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SCHEDULE 
THURSDAY, FEBRUARY 16 

8:00 A .M. - REGISTRATION OPENS 
Irvine Auditorium 

9 :30 A .M. - 12 :00 Noon - SESSION I 
Irv ine Auditorium 

9:30 A .M .-12:00 Noon - SESSION A 
Un iversity Museum 

12 :00 Noon - 2:00 P.M . - LUNCH 
Houston Hall 

2:00 P.M . - 2:30 P.M. - Irvine Aud i torium 
Formal Opening of Con ference 

2:30 P.M . - 5:30 P.M. - SESSION II 
Irvine Auditorium 

2:45 P.M . - 5:30 P.M . - SESSION B 
Uni versity Museum 

6 :00 P.M . - COC KTAIL BUFFET 
Penn Sh erwood Hotel 

7 :00 P.M . - INFORMAL GROUP DISCUSSIONS 
Penn Sherwood Hotel 

FRIDAY, FEBRUARY 17 
8:30 A .M . - REGISTRATION OPENS 

9:00 A.M . - 12 :00 Noon - SESSION Ill 
Irvine Aud itorium 

12:00 Noon - 2:00 P.M. - LUNCH 
Houston Ha ll 

2 :00 P.M . - 4:30 P.M. - SESSION IV 
Irv ine Aud i tor ium 

The 1956 Tra nsislor ircui ls Confc;cncc i\ ,p,ll1\,> rcd 
joi n1l y by th e IR E Pr fe~~ion:d Group on Cin.:ui l ·1 IH.:o ry. 
The Committee o n Tra nsi stor ircuits of A IEE. a nd th,· 
Unive rs it y o f Pe nnsylva n ia. The onfcre nce i. pa tt e rned 
a fter 1he previous o nes held at the ·:, me loca t io n f r 1he 
pas t severa l years and wi ll inc lude info rmat ion o n bo1h 

1 
linea r a nd no n li nea r tra n istor c ircuit app li eat:<,ns. Em 
ph as is w ill be o n m a terial no t pre"iou ly avai lable in 1h.: 
litera tu re and the p rogram i designed to be of grc:11cst va lu e 
to e ng ineers who nlrcady po scss some knowledge of t ran 
s is to r c ircui t behavior . Howev,:r, thcr,· is one day of tu torial 
paper sched uled for the purpose L1f orien tin g those who 
are ne wer to this branc h of sc ie nce. 

Pu blica t io n of many of the papers in professiona l 
na ls is planned in lieu of Con ference T ra nsac tio ns. 
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SESSION l 
THURSDAY, 9:30 a .m . - 12 :00 Noon- Irv ine Auditorium 

SPECIAL CIRCUITS 
ha irman: P. L. Bargclli,11 . Uni,·cn it,· of Pa. 

1.1 Audio Automatic Volum e Control Circu it 
H. D. Grimth and J. Tnm (U.S. /\rm}) 

Radio Curp. of A 111, ·rin1. Ca111d1'11 

Audio communica tion system, "nrking through very 
high ambient noise level s requ ir..: so me kin I of aut imatic 
volume control to maintain th e si)!n,il :,hove the nnisc .,nd 
at the same time. protect the li ,1c nc1< car, from painr11lly 
loud sc1uml,. The problem is somew hat com pli ca tcd hy rhc 
fact that very little dis1,1rtion c.111 he· l()leratctl. 

The electron tuhc prcdccc,,ln ,, r this am plificr Lhed a 
remote cut-off pentodc for au1t1n1 ;1 1ic ga in control. o , uc h 
principle is avai lable in I ran,isto r circui ts. 

/\ large number of circuit, \\Cre c,·aluated for autom :,tic 
gain con rrnl c h:1rac teri,1ic, . The· n1<"1 ,uccc,,ful f tliL·,,: 
circuit, was an ahs,1 rp1ion nr ,h11,111ng 111e1hoJ in" hid1 the 
hasc-cmitt.::r resi,tancc of a c,1m111Pn ha,e .,mplitier i, 1:1e 
variable circuit clcm..:nt. .'\ thrcc- ,,·:nding input translormcr 
is con n..:ctcd hctw<:cn microphone and ,,mplificr with the 
third winding being connected It> the ah orr1ion cin: ,111. ,\ 
portion of the amplifier ,1utpu1 ,,gn;tl is rcc1i1icd. filtc·rc·d 
and fed to the control 1ra ns1,1,1r ;,, ' " ,c1le ,ou rcc ol c!;1111er 
cur rent. Thi s re,ults in ahsorp11c111 t•f the 1111..:roph,rne ,, gnal 
in prL1p,1r1ion to amplifier output . 

/\ 30 db increase in input ~i,:n,il ..:.,n he reduced 1,, Icy; 
than 5 db increase in ou1p111 "ith the total h;,rmoni..: di, 
tortion h..:ing lc,s than-·5 percen t. 
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(;,bout 10 : :10 a. m .. l hur~day) 

1.2 Linea r Amplifi er Emp loy ing Nonl inear 

A m pl ication 

R. F. rantgc, and .I . Holler 

Sig11al Corps C11gi11 ccri11g Lalwrntury. Fort Mo1111w111/1 

/\ new tyre 0r linear amrlificr i, dc,crihcd which ll~l-~ 

highly nonlinc,,r active clement, ;111d yet ;1ch ie vcs power 
amp lifica1i0n with e~sentially nn nonlinear d is tortion . I .in . 
ear amplification is accomrli,hed hv converting an inrut 
signal into a ~pecial type or puhc n1<1dul,, 1i on in wh ich l'nl y 
equally shaped pulses arc employed. These pulses can he 
ampl ified hy enicien t pul,c amp lilier~ of high nonlinc ;1ri1y 
and then rcc0nvc rtcd 10 an amplificd form 0f the origin ;tl 
signal hy means or linear pa.,.,ive nctwork~. 

A typica l circuit using tran,i\t,,r, a~ the n,,nlinea r ac1ive 
devices wi ll he presented . It wi ll he sh0w n that. . o lnn g 
as th e in pu1 signal is within the :1mpli1udc and rrcquenC) 
limit s impn,ed hy the time Ctlll\lanl of th e inpu t circuit and 
the pulse repetition frequency limit of the transist,,r . 1he 
amplifier will produce ncgligihly ,m.tll distortion . The "'"' -
er elliciency or the amplifier :111 d p<1ssihlc f,H·ms or nu1 pu1 
circuits v. ill he discussed. Some promising application~ \\"ill 
he mentioned. 
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(;1hou t 11 :0/1 ;1.111 .. Thtir,d ;,)) 

1.3 Vol tog e-Tun ed Networks Using Junction D iod es 

C. I{. Hurtig. ,\lfa.1mc/111.1<' ll.1· / 11.11i1111e n/ /"cc h11oloJ.:.I' 

The Lhe (I f conventiona l RC filler, in 1ran,is1o r ;1 mrl1 ficr , 
often re, ul1, in conllicting circuit requirement, ,incc cun
vcn1ion .il filte r, arc desi gned for vl1 l1a gc ,ource dri,e .,1111 
open circuit lo;1d . whcrc;1s tran,i,1 '1 r, rc;1dil ,upply ;1 llll · 
rent ,,1L11cc drive an d ,hort cir,·uit load. ll y the u,e c, f 
ReeipruL·il~ .ind Thevenin\ thcorcnh. it c.1n he ,ho,1n 1!1:11 
the oren-circ uit voliage 1r;1n~ fer rati,, of a convent ional'""
termin ;il p:1ir network and the sh,)rl-circuit lurrcn t tr;,n,:.:r 
ratio of the ;1111e net work with its input and ou tput t(·1.11i 
n.il, re , cr,c I arc identie; il . 

