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II"l'RODU'Cl'IOI' 

This handbook is a dis~ussion of the transistor cir~u1 try used :U1 

the Lincoln ~-2 computer. The circuitry itself', the opent1oD. y aud the 

Wile at all of the 'fI~2 plug=in 'Units are explained. These units :lIJQclude 

all those used in the central B@h1ne y index memory $ display system, 

toggle switch storage systemy input""output lmitsy Uld ccmtrol. P&rt- I 

describes the genen! metaros by whicll trmsistor. cir~uitry is used to 

~lement the logic of the computer. 

part II gives a de~iled de~cr1ptioD at each ot the plug-in units 

used in TX=2. ~h plug~in 'W1itis assigned a serial number.\' wiJ1ch is 

mentioned 1n the text where the 'l.mi t is discussed. This number is 

indicated by the color @ooe 00 the ~dle of the \mit itself <the colors 

are read from outside to inside). 

part III~ the refereDce ~~19 lists the serial ~umbers' of each of 

the units 1n Qrder. .cn lett=:MI.nd page canies $, @ir@uit diagrUl of 

the Wlit9 on. the f~ing page is $, block schematic diagp:'Ul ad a fev 

salient facts about tbe unit 0 The ~er rill :tiM. it $dvantsgeous to 

refer to the refereooe ~1lm.l in' cOlMlectioo rith his study of' the 

circuit dis@ussed. 

~ order to avoid Deedless d~li©ation, n~rous references sre 

lIII&de in the text of this handbook to M=notes issued by »1rtsion 6, wh1~h 
contain inf'orms:t1on pt!lrtlDent to tht!l ft;=2 @ir~uitry.,t special 

1mpol"tU~e is 6I("".in.968, ~he t;i!J.!A©QlD '1'.(=2 ©omputer, QIl by-V.A. ~lark etal, 

issued APril 1st, 1957" It c~:m:t~JU II. logic outlllll.e of the computer, 

a discussion of the 1Dput=output s;y~rtem» adis©ussiOl! of the memories 

and 'm.emory (dr©ui try ~ ud a general outline of the central ©on.t.Puter 

~1r©u.1tryo It ,is re@QI1II.ended that 6M=4968 be read in cODJun©tion with 

this handbook, al:though it must be remembered tOt the M.l.Dote vas 

wrl tten betore the I&©tUi$l coostruct1on of the-.©hiD.e y ud thus there 

are lIBJi7 details which have been @bagedo 



,..t the eDd otthilSl hul4boGk 1~. ~l'Wled $. 11st of .""Botes pert!ld:ei118 

to TX",O ~a .. 11 leDel"$l. plU'pose trMS1stQrc~ute1" ~ODst~~ted·u a 

pr~cursorto ~;"2~iI !I:-2.itse.lt, u4. su.rt~ebarr1er trqs1st0re in· 

pneral <> The speeif1<eat1cml of tllte warioue tr,pes ot surtac.b~r1er 
tna,e1,torSQMU !f.l~2 Ire wo&1we~Q 

1fX ... 21sD experimelmtalreleU'~h _~~e$ frequ~t iidd1t10lll\~ . .a. 
- . . . 

~1c$.t1ODS will be !HAe as more KnCI'Wledge is ~ed fran the eOlOlstl"l1c" 

t1<m- and. open.t1o,u at· the ~lOIDPu'Ulr. These IQlhugefSl Vill be inlQlorpo~~ 

1nDeY· pages Plmc:hed tor auy iDserl1cm in tla11 him.d:book. 

~D~I~. 

In T.i-2 there ueW() lope 1ewels of u.to~tiOlQl~ grOWll4 and ..,3 

volts" ~ pUllell Il.'l'e negat1wep with _ Ul1JPlitudre ot trQDl 2<>5 to 3 
voltsud ~ width of tJt"OJIl Bot() 100 ~se@o The pracipal IlUPPly woltages 

UIle4tor the surfa©e buriel' truld.st\Or ~m} c:ir@w.try ue -3, -10, 
and +10 volts. '!be +10 Tol ts om! tjQllle ©t the lllmes ~g be \fIn'ied from 0 

to +20 woltiBl t()r lAU'g:lWal ~~@k1lmg. :J:Op\*lditiOl'lll there is ~ =30 volt 

supp1r used tor input ""output dew1~esp dr1wing re~1tj, et@o 

The L=5122 md L""5l34 mOiBl ®re used t<or high speed work. JMm Uld 

OR ~a~~s ue formed trcmn 1m!werter or emitter follwer @~ilMJ.tionSl. 

~g pulfSles,gener(j),ted, by w$cua tube ©1r@u1ti!i\J) ~ stepped down by 

pulse trutstormel's t© 3 w©lt'$ 001 ~SiS©l!1l~g@,t1wiS pull!lliSteJ -wh1c:h ~e 'ilSIed 1lm 
-

the @ODl\Putel'o Thelie pull!ilea $l.N ~ted by the I'@~awr driwer @ireuit • 

. 'fhe c$.iBleOO.e @lOl!1lf'ie;urat100 ii!i\ uiBled u $l. p@'!Iler ~11t1er 'W obt®.1l!1l tut 

rise and t$ll.l times. The~e 1teJ 1& high:mpe~ tlip",f'lop @i&p@.ble Of 5 ~s 

op~rationp ~ $), much simpler d:~l tllp=tl©p tor lw i!i\peea. work t© 800 k~li 0 

A s~ set ©f' liiIymb©ls sh~ ~ Figure 1 is ul!iled t~ ~ll ~~2 

block s@beJU.ti@ dr~s$ ~ tor $),11 dr~Y1ng1!il 11m ~il!il ~book. IN,gu:re 

218 ~ lI!ystem s~he_t1@ ~~ ©f' ~co2J) I!iIhorilolg the p~@1pl§ll regt8terfSl 

aDd informstiol!1l p$.th8o 



P.ACKAGDlG 
All 'EC-2 circuitry is packaged in plug-in units each measur1ng 

approximately 1 by 2 by 6 inches long, and containing tram 4 to 14 

transistors and associated resistors and condensers 0 (For the central 

computer there is' an average of 8 tranSistors per PIU.) In aeneral there 

are two etched wired cards per plug=1n unit$ these are cormectedby ~res 

to an l8-pin plug and mounted in & steel frUle to prevent tl~1ng. The 

components are mounted on the etched cards by b$Dd=soldering either to 

solid turret lug~or emall eyelets 0 pictures/of two typical plug ... in 

un1 ts (one using t\1l"ret lugs Md the other using eyelets> are shown in 

Figure 3. 

~ 'fRUSDr.roRS 

The high speed log1~ c1r~u1try for 'TX=2 is based on the use of 

philco surface bsrrier transistors for which the ~eciticatiQDs are 

given in an appendix to this handbooko Also in the appendix is a 

transistor nomenclature reference which li~ts the transistor manufacturer 

and the experimen~l type desi~tions plus the Ell or MIL designations 

which may have since been assilPledo With certain exceptions that will 

be noted later9 all inverters snd emitter followers ~e L=5122 (2N240~ 
transistors. MicrcH3I.lloy L=5134 ~2N393 ~ tru~istors ilXe used where a 

high current gU,Xll s.t relatively-high current levels ~10 - 70 ma) is 

requ1r~d<> Tbusthe t-5134 is used $.S the pmrer output sta.ge of the high 

speed flip-tloP9 in the inverting ~as~©de snd ~able driver, as the pulse 

gating trsnsistor in the register driver9 ~d in same input-output 

circuitry. There are ~ tew p~~es in the machine wbere a very high 

frequency, . high current trmlSlistor is needed» and here the Philco mcro­

alloy diffused-base transistor 21501 (previously known as tbe L-5409) 
is u~edo For $. demiled dis~ussion of the Jr.-5122 p9.ram.eters j refer to 

6M-4955 by Do J. ~kl» tor some notes on the L=5134 tr~istor reter to 

614-5193 by J 0 W. ~ord'y md tor some notes' tOn the 2K501 refer to 

6M-5856 by J <> V 0 L9.ng:f'Qrd" 



TX-2 BLOCK SYMBOLS 

~m',mr 
PNP Transistor bCl'!>e Q -(\j 

CO HecToI'" '0 

1 
.... 

NPN Trane:1stor bose Q of.:! 
cu 

em'l1T"et- ~ --=t 

.Diode (ae or S1) ~ 
S 
fi 
~ 

Zener Diode ~ 

Double .Anode Diode --t>r~ 

-3 Volt Level • 
Ground Level --<> 

Non Standard Level > 
Negative 0.1 ~sec. Pulse _ ....... 
Positive Pulse: Input to Flip .. P'lop ----(:> 

+30 Volt Supply I 
+10 Volt Supply I 
Ground I 

- ., Volt Supply l (\j 

~ 
.... -10 Volt Supply ~ of.:! 
cu a ·,0 Volt Supply 1 ....... 

~ 
l1i 
fJj 

Figure 1. 



...... 
(\J 

'a 
(\J 

+:I 
4J 

~ -.::t 
l& 
~ 
ca 

TX-2 BtoCK SYMBQLS (Cant. ) 

Non Standard Positive Voltage Supply 

Non Standard Negative Voltage Supply 

High Speed Flip-Flop 

Dual Flip-Flop Mod II (1 FF) 

Capacitor-Diode Gate 

No ConneCltion 

Connection 

I 
1 

rr 

rf 11 o I 

+ 
+ 

4 ~ is equivalent to: 
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OPERAND ADbRts5 

INSTRUCTION ADDRESS 

+ 
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OPERAND INSTRUCTION 

com I : D I "- 8AS£ 

I N I ADDRESS 
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1. I I 

ADDER 

I M: OPERAND F INDEX 

(.~ ,I .. • IME~CftVl OPERANb CONTROL NUMBER 

I E I ElEMENT 

I :!' I EXCHANGE 

ARITHMUIC 
ElEMENT OPERAND PROGRAM mMENT 

ELEMENt OPERAND 

IN-OUT 
BUt'tERS -to UNfTMODE . 
IN-OUT 
UNITS 

PROGRAM COUNTER NUMBER 

S[QOtNcr 
SUtcro/! 

IN-OUl SEQU[NCE SELECTOR NUMBER 
£LEMENT 

. F16. 2-

'l'X-2 System Schematic 
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LOGIC 
All the high speed logic tor TX ... 2 is performed. with transistors by 

what ~gb:t be tenJAed soJ.evel lQg1Def 0 The QJ) and OR tunctioM are obtained 

by m1:¥'~Dg udptUl.g levels» ~Yer:i.s Me pulse ued, to pte uotber. 

The levels are ,genera~ by fl~..,f'lopsJl 'fI~ch are set, ~leared, or 

cQUI,pleaenwd by pulses uriv1DS at a b&.si~ syrAcb:r'ooous cllO(lk rate. orne 

levels are, tr8llsm1 tted throupcw;t tae ©omputer by me_$ ot ogell. wire' or 

twisted pedr v1re depend.iJlg upon the lengtb of' line. Cfhe nece$$ary logic 

operations are performed vitb these ~eyels which ~y b~ used to gate 

pulses 0». or ott:tbrough' rep.$wr driver eir~u1 t$ 0 !he pUl$es com1ng 

out of regj.$ter driver circuits are sent directly to flip-flopso Tbey 

may be gated by other levels at the ,uput to each tlip~tlopi and, by 

means of trusistors a Dmnber of pulses; may be mixed at tbis point. In 

the TX-2 system pulses ,cam. be gated oJll.ly triee~ once at the register 

driver and once at the t11p~tlqp itself. !~erefore when many consecutive 

stases of log1care to be performed, tlAey must malte use ot 1evel$ ratp.er 

than pul$es 0 

LogiC levels at ground and =3 volt potentials ~eused to convey 

intol:'JU.t1on. . ~ 'TI=:a; a tllp=flop is. sidd to .be let to ~e 00 state wben 

the 00 output 1s at =3 voltso Ther~Ql'e it <m~ wishes $ =3 volt l~vel 
to be the result·of setting ~ flip-flop, one ClOmletCtal th~ output wire to 

the IOU output; tConversely', ~ ground level results it th:b wire is 

connected to the·.··ZERO.·Outputa 

~e OlD and OR gates tMt perto:m. level logic in ~-2 ue fomed 

fra. either emitter followers in p~llel or ~verters in ~eries ~/or 

pa'r'allelo The AIm gate' for grotmd lewel in, groUDd lewel out, is formed 

by connecti~ emitter followers in pm"&lel ~a show in Figure 4A. !ItXA 

inverting AIm pte for grQ\UlId lewel 1n, =3 level out 1 'is formed by 

CiOJ:mecting·aveJt"'ters inp~lel us~ in Figure 4:80 IJi,n wvel"t'Uig 

OBg~te for ground level ~, =3 level out, is fo~ed by Clonnecting 

imerters in series as shown in Figure ~. The pols:r1 ty of the input 

signal determ:ll,nes whether a give;n pte is QOl or ORo Thus,}) U ~der to 

spe~ifY the logic function of ~y partitC~ ©irtCuit ©ontigur~tion, it is 

necessary to specify the polarity of either the input or the outputa 
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Only two L-5122 inverters C$n be connected iu series for two reasons: 

1) tbe 0.15 volt drop across one saturated trans11tor is multiplied by 

the n'UBlber (n) of inverters in series and the output then becomes 0.15n 

volts below the required gro~d level; and 2) ,the collector current 

I of the transistor Ql nearest ground is equal to E ... lb + Ib 
c .. ~ 2 , 

etc. where Ee is the supply volte.ge ll ~ is the load resistance, and ~~/ 

Ib etc. are the base currents of all traQ.sistors between Q,l and the , 
supply voltage. Thus the tr$nsistor nearest ground will tend to come 

out of saturation it there are many tratllSistors belOW' it. The number of 

inverters that may be :placed in parallel is lim1 ted by the delay which 

c~ be tolerated. The fall transition time (measured at the 10';(, pOints 

from the point at Which the input starts up from -3 volts to the point 

at which the output returns to -, volts) is shown as a function of the 

number of inverters in parallel in Figure '0 (The input rise time is 

about 20 JDuAsec~) 

When emitter followers are placed in parallel to torm $lil AND gate, 

the transition delay time is considerably less than that of inverters. 

Tl:l.e rise trans1 t10n time... as eo function ot the number of emitter followers 

:1n parallel, is show 1Jl Figure 6. The-rise tr'$.1Q!.sitioo time 1i!!l measured 

at the 10~ p~1nt near the groun4 levelo 
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CDfRAL CONPU'.tJSR 
COUDt1ng Circuits tor '!'X-2 logic are tormed by tlip-flops and 

inverters as shon by the block dia.&rUl, :r1sure 7. Each cout pulse is 

separated by O.~~see to compeD8ate tor tae delay imposed by the tlip­

flop ad the iDverters. 

It a faster counting rate is required, emitter follower circuits 
(Figure 8) are used which need only O.2iAsec between: each count pulse. 

'!'hese circ\l11>s, however, use more transistors, and so complicate cOlmters 

eonta1n1ng a large .umber ot eii,gi ts 0 
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Inverter In the cirelli t show in Figure 9& the values of load 

resistance (Rl)~ input resis~ce (R2 )>> aDd positive bias resistance 

(R3) . ~e chosen to give ms.ximum toler~ce to signsl variations, noise 

voltages, and transistor parameter variations consistent with the 

necessary driving capabil1ties. The result 1s a circuit tor whiCh the 

max:1m1m1 output current at -3 volts is 2.9 _; minimum input current is 

1.0 DB (1.2 ma at -3 VOlts); positive bi~ current from +10 volt is 
.15 UjI which gives a positive bias of .31 volts above ground. All of 

the inverters work from a -10 volt supply. 

