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ﬁiﬁ‘?ﬁéﬂxﬁ@ﬁ OF SELICONDUCTOR DEVICES
TN COMPUTER TECHNIQUE.

v . : :

. [Following is the tranclation of en srticle by Ye. I. Mamonov '
and Yu. I. Sharapev entitled Primenerdye Poluprovednikovykh Priberov _
v Vychisliteltnoy Tekhnike (Buglish veraion above) in "Avbomaticheske-
ye Upravleniye i Vychislitelinays Tekhnika® (Sintomatic Jontwol snd )
Computer Technigue®), Moscow, 1958, pp. 175-803. 7. :

'fhe‘g. mﬁﬂﬁi}iﬁff v‘.‘bf’-_lfﬁhgs ﬁerfc»mance of an ele shronis c!ig;ita.l
canfpi;fhaz? wn%aﬁ.ning t?ﬁ.o%;saﬁds 'c_f tubes depends to & é#nsid.emﬁle 'dﬁw
gres on ths& sound parﬁ‘arméa of these !ﬁﬂb@ﬂ end is determined by the
probability of fmm failures in tlme. The reliability can be increased]
first of all b;r weens of mmg duravle perts. | |

Meoamhile, the useful 1life of hea%.ar—-'ca%ﬁdé tubes 18 compara~
tively shorb. The drawtacks of aleé:t_mn»»%um el.@m@hta are alge a high
energy conswsption and lorge dimensions.

| Tae useful lifs of semtconductor dlodes and *‘e'z{czd&s 19 tens of"
timaé I.émgé'r than that of tubss, Théjr use makes it possibls te m;ﬁ.@
1 the z*&liabilﬁ,%y ef the mashine porformance and to reduce the expendl-

ture of maching time for preventive malntenance. The glectric energy

consvmpbion 18 also reduced by tens of times.




So far the best results have been obtained through the use of
~gerpanium diodes which moke 1t possible to reduce sharply the number
of elestron tubez in the machines and raise the dependability of the
eircuits. 1In the course of several years of continuous operation only
e feow of the 10 thousand of germanium diodes failed iun the machine

BESH [ L7 | ‘
| Widespread introduction of semiconducter electronics and als
of the primted circuits and other smallesized materials and parts is
ene of the most impo?ta‘t trends in the develovpment of computers, This
| makes it possible to broaden the area of the ¢ pglxeat ion of the new
machines, especially in the small-sized and portable control devices
b end syotems (sircraft, ship, automobile and obher equipment).

Being considered im the prezent article are the priaciples of
the applination of germandum point-gontact and juncitlon tricdes and
dicdes in the cireuits ‘'of the aviomatic digital computers,

The wvse of polnt-sontast tyiédes in the circults of high-speed
machines is based on two principles. One of them le based on the
ptilization of N-zhaped characteristic of the triods for designing
bistable trigger cireuits, aviomatically oscillating ana cne=shot
multivibrators and alae logicsl circulis.

Designed éccording to a different principle ers the dynamic
clreults for which nonlinesr aﬁaractaristic with negative resistance
i not obligatory [/, [ 57

More widely used in the computer technique are germenium junce-
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wider temperature range. Obviously, as the resuli of the development

anee s
The frequency of the electron~tube elementis of the counting

girocuits in the faustest cperatin

(=]

g computers amounts al the present
time to about 10 mezacyeles and the problen of increasing the rate of
the computations still more is being raised., Thevefore the gemicon~
ductor devices must operete at a higher freguercy.

5

An essentisl feztwure of the principsl circuits in digltel com=

LFY

vters iz & comparatively high level of the electric signals. Fart of

el

o

these sipnals is used for the presentation of information in accovd-
ance with the program and the cther part serves for control.

incther distinguishing eharacteristic of the latest machlnes is
the use of dene of thousands of semiconductor slements. AL the prege
ent time information is svailable on building mashines in which all
the bagic circuits are made of samicanduatar elements £T7£J7’ é&?ﬁ
[#7, L3527 [T |

Of the other reguirements demanded of the semiconductor devices
one should mention the wniformity of the chorvacteristics of the Sape

type of devices which secures their interchangeability in the circuitsg

Siother requirement iz an sdegqunte stabllity of the parameters in a

of

47

slicon devices the posgibilites of improving the parameters wild

Incresse,




The principles of the S*t,mc%m*@ of ’J’mggm?
Clrowits with Peind-Contact Gersaulem Tricdes.
I&E’%ATWI; M‘zl'b’;‘:%I:GE TEIC%?‘&@, When & resistor is cmnmaﬁad o

. the base c:i culd of a ,mimucf.mar;b triode having a esu.fmcwn‘t amplie-
fication i’actm* 6, thevre is created 8 pesitive feedback beetwe&n the
axitber s @ll@z‘:.'bsr circuits, T}ie aobual mnditicn of ’céhe_ presence
of negatlive ehée,i*a eristic regions in & civoult with triode indicates
that the value of o shovld be as ’nigh_aa possible since .i;n' that case
L the epemﬁimg cor i:ﬁiqm ave lightensd /6 74
3 a> (1455 (1 :%mf}g‘)

AN

1
{

Whers zfé, r, ard r, sre epdveleit triode reaistances;

ﬁieq R, &and By, = the resistere in the collector, emiiter and

bass eirouibe.

