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TRANSISTORIZED LINEAR PULSE AMPLU'Ul:RS 

St~.mley C. Bako:r 

ltncUntlcm -:J..nborctol'y 
Unlverolty. bf Ca~ornia 

Berhcloy. GnUiornlo. 

Octoher.J7, I 958 

ABSTRACT 

UCRL-8515 

Tbo baotc illvoottnntion of tl'nnolotor fooctba.ch amplUlorc hno proven 

mbtbomntlc:c.lly oimple end of sroat practical vc.lu.o. Tho bohi.\Vtor ol oinglo .. 

otcso common•emtttor o.mplilioro to doocribod and provldo-e a building block 

\71th wblcb cncco.dcd feoctbcch nmplU1oro cnn bG o.Mlynod o.rul dooigned. From 

·tbo I'OOulto ol tl:do nnnlyo.io tho condltlono for minimum dl'Ut for caocAdod 

otlisle •oto.ooo nftd. co.ceoclocl loopo hcvo boon clerlvod. 

A tre.nolotertood Uoear nmpllfler, puloo·holsbt diocrimina.tor, sc:nlor, 

c.nd hiab-voltaso pOVJor Cllpply pac.ho.aoct togothor ~~oo a otaalo ploce of pol'to.ble 

couatiag sonr to uDdou tlovolopmont. Tho hlsh·sD.tn linear o.mplUior to the 

honl't of the oyotom nne! muot hnw ttood rolf.t\bUity. wld.o bandwiclth. emaU 

temperaturo•drUt olfocto, otc. !l'bo nmplifior dovolopoc:l hac e. rtco timo of 

. o.s ..,.ooc zmd current so.tn of 7,000, o.nd io dootane4 to drive n currep.t-pt.dse 

c:ltocl'imlnntor oo thttt oaly o few volta owtns nt tho output aro needed. 

D 
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TRANSISTORIZED LINJtAR PUL.Sl£ AMPLIFIERS* 

Strmloy C. Bahol' 

llodlatlon Laboratory 
Unlvorolty of Cn.U~orlda 

Berl:lo loy, Co.llforGlo. 

Octobel' Z 1, 1958 

1. INTRODUCTION 

UCRL-8515 

It to not ruac~oal'y to dioc:uoo tho importance ot prodotcm hlgh-gnln 

puloo o.mpWf.or.o. Thoy tll'o pol'hllpo the backboao of nuehar laotl'umentntion. 

Dooplto thto, Uttlo bao beon wrttton about doolgn lo'l' optimum porfonnance, 

ud it io pl"oba..bly cluo to tho aaturo of & p1'oblem. They o.ro ued fol' many 

4Uforont purpoooo and n opocltlc:a.titm 1mportnllt to cmo applicnU01'l ma.y not bo 

impontmt to oaothol'. B.too ttmo. antn, .ov~oheot, DOloo. drift, Unoa.rtty, tl.ftcl 

ovol'loed a.J"O the main problomo involved. Clearly not all ot theoo may be 

optlmloo4 in "' olnslo 4oolsa, thcrof01'o 01'10 m\act undorataDcl tbotefloct of oa.ch 

foctol' upon tho othozoo in OJ'dor to ft'ad o.n optliDum deelgn for a aivoa oot of 

opGiclflcnttono. 

Tho ocopo of thlo otudy lo ao foUowo: 

1. Doocl'lptlon ot tho alft e1 tllo ae satn for locnl an4 leop feoc:lbnck. 

a. Analyoto of tho bobn.vior of tho olnglo•otnao common emlttozo o.mplUior 
j 

\71th tQcnlfoo4bo.ch. 

., ;; 3. Anclyoio of tu. behavior of co.ocadod a:mplitlers with loop foo6nch. 

<6. Doterminln(l a practtco.l method of ob.aplug tho foo4ho.ch uotwork. to 

pl'odw:o tho 4oolzood puloo roopoaao. 

S. Compnrtoon of the types of ampW:lezoo ia orclor to prodlct which 

typo will lJlYe tho boot perfOI'IDl\1\CO. 

Be.olca.lly tbG q_U.Octle io, whn.t boDoftt will bo dos.tlvo4 by uolng dlfforoet 

typoo of olmplo foedbtlck loopo ro.thcr tluul co.oco.4o4 otns&o otnsoo, nnd will 

~uch benofUo bo approelnblo? 

