orilYIl$nl~n p~t~Qr th:i;:d~ty cycle, 
th~lllkeei)ir\tdli 1)([iS$lpti,tiolllQW and··}ibssible·tempeta

,tiirecrise stnatt 
-~I:te disj}lay in Fis:ure J shows tIre change ill ljutput 

vol~age (:venkaI axis} as ~he load cun:ent is stepped 
oV(lr the'spedfted tange(!Wri~ontal axis). In Figure,. 2' 
the·.vertitld. sellsitiyity h<asbeeh inct~<~~(f to 'lrnpmve 
theresohtti6n of the (l'iCasurc't'hent. The' OUtput Volt
llgc COIOPilriS(lU Dial is. se t so their-dee d'osses the bot, 
lOin gratkulc·.Jiiie lW~cise})' at the Tai:ed.load £tttrent 
point. The c.ballgc in output volLa:ge is{h~ll e~sily~te
ierflljJJed by IT.tl~J t~plyfug'theVER, T VNU:${PIV set· 
Ling by thc~ini;ficated d'!:IJ1~e lit olltput vdhageo~ th~ 
vettkal,lxis. c 

Une reg~lltlo"
 

;\nolhel' ~1"lpQnilnt $pedft9fl,ioHwe need to check. is
 
Unereg\ll;<ltii))l-the challgeintegulat;or, bl~tputvolt;lge.
 
ovcr aspec:i(ied,rtl~geqfilllll'tVoftage+wit~provisi.ons
 
mauetQk.eep the £:11ip tetnp~ ..atuteconst:J1tt.
 

The curve liat~fpr()vides tile I:H::L'CSS;iry testtondi
lions 'by addihga s~vi;pt YOlt..ige fo the: f;npul vOlt:ige 
supply, wbil& pi'oviding ·.(tmn(ltant. short ({uty-cyde 
IQa~lfot the Qutput. .. . 

Tnl,he disfil;W in FiguJ'<: 3, the v<:rtiCl)] axis l"Cpresents, 
fegulator OUt.}111 l\>(lltage deVl,itio,nftdll1 thctdillpari: 
s6n \'oltage.aiJd the h<'l,ti;:(tfttal axis,l¢preseilts regulatoi~ 

i1ljJut vol tage, .... 
Line regttlation characteristi.tsat cWfefeJil values of 

l(YJ.et(:Ill"ren~GVJuti dH'!cKed by seuing thc''Iltepfgenera. 
tm' roste}) lhn~l,!gh tbe;dcsil'cd rang¢ot load c'iitl'e1it.~ as 
in Figllre 3, 

Quiesc::entor COl1)mon curr~nt 

A lhil'~l thaNtuc:ristic often ()}: interest to the citcuit 
designer is the ('ur1"en t used by the regulatbr fot its in

leiriaI (uj;ktioning. It ill dJkd quiesCent orcomn'ion 
<':utfent. 'Thet<;&lllatortest unit llses a'common-termi,. 
nal Stlpply. to~prodl.I~'ealluTti6dal·grotJlld thro~gh 
whic1); the ~evi(:e'undf..~test.qt(j~scet}i(:HrrenU.smeas
life«. 
. . "f-he;cHtV'e 'ti:a~ert;a)lt!isphtytluiest.etftturrent wIder 
~threedjffereiltidndilioilsjsteadystate;'with constant 
loildarid lirie(hiput} v()lta:ge·Chal1g~. a:itdwithcoils'tailt 
inpu;rvotiageandt;hanges inth~I<?4<L Changes inlnf>U~ 
volt~gean~'l)royid(}9QYthesw~pgenerator9nthe17~ 
L;lJ'l'~lJr 1CTtjst .. fJxtl.lre. LO;ld d\,ttlgcs arc .[.)'rqduced by 
U$lag d)e 5:"i7£~el?g¢neNllPr .in Jhe,ttirreuJcsinkitlg 
in<~e. . . 

