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Ctthodf'r•j'.tube 
l\f udi of the 78!t 1 ·~ .11lv;1 c«'cl p~r(t)tmanc<; is a<:hieNed' 
through ext ndin~ th c 111.>Jtbilitih of me laro~r-.. y 
rube {er~) ~'' provjc.le 1111,1h i·l'oude $torage. Roth bi~ublc 
and \'ariltble pc:r.iMence designs are indirpo -.led fntO 
the at. In addition, a new focusing stt6tturc ari'd im­
proved elec:tron-gut) design are u$C-d to reach the high 
tort:\! writing·nttt'. Furtl~r. i. more ~#,live deftectioq 
>·ue111 "~~ nC:cded to rearh the 4Q0.~llU <bign goal for 

i.he 'ertical ,ystem pa\!>b:uld. 
In <lcsi~illg du~ ctt, we built upon the ex~nl'e 

~inecl with tht' i6U traniler·stornge tube. Transfer: 
storage 1 rite le< hnique wh~-cby two storage meshes are 
used to c1ptmt' .md cfo11>lay infolllliltion. especially (~t 
tramienb. 

The \\'riting ht>ab1 to~ an image on .a highly >Cmi­
ti\·e ,1101r.-vit~"•i111e tartcet. T11~ ima~ i11 then cr.uu· 
ferrt.'tl to the )(:C:l)llll \tora~ nthb, whil'h has rower sen­
~·ti\.·it\' hut 111ud1 l1m~r view tim~. "rhi~ st'COlld mesh 
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FREQUENCY IN A ''CHIRP"---. 

' 

Counter and oscilloscope 
combination makes 
dif:f icult measurements 
M 0<lern elenrnni< t:oun ters ar.c ver,atilti, acuirate instrnn1cnts u~ed in a 

wide variety Qf ;1pplica Lions. H owever, many : 1ncasi1i-cmcnt~ tire diffi · 
c:.ull or even impo~°iblc co m;ikt' wi1h nrnventio1tal coumcrs. Here arc ;1 few 
example~: 

,--- FREQUENCY OF INTEREST 



.r 

Fig: I .•. A eoui1t«. 111~·r1 osc-i l.lcismpe sct !,ii>. f<fm<'i~i.tre rne i~idth 6£ 
1h" elevac"d p11l1e d1Splayt~.OJl thr:osqlfoi.•mpe cit 

ln each exr11i'iple, the coumer's .trigger tirc\fi.ts ca11-
1wt _d is~i:imin;1te between tbe pan of. th~ w:w¢form of 
illteresr and thil part .no.t of. rn terest.• 

A few oom1.te.rs offer)np.u t gating that .allows ~he in­
put liignaJ channel of.tJ1c chunte:r to he g.ated.J:m ;md off 
w irh :m ex.1:ci·nalg:ae or .coju:rolsignal. This makes nH)st 
of t11esc difficult meast1refne1it::s. poi;sibJe-; ho\ve~'er, the 
ap:proprl~uc gating, signal is rarely conveniently. a ¥'ai l· 
;1bJc. A ·w,~· <.:vunt~;r~ o!fcr V.ari,<l)lle Holt,l~QII or Delay, 
which i.ntrcxlp.¢e~ ~ vari~blr del;:r'l' rn, t;hc Tin~e IJHena.l 
lruxh;, .betw.een w.l~en., Ch;.tnnel A tdggers an:~ Chan.j\eJ 
H is.pern.rilted tl'>'triggel'. This tc'iltme ;tlso t'l'lak.t'S some 

of the~e diflk11ltcnteasure111cnts ptissibk , b.ui it c:in only 
be used ill ' tl1e Time .liiter\'.a l ii10d e . 1incl Hie approxi­
mate ;:mtount of del.ay requir~ must ~>e: krrown. . 

1\].LU()!:, f. an of d1esc .ditncuft ' rnea&ut'emenu. can, ·or 
coim;e; be 111,cdt: di!·ec,tly With. ai1 oscifloscope, but. nm 
with the ~~re c.legtec of aci'tlrn{!y :i·courttcr o.[cn. · 

. Co.unter and oscilloscope 
A cour~tnr :uhl an 0;;1 i!'lo.~c(lpr t'<m I)(! coiubintcl into. 
;.i . j.1owe.1d111 h1¢as1..1i'·t:ineht tool .that ·<:::~n c:o1:1venicnLly 
m ake tl.rese 01.hefw'i.~e d.iHictd( or ·cven itnj>os.~Jb le mea~­

urcmems. With the tcc:hi1iq.uc to be dcscrlhell, . the 
COUIHCI' can Ix: roade to \TICasurc atty ·selectc.d portion 
o_f the wa,,efonn. disp.layetl on. the osti:ll1:l!lt'OJ.le-. Thus, 
ch e .fie:xibilitv antl vi~'lta l \<erittca.tioo offererj, bv an 
o~cillo~cope i~ (.ombine<l with·tl;e l,lCC~rac.:y of a cot(r1tC.1'. 

T he tech'nlque .i11 volves suri1111ing or algebraically 
adding the poT.tion of the wavefo1i 'n of in.te're.<>l with ;1 

pulse, so th:at ~he pulse n:eate.~ " voltage pccles~tl upon 
which the por tio11 ot interes t rides. With a p9rtion o( 
the WrJ\~f01:111 dcvaccd, the c-n_l!ntcr's trigger t h.reshold 

VERTICAt. SIGNAL -OUTPUT 

Malnfram~ 
- -
B~ndwidth Arriplllude 

·~-· 
140. ~!?fzl('ti!h 7A24. 7900Sefies 

or ·7A2.6. .. 
75 MHz·.wflh "IA 1s; 

SOOmV/dfy•lnto 1 Mil' 
25mV/div into 50 n 

7700 Setias 7!>MH:rwlth 7A2~ ~00 rnV I d,iv Into 1 Mil 
.or: 7A26 2~ mv /div Into 50 !~ 

5~ MHz with 7A 1(! 