Procecding from the condition (1), with e higher o the mag-
nitudes ‘Ra,, Be snd Ry, woy bé large'r in the pressnce of the nevsssayy
snd cordrollizble elrcuit imstebllity which is advantageous from the

s}amipom% éf‘ lightening the eleclric wmmtmg conditiond,

acgteristic of ﬂm sp%z"x*ing €'¢a,..?n"t T of 2 tx*ﬁ:gg@r with two stable

stetes, In this pmcmm 'aha cuTTe ’t‘!@*&fl{la) st be intersected by

(‘Jmﬁ b cﬁiaw » showm dn Figere 1 may be viilized for & char-

(1




the load Iine 2t thres poinisy

E’ﬂ"‘%“rg'(x "‘""'fi}
R-—ﬂ"@”’ ot 13‘5

Ry < RY

Two of these points (b and v) are stable and the crossover from
cue point to the other is sccomplish hed in avalanche-like fashion. The

graph-I,a0,(I,) shows the character of the gap. For the connection

with the circuits of the computer srithmetic and other devices in the
make-up of which there ave bistabls trigeer cells, the cellector elr-
cuit 1 wavaliy utii;éad aé ﬂé;ﬁg more powerful. I% 1s necessary to
send to the emitter pulses of alternating pelarity. This is the draw-

baclk of the eircult. A pulse of positive pelarity should be gent when

s

1&r5@¢ than the magnitude bit counied off along axis Uge If however,
the'ﬁrigg&w 45 in the position v, then a pulse of negotlve polarity is
gent, this pulssz having to he 1argef than the mazaituds D,
Howaver, ewing to instability (for example, owing to the tem-

perature instebility) and the mresd of the triocde characteristics
such trigger circuit is of little applicebility in practicag' he
basie method for the improvement of similar cirveuits is incorporation
of diedes and reslistors in the trlude‘elﬁc trodes eircuit, Thus, for

example, the insorporation of a diode and trenswission of positive

bisz voltage to the base cireuits (dobted 1ina} wakes it possible to

fix point A of the break of thw N-type claracteristic and imnruvw

the trigger is in posibtion b, the amplitude of the pulse having to be |

;
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Corder do switch 1t frow one balanced state Lo

these clreunits,

The drowheclk of

'

gsary to send pulses of different polarity.

inko two geries-conneched res

#

botwesrn then to the b

it is posslible to acbir"e the stariing of the c¢ircult
arity pulsas.
Tn & mumber of devices; for e

.

for the control and for
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to send pulees to the apprhp'eiatm arm. Diodus Dy and D, at the input

s

> L Tl ok
= " e Inputl 3 T-owtpub b )
T — 4Diode in the base !
vy circdt ie off ) .
. WM{"’:' N Fe ng. Re |
L] l' .

” 7,4 ‘load Line | ¢ e

‘ he "g ;"“.'i: o .
tlode in the bage” Yp ) M )
eivevit is on

e R e AR -

Figure 2. Charscteristic Uu=f{Ig) and trigger clrcuit with
one point-contact tricde.

ef the eirsvit mdy have blas. Diodas ‘.33 and Iy, serve for stabilizae

tion of emitter chavacteristics and disdes I)S and ?36 secure the divie

: I .
4 -4, R,
{lj & % ‘ jf“; &£ .
; ‘ - - Cutpub 1
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gt R
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U %2 o &7, i%

?

N, dtart :
Figuwe 3. Clreult (i:i"gx’*gﬁ of & one-digit binary adder
with teopoint-contact triodss.




sion of the emin:tter circults of the trlodes. Resistors Rzl 10 BV,
‘cempriae about 10 kilehms, R =l & 2 kilohms and Ry =~ emx* 11 kilolmse
The voltage U, «(LC ¢ 50 ) volts, Ieakage wesiztance 7=10 & 20 kile
ohms, Capacitors bypassing resistors P})Ee 10 & 20 kllokms ave 1rtended
for s;:ieea“.ing up the itrsnsmission of high-fregueney signal components

C in the' feedback cireult dwring the chénging over of the eircuit from
one state to the other. The eoupling capacitor between the emittyers
zlso gerves for :;céa”leratixrxg the transition process. |

The trigger circuils considered were used as the fouedation
for the design of one-way :mr’ reversible adders and also for designing
addere operating in ssrial and parsllel fashicn in which the binary
i
- mmber gyebem 1z usvally usad.

By uvsing N-type x:harac‘t.éristia of the pointecontzet tricdes
t}‘wc, can alm be eaﬂily constructed some logical cizeuils CR, NO;
one~chot multivibrators designed for a tewmpovary delsy of a signal,
regenerative awplifiers of pulse shaping and others. The elrcuit
diagram shown in Fi?d""f‘""i;ud.}" be used as the foundation of these devices.