0
Wewh doao ua4eJ' tho nuoplcoo ol tho U. s. Atomic Enol'gy Commtoolon. 
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U • .DRIFT 

Tba to .. m '1ulttu lw&-o monae tho c!e!l!o oi tho e.c gnln. It lo !.2,t tho 

c&anso of oparcttns point, ~:~.o in a 4c ampliftor. T~ doolstmtlon ulft lo uoGd 

bocauoG thoeo of.fecta oro uoually alow nnd ratboao •ll1l4om 0\'7lng to thotr molly 
cnuoeo. Tho grontect of.fect to 409 to tomperntvo. but l:tino•potnt oWto nt'o 

~ aloo very important. Ia a4clltion., ·tho tl'oaolotoro may chtm.ao ovQr toas porioclo 

of tlmca, 01' they may lanvo to bo l'oplo.cocl, tllot1oby ctuaobag oomo "drift" of tho 

nc sntn. 

st'nlo Stcueo 
Dritt may be deaeJ"lbed. otmply for loc-e1l nad loop focclbnclt nnd for 

caoccdod otagoo. Flrot. however, tho gnln eqWI.tlno fC'S' tho oln.glo stage moot 
be diocuoood. From tho oqulvalGnt eh'c:uito of Flg. l ancl tbe llmplittoro ol 

Jrlg. a, one oooo thnt ·tho equo.tlODo uo olmply 
Caoo I 

I' RsfRs' 
CurJ"eat satn 111 Ai a 3 · (t) 

Upp6:r ! 4b t:roquency c BW == !J s. ( 
whore 

(3) 

(~) 

(5) 

(6) 

(1) 

A .fnllo 34b Tho qv.cntlty if) lo thol'oloJ"o .t!lo froquoacy at which 

tor JtL • 1t
8 

a 0 084 .a5 • o. r a . CL . S 
Oaln•.Baftdwiclth product c GB W l • "1S' ~ (8) 

Nottco that ri, aDd C c AI'O tho off octo wht-eh vc4•co tho QB W 'Ytsvo of morlt .. ,. 

AJ.oo, the GBW cannot be cOAolcle:rod conctant ao thQ snia lo c!umgod11 boca'"'o 
a~ o.Uecto the l) factor. 



'• 

-5· 

Pltz./R' 
Voltaso sala = Ay :a 1 1 • 

£ 
DW o :; S. 

0 

Tho onme 4oflnlttono e.G for Cace I hold.. 

f' RL 
OBWyo -fr I$ . 

UCl\L-8515 

(9) 

(10) 

(11) 

Tbooo tormulno uo ot grgo.t prnctlelll aW and much ot:LOler to uoo thnD mAy bo 
ov.ppooca4 at til' at glmleo. 

Now tor cJzift oanlyato: 

A1 • Oaln btaforo drift, 

Az • Onlu cftor 4rUt. 

A.A. a A2 .. Al' 

4A a l'l'cetlonnl 4rllt of A • · ~ 
1 

Jtr •s Tho lorm of both C\ll'l'ent uad. voltaao tJo.ln to • A • T • wbero H a tq' 

for CUI"I'ODt gGin nl'ld H. a .Lias lott voltago gctu. 

Remembol' that theeo equations are soo4 oaly for the coildltlono ot Cnoo l nnd 
Caoe U, aa4 tho tollowiDg io Umlto4 to omo.ll atpnlo 

fl1 • ' beforo dl'i.ft, 

Pz • ~ afto:r cho .. , 

~ c liz. -lSI· 
c;, a Fractional 41-Ift of ~ • bt$/fJ. 
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it' 
AA o JI4B (1 + ..$.. ) , "ii'ii •s 

• (12) 

The quantity 1t; to known apon moaoueomont of f4 nt tho Umlto of opos-nttoo. T~ 

doolsrocld.A and a hnO\"/locltte oi ~z farom mo&ovomoat of dp ollGW n colc~lottcm of 

R~/as. J'osa cnar.nplo. lf an nmplllio!" lo allowod t~ drift only SS over o conaln 
tompol'ntuo I'MlSO• thon dA • o.os. Suppooe "f1lo moo.ou_od to bca 0.15 with n 
fl;t of 60. Tbon. fl'om . 