7WP:Serie.s 75 MHz with 7A18. soo mV/ div into 1 Mn 
· 23 in_V /diV Into 5,0 !1' 

1503/7504 55 MHz wifh 7A12 500 rt:iV/div into. 1 M!l 
25 ~Y / Qjv In.to 50 U 

i313/A73J~ :. 20MHzy.,litti1.A1s, $OO :tl)Y/di~ iflto .1 M!l 
25 mV/dlil tnri> so 1'1 · 

549.: ·~ 5 MHz willi 1A1 1.5 V/div Into 1 Mf! 

544j5461s411 
RM544/RMS46/ 

1s·Mttz with·1A 1 300 tnV / div into ;1 Mil 

RM5:47 
535A/A535 . 1 5.M.Hz with 1A1 1.5: v / i:11v· into i Mi? 

54'5A/B/ 
AM545A/B 

:::::: 2i:i MHz with 1A 1 \2:V/div. 1hio , Mn 

.Fig. : ; l?J!.K'f'RONrX oscif111scui1115 having ddtyed ga1r. ao<l. ~'.erti· 
c-.al sigual <hllpuu sul1.abk fol' 1lii~ ·applit.::irion. 

(t1·igg-cring levd) ran he set sn iha t the C'()ll11ter triggers 
only 0 11 [he -desired portion: 

lf a Dual~Trat;e, .Aj;lf!yed Sw~p O.$ciHo.s!"ope with a 
Vel'li(:a l Sf~nal O.i1.tpl1J a ll(i a llelayed Ga~e ().uq>u L is 
UjCd in COhj unetion with: l he .counier, Ill) Other equip­
i'llCJlt ii; tcqu ired.The D'ehtyCid Gate sctves,as lbe neces­
sar}"piilsc, 'Ute nu al-T race Amplifier pcffo1111s ~he Slllll · 
111i1.)gTu,11cQon, an<l. tl1c Vertical !iignal Output,(a W<tve­
fonf! iden~ili.llJ to th (JX uisp]~1yed -OU the en of thC. tl.St·il· 

loS.C.:i'J pe.) fs :c~mnf:rted. ··1rJ the i npt~t (>f 1:he l:<1iu.11cr~ Figur(: 
t ih()ws ";i 7@3 l\fai 11 tr~m1e, 7AJB Dual-Tn.i,ce Au1pl.i.ti~r . 
7B53A, Delayed Swcej> Time Has(!, and DC 505A U ni· 
vers:i l Ce·unter ( Fin1e1: in. the dcscl'ibcd c.oi1figt1ratioi1. 
Figtt1'C Q i~,a ch;.irt of ri:: K'f RONiX Oscil losropcs ivith 

the neces~fl'Y u11111i·i·na1.ion of feat.11rcs. ·and the balld· 
l''idth and arnpiitudc <JUhc Verticitl .Signq.l O~tputs. 

Making th'e me.asuremeht 
Th~· \~:1vdonu·. a poni on of \Vh ich is tQ he . .11w;1s u1'tl1, i~ 
t•onp.e~r~d. to. C hailnel. I vt.\ttiql in pvt, o.l .the osdllo­
scop¢ and the ~:onu·ois :ire set for ;1 s'!ible disJ:>lay t\Jl · 
µrotim:uely l~\i'o divisi6i1s in a111t.ili tude. The wjd1~ 
r;.u.lge oJ .Ulf>UL mnplitudes a · l,abc)r~itory 6Stilli.)sc6pe Gtn 

a1=c~pt offers the added :-itlVantnge of signal conditfon· 
ir~gl. !Jmpl 'lrying 01· ;.1t lenuati.ng ;i waveform prior lo 

being connecred ~o Lh~ com:itcr Input, 
\Vitb 1he wavefot'Tl.J portion .of im eresc di~play<.'<.l m1-

screen, the o~cil)oscopc·s Morizomal .Mode ·switch is 
phtcecl iu 1.he lhccnsifiecl mode and the brightened por· 
1io1i .. of th e i:i-a('e is ndjustetl lo intensify t.he ponion of 
i1wfr~t. "T:hc Delayed Gate Ouqmi,, a J>l.dsc whose 
wid th and positi<m 1dativ(• to the osdilosq,pe trigger 
polm i~ identirnl to the intensified po l'liou o f the t~li<:c, 
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is then tiJn11ected 11) Chai1nel ).! vcriil'al i11put. The Ver­
tie al Mode ~witrh .is .-.et to c;.J1anriel 2 :Jncl the cvntrols 
: 1dju~t.ed fo1: a disj>Lty two itivisioi1s iu arnplilude. 
Switching- to the Algebraic Add Hfode, the two ·wave~ 

fprms (the delayed gare and the ir1put waveform) will 
1w1v he summ('~d ;uHl the nm1lc>inal.ion will be approxi· 
mately. fo11r divisions in anrplitude as i.n Figure l. H 
the. delayed 1fJte is positioned pi:operly, Lhc portion of 
the in1mi wa,·e[(irm o[ interest ~ill he elevilted ;1pproxi­
matel~' two division!>. 

The osdllo.scope\ Vertical Sigi1al Oii'q:>-ut is now 
rnnricctcd to the cou11ter input anc:f the wmner's Trig­
ger Level 1·<mtrt:1! is set sn Lhe t:ounter triggers only 011 
the eleqr.ed pqrtimi., 

Setting the counter trigger levE!I 
ff the c:ounter b~is <1 be Trigger Level Oulput, the trig­
ger level om he !it'l by monitoring this :outptH with a 
D\1M. sl'l-t:i'11g- ·j1. t!} the· desired voli:agc level ~s read 
from the dscillosccipe's ere. Ir t11c counter does not have 
a DC Triggur Level 0Li.Lput, the following techniq.ue 
will aid in ~qting the counter triggerlevel. 