ll y u c t,f forward hia,ed junction diodes as the rc,i,t
:ince ekml' nl\ o f R filte rs u,cd in 1ran,i,t,1r fredbac" .,n, . 
pl ifi er~ . the m:ignitudes :ilone of 1hc mpl cx n:1tu r:il f1c 
qucncie, ,,r the sys tem ma~ he made .1 linear fun ction ,•i :i 

contf(ll ,,1 l1 age . Two spcc1tic example, a1c given: a ph .. ,e 
,hif1 o,cill.1 1,ir. and a '1\1 in-Tee :1111rlitier. In ca h of the,e 
cir ·uih the 1r,·qucncy of ,,p,·ra11nn may he 1·:11i,·d 11\c·r .11 
le:,,1 ;1 1en 1n ,1ne r.ingc hy an c\lcrn; I cnntrol , ul1;1g~ . ·1 he 
frcqt11.: nc~ . ,, hi<.:11 i, in the audio r.1nge. i, . 11 ithin a ;'l' '' 
perccnt. " l1ne;1r fun tion o;" the control ,ignal. The d) n,1m1c 
r;1ngc a1 the outp ut i, al le,nt 40 db. :ind the harmoni d1, . 
1orl1<>n 1, k" th an 2':i . In h th c:ircui1, there .. re 1wo b.,,ic: 
li11111 .t1i,,n, 10 the lineari 1~ ,,r 1hc freque ncy control. The 
upper 1111111 i, ca used by a departure of the incremental ;·c
,i,tancc ch :1rac1cri,1ic of 1he diode from :1 ,im ple in ve1 ,e 
dcpend..:nc,· upon direc t curr,•111 bi :,, . .it h igh , :dues of c:ur 
ren1. Th..: lull'cr li111i1 i, c;iu ed hy 1he :Jllo,qhJ..: dis1or1i0n 
and , ,1r the required ,ignal-10- n,1i ,c ra ti o . 
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(abo ut 11 :JO a .111 .. Th ur\tlay) 

1.4 Multite rm inal Se m ico nd ucto rs Ope rate d as 

Two-Term inal Sou rce-free Sw itching Dev ices 
Abraham H ar·..:1. U1111 cnity of Pe 1111.1_1"1,·,111111 

Fo r var ious appl ica I ion~. p.1 rncu la rl y i 11 a t..:l ep lw nc sw i l c I 
in g m a tr ix. ii i~ important 10 have a ·em ico nductur dev i, 
w hic h ca n be operatcd as a 1wo-1crm ina l so urcc- fn.:e ~wi tc l 
in g a nd tra n miss ion dcvice . 

This has been accomp li,hed wi th a 5ingle . em1c0 nd uc t1. 
devi ce, com bined with one ohmic resis tor, the device bcin 
e ither a poin t co nt act 1rami\lOr. or a ju nc t ion tra n~is tor, ~ 
a m o difi ed junc1i0n douhlcd-hasc-diode. 

The device slhiuld be able Ill ..:,hibi1 a region ol ncgati, 
AC resis tance. 1h..: cmph.1,i, 1, o n 1h..: use of the rcsi ·1t 

to c rea te the ··blocking voliag..:·· "hich pn.:ve n ts n1.)w nf c u 
re nt un t il a dc~ired vol1agc i, reached . 

END OF SESSION I 

Lunc h se rved in Hou,ton Hal l- 12 :00 oo n-2 :00 p .n 
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SESSION A 

THURSDAY, 9 :30 a .m . - 12 Noo n - Un iversity Mu se um 
Tutorial .:" :,ms 

Thi s ~crie · o f four ta lk s ( two 111 \c , i011 A a nd two in Ses
s ion B) is de igned 10 cover th, c111ir1.: field of lr:,n~i~tor 
c irc uit app lica ti on. They arc int.;-nJcJ 10 benefit th e engineer 
who ha a general bac kgrnund 111 e lectron ic circuit s bu t 
who ha · li11lc direct t ransi tor c,pcr icncc . The lecture~ wi ll 
explain the ba ic fun lamcn tal~ ,,nd will include the lates t 

concepts. 

A.1 Analysis and Equivalen t Circu its 
R . 8 . Adl e r, M a.1Sacl111se11., / 1111i1111 c uf Tc c h11 0 /of.i/ 



(about 10:45 a.111.. I hur~day) 

A.2 Sw itching Circuits 
R. H. 13akcr, Li11co/11 L,1/J11rn1ory. M .IJ. 

END OF SESSION A 
Lunch served in Hou\tOn Hall - 1::'. :0ll 0011-2:00 p.rn. 
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SESSION II 

2 :30 p.m.-5:30 p.m.-lrv ine Au ditori um 

SWITCHING CIRCUITS 
Chairman : 1-1 . E. Tompkins. /1 :11 ru11.i:l1 .1 Corporotio11 

2.1 Direct-Coupled Transistor Logic Circuitry in Digital 
Computers 

J. R . H arris , Bell T,•l,·pho11e L11h c1/'/llorics. ,\,fllr/'/ly !l ilt 

The TRAD I Computer Rcsearch Project i, ,tudying ,li 
rcct-couplcd tran,i ·tor logic ( I) TL) cir..:ui1ry for u,c ,n 
airborne c0mpu1cr,. This circuitry. ,!e ·cribcd hy Philco in 
March, 1955, puts the burden of p1od performance n the 
transistor. Certain germanium alll) Y 1r;1nsis1,1rs arc at t r;,c
tivc because of high current-gain and lov;. ;11uration rexi,1-
ancc. Phil co · 13100 surface harri,· r units arc a11rac1i,c 
where more spccd and !cs, gain arc nccdcd . ,\ nc, Tc:-- .i , 
Instruments grown silicon unit ha ving l0w ,;,1ura 1i on Vl,11-
age (LSV) ofTc rs high 1cmpcra lurc operation plu. grcakr 
signa l voltage which gives grcatc r frc..:dorn in lllgical design 
and minimiz.cs crosstalk. Crosstalk ,tu,lies indic:itc a p,,,<i-

' bility of false switching in n l:irgc ,1·,1c111 ,1f germnniulll 
1ransist0rs. This problem. " hich i. 1mi rc sc,·..:rc ,, i1h fo,1n 
transistors. appears readil y , luhlc in a y,1c111 of a fc ,, 
thou and I 0-mcgacyc lc g..:rmanium all,1~ uni1' . 

ln order to write logical de,ign rule, and a 1r:1n,i,1,n 
specification, a sy,1cm ha, been viewed a, :in a,scmhl.1gc 
of current -supply rcsistor . ~II the s.1111,· ,iL..:. "ith b:1scs :ind 
collectors attachcd to cach r..:,is tor tmi,lc). When all tr :1 1~
\is tors driving a nodc arc nominallv oil. thc object is that 
maximum lcakagc current, of th e c,i llcctor,. plus c u rrc111 
that i, adcquatc f r th e ba~es on that node under w,11·,1 
condition,. ,hal l never cxcced 1hc ,upply cur;-cnl. \VIKn " 