The display :inF'i~urelikpJols qUiescent cui'terlt on 
tllevej'tic~la:xis, versus load currtiiit on thehodzontaL 

bropout v~il.g!ii Ie'st 
Thefbur~hcharact.el'~stjcofintCrestthat call bech~cked 
wid~ th~577 Cu.rve Tl'ace~ 1~~lrqp9ur vglt:tlge-~ The 
dr<lpgUl v<'trtage test i$ similar t~~ the line r-¢gy'a,tjQ~l 
testQ,,"eptdn this instance, weare tQTl:¢etnep with tbe 
lIJ'inimtnniilput ;\1hltage at which 'the regula tdr nol(jrfg; 
fir :r~latCs. FigtlTe5 is an. Ulusti'ati6h of' thedtt)'pout 
voltage·;~cst.Tli'e··illput-outputvoltagedifferendaJat 
which t~lC dtctlit~s~toregulltf.bisdep¢n4~nt;upon 
loadt"Qrtelllall,~1jtm<:PQI1 tcmper~:ture. ~di$ typi<;ally 
~w() v61ts. . 

Rfppfe ~Jtctlontest 
Ril,:t}letejeLiion t6ts cart MSQ I.Je l)edQllJ1e.dQrlthe 
curve tracer as displayed in Figurt Ii. 'fbe sll(jply WI t, 
age issw€ptata ftequ'ancy jllsthel'o.\v 120Hz to ptothfte' 
~he:(Hliplay,Each, U:'a~reppesents a ~ti1{eretlt load cur, 
tent aspreseIfte~rb:y thew.evgenef<itor. Storage is a 
necessity in athi~vil,g tlJi$dt!?pJay !iiJ'i(:c it: takes ahom 
,i stkOlldto piodlice, 

Conclu.lon 
The 577~m Storage Curve Tracer with.. ] 78 Lineal' 
lCTest Fixtyre and Three-Terminal R~tilatoi Test 
UJlit prQ\;,icle~alow'fO!l~versati1e means of performing 
incoming inspeftion testsid:r~uitdesign~ordevicecha,r
a;cteriMtiofi .Q~ thtee-tenniJ'la~!:egula~9.rs. Most of the 
.:';pt;dfted t~!its C;1Il be IJcrfOtl1led. 'The 577 also servts as 
a \i'aluahle lInnl~tical toolto evalll~t're th6s.e devices re· 
jected I~y' hi~hly'aoJoll1ate(l in6c)ri'ling inspettionsys
tems"and tp anal)'"te per£onnance rinder operatingmn
clhion\i;Olh~rq.an those sped:lied on the.specshcct_if 

I
 
I
 
I
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Fig; 1. J:..'Oadl."(:g'lllil:!ionu;sL OUtputNbn.",ge displii.)'edv,l!hiCaJly at FigA.QJli~celH curient le!li ..Quiescent currellt displiyed v~r· 
50 mV/div.,QIf:set 16 +5V; loadt:'utr~rtt ilillplay~, hariionUlJJy a;t ti~ll)' at 2 mA/diy; lerotuttentat ~nle.r·screenlloadcurrent dls~ 

20mA/div; played h.orizontaUy at 100 m:\/<!i'il. 

.rig; 2. $~uJ(: In:Cas~r¢lil(:nta.~ tlS'.l. Ql(~.ePl vertical se,l\$ltivily in. 
creaJiedtoi1n.pwvc resolutioll.lluu-traccmove<! tobouom of sncen 
for casier t-eading. 

Fig.5. Dropout vo'ltagl;'tcsr., OUlptttvo!tagc displayed vcnic:tHy at 
10 rnV/diviroptracc is O'K~Cl to ilV; inpul.oltage.displaYI~d hori., 
tOlllajIYl1('~V/div. 

Fig. 3.. Line :regulatitm test. Output voltage displayed vcrricaHy :It 
:;: mV/div; input voltage displayed llQrizonlallyat !iV/tilv. !oa(1 
cllrreiHs are lOll IllA/step. 