The antfHifode of the vohagc pedestal is. lqwered ap­
pro.;,;imately ,jO -'u \Jy adjusting ihe osci'noscope's Chan­
nel 2 Variable Volts Pel' Diyhion con trol fQt a display 
about 1.hn::e d.ivis.ions in amplitude~ Adjusting the 
cot111-ln's TriggtT Level coinnil iii the :1msitiv.e difcctitm 
111nil the lot•nter qf,iit~ triggering, thcll iii the negative 
direnion ~mtJI the counter just starts coHnting, t)l' 

courus errad.cal!y, will set the rounter w trigger (),11 the 
positi\'e-most porLion ·oi the input waveform. Now, .re­
turning the Ch:umel 2 Volt~ pci' Division (;(.itltrnl to its 
original 1>osition (;i four division <lispla)i) will result in 
the c;ounter triggering at the 501

/ 0 } oint on the elevated 
port ion of- thC' wavc;form . T 'hi _·_same techn'iql1e c:m be 
used to ~et rhc coimter's trigger l<~vel at other than tbe 
!){) <>,;, [Joint if de\ired. 

Counter modes 
Now lct\ -<·onsider inuking seleuecl pulse or cycle meas· 
ureme111s in tl;e varil)ll~ rnunter modes avaihil~J.e. Uni: 
vers~il ( our1tefs_. as oppn~ed to single Junction or fn.'­
qt1ency oiily 1ounters, oHer a Y-ariety bf mod·es s_uch ai; 

Pt'riod. vVidth, and Time lnterviil, as well as Frequen­
cy Ear h m o<le rC{[ll ires that the ·w id di of the osci II o­
srn pc ' s rk•bycd 1pte-- the elevating pulse-be set a little 
differc' ntly . 

Period 
Jf a period 111c<L\tirt.: me11t .is 10 he made, the pedestal 
must he wide enoi1gh and so posilitmcd in tjmc 1.hat the 
entire period of interest is elevated as .shown in Figure 
3. In the Period mode. Lhe cotnir.cr will trigger at <L 

point 011 the first poscitive 01· nega dvc going slc')pe, 
whid1evc:r is ,;elected, and at the ~amc poi11r on the fo.J. 
lowing ,lope or the ~a1ne polarity . 

Eniploying this ted111i!111e, the Pcr·iod mode can be 
u~ed to measure freqtlf:ncy ( .F =-+-) whei1 the fr'ec.juen­
cy yaries. or w.heu .it is<!. bi.mil or d1irp. 1 n the Frequenc:y 
,mode a ·counter me;1sures the average input freqi.ienq' 
d.uring the gate time, However, with this technique. 
r1·equehcy ca n be me~tsurcd for as short a period as oue 
cycle. The linearity of a s\vept.fre<}uency ca.ii ev~n be 
me;Ls1ired cycle by cycle. -- -

Width 
If a width measu.reruent is to be rnade, the set-up is the 
same as for a period measurement, except that the elc­
valin_g pe<le· ~al mtt.st <Jnly be w-ide enough to de:vate 
the width of i11terest ::.is shown in Figure ·I. The counter 
in tht~ Wiclfh mode will measure the riiue between a 
point on the first slope of the selected pQlariry ;uid the 
same point on the following slope of the opposite 
polarit)'. -

Time interval 
A counter that offers a Time Inr.e-rva1 motlc- has two · 
inpui drnm1.ds ;md 111ea~ures the time between when 
the first channel, Ch:mnel A, triggers and rhe second 
channe l, Cha_nnel H; trigger~. The slopes :'tnd tr~f,'gCl' 

levels for e:id1 rhann~l 1.an be selected imlependemly. 
In the Thi1e £nte1;val mode, Channel B is held off (not 
permitted to lri~:ger) until A triggers; however. Chan· 
nel B canmit iibhnaT!y be held off or prevented from 
lriggering the next tillle the inp111 waveform reaches 
its trigger level. With this 1echi1ique, ~\ t::m be held off 
as long as retp1ired to permit the counter to measure 
the tin.1e bcrwee11 any desired points on lhe inf:mt wa;ve­
k1nn. Unlike the P eriod and 'Width modes, the width 
of the fledestal or clnati1ig pulse is adjusted. to be 
slightly mu-roWt'l' than the cuue i 11 terval of interest. As 
shown iii Figure 5, the A trigger le\;el is. set t.o trigger 
jus t as it was in the Width or Period niodes, but the .B 
r.riggel-level (,s set below the level of the pedestal. There· 
fore. B will nol trigger until the elevating pulse h as 
rctnrnecl to £he lvwcr level and the input w;;iveform 
p;1ssc5 through the B rrigg~r lc,:cl. B ca11 be held off or 
pt'eveined fron:i triggering >Ls k111g as desired by incrc;1:;. 
ing t:he width of the pedeswl. 

!';mall varfacions in pc~de~uil width shonld ca use no 
vari;uim1 in 1·011nter r~~;1ding if the pedestal is properly 
pcisi tfri'ned. H the rnuntcr display varies directly with 
pedestal" wjdth, an erroneous reading is bdng obtainer!. 

The two input chan11ds can be n:mnected to a single 
waveform or to .two se·parate wavefon11~. _~ind a portion 
of either waveform can be selected aud elevated. 1\ por­
tfon of each of two waveforms G ll1 also be dev;ited and 
thcrd1y selected, bowever, this would require an addi­
til)na I pulse and s.u11111ri11g aniplifie1·. 

Frequency 
:\1aki11g frelJUClH)' mea;;urernents rfo·cctly is not prani­
cal using 1hi~ tel'hnique hecwsc the counter's gate and 
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i ; P-t;Rtog QF ·I 
. I INTEf\EST 

. . 
~ig. 8. ~11 -~rfod mea,w:em~1. tti;Jtyc:d .8-* wl"'f). l.illJJlt b~ wid.e' 
enoilgt\_ td elevate en the ~pod d ~l).tc:.rcs.1, 

OJ;LAYEQ 
GATE 

:SUMMATIOlil 

1WtQTfi PF l--:--:1 IN!TEREST 

I 
- -- .COUNTER 
. TAl.G.GER LEYEL 

t TlME INTERVAL 
. INPlJT!\vi\vcF'ORM -OFff'J'.fEREST--

. . . 
S\JMMATION 

:CHA~NEI. B 
TRIGGER LEVEL 

Fig. s. for 111iH; hitC'{Val tltea.su reiheniSj Clclii'.yed:.t.lkis,$ct sliglit~Y. 
~hortcr irl d ut:i't liiil il ian .tii:nc• ir\lt>n':ll lti.l)e meann:ed. 