For example, by sending o the emitter the woltage gep and a pulse in-

staad of the biss magnitude Uy 1t is pos sib‘le 4o realize the logical

i~y

function AND er NO for two inpﬁ" signals. The appearance of the oub=
pub oignals in these circuits depends on the combiration ol the input
gigoals,

The masimum frequency of the circults opsrsting on this prin-

ciple and used in practice amounts to about 100 kilocycles per sscond.

I L
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Serving for the suppression of uwndesirable fluctustions which
may arise upon the adwission of pulses is resistor'Rl which 18 connects
ed éaéiﬁlly’ta the secondary winding of the transformer. In crder to
prevent frequency distortion this resistor is hypéssed by the capace
iyor 01:150.mi§r0miqrofaradﬁe The memory capacibor is bypassed by the
resistor R=100 kilohws which inc}aassﬁ the stability of the time cone~
'stant‘of.t@% memery capacitor dlscharge. This reduces the dependence
of the capaciter on the reverse resistance of the diodes Dy and B, and
of the tricds, The time constent should be 510 times greater than

v

the périsd of the pﬁiée iréin;'“In addition; the ﬁmnétanﬂ voltage on
the capacitor frow the Liss source E2 in the zero setbing circuil is
?reduaed to & minimun since the magnitude of R is considersbly less
thﬁn’the reverse resistancea of the diada‘ﬁ%n Conztant positive bias
is tranzmitted bo the base of the triods connected in conformance with
the g#ﬁunde@abasa configuration, In the collector there is a pulse
tran&foﬁmer one winding of which is ubilizad for sending the feedback
‘signél through the dicde Bl to the capacitor C. Resistor R2 and the

| cagm el bor Cp form & filter in the feed elrcuit.

The circuvit considered is cheracterized by adequaﬁa reliability
| and the edrculd triodes operate relatively stably., Reliability may be
estimated by the difference between the msximum velue of the base bias

E gy @t which the wnity state proves to be unsteble and the mindwnm

valus of the base bias Ey pi1p 2t which the zevo state is unstables

A BRy max ~ B3 mine




Thin difference ealisd reliability margin is equel to L-b valm

without leed. The higher the £ 5 the lorgey the relisbility margin

watput of such a trigger-ave pulges of 100 mil-

n the ecapacitor makes it possible to

-

ifiers of the fype mentioned,

jeve t}m

K -J
e
o
E:z
o
e
&
bt
&
o
ot
7..)»

advantages over the statlic

&
i

Yrdgpers ardy ono

of parts ars necessary for

Tha :f;c;mz't:n’t%czt,té,f:r»xi,,, The tric

is used in the pulse-tiype mda af opsraw

3

. ¥
udte Mo perbisularly rigld vequiremsnts sre dee-

* performar
‘Jing 2y m} wnity-sett

EJ - ™
micronaconds.,

il
ing
1:11.&: 38 GVETY i
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In the gbsence of inpuh signel, the tricde i normally cub off

and passing throvgh the ecllector is 2 small current which does not
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i

exceed & few tens microamperes in the normal operation of the triodeﬂ
(Figurc 6), During this, the voltage on the colleétor ig close to the
wbtdpb of the powsr supply By Wien @ negative signal arrives at the
‘input the tyiode is itriggersd. The minimum magniﬂud@ of the negative
oltaga on the. base reguired for this is called the base voltage of the
.callector gurrent cutwnff Vi, out 904 for the triodes PL E -~ F l I
‘4t amounte to aboub OG.15 volte. At a Gefinite value of the base cure
vent the triocde is saturated and the woltage on its collector Vi sat
comprises Oaﬁjmﬁ;ﬁf wq;t& and the current I, 1is determined by the load
resis iﬁC@ Ry, and vgltag@ Eug'”Ths base currend ab the saturation

phroshold of the collector will be squal

3 . ] £y
T = Jon= =
¢ ¢ K ;

vihere Cff, is the average value of Y correspending to the amplitude
of th@ collector corrent from the cuteeff to saturation.

The collector eurrent cannob inc resse wpon further increase in
in %ﬁm mase ewrrenb. The voltage on the base is determined by the dne
put shavacteristic of the triode (Figure 7). The voltege on the base
Vp.sat with a definite base cuxrent Iy .4 WOV be taken as the par-
ameter of the inpat circull.

Let us consider the response of the amplifier to a short negi-
tive pulse having steep fronts (@rn Tigure 6 b). Upcn the delivery of
such a pulse at the inpub, the voliage on the collector does not ine-

cresse to zero 2t onece bubt in the course of certain time tc which char




acterizes the duration of the forward pulse front un the outpﬁﬁ ine-
cluding the delay, After the cending of the input pulse is discontin
ued the voltage on the eollecbor remalus the same for soms time and
“paasing thrwﬁghfthﬁ base and collector is the gpace-charging currenb.
When the conéﬁntraﬁioq of the holes near the collsstor junchbion reaches
‘the 'aquimbriim value 5 17 Fy [18 7 the eollscior current begins to
diminish slowly (time tp). Time 1 during which the colleckor cupre

renb preserves conshbant wognitude durdng the spacing-charging, depends

wn, B

&2

e,

.*wé%k%

fg, KL 240 w06 150 128 L @
CFigwee 7. Lioput cheracterisile of the tiricde P 1 E when
By 10 wolts and 2 kllohms.