The actual voltase at the collector, however, is Dever allowed to 

exceed -5 volts; it is c~ed to =3 by ~ emitter follower, or by a 
voltsge divider to ground tormed by the input resistance to an inverter 

following it. However if the inverter is ac©ldentally unloaded it will 

not be d!ll!M\gec:lo The min:l!lmm pun©h .. througb voltage < emtter-to-collector 

voltage) ottbe 1.-5122 and 1.=5134 is 6 volts. If the transistor were to 

punch through at thiB volt~e)) the power diseipation would be only 

10 mw -- not enough to damage the trWQ\sistor. The value ot the· 

capaCitor (Cl ) is chosen so tOOt with a 3 volt input signal, tbe 

capsc1.tor will .store a ch$.rge flII.t 1east ss large u that contributed by 

tbehole storage of a trsnsbrtor with the lIIIS.timum allowable hole storage 

coeffwient. Thu~ sufficient overdrive is prortded for minimum. rise 

and fsll·transition times. £ single inverter provides enough current to 

drive either two other invertars 3 three emitter followers, or one 

inverter ~ one emitter follower. The d=c trsnsfer c~acter1sticof 

the T,I-2 inverter circuit is shown in Figure 10. 
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Emitter Follower The circuit shown 10 Figure 9B is used as a logic 

element and as a current urplitier. An emitter tollower may be driven 

from en inverter, in which case it is kept in saturation when turned on 

since its base is returned to -10 volts through the load resistance ot 
the previous inverter. /A)Q emitter follower may also be driven from a 

cascade circuit or from another em1 tter follower. In these cases, the 

base is returned to -3 volts throUgh the wary low resistance of a 

saturated trusistor. one emitter follower may drive another only 1f' the 

first is driven by an inverter; and is thus saturated from -10 volts. 

Usually the emitter is returned to +10 volts through a 3.9K resistance 

to limit the total emitter current to 10 mao Thus the maximum output 

current is 6.7 mao If a larger reverse current from +10 volts is needed 

(as when driving several inverter bases as fast as possible, lOr when 

driving the emitter of a pulsed tranSistor) the load resistance may be 

decreased to 2K < or twQ 3. 9K resistors in parallel) provided there are 

at least two em1 tter followers in parallel in the same unit to share the 

dissipation in the Motf'°a condition. In this case the output current is 

limited to 305 mao Therefore one emitter follower will drive a maximum 

of 3 inverter bases if sufficient time is available or 5 emitter follower 

bases if the current limitation is observed. 

The :following plug=in units ccm.sist of L=5122 emitter followen', such 

as are described ~bove~ 

.tter Follower 8 (Xioo 06) 

Emitter Follower 4 (wo. 07) 

Address Decoder (Noo 13) (Contains 12 emitter followers and 4 

Emitter Follower 9 (Noo 35) 
Time Level Decoder (NO. 37) 

sets of output diodes.) 

(iCont&1ns 5 emitter followers and 2 
csscode circuits.) 



cascade and cable Driver (BOe 08) The circuit shown 1n:r1gure 38 

(in Reterence ManU$l) 1s'used in n..,2 • a poverampllfier to provide 

fast :r1se ana. fall t1mes II.l14 to supply .. large ~t of current 1111 both 

the grO'tllld and -3 Tolts:tf,teso CODsequell1tly it is usedu the· output 

stage of the high speed flip-flop, as [a power uplifier tor drirtng a 

large number ot bu.es, and as a cable driver. The input sisnal is 

appl1e4 s1multaneouslyto the bases of the inwerter'~ ~1 and Q2' The 

output of the 1nverterQl drives the base of ~.. Therefore the inputs 

to .~ and Q",re always opposite iXll phase so that in the steady state 

only one· transistor is conducting. "acts as wn ami tter tollower which 

provides the I driving current in the ~3 state~ and pulll the output 

quickly down -to -3 volts. ~ .. aclts as iJ!ll lnwerter which prondes the 

dr1"ring current in the grO'Ul'ld state, u4 pulls the outputqu1ckq up to 

grOUDdo·'fbus,tll.e circuit exploits the fastflfJ.l time of the em1tter 
follOWf.l", the tast rise t:imeot ~ ~verte:r I uel.. akes tb.e.totfol currot 
ava1lable to; the .load siDee DODe is requtred in load res1s:t;uces. 

The .ft-2 plug-1n unit corxtd.ns tour llOl.depel!lldent lnwertlng cascode 

c1rcui ts • A ·lewel 1nput1s required which Syings from grotmd to at 

least ~2.5 welts. The il!llput trms1tioD; times must be less than 0.2 IlJ1see; 

the :required input curreDt is 2.4 mt. at =3 voltso The mu1mum output 

current ot-3Q IDa ~t -3 volts and 20. 8I.t ground is sutt1cielht to drive 

20 bases (either inwerter b8l.ses or-emitter followers) ~ one pulsed 

emitter from.-thedirect output ~p1n 119 etc.)o The delay contributed by 

the cucodecircui t is &ppro.x1m.i.tely 30 DlijJ!.sec 0 

The same calcoo.e Wli t is used to drive w:i\.deo c$l.bles from pin M.9 etc. 

~ough. the 82 olmt resistor included ~ the wit to properly te~te 

the driven end of' the cable. A series te:rm:ination is possible because, 

unlike the emitter followe~ or 1nwerter» the c$Scode circuit looks like 

a "17 low impedance (less thil.n 10 olm!s) when drlwing in either e.irection. 

Therefore retlect1.cms are completely absorbed at the input eM. of the 

cable aIld. DO term.1Da ticm. is used at the output end. EaCh case ode cable 

driverc1rcu1t will driwe one 93 ohm RG6~ cable or one twisted ~ir 

l:i.ne. (o,rwo lines may be di"iweD by Ieldding another B2 ohm resistor on the 
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back panel.) The maximum. output current available a.t the end of the 

cable is 4 ma in either direction. 

93 ohm cable is used in T.X-2 to drive voltage levels to and from 
memory, input-output units, etc. TWisted pair wire (NO. 22 stranded, 

Teflon insulated, twisted 2 turns per inch) is used to drive voltage 

levels over long distances within the centra.l computer. 



'1'im1ng pUlses n-2 uses So vacu.um tube clock to produce tUdng 

pulses at a ~. 5 meps buite c~k rate. Tfto pulse outputs~e &ft.ilable 

from the 2., mcps generator; one (p phase) is delayed 10.2 IlAsec trau. the 

other (8 phase). The a Si.Dd ~ pulses differ ooly in their refereDee to 

some arbitrary zero starting time. 131 means of thi8 eJystemp one event 

can occur at am 11lJItenal of 0.2 \lAeJec after u.other despite the fact that 

the maximum p:rt of the pulse trMlstormers and smplUil!!ll's is only. 2.5 mcps. 

FOr example, a fUp .. flop can be set 0llI an a pulse ad sampled 0.2 IlAsec 

later on a ~ pulse. 

Eacb pulse output phase of the !ClOick is ted to iI. a_per and then to ... 
a super IIII;plitier which driver 10 vacuum tube driwer ampl1t:1er.s (liO. 64). 
The·· output of each of these is So 40 welt pos1tiwe pulse which .. in ~, 

drives 5 buffer ampl1f1ers (Boo 61)0 lIegat1ve 30 volt (war1abJ4l! 25 .. 35), 
0.1 BAsee pulas fram thEi bufter smp11.f1ers are transferred to the 

computer fruse over 93 ohm "B.G62/VJ coaxial c~ble 0 _ell buffer Ulpl1f'ier 

drives one cable. At the end of eadl cable 1& noo .. inverting 1~1 pulse 

transformer prowides ., volt pulses for the tr~istor register drivers. 

PUlse trausf'ormer units (1'00 36)·~ plug-in p~lCk$.ge$ ICODt&1lrdng two 

pulse transformers and the proper wrm.1.n.a.tion for the cable 0 Tbe 
if* transformer is wound on a Ferrsmie B toroidsl eore p with a pr~y 

Winding of 14 turns of )'0. 30 rireJ) and So ~eeoMary ot2 tur'ltAS of 1'0. 22 

wire close~wound over the primary. Across the se©~1 ~ resistive 

l~ of' 2.5 ohms properly te~te~ the lC~b1e &Ud 'tranSlformer. The 

maximum additional load on any ~e tr~sto~er iSl 10 obms~ this i~ 

equivalent to 4 fully 10M-ted reg1swr drivers Oln at the sue time. 

The tubes used are sylvania., type 6888. 
** General cermnics F=625 (.375 O.D.) 



Reg1:s''berDr-iwel'' {lfoo 09} The circuit shown in Figure 40 ~1n 
:Reference Manual> is a gate wh1lOlh puees clock pulses only when both 

level 1D.puts are at groundo The register driver iooorporates no pulse 

sain; it is mere11 a pulile nitcbo !he ~~2 pllll8",,1n unit lOlontains three 

such gates, two at which ban a CODlDIGIl pulse, input 0 There are foUl' 

transistors to each gate <> Q1 and ~ torm. a leftl 4lm pte that' allOws 

a pulse "to pus only it there is a ground leftl at the inputs to both 

their baseso If' th.ere is a =3 wolt level at either input3 there will 

be no pulse outputo In opemtion» the pulse input is applied to the 

collector of Q.3 0 prowided that Q1 ad ~ are held ott by ground level 

inputs, the bYe at Q., will be Mtu:nJ.~ from the ..,10 volt supply" Thus 

an output pulse rill appear from. tbe em1 tter of Q,30 This trusistor 

is an L-5134 used to carry the lEge pulse current necessary to drive a 

register. Q1Q, 1s used when dr1Y1ng ll!U"ge amounts of capadty to pull the 

output up to ground at the conclusion of the pulseo 

The 70 ma ~imum output pulse current fram the register driver is 

capable of driving a ms.:limum of 20 bases {~tive or maetive~. The 

input pulse current required i~ eq~ to the output @urnnt. A miniurum 

input pulse of 3 volts is required by a tully loaded ~gistel" driver. 

The max:1mum. woltage drop $).Cl'OSS the driwel" is 0.5 voltso The required 

set-up time is 20 ~se© 0 The lewel input current required into each 

base is 2.13 ms. at 003 volts~ and 0.6 :lila at ground. '.rhe input level is 

specified at ground or a minimum of =2.5 Volts. It this lewel input is 

driven from & crable or twisted p$.1r line" one cable may drive either one 

or two register drivers 0 



High Speed Flip .. }i"lop (BO. 01) uses Be coupling betweeD inverters, 

aDd a cascode output. Ql and ~ are normally c<mduct1ng pulse ampl1f'1ers 

which are cut ott by a positive input pulse (going up to ground) at the 

"zeroN or ·'one" input. Q, and Q4 are the flip-flop transistors them­

selves which are Be coupled in the ~l marmer. A positive input 

pulse cuts otf Ql or~, opens the emitter circuit ot'l3 or el1&.' and 

cb.anses the state of the flip .. flop. Q,5 and Q6 are amplifiers which are 

used to saturate the emitter followers at the output cascodes. ~ ud 

CIS' and ~ and ellO form the cascode circUits on the "one ll and ·zero~ 

sides respect! vely . These tQur trant:!ie1tQrs s:t'e L=5134 $ s, used to carry 

the heavy output current required of the flip=flop. Q13 and Q14 are 

steering gate transistors which are wired internally to the flip-flep. 

In order to aet, clear» lOr complement the f11p-flop~ one of the points 

"on mOl, ~eZEOO IN°°.9 or Dtl~. mOo is brought up to gr©und 'by a circuit 

such as the lOne shawn in Figure l~. Alternately, the circuit in 

Figure llB may be used,. it the ground level is SlUIPplled by a cascode 

circuit. A ~1mum of one pulse tr~sist©r ~ '~o level tr~s1stQrSl 

may be used in series for input g~ting tQ the flip""flopo (The steering 

gate transistor or the cas©oae transistQr which provides the ground 

level is considered as a le~l tr~sistor.) A ~1mum at 15 pulse 

trsnsistors may be cOIiDec"ted il1ll p~$l,llel to $lDydt the f'lip~tlop inputs. 

Q12 1s an ungated cle~ input which is intermlly wired. IA 2.5 volt 

negative pulse is applied $t the Og~ D QO 
0 

The max1m.um usable prf of thi&ll tl1p=flop is ;. m©ps Md it has e-

o nOminal logic delay lOt 0.1 ~sec 0 ifhe ~~ tottSJ,l trMsi tiQD time of 

fully lO$.ded flip=f'lop is le~s t~ 10 02 ~sec 0 T~ m&l!:1i'rum ootput 

current is 30 mel. at =3 voltJl apid 9 100, ~t ground. Tbu~ the flip=flop 

will drive 20 bases in the =3 state» Md will carry a ~imwn of 3 base 

currents plus lOne pulse current in tbe ground state. Plots of the 

output voltage VSl. load cmTell'llt fo:!!." s. trGsistor meeting minimum 

specifications are given in '1gur~ 12y 8Dd plQts ~f the rise and tall 

transition times ViS. th~ number of lOM~ beilllg driven ~e given in 

Figure 13. plots of transition times ~s. pulse ~litude Sire show in 

Figure 14 Si.l!ld those of pulse ~li tu~ ViS. prf in Wigure 15. 
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The iuput to the pulse gates to the flip-flop must be a negative 

pul.se with a llinillum U:lj)litudeot 2., volts, cmd ,A width of trom 0.07 

to 0 ~ 12 pseo . tor complement. The input pulse current into the bue is 

approximately 2.'.. ThetUp-tlopay be set or cle8.l'ed with a ; volt 

negative level, provided the level returns to its orIginal ground state 

before the flip-flop is again chauged. 
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Marginal. checking of all the high speed circuitry in ifX-2 is done 

by varying the +10 wltage 0111 the bae ot the inverter transistors. 

Increasing this positive bias effectively red~ces the negative base 

current aDd tends to make the transistor come out or saturation. 

Reducing the positive bias supply.tends to allow the transi~tor to 

conduct when it should be held oftll Mid increases the tall transition 

time. Emitter tollowers 8ll"e n()t directly margillllal checked. '.fhe flip­

flop has two marginal checking lines, so tHt when one line is varied 

and the other is held at tiXed +10 volts the flip-flop becomes un­

balanced ud will tail at a certain point" '!he JIIillliDNm u:ceptaDce 

margin on :ll.Dve:r:'ters is tlO volts either side of the +10 volt supply. 

The minimum margin on tl1p=tlopS! is -8 and +1O'f 9 and "that on register 

drivers is ~5 and +1O'f. 