Ct:ii ~IGNAL . 

RAMP PULSE 

:fiN. 501 pesoo 
Ci' 

.OC50SA . 

Fig. 6. · T~f flllP ~dCll a,inlig\J{iHi<iti (or ittaking g11r«1 c<lunter 
;n•~asurc~blts wiJl !-11 no.i•~l~y!:il ~w.c..1} f.!SeillO~):if>.e. TIJc· AM . .;.or . 
.f1t~!i)tms t.h.c stiiilinlng fu11cfion 'uqtni11ll¥ p(ovi{letl by t~c <l,'tjllo-
s(l,lpt-. . .· . . . . 

: . . ·o"'· :·'-

"fifi• 'ktbe fib 50'1 Digi~I Pela}' &implili~ r~ig~ selection wb:el)' 
ddayit\g the tri!(ierip'g of 1 he< Cl'lUl'.lll!l' lur sever.ll R.:U ~ fir <;Y(J~.' 

"INPUf ,_ , 
WAVSFORM 

·~~~~ Qii~k:;;J..__ ___ _ 
DISPLAY 
. J!l!IE 

:f.~._11;;.Errone<>1r. .-£Ajl~ <:;lit o.c;c:tp);ar s'Om11· di~play dme S<ltd'tigii: 
ff thl! 'cqun tci: t-ea:dmu i~ eqal k o'r: roii:largc a· irum.ber. "increa*' 
tbe ·display riuw with t-li'e Oi~pbty Til-ge ~onlt.ol. · ·· · · 



the efov~tlng :pulse would have to·. be $ynchtclt)Ji<.tc(. 
Frequem;r •tie~~orement'> can ·~: made1 as n1en.tio~1e~ 
earlier, ir1 the• P.er.tod mode, and, b~anse frequ:~ncy is.· 

. ' the ·recipr.Ocaj hf tiiue; tij~con~t~it>J1, is'.simpk, 
. . . .· . . 

Avetagl~ ·• ·· ·. •. • · · .. 
1n th~ Pt:riod~ Wiftthi <!'nd Tim~ Jnt~1·w1l inod~;;. ir i§ 
ofte!l, qesi~able to ayerage to .~chieV'e ib:e di;s,ired ,;tc• 
11uraq, Rat~ ~ouo:ter .of~ts W~d:th· ;\ver~.tng;wd ·qme· 
Jmerv,aJ. Avt;rngirig, it is sinl)'>ly a', tuauer of awitdiing 
w th;11 itwde. The .'COl.lnte1·. will aci:nmulate read in~ in 
decacle 'l'l.IU1t:ipies ~d nvefage mem: No dtange in the: 
pr:oced,1.1re for .ai;:inglel~il}le .l11~rvaLor Width ~µeasure· 
1n:en.t is 1ie<t:ess:tr,y: For :J?Cl'iod. ;~w:raging> how~~er,. an 
a-fre:t:i~iot'l ·{Q'.tlre ie~nfque iJ; iie:cewa'ry. rn pedQd ~ver" 
·:igitigi. the ri1ui1b~r pf periQds to .be a:Yerl,l~a n'.114{1~ au 
be. elevated.,· To .aver~ge ro petiod.s, lO or inore lluc.ces­
siveor -,i;:Qntimu.>us petiods ninst be elevated. To·uverage 
JOO ped9d~ too m· 111~m~ s1t~ct!ssiv~ or ~4:'.oo.tir:nxeµ~ pe-­
riod~ must l~e tl~yau:d. A larger number ,of ~tV~l'l:tge'i' 
£aµ fl~ s.etectetl~ but !\ill ce dte p1,1rpose :or dus tec.hhiqu.e 
is'i:ti: ti1ale .;1 se_lettivt: rueaiiul·ement of a ~1nall potdOO: 
of ai signal, it is unlikely that higher <tv.etagitqf factor~ 
wiWbeot:oi111nunlv l.1si!itli11 tli6Periecl niodc. · · 

. . ..•. : ~ ... 
·.: : . .· ··. 

Using .a non•delayed s!*-.p.o.CIHOJCOp• 
1f a N.on;,betayedSweep O~du~opefaus.ed, a_ ~par(tte; 
'ptdse g;ene.rator wit:b <)~J:iy, file tl}:~ J''IY~TRON1~ 
PG ~(i5. c)r PC.5oa, m .l;!;s~ ~·e itl.<.Wpo:~a:ted to g(lperate ~h~c 
neq~ssary p1.1J~, T}'):e·'pul!l"e gen;era.t<>r mu:i~ l\aVe· .dtI:ay- . 
so itS !)utPirLtan be positil!ined ·In Hm~ rel-utive t0 di:e> . 
input :Wavefolin. · . · · 

· lf ~he .os.dUosoope cloea not have an Algeb.ra:ic Add 
inode1 a separaie amplltier like die,AM: 501 e<au be in. 
.ctirpor.ated-ti;i serve this hlnttinn, ' . ·. . ·· ·.·· .. · 

···· The T'fi-f .~~ p:mdir.<'!.t line ·pmvides an ideal sc;>.luti<>il· 
to tfre, problem; ''Figure 6 'is a diMr~m s11owiii$' . the 
s:e 502 N:on,.:I>elii;f ing Swe¢p Osi:Ulosc6¥>e .• PG . 5-05 J>.uJSe. 
Cenefator; AM . 501 Ai11plifiel', and eithef the 'IDC. 50$ 
or D~; ·~J05A Univei~•tl Counter/Tjnler -with d1e ap: . 
. propria,*e i~terco~~~OJ.lS m .·~ -:fM 50<} M~infl;;t~· 
Th.i.s f>,a~ic~r syst~m. is u~able fi'Ptl-1 de lP be;twee.p 
&tl ~Jiz ~nd lQO kHz, limi:ted by sqmuring: a;mprifi~r 
t.m11dwlclth · and pi1lse generator d.~¢ tin1es. · 