en the degree of the seturation of the triode and theoretically can be
reduced sero, In this case the magnitude of the inpub sigral corres-
ponds to the threshold of saturation. Magnltudes 4., 4y, by depend

both on the parawéters of the tricde and on its operzting condiiions




deterzined b the external cirenit /16 7,

o4 way be consldered to be constant

4th respect Yo he base carvent only when operating with swall sige

nale. It megnitude depends on the emitter curront and is appreciably
reduced when the currenis are large /‘w 39”70 This circumstance should
taken i m%f) consideration when operating with large signals.
"i:w mextmun permisnible magnitudes characterizing the triode are
I}gﬁpeaz"ﬁ V‘k._,f};_;em Pi,pore Heving & particularly dmpor tant si gnificance

aznng othan poran c,‘«‘,m* is the dark curent Jyp PRssing through the

[+

celle otor and base in the positive dirvection when the valus of the

emltley current 15 fers. Alse of sn lmportant significence is the

when the base civeudt is broken). In the junction tyiodes, this cur-

"#

yent veaches geveral hundreds microsmperse and in the case of poor bris

ades may be more than one willismpera, If the base of the trisde is

grounded through the resicter By, then 1n the absence of & eigrel the

e L%

eollector current will have the mean volue between Iyg and Ilynse. This

-

valne will be the smaller the smallier Ry, i it 1. () EXCED i the mas

» .

jan permissible valusy thsn the vwalue of T'yn is alse large which is
-k

SEATTC SRTGIER. There exist many variants of a circult twigger

*

cirevit with juncbion triodes /720 7, /721 7. The opsrating fre qrency
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When gritching the tri;

- dotermined by the spacowcharging time and; conasquently, the elements
of the circeult wust be appropriate to the shoritest space-charging timed
.Tha redunhion in the duraticn of the rear front is also achieved by
the introdustion of the linmiting voltoge Ew
In order to reduce the space-charging ‘bma the reslstence

By, wust be sg low as pocsible

Llectar curren

he duration of the

%

+

TETITALBS Lkepe.j‘hq N
v e . O volis. then Ru = S wh
, 1@ op and Eyp= =10 volts; then By # ccmemmmo.
Ikap@r
The conducting tricde is kepl in the sa

e

expense of ils base current

and heve & ceeﬂ. 1 Marg

The totadl o
sur of the current 'ib and

since the

current passing through the resi
L

A s
WmUSY 08

iy which

in

3 &
3

the cwrrent passing

e ere L1 ¢ sgual to the difference bebween E
g the dirset resistance of the diode Vg and

WP e L i
C,?f LiNEL v{u& ':‘xfi,{'/)

iode {"m‘,
S G

de is determined by the

4.\. J s i:?‘

tanse

seless losses, its magnibede

transition process is

o4
i it

Ikapﬁr z o5 milliag-

idohms,

s gt the
larger than the cur
ko

v oof the cire

is egual to the

(84
»
through the 1s:e'kw= 1'é «f

” Tus the woltage drop
P g

the voltere on the base

[30 == Ly 4 Up — Uh gt
— of




)
J
]
E,=—5¥v, i - iRy — 0,5 miliismpa
" then
5w i '
R{b e ﬁjﬁ"}?&m 10 ®ilohms

The vesistance B pust alsoc be as low as possible in ovder o
reduce the effect of the zere swerent, and ite mindym wagnitude is
 deternined by the permiesible losses of the neb power. If it is taken

thal iﬂb = 253 of iy, then in the exerple clbed iﬁ‘b = «0,1 miliiame

T sat 0,25 yoits

serras. Then fy, = : : = 2,5 kilohms
k s b . if‘fb Q.1 mi.lf.iﬁmpu ®
855 &
. »

¥ 1, ’ y 8

A Connting Taput

Figare 9. . General-pirpods trigger cironit.

£




A very responsible element of 2 trigger cireunit is capacitor 6
designed not only for speading-up of the voltage tfansmission,'as in
tabé clreuits, bub also for the transmission of the trigger and spacs-
| charge currents to the triodes wntil the estsblishment of a stable
stgta,f If the capacitance is too small, then this hinders the triggerd
ing, and if it is teoAlarge, then a high saturation takes place during
;the time.iggediately after the changeover aud this reduces the quick

operation of the trigger.

The starting of the trigger can be accomplished both by the
. - . fey
positive and negative pulses delivered to the gollactor or to the base

Albogether there exist elight different varisnis for starting, the best
pesulta being given by the varlants shewn in Figure 9. In this cifm
3ui%5‘corresp@nding t¢ the state w1t ig the negabive pobentisl on the
right tricde. OSeparate triggering by the negetive unlty and zero
s@ttigg pulses delivered to the bace is the most economical one.