J(arg1nal. cheCking curwes tor tbetolloviDg circuit parameters 

appear in Figu.res 16 ad 11 'g 

Voltage Margins ws 0 pulse ~li tude 0 

Voltage argins ws 0 prt 0 
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a-8M (BO. 46) is a spec1al plug-in un1t used only in the carry 

c1rouit 1n the X-adder. In logic aDd lay-out it is identical to the 

s-8B, whick consists. of e inverters Uti two load. res1staaces. lowever I 

in the s-8M., '1' ~I &ad '3 are replaced by L-5134 trus1stors. '4 
is a type 21501, the h1gh freq\lency Pbilco m1cro-al.J.oy diffused-base 

traasistor. .~ 1s a 1000 ohm load resistor for these transistors. The 

A version reduce a the delay time at the coaventional carry c1rcu1t wh1ch 

caused poor marg1ns -.nd slowed up the operation of the x-memory. The 

• circu1t 1s faster in two ways~ '4 is the only transistor which is 

actually in the carry chain, and the fast response time of the 21501 

saves a considerable. MOunt of delay time over 18 digits. BY increasing 

the load current from 4.2 .. to 10 ma, it is possible to charge the 

stray capac1tance faster, and to further reduce the delay. The result 

1s that the carry time for the X-adder c1rcuit 1s 0.42 ~sec for 18 

digits I which is about 23 II\lsec per stage. 



Power protector (1'00 22 > prevents either over=voltage or the wrong 

polarity voltage trom be1ng~plied to the transistors through the 

voltage distribution systemo The pwer protector unit is connected 

between the appropriate vC)ltage line $Jld groundo If' the voltage on this 

line exceeds the specified 11m! t $ the zener diode nll conduct Mel cause 

* tlae power transistor tiQ conduct heavilyo So m.u~ curreut will be 

conducted thrQugh tbis tr~sistor that the circuit breaker on the line 

will trip ud remove all power trQID. the computer 0 

.~SUPPly 

... 3 voltsg 

=10 volts~ 

.. ProtectiQ1lll L1m1 ts 

at ~4oo volts$ ~reDt less than 50 ma 
Sl.t =505 volt$$ ~urrel!ll.t greater tbu. 10 amps 

8!:t +2,,0 volts j -©urrelQ\t greater tho 10 amps 

at =11 volts~ current less than 50 ma 

Sl.t =15 volts$ current greater thsn 10 amps 

at +2 vlOltsj> current gr~ater t~ 10 Uips 

at +11 vI01ts 9 current less thNl!. 50 1M\. 

Sl.t +15 vIOlts9 current greater than 10 amps 

$ot =2 vlOlts $ cm'rent gre~ter thuJ 10 amps 



Variable J)8l&y 'units 0 It. 01 !JilLseel negative pulse applied to .the 

variable 481&1&1t (.0. 2') rill pronde a ., VQlt OUtput level tor a 

per104ccmt1Jl.11OUSly Yariable from .3 1JilL8~C, to 2.2 lee. Five~oarse rIDges 

are obtained 'by prewin. the socket for the 'dDit, and t1neadjustments . '. . * . 
are .a.e 1I1th the potentiometer wi tlUD the u:a4 t. The mu:1mu:m output 

C\1rreDU are 15 _ at -3 vo),ts, ani 6-. at ground. !he enG. of the 4e1&,. 

cu be made to' occUr synchronously With a clock pulse by the use of aD . 

added. :1l1verter P-5'UBit (BOo 04). W1th tbevariable delay auxiliary tm1t 

'(100 51) , it is pC$ls1bletor the output of a deeexier network to choose 

_y one of tour values of delayw1thin u.y one particular ruge. It is 

possible to obtain a delAY which rilllut tor a given time atter'the last 
of a series of input pulMsif' two ftriable delay uni t8 are used along 

witll the variable delay coupling unit <~o 49)0 <~e same coupling unit 

may also be used when triggering one wariable delay unit fram another.) 

The input to the delay unit may be a negative 20' volt, 0.1 iJLsec pulse, 

or a negative-going level which is at leAst 200;0 shorter than the 

maxhmm desired delay time 0 AlA input pulse current of approximately 

205 ma is required for triggeringo 

For normal uyncbronous operation, pin J is connected to pin J), 

~ pin B is cc:mnected to pin Lo The capacitance is selected according 

to the delay range desired. !he delays available, the properl'P1n 

cODnectians, and the ne~essary recovery time (constant for any given 

capae1tauce) are given below: 



VARJI'.A.BLE DELAY UIlT (cont.) 

capacitance pin Minimum Maximum Recovery 
pos. pfd. Connection Delay Delay Time 

1 .00041 B .. L 0., iPbBeC 6.0 IlAsec 002 eJl.sec 

2 .01 looL-F 1.7 ~sec 110 !lAsec 0.5 !lAsec 

3 .22 X-I.-I '4 ~sec 2.4 msec ,.0 DJ.Isec 

4 608 :I-I.-II 1.0 msec 80 msec 130 VAsec 

5 180 :I-L-R 26 Dec 202 sec 8 msec 

For t "> • 5 g.L\seconds the delay &S . a tunct101'1 of capac 1 tance i~ 

given approximately by .14c < t <: l2C, where ~ is the capacitance in 

~do and t is the length of delay in milliseconds. For longer delays 

than areava1lable from the capaCitances within. the unit, added 

capacitml.ce may be cOl3nected between pin L and the -3 volt supply. 

The operation and uses ot the variable delay unit (wo 0 23), 

variable delay aux:Uiary unit (BO. 51), and 'f~a.ble delay coupling unit 

(10. 49) are completely described in 6)(-52161 81; the original deSign of' 

the delay '\lUi t is described in 6M-5216o 



Delay Lines. Three separate d.elay lines are used in TJ:-2' f'or memory 

control t1ll11nS. one 1a a .15 "sec, :50 ohm ltne, (NO. 51) used f'or 

controlling the timing of the strobe pulses for the S-memory. This is a , . * .' 
20 section line using coils and separate capacitors. Either end of' the 

delay line can be used a. the input. :Reference to the f'ie;ure below will 

show that any de lay between 0 and .15 "sec can be obtained in steps of 

1.5 m".sec. The end of' the delay line should. be ,terminated with 50 ohms; 

no termination is used at any of' the tapa. The maximum load at any tap 

is one inverter base. 

INPUT 
-if\ t K P C H, M S 6 F l R ~ 0 J l 

! N T 

I t • I 

The second, the inhibit level delay line (NO. 48), is used to 

control the timins of' the inhibit levels f'or the S-memory, and is also 

a 20 section tapped line. Howevet, certain capacitors have values which 

compensate for the stray capacitance bf' the computer wiring at the 

output taps. consequently this is a special delay line which can be used 

only for the stated purpose. The nominal total delay time of this line 

is .15 "sec; the taps are 1.5 ~Bec apart; the nominal impedance level 

is 220 ohms. Consequently the end of the line should be terminated with 

220 ohms. 

* . 
Coils manufactured by R.D. Brew Comp8lllY 



The third is .. 04 !!Asee, 75 ohm delay Une (Boo 58 ), used to control 

the t1m1ng of the pulses tor the memory control flip-flops. This is a 

40 section line using capacitors and Brew ~o:l.ls. A'Ay delay between 

o and • It. I£see can be obtained in steps of 20 ~see, depending on the 

selected output tap &Dd 011 the. end which is used tor the input. The 

line should be term:.tDa ted with 75 ohms 0 



aateil'Ulse AJplU'ier (BOo 56) is .. two-stage tl'aa$f'ormer-coupled. 

apl1tler tor 0.1 D&sec 3 volt _sat1ve pulseso lD ft-! this WAit ls 

US" pr1marU.,. tor ampl1tlc"tlOD. 'a:tter~ a pul.ee :a.s gcme through a 4ela,. 
" 

Une. '!'he imput tr.u1swr is &J!1 1.-'122 __ ,. 'be gatecl :1a aer1e. at 

~ _tter or 1D parallel at. the celleowr b,. CODV .. t~Oul tf'.i~2 

circuitry.. 'the output 0501 tr.s1swr ls capable of ,clr:1v1n&'lO 'bases 

and. a 100 ohlll tel"lBiDatiOD with .. 3 volt. pulseo !he input looks Uke a 

slagle pulsed bue. ~~:Saum prt of ills pulse ampl1tier is 2.5 .,s .. 

The transter cbaracteristics, u.d • full description of tl1e deSign and 

use of tlds clrcuil are given 1n6M"5590. 



nmmr MEMORY 

A complete description of the index memory (x-memory) is given in 

6.M-4968, "The Lincoln TX-2 ~amputer"o At the time that these circuits 
. . * 

were designed, the only high sp~ed transistor I&vails.ble was the L-5122, 

with its low current gain and 6 volt emitter-collector voltage limit. 

For higher voltages, the best choice was the 21'123" which has an 8 mcps 

alpha cut-ott 0 The index memory circu::ll. ts bave since been redesigned to 

use the better transistors which have recent~ become available. Fewer 
i ' 

transistors and lower driving currents are needed tor these new circuits. 

T"llese taster circuits also el1mjnate vacuum tubes and their associated 

power supplieso The memory cycle time has been decreas~d from 4.0\lJl.sec 

to 306 psec, and the access time bas been decreased tram 008 IlJI.sec to 

006 IlJI.seco 

TheL-5134 * has approximately the speed of the L-5122, but has a 

much higher current gain at ~gh collector current levels.'" The 2N50l '* 
has a 15 volt em::Il.tter-collector voltage lim1t,is considerably faster 

, * than the 1:."'5122, ailld bas a 35 lmf mmcimum dissipation limit. 'The L-5432 

is essentially equivalent to the type 2N501, except thst it has a 30 
, ~ 

volt rating and 150 mw dissipation limit. The 2N580 transistor is 

somewhat, faster and has a considerably higher current gain at bigh 

currents thalrl the original type 2B123o 

The read driver (NO. 19) has undergone significant change. The 

present circuit consists of two L=5432 tr~sistors. These transistors 

are used because they are fast ~ have a high beta at pulse currents 

ot over 100.0 EVen when operated. at conservative loads they _ve 

suf't1cient voltage and power capabilities to drive the memory. A­

ground level at the inp~:t causes a READ pulse by cuttin.g oft Q.l,Wh~Cb 

sature.tes ~o ~:18 an emitter follower which', When saturated, passes 

the 117 ma negative BEAD pulse. 

*'P1:i11co 

**. General Electric *** . ~ -
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INDEI MEMOn (cont.) 
The ,vr1 te' d.r1 ver {Be. 21) has been changed by replacing the 21'123 

transistors with types af501 e.nd L-5134 te $~ve o. 4 ~sec in the WlUD time. 

lJIpertaat Q~S ~V'e also ,been, made in ther.ad amplitier aDd. 

di&1tdriver JBO.l6). ,Thetirst two tr~sistors of the read ~l1t1er 
part (i.e., the sense ampl1tier) were chapd trOll ~-5122 toL-5134. .' 
tigi t ~ri verpart, which previously conSisted ot tvo2N123 tranSistors, " ., *,'" , 
is BOW made ,upot twOIPK type 21635 transistors. 1,nese traasistors 
proyide a taster 41sit dr~V'er thaa that ot the oriaina1 syet_and one 

,that i~Ql'Jo"'telaore current p1n. 

,+a the select circuit tirst1eve1(le. 17) and the select circuit 

"seCond.,leve~ {Ie. 18) aU L-5122 :l.averteri hav~ been, replaced by L-5134 
inverters, aDd. the, _123 'traDI1.tors have been replaced. by the 21580 type 

,which are somewhat taster and. have larsercurrent pia. These cb.anps 
, . '., , 

have reduced the dri~DI current requirements and increased, the o.Per~t1ns 
margiD, c4tbe syatem vithrespect to both, current drive and t~DI' 

* ' Ge~r.l I1ectr1c 

; .... 



General 

The display decoder <d1gital-to=UJalog cooverter) pmos are used 

as part of a bigh speed electrostatic displs.y system. While the .!!2 
. stage decoder (100 26»> tour stage de~oder (110. 27}» and focus decoder 

<No. 29h pmos may have fairly" general use~ th.e pOSition decoder (10. 28) 

-<more properly the decoder positioo stage»> the decoder gain section 

(NO. 30»> and tbedecoo.er power 1m1t (No. 31) are quite spec1a11zed and 

CaD be explained best with reference to the decoder schemat$c shown in 

:r1gure 18. 

Figure 19 outlines the general prino1ples of the display position 

deoocler. 'EaCh bit of the decoder requires a switch in series with a 

current source adjusted to a negative pavel" ot two corresponding to its 

digit significance. Since the ooeos ~omplement number system is used, 

the sign bit is adjusted to eqW!l.l the 1iI'UlI1 of the currents in all the 

other stages. 

To 11lustrate~ a given positive number set into tbe switches 

causes an unbalance :in the ~urrents flowing to the olone oo and oOzero oo 

outputs 0 The equivalent negat:ll:we number is ob~med by reversing all 

mt~hes, i.e.» by ~omplementiitllg the :W.put. The new ~ur:rent unbalance 

is the same exCE1lpt ~t the s1~1 prew10usly flowing tbJ:'ough the Dione 00 

output now appeu!5 at tbe ool,erlOoo lOutput Uhd rl~e wer6ao Sl1~ce the 

deflection pates 1Of' the @$,tnoo.e ray tube SEm,liIe the d1f'f'erence Signal, 

the deflection tor the nept1we IDjwnber 11ii\ eq\'l.$.l in -.gn1tude to, but 

OPPOSite 1n direction to that at the pOlii\1tiwe DUmber. 
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-.rH tw-o stages at the ri.pt of Figure 20 (included 111 the deeOder 

gala .sect:lO"l']lJ.(.o •. ·. 30U uve DO $ritches. '!'he,. set tbe lover ~oltage 
pohtot t~ deflection 8IQ1U'1er. If' the,. were .11010. present, an 

.. am,pl1t1erritll~. s1pal would.teDd top to zero voltsando, at 
coUrse, _tWaw. Cfhese sw1tchless stages also help provide a satisfactory 

p1l1 c.tro~. _,.gala eontrolwld.ehchaAges e~ther the total current 

otall current sources or the gait, of the8IQllf'1er itself' also Shifts 

theaveraae or c-.onm04e voltageot.the deflection plates, ad 

dest~OYs theasti.-t1S11l ad.JustmeDt. I.:J'q maladJus-.nt of the astigmatism 

se":tlll 111 turn desrues tae spot size. To eircUlIlVeat this problem, gau. 
reduction is aecODlPl1shed b,. reducUg the current :ta tbe did t sources 

aad .iacreas1.ag, . by the same aD'lO'I:U)t, the el1l'TCHlt in the aoa-d1g1tsources. 

'!'hus, a COD8~t total curre.t tJ.ow1Dg to the aapllt:J,er8 is _b\taiaed. 

The povertor the Qac04er is s~te t~the i-e supplies tor 

the ce.t~l e~uter topreveat modulat1Of of the decoder by the. computer 

prograa. A C0Dstallt -'!'"Yoltase transtOl'lllel' el~testhe eUects ot 
vartat10ris 1a "the. a-c· 1D,fv:t and ~ta1u a stable -50 Volt sllJply to 

the decoder. S1Jlee tile decoder load does not vary, I1Q load rep,lat1on is 

required. 'fb.e aetual·voltages used b,. the decoder are obta~d b,. 

special 1D'te~l suppUes in tlle deeoder power qd gain PJ!Ull s. 