Fig.6; Ripple Tcjccliim l'CSt. Output \·oltagCtlis.playcd n~rliatlly 
at::; lilV/i!JV; in.put vo!t;\ge llispJayc<l hori-LOIHa]!y at 2V/.div;loa;<I 
currents are l-o() lilA ISler', Rcj(,crion is about ilhiB. 





.I, 

Conclusion 
\l\lhetheryou wctwu-:,h or c\rydean ;u't inst,tuineniwiU 
bc''dctenp'lnedhy how dirty tbe instrUment iSland the 
titHe avaiJ"bLc to do the jOb. Solid,stace ipstruulentstaii 
be washed as easily, !tnd sAfely as Vl.\culim tuherypes. 
P'rec<lutions agajllst!frl~<lying 'detergellfand wat~t di· 
rectly on power H'lll1shmners aildcovered.clUll sw;'tche~ 
shquld be difigclldy oose,vve{'l. Cleaning agex~ts slicb as 

"\r-."" -

trkhlore(h:yleile, rTeOI1, and Q'ther:( C(Hltallutlg halo
gelJs, shulIlt! n(;t be ,used. They can dam:,ge ~lltiminu1n 
ekcti'Qly~kcapacitors And lioine printed in'uit buitrd 
ItHlteriaJs It.'i,ed'iti cd tinil' apptic:iciolls. 

It taMs va!tli,bIc time to PI'Ol"Cl'!y dean;ui instru· 
ment, H()wever, the hilprovemeiltin maintainability 
,and' the in(:tcase ,ill usersati.'lfactlol1 milkes the invest· 
menta wotdlwliileon~,:iI 

Fig. I. D1!,ve PbiHlp~, !<;actoT}' Slm'icc Ccnl,CI". Wf\ilhes OJ 7000-Serics Oscilk>6f:'ope. 
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Custol11.er maintenance
 
training classes for '77
 
All cliJs~t~~ will be conducted at lkaverwn, OregOJi. 
'llwH:is no fec fur classe" except as noted. 

AHmaintclH.H1cc classes leadl 6p<·hHiun. SIgnal Ho\\", 
calibration, n'ouble-s!lotitlng :indfepajJ' of the j·cprc· 
.sen t;ttivc instntl1lcn t. A condYinalipnof lecttire uild lab 
sessions aTC the llSwtl[oi'U:lar fOT luainlenance training. 
Any presludy \itel'iHure besides Illnilltenant~ rnunuals 
will he mail(~l directly to yofl. 

n04A17904/7633 
Th('7()OOsede~d;ls~e.'i'lrc:I~:()j.llb:inationfjf the 77(}/IAj 
79tH i 7633 oshlloscopes. Tlll~ pl'ercqu,isite for the 79(H I 
7{i33 dassis tt'ainingon lhc7701A.Class dl.lrtlliatl is twq 
weds, lint week devollx!tO 7704A, second week devoted 
to 79(}'1 / 7G;t~, Plug-i ns la ugh l arc repli1sentative i:if the 
most freqqenlly purcha·scd units with the.sc main 
frames. 
Class date.s: June l;s·:l4, urn 

Aug, t:j-J 9; IwiJ 
{)cLI7·~8, 19/i 
Dec.5-' 0, IlJ77 

465/475 
The iH)5/:J75 ()Scil1ost()p(:'ll1aint~'ll;I.nce dassis ulught 
to Ult' n,lIllj.)t)tlCn'l level of lTollble~hf)()ri!lg:lnd repair. 