Digital detay . . . _ 
Wbeit it i~ i1e<;essai::t u1d~ia y th¢ triggetiqg of .t11e' t'.q;i;ln~· 
er f<:fr ~· 1argeJium*r at p.ul¥S· ~t cyd~,. it .¢3.n b,eco.ine 
11upta.ctic.al due to the Lih1He'd reS6) u tiori illl'er<id· by the 
ci't O'f i1i1 <>scfUoS<:op(!, ~ven with a inagft.ifier. For ex• 
am·plei it wouhl he a}mQ~t it.mmssihle to j><)sitio11 tlitt 
puLi;e or.- pedesmJ 911 ·the -0n~ thoµ~nqth ip.pµ:t 'f1l1l~ . 
.to rneilsur.e ils perio~l; widtq.~ :or .iitne it1f.'er'va:L ~,ven 

with .t tin)~ ten iJ'iagtiiJier. there wou,ld lle ten' infmt 
pulses .or cycles p,et di"jsjbft on th¢ ¢ii:. \fhe UD !>01 
Digi:tal Delay solves this problem. It can delay by up 

fo oile .hurldred th.c;>us;i~d even~S-: and generate a cdi 
gel~~•t the selet:~edn~iinber of event$. . - . · · 

When ~he Q.D !?QI is µ~d: wi_tb tbis · tedtniqlil!il., it i$ 
~0~1i~c~ a:.~ ~sh:Qw.n ii) F1g~ue 7.. Th.e input ~ignat . fs 
. cmmec~d ' to: th:e P-0 $OJ S~an a.nd Events in}>tlts ~mi 
llndnput of the ~mostope: The o:Utput .of · the D·igital 
Delay is conne¢ted ro:the External Tr.l:ggednpttt of the 
-0$dlloscope, and the .apptopriate numb.er of event$, 

. pulses, ar:cydes 'tPhenela>;ed is &a led VP Qn ~~~r.;l :OOJ 
iront pane]'. 'the coim.tef' isc f1rive~ by ,Che sµtt1~e4-
p.eclest;-tl and sign-al :h'-0tn the $co.pe 1¢rtkaloutpuJ.pr by­
a separate suiltmiqg itijip1ifiet. Wflen :tn-e sefo~tcd nui'.t1· 
'her qf eventidakes pface. the DD :5m puts our--a trigger 

· that ~figgcm; the -SCQJ>e ;ind die· dtfl<l!Yed ,~te. A f;t~ter 
o~jU:QS('.op¢'S'~'P sp~edccn1, oq:w be ~•sed; wbfcb off~rs · 
~ug:P resolnt.io.n to:posttibw the ek:vatin:g pulse. . . 
. rf k is ue<::esii<iry t'Q d~lay by iirt.te, 'the counter's ·t~tri<! 

:&ase·()l).t)'.iu t rn.fi be.t;Ol'rtrected .to the DD 50l i lif:Jli;~, TM 
tov1:ne.i~~, t:ime ha.Se .act. .. as a . d(>tk ,that ·the DD .501 
co\lnts .. 

Erron•ous reading. . 
$om~, r~nges of ;riptrt .repetition ~ates <::an cause an os· 
ciUoscope to t:rigger on dilie~J p11lses. on e~td'i. .!\weep, 
ho:wevet. this can ~ -cot~(lttd with Trigg~t l-foJ~hoff if 
tlle' Q$tilio$ ot>¢· f1a, thi& te;fti.lte~ :or wl.th die Vati~ble. 
Timt:· -P~r Pi visi01i0if it does riot. In eHher ease die baSic 
'i~p~tfdoi+ rate of the 6sdllosc.i-Ope's sweer.> genei>'.ttpr iS: 
dia11:ged so (bat th.(! Q.~ct1los~·cipe tr~ggers i.tt tlic. ·same 
point or 011 th~ same' p.:11~ . lw ~adt. sw~cp; Wt~h ·· th;e . 
teC,mique <k1iCrihed in this 'nQte,_ i~ ill- pos~ibfo to hav~ 
<!l;$ent~iiUyc the sanie prQblem w#h i,t c~nmter. The. 

:(t6 1.m~el' has a J11eW1ureme1u cycle 'time or· repeth:itm.r:<tte 
whith i$ determ~r1ed by the length .of time iftakesto 
1irnke the i1ie'.:tsurement, · phts t.h:e. d':ispla y time. As ~hoW:µ . 
in ·the p'Crtod me-aimremelH i1i-i"lgt1re 8,, ff the0'COlitlt~'.5. 
me~su.rement cyde time r~'11t:S iii tb~ ·4isplay- time ~n.<!• 
'ing i{l th¢ 111iddle of th.e · J~th){i ~: he meas~irc;:d, an et• 
'• tt.)neol.1s t>eHod tncasurem@t r¢stilts. And ~he ~a~ne 
thing ca-ri ot:cur in the Width: tir•Tinu~ Interval modes • 
The indication is an en:a'till reading or a rea'du1g t:b.at 
i:s im> large; The· Ji;>iµ-ih waveform frorri tpe top m F1g, 
ure 8 s11ow~ ~il er{'om~ou!:>._ too to-qg. pedi:xl. 'To correct 
. th.e ·. Jifrol;ilen'l', th.e cpqn:teris cti~ptay ti.me fa increased 
wit1l th~ Display Tim~· G>1.itr0Las ~ht:>wn In Fig:i.tre 8. 