R' 
cSA/,_, a[l + a~/ll$1/&1 c [1 + a~/•81 /1 +Cf11+1) ~ · • 

we have ft~/R$ c l/29. Tb.e btae ocheme muet: not be C·lmntlo4 to a.chlovo 

thlo boccueo lt dGtenatneo tl\Q drift o£ opol'&tltl8 point "O"ht.ch holpo dotormlno ~· 

Thol'o nrc oovornt J"ofo~oacoo la ohlch ono mo.y fia4 diocuootoao of bta.o-

sto.bllteo.tlon ocbomoo. 1 • 

Tho fo.~or S (local feeAnch factor) tborofcwo 4otormiaeo tho l'a4uctlea 

of tho porceataae di'Ut in o. mo.nnor which to oo.olly ctouribocl. 

1 

') (1 + .a~/a a; 
dA a - i. . . 

2 

For oncmplo, a. fl. Shoe, Bel •• tranoi.etor Ctrcult EeniD.oo~l.afl • 
(WUoy, New Yorlt, 1957,. 

(lZ, 
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LoQe Feedbo.ck 

Tho fnmtUa.r feodbcck equatl011 t»tly oo u.oo4 alon5 wf.tl\ a fow otmple 

cloflniticms to onolly a.ncl tborOUflh.ly 4ooczoi'be tho otfoct of loop foo4bcch upon 

d.I'Ut: 

wo have 

A m aciD of o.mpUft.or witbout: loop, 

k o BalD of A Gftel' loop to applto4, 

~ c foodbMlt lactozo (rntto). 

A 
K= TiT • 

(13) 

(14) 

Su'bocrlpto of l 4oaote quantity bofozo drift otcUI'o • thea l'obi'OI'lCO ccoo. 

Suboerlpto of Z denote quaatttt.oo e.ftor 4rift tahoe pltu:o. 

Tbo clw'lso of go.tn. 

• 

cinco 

(11) 

From tho grnph of Fig. S ono may quickly oee tho loop aata s-cqvlro4 to obtain 

the clooirod. "K when dA han boon moaovocl. 

\ 
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C $.S£aded Dr!!J 
Acoume two amplUlere ol saln A AM 8 ce.ocacted to p:roclw;o tno aatn 

0: 

(16) 

Tho dtolft ta tbei'Ofore cumulative except for a aeeon4-<Wdor. tenn ·CdA ds) whtch 

uoully ma.y 'be tgnoa-ed. Nottco t~ thla oftcct ~ooo not clepond opcm. tb.o .. ~. 
magnltud•o of A aed B ··only • thell' lractioftO.l chtmgoo. 

9J!!lanam Doolaa f• stgloo 
c' 

Wo aow have ih$ necesaaa-y toolo .lor~ opdmiaina eaocedocl otnaloo. Suppooo 

gtdn Q i.o required of a caoeadecl olnsloo: 
' 

a o A0
• A • o1/a ~ .· II ~ 

where H lo u attcoua.tton lactOl" (Rs/D.s or .R JIR$)· 

Thea 
£\6 

S;; :T/n • 
0 



Uoually S »1 for tho r•4uction of clilft DOo404. tkorcfol"o 

a• 
Sa 1 + (fJ+l) ~ ;; fl R' /Rs' , Ai G 

<1(1 + .a• ~a.) 
- t/AS 4A o B!U +apr 

UCltL·85l5 

Wo naw llmtt ouroolves to ~- »1. lmewtag t:bnt tho oatlro Mt\lyots to to eomparo 
dlfferent amp~lor typeo aa4 thnt when tldo to clODO fo~ 4fia << 1 it \?!U bo 
eufftclent. · 

d ; 4a (1 + R' /&')a cia gl/a(l +ll' ,Ill• ), 
A "fi G $ pt'R e S 

"a • adA • ~ (1+1\:fll~la al/D, 

Tldo tuac:tton haD n mbdmum tor n a An a ADd A • a1/n II o1/l.a G • 0~ 
Thewofore minlmlmJ 41"ift lo aeblovo4 whon each otaao ht1o a ao.Sa ot -o. 