The student is ~nr()uraged tblmly thecirniit descripe 
lion portion (if the respe{~ive manual. Class di"r:H,ion is 
one week, 
Cb,s Dates: Jpne 27-JulyJ, 1977 

Aug. 22-21i, 1977 
Oct. $1 ·NOv_ 'J; 1977 

5100/5400 
'nle 5IOO/[rJ(J() ()ScilJ()SlOpt:saH~ nt'wprodtltts on the 
1977 customer tqining SdlCdu1(', Representative plug. 
illS are selected lor these prrx.luas, Class duration i~ one 
wc{;k, 

Classdates:.Ji.llyIH5,1977 
Nov. J.} L 1977 

Logic Analyzers 
The iDOL/OF-I 1Qgic analyzer is a ne\v pl'Ol!ULt Oil Ihe 
1977 cll-stt)nlel' training s(·hcdulc. The pr()spa.:live· stu
den Us encour;jg-cd to study the (:irClli( dC${Tiption in 
the 7D()1(nF~lIantlaLC1<I$S dunnion is one week. 
C/a1isdau:: Sept. J~-W, 1977 

TEf(TRQNIX, (He, 
P.O. BOX 500 
BEAVERTON, OR,97005 

TM503JOC503/0M502 
TG501 IPGS01 IFG501 
The '[M500 products sclened for instrllclion represent 
each of the major c<ltcgqries in the l:est and "-Ieasure· 
incnt~,rea, t;j,ass dtiration i$ one week.. 
Class dales; June 6.. 10. 1!)77 

Aug. 1·5; IY7i 
Oct. ](Hl. 1977 

WOf--R'791211350 
The swdenJ Hi list have opera tlfll1:1l k!HJW lcuge oJ the 
770,1..\ ,erie~ oscillos.('o!Jt!; he a/so inllSl have s:ni.sfllrlori'

ly (THup/Ned study ()f lhe. Audio Circuit description 
trilining prog-tam on the R7!H2. 'This paf'kagt: (062. 
27(18·00) is availab/e [oJ' ,)175.00 through theloGtl'I"ek
tronix ficlel (lllile: it should be ordered at Iea.<,t tiO days 
priol' to d,ISS panirip:lI:ionas the w bje<:t llraterial b 
quite Jengu1)'_Cla,s d.llr;ltion is one week. A e1ilss fcc 01 
S700pei'st\idelit i" Io.haI1{edfor this tra.inilll{_ 

Class dales: July 11-15. I. 977 
On. :i.-7, 1!177 

OPO-P7001lCP1151 
]'\0 Cllsto/1ler m:rinH'n,lllce classes are ~chedtlkd for 
197:7:, AI) :lUdio cirClIit tksnjpdOfl lt~ining- packag-e is 
availllhle lor$I~5.00 tImlllg-h your local Tektronix 
field .office. 1';1 n Humher ((l!j2-2707e()()) 

4051/4631 
The ,1001 intelligent IcrminaJis ;1 new product Olli.h<' 

1977 11I:;(On1l1r traiili/lg schedule. UnderStanding of 

In icroproce"Sor is ne('e~S:ll y for full appr('ciation 01 
c:lilsSc(·)IlterH. Class (illratioll is two weebe 

Class [btes: JUlle 20·Jllly 1, 1977 
Dec 5- ]H, /977 

4010/4014/4631 
'The '/fllOjlOI2('H)14 !'HJO() gr;lphicdispI4)' terminal 
C];ISS is littlg-hl toho:ird level n1ainlt~nancc; grcaler 

dt~pl.h is laugh r. wheil sig-naJUow COHcCptS arc necessary. 
Class duralionis one week, 
Chlss Dates: Jww 6-HI. I~177 

OcL fl-i. 1977
 
Ni)\' 7-11, 1977
 

4081l49GS/4641 
The 4081 intclligeill ref/Hlnal "}'Stem is a new prodlU:l:
 
()Tl the I!J77 customer rfainingsdtedllle. UIl(Jerstalldin~
 

oJ microcom flU t.er a.nd lllin:oprocessor th(~OT'Y is nece,,

sal)' for full appre(i:niUn of da;;s content. Cl:r~s <lm;l·
 

t.iiHI is two \Vt·eks.
 
Class Dalt:~: Jilly IH-2!1. FIn
 

.sept. 211·CkLI. 1977 A--3S49 

BULK RATE 
U.S. POSTAGE 

PAID 
Tektronix, Inc. 
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