. The CQl;(nl(!r nQ'W h~ii .~~ sl~W~i' repetition rate O.t long.er 
m~asufe1'i1enl: ·cyde tittt'e ,:ti1d d<>es-. not re.Set-. in tlie mid­
dleoF the petfod, width,.or.;time iiitervahohe meastfred. 
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regulates llre sllpp I y volt~tgd 1:in.d j)rn\iides . the f tl'ndion 
seJecti:>r SWJlrh,~ whkh s.el'; l!P the rrlt.(!Tl'lal circ:u'it:s ~t)l' 
·the appt:opriute ~ests. The q.s also ~a:> proy'isi.oµ in 
sweep t&e ,np.1.g supply volta~:s at a ~iec;ted -t ate ;and 
am F~lit1,1d¢ rQt< Htt:e reguTa tion.and 9ther c~cs, 

F.i;n.1.r ha.,~itt i.e5~$ ® r.hte~termin:.d r~g(tlittm's can m: .. 
petfohn:ed .. o.i1 ·t'he 5-17/118: lo:id tecguJa.tfon, .lin;e re.g1't, 
'la tiori; quie5L'l':'nt ofc:c)ilrnion current, ahd dto}>out volt­
age. A fifth ces~, ripple r~j¢c~ion, can ttlso ~ p~rformed, 

. depending., on how it is :sp~ci(ied. 'l'he <levices ca!l- be 
· ~~t~} <Weit :i~ iopu~t ·range of 0 tl;),· 69 vQ.hs, 0witb loaf), 
cui;;t'eri~s u-:r; tr>: 2 ~m11etes (pulsed). 

load reg.,1a,Hcm .. 
L<t.t:<LregooJali<m i~Jhe ~IJ;n;i:geJ:ti ~uluttit ou.tput ~t)lt­
age 6.ver the. spe<'ified hlhg'<r of load dirrent, \Vith i>to-
• viiiot:i ill.1de t6 keep c:hip tem1>er.m.n:'e CC)nstan'~" 

'this test is dt)ne O"n the curve tracer using th'e step 
·generator as a <;u rTenl sink !?r V?r.fahle: _loact The s~p 
ge1\era tor is op;en~te~i ht tM' p~ise ll11)fle W pr~vi~~ a 
J<>ad thar is ·~cci\•eJi:)r onlr a~n1~n p~t~ Qf tb:e. dµty cyde, 
· tl1t111 kee}liqgcl'ti1> di~ip;ftionlow aiid · l'fussible·tempeta· 
' ti:i:i:-c1'ise su1att .. 

The tliS'J~lay in Fig:ure J sh.ows dfo change lh hutpul 
vol~age (yertical axis) as ~he foiJd n~i:reni. is st~pp:ed 
over the sped.fted tange (!wrfo~ntal axis). In Ifigure,. 2 
the ·verticaJ. s¢i1si:ri~i.ty fras be.en incte,wi~.d~ 10 1lil1prnve 
the resolutiOn of the mertSurci'il~ftl .. 1 'he· Otitpqt Volt­
i1ge Co1npiii'ison Dial is set so thetr-.:i:ce .dol!ses the bot:~. 
torn gratin:ate Jirie 1ir~ciseJy at the ta.fod load :Ct'irrerit 
point. The dta11ge fh ou t!IJut voltage is then e~sily . \te­
ierH1iJJJtd by 1~111:1 th1Iyiitg·lf\C VER, T UN,ITS{l) IV set• 
ting by the :lndfrated ch:1:11tte lh vHtput vqltage OJI th~ 
ve:tth:al <ixis. -

Ltne reg~lattoh 
!\nolher ~1:nµ,o,n;int $pedft91tjon we nc:ecl ~() check. ts 
Uneregi1 ~ti,~n~the charu~e tn tegulat;or 01.~tputvolt;age . 
over ~t specifi~d, r(\~ge qf ~npiit Voftage+wit~ proVisi.ons 
i:u:u:Ic tt> keep the d~ip te1nperatute.coitstan:t. · 

The i::t1rve liacer Jlrovides t11e neccss;iry test con.di• 
tiOns hx \-i:ddihg :a s\\i¢pt voltage to the·. htpu.l volt;ige 
supply, whil& ptoviding --~ t:onljfant, short duty·cyde 
toa~(for d:'e qu tpu L . . 

Tu l.he ~ispl•W in f'igor~ 3, the v(lrtici,d axis •~presents, 
tegulator ouq~ut t-Oltagedevfatfo,u.ftdlll thc .tdriip:ari: 
s<lh voltage, at1d the h<:J:tii:<>rHal <txis;i;¢pteseilts regulatOi~ 
input voltage. . ... 

Line. rcghl\Hi<m characteristi.ts at c!ifleJ-eitl values of 
loa<l rn.rnm ~ <:,:~n Lit; checked by seuing tJ1c ·c~tep(genera· 
tor to ste,p lh rqµgh t4(!: desfred r.aug¢ ot load C'i.O-r-euJ.~ a§ 
in Figt1te 3. 

Quiescent or cpmmon current 
A thi1·~l chaNtttctistic o~ten <>l" in.tet~$t to the circuit 
designer is, the <'.urrent used hy the regulator fol' its in-
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tehfal fo11c:tiohirtg. ft i:i t;ilkd quies<:ent ot comnfon 
(;urfent .. 'The i'~g~Jlatot test unit · •is.es a 'toinmori"tern'li· 
nal s~1pp.ly tQ _prodl.l<c'e a11 a,rtifidal grm,1nd through 
whi¢h the ~evit:e'undfi-~tl$t qit;i!!$ce~Ji f:~l~r~nt.i.s me,a~ 
_aj;¢<l'.. 

"('he, nit:V'e 'lfac;et t;a'ft disph1y t1uies'tctrt cut.rem t:u1der 
*'th~e ditferci'i.t£6nditfons: steady .state; ·with cOnst:int 
load arid line (input} voltage· &a.ng~. arid with constant 
inpu:pr61tage.and ()}ianges intb~ I9iuL Changes in inP.uf 
VQlt~ge. :at~ 1>wyid9~ l)y t,he-sw~~p generafor f:)nij}e 17~ 
~:iq~-.,r JG 'r('lst . fjxt:µre. Lu;tq ch::~nges are· r~r:<}duced by 
·l;l~Utg tl;ie 5;1.7 step, gell~ra:tpt ln the; cnrrenicsiukihg 
tn®e. . , . 