The Stafting pulze acts on the triod and teiggera 1t, The curvent re-
quirﬁ& for this alightly excesds Ibn and the voltage on the bage
cannot exseed vy 4.4 = 0$2'§ 0.3 volis, The chains Cyfty and R
inerezse the iaput resistanse (53 and Gh serve for the compensation
of the input capacitances of the triodes), The maximun frequensy of
the triggor during this dees not exceed 500 kilocycles per second since

the vear frent (the cub-off time) deterwined by the space-charging

comprises ahout 2 microssconds,

A considerably higher mate is secursd by another method of

— 23 —
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separate starting called "accelerated triggering®., With this method,

there are sent ta the w‘ll setor eircuit power pulses which are deliv-

ered on the unity and sero setting inpvts of the emitier repwaters T4
and Ti,e For exanples i the trigeer is 1n the position ®1¥ and & sig~|
iy - .

nal is delivered on the input of "8”?, then the triods TB is tripgered

nee ibs output resistence decreases to about 10 okms, the poten-

a3y
[
e

it

tial at poinh A4 is redused to the negstive level of Bg» If the ampli-

then the potential is reduced still

bude of the input polse ercceds K,

more. Tuving this, the tricds I? is gdeA“' frtpgered (during the time
of ebout De3eDdE x freaeﬁoxq@}g the potential at point B increasges,

and the welede Tq will be cut off. Ils space-charge evrvent dees not

PASE 33“naﬂh the res: r By but through the Tl wmzﬂﬁé triode T, andiive

(2%
Fala %
'

. . s s : ' . ER)
ppsce charge soows very ouickiy, in aboub 0.5 micorssconde. Wibly

the acoelevsted starting, the foreard and resy fronts of the voltage

T T R S PP e et e . . T g e
ere sousl bo aboul 005 misroseconds which zencures yreliable triggen

operation at the freguency of 1 megacycle. per second, with the power of]

the irput pulses belng shoud 50 milliveltis,

The best varlaat of steriing through the adder input is the
¥ + v x > - 1 i - " . y o)
travomission of positive pulses hoving & voltage of 152 volte through

the ﬁludaﬁ 03 and D (Figare 9}, The sénzitiviﬁy‘of the trigger with
respect to the steriing may be Tr&u.ﬂth by means of varying the pogw-
ftive bias E. = 0.2 & 0.5 volbse. The maximun freguency during thig
dopends to & considerable degree om the qualily of the triodes. The

it

-, ’ 1 L3 - L4 sy, - - o '-~ ” . y
Tevger the vaive of X%, the higher the freguency. Freguency of 00




kilocyeles. -p@r ssoond may be considered morwal bub for sams  tricdes
PLE (= 60 & B0) and for tricdas P 1 I, the froquency may smound
Lo 500 kiloeyeles per gecond and higber (Figure 10).
PRIGUER WITH DIRECT COUPLINGS. Circeites with direst couplings
began o be buili after the discovery of ﬁurfompwharri&r Lirdodes dfﬁ%#?
. which becavss of thelr pors oy proved te be the
most suitables enss for the eonstruetion of auch civeuits f728 7, [36 7
glzo be ussd in wheﬂ@ aireulbs,
wupling is such a eoupling betwsen the collector
enieved withovt sny irtermedizte elements.
go of such eircvits {8 thelr sirmpllceity and
v 1s schisved through the sbsence of intermeds
the usuwal static trigrer, = trigger with divect
LR 11} has two stable stetes of eguiliibelun. In sach
. prne of these eloter one driod fs oub off and the other one is bolng
The poltentisl "e.?k st amounbs to only 0.03-0.07 volis on
. trhe triode collentor in the stete of satwration. If this pobentdal is
less than the ga~m cute-off voltage, df.e, iF Ivk L L then the
wlhhay tricde the g of whish iz conneobed dirsetly with the colleotor

ol the sonducting triede »ill be cuk ofl, th
of the eubeoff tricds belng equnl to the valk
ponducting triede vy gpte In ¥his case, pass
resintarse of the cut-off tricde 1z the base

<l

S ME T T

s b g 2l o A
¢ vollsge on the o

sgn on the bass of the
‘31 g %lTaJ\} }“b th{’l lt}‘:’.d
eurrent of ths condusbing

-
et h




Filgure 10, Oscillegrar of Static Trigger Operation with the
Flip«Flop Treguency of 500 kilow
cveles per seocond.

rowith accelorated

a - trigger stoerted to tne base; b ~
H 3

<5
starting; ¢ - trigger with coun
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current securing the zat

- triode, this

 triode and  conseguently, the

Ugon the chengeover of the

-~

other, the volizge difference on tre

ameters of the tricdes:

S p ey
{&,J “b, S&L

Shovm 1 Figare 12 in a single coordinate system is a femily of
the collector and hase charseheristics of the tricde PEE, The measura-

ment pointes at which the tricdes way

terzeckion of the load line AR with %

"l

triode. Tmetermined ab point 1b ie
and the base current I, ..q off the co

shabhilit

the voltnge on the

turation state of the conducting

the overall state of the

tw of

trigy ong shate 4o the

<o
rer Ivom

collector ls defined by the per-

()

be located fined by the ine

ne charscteristic surves of the

bage vy, gat and

niducting triode. The veltage and

the coilectar surrent of thie iricde are determined at point 1k where
the line AR is intersecied Ly the corrvespording collector characteriee
tie . The intersestion of the perpendicular dropped from the point

1% onte the axie of the abscissae with the bass cheracteristic, defines

the base current of the cul-off frio

proaching zerc. The co

s defined on the colleztor chovanteri
voltas Yy, T Vg sate

2id of suxiliar odes (eee Figure

de, the vzine

1lector of the cut-off triods

fert to achieve the starbting o

of this current ap=-

i also muell and

etic corresponding to the base

of the trigrer with the

T

11 b). The starting triodes

.h,' 1

&7

.