1ran~i,1or driving a nodc is nolllinally c,111duc1ing. the ohji: ; 1 
is th a t it shall handle 1hc entire ,uppl~ currcnt. and d,, 11. ,., 
a t a collector v01tagc that i, near ennugh ground that ,·,,1 -
lcctor lcal,, agc in cvcry tr;insi,tor dri en from thc nod.: :, 
below a Ii ed maximum. Thc,c con,ep1, (\\ ith ,pcciiic .,:
Iowa nee tor cr(i,,talk ,·oltagc. rc,i,tlll l,) icr ;, nces, ·'rq!11I;, . 
tion" of an indivi<..lua l ..:urrcn t ,uppl :,. unh:tlancc of J, .. ,: 
current, and tcmpcraturc ) havc led 1,, 1ran, i,10r ,pecitic., -
1i0ns and logica l design rule, in "hi.:h ,implc re 1ric t i, t11, 
o n thc number of bases a nd .::ollcc, ,i,, ,m n nod.: arc ,u1· ·1. 
cicnt to gu.tr:111 tec safe operation. The germanium tran sisto r 
specification permits a maximum 1ot;tl of 7 ha," and ~"!
lcctof', on:, node. fewer when a series circuit t 2. leve l A ' I) 

circuit ) i, driven. 
A DC'TI. word generator u,ing I 19 Radio Recep t<1, 

RR Ir,] gcrmanium alloy units opcr.1tcd without cut-and
tr y over a tcmpcraturc rnngc exceeding - so ·· c 10 65 C 
at -Hl0.000 paralk l word per ,ccond . /\n SOO-tran. i,1.1 r 
,y,tcm fur cxcrci,ing a magnetic c,1rc 111,·mory 1s bein :: 

tcsted. 
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(about 3:05 p.111 .. Thursda ·) 

2 .2 Transistor Requirements for Direct-Coupled 

Transistor Logic Circuits 

J. W. Ea,lc y. 
Bell TC'/i•pl,one Lahor(l(oriC's, M11rro y If ill 

The hasic requirement for ·1ahi li1 y of a direc1 -c,H1rkt1 
1ransi<.1<>r logic (DCTLJ circuit of the type described in the 
preceding r arer is that a vol tage margin . c,,. , cxiq between 
the maximum \'cE of ;111 '"on'" unit in the system env iron
ment ;i nd the minim um V 8 E required for :1 lran ~is to r 10 
ne sullic1ently '"o ff ... This m;1rgin has neen exrres~ed 111 the 
form c,,. = c,,. ( a: , :z , k , I ) = 

N I co 
6 I (a:N, o:I, k) + 6 2 (lco) 

where the par.1meter. k. is the r;ition of a a t current , of the 
order l)f the collect r leakage current in the '"off" state 10 
:z at currenh of th e order of the co llector current in the 
'"on" stale . Conseq uentl y th e ,igni ficant DCTL circuit vari 
able . 6 . ca n be expre,scd in terms o f trans i, tor para111('tcrs 
which arc related 10 the phy,ical ,tructurc o f 1hc tran, i,t,,r 
th rough e\i,t111g lk,1!,'.11 ihc•,,r,·. Si111ilarly. any g1vc·n tr;,"n
sisll>r 1~ pc can ne cvalu.i tcd f,1r emplo ment in D I I ,y,-
1enb ,m the b,, is of 1he~e more f,1 mili ar an d fund ,1111 e111al 
parameters . 

In addition to the ahnve factor,. the connection of ha,c·s 
in para llel re ·ulls 111 a dependen ce of stahility on 1hc m.1gni -
1ude ol the ,)hmic n:1,e re,i,t;111ce 111 the ,:11ura ti on rc·g ion. 
rb!il . and on the ,·aria 1io n of r blll . :z N . 0: 1 an d l 
among units onnccted in th i. man ne r. ircuit stability (e~ 
quireme111s ha,·e he<: n cxpre,,ed in terms of the,e param 
eter · and 1he1r va riati on . Th i, anal ys is permit s a deterrnina 
i"i on of the ex pected yie ld of tran,i ·tors . atisfac1or) to 
D Tl. from a st.1ti~t1ea l de,cript ic111 o f any transi, tor p,>jlll · 

lat ion in terms of the \c parameters. A minimum va lue of 
rblli . "h ic h "ill pro,ide . 1ah1l11y ,1ithout inclu,ion pf<: :-.
tern a l ba,e resi,tance can he de 1ern1ined . n1,1d c,,rrel.1 t1< 1J1 
has hec·n llhtaincd hc'l\\een the re,ult~ llf th ,· ;111aly,i, and 
experimental observations . 
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(.1hou1 -1: 20 p111 .. lhur,d .,yJ 

2 .4 Circuit Properti es of the Conjugate-Emitter (Hook 

Collector ) Tran sistor 

.I . .I . \ 111.111. 
(; ,·11cr11/ Lll'CI/"/<" C , 111111,111 _1·, Syr11c11.\"I' 

The co11jug:11e-e111illl'r 1r.111s1,1,, r " ;1 1hr..:e -ju ncti,111 . 1hr..:..:
tcr111i11:tl ,..:111ic,111dt1c.:1,1r de, 1,,. "h1ch c' \hihi1~ a 11q:.,1iv..: 
rc,i,tancc c.: h.11:ic1eris11t:. 11 " ,1ppwx1111 .1t e ly cquiv .. lcn t to 
a dir..:c.:tl y-c:tscadcd ,u111h1n.1111111 of :111 ' PN :,nd I' I' 
tran ,istor . H ) .1ppr,,pn.11c ·11c.:111t ,an :11i,111, . a lll'g.1 1i ve 
re, i,1 :1nce i1111u1 ch ;11.,ctc11,111.: r11.t) he oh1a i11ed 111 ,111y of 
th..: four qu:1d1 :,111s ,,1 th,· \ "i I i pl.inc . The c1Hqug:i te
cmit1er t ra11~i,1(1r dc ri , ,., 1h 11 ·g:,1 i, e -rc,i,1.ince c.:h .11 .,c tcr
i,tic from 1he L,c1 th,11 th..:, l· 1, currl' llt .i111plilic;1 tio11 1hll1ugh 
1he devi ce and 1ha1 1he ,, t11put c ur re nt 111:,y he kd h. 1cl,. 
throu gh the c.:0111111011 h.i,..: k :,d 10 rir,1, ,de :1 rq:cn i.: 1 all\'c 
poten tia l in the input c.:1ri.:ui1 . 

The fac t th:11 n1nJug:11c -l·111111 c1 11,111,i,l()r, ma) hl· l .,h
ricatcd hy wide -arc., iunc11,,n 1cch1114ue, 111:il,.c, it p,1, , ih le 
10 build th"t,e dc, 1cc, 1,ir 111 !,!h-p,mcr ""1(11ing .1ppl1 ·.1111111'. 
Such circuits a, '""l, •<> lh .11hl ,qu. ,rc.: " ·'''' ,1,ctll .11 ,, i- . rc.: 
gcnera ti ve pul,c .1111p l11 ic.: 1, .1 11d h1,1.,hlc ll1p-1h1p, h.,, c· hec.:11 
de,ignetl anti oper:11cd "1th ,· ,peri 111e 11 1.,I dcvic,·, 1,, , 1eld 
average power output in th,· ,, ,dc r l>I I (lll ",111, . S" 1td11ng
on action a t th c.:,e p,rncr lc,cl, ,,ccur, in the ,irdcr uf one 
micro,ccond. hut the 11111e rc•q u,rcd to turn the dc, 1cc off 
is from ten to twent) 11mc, l,,n :;c r. 