The displa,y 'in F~i~ure •k plots quiescent eifrtent' ori 
the vehie;a.l:axis, versus.'load dfrreiit on the hotiwrHaL 

Di'.<)pout v()itage test 
T11~fo~1t'J;h ch:ar~derJsticoffa1£¢rest . .th:it.can bechecked. 
with d~e 577 Cu.rve, Tracer !~ ,~lr.qppur ~<;d.tage,, The 
dropgµ~ V'<>ltage test i$ simjlar W· the Hne i:~u~a.tjop 
~e~c ~-cept, in this instance, we are (:<>Tl:Cet11ett With tbe 
ininilnl:un ii1put ,CV:t>ltnge at which the r~gula tor nol<l11g; 
er r~lal:Cs. Figure !f is a11 . illu5tl:ation ot' the dttipolit 
vol~age ~est. Tl)..'e 1nput"<rmpu~ volt.age differential at 
whicb _ Lhc cfrcult~~:to regul:t;toi~ dep~n4~nt upon 
load (;JJn-eut aJ1tl jim<;;PQn temper~:ture, jtlld is typi<;a!ly 
two vo'lts. · 

Rf ppfe t~J~tlon test 
Ri1'.>:[>le r~jedion t6ti cah Msu f)cf 11erforrne.d on the 
curve thi.cer ·<tS dispfa}'OO in Fi.gute 6. "Tbe si.tpply y(>J L­

age is swept at a. frequency just.bel'olv 120 Hz to ptcl<hrte 
~he. cll11pla.y. Each u·a~ reppese,lits a. ~t#fere11t foad c1.fr, 
l'.f:Ift. as preseine~Lby the ". step gener~tpr. Sto.rage is a 
rteces~iey in adii~\Pit;:g tl)~ · dtspfay sifice it takes .ab«;>m 
:lsec01id to pJ'ochice. · 

Concbislori 
The 57TDJ Ston1ge Curve Tracer with . a J 78 Lin eat 
JC Test fixt:ure and Tl:rree-Tenninal R~tilator Test 
tfilh; prq\•t~le~ alow·rn~.~ versatHe means of performfog 
incoiniog· in,spet:tion tests; ci:rcujt desigµ,pr device ¢har• 
:t."(;'.leriUIJio~ :o~ thr¢ectenni:Oal :x:egula~9n. Most of the 
:spf:d1ied tests rli1n. be ptrfotrned. The 577 also serves a:S 
a valuable anu.l)'.tical tooffo eval,u;i'.ti} those devices re·. 
jecte<l tw· highly aiffomated inc;d"rnirig iilspettioh :S)-5' 
tcms,.and t(> ana1yt.e perforinance nhder operatirtg-c.o:ti­
dicionsotlier L~ian those spec(,(ied on the.spec sheet, .·if 
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l'(g. l. Load .. ti!'gtda!ion'te!>l. Ou.tpul .. \'tnt:i.tc dbplaycd -yci'tically at 
50 mV/ djv; :off.set. tli +.5V; load t;µtre'nt d~playcd. horizontally a:e. 
20.tnA/div.: . 

r~. 2. ~failu: t11casure1i1ent as I'rg.·). l\Xcept venir.al seuS:itiviJy in· 
cre;i$Cd .to improve resului.iim. nnd~i.raccmovQd lo hotH;m of sc.reen 
for e;isicr: 1-.:ading. 

Fig. 3 . . Linc rcg1il11rfon I.est. Omput W>ltagc dlselaycd verrkally at 
!FtnVi d·iv; input rnll:tgc displa~·ed ho1·ize1111al1}' ·lll 5V/ Jiv, load 
CUHClllS ilrC JOO 111A/ step. 

Fig. 4-. ·Q.uiesci:t11 current tdt. Qufestciit curtc1it displayed vcr­
upilly at 2 m.A / d.i.\:; zero curtem _a't center;saeen-; load current dis~ 
pfa.yed llotiwntally al 100 mA/ di'V. 

Fig.-!>. T>rnp<>Ul volrage·1cst. Omput voftagc displayed \'Crtic:1 llr :1r 
HI inV/di.v~: r.op .rraq~ i~ oft~el ro ;J\1; inptit_'\.oluge di, played ho:ti· 
i(.JntaJJya~ 2V /div. 

Fig; 6: Ripple n ;jcclion tcyt. Output \'Ol.t.age di.spl~)•ed \'l!rtiraUr 
at 5 i.t1Vj llh; input Volt:tgc disph1}Ctl horiw111aHy al 2V fdiv: fo~d 
currents are 100. 111A / s1·c~. Re,i~:ti(m is about i6 dll. 
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Conclusion 
\>\lhetl-\Ct' you W~t. ~~'ash Of dry dean $U'l inst.runte'll:i wm 
be~etcrmined by l1o~v dirt}"' the instn.1inettt is, -and the 
tin-1c available to do the job: Solid.stare instrun1en:ts can 
be waBherl as easil)'-· ttpd sn.Jely as vacu\im tube t~}Jes. 
Pttcm.nions a~ainst_ ~in.a)'iii.g detergent' .and water.: di-. 
recl.ly oil fl<>wer trans'fqrinet"~. and Cl;)VCl'Cd :OOlll SWJ.tch,e~ 
shq1ild h"e <lil'igendy observed, C1ea,oiug age11ts such as 

tric:hlorcth-yle11e, .Pr.eon. and (X'thers: i:'!'lntammg })-afo-· 
!{en~ • .should, n~t he tisecl .. 1~hey can d~m:,ge aluminunf 
elecli'oly~ir "'rapad.lors and ~1l:ie printed cirniir b'O;tnf 
mateda.ls u:;ed in_crit-ical applications. . 

J t takes valuable cimc to properl_y clean ati inSLru­
ment. Hm"e:ver, tile iiuprovemeilt in maintainabili.l)' 
.and the increase Jn user ~11tls.faction makes the ·nwesi­
mcnt n .wotthwbilttme .. ;ii .. 
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Customer maintenance 
training classes for '77 
All dnssb wil l be conducted at lkavi:~ rrnn , (>r:egori. 
'llten· ls no fee fur classe<; t:.·x.cep t as no ted. 