.Four stage Decoder (NO. 21). Brt.ch stage of the decoder consists 

of a current source transistor in series vi th a two-posit10D sri tch • The 

current through BDY one stage 1s determ1~ largely by the emitter 

cur~nt at piDs E,K,Lor F. This 1s cleterm1ned, in turn, largely by u 

e~erDal r$eistance 1 by the PD rete renee voltage, ud by the output of 

the decoder gain section (:NO •. 30). The voltage difference between these 

two suppUes is vari.able from about 15 to 30 volts. !he current out of 

the first stage current source, Ics' w1l1 the. be 

Re is the external resistor, .Cis is the ave rase or d-c cOlllDlOn-baseeUlTent 

gain of' 'lsI and subscripts m1D. aM ax :refer to lowest eDd .. of -l~f'e 

coDd1t1onsaDd highest initial values respectively. 

If' pin A is at ground and pin ~ is at -3 volts, the 1l9011t output 

current Signal will be 

... 

and. the 1111111 output current from thiSl Sltage will 'be Ic~. 

If pin C is set to grOWld and pin fA to -3 volts, the curre~1f 09000 

output will be 

and the "1 " output current will be I . 
COl, 



ss..ce'the cU.apla,.tube 1a p:r1u.l"11;y a.natt1Ye to i:1ttel'eIlCe81pa18, 
the 41tfereat1al cl:alqe h, cvre.t as the A.;.e pin te1'll1nal ph 1Dput 1a 

c..-laeDte4 :18 

,- .... ') 
\'*1 - ,CIa.' + 

!wo 8t!p _ooder '(10.'26' !!a1.I o1rou1t 1. usel in the tu.t .iX 

b:l.ta of' escm G:I.. of the po.:l.t:l._ 4eoGlller. 

Batter ." .:1. ... 1. are o __ cted to pin. " &D4 C' (Dud Y 1. ~ 
.eoOll4 .tap). !lutPDretereaoe voltaae 1. comaecte4 to p:l.n I; ,':las S 

, uclPC ...... ;) are 3,.,84 a. are I ml A (8 &D4 If); tlae stase curreat 
1. e.ta'bl1.1le4 bl a re.1.tor trom ,1a :1(1) to thed.ecocJ.er .\9P11 
'VOl .... cnrQlIt of' ,tltAt 4800481' p.1a aect1_ nut 

'!lae 100 0_ res1stors 1 •• eri,e. wi:tll eacll collector have a dual 
ue. .,.,. 4up 881 re..... c1re1d. t. aDd. 1;l:J.u. prevent o.c1llat1ons aDd. 

the,. JIIO:A:l.tor le ..... nrreats _lain.ot the 1zad:Lv14al traa.:l.stor •• 

'!lae .. e of' two transistor. at each po:lat ot the cucu1t cu be 

1Uutrate4 bJ 41.eu •• :tns tlae curreai;' tr •• 'er ot the curreat .ource of' 

.tap 1 (tr ... 1.tor. ", ea4 Cl6). ,!M'.1pallD.to tJae curreat source 1a 

the emitter curreat 11a of' "6 ~cll41v14e. be~. the coUector '&ad 

bue of' "6' ii6 of tJae curreat b collector output curreat, ad. 1 - ;6 
ot 'the :l.:AJut Currellt .".&r.a.

1
46'-" curreat aDd. tlau. a. ca, a1tter 

curreat. ' 

le • lo + ~ , 

flo • ; Ie 
• 

• • ~ • le (1 .. ;) . 



Tbis Q, emitter ~urrent ~lso divides 8Dd thus the Q, ~olle~tor 

current, Yh1~h is now equal to lin (1 - a6> a,' 1~ ~covered as output 
current to the emitters of the switch. This is added to the collector 

current, a6 Iin~ coming directly trom. Q6 0 'fherefore the currelrAt transfer 

ratio isg 

If both Q6 and Q, have ana or 0.98, then the transfer ratio of the 

pair would be 0.9996. ~ CUl"reDt truiSf'er ratio at the Ditch (Ql.and 

~; ~ and Q.~> iili a sim1ar eJtpNlSldon. 

The silicon diodes in this de~oder stage are used primarily to 

reduce leakage currents by insuring that each emitter-base diode of the 

off side ot the _itch is rewerse biued. They ISi.1so aid slightly in 

decreasing the transition time at the swit~ho 

:ro~us Decoder {NO. 29 > con~1ns frur paUlS at IPlW transistors. 
It is a sim;ple decoder of reatively 1O'W ac~~y, 8uitable for such 

digital-to-analogue conver~ion purposes as dr1wiDg ~ audio amplifier 

fran the outputs at a flip ... flop regiiit.er ~ ere. It il used in the high 

speed display system tor driv1D8 the intensity amplifier and the 

astigmatism control ~1r~u1to 

POlS! t10n Decoder pm flO. 28> f'0r'lMl the p0$11 tion control stages 

tor the X and the Y decoo.er~ • The ba~e~ of Q6 ~ Q1 m"e connected to 

the taps of a dual ~ged potentiometer c~©ted to provide opposite 

vUiations a~ t'he ©omrQl i$1 varied. ~ This potet):tioxeter is supplied with 

the PDref'erell/Ce voltage t:l:ltrougb. m emitter tollwer, Q5' and is returned 
to ",40 volts 0 Thus~ 11' the control is started with pin Ii at the PJf.li 

reference voltage ~ pin K at -40 volts, ~~ emitter current will be zero 

ud ~ emitter cUrrent rill be approximately 0.25 lM.. As the control is 

varied, the ~Ooo out current will linearly 1x!~rease and the IlVl ~ out 

eurrent will li10learly decrease lmtil the .0 00 out 1~ DOW 0.25 _ and the 

(IV].." out is 0 JU.. !he totfl.l ©'W!'rent is cOli!$tant at all t1mes and so the 



ast1gmat1$l1l 18 not disrupte4. Al&llO, tbe central posi t10n of the displaY' 

1s \1D8f'tected by ~e gain control. 

Decoder Gain section Pm h,o. 30) conta1ns two Ser~es ~gulated 

power suppl1es(Ql, Qe and Q" 'ls, Q4 and '6) qd two n1tchless decoder 
stages 0 The use of these latter ~ircu1ts is expWned 1D the section 

deallDg with the general principles of the decoder. 

Supply voltages tor plns (: .. &D1 it can be varied by the gain 

eantrol _. a cross~coupled dual potenti~ter located between the -40 

volt supply aJ;IId the PI) retere~e yol~eo Thus, as the woltage at C 

increases by one volt, the woltage at 8 decreases by ODe volt. 

'll. and " form a ditterenceam;pl:1tier. ~ modulates the base 
-, 

current of Q, and thus varies the current available to the load connected 

to pin A (the other tel'1Dil:lal ot the load is, and lI'lUSt be, coxmected to 

a more posit1.ve potenti"l) 0 The teedback to the ~se of QlI. strives to 

maintain the voltage difference between A and ~'cODstant and ideally 

zero 0 !he circuit is stabilized by two exterDal capacitors --one 

between pin A and -40 volts, .the other between pin T and gro~. 

The conne~t1an to the -4, volt point prowides reverse btas tor 

the series regulator transistor and helps establish the proper operating 

point for the difference amplitier. 

J)eCoderPoWer unit Plu tNo~ 31) supplies -40 volts, the pOSition 

decoder reference voltqe, and -4; volt bias tor the gain sectiOJll power 

suppUes trom the -,0 volt regulated supply. 



The ~40 volt supply is obtained from an emitter follower, 'ls, whose 

'* base is held at -40 volts by two double-anode Zener diodes in series. 

A constant ,current is supplied to these diodesbYQ4 and its associated 
H ,. 4 volt zener diode. 

The PO reference voltage supplies the bases of all the decoder 

current sources and, therefore, must be regulated with respect to the 

-40 supply rather tban ground. Five 6.2 volt double-anode zener 

*** reference diodes are supplied with a constant current by Q.a. The 

output is from an em1 tter tol.lower, Q1. The variatiom of the Q1 em tter­

base voltage with temperature will partially compensate for similar 

variations in the decoder current source transistors. 

Low tmpedaDce of these voltages at higher frequencies is insured 

by by-pass1ngthe -40 volt .supply' to ground and the PD reference to the 

-40 volt supply. 

. ... 0,-
Hotf'man, type llt229, purchased to 20 volt =5 tv specification. 

Texas Instrument, type 6,~, '04 volt '!'~o 
Hoft'mim., type 1B429A, 602 volt t,Opo 



DIV.r=Om\f.r 
'!OWe Sw1tcl1&torage '!lu'ee d:UteNDt plug-u wdtsare used 111 

the tOSlle sw1tcll sterase Systemg 

,TS8re"istOr driftt'{ .... 39) , 

'f!!25~ltJ~er sUpplY'WlIit' tlO .41 > 
_:<1111 t <1eteetor$it (.O~~). ". .,' 

Acom;plete descript10n of the clesign' ancl operation of theB~2toggle 

w1tch stQrage system is glveD 1u 611 ... 5661. Brief desre:riptlcmsof each 

of 1ts units are given below'. 

The_ r8eistordr1ver (10. 39) ~llLd.ucles two circuits, each of 

vh1chues& L"'5J.a2iaverter to drive _other inverter combination of an , ," * 
L-5l34 and· a 8123 in serieso Tbese, 1n tU1'1l, drive aQA. ... 52S30 emitter 

follower. An input eurreDt of 1.2 .. at ... , volts is required to produce 

q output which swings trom ground to -25 volts iD phase ri th the input. 

1'he max1mum.output curreJ;,lt is 125 _' at -25 Tolts aad 6 _ at ground. 

urrusitioa times are abeut 1 »Asee. 

The' !BS' 25 Yoltpower supply_it (llo. 1&.1) eons1sts of a single 

R-6" emitter tollowervbich ©btaiul its collector Toltage from the 

-30 volt cOmputer supply. Tbe 'bue at the 11-6 is bused at -25 volts 

and the output is takentrom the emitter c 

The 'fIB digit detector unit flO. 40) contains siX separate 

detector Circuits, each consisting of a single L=5122 :1Dverter wj!.th a 

ltabistor voltage dropping diode (m32OG)U the bpe c1rcu1t tilsteu. of 

the u$ll&l resistor and C&pMi tor 0 ~e 1D,put c\lllTent required is 1 _ and 

the maximuia output current is 209 .. at -3 "'~lts. The transition times 

are about 00' ~se~o 

*, ' western BJ.eetr;tc 

** MiJUu,apol1s Honeywell 



S~hm1dt Trigger» Mod n· (lfO~.53~ !'his ~1rouit prandes an output 
between ground ~ =3 volts that is independent ot the rise aDd tall 

t:imes of the inputo The output lewe1 is inve-rted nth respe~t to the 

input 0 'J.'b,e circuit triggers wben a rising input reaches =0.,9 volts, and 

the output talls 1n less thm 0015 Il!1ose~o It also triggers when afalUng 

input reaches ~202 volts, aDd the output then rises iD less than 0.1 ~sec. 

There are two ident1~al ~irC1lits per plug=in Ul,I:Ilit, with independent 

inputs &Dd gutputso Each circuit @aDSists at the trigger circuit itself 
'!lI-

made up at two IPI 2B357 tranSistors, aDd an L'"'5134 inverter amplifier. 
Vi tb the required input current of 005 _, the -.ximum output current 

from the i.nverter is 15 ma .t beth ground and -3 volts. '!his is enoup 

to drive a cable through the 82 ohm series resis~e which is provided. 

A tilter network with &I. time constant of 2.2 mill1sec is also available 

within the tmit. For the first d.rcu1t)l filtering is obtained by feeding 

the signal into pin S, and cQnnect1ng pin R to the normal input at pin T. 

'rhe nQrmal output is obtained from. pin 'f~ an.d the cable driver output 

from pin No The filtering tor the se©ona. ©1rcu1t is simiar. 

'* ~ner.l Transistor 



.. * ma A!Jllfier (joo 54) -"PUtte. ~ 8ipal t:rom the photo diode 

:1B tb.e plaoiiQ-:electrie tape rea4er 0 A nept$.ve 1Dput signal is required, 
M ..a. th.e sen81t1,,1t,. caB be adjusted b,. ~g the 50G1C!'r1mpot 

potentiometer included i. the un1 to Tlle output 18. a s1gu.l wb,ich &:r4~s 

trOll grouad to -3 volts U phase with the 1D;put. The _d.mum output 

currez):t is 2_ 1n the $l"01U'ld state qd :3 .. at -3 volt8. 'J!he-xtllllml 

trazus1 t10D t1_ for both rise ad. tall i8 5 l)iasec. !here are two identical 

amplifier circ~ts per plug-in wU.t, with inde:pel1dent :lnputs ud· outputs. 



solenoid Drivel' ~lIoo 38} aM El~©tr:l!.©· Typev:dtel" tir©uitry lfbe 

power to drive the ~oleDoids in the ~ Ele©tr1© TYPewriter for TI-2 
output is obtuned from u ... 6 tHI.U~ilSt©l'lSo The slOllenoid driver unit 

~ODta1n1 wo 21241 uverter8 9 e&©h of wbi©b drives cme 1=6 invertero 

Load. :rellliator8 for the H-6 ilmveners are external to the 'Im:1:t u.d are 

lConnected to =30 voltillo (The ©oil of a solenoid itself mt.y cODstitute 

the lead resis~©eo) !be driwer unit 8upplies a 600 ma output at a 

swing of ground to =30 W'Olt8 f'r©m a 2 mil. input- ft':l\,111lging from ground to 

-3 VOlt80 A ground level i~ut energizes the solenoids-

'!he Four 1-6 1!JIjiUt (Noo ~] contains mllly tour B=6 t:ransi8tors 

JIlO'Wlted on a heat ~i!1llk Y1 th the emitter $ bll.8e, and collector of each. 

traui8tor bll'ol1lght out '00 8epuate piuo The. speciticat10ns of the unit 

are equin.lemt to those of the tn.uilSt@!Jr itself' 0 : ~ aximum collector 

current 18 2 ~sa the maximum collector=em1tter voltage is 60 volts; 

the m1n1mum end-of''''life ~ illl 2150 !bus the input ©urrent ~t be equal 

to at least the output ©urrent divided by 250 The mu:ixrmm power 

dissipation of the unit i8 not spe©itie~, but the ©ollector junction 

temperature must be held to less tl.w.n 80 degrees @. 

The 'fYpewriter Diede 1lJ,ln1t ~I'Oo ll34) is used for level mixing • 

• CD tmi t ~Olll~S two grwp~ at 8 ll'f537 sill©oo diodes * witlt the 

cathodes wi thin ea©h group cOlOOle©ted. IUl eoo.es ~ brought out to 

separate pins 0 T~ ~imum ©m'rent through u.y one diode is 150 lDaJ> 

. and the peu :invel"~e v©ltq;e 1~ 100 voltso 



~,t1eter (1~',68) is an ..,litier to supply euzTeDt to light 
the ,0 volt laDIps on the console 0 !Ids unit 1s identical in 'lay-out 'aDd 

pin cOlU).ectiOli8 tC) the ;801enoid 4river (10. ,8) but uses diftereDt 

transistors aDd dif'terent com,pcment values. Tllere are two "luIp Ughter 

circuits per plug-in unit. 

,A gr~ level is required a.t the iD.-Put to light the J..am.pj a -, 

volt input level will keep the lap off. !he input C'I1lTent reCluired 1s 
0.6, _ at -, Yolts ad, the ma.ximuIIl output current is 100 _ .. t -3Q volts. 

'!'he J.aaJ 1s, eouec~ed directly betweeB the output and the '.,0 yolt eupply .. 