[}

ard T) ave energized with negative pulées to saturstion and cwing to

0 £y

Figure 1), Dirsct-coupled ©

&3
H-
%
o
3
ed
-y

a = trigger circult; b - trigger with triode starting.

this the voliage on the collector of the eorresponding triode approachd
les zero. The starting triode must be in the state of seturation until
the changeover procass is completed, the durstion of this process being

determined by the space-charge tims.

[Bea page 28b for Fig. 12.7
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In dhe case under consideration, the spaceschargs time ia frew

LKL nLy VELW

only the

3”3; 1 rnthe of i"?"i"'v'.‘a’f"i.ui!,m,

With the junction trisds P 1 I, these nirculis oan operate only L£ the

frequency comprizes severa

2l tens kilooyeles per sucond with the feed

1

1

{
voltages being 0.9 volte end higher. In ordsr bo reduce the degree i
) i

%

of saturation in the direct-coupled trigger, tricdes with a small ve ‘Isggqg,

G X

p N AP . 3 gy T &t 2 e 42 i
af £ ave ey giiqnﬁ]{tldczﬂ‘{l":lv snd pesure & ghorter {1 s,pm-f,x 9% b, !
i
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8 - T e v e
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JURCTTON-IONE T ‘s The feasibility of creating such a ;

ted pger do princiole ie founds s properdy of the Junetlon diodes .
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Figvre 13, Junction-Diods Amplilier.
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— et

see time after the passage of the forward current. IDuring this time

and until the terwivaticn of the spoce-charging proness, the Junetion

,.«A

dode has a high reverse conductance, Serving

\@w.

a8 the porey sunply

sovree in the dicde smplifiex the circuit dlagram of which is shown 1n

Pigure 13, is the generator of the main pulses MP. In the abmewO@ of i
a1 hnpuﬁ‘ gignal the u:mﬂ& Dy iz off all ihe tine. 1
In oydér that the dlode wot ba triggered 1 n the interval bew- ?
|
tween the pulses, 1t 1s necessary to tranomit the fixed bias E which |

is equal to the voltage amplitude of the wain pulses divided by the

yatio of the aversge pulsc spacing to the average pulse duratlon. The

pulse arciving at the amplifier dnpub triggers the diode and forward |

current beging to flow through it, l.e. there ocours the o maaﬁl 2

aignition®, During this, #r increased consentration of holes develons

in the cemlaonductbr erystal, The high reverse conduchbance lasts une-
i
$41 the concentration of the holes nesr the p -~ n  Junction is ree
|
ducad to the eguilibriws value. This pericd will be the longer the !

snaller the curvent flowing through the diode In reverse direction.

1f a pulse MP srrives ab this time, 3t pasces through the diode and

3

the 10&5.RL, The pewer of the output pulse is determined by the load
resisiance and hy the amplitude of the pulses MP, and the power necege
eary for mgMihw"i&edﬂﬁeisnougm@tandlhamwmmdonthwduw.
sol vresistance of the point-gontact dicde Dy, the direct rasistance of

the junction diode D, and.on the intermal resistance of the sowrce of




1

the main pulses, The most comsiderable power losses occur on the in-

terral resistance and therefore it should be as low as possible,

ing of the holes, 2 junction diode can serve not only for pulse ampli-
ficati@ﬁ‘buﬁ'élsa‘as 4 memory element and can be used in a dynamic
brigger tircuit. If a signal from the amplifier outpub arrives at the
.input afiey some delay for the regeneratibn of the conduction state of
the diode, then the pulses MP will be passing through continuouslj»
The result is a trigger with two stable states and characterized by
the absence or presence of the pulses on the output (Figuwre 1i). The
positive pulse from *he amplifier oubtput pssses along the line and
éaf%er being reflected from its open end returns with the same polarity
and triggers the diode., The time botween this pulse and the MP may be
brief. The inconvenience of this circuiﬁ iz that a comparatively bul=-
ky elament, such as the'delay line, has to be used for its construc-
tlon, .
Dynemdie memory elments with junction dlodes have sc far been
little investigated. However, already now it may be stated thet they

are of great interest owlng to their simplicity.