AH r'naintem.1l1re da,.ses teadi 6pd'iitiui1, sig,na l flo w. 
cal ibra tio11 , n·ou ble-shooting :ind ·l"epafr of ihc j·eprc­
sen t;Hivc instrument. A c:omb'inalipn of lecti:l re and lab 
ses.$ ions a:re t he usua.l loi:·mar for maintenanee tra:ining. 
Any prestudy litenuure be~ttle.s 11tni11tenance nnmuals 
will be mail.t".d. ·di rectly to y9(1. 

no4Al7904t7633 
Th" ·7000 series da~~e.~ are ;1 ~:r,m1bhuttion f.) f the 7iMA/ 
790·! / i633 oseil l oscope~ . Till~ pr'erequJs.ite for the 7901 / 
7633 class is o·aining<m the 71(JllA. Cfass <lunnimi is twq 
weeks', fir . l'wcek dcV() tfc•tlto 7704;\, second lveek devoted 
to 79(}1! / 7G;f:l. Plug-ins taught arc rep1i~s(mtative of the 
most freqt~en1ly 1n1n:ha·sed nnhs with t hese mail1 
frames.. 
Clas.~ date.s: Jmw 13-24, Ul'/7 

Aug. 8-1 !:I; I W/'7 
Oct. I i ·28 , 197i 
Dcc:.5-10, lYTi 

465/475 
The 'H>:'.i / '..175 usci!lostripc<; ·1naimeil;I.nce dass is uuight 
to Lhe u,1mponel1l lcveJ of rri~ uble~h i'Joring aud repair. 
The student is l'mouraged tb 'tluly the cirt:u'it descrip' 
tfon Jiortion ,}f lhe respedi\'e. rnanu al. Class dinti tion is 
one .week . 

Cb>s Dates: Jpne 27-Jti lyl, 1977 
Aug. 22-21i, 1977 
Oct. 31 -Nov.+~ 1977 

5100/5400 
;-rile 5l00/ 5 lOO oscilloscopes ;1t<.: new firod11tts on the 
1977 cnstorn er tq iniHg sd1cd11le. Reprcsenta.tive ,p lug· 
im a~e selected tor these prpducts. (;Jass durat ion .is one 
we<:k. 
Cl:1s.s dates: .J (I ] y I 1-1 5. 1977 

Nov. 7-1L1.977 

Logic Analyzers 
T he 7DOl f DF-1 logic ~malyzer is a new p1·0<1uct on the 
l 97i Cl!Sf(lll\t'l" training schedule. The rhospective Slll­
den t ls enniuqged to study the tircuit desi:ription in 
the iDOl / DF ~nanual. Clas~ durm:ion is one week. 
Classd:ite: Sept. l~-Hi, 1977 

TEKTRONIX, INC. 
P.O. BOX®<> 
BEAVERTON, OR, 97005 

TM503/ DC503/ DM502 
TG501 /PG501 /FG501 
The TI\1500 produ cts selen(!d for ins!:ni.ction represent 
ead1 o( the m;tjor categories in the ·test. and i\feasure­
inent ~irea. <..4,a.ss thir;;\tion i ~ one week.. 
C lass cfaLcs; June 6· I 0, 1 !)77 

A ug. l-5; rn77 
Oct. 10-H . 1977 

WCHr-R7912/1350 
TJ~e student musr )1 ;rvc opcra tin11 :1 l kn0wl~xlge ol th e 
77q .. i, \ ;f'ries oscillosrope; he also ilH1st han~ sa 1i.sf11<1.nri'-· 

Iy t-on\ plNcd study 9 ( d1€.!, A Lidio Circn.it de~nipt\on 
11-.c1ining pt·og:ram 011 the R7912~ This package (062-
2'it18-0I)) is available fol' .) 175.00 thr(n1gh the loctl .f ek­
tronix fi cl~I ol.lin:: it ~houl.cl be ordered a.L ka>t !iH days 

. pri.~r w cb~;; panirip:1ti(>11 . ;i~ 1.he su bjec:r nraterial h 
q1.1it.e Jeng t11)'- Cl n~s dundi\i11 i ~ one w·cek. A class frc oL 
S700.pei· su1'dent i ~ t.hatJ_\ed for th~~ tra.in ing. · 
Class dates : Jt-dv I 1-15, l 97i 

·on'. !Vi, !!Ji/ 

0PO-P7001/CP1151 
i'\ o n1sm111er m :t.i nc en;inn~ das~es a ·re ~chedukd fo r 

197"'.7. A11 :wdio circuit dc~nipdo r1 o':ol ining- package is 
aval luhle fo r $ 185.00 ·t liroug-h your local Tektronix 
field pffice P:i n n um bes ((iti2-2707"()()) 

4051/4631 
The ·JOJ)I intdligen t terminal i~ ;l new product on die 
1977 111:;1orner traiil it1g schedul e. Understanding of 
rni crnprnce"-~Or t-5 nece~sa 1 y for fu ll apprecia.t ion of 
das~ : cr.mtern. C l:1ss cluration is two w.eeb.,· 
C lass fbtc: : June 20-July l , 1977 

Dec 5- Iii, I 977 
4010/4014/4631 
'The. ·J\l) 0 / 1012( '1~) !'I / -HIOti graphic d i.,phi.y rermina l 
cl;iss is t' ;111!!h t to IH):lrd level n1aintc n a n ce; grcaler 
dcpt.h i .~ t:iugh r. wheil ~ igna l Dow co11e:c1ns are necessary. 
Cla~s du ra tion is one week . 
Cl;1 s.~ Dat<·s: J1uw 6-HI, I B77 

O c L fl-7. l ~i77 
Ntw 7-11, l!l77 

4081/49(}5/ 4641 
The 4081 intclligein terminal system i!\ a new prodncJ: 
Qn th e l ~li7 cmtomer rra.ini11gsd1edule. U11d.erstaudi ng 
of m.icroc:ompu t.er :rnd microprocessor theory is neces­
sary for full appre< iar.icm o[ da;;s content. Cb~s dm;1-
tit':>n is i:wo wt·eks. 
Clasi; Dau,·s: Jt1ly 18-2!1, El/7 

.Sept. 211 -0 ct.. i .. 1977 A-3S49 
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