4a [ G .hl 0 ·'nJ1 (1 + R~/R$) 
tlOmiil c -~ e .tn G U +R~/R$t = --;r- R (17) 

'""······:j 
Xhr.,~. of Two-Stnso Loe»po lf!oubloto) 

Ttto aniD of n t\7e•t)tQGO aerplUio.- lo ol tho foum A a ,zH, who#o H I.e 
aa attenuation faetoao detormtaot lty tbo pO#ttclllaJ' doolBD. Aftozo tho loop io 
nppllo4 oDO Ml'J 



vea.~.-asts 

TWo lc Gooumtns tb.nt H .Sooo not roduce 4.A. aoUeonbly. Of couroo the 

s•ootoot ckltt :rc4uc:tlon wlU be roa&od whon it to aU 40ttO tn tho loop and 

• DODO occOUJpltobod in local lood'boch taot.cto tho loop. Thor_oforo title to tho 
oaly cnoo cUoeuooocl. Wo have 

'· 

(18) 

bGcaUDo A 1>1 io uounlly tho PJ'Mtlcal caoo, and oo are llndtltts ovoelvoo 
agAin to very cmntl t)f) • . 

WhoD a totAl satn o lc 4oob'ed by eaoc:adtna thooo douloto 111he.t \'7lll be 

tho optt.anr.m .aumbor ot loopo (n) c.ad what will thie minimum drift bo? 

Jru n loepo caoca4od. 

4g c n«w from Eq. (16) 

elK o ~. trom ltq. (18) 

"' 

4c;e + • 
' ~ 

K• p
1
1
H • 0 1/a, lm~ a n ' 

dgts 
1,0 1/n 

• [~J 0 1/n 
ft • 

IJH 

Tht.o nclalevoo o. mbdmum vhon n = lea. no for oiD&loG. 

ThoJPc.fOJ:O 
K. 111 Gl/n • 0 1/.loC • e. 

Tho antn ot oach unf.t lo agcla o. 

do..,ln a p~ aJnQ a [~] (19) 
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Co 

Notice the compo.rioon to the optimum dJ'lft lo• oingloo .. Eq. (17). If thoro aro 
. . .... 

hro tl'anoiotero per loop a1ld a· lo ·s.qoo. tben n. = lnCl .a 8, which mocno olxtcon 
"' tranototoro. It io vory oold~m n 4ooisner will ehooso to uoo thio many unf.to oven 

though it io optimum deoign. For thio roaoon it lo good to comparo tho clrUt of 

the opttmlzocl of.ngleo A with. tbe.t for cloubleto ucin8 thO oamo numbor of 

traaototoro. 
.fnO 

~ow n = T otn~e n lo tho number of loopo and thGJ"O aro uouo.Uy two 

tranolo~oro per loop ln the doublet. 

Znda • 4g = n4K o ,....- from dovolopmont of Eq. (19), 

JaH 
,,.faT, e 

a 
J • ..J.:.H QTJn 

' 

. [ o .tn. a "e ] 0 . · 4a=. p '.tor. (20) 

Comparlna Eq. (ZO) with Eqo. (19) aacl (17), wo ooe there is atilt a dlotinct 

advantage in uaing loopo (doubleto oo lar) with negligible local foedbac:lt. 

Drift of Throe ·.Stage Loopo !Tttplots) 

Throe otageo with n loop (tripleto} have a gala K of tho form 

....... · .. · .... 
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Jf Ol' tho provtou approxhrlatlonc , 

I(: e;• • al/n, 

nlda 
a ...,....,.. • 

, 

Notice tho futhor l"e4uctloD of 4cJ ;"'~. • 
'MID 

UCJ\J..-8515 

• (Zl) 

Wun tbero c.ro tho came n\lmtier of tt'o.noiotero no for tho opUmiaod. 

otnst.eo, n bocomoo ¥ , U tbo.-o .Cll'e;thl'eo tJ'naototol'o in a triplot: 

n a lfl~. 

"a [~J 

,·. -~, .. 

It lo ncn? ohovm that tho W30 of tl'iploto oUol"o quito na tulvo.atnso ovor both olDf3loo 

and dou.bloto. 

The olmplo 4rift ~lyolo th.on otatoo thAt ono 4ooo bo11oflt f3'I'Oatly by 

uotns feocibc.ch: loopo tnotond of local foedbnc:k. oll4 tho moro otngoo in tho 

loop tho bGtter. 
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W. PULSE JU£SPONSE 

The dlocWloioa ol. 4rllt rocluction AO(Jumod any deobod amO\Ult of loop 

aatn (A) could. bo achieved. m every cl\oo oomo ohnptnu of tho froquoney 

reoponoo ot tho foedbac:k uotwerk to noceooary to pro4uce the ti.aJo roopontse 

doobed. A furthor compartoon must therefore bo modo between slngleo. 