POTNT~CONTACT DICDE TRIGOER WITH A NZCGATIVE RECION OF THE CHAR-
ACTERTSTIC, The development of the method fur obtaining peint-contact

dicdes with S~bype volteampere characteristic /30 7 mede it possible

Owing to the existence of a finfte time for the space=charg-
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Lo construct simple trigger circuits. Dlodes

gortach spr > with an admix
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surrent pulses of several amperes
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sonsisting of silver

n-type

Taput

e -lr-.;

me‘iﬁ

7k
s k P g/’
et
{
, it f
el Ly
W E ‘3 . }
g t 7 ‘~;£,m..ﬁzd 1dns
4&,.,@..,}‘«7 g = . it Mgk kY &y éﬁg' s 3

Vi
E.;@ /‘*‘35’1
metion dlod

i&: wred for
l\.::r'sw-?on of tae foedb

ad g8 4.

Figure 15,

»

trigger elreu

ol

construction of 5 sirvoult

with two

e, I X . v} - g ey 3 e
necessary to sslect properly the

fo
e
iy
=3
o]
}}
g
jsd
£
s
o
(Y
6]
]
i)
o
._‘

tors and shapers, These

gondrol pulse train may amowl to several mege:

EVN mwna"”’ cells, lorical cireuits withont
W & &

Swtype chavacteristic of
a p mumﬂnm,aci, diode and bistable

Vaving S-typs chareeteristic nay be ut

1% ‘1‘31:‘3 ’ -::. w4

R {flgure 15}, Corvesponding to ong of the si2 ble shates is point

he othar = poind b. With such dicdes it is peseible to design
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. , i
iltzed for the ;
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velbage Uy and the load resistance "
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cireuits are simpler '
The {reguency of the
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colncldence of the pulses is easily achieved /731 7.
In the cireult of a puls euva@ parallel diode restifer shown

in Figure 17, the trazuslormers ave arranged or the iuput and the oub-

put signal is picked off from the resistor H.. In the absence mf
4 P L

iena; i i
signals, the current from the eource passe g through the resistor Ry
and‘ﬁh%ﬁa&h soth diedes Iy and Lo In this case, the potential on the

aprroaches sere since it 1s egual 4o the mapnitude of the ST A

age drop on the direct resistencs of the diodes; ov approximately (.5
volbs. Upon the arrival of the gignal st one of the inputs, the corm-

"

vesponding dicde iz cut off, However, the potential on the outpub
changes iittle sinee the curvend comtinuves Yo fiow bthrough the second
diode. I1f however, two signals avrive simultansovi sly, then both 4=
m%aam&mmaﬁfatimeSmmfﬁmsmmfmecmwmm}mmmtmmmgaﬂw
resistor Ry inte the dosd resigltance Hlf "he magnitude of false gig-
nels io auch & reobifier depends on the rabtic of the vesistance Hq

snd the transformer impedences, The suppression of falge signals is !

aonieved Lo a considerable degree by the introduction of & swmall

ATDTR.  In the computers, the adder is uwbilized chiefly in the

2

vy the addition of the seriesg pulses; coae stlorage
X 3 &

et e o B A e =

2

and fur the presentation of the cods on tha decoder

after every addibion of unity. All the digite of the adder can be set

st any time at zero. The frequency of the pulse arrival in high-speed
i}

v g e s T




e sotmenctlf

computers is very ﬁigh‘while the setting process of all digita must:
Ee completed in the time less than the period of the pulse series. ' |
fhe more digits in the add&rg the wore difficult it ix to caryy out
this Tequbr sment and therefore the high-spesd devices are provided
with a ractifier vtr wit for a through transfer, this circult assuring

o fast’ pa ssage of the pulse along the addsr., With this method of coupd

l;n? it is paasib&e to dispense with the cnupter ivput in the triggsr.

5 5

Inhibit %

£ & ‘ ] i

L |

R T [}R’ |
38 Q i

a) . . R
Figure 17. Diode pulse rectifierss

a ~ coincidence vectifier; b - non~coincidence{inhibit)
rectifier.

An adder with dynemic triggers (Figure 18) is arrangement in the

following manner, lLocated on the input is the pulse synchroniger FS




4

differing from the trigger in that in it a negative feedback is used

stead of a positive feedback, A pulse arrim&ng at any arbitrary in-

the capacitor and creates the conditiong for the passage |

L

the first pvlss MP which discharges the capacito zrough th fecde
back eireuit as the result of which the next pulses MP already Go not |

pase theovgh. The synchronizer is intended for the coincldencs of the

begi&mimg of addition with the beginming of the pulse arrival HP and
for securing thereby the completion of the changeover process before :
‘ {
the arrival of th& new puls ¥P. ’
After the synchremizer, the prlse heads divectly to the recti- |
fier of tub transfer ¢ cireait end alse thirough the delay 1i e L oof
the first digit. If there iz already unity in Lh@ first *ﬁ, it place,
then the transfer veetlfler By i cut in and the pulse passes to the
néxt digit vlace wtil it finds & diglt place wilh the zevo code on :
whial unity is then set. %
A delavy in the onity setting cirveuit is necessary in order that}
H
the rectifiers are wot cut-in before the inmput pulse ends, l.e. the %
'
magnitu ude of the ddlay should be egqual approximately to the width of the%
rlse (095 % 0% wicrosgconds)a In those dlgit places where there 1s
unity, the zero setiing is accomplished by the pulse passing through
the reotifier and the delay line in &he zere sebting cirveult. The mag-

nitude of this delay must be greater than the delay in the unity set-

ting circuit by one more pulse width (1 # 1.2 mlcrasaconds/a

L
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The- mxmbpr cs:” ai gzts in an adder depeﬁds on the f&‘equency and
the duration of the pulse delay in the rectifier and in the *ranefm‘
circuit !ﬂ.mliwrﬁ,, the delsy comprising about 0.15 microseconds p«a:i:'
cascades
| /