High -power co11Jug,1tc -c111111 c r tra11\l,t,1r, ,hov. _-c111, id 
erable pro mi,c in ,uch :1pplic i111111, '" video ~"ec p circu it ,. 
computer read -out nc1,H1rl,., . pul,c -codc tr:1nsn1it1er, and 
moto r-control circ uit\ 

( ;1hnut .; : 55 p.111 ., Thur,d.1)) 
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2 .5 High Speed Transistor Compute r Circuit s 
S. Y. Wnng and .\ K . 1{ .ipp. 

f '/,i/co C11r(lnrn tii, 11 . f '/,i/od,-l11l1u1 

Ver') '·"' '"i1ch111g circ ui1, arc· ;11 ;1tk i''" ' 1hk 1iln111 ,·h rl, c· 
u,,.; ul ,t11 L1cc-h;1rricr tr;111,i,1, ,;, t S in ·,) . l{cpn.:"· 11 1.,11\c 
v;,l uc, ,11 ,p,.;cd ;11,.; give n in th e· 1,,llcn,11n g 1.,hk "h1cli ' "' ' 
1hc 1r;111'IIH111 1irnc, t1f var io L" ll1p -flup, u,111 g I ) pi e. ,: L1 1111 
n1crci.dly availahlc s1rr·,. Tra11,i1,o n 1i111e i, dclin ..:d .1, 1hc 
1i111e rlllcrva l hc1"ecn 1hc 1(1' ; ro in1 uf 1hc c,1llcc1n1 " "' · 
age of 1he ga 1in g 1r.111,i,1or ancJ 1he lJ(t '; pnin1 or ,:" · c<'l 
kc1or ,·o ll ag.: ol 1h,.; off-goi ng 1ran,i,1 t1r 111 1hc flip -ll,,p 

Flip-Flop T ype 

Direct-Couplcc.l 
R- -Cou pl ed 
Em1 t1 .:r-Followcr- ouplcd 

·t,ma1ura1ing R-C-Coupkd 
Nt1n,.1tur.r1inl! Emit ter

Folfower-Coupled 

I r.1 1hrtHrn I 11111..: 

Ill 111 ,, ,,:. 
11(1 

'.10 
.,(' 

'' ' ·' 

It ,h,1uld h,.; e111pha,izcd 
rcprc,c11 tat i\'C: one, an d do 
t.rinabk "ith SHT\. 

th.11 the·,,.; , pc..:,!, .ire· 111 ·1.·h 
rhll n:pre,e111 the u1 i111 .ic· " " · 

The u,e of .:milter rollowcr, 111 c: trr) pr, ,pag . .iion urcu r1, 
ca n produc..: v,.;ry fa,t parallel :1ddcr, . l'n,p., ga 1i n11 ,;,cc·d, 
or the order of 10 millimicro,econd, per , t:,gc arc .ich1c, 

"hk. 
The pcrformance or th.:~c circui1' ,ugge,1' 1h.: rl.1 , ;c ,,I 

reali z.1bi lity of a complc tcl y tr;,n,i,1nrtlc'd ,1rtthmc11c .111d 
c,1n tr,,I uni1 for a com put .:r c:q,:,hk c1f ,pc·,·d, th o1 1 .11 c· .,1 
least a\ gr.:; tt :1~ tho~c a ;1i lahlc rrnm co mput.::r, lhllt /! th e· 
fastest co 11 vcn tion,il vac uum tubes. 

END OF SESSION II 
6 :001.111.-- odt :1il -Bufkt - l' c11n Shc·r\\L1od Ho 1..:I 
7 :00 p.111 .- lnfnrm.tl Group l)i~cw,,i t11b--

Penn h.:rwood Hot t.:! 
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SESSION B 
THURSDAY, 2 :45 p.m.-5 :30 p.m.-University Museum 

Tu1orial Scs~ions 
B. 1 Low Frequency Circuits 

F. D. Waldbauer. 
R adio Corp. of A 111crica. Ca111de 11 
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(about ) :55 p.m .. ·1 hursday) 

B.2 High Frequency Circu its 
J. B. Ang1.:ll . 

Philco Corporation. Philadelphia 

END OF SESSION B 
6 :00 p.m.-Cockt ail- BufTet- Penn SherwoJd Hotel 
7 :00 Jl.m .- lnform ;tl Group Discuss ions-

Penn Sherwood Hotel 

- 15 -



SESSIO N Ill 
FRIDAY, 9 :00 o .m .- 12 Noon - Irv ine Aud itori um 

SMALL SIGNAL AMPLIFIERS 

Choiri 11 011 : R. 11 . ~l.111,,,n. 
/J ell Tl'ic{lh o11c• Lohou11orn•,. \ / {(l/"/1)" Ii i/I 

3 . 1 Transistor 0-C Amplifi ers 
J . 'vV . ·1.1111,111. 

C .E. Advanced Elcctro11ics C, ·111,·r 01 Cor11 ell 11i,·,.,-.,i1v 

Trans istorized d-c amp lifier~ l>lkr ,i.:,c·r;tl .1d va111 .1ges over 
vac uum tuhc d-c a m plifier~ bec1u,e ,,f their small size. 
sma ll power con~u mpti o11 and 111ere:1,i.:d reliability . How
ever. the inherent drift in 1h ..: I co of 1r;1n~i~1ors a nd the 
extreme sensi tivity of all of the· 1r.111,1,1or p:iraml.'lers to 
amh icn t temperature ha , i.: d1,..:t1ur:igc·J .111 I delayed the 
app lica tion of tra nsistor, tn d - · ., mpltli l.'r,. Thi, is ge n
era ll y true fo r all transi,wr, . hu1 p.1rticul.1rly true fp r ger
manium transis tl1rs. Thi, p:i pc1 d.:,crihc, :i un iqu e circ uit 
wh ich makes the use o f tran , l\lori, ed d-c a mplifi ers prac- Ii 
ti ca l. This circ uit m:1y hi.: u,ed " 11h gi.: rn1 .111iu111 or ~i i icon 
transis tors. 

The gene ral prohlc-111, th .11 I .ice 1h.: dc~igner ,,r" 1r:111-
si~1orized d-c ,unpl ilkr, .ire d1,..:u"c'U. :\ ,pcc tlk tic a111p li 
ficr is desc ribed. and p:1rt1cul;11 i.:n1pha," i, placed ,11 1 ove r
comin g the dillicultic, a,,0ci.,1c·d "11h :11nh ii.:111 ti.:111pc-r;11urc 
c h:1 nges . 

Results ohtaini.:d ,111 c,perim,·n .ti 111<1,kl, , ho" th at re
li able trans istorizi.:d d-c <1111pltfic 1, 111.1~ hi.: huil1. Scm itivi . 
ti cs in the mi croa 111pcre ;111d 1111ll1111icro .. 111pcrc range have 
bee n ob tained evi.:n when the :,mh1e111 1i.:111pera 1u rc i~ va ried 
over a wide range. Expert111c·n1.d c1r..:u1 1, h:1ve bci.: n bu ilt 
with sens iti vi ties o f hc11 i.:r 1h.111 11111 1111cn1.,mperi.:. Th e: dr ift 
:11 room tcmpcraturi.: i, le" ;1 1.111 11.05r; full -,c:tk per 
twent y-fo ur hour, . A !111 c.1r11, ,,1 h..:11.:r 1h :, 11 U.2', .,nd a n 
c4uivalent inpu t drift current ,,1 k" than 0.5 1111cw:, mperc 
ove r an am bient 1i.:mpi.:r:,1uri.: 1,111),!t.: ,,1 O C 10 50 ' C have 
been achieved . T he fre4ui.:nc ~ 1,·,p,,1hc' i, 11:t t from zi.:ro to 
greater th an 50 1-...: . Oh,cn .111, ,:,, 1,,r r,i.11/\·i.:ly long pi.:riod~ 
o f tim e ha ve shcm 11 no 11,,11t,·o1 hlc 1r.in,1,1l1r aging c!Tcc ts. 