4oubloto, aad trlploto to oee which is boot for rloo time nnd overohoot. Tho 

ampllttor muet be ohown in much mol'o cletall, ancl tho typoo df.ocuooed hero 

ue ohown tD Fiso. 4 tuld 5. Thoro nro other poooiblo contlawaUono of couroo. 
Doabi.Qto 

Tho sntno opohon of lrom now on aro c:vrent fSO.lno aa4 apply to Caoo l 

of FitJ. 1. A 4oaotoo tho co.tn withOlit .a loop, o.ad K 4onotoo tho Stlln of the 

OQtDe ualt nftor tho loop to iDti'oduco<ll 8 a .. A io otlll tho loop gala. From 

I' 

and ('+1) 1£ << 1, , 
s 

r 
(~+l)y << 1. 

e 

The local internal loeclbnelt lo thorofOl'C cosu;lldore4 nesllgiblo. 

From .bore On A lc the sntn function lnclwllng bequ.e~tey , 
• 

where p • jco and. w1• w2 are the 3 ·db cutoff freq,uencioo of ea.eh .stage. 

Local foodbaek (St io nosUglblG, a.ncl good cleolsn dcamae4o D ; 1: 

\ 



When p. io conotaat with trequoD.Cy cmo ho.o 

,..., 

*! .. 2 
' + l~ + ~, (.1 + 6J;Ao) 

Horo 1< to ot tho fum 

A Z 

.. 

v 0~ " •. t~-r, .. ,, . 

' 

UCRL-8SlS 

(Z.l) 

f 

whovo tho rooto n . o.Dd b cauoo tl\o otop tunctton roopcm.oo to ho.vo ovoroboot . 

aac1 l'inaJ.ne no Dli'OWB in i" is. 6 • 

a, b ; ~ [l•J~} • 

Complex rooto a.lwayo ca.uoo overab.oot. Tho anglo of tho compton rooto io 
I 

+; tan ·l ff. and the over a hoot ia a function only ol thia angle. a.o ohOYJn-

f.n J'lg. 7. 

' \ 
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Complex rooto may be eUminated by ea.uoiag .p. to be a funcUon of 

lrequoncy. From tbe baole do(~nitf.ona and approximations for foodbAclt ratio, 

we have ti- * it/iL CFta. 4). Thlo ne"umeo that tho tnput lmpedaaee of. the 
' ; 

ftrot traaoi.otor doeo not affect the fee4ba.ek ratio. That is a problem many 

timeo am\ muot be ovol'eome by inserting aa tmped.n.nee •matching otAgo itt tho 

loop (See Fls. 4): 

Z£ then muot 1:»G Dhnped to eliablato tho co.,ploa rooto for any slvon l. 

'Tho ollml.nntion of complen I'OOto roqubreo thAt z1 bocomo o. porallol 

1\C comblnnttoa whel'e 

ancl 

The k 

• 
z 

Ao • p H • 

Thlo looko like two ldonUc:o.l co.ocndod olnatoo \7lth nnino of A m_ and 
4;,) ,., ..rr· 

bAaclwlcltbo of ~.,..n: ·~ 

(1~) 

(11) 

Fv n • ¥ tbe.-o io tho oa'Dio number ol tl"o.nototoro no for the 

oinaloo (neglocting bufforo): 

.f 
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Tho a.pUfiort looho ao thout5h there a.ro .lnG otaslo ota.noc tn cnocndo •• oncb 

'\'l'ilth n bancl\'rldth of f , 
. ~ @:[!f = -!.... ·ljf &p 0 0 'VI'I 

• (Z6) 

Tr,tetq~o 

For tbl'oo otnsoo one hno 

fl3H co
3 

AD' · - r • ,, .... ,, • 

-' ' 

(p-n)(p·b~·c) 
(Z7) 

Wb.oa f' lo nOt fi'oqWlncy•oenolttvo. complou rootc appoor fO'I' p. > 0. 1ft ordor 
to ollminAto thom toc:hniqwao any bo omp_loyo4 whtch brf.ns about l'ooulto oimtlt,.r 
to tho 4oublot nno.lycito. Ia J'ta. 5 z L t6 n ool'loo J., ... a CLDcl z. L to ~ para.llol 

a-c. It ic aot poootblo to e0111plotoly ollmlno.to tbo tmnatnnry pute of tho rooto 
ulooo na S factor to introcbacod Ia Ollo of tho lmorno.l otcsoc. Thle ftl1tvo.lly 

ro4w:oo tho I. a.ebiovabkl. and thG aUt of G bocomoo 1DOI'O on tho Ol'clol' of 

thAt oxpoctocl lrn clo\lbloto. 