Mercury Relay Signal Generator~N'Oo 5c& provides several output 

signals under control of a single push button. From o'r.evel Gate No. 1 

out'· a level is obtained which goes from =3 volts up to ground, remains 

at ground as l~ng as the button is pushed, Md then returns to -3 volts. 

From "Level Gate Nc. 2 outOil~ the level goes from. ground to -3 volts, 

remains negative as long as the button is pusbed, then returns to ground. 

The maximum level current available ,is 15 me. at =3 volts. Fer driving 

short lines (less tbIIm 3 teet).9 the level output may be taken directly 

from pins M or- C to ari ve an open wire. For longer lin.es, a coax cable 

or twisted pair line should be used and the output obtained through the 

82 ohm series terminating resistor from. pins L or B. 

From ~~se Gate outh~ a 001 ~sec 3 volt negative pulse is 

obtained when the button is pusbedo The pulse current is sufficient to 

drive a 100 ohm cable which can,9 inl turn3 drive two trusistor baseso 

The same considerations relative to the lengtb of line to be driven apply 

to pul~es as well as lewalso Pulse driving llnes, however, must be 

terminated with 100 ohms for proper formation of the pulseo 

It should be noted tbst the mercury ~elay cont~cts are ot the make­

before-bresk type. Consequently there will be a time at the beginning 

aDd end o~ the outp~t level when the $i~l at both level output gates 

will be at grmmdo This length ot 'tpime 161 appl"ox:t,mately 700 IlAseo. '!'hus 

the level output wave=forms look like thi~g 

I Bo. lout 
;;at 

Bo. 2 out 

; -

f 

I 
1700 , 
!,*~sec~ 

/1 

--3 V 

(1' '1''---' - - - Gnd 

.... ___ ~~_,..II __ ~3~r 

, , 



., '* " The ~e:cury relay and the push button and associated resistor aDd 

capacitor decoupllDS must be mounted exterDally to the p1US,,:,in unit. It 

is essential that the decoupllng sl10n in the circuit diagrBJll (Figure 104 

in Reference Manual) be mounted. at the push button. I~s PUl"Pose is to 

filter out the contact bounce of the push button by inserting a low-pass 

filter between the button and the mercury relay coil. 

'* clare HG 1012 



.1 i!sec pUlse Former Cl'Q. l' > generates a 0.1 BAsec 3 volt nepti ye 

pulse trom. either a r111ng or falling input swinging between ground and 

-3 volts with a traasi~ion time of less thaD 0.2 BAsee. 

The pulse tormer requires a riSing input ot at least 204·,. at pin 

J). 100 cut ott Q1 and , simultaneously 0 A t~lJ.ing input would be appUe<l 

to pin :I (pin, J connected to pin lD) to go through the inverter Q" which, 

because of its gain, requires an input ot only 1.2 mao In either case, 

tbe output of the emitter ot Q, is driven immediately down to ·3 volts. 

~enept1ve waveform travels 40wn the lumped-constant 0.1 ~sec de~ 

line and causes:Q:fto.cOnduct 0.1 ~see atter the input is applied. When 

~ conducts ,.the base of ~ goes back to grotmd and the output rises to 

ground. ~ resultant 30 lila 0.1 ~8ec ne@otive pulse 1,~nougb to drive 
.;"', 

a te~ted 100 ohm eable or twisted pair liDe. 



InPut Mixer (NO. 45) and Input MiXer AJDplirier (NO. 52) The lDput 

. Mixer will mix two levels trom input-output equipment in the in-out frame. 

There are four separate circuits per plug-in unit and each circuit has 

two inputs and two outputs. Each cirC'\1i t consist, of two pairs ot 
tr .. ,istQrs; the tirst is a PNP inverter (Ql.) in parallel with an IPN 

emitter follower (Qa) with the output at pin A, and the second consists 

ot two NPJf emitter tollover~ (~ and Q.4) with the. output at pin C. The 

input to the ci:r;-cuit is at pin H, and the gat1ng input is at pin M. With 

pin M at ., volts, the desired ~gative output appears at pin A if the 

input at pin. Ii is atgrOUDd, and at pin e it the input at pin 11 is at· 

";3 volts. If' pin M .i8 at ground, both outputs are at ground regardless 

of the input .t pin B.'f!1e possibilities are summarized below: 

Input Gate out 1 out 2 
Pin H PinN Pin A Pin c 

-3 v -3 v Gnd nega.tive 

Gnd -3 v negative Gnd 

-3 v Gnd Gnd Gnd 

GIld Gnd GIld God 

The operation of the other 3 circuits is s:Uni~. Pin M is the 

common gating point tor inputs at pin H and pin S; pin L is the cOJJIIOn 

gating point for inputs at pin N and pin F. 

The input current required at pin 11 is 1.2 maat -3 volts, and 

0.5 ma at ground. The gating input current required at pin M is 2 mao 

The negative output current available is 3 mao 

1 



Input Mixer (No. 45) and. Input Mixer AmPlifier (NO. 52) (cont. ) 

'rhe negative output signals from a number of' input mixers are 

mixed and fed into the input mixer amplifier which contains four separate 

transistor inverters with a diode input for each. 'rh~ input current 

needed for each inverter is 2 ma at -3 volts, and 1 rna at ground. The 

maximum output current' of the input mixer amplif'ier is 3.6 rna at -3 volts. 

Wben the amplifier is used in the computer, the output signal is 

fed through a cascode cable driver which reinverts it, and sends it out 

over a cable to a flip-flop in the E register of the central computer. 

The Signal which originally came from pin C of the input mixer is used to 

sate a base input to the SET side of' the f11p-flop~ the signal which 

originally came from pin A gates the CLEAR side of the same flip-flop. 

Thus, provided that the sating input at pin M of' the mixer is at ., volts, 

the flip-flop will be either set or cleared depending on ~e input at 

pin B. If' the gating ,input at pin M is at ground the state of the flip­

flop will not be changed. 

A block diagram of this system is shown below: 

H Set 
:.- Input 

C .-. 
Input ---c CClscode 

..... 
E- Re.9istet 

''''fut 
..... ..... 

" Mh<er Cable 
M1)(er Flip-flop ~ A~plifiet' .-. D ... ivel' tt"'-. 

I "" ..... --
, ~ tM c leot-

-3 
Gate 
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D-om LOGIC C:meur.t'S 

Introduction 

The logic units to be discussed in the following part of this 

haa4book are used in cozmection nth theiDput-output equipment. The 
basic inverter circuitry 1s aU a-Qcou;pled., instead of being d.-c coupled 

as is the high· speed logic. circuitry previously discussed.. It is the 

riSing transition from-3 volts up to grOUDdwhich does the work. L"'5l34 

transistors are used throughout, and the iuverter output ewing is clamped. 
. * . to "3 volts by a diode and to ground by the transistor itself. The 

c1rcui try is designed to operate at a maximum speell of 800 kcps -... a much 

lower prf than that of the central computer. '!'he time cons~s .are such 

that- 1'.2 .,.sec is needed between one event and the next-. Diode mixing is 

by capacitor-diode gates· lthich provide logic OR gates when their outputs 

are in: parallel. 

* Cleviteg CTP-592 



The ~apa~itol"~Diode GJate (lioo 63) <~) is used to torm. a positive 

pulse trom a Rveform wb.i~h is rising trom -3 volts up to ground. The 

requireQ, input CD have $ maximum. r:1se time of 002 IlJI,seco peak input 

currents of 2 ma in the t~sition toward ground aDd 1 ma in the transition 

toward 003 'Volts are requiredo The set-up time fo:r the gating input is 

1.2 ~se~o The gate is ~o biased that the output pulse goes from ~0.6 volts 

up to a.bout +2 volts with a ndtb of approxilJlately 00' ~see. uP to 10 

gates .'1' be connected in parallel to form u OR ~ir~u1t. Plug=in unit 

Bo. 63 COl!ll.tains six su~b gates ~ with indepeXlldelOl.t inputs and outputs, 

except that two outputs $l.re c~e~ted in parallel at piXi! /A. For the first 

circuit, the iDput is at pin B and the output is at pinA. pin C is a 

gating po11'lt; a ground input gates the pulse 00, and a -3 volt input of 1 ma 

prevents the pulse tram being formedo The positive pulse is used to cut 

ott the ba.se of a tre.nsistor whicll is DO:r'IUl.lly biased on trom a negative 
,J 

supply. 'fhe other five cir~uite are si1Ular. 



.3 fsec'P\llseForae~ J(od II (Wo. 60) forms .. positive or negative 

3 volt pulse (ground to -3 volts Qr -3 volts to ground) from a positive-
. . >' 

goiDg wave front. !he negative pulse is used to trigger the variable 
.". '. \ . 

c1.,la1lU1it . ..a. the :biP speedfUp ... tJ.op; the· positive pulse is used for 

triuer1l1g .. caP&Cit~r~cl.icde· gate or the low speed du.l.flip-flop. 

'lhis pulse tormer- unit coasists of a eapacitor-d1odegate and two 

cl.auQed Ir5l34 inverters ~. ·series •. A negative pulse. output is obtained 

from thef'irst inverter (Q,1),the positive ov,tput from theeecond (Qs)' 

~ereare two identical circu1:t;s per plug-u_it with separate inputs 

. and outputs. :ror the first circuii; theiDput1s atpiD D, tlle gating 

pOint is at pia F, the negat1vepulee output is at pinsB and V, and the 

pOs1tivepuJ.se output is at pinJ.pu. J is tae point at which other 

aapacitor-diode cates may be ccmnected to form an OR circuit. 

'!'lie .. 1nput spec1ficationsand conditions for· gating ar'e the sam.e 

as for the capacitor-diode gate <No. 63) • The maximum. negative pulse 

output current is 3 me. at -3 vol t8, &Ud. the mu1m.'umposi t1 ve pulse output 

is 6.5 ma at ... 3 volts an,d 10 IDa at. ground. . Depending on the width of 

the; input pulse tbe output pulse width may vf,.ry from 0.3 to 0.4 ilIsea, 

and the rise. and fall times are less than 0.2 ~sec. 



output Distributor (.0 0 59> MAioutput. Mixer (:NO 0 65) These plug­

in units'each contain 4 L~5l;4 ©l8mped inverters for lOSic operatiQns 

associated with the in-out equipment, and to drive 93 ohm cables or 

twisted pair lines to and from the UlI~Qut trme 0 Dcil em1 tter is brought 

out separately so that it CM be giloted on by IBI. ground level at the emitter 0 

Each transistor of the output distributor ~s a l~ res1s~ce Vlus an 

B2 ohm series te~ting resistMce flOr dr1 ving cables 0 The base inputs 

to Q,l. u.d ~ are common 8li.t pin fA» and the inputs, to .~ ~ Q4 are com:roon 

at pin Bo Tbe output mixer lms all tour inputs WOld IOUtputs at sepuate 

pins; the one lo~ resistor ~d one ~ble driv~ resistor are brought 

out to seplSol'ate pins 0 Thus tr~sistors in the output mixer may be placed 

in para.llel with those in the output distributor. 

Both distributor arui mi.xer unitlill require an input' current of 202 

IDA at -3 Yolts, and 004 ma at grQundo output voltage levels of these 

un! ts are clamped at ground aud =3 vol til 0 The BXimum output current 

available is 209 ma at -3 volts, INJld 15 _ at ground. IfhUil, whel!ll dri'f'ilclg 
'J • 

a cable lOr, twiilted pair line through the 82 ohm resistuce, the rise time. 

at the end of the c~ble will be equal to the rise time of the current 

tbroughtbe transiiltor <about 30 D'AjjJ1sec > Jl but the t~ll' time will be long 

'because of: the Um1tedcurrent available 1D the "'; directiono When 

driving m62/U 93 ohm cables the tiiJl,U time nil be approximately equal 

to 16 DlgA~ec per toot of' cable lOr $l. m.1l!llimum 1Of' 30 lngJ!,sec 0 
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tJ,neDriver ,:10.66), is similar to the output distributor and 

output mixer :tn that it' ~ontains four 1.-5134 clamped inverters, and is 

used in association with the in-out equipment o· However, its primary use 

is for dri Ying R(J62/U coaxial cable . or twisted pair lines. Its input 
, I'. 

&rid output pin connections are identical to thoseot theca.code and cable 

driver (100 08),wi~ fOur separate inputs, tour direct Qutputs, ra.Qd tour 

outputs through 82· ohm. series terminat1,ng reLIJ1sUl.nces. 

The input current required is 2.2 me. at -3 'Volts, and 0.4 rna at 

ground.. The m.aximum output current available is 7 me. at -3 'Volts, and 

10 ma at ground. Each line driver transistor will drive one cable, with 

a rise time of about 30 ~sec and a fall time of about 8 m~sec per foot 
. . 

ot cable (m1n:lmum ot 30 IIleAsec). 



and .. , volts. Ef'ery plug ... in unit C~l1tr1.iJ:p,Sl two independent flip-flops, 

each of which bas two 1,;,.5134 FtC coupled inverterSl (Ql. and ~)j> two 

capac:1tor=d:1ode gates» ad two additional trasiSltOl"S (Qs and QAtJ to 

drive an indicator light. 

Because of the 1.2 ~Sle@ set=up time of the capacitor~diode ~tes, 

the maximum prt of tl1is fl1p ... flop 1iSJ· 800 k.eps 0 The unit uy ~e set and 

cleared internally but external logic dea.y provided by capacitor-diode 

gat~s :1s required for complementing. !he proper connections for 

complementing the t14p=tlop are show 11m Figure 20. The output voltage 

:1sclamped at .grmmd and at -, volts. ~e !ll.l.XimUm'output current is, 

6.5 _ at ., volts and 5 IR at ground. 

The inputs at pin B ooSEf D:, ~ and pin JO 1lOe.tDR Ill, III set and clear 

the flip-flop from a level which is rising trom .. 3 Yolts to ground. These 

inputs are similar to those of thecapaci tor-diode gate except that they 

cannot bepted. !he flip=flop lflj),y also be triggered from 0.1 IIJ!.sec 

pulses applied through the conventioal X. .. 5122 two transistor gate, us:1ng 

8JQ external 10K: resistor to .. 10 wolts Yd. a clamp diode (CfP-592) to -, 

volts. The collector of the ~te is connected to pins B or D for setting 

or clearing. '!'his circuit will be less sendtive t~ that of the high 

speed flip-flop ~ will require a minimum trigger pulse·ot about 2 volts. 

Plots otvoltage margins w~. prt ~ voltage margins v& rise time 

of the input· waveform are given 11a. Figures 21 and 22. 

UP to 10 capac:! tor=di~ gates (1'0. \ 6,) may be c~ected in 

parallel at pins A (09 ONE mllll) ad C C'ZImO mOO) as G lOR gate to set or 

clear ~ flip-flop. 



COHP. In tiT 

F/G.20 



6D-2631 69. 

50 

-- - -
40 

, 

30 

t/) 20 
(, 

I-
..J 
0 
> 
z 10 

t/) 
z 
(,!) , 
a:: « 0 :E -

0.2 0.4 0.6 0.8 1.0 1.2 I. 4 

P.R.F: IN mcps 

./ 
, 

, 

-10 

-20 

-30 

FIG. 21 

DUAL FLIP,-FLOP, MOD. JI 

MARGINS vs P. RF. 