- 16-
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(.lhLlll( ':J:.I(} .I I I> I 11d,1\ I 

3 .2 Transistor Ampl ifie r Pe rf orma nee 

.1. I (, ii ,1,. '"'· 
S111nfu1tl l , , , , ·n111· 

· und ;1111 e n1al rc~1riL:1 il111' ,lll 1h,· );!.1 111. h:,ntl" 1d1h . :,nu ,cn\1-
tivity 1,hich can be .ich1e1cd 111 111ult 1,1.igc 1ransi~101 a111pli 
fiers arise from the in hcrcn1 i111c, 11 ,,I fccdh.1d, and fn:qucncy 
depench::ncy of th1,; device r;,r.1111..:1..:r~ . The,..: gain und iian d
width limitations arc J1,c1"~cd 111 1cr111~ of Linvill's 11->wcr 
ga in charts and 1hc rc,"tancc 111tcg1 :d thc,,rcm. A ncw set 
of charts arc then de, 1,cd "h1<:l1 pcr11111 r.1p1d cv;il11:,1io11 
of the effect · of lo;,d 1111pcd.111cc 1111 1nr111 1111pcda11ce al a 
giv..:n frequen cy. A ,·11,111,·1t1 u11c11,>n 1, ddincd ,1, 1hc 
perccn1age change 111 1np111 1111pcda11..:e 1,,r :, gi11.:n ch,,nsc 
in load impedance. ·1 hh c111crw11 ,,llu", nnc to plol :1rca, 
o n the charts from 11 hich 1hc· l,,.,d 11npcd.,ncc, 1111"1 he 
se lected for the n:q 111red ,c11,i111 lly. h1r sm:dl sc11,1!1vi1y. 
a relation between ,c11'll1,·i1> .illll p,>11c1 g.1in i, ,lc111,·d 
which enable~ one 1,, ,k1c11111111.: h11\\ much I'"" er ;::1111 
must hc Inst fnr .1 !;!IICl1 ,cn,1(11111 . I hh 111fpr111.,11,, .1 pc·r
mit s di reel comp:111,, >11 ,,t 11cu11.il11cd .,nd 111111,·1111.il11cd 
ampliliers. 

The theory gil'en .ih,11 l' ,c11 c·, 111 ,pc·cil ~ ,1pc·r;11111:,: 1111 
pedancc\ and i11 ~cr11011 ''"' ,,1 the 1111c1,1.,gc :,11,l IP.111 11,1 -
works at a se t of di,crctc I rc·,1uc11 ·1c, in the amplilic:r p:1,~ 
band. The dc,ign nl thc·,c· llc'l\11>1 ~' ..:.111 .1s,1111 he c:1\1 111 
terms of the chan, and r,11, a e:.1111 1,1rn1ul;1,. 
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(ahou1 10: 15 a .m .. Friday) 

3.3 Behavior of Noise Figure in Junction Transistors 

Over Their Useful Frequency Spectrum 
E. G. Nielsen, 

/Jell Tl'il'phonl' Lahoratories. At 11rray 1-1 ill 

11 i, \\CJI kno\\'n 1ha1 1he driving source resis1ancc .111d D 
emi11cr currenl arc 1wo major faclors in de1ermining 1he 
noise figure of junclion 1ransis1ors . 01hcr fac1or, arc 1he 
b;1se resislancc. low frequency alpha ( a

0 
). and alpha c u1-

llll' I re4uency ( feo). A mc1hod of calcu la1ing 1he noise 
figure in 1cr111s of 1he e para111e1ers. 1he frequency v:1ria -
1ion nf 1hc noi . c figure . and 1he conditions for minimizing 
1he noi e figure will be presented. 

F,1r 1he common hase. common collec1or. and comn1L111 
cmi11er configura1ions lhe noi,c figure as a func1i c1 11 ,if fre -
4uency is cc>n ,1;1111 up 10 fe a"V l- ::c0 f.:

0
. Above 1his l rl' 41 1cncy. 

it increases toward an asymp101e of 6 db per oc1a c. al 
cula11on · show 1ha1 for minimum noise figure 1hc base re
,is1ance and e111i11cr currcn l ~hou ld he sm:tlJ . .::1

0 
, Jw11ld be 

c lose 10 one. fe ,, ,Jwuld he large . and 1he uriv111i,: ,,,u,ce 
rc,i \l.11H:c h:" an optimum v.tluc . 

E:1.peri111e111.tl ,e rifica1ion uf 1hc rc,ult, tn f1..:quc11 c1e, 
hcyond t~ 0 " ill he prc, en1ed. The work i ha,cd un a ,im . 
pli ficd vcr"on of a 1ran~i~1or noise equivalcn1 circuit devel 
o ped by A. van dcr Ziel. '' 
• A. van dcr /.,cl. "Theory o f Sho t oi,c ,n .I unction 1)1udc, and 
Junc 11 o n Tran,1<1or, ... Pmce,,d,11~., of the I.R .E .. o,cmhtr. 1<1 ,5, 
\' , 4J, pp, 16.19 -1646. 
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(about 10:50 :1.111.. I :,d.,y 1 

3.4 A Carrier-Frequency Transistor Feedback Ampl ifier 

D. A. DeGraal and F I I l\lt.:chcr. 
l ie/I '/'eil'pho111• Lahorn111m·., . f 11rrny If ill 

Thi , papcr dcscrihes technique, fLH dc,igning tr :111\1,1,1. 
fccdhad :, mplificr, ,it carrier frcqu cnc,e, l .ih,wc 5 kL J . 

It 1, ,hown that the loo p current tr.,n,niis,inn 1, a \L'I y 
usd u I mcasu rc of feed hack fnr hot h t hcorct ic;il ;, nd L'\ • 

pcrimcnt:d con,ideratinn,. Variou, mcthods ,,f ,h,,p,ng thc 
IOL'P current transmis,ion ,uch as t,~c;il fccdh:1d:. inl<'r· 
stage network. and overall f3 circuit ~haping ;in: di,cu"o.: I. 

The Jc~ign technique~ arc illustratcd hy a threc -,tagc 
cnrrier frequency fe.::dback amplifier "hich ha, -10 dh ,,f 
external voltagc gai n and 3C> <lh of fc.::<lhad O\'er a frc
qucn cy hand extending from 5 kc to :'iOO kc. Over thi, 
h.ind the ex ternal gain is maint.iincd constant to within 
::!:0 .2 dh and the inp ut and out put \mpcdanc..:s of th..: .im · 
plificr match a (,00 ohm line wi thin _ 3r/c. The loop cur.-cnt 
tran,mis,ion i, sh.ipcd in order to obtain a Bod.:: typ..: l11 gh 
frc4u enc: c11 t,,ff chara..:teristic . The .1mpliti..:r h:1, :1 ill 
d..: grcc ph :"c m:irgin and a 12 dh g;1in 111arg111. Tho.: I,'" 
frequcnc~ end of the loop current tr:,n,mi,,ion i, c11t ,,il 
at :, rate of <, db per octa\'e. cry close ;igrcement i, nh
tained between thc theoretical de~ign and expenm..: nt:tl 

mc:l\uremcnh. 
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(ah<>u l 11 :2~ ;1.111 . I rid.iy) 

3 .5 Th e Design of Brid ge-Derived Circuit s for Precision 

Control of Tra nsistor ized A m pl ifi ers 
W . S. C'ha,ki n. \I ll .1hin .111d I. (;l, llli eh. 

l. C' 11k11rl Lin Irie C111111i,111y . Inc .. Son ur/01· 

ln the des ign of car , ic r lekphone ;1 111 rlili..:r, ;,nd ot her pre
c is ion amplifiers u~ing 1r;1n,i,1or, . the pr,1hlc111 o f ma inta in 
ing comtanl i11pu1 ;111 d ou1pu1 impedance is mo re ~evl·re 
than with vacuu m 1uhc,. Thi, p;1pcr di,ct",es aprlic:11i1)() 
of neg alive feed hack hy hridge .deri ved met hod~ which m;, kc 
possible am plifier, 11 ho~c inpu t and ou1pu1 im peda nces ca n 
he controlled within clti,c limit, for ra th er large varia ti ons 
in lransi, 1or raramctcr~ ;ind a111hic11 1 temperatures. :\!
though th e cfTccl of ,1mpk fccdha..:k on rhc internal imped
ances o f :11n plificrs i, well k,11111 n. the benefi t~ to he gained 
hy more compkx network, have received very little pub
li c it y. In 1hi ~ discu,,ion . ii 11ill he ,hown th at comhin :,tions 
of shunt a nd se ri es fecdhack can be ar ranged so tha t the 
adva n1 ;1gcs llf h1·idgc "''l:lli,,n c.in he oh t;1incd. 