T!aoro lo oel4om much roooonlort uotn.o trlploto. bocauoo lD order to 
got •W of tlaQ ovorOlloot tho drUt io mcronood e.acl tho problem of trtmmins tho 

foo4bcck aotworh I.e m4ich moro compltcctocl tbnft for cloubloto. 
Sinetoo ,.., 

11' or mlaimum ulft, 
n e .I nO, A ::a Q l/n o o~ 

BW • [ffiS] .J z17n.,.l, 

A•.DJ!, S='f•!!·· 
f"'&H · f' H 

BW o L- ,J zl/•.t c ...!..-
. 0 0 (!8) 
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Tho noo tf.mo 101' tho OlDgles lc tbo oamo GO for doubloto. It ic pooolble 

to ponk tbo otasloo roopoaeo wltb.. eoU.o, O.DAI aloo pooctblo to poch tho doubloto 

vooponoc lly nfljuctmcmt of thea tcoG'n.~h capo.cttol". 

lt to oomotbDoo ao~oou.y.to p~ ln em tmpodnnce•mdtchlnrJ otago (buffer) 

t• tJ.lo loop o. ln tho o\ltput. F16wroc 4 o.M S ohow tho uoo of ouch t>uffcro. Fosr 

tl/1$ 4o8loto tho too4bnclt 1'00lOtor UOWlUy io mtWlo low onouah oo it f.o of the 
. . 

OO.ta')G Ol'dolr of trmtJaltu.lo t\0 tho ll'lp\lt lmpo4tmco of tho flsoot tranoletor. ArJ 

'thO l~put impodt!.laco drifto, tl\0 leoclbnch aoatio to nffoctod ca4 tko gala drifto 

Utudl moro tho.o. pf'OcU_.te4 il'om lica· (19). Tho nrOUDCto4•ba.oe otCtJf) io chooen 

~~aoo lto lnput lm~co to very 01Dcll u4 tto cvl'ent gain io c looe to 

..,UY .oa4 vowy otnblo •. 

l"fW trtploto tho l~ u.ouolly mc.y not be tnhon ott tho third collector 

bcCl)\100 lt woul4 upOot tho foodbo.ck soo.tio. It lo ool4om tho lood. lo 0. puo 

sroolotallCO. 
L\raoultY 

tror omnll-olsl'lCl otnsoo, tho llooal'lty lG not a ve>ry big pl'oblom. Tho 
o1aput otngoo, hcn1ovo~, mny ho.vo lal'fSO voltn:go OJ' cvront owlngo (!.ad tho galn 

may cll£16no oa tho p"'-oo b.oiabt lo chna.aod. Thlo ia of couroo clue to p•a belng , 

dopoacloat upon voko.fJO o.a4 cwrl'oat. The voltnao offect c:aa bo l'oclucod aroatly 

by 4nool'tift8 a. 81'0\m.dod•baoo bullol' atA:L(lo botwoon output •4 lon4. but tho 

owwont oftoot lo ott.lllmpol'ttmt la •oot caooo. Tho onowcw Uoa tn knowcing 

. OVOI' Claat opol't\Ua(J ftotJlOil p Vt\l'too loo.ot CO CUI'I'Ollt to CMiltJOcl. From 0. 

cuvo ot c:olktctor C\11'1'0$ ao a tuactton of bnoo CVI'Gat for d.Ufol'o1lt v~luoo ol 

cotloctO't vo&taso, tho moot llaonJ~ srcatJloa CUlft be oaotly found. Ltnoo.l'lty nnd 

ulft mnyl»o o.nnlyao4 la th.G onmo mllll1lol', cact foo6t.l.ck hno the ocmo effect 

. "PPD boeh. 