6D-2631 70. 

eo 

200KC ~-
t Me ,'''., " 

- --

40 

30 
--. 

t/) 20 .... . 
..J 
0 

, 
) 

>-

z 10 

en 
z RISE TIME INPUT IN M1CROSEC. 
(.!) 
0:: « 0 ::Ii 

0.1 0.2 0.3 0.4 0.5 0.6 0, 

, I MC 200 KC ' , -, , , , , , 

-20 

, ~ , 

I 
, , , , , , 

I I 

.J. 

-10 

-30 

FIG. 22 

DUAL FLIP-FLOP, MOD. II 

MARGINS VS RISE TIME OF INPUT 



synchronizer (No. 62) consists of one dual flip-flop Mod II 

(Bo. 61) to which is added two di04es and a resistor. Thus the 

synchronizer \mit includes two fl1p~flops, tour capacitor-diode gates, 

two mixing diodes, and e. bias re~istor. It syn~brro1zes with the central 

computer clock asynchronous pulses or levels from in=out equipment. 

In nOl"Dl$l operation, pin J (the ZtmO output ot the second FF) ;ls 

connected to p:1n W.. the CiOIDlIlOD. gating point for the Z1!:RO inputs. The 

aeynchrooous input comes in to pin V of the capacitor""d1ode gate which 

can be gated at pin T. The synchronous clock pulile input consists of 

positive levels (=, volts up to grQ'Wild} 0.4 3J!.eec wide occurring every 

L 6 ~sec. The clock pulse input at pin ]I) is applied in common to the 

CLEAR and SET ill\Puts ot the 2nd H" and to the ctD.R input of the 1st 

". The output of the syncbrooizer is usually taken from pin R, the OlE 

output of the 1st ". 

At tbe beginning. otthe ope;raticm both fUp-t.lops are in the ZERO 

state. !heasyncAronous level or pulse trom the in-out device sets the 

lst W to a ONE ud the output at pin R goes from ground down to .-3 volts. 
~ 

The next clock pulse sets the 2nd FF to a OlE because the capa~itor-diode 

gates an the ZERO input sides are both gated oft. 

The following clock pulse ©le~s both t11p=flops to a ZERO since 

the ZERO input gates are now gated IOn by the gl"wnd level trom pin J. 

'Thus on the second clock pulse, the synchronizer output at pin R goes 

tram -3 volts up to ground. It is this positive-going tr~sition that is 

used as the synchronous output. 

The input and output specit1cat1ooaJ for this unit are the same as 

those of the dual flip-flop Mod II (1'0. 61)0 
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RelaytJn1t (NOo 69) c~sists of tvo doubl.e-pole double-throw * . . .. 
relays eaohot wbiehc_ switch a :rpaximumof 2,Ulps. Each relay draws 
16.,ma through its 182, ohm ooil resist-.nee at nom1.l -30 Yoltoperation. 

!he actual yoltage required to pullin W1Y of these relays ie a maximum 

Of -20 volts and any of them willdrop out at DO less than 3.' Yolts. 

* Clare, ~e F,. No. RP7638 
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REFERENCE MANUAL 



FIG. 23 

HIGH - SPEED FLIP - FLOP 
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iu4le" 00101"1 Black Brown 

Dr&'i'1Dl I'Ulibttzol ]) .. 664'9 (lug) J » .. 84997 (eyelet) 

IV ..,e1", 6, .. ,so (lua)J 6, .. 1067 (eyelet) 

traD.l.tOZ".* · 9 L-5122J 4 L .. ,1,4J :1 2u186A 

.. '" aup'17'o1..... +10 MeAJ +lO,I«mJ .'J ·10 

OWe," Blltabl~ device to provide logic levels of ground or .. ' volts 

Bem&l'k... May be set, cleared, or complemented 
Max1mum prt: , mcps . 
cascade output provides ,0 ma output current 
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. lNVER'tER ,.6 

BaDdle colora Black Red 

Draw1Dc RUmber: »-67285 (lug); »-86866 (eyelet) 

PV HUmberl 6, .. 582 (lug); 63-1023 (eyelet) 

* 'l'Z'ans1stora,: 6 L-,122 

pOwer ~p17 Voltages: +10 Me; -10 

BO. 

Use: Inverters tor logic and sating. Contains 2 load resistors 
I 

* All tr8D81stor type numbers are ldent1t1ed with maDutact~r in appendix 

F 

U:::. +10 V M.e.' 
P -=. -lOY 

D 

f/G.27 

N L 

L 
v T 

5 

l • p 

R 



CARO 'A" 
SCHEMATIC 

I CARD "8" 

CI eet R2 
47 118000 

N AI ~.~-+-~f-I 
2200 "~IJ. 

Yff~. 

;;1 
PHI/.CO 
","I,.-SIZZ 

Ifll 
~ ____ ~Y~E~~.1I80DD 

.5 
PHILe() 

""L-SIZ2 

iIIt. 

J:Cf-, 

O R3 
T A4 ,~""r-~~~ 

21100 

1;2 
PHIL CO 

'1fffO,=,"='L:--6._~e._'P ........ _ +-- PHILCO 
"'-SI22 

cs 

YEI... 

'$ PHILCO 
"L-SI22 

~:: ~ ~:~OO r~/i:::;I.:.:· ____ _ 

RT ! ( \ 114-
pAID Pl/ILCO 

2200 8L.V. "~-sli:e 

Rtf .. 

24()() 

If'" 
2400 

i 
I 

I 

<17 
P"'LCo 

'L-SIZZ 

RI!O 

d18 
P/lILCO 
"L-5Iee 

~,il---
\.J'g~ REO 

~------------~~,~-------~ 

""8 

24()() 

@ IUD 
flISI---~2'''4''()''"()~-~ 

I 

I 
I 

FIG.2~. 

SERIES (8) INVERTER 

cs 

47 

47 

CT 

R",. -®0 ~-t .... ....,V'V'V+ 87 A 
2200 



p. 81 RO. 

03 1 
INVER'l'Im 8-8 

BaDdle Colora Black orange 

Dr-iDa BUmber: »-80129 (lug); . »-86891 (eyelet) 

PW BUmberl 63-582 (lug); 63·1023 (eyelet) 

* ~an.istors: 8 L-5122 

power aupp17 Voltages: +10 Me 

use: Inverters tor logic and gatins 

Remarks: 

* . All translstor type numbers are identified wlth manutacturer in appendix 
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p. 83 NO· 
04 1 

:tlMlRTER p., 

Handle Colors Black ye llow 

J).raw1ng uwnber: D-6725' (lug); D-86518 (eyelet) 

PW uwnber: 63·582 (lug); 63·1023 (pyelet) 

* Transistors: 5 L-5122 

power Suppl,. Voltages: +10 Me; -10 

Use: Inverters for logic and gating. contains 2 load resistors. 

Remarks: 

* . A.ll trlllsiator t;ype numbers are identified with manutacturer in appendix 
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p. a, 

lU4le 00101', Black Green 

DrawtDc II\Im'berl D.67254 (lug)J D-86865 (elelet ) 

'" I\IIlber, 6,.~ (lug)J 6,.102' (eyelet) 

traDllltorl'* 6L-5122 

Ponr IJUppl., Voltages: +10 Me 

VI.. tnverterl tor logio and gating 

JlM&rkl. 

* . . All tranBiator type numbers are ident1tied with manutaoturer in appendix 

F. J N L R 

~a Q5 Gb Q7 
"--B :\411 M ]..a K~-'" E [ ].III p 
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D c T s 

F16.33 



SCHEMATIC 
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p. 87 

BaDdle Colora Black Blue 

Dr-ins lUmber: »-67273 (lug); »-86827 (eyelet) 

PII lUmber. 63·581 (lug); 63-1021 (eyelet) 

~.iator.:* 8 L-5122 

PoWer &u,pp17 Voltaps: +10 

uae: IIJl1tter tollowers tor logic aDd current ampUtication. Contains '" 
load reaistances 

I 

*All tru.aistor tn»e Dumbers are i4eatitied with anutacturer in appeDClix 
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SCHEMATIC 
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p. 89 

BUdle 00101'1 

'1Kl1-1'ER 1I'OLtOWER 4 

\ 
Blaok V101et. 

DI'&W'1Ds BWDberl »-67272 (lug)1 »-86826 (eyelet) 

PW I'UiDberl 6'-581 (lug)J 6,.1021 (eyelet) 

* . !reDaiator,. 4 L.,122 

Power SUpp17Voltagea. +10 

BO. 

07 1 

uae. Bnitter tollowera tor 10g10 and ourrent ampUtl1oat10n. Oontaina It. 
l~ res1stanoes . 

, , ! 

* .., 
All traDa1ator type numbers are 'identified with manufacturer 1n appendix 

! 

r-
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U tlOV 
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o 

Ii, .. -------.-+---~ 
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FIG.37 



SCHEMATIC 
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p. 91 [ ~. 08 ] 

Handle Color I Black Orey 

Dr-iDs IUmberl D-67159 (lug); D-86", (eyelet) 

PV RUmberl 6,.,14 (lugh 6' .. 1022 (eyelet) 

'l'1"ansistors: * 4 L-5122; 8 t-,l," 

PoWer 8uppl1' Voltagesl +10 ~J .3; -10 

usel tnverting power amplitier, and cable driver tor 9' ohm cable and 
twisted pair vire. 

Remarks I 4 c1rcu~ts per PlU 

*All tr8lUJ1,stor type numbers are 1c1ent1t1ecl with l118DutacturfJr in appendix 

E 

FIG. 39 
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p. 9' 

Ban4le 00101'1 :alack White 

Dr-ins IWDberl D-67976 (luS)JD-84924 (eifelet) 

W l\IDberl 6,.624 (lUS)J 6,-1027 (e;relet) ,'. 

!raD.i.tor,l· 9 L-,122J ,. L-,1,4 

:IOnr .,.,17 volt..... +10 MOJ +101 -~O 

11Ie. pUl.e pte tor d:r:lv:lDl resl.ter of pulle' ba.e. 

ReMrk't ,circui t. per pm 

10. 

09 1 

• All tru.l.tor t)fpe DUIIlberl are lde.title, ,,1 th unutaoturer ill appelldix 

OUT' OU1" 2. 

I---,~~ I~ 

I~ E Q5" ,f ~ 

A-t/OvMC 
P- +/0'1 
1<.· -/0'1 
U:. 4ncl 

5 . 
PIlL~e In 

1 

FtG.41 
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FIG. 42 

ADDRESS DECODER 

()~-r 

~-f--"i'!J-(F) 
PI 



. BaDdle colora Brown orange 

Draw1Dg RUmbar, 1) .. 67141 

PI lUmber, 6, .. 606 

• Tr.aDs1stors: 12 L-,122 

ADDRESS DECODER . 

PoVer~p17 Voltases, +lO;MC., '" 

BO. 

. 13 1 

Use, Address J)ecoder 111 TDCM and 8 memory and. emitter tollover 10g1c 

. ae-rksi. 

. . ." 

All trau1.tor t;vpe Dum bel's are. 1d.eDt1tle4 with manutact~r lD appendix 
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p. 97 

READ AMPLIFIER AND DIGrr DRIVER MOD II 

Handle Color: Brown Blue 

Drawing NUmber: »-87626 

PW NUmber: 6,-1121 

* Transistors: 'L-5122; 2 L-51,4j 2 216'5 

Power SUpply Voltages: +10 Me; +10; -,,; -10,; -,0 

use: Bense amplifier and digit line driver tor Index ~mory 

Remarks: 

16 I 

* All transistor type numbers are identified with manufacturer :I.n appendix 
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p. 99 

SELECT CIRCUIT 1ST LEVEL 

Handle Color: Brown Violet 

Drawing NUmber: »-67511 

PW NUmber: 63-595 

, * Transistors: 2 L-5134; 2 2N580 

PoWer SUpplY' Voltages: +10 Me; ·3; -10 

Use: First level selection circuit tor Index Memory 

Remarks: 

NO· 171 

* All transistor type numbers are identified with manufacturer in appendix 
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p. 101 

SELECT CIRCUIT 2m> LEVEL 

Handle Colora Brown Qrey 

DravinS BUmber: »-67572 

Pi lUmber. 6,.60, 

* TranSistors: 5 L-5122; , L-51,4; '2 2N580 

Power SUpply Voltages: +10 Me; +10; .,; -10 

use: Second level selection circuit tor Index Memory 

Remarks: 

BO. 

* All transistor type numbers are identified with manufacturer in appendix 
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p. 103 NO. 

19 I 
READ DRIVER 

Ba:ocl1e Color 1 Brown Vbi te 
I 

DraWing lUmber: D-8063' 

PW I\UIlber: 63-9,6 

* Transistors: 2 L-,432 

Power SUpply Voltages: +10 Me; -10; ·30 

use: Read Driver tor Index MemorY' 

Remarks: 

* All transistor type: numbers are ident1tied with manutact~r in appendix 
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Q2 our TO N~f'fORY 
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A=--30" FIG.51 U=Gnd. 
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p. 105 

Handle Oolora Red BrOW 

Drawing lUmber: D-6757' 

PW NUmber: 63·597 

WRITE DRIVE:R 

* Transistor.: 2 L-,134s 4 2N501 

PoWer Supply Voltages: +,0 Me; +10 MO; -30 

Use: write Driver tor Index Memory 

Remarks: 

BO. 
21 I 

* All transistor type numbers are identified. with manufacturer in appendix 
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p. 107 

BaD41e Color. Red Red 

Dl'1.Y1ns IWDber: D-82709 

PW J(WDber: 6,.829 
*. '!'%'8D8i8tors: , . 21174 

Power Supply Voltages: +10; .,; -10 

use: Provides protection agaiDst over voltage On computer 

Remarks. Also contains 6 TraDsitron Diodes • . 
. , 'l'M7 I 2 SV2079 Zener I 1 SV2080 zener 

* All transistor type Dumbere&re ident1tied with anutacturer 1n appendix 
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p. 109 

Handle Colora Red orange 

Drawing NUmber: »-84175 

PW NUmber: 6'.942 

VABleTi'!! DETAY UNIT 

* Transistors: 7 L-5122J , L-51,4 

Power Supply Voltages: +10 Me; +10; .,; -10 

]JO. 

Use: provides delayed ·level. DUration of ., volt level variable trom 
., ",sec to 2.2 sec~ 

Remarks: 

* All transistor type numbers are ident1tied with manutacturer in appendix 

!j----..! 
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p. 111 24 I 
Handle Colora Red yellow 

nraw1nglWDbera 0-86886 

PW lUmber: 63.1023 

* Transistors: 8 L.,122 

INVERTER p-8 

power Supply Voltages: +10 MOJ ,-10 

Use: Inverters tor logic and gating. Contains 4 load. resistors. 

* All transistor type Dumbers are' 1dent1t1ed with manufacturer in append:Lx 
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., 

p. 11, 

\,' Bandle Color* Red. Blue 

Dra.v1Ds lIWBber: »-68017 

PW lUmber, 6,·62, 
* Transistor.: 12 21167 

Power 8UPPl1 Voltages: 

Vse:·· J)ecoder tor high speed. display 
Used tor tirst 6 bits of positiOD decoder. 

* All transistor type IlUIIlbers are iden.t1tied with lII&I1utact\mtr in appeDC11z 
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p. 11, 

J(aUdle color 1 Red V101et 

Dr-1DI I'UD1b8rl »-6799' 

PW lUmbers 6,.621 

* TraDalatoras 12 21167 

:rower SUppl;y 'folta&eas 

vael' Decod.er 1101' hlp speed dlaplay 

* .All tr8D8lstor type numbers are ldent1tled wlth auutaoturer ln appendix 
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,. 117 

BaD4le colorl Red Gre, 

Dr-iDa I'Umbeirl D-67844 

JW l\IIIlberl 6,-618 

POSITION DECODER . 