Eq ui valent :ind ;,ctual c11c;u11s II ill he an.dyzed 111a1h 
cm;1 1ically. and ccrt;,in tk,1 gn c11leri.1 der ivcd : and ii will 
he finall y ~ho11 n th.ii. in .1dd1110 11 10 ;di th e convcnii !l a l 
henctil~ dcri,cd from ncg.111,e fc edh.ick , very in1crcs1 in g 
and u,cful rclation,hip~ hc111ccn th..: inpu t and outpu t im
pedance, of an amplifier nuy h..: ..:,1abli~hed hy the use of 
hridgc-tlcrivcd feedb ack m..:rhlltk 

END OF SESSION Ill 
Lunch served 1n Huu,ton H.ill 12 :00 oon-2 :00 p.m. 
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SESSION IV 
FRIDAY, 2 :00 p .m .-4 :30 p.m.-lrvine Auditoriu m 

POWER AMPLIFIERS AND POWER SUPPLIES 

C lwir1110 11 : i . 11. Royer. 
IV ni111gl, 11 11.11·· /:/, , tr i<· C1J1p. 

4 .1 Temperature Effects in Circuits Using Junct ion 
Transistors 

H. I.in and A. A. Barco 
R CA Lohoratoric 1. Pri11 cctn 11 

The effect s o f vary inr ambicnl 1cmpcr.11 ure upo n 1he per
form ance of trnn ,i,1or ci rcuit , h.ive been cvide nl ,:nee 1hc 
beginnin g of th e tr:,n,is t r art. Ho" evcr. th c na1u11: o f 
these effects, th e cau,es o f thc,c effec ts. ;ind the me thod, 
by which th ey may he minimized have no t gencrall\ bee n 
apprec iated by the circu it desig n enginee r. Thi s p.1pcr is 
conce rn ed with th ese ma ilers. principa ll y :,, they rcl:, tc 10 
germ anium a ll oy-junction tran,i~ tor\ and 1hc circu,:, in 
which the y arc used. 

The beha vio r of the tran,iqor 11 it h rc~pc.:t 10 tempera
ture i most adve rse!~ affec ted hr changc, in the ,.1tu,, :il) ll 
cu rrent an d the D input cnndunance. ·1 h,· dkch of v:,r ia 
tions in these para meter, upo n th.: t ra n,fer ch:1r;11.: 1cr i, 1ics 
a rc shown ex per imental ly and ana lyti cal ly. 

\Vhen transisto rs arc used in ,omc of th~ more fam ;li:, r 
and frequentl y cm pll yed circuit the,-: IWll ..:;1u,,, m:,y 
affec t perfo rm ance by , h ift ing the I)(' opcr:t1i11g po111i. 1.c .. 
the bias. Such c irc ui ts arc inheren tly sen~itl\e 10 temper.1-
ture and so me may be seve rely affec ted by rcla ti veil ,111:,I I 
tempera ture changes . 

Fo r many c ircuit app li ca tion, . from ;,ud10 frequcncic~ 
up th rough broadcast frcqucncic . sa tisfactory l)perat ion i. 
obt ai ned if the quic,cc nt cmi11.:r current i, held ·onst;,n t 
with changi ng tc mp,::raturc . . ·e1 er.ti mean~ for achic ·. :ng 
th is condi tion. includinl,'. cir..: uih cmpl,,) ing I) lkg .. ·1 :..:r.,
tion o r feedbac k, arc de,cr ihcd. ~uc h circu11\ .,re 1nhc rc n1l y 
sta ble with temper:.i ture and m:.i~ !1L' madc w oper:it..:, !,i~
facloril y over a wi de ra nge of 1crnp,r;i1ur .. · 

ircui ts such as tho e of ck tcctor. or cl ;,,, 13 ampli fi er\ 
prese nt speci a l bi a~ ing pr hlem, wh ich may b1.: ~oh ..: cl hy 
mea ns o f techniq ues " hich u,c diode,. tran,i , to r~. or th erm
isto rs to pro vide bi a~ co mpcns,1t ion. 

\\1hen du e circuit co nsidera tiLrn i, given 10 1hc -:: f, ,·i... 
bo th o f sa tu ra tion current ch:111g.: .i nd DC 111 pu1 cond uc
tance changes, germa ni um a ll oy -junc tion tr.i nsis to r cir..:ui ts 
opera1e sa tisfac to ril y over a wide r,,nge of am bie nt 1e111 ;)L"i"a
tu re . 
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(about 2: 30 p.m .. Friday) 

4 .2 Design Consid e rations for Semi co nd ucto r 

Regulated Power Suppl ies 
S. Sherr a nd I' . l.cvy 

General Precision Lah,•mtory. Plco.111111 1·1/I,· 

Ci rc uit configurations have hea, devd ll r ed for a nun, her of 
all semiconductor regul a ted po" cr , up pli c,. lm th ..:.i n\ tant 
current and consta nt voltage. <1l lo w ripple fa c to r, . /\II of 
the circuits ha ve been anal 1Lctl. a, sumin g , t ra igh t line 
transistor characteristics. The eq ua tio n fo r thc,c ch,, r;,c ter-
istics i v 

ic= r(~ + /3 ib 
C 

A co nvenient circ uit is the shun t vnlta gc regul.tll>r. 1cyt1ir
in g onl y one transistor and a refere nce dH,de ;,, th,· ,e111i 
conductor elements . The s imrlif i,:d rcgul a11 on e4ua tll,11' arc 

dE I° dE . dE l dH 
__J2 - ----1. __ o = -~--~~ 

E
0 

- 1+~~~ E; E
0 

·1+.;.L. + ~it l\. 
ti Kb s b 

A second circuit pro vides volt.igc regul ;1 t i1 111 u,ing ;1 N I' 
P P co mbination o f two tr anst,wr, . "it h one rekrence 
diode and no addition al co m po:1cn1 · The ,impltfi cd cqua-
tion s a re 
~ = _l dE . 

E l+f.! E cc(l-2) E . 
0 /JJ._l.. --- I 

ti Cb 

dE 

These equations have he..:n 11 1ili11:LI to d..:,ign ·1:cui t, 
which have operat ed in good con rorm.,ncc " u h ;,n;d\ st,. 

Another circ uit requ ires l\.\O tr,.111,i, tor, of onl~ l11,i.: t~pc. 
either P P or I P a nd perm it s the use ,,f prc,cn th a, a il 
able silicon tcan ·is to rs. The, ..: have h..:en ..:mpl,l\ed 111 a 
design which operated to 100 C. lhc ,imrl, ti ..:d c4u .1 11on, 

are dE 0 = 1 dE ; dE 0 = l . _ dRL 

E ERE E R R R 
o 1+{3 11¢~ 1 o l t'3 2 °1{~ t J 1 J 2 .~ L 

Variations of th c, e h,1'i..: circuit\ h;" c been .. n.i:} £Cd 
with some performa nce imp w .:m..:111 indicatcu tor ..:ertain 
configurations . 

Heat sink design requ ire, gr.,ph1cal ;nt ormau11n ,, n u i,
sipation and the equatio n T

1
= T. ~ P ~ R

1 

A repn:sentati vc de, ig n ha, been 111.ide a nd ti.:,ted ror ;1 
six volt , two ampere , urpl y. 