OYO.-tond. !Cftocto 

Vllaaa pulooo o..-c prooora vblch d.srlvo tm trnAOlotol'o be>yOD.d cutoff or 

ontuo.tloa, c.al'e muot. bo eate11'cloo4 no tbat 4oll4 tlmo betwoon pulooa dooa not . 
rooult. DCJo.d tlm4 I'Goulto ttboa eous-llna c~cltol'o c:br.u-so tbrouah n omcll 
lmpGdl:ulco u4 4lochnrso throursb n largo impedonce. It io poootblo to ClUJcaclo 

' 
PNP a.U NPN untto o.lton&\toly oo tlaa.t oach to being cbiven on by tho puloo, 

{J but U tbGJ'O lo Wld.orohoot at tbB oncl of the pUlDO it may Cl!.UOO doocl tlmo owmg 
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to otm~o of tho untttJ 1 botng cut oU~ lt muy Doom bettor to 4eoip such na 
urangemont that onch unlt will be 4rivol1 toward cutoff normnlly a.ad undor
ohoot at the enc! of o. puloe will not eauo tmy 4eacl ttmo. Thto, howovor. 

coulclre-aub'o mOI'e otnn4•by curroat than can bo tolero.toct. 

Doo.4 time moy ~oually 'bo olladlltltecl by cuoful btnoins. Tho output 

oto.co ohoulcl bo modo to llo clrlvoa luther blto cotiductioa by tho puloo, but it 

muot bo btcood t•o con4-=Uoa oaou.ah to o.boorb tho \Jildorohoot Ylithou.t cauolng 
4oa4 ttmo. Of covoo, otnsoo that &1'0- normo.lly dl'tvon too~d cutoff noGd only 

bo b-l&ce4 on onoutJb tor tho ftOrmnl pllloo to bo paooo4. 

V. CONCLUSIONS 

Tho dooltJn for ldu;h·tlnin llaenr puloe cmpUflo1'o to obvlouoly compUcntod, 

o.D4 to optbittao ito pgrlo~rmCDco to nlmeot l&opolooo bocnuoo of c.onfllctlng 5"0-

. qtdwomol'lto:. 

Lo* uo ploc:o togothol' oomo oort ot conolatoat autcltns otc.tomonto by 

\?hlch tho pl'oblom may bo appronchocl. 

1. Ih'!f! of ~-c.e Gam. ThG1'o to CL fil'ect ad.vanta.p ln uning dwbloto J'nthor 
i)>C.' •,·.~~-. thn• otnaloo. Tbo b'lpleto bavo o. muck batto .. dl'ift pol'formaaco than cloubloto, 

but moot of Wo to loot whoD tho puloo ovorohoot hu to be oUmtaatocl. Tho 

optimum 4ootan for tloubloto bAa tlt.roo tlmoo ao rr:u3,ny Ul'litc as tho optimum 

dOolga lu olDflloo bocouoo a lnaffor muot be uoed in tho loop. There io ctill a 

ln'rge oclvtl1lt£Lgo wh-3n half ao moay loopo are uooct. Thel'e muot be no local 

foodhnclt (S fo.ct011o) within thea loopg. ad tho ueo of bufforo io eaoontlal U tho 

CI#Ut lo ·to bG mlmmi=ocl. 
a. Blo.of.?aJJ: Bico otabf.Uty to of pl'tmuy couco.tn becauoe JS lo very oonoitivo 
to oporrnttng_point ao well aa to tompoaratvo. The bico point muot bo eorofully 

ooloctocl oo that tho moot Unoar (dlotO'ttloalfasa) opol'atiou may be obtained. 

Since tho S foetor of oach otago 4o~n4o upon r e•& r e o; f . the omlttor / 

~ btco e\11'.-oat 1
8 

muot bo high onoqh t~ laouro that ~·ac:k to oogUglblo. 
Btao wUl nloo d.GtermlDO tho l'eaponoo u4or ovol'loacl conclltltmo. A otago muot 

Dot bo aUowod to he cut off o-htlo tho coupUaa capUltor io rocovortng fl'om tho 

p\lloo. 

3. hloo aaopoaoo. Slngloo, deubloto. or tl'tploto mo.y bo doolSftGd 00 that 

tbo rinsio6 ot tlaal puloo StGoponoo io oUmlnntocS for any apoeitiod gnta. For 

olngloo thlo rinstan caaaot occ\U' ulcuto _thore aro poald.ng colla. of. couroe; 

fol' 40\ibi.Gto it to n omall pl'oblom; fo.-, trLploto nn S fo.ctol" muct bo uoocl ln 
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ono ot tho latter two otageo, e.acl thio ro·ou.lto in a 10l)o of. the t.rlpleta• uift• 

roopOACO ndvnntcso. · Tho ~leo Umoo are about tho ~a.mo for each typo for a 

gtvon OVOI"•O.ll enta G. Thct riae tlmoo AI'O equal whoa tho numbOI' ol trm.noiotora 

(not eounttas buffero} lo kept tho onmo lor each ty)H) la e.ccompllohias tho 

OVOI'•aU gain. 0. 