. * !r.aDsis~orsl 4 ~lA21J 10 21161 .' 

Power lIupp1;y Yoltaps. ·.Ito 

uee. ,olition control at .. s tor X &D4 l' decoders of hish speed display 

Reil&rkat 

* . All transistor type numbers are identified with lII8I1utaoturer in appeD41x 

i o OUT 
5 

r- - - - - - • - _ .. - - ... 
I I 

I 

I A • " I I 

, I '" 
1 1""-
• 

I : 

I 1 , , 
: - "10 I 
_________ ..J 

FIG. f,5 

EXTERNAl. 
C. OMP.ONENTS 

OOUT 
6 

T 
--- --I 

I 
I 

• I 
, I I 
"J I 

I 

I 

I -40 : 
.1- - - - - - - ,. - _ --

V -40 , 



A 

01"J 

.. 
00 
ell ... ... a: 
11), 
I • 
0:' 

... III 
liN OIN 

~ e 
A 

COMMON 

B C 
i IN 0 IN 

C? C? 
"7 B4 

@ 

0 
i! 

COMMON 

FI G. 66 

FOCUS DECODER 

C C. 
~ au,;", ,OUT 

0 .. 
T .. 

c 
COMMON 

c D ::> ::> 0 
I II'J C'" OOwT ' oo,;T. 1 1"1 

.-:-\ cp ~ ~ ~ r' . ~~ 
........ 

.~"i S2 ~' Bql 

~;=6 
i~ 

Q7" ~ 
('E2N/l.r,~ 

~ 



p. 119 

Handle colora Red White 

»rswtos lUmber: D·67904 

PI lUmber: 6,·620 
- * TraDsistors: 8 2N167 

power Supp11 Voltages: 

10. 
29 ~ 

FOCUS DECODER. 

use: Used tor intensit1 and astigmatism control tor high speed diapla1 

:Remarka: 

*All transistor typenumbara are ident1tied with manutact~r in appendix 

IE M 
o OUT J OUT 

B S 
o ouT lour oour louT 

V L 

A $QI 
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DECODER GAIN SECTION 

Bandle'Co1ort orange Black 

nraw1ns N'WIlber: D-69l'l 

pw' Rumber: 6, .. 664 
',' * 
'Transistors: 4 4JDJ.A21J 2 GT-901; 4 21167 

10. 
30 I 

Power SUpply Voltages: _l~OS -4, (both obtained trom decoder p'ower unit) 

use: Ampl1fier .for decoder and astigmatism control for high speed display. 
contains 2 series regulated power suppl1es and 2 decoder stages. 

Remarks: 

* All transistor type numbers are ident1~ied with manufacturer in appendix 

p.o. 
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DECODER POWER UNIT 

Handle color: orange ~own 

lI(a"iDs NUmber: » .. 69152 

PW number: 6,-670 

RO. 

Transistors:* 1 4301121; 1 ~961; 1 2N167J 1 Ql-528,0 

Power Supply Voltages: -50 

Use: provides -40 volts, -45 volts, and position decoder reference tor 
decoder gain section (NO. '0). 

Remarkst 

* '. . All transistor type numbers are identified nth manufacturer in appendix 

T"'-50" 
U=GhJ. 

u f/G.71 

N 0 -40'1 
REf. V.OUf..----+-----t----"-.... 

J OUT 
~------~---~'~~--~---r--~-45v 

Q3 

-so v T 
~/N~--------------~------+---~~ 
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INVERTER S-8R 

Handle colo.r: orange Red 

])rawing NUmber: D-80l30 (lug); D-86868 (eyelet) 

PW lUmber: 6'-582 (lug); 63-102' (eyelet) 

* Transistors: 8 L-5122 

Power Su;pply Voltages: +10 Me; -10 

NO. 

use: xnverters for logic and gating. Contains 2 load resistors. 

Remarks: 

* All transistor type numbers are ident1tied with manutact~r in appendix 

D Q5 

; C 
A Q7 

J Q" 
B /I M 

£ Q8 

F 
QI 
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FIG.73 
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mERl'ER P-10 

uandle Color: Orange orange 

Draving NUmber: »-81274 

l¥ Number: 63-782 

* Transistors: 8 L-5122j 2 L-5134 

power Supply Voltages: +10 Me; -10 

use: Inverters for logic and gating. Used as me~ory selector for S memory. 
Contains 4 load resistors. 

Remarks: 

* ' All transistor type numbers are identified. with manufacturer 1n appendix 

v F 16. 75 

M 
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S==-/Ov 
V=Gnd. 

r.--_·-o 
B. ··-----<>R 



Q 
1&/ 
II: 

.' :r-

CARD A 

R8 
24(;0 

5CHEMATIC: 

I 

PI 

FI G. 76 

PARITY CIRCUIT 

RI6 
24(;0 

'CARD 8 



p. 129 

PARITY CIRCUIT 

Handle Color: orange yellow 

Dra"ing NUmber: D-81271 

PW RUmber: 63-786 

* TraDsistors: 8 L-5122 

power Supply Voltages: +10 Me, +10; -3; -10 

34 ~ 

Use: 6 inverters are 2 emitter followers used in M and N register parity 
circuits. Contains 2 load resistors for inverters, and 2 for emitter 
followers. 

Remarks: 

* All transistor type nU1ll.bers JOO:'e identified with manutacturer in appendix 

N F IG.77 

tk IN 
0;3 q7 E 

.# 

M 
Qb 

~c Iii Q5 
A-·--·-

F-- s J 

U= tlov t1C our ot..(.T 

S = t/O" B D 

V=-3v 
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1.11 

" 
N .. Gr'ld, P P 
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Da'I"l'ER FOLWWER 9 

Handle Color: orange Green 

Dra1ting NUmber: D-84l5l (lug); »-86828 (eyelet) 

PW NUmber: 6'·581 (lug); 6'-1021 (eyelet) 

* Transistors: 9 L-5122 

power Supply Voltages: +10; .. , 

Use: Emitter followers for logic and current amplification. Contains" 
load resistors. 

Remarks: 

* . . All transistor type numbers are ident1tied with manufacturer in appenc11x 
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Handle color: orange Blue 

Dr'-tog NUmber: D-B2342 

PW HUmber: 63-841 

* '!'ransistors: 

POWer Supply Voltages: , 

BO. 
36 I 

PlJI.8B. TRANSFORMER 

vse: Inputz 
, output: 

30 volt 0.1 ~ec negative pulse from vacuum tube clock. ;' 
:5 volt,O.l ~sec negative pulse to transistor register drivers. 

-.rkst Contains two pulse transformers and terminations per pm . 

.-
All transistor type numbers are. ident1tied with manufacturer :1n.. appendix 

T,N, .1 c SM.H ..... 

V,R,Ll" A U,P,K,f 

~~Gnd. 
FIG·81 
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TIME LEVEL DECODER 

Handle color: orange violet 

Drawing NUmber: D-82908 

PW NUmber: 63-871; 63-514 

* Transistors: 7 L-5122; 4 t-5l34 

power Supply Volta.ges: +10 He; +10; -3; -10 

37 I 

Use:; 5-wfJ.y emitter follover AND circuit used as decoder followed by 2 
Cascode circuits. 

RCm6rke: Both ground and ., volt outputs are obtainable. 

* . . All transistor type numbers are identified with manufacturer in appendix 

A 

!-r_-+---<'./L"~Q5 
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Handle colora orange Grey 

Dr.-iDs NUmbers 0-84655 

PI RUmberl 61-874 

SOLENOID DRIVER 

* Tr&Dsistors: 2 2N24lAJ 2 B-6 (215'9) 

power Su,pplr Voltasesl +lOJ -10 

38 I 
,', 

vse: power amplifier to drive solenoids in electric typewriter 

,Iemarksl Maximum output ourrent: 600 ma 
~1mum output voltage: 30 volts 

* ' All tr&Dsistor tlPe numbers ire i4e.titie4 with m&Dutact~r in appendix 
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TaS RESISTOR DRIVER 

Handle colora orange White 

Draw:1ng RWnber: D-82581 

PW lUmber. 63-883 

39 I 

* TraDaiatora: 2 L-5122; 2 L-5134; 2 2N123; 2 -0A-52830 

Power SU;pp11 Voltases: +lOMC; +101 .10; -25 (prom TSSPower unit) 

yse: provides drive current for resistor decoder network of toggle awitch 
storage. 

Remarks: Requires external -9000 ohm resistor connected to -150 volt power 
supply. 2 circuits per PIU 

* All transistor type numbers are identified with manufacturer 1n appeD41x 

D J r 

~ C V K .H V I I 
I 

~ A=t/OvMC i p.,. r/ov 
f<.,:. -/0 V , I V-=- -25" • 

-/50" -/'50" Ur.Gnd FIG.8? 
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TSS DIGIT DETECTOR 

Handle colora Yellow Black 

Dr-1ng NUmber: D-82557 

PW HUmber: 63-886 

* Transistors: 6 L-5122 

Power Supply Voltages: +10 Me; -10 

Use: Detects selected digits in toggle switch storage. 

Remarks: 

10. ' 40 

* ' All transistor type numbers are identified with manutacturer in appendix 
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P. 143 60-2631 10. 
41 I 

TSS POWER UNIT 

BancUe colors' ye llow Brown 

Dr."ins Bwnber: »-82691 

PI I'UIIlbera 63·884 

* Transistors: 1 H-6 (2N539) 

PoWer SUppl,. Voltages: -30 

use: provides -25 volta tor TSS resistor driver (No. 39) 

Remarks * 

* All transistor type numbers are identified with manufacturer in appenc11x: 

UGrnd. 

D.J,N,T 
-25 V' Out 

QI 

P --30v 

P=-30v. FIG., 91 
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Handle oolorl yellow Red 

Dra1f'ins ]fUmberl »-84761 

PI lUmbers 

* Transistors I 4 H-6 (2N"9) 

POWer SUpp17 Voltaps: 

BO. 

lOUR U-6 

Use: power imPlitier. Used in electric typewriter circuit~ 

Rearks* Maximum collec.tor current per transistor: 
MaXimum collector-emitter voltages 

2 &DIps 
60 volts 

421 

* All trusi.tor type numbers are ident1.tied with manufacturer in appenc11x 

A E p 

D J N 

B f L 

FIG.93 
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TYPP..VRITER DIODE 

Handle color: yellow yellow 

Drawing NUmber: D-85686 

PW NUmber: 63-924 

* Transistors: 

power Supply Voltages: 

NO. 
44 I 

Use: contains 16 GE Silicon 1N5'7diodes used in electric typewriter circuitry. 

Remarks: MaXimum current 750 IDA PIV • 100 volts 

* . . 
All transistor type numbers are identified with manufacturer in appendix 
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B&Ddle Colora yellow Green 

])raV1na NUmber: D-S5545' 

PW NUmber: 6'-95' 

INPUT MIXER·· 

TraDsiator8:* 4 L-5122j 12 25'57' 

rower SUpply Voltages: +10 Mel -10 

45/ 

Use: Mix input levels tor input-output equipment !Din-out frame 

Remarks * 4 circuits per PIU 

* All transistor t)'Pe numbers are ident1tied with manufacturer in appendix 

K;:tlo"MG 
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FIG.97 
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Handle Color: yellow Blue 

Draw1ng lUmber: 0-85,86 

IV IfUmber: 6'·582 

IlMR1'EB a-8M· 

*. Transistor.: 4 L-5122i 'L-5l,4i 1 21501 

PoWer SUpp17 Voltages: +10 ""J -lOV 

BO. 

use: Inverters used in X-Adder car~ citcuit to provide fast car~ time 

Remarks: This is similar to unit '2, the inverter S-8RI with dUferent 
transistors and load resistors. 

* All transistor type numbers are identified with manufacturer in appendix 

0 Q5 

C A 07 

J Q" 
B H M 

£ Q8 

N 
F 

QI 

K Q3 
U"=t/OvHC 5 

S=- -/Ov L 
T Q2. 

y:.Gnd, 
p Q4 

FIG.99 
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INHIBIT UUL DEIAY LINE 

Handle colora yellow Grey 

DrawinS NUmber: D-8499' 

PV wumber: 6'-964 

* Transistors: 

PoWer Supply Voltages: 

use: controls t1m1ng ot Inhibit levels :fn 8 memory. Taps at 7·' IDJ,isee 
intervals 

Remarks a Nominal total de lay: • 1, ",see 
Terminate end with 220 ohm resistor 

* . All transistor type numbers are ident1tied with manufaeturer in appendix 

INPUT 
-A [ K P C H M S B F l R V 0 J W T 

J J J J 

-

U=Gnd 

'F IG.IOI 
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VARIABLE DElAY COUPLING UNIT 

Handle Color: yellow White 

Draw-ins NUmber: D-80513 

PW HUmber: 63-976 

* 'rl'8nsistors: 1 L .. 5122; 3 L-5134 

PoWer SUpply Voltages: +10 Me; -3; -10 

Use: 
provide a delay whic 
series of pulses. 

Remarks: 

BO· 

49 1 

* , All transistor type numbers are identified with manufacturer in appendix 
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so I 

MERCURY RELAY SIGNAL GENERATOR 

Handle Color: Green Black 

DraYins lUmber: D-80700 

PW number: 60-982 

* '.l'l'ansistore: 

power SUpplY' Voltages: +10; .3; .. 10 

Use: provides 3 volt negative pulse, or ground level, or 3 volt negative 
level upon application ot push button. 

Remarks: Requires externally mounted Clare HG1012 Mercury Relay, and 
push button. 

* All transistor type numbers are l identitied with manufacturer in appendix 
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VARIABLE DELAY AUXILIARY UNIT 

Handle Color: Green Brown 

))ralling Number: D-85673 

PW Number: 63-974 

* Transistors: 4 L-5122 

Power Supply Voltages: +10 

Use: provides a switch under computer 'control to switch among any of four 
values of delay 

Remarks: Used with variable delay unit (No.2}) 

* All transistor type numbers are identified with manufacturer in appendix 
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INPUT MIXER AMPLIFIER 

Handle Color: Green Red 

]).raYing wurnber: »-85744 

PW NUmber: 63-988 

* Transistors: 4 L-5122 

power Supply Voltages: +10 Me; -10 

use: Inverting amplifier for levels coming from input mixer (No.4,) 

Remarks: 4 circuits per PIU 

* All transistor type numbers are identified with manufacturer 1n appendix 
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5 3 I 

SCHMIDT TRIGGER MOD II 

Handle Color: Green orange 

))raYing NUmber: D-87685 

PW NUmber: 63-1105 

* Transistors: 2 L-5134.; 4. 2N357 

power Supply Voltages: 10i -10 

Use: Inverting circuit providing fast transition times between ground and 
-3 volts independent of input transition times 

Remarks: Trigger points: -0.9 volts, -2.2 volts 
2 circuits per PIU 

* All transistor type numbers are identified with manufacturer in appendix 
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Handle color: Green yellow 

Draw1n8 NUmber: D-80515 

PW NUmber: 6'-987 

PETR AMPLIFIER 

Transistors:* 2 4JD1Dl; 2 2N167 

power Supply Voltages: +10 Me; +10; .,; -10 

54 I 

Use: Emitter follower type amplifier for current supplied by photo diode. 
used in Photo-electric Tape Reader circuit. 