The circuits descri bed m.tl-e 11 p1,,,ihlc Ill dc·,: gn a ll 
semiconductor powe r \urrlte, "11 h ct1ic 1enc ic, I r,>m .'ilVi~ 
to 75 ":4 . Volta ge, from (, 111 I .'iO .111d current\ .1, l11gh a~ 
two amperes arc rcprc~e nl.it i,e . 1lw11gh 11<ll ne<.:c,,.11 ti\' the 
limits of opera ti o n. .c rt a in it~" v1) lt age h igh cu r r..:111 · , ur 
plies are now pos~ihl c wh ich i.:ou ld not havc hcc·n con
veniently achieved usin g vacuum tube , . 

- 2 2 -
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(abou t 3 :00 p.rn., Friday) 

4 .3 Th e Design of Tra nsistor DC to DC Transformers for 

a High Degree of Reliab ility and Stability 

U. M. Thornrson. 
Canadian De/enct' Rest'arch L,1ahli.1/1111cn1, Oua111a 

Failure in transistor D C to DC converters have been more 
frequent th a n would he expected from tr:rnsistor life . 

This paper deals with th e cau~cs of failure, parti cu lar! , 
the excessive dissipation of power in the collector during 
switching. The co llector has a short th erma l time constant. 
so th a t the instantaneous dissipation becomes important. 
This inst an taneous di sipation depends upon s1.:ve ral f.1c
to rs, part icularly leakage inductances. and the type of recti
fying and moothing circuit. 

It de cribes a method of designir.g these converters to he 
stable, and insensitive to variations in load and transi~tor 
parameter . 

Finally, using a 10 watt converter as an example. it 1~ 

shown how the de~ired characteri · tic~. efficiency, small s il.c:. 
s tability, and reliability can be traded with one another to 
achieve an accep ta ble design. 
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( aht1u1 .1 : .10 p.m .. Frida ) l 

4 .4 Single Power Transistor DC-DC Conv ert e r 

D: A. l'ay111er. 
C:, ·11aal l:"/1•c1ric Co .. S_1·mc11"· 

The u~u al I ran, 1, 1,11· method f(,r perform ing l)C c1111\ e·: si,,n 
al med1u111 :,11d hi gh power levels u1ilizl:, I\\O p,1\\l:I 11.i n
sis1or, conncc1cd 11110 a sy m111et1ieal pu,h-pull ,4u.11c· · \\,1\·e 
oscillawr circui1. 1\11 unsymme1rical vcr,ion l'I 1hc u,cd 
la1or "hic h u~c, on ly o ne power tran~i,1,11· :,nd t111e lnw 
power core re,e1 trami,1or is described in 1hc papc 1 

Circuit conrigura1io n and operation is similar to 1lt.i1 ,,f 
th e II\ o po,,cr 1ransi,1or convener. An un,) 111111 ct ric.d 
squ;ire \\,1vc ,,f n iltagc is produced when the tra11, 1,t ,11, 
altcrna1ely '" itch the co1werter ,upply volt.ige a,n," 1hc 
primar y 1ran,former windings. Tr.insisto r w.i1chi11g ,,cc u r~ 
ca h time 1he 1ra n,for111cr core beco mes "1 1ura1c·tl. ·1 he 
pol;1ri1 y of the "indings and half-wave rectifier arc .i rr.111):!Cd 
so 1ha1 power is delivered to the load only during thc 11111e 
1ha1 1lw power tr :1nsislor is condu c1in);! . The core· re,e l 
tran,isi , ,r. "h1,.;h ,erve, 1,1 rc·,·cr,c the 111 .q;11c1i1;1 11,, 11 ,,1 1hc 
1r;i11 ,f,,r111c1 c\,r<.: .,Iler .:ach op.:r:t1i1111 ,,1 1hc I'''"'' 11.111 , " 
lur . due·, 11,,1 co111rihu1c· power 111 the ln:,d .ind h.:11..: c· 111.,\ 
hc of the I'"' p,mer I 50 m\ varicty in 111:111~ :,ppl1 c:,o11P1h 

The circui t 1, arranged so that 1hc full c.,p.1h1li1ie, ,,1 1hc 
power tr:,n,iqor ( ,oltagc rating and currc111 handlin ~ ., hil 
i1 y) can bc 111ili1cd wi1hou1 sacrificing 1he hi gh el!icic,1, , ,,f 
1hc ,ymmetric.il Cllnvcrlcr. 1\la.ximum po"cr i, oh1.11ncd 
for a given ,upply voltagc if the pciwer tran, i,111r du1 , e,cle 
i, arr:1nl!cd lur .1 maximum co11,is1.:111 "ith th,: tr .,11,1, 1,11 
in vcr,c ,,,l1,1 ge 1:, t ing. /\ compari,011 ,,f the· p,",·er h :.1.dl11 1!:! 
ahilitii:, ,11 1hc sin g le power transi,1or cm: uit \\ i1h 1i1.,1 ,ii 
th e 1,,,, pO\\c' r 1ransi,1or ver,ion indic.,1c, 1h :11 1h ,: p11<1<:r 

c.,p.1hili1,· ,,f th ,: former appr,,a..:h,:, thal ,,f 1he· l;i11,·1 ,·,, 11 -
crter IPr th e C. i'e ,,h.:n a lo" ,upply \l1l1 ag,: i, ti-c·d .,1 1111;: 

with a i''"',:r 1ran,1,tor with a high inver,e ,·n lt :tge' 1.1 :111 g. 
/\n .:,perime nt:tl converter ,,hich utilized.ii''"''' 11.,11 -

,istor conduc 1i on r:iti11 pf :I 10 I wa, c.1pahk nl 1k l1,,·n11!! 
about ::!tl " '"'" at an c fli ciency of 75,·; .,IHI Ill \\ ,li ts ,ti 

ahout 90 '; ellic1ency whcn powered · from a 12 volt ,v ,11 <.:..:. 
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(ahout -I :(H l p.111.. 1-i it!:,,· i 

4.5 Characteristics and Circuit Applicat ions for a N ew 

Type Power Transistor 
J. r . 1;i,,11.i1,. 

1\1 i /1//( ' /l/l//li.1- // (/1/('Y II '(' // /frg II ,,,, (I/" ( · , ,I/ 111,111_1·' ,\ I Ill//('// /1/J/ /.\ 

/\ pO\\·Cr tr:111,i,t,,r 11 ho,e ..:urr..:111 g .. 111 c.111 h..: cnn tnilkd 
over a wide r:1ng..: of t:urn: 111' . h) 1~1,·.,11, ,,1 ,is,,,c i:1 1..:d ..: 11 · 
cu itry. has hc..: 11 n.:ali1.ed in 1h..: 1,,rn1 ol :, 1e1n,de po"•e;· 
tran~ istor . The ,hapc or th..: ..:u 1 r..:111 11.,11,kr ch:,r:1..: tcr i,1ic 
o f this transistor is ad:1ptahk 10 th..: mn, t Je,ir:iblc fo rm 
for ,evcral diffcr..:nl 111,,d..:, of ,,pcra tion. 

ircu it conligur:ttinn, i"or the po"er 1..:trmk .11..: di~cu,se ,.i 
which prov ide th e , tand.ird curren t g. ,in char:1c tcri'11C uf 
tr i de tran,isto r, in whid1 the n ,r rcnt g:1in hccom..:, ., 
ma ximum at rclativdy low current\ .ind then fa lb pr,,. 
gr..:,, ivc ly wi th in crc:ising <.:urr..:nh . ·1 hi, ch:iracter i,11..: " 
de~irablc fo r <.:la,, B null hal.1nce ,..: r"'' ,~,te111s whi ch w:111 1 
maximum ga in near h:dance :ind lo"cr gain a t large erru1 