P'1'om tbooo throo coaol4el'atiOAo lt boc::omoo appuont•tlmt the boat 

pro.cd.cDJ. amplt.fter aboul4 uoually be compoood of doubloto. Tho number o1 
otagoo clopeDdo upon the gAillnoo4o4, tho drllt tlml may bo Colo•ntod. aftd 

oometimoo tb.o 1uunbe1' of ti'Antlloto:ro thct ca.n 'be to .. rato4. Tho l'ioo timo 

wUl bo cloteJ'mined entirely by tbo laooqueney reoponoe of the tJ'oeototoro uoo4 

· U tho D tactor monttone4 in Section U is kept vol'y c looo to \Ullty fol' eacb otego. 

lt would. not be good to c:aecad.e iclentico.lloopc bcc:au.oe the btu plnya ouch an 

l~portant I'Olc in the opero.ticm of each loop, aDd. oo.eh loop pla.yo a oomewhat 

dtflezoent part ia the opoi'Mion of tho O¥GI'•cll omplUior. 

VI. IUtSULTS (EXPBBJMENTAL) 

The deocripti011o ot oinslo•oto.go o.ad loop drift behavior ta Section D 

&1"0 in good agl'eomont witb OJCpGztimoDt. Sineo tho w:bolo mathom.attcal de... ·· 

volopmont lo built upon Eqo. {l ), (9), and (13) aa4 a lmowi.Gd.ge ot ~· tho 

drift formulae ohoulcl be ac.;,vate. That to, once Eqo. (1). (9), aDd (1)) o.ro 

eubetaatiated all tho reot la oimplo, riaid atuebra. Ul4 dlUel'ontiAl ca.lculuo. 

Tbeee equattono have aloo ken oubctantiated easily by oimplo ouporimcnt. 
Dving tho c:ouroe ol thtQ otu4y an a.mputte:r 1\ao boen built with tho 

following eluu'ac:toristieo. It conoloto of thl'eo doubloto tm4 ono olaglo•oto.go 

invo:rte.r. 

Curont Oatn ... 7,000 
B.iae tbno • 0.!1 ,..cec:';~ 

Overohoot • Negliaible 'ot\ a 'ocopo. Thlo mny he adjvote4. l'Ooulting 

in ahou.t O.J .pooc doo &:i'meo :for lO" overohooto. 
' . '· 

Input bpoda.Dce • Sorioo teolotol' of I K. 

ID.put Puleo • Ne;attvo 
C>utput ... Up to 8 .. or lO.mn pooltlve. VoltafJG swtaso leeo than Z v. 

Dt-U:t of Cialn - 4.5,-. pel" l0°C rt.oo. 

Theoo doubleto did not have bu!leru all4 it is oxpectod the drift woulcl go 

down by about an order of magaituc1e tl tlley WOJ'e UDOcl. The output WOI'ko lllto 

a foJ'ward.·ldaoed dlod.ca oubtractor, therefore oaly vary omnll voltatJ&D a:l'e ro ... 

quh:ed to drive thio cbcu.l.t. 

' . 
'· . 
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Th.io armptutar io not an opt.tm~ C\klU:Ilsn for utft aoeepcm.oo, but tt 
pveo a good idea of tho •ooulto that mo.y bo o.~hSovod. 

·, 

(J 
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FlCitJJUC C~TIONS 

Fig. 1. Fam1Uo.l' "T" circuit ud tho vel'y uocaful "v" cbcv.tt. 
Fla. z. Baolc common•emtttor nmpWleJ>.clJ'cu.tto. 

UCRL-8515 
t 

Fig. l. Effect o£ loop so.in (.1) upon the drift (dA• of 11.n amplUior• 

Fla. 4. The doublet. 

Fig. 5. Tbca trtplot. 

i.liJ. 6. Stop-function J'eoponoe with complex I'Ooto. 

Fla. 1. Porcent ovGrohoot o.o a function of tho anslo of the complex root. 

tJ 
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