Remarks: 2 circuits per PIU 

* All transistor type numbers are identified with manufacturer in appendix 
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.1 uSEe PUlSE FORMER 

Handle color: Green Green 

DrawiDa NUmber: D-80514 

PW }fUmber: 6'-986 

* Transistors: 4 L-5122; 1 L-51,4 

power SUpply Voltages: +10 Mer; +10; .• ,; -10 

NO· 
55 I 

use: Fo~.l ~seo , volt negative pulsefram rising or tal1ing level 

Remarks: Maximum output pulse current: 30 me. 

* . All transistor type numbers are identified with manufacturer in appendix 
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GATED PULSE AMPLIFIER 

Handle colora Green Blue 

J)raw:l.Dg NUmber: n-85748 

PW lUmber: 63-961 

* Transistors: 2 L-5122J 2 2N501 

power Supply Voltages: +10 Me; .,j -10 

use: Pulse amplifier tor .1 ~sec , volt negative pulses. Used in in-out 
equipment, and for amplification atter pulse bas gone through a delay 
line. ' 

Remarks: 2 circuits per PIU 

* ' All transistor type numbers are identified with manufacturer in appendix 
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.15 ....sEC 50 OHM DEIAY LINE 

Handle Color: Green Violet 

DrawinS NUmber: D-85568 

l'W :NUmber: 6'-964 

* Transistors: 

PoWer Supply Voltages: 

10· 
5 71 

use: controls timing of strobe pulses tor S memory. Taps at 7·5 IDf.isec 
intervals. 

Remarks: Terminate end wi.:'h 51 ohm resistor. 

* All transistor type numbers are identified with manutacturer in appendix 

F16 .. 1/9 
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• 4 taSEC 75 OHM DELAY LINE 

Handle colora Green Grey 

)).raYing Rumber: D-S5746 

IV HUmber: 6,.1002 

'fransist., "'8: * 
Power SUI'lJl.y Voltages: 

1'0. 

58 I 

Use: Controls timing ot pulses tor memory control flip-flops. Taps at 20 III.fjsec 
intervale. 

Remarks: Terminate end with 75 ohm resistor 

* All transistor type numbers are identified with lIIBDutacttlr'er 1n appendix 

U= Grnd. 

FIG./21 
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OU'l'PU'l' DISTRIBUTOR 

Handle colore Green White 

Dr_wing NUmber: D-S5145 

PW number: 63-1000 

* . 'l.'rans1l3tors: 4 L-5l34 

Power SUpply Voltages: +10 MCJ -3; -10 

BO. 
59 I 

Use: 4 clamped inverters with 4 load resistors and outputs for driving 
bases and for driving cables 

Remarks: Used in in-out equipment 

* . 
All transistor type numbers are identified with manufacturer in appendix 
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.:3 uSEe eUI·S!iJ'ORMER MOD II 

Handle Color: Blue Blaok 

J)ralt:1.Da NUmber: D-87522 

PW NUmber: 63·1001J 6' ... 1000 

* TraDsistors: 4 L-,1,4 

Power SUpply Voltaaes: +10 Mej ·'i -10 

NO. 
60 I 

Use: a-c ooupled clamped inverters tor torming ., "sec, volt pOllttive or 
negative pulses from wave form rising from ., volts to ground 

Remarks: 2 cirouits per PIU 

* All transistor type numbers are identified with manufacturer in appendix 
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DUAL FLIP-PLOP M:>DII 

Han4le 00101'1 Blue Brown 

nraviDs IUmberl D·85749 

. PW I\UBberl 6'-999 

* Trarl8:Lator.,: It. L-,1,4J, 

PoWer IUPp11 volt .. ea: 

2 2lf5,4; 

+10 Mel .'J 
2 2K'21 

.. 10 

BO. 

uae: B:l.atable dev:Lce to prov:Lde logic levela ot ground or ., volts. used:Ln 
:Ln-out equ:Lpment 

Remarks. May be set or cleared 
Max:Lmum prt t 800 kcps I 

Clamped output prov:Ld~s 6., ma output current 

2 c:Lrcu:Lts per PlU 

*. ' 
All transistor type numbers are :Ldent1tied with manUfacturer in appendix 
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DUAL FLIP-FLOP M)D II' 
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Handle color: Blue Red 

Dr-ins Number: D-85888 

PW Number: 6'-999 

SYNCHRONIZER 

* Transistors: 4 L-51,4; 2 2N5,4; 2 2N,21 

PaVer Supply Voltages: +10 Me; .,; -10 

Use: 

Rema'l"ks~ 

* All transistor type numbers are identified with manufacturer in appendix 
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CAPACITOR DIODE OATI (OK) 

Handle color I Blue orange 

Drawins lUmber: D-8'747 

'" IUmbert 6'-1006 

* '1'l'8Da:1atora: 

Power SUpplr Voltages: -10 

63 I 

use: conta:1nl 6 capac:1tor d:1od.e gatea. can be used tor m:1x:1ng and gat:1ng at 
levels r:1a:1ng trom ., volts to ground. output:1s pos:1t:1ve pulse tor 
use :1n in-out equ:1pment 

Remarks: 

! * . All transistor type numbers are ident1tied with manufacturer :1n appendix 
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V'l' DRIVER AMPLIFIER 

Handle color: Blue yellow 

Dra-ins HUmber: D-85751 

PW BUmber: 63-1013 

* Trana1sto:ra: 

power Supply Voltages: +250; +150 MC; +10; -15 

BO· 64j 

Use: AmPlitication ot '0 volt clock pulses. positive output pulse teeds 
VT butter amplifier (No. 67) 

Remarks: sylvania 6888 vacuum tube and 250K potentiometer mounted external 
to unit 

* All transistor type numbers are identified with manufacturer in appendix 
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Handle Colora' Blue Green 

Dra1tiD1 IUmberz D .. 86:5l7 ' 

PW IUmberc 63-1000 

* Transistors: 4 L-5l:54 

OUTPUT MIXER 

PoWer Sqlpl;r Voltages: +10 MO,; -,; .. 10 

I ~. 65 1 

Use: 4 clamped inverters with one load resistor and one output tor driving 
bases or dri ring cables. used in in-out equipment 

* . 
All transistor type numbers are identitied with manufacturer in appendix 
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BaD4le 00101'8 Blue Blue 

Dr-ins IUmberl D-8689' 

IV l\DIlbers 6,-1000 

!r8A.i.~or'I·4 L-,1,4 

'LXNB DRIVER', 

Power &upplr volt"".1 +10 MO; .'J -10 

V.e. 4 clamped inverters with 4 10adresisto1's and outputs tor driv1ng base. 
and tor driYing cables and twisted pair lines. 

, 

Remarks. Used in in-out equipm~Dt ~r1mar111 foridrivins cables 
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Handle Color: Blue violet 

Draw1nS Number: D-84996 

PW lUmber: 6,.1014 

* Transistors: 

power SuppltVoltages: +250; +150 MO; +10; -15 

Use: provides'O volt negative pulses for driving 9' ohm cable to pulse 
transformers tn computer 

I, . 

Remarks. sylvania 6888 vacuum tube and 250K potentiometer mounted external 
to unit ' ! 

'. 

* All transistor t;ype, n'Fbers are identified with manufacturer in appendix . 

+250~ B 

M 

B:of2!>Ov 
J=r/50v Me. 
P::.tJOv 
V::. -/5" 
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C cam 
I 
I U 

: G~. 
f I 
I +150"" 

r 

I . ---. -" 
I EXTERNAL I 
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H 
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Handle colors Blue Grey 

Draw1ng NUmber: 0-87007 

PSI DUmber: 61 .. 874 

* Transistors: 2 21,,6) 2 U·' 

power Supply Voltages: .10) -10 
, , 

use: Used to light 30 volt bulbs 

Remarks: 'Maximum output current: 
Max1mum output vol tagea 

100 ma 
30 volts 

10. 

*. . All transistor type numbers are identified with anufact~r in appeDC1:1.x: 

A 
IN 

U" t-/Ov 
S--/Ov 
V=Gnd, 

v 

IN Q4 

J 
OUT 
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Bandle Colora Blue White 

Drawing lUmber: D-816,,· 

PW lUmber: 6'.1061 

* '!'raDslstors: 

power Supply Voltages: .,0 
Use: contact. rill switch 2 amp's"w:l.th,O volt input on coil 

Remarks: Contains two double-pole double-throw relays, 
Clare, TYPe " 10. RP16,e 

* All transistor type numbers are identitled vi th manufacturer in appendix 

I 

I 
I 

A 

cr ~ C M 
L 

I 
I 
I I 

C( E 

f! 
p 

:S 
f B. 

I , 
0 

k' k2 

U=-30v 

u FIG. 111 u 





TYPe JlUmber 
As Listed. in 
Text ~ufacturer 

GA.-52830 

GT-90l 

H-3 

H-6 

L-5122 

L-5l34 

L-5409 

8174 

western J1ectric 

sylvania 

Jti.Dneapolis 
Honeywell 

JiI1lmeapolis 
HoneyWell 

Philco and 
sPrague 

phileo and. 
Sprague 

pb,ilco 

Philco 

General Electric 

General Electric 

Deleo 

Equivalent 
lUmber 

21539 

21240 
(S~lar) 

21'393 
(Sim1lar) 

Remarks 

PIP Core SWitch 

Meare SWitch 

PIP power 

PIP Micro-alloy SD! 

PIP M1cro-alloy diffused­
b&$e transistor - very 
high speed switch. 

PIP Micro-alloy dittused­
base transistor - High 
voltage, high power 
2.501. 

IPB. Audio:l Grown JUnction 

PIP Audio 



6)-2631 200. 

me ~r 
AS Listed in 
Text. ·JIUlutacturer. 

General Electric 

211321 (Jeiiera1 E,lectnc 

8351 

Qeneral Electric 

211534 'P1l11co' 

8536 

aeaeral E1ectric 

Bqu1valeDt 
lUmber R~ks 

4.mlJ)1.··· 
" 'v' .-.•. ' 

I 

i· 

PIP A~O 

PIP Medium Speeel 

.m-lI Medium Speed 



philco: L-5122 
.. ~-1071 

~tmum dissipation at40°c: 

M&Ximum collector voltage, V "I!!J:' 
. CD 

Maximum collector curreDt: 

Similar to type: 8240 

10 mv 

-6 wolts 

M1a1mum hfe (small sigDal 1\\> (Ie III -·5 ma, VCJ • -3 v): 16 

MiB1mum 00 P (Ib .. ",.6 ma, "reE --.15' v): 8.33 for P:b,ilco units 
10.0 tor Sprague units 

J(1rd.mum Or.ounded.-Em1 tter unity G&1J1 Frequeru:y, t 'J.' 
(Ie • "'·5 ma, "eE iii -3 v): 30 1D.C 

. J(aXimum Hole storage coefficient I Ks 0:: 105 Jllf.&coul/ma 

J(8.X1mum leo (1' cb as -5 v h 3 aau.ps 

MaXimum leo (Veb as -5 w)g, 3 ~s 

Ph11co~ L-5134 S1m1lar to tY,pe: 2B393 
'J.' ... 1301 

Maximum d1s~1pat1on at 4QoC: 35 mv' 

M$Ximum collector voltage, 'feB: -6 volts 

MaXimum collector current: 

JlIiIlimum hre (Small signal f3) (Ie as -.,-ma, VeE. -3 v): ,40 

M1niDNm DC 1:\' <~ 1;;, _ -·5 lM.~ VCE • ..,.15 v): 30 

M1D1mum 00 P (Ie- 8 -50 ma, 'fCE • -1.0 v): 20 

Minimum 'GrOW1ded-Brdtter unity Gain Grequency, fT' 
(Ic 8 -·5 ma, 'feE !Oil -3 v): 30 me . 

M&x1mum Hole storage coefficient , ICe 0 : 

Maxilnum leo ('feb 8 -5 v): 5 ~s 

Max1mum. leo (V cb 8 ~5 l"h 10 IlAMps 

160 .. coul/_ 



SURFACE BARRIER TRANSISTOR SPECIFICATIONS (cont I d) 

philco: 2N501 
L-5409 

Maximum dissipation at 400C: 35 mw 

Maximum collector voltage, Vc.e: -15 volts 

Maximum collector current: -50 rna 

Maximum emitter voltage, VEB: 2 volts 

Minimum DC ~ (Ic .. -10 rna, VCE .. -.5 v): 20 

Minimum DC ~ (Ic • -50 rna, VCE .. -·5 v): 20 

* Maximum rise time: 18 ~sec 

* Maximum storage time: 12 ~sec 

* Maximum fall time: 10 ~sec 

lco (VCB .. -5 v): 5 ~amps 

*NOTE: These times are measured in Ph11co Test Circuits described in the 

philco specification sheet for the 2N501 and shown below. These 

times do not necessarily coincide with those in TX-2 circuitry. 

L 
~7'!)V 

T 

56 

-:tov 

RISE TIME TEST CIRCUIT 

J.. 
~,.05V 

f·ol 

56 

-7.5Y -3.0Y· 

DELAV AND FALL TIME TEST CIRCUIT 



lfUDiber 

6M-4521 

61«-4521, 8-1 

61«-4561 

614-4571 

6M ... 4789 

6M-4955 

6.-4968 

61(-5097 

6M-5193 

614-5199 

6M-52l6 

Title AuthQr 

TYPical SB! Static ~baracter1st1cs E.U. Cobler 

Positive Bias as APplied to surtace- K.JI. Konkle 
Barrier Trusistor SWitching Circuits E.U. Coh1er 

A LaPlace Transform Anaylsis of Pulse R. C • Johnston 
:seta 

A . LaPlace TrULstorm Analysis of pulse R· C. Johnston 
Beta 

1'.1-0 tir~uitry J' • R. Fad1m&B 

Transistor Logic in ~~O R.C. Jeffrey 

AFUnctional Description of the TI-O J. if. Gilmore 
/Computer R.P. peterson 

Parameter Distributions for the '0 • .1. Eck1 
philco Loo5122 suri'~e"'Barrier 
TrN!msistor 

The Lincoln !I-2 computer W .. Al. Clark et a1-

~ .. O Direct InPut utility System J.T. Gilmore 

Inverters ana Flip=Flops using L-5l34 J.V. L9Jlgtord 
Transistors 

A TWo Trausistor Flip-Flop tor the BoA. HUghes 
TX-2 computer 

A Transistorized Variable Delay unit L. K1einroek 

Date 

5/31/55 

8/12/55 

8/21/57 

9/12./57 

10/22/56 

9/5/56 

11/20/56 

3/19/57 

4/1/57 

4/10/57 

8/28/57 

9/3/51 

9/12/51 



Title Author 

6M:-:;216, S-l A Transistorized variable Delay unit J.B. Fad1man 1/20/58 

61«-5590 3/13/58 

'foale-SWitchstorage system, TX;..2 L. lfeumaml 4/21/58 

6)(-5701 A COD!puter-Integrated, Rapid Access, B.L. Best 
. Magnetic Tape system nth FixeQ. T.e. Stockebrand 

5/16/58 

Ad4rfiBs 

611-5780 8_e ~les of TX-2 Progrem'ng •• p. PeteX'son 7/23/58 

Same jppJ' ca:t:fons at acm 'l.'mnSistj)rs 
toSWiteh1Dg Circuits J.tI. tangtord 8/29/58 