~ignab. 
Th ..: cur rent ga in ,11 thl' 11.111,i,t,11 c.,n he ..:u111r,,lkd 1,1 

provide an e"c nt i:dh· lln..::11 curi..:111 11.111, le1 ch :1 r:1c11.: r i,1i c 
out 10 coll ec1,1 r curr,·nis ,,1 :1h,n11 Ill .1111pcr..:,. I hi, nwd,· 
of operatiL1n i, 1111por1.,n1 1,, 1hn,..: :q1pllc.llll>th "h..:re g,,,,d 
.,mplitudc lincarit) 1, 111lPllrt.1n1. ,111.:h ·" 111 .1uu1,1 .,IHI utli:1 

di,1onio11 scn,i11vc ')'tcm,. 
Other c irc uitry can he cmpl,l)ed 1,, ,kprc" the cuf1,111 

gai n 10 low values tor rcl:t11\ch ,111.ill <.:urrcnt, "hile .ii!,", _ 
ing the gain to I i,c 1n .1 p..:.11.. , .il11e .,1 "1111c high ..:olk,1<>1 
cur rent. say. 5 ampere,. 1,11· c,.impl..: ·1 hi, t~p,· ,,f 1r:,n ,1cr 
c ha r:1ctcr i,1ic 1, valuable 111 "' itching 111'1,lc,. In 1he ··,,11·· 
cn nditi on :1 t ran,i,tor opcr:1tcd 111 1 h..: c·,,11111 .. ,n ..:m,;;,:r i, 
le,, ,cn,i t i, c 1,1 var1:1t1<1n, 111 coll..:c:1,11 -1,, -h,"..: le,,k.1g..: ·'" 
cau,c the <.:urr..:nt gain i, '-'" · .-\ \"' · u1111111"11 ..:111111..:1 1c·
,ponsc time, :ire u111,llk1.1hh 1111p,,,,..:d 

The 1..:1r,Hk pnwc1 1r.11is1,1,,r p1,11111,e, 1,1 ;,c :1 ,..:1,.,111,· 
co111p,111c 111 \lillhl' 1,·,p,111,,· ,.111 I>.: t.:ii,,"·d 1,, ., v.1r1c·l) ,, 1 
rc4u1rcn1c111, h 111c :,11s ,11 ..:,1..:r11.1! ,11 ..:11111, 

END OF SESSION IV 
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INFORMATION DESK 
The a111.:11d,,n1 at the lnfo rmaiion l),·,k. lm.:.11.:<l in th , 

main L hb) pf Ir inc .'\ud itori um . "ill an,".:r ,our qu.:, 
ti ons rc g;1rd111g tramporta li Lrn. faciliti..:, . m,·,, .,:,:..:,. Ph1l.1 -
dclphia n:-1:,ur;111h. cic . A onvc nii,,n mat' L'I 1hc c1l) 1, 
available l<' , uppkment the loca l a1c :, map ,rn th.: had, 

cove r o l th" hoo \...lct. 

INFORMAL GROUP DISCUSSIONS 
A repcaic<l fea ture from last year will he the inforn1,d 

group di,cu~~ions to he h"ld at the P.:nn . hcrv .. ood th 11cl 
followinc. the cocktail buffet on Thur day evening. ')ever:d 
disc u~sinn rnoms have been rc~ervcd al l he hotel. 

Suggest ions for discuss ion wp ic, have been re4ue,tcd 
by the Chairman of 1hc Program ('n1111n111c..: . H.1r1 ) J 
Woll. who ma y be reached hy way ol the lnlLlrmJlll'l1 DL·,\... 

during th e first session . 
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(ahout 3 :-Hl p.n1.. I h11r,d.1 y) 

2.3 Junction Transistor Switching Circuits for High 

Speed Digital Computer Applications 

C, . J . rrom and R I Cn"h . 
Syli ·unia Llec1ric l'rotl11c1, . In c., J! ' 11/rl/11 11 1 

Thi, p.1pcr clc~c:rihc, junc ti on ll :1nsi,1or '" 11 ching c irc ui1s 
capahk of rcliahk operation ;11 ., ra te ,>1 I .rn,o.ooo pps . 
These circ uit s consist of a llip-lh>p. a gati:d pul ,c ;1111plilicr 
and diode gale~ which toge the r provide the h,I\IC hu ild1ng 
hl nck, of the arithmetic scc1iun o f a Jigit.,I c,,mpu ti:r . Th,: 
dc,ign~ arc based on l ransi, tnr 1~ ;Jc,. ,uch .1, .dim 1w1c -
1ion and surface barrier lra n~i,1or,. which c' \h 1h11 lnw and 
consi~tcnt va lues ol cx tnn,ic rc,i,1ancc, . /\, .i rc,ull, com
ple te interchangeabil ity i~ oh1a1ncd lrom a , impk n rc uit . 
cvcral suitab le high freq uen cy ,,lloy jun c11<.Jn 1r.1n,i,tor 

typcs . both P and P If'. ;ire :I\ ;1il:1h lc co1111111:n: 1:,il, in 
large quantities al rclati vc ly 111\1 ·,"l. ,\ minimum .il pha 
cuto ff frequency. f en . of 5 111cg:1cyclcs ;in d a minimum 
alpha. J.. of 0.95 ar.: th.: 111\hl 1111 p,1rt;1 n1 t r.11h1S tu r r,·q,,i re .. 
m.:nl ~ . . pecial dev ice, ~uch '" /.cna dio,k, arc no t rc
quircd . 

rlip-llop ri,c and !all time, ,,1 OJ 1111c r,,,cc,>nd ,,., ,? 0.2 
micro,ccond. rc , pcc t1 v.:I~. ,1rc ,1h1.11ncd hi :hc 11sc o f large 
drive current,. low v.iluc, µ I colkc1,>1 load rc,ist:1111.:c . c•mit
tc r followers to redu ce lo;,d ing c'ikch .. ,nJ h} previ:111 1ng 
tran,i, tor ,aturation. H igh ,pccd d1,,,lc i,:.i1c·, .ind µ;,tc d 
pubc ;1111p lilicrs \\ hich .,re rc·l.1t1, cli 111sc11s1t1, ,· 1,, , h 111),!l'' 
in ga1 in g lc\ Cb ;ire cmplll~l'll. 1{,·li.,bk '' i'cr.111,,n 0,..:1 the 
1c111 pcra1ure ra nge o l - 55 C 1,> · S:i C is .1ch1ncd hy 
compcnsa1ing fo r 1hc decrc;"c 111 ,1 .11 JO\, 1cmpcr. ,t un.:, . 
and th e incr.:asc of Ice al hi gh 1empcr.11url' ' · rc,1 c.1-: ui1, 
have opera ted for over l(HH1 !i,1111, . 11 . S~ ( 1Ai1h,)Ut 
failure . 

,\ l)pi.::a l ,h ill rcgisler con,11u,1cd 1r,,m the· h.,,1c nutld
in g hi ,c l.., Clrn ,ist~ onl~ of ilip-lh>p, .,nd d11,,k g.11,·, l\111:1ry 
coun1cr, req uire 1hc addi11,,11 ,,1 .1 g.11cd pulse .1111plrlic-1 lor 
C:ll'f') J11' 1lpa g;1 1i,)n . ,\ mul11 -,1.1i,:c· ,h111 rq•.-1,·1 "11h l'l',,.i 111 
and read-out ga te~ and " n1Ul11 ,1.,gl· h111 ;,n c,,unlc'r i1:,,·c 
been ~uccessfully Opl'ra lcd ;,t rail'' 111 l' \l'c ., oi' I .OlHl.(J( )(J 

pps. The combinati o n of shif t r..:gisicr :ind h1nary c,, un 1;.: rs 
int,) typica l accumula1ors i, di ,, ""cd "11h ,pi: ·1 :ri rd.:r
~ncc to the so luti on of loadin g pr,ihlcni, hi prupcr 1111pcd
a nce matching. 
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