L*K‘C:f}m. The pur:sosm of the decoder consists of sending the
slgnal te ‘ohe bus which carres;mnds Lo the number sst in th%» adder .,

A 't}"T‘PI““wf*iﬁ’iQ binarv mgwtev can store eight different bi mr}r
nuphers. Corresponding to this; a '&hx‘ee—d:.g,it decoder (Figurs 19) has
elght output buses. Each bus is connectad b}r' ona terminel through the

reslstor to the source of negative voltage Be A Jow lsvel of the pos

g - ol
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Lo ~ grbput pulse
‘Flgure 19. Cirotlt Decoder : (b )Dynanio uvigu

tm‘l 12l on mv tus cen ocouwr only when all dicdes av:;pmpmatg, to 8 bus

are cut off. For exampla, on tus 5, a Low ;mmtial will ocewr when

thers 1s unlly on nha first tviqg«mr, 2600 ~ on “the se veond and undty -
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onn the third which corresponds to number

During thle, ths level

a1l of the remsir Jil‘gs huses .

When using dymamic v

of positive and negative pulses wust be secwred from each trigger.

casd, the diode matrix nonsisbts
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rectifiers are the pgsitive pulses from the
ex terminals of which are connected to the neghtive voltage Hy.

2ll of the remaining digiis, this bug is co

(lnnm Y rectifiers.

7

Upon the srrival of a negative
digifs, the corvesponding dicde is triggered wh

tive puls

k1
5‘.

pearance of a posd & on

code from the dzcoder, a pulse is
dence yeatifier to each bus fro
trolled by the outpub rvectifisr,
mblies

Trlojea”

bagic memory slemsnt, ubilis

5 in the binary system.

of the potentisl will he approaching
iggers for the decoder control, an oubpub
both of the coincidence
Esch bus is cemnected by the
forning the number
nnscted by non-soincidence
pulss at even only one of thase
the output.

sent through an

m the synchronouvs pulse

When usling &

red in the majoriby of

sere on 4

In
rectifi-
code. Arriving ab these

trensformer colls the lowe

With |

i

vich prevents the ap-

For the selection of the

awxiliary coincie

BOUECE QO

Principles of the Construction of the Ele-
; of a Compuber Baszed
mwﬁmﬁﬂ°“WM“J setion

brigeer as the

ot ¥

sbatic

are the poten=-

Casesn




o

bt

tial-pulse~type rectifiers which can be constructed both with the di-

odes end Junetion triodes.

o P . PP B Iy .
20 a, ghows a reotifler with

one tricde, The control potentiazl is transmitied bﬁ + 2 triode base
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?0.  Junciion triode rectifiesrs. i
from the Lrigner areg, the input pulse arrivaes at the emitter and the
1
- ¥ » % P s SRR o1 ¥ 5y e !
output pulse is pleked off frow the collector load, Such rectilier i
operates on the quantitaitive principle which is asswciated with the g
!

Aty for the stabilisation of the input signal level. The reoti-
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fier repressnited in the Figure 1 the gualitative prive-
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ciple. The signal is delivered on the output only when beth tricdes

are triggered, Such a rbcti

3
=

ay heve several inputs and in this

case a larger mmber of tricdes are cut into a series circuit
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The drawback of beth of there clveults is the lerge magnitude

.

die cutpub pulse delay which comw prises atout 0,5 microssconds,

-

' - papboay by 1 a2
Another drawbeank is

PN e o
t1 L.ﬁ-fﬁ .j..‘u)-"“m

gpacew-chargs time.

The drawbacks mentlonsd above hawe Deen eliminated in the rege

Yifier shown in Figuwre 20 ¢. In this case glgnal arrives ab the

Loy which reproduces the

slwost withoud distopre

2 Y ok 8 A5L s
aff the rectifier,

PR SRR B S e . A VI oy 1 - LY rtxr oo g e v i PN L N
civeuited by a2rother trisde. Howaver, this civoult 1s not fres from

shorteomings either. If the rectifier 1s oub off, the sigoal power Is

st the rectifler is opere

proves to be shorb~cirenited to the ground for the aignzls ar-

uaE ol

LES nwaber

civeuwlts

it ds more wie diode rechifiers which are chavacherized

b s ar P AL 4 " P J '

- by simpdinll of the dilstortion of
|

H

the pulse. are the pare ;

a1lel dicde ractifs Ang on the

ts 15 connected die
When thers is fero
tontial on the trigper contaol ama, ie.c. when the tricde is conduet-

ing, the rectificr contrelled hy negetlve s

qnats ls cut offy  However,

-y

this tricde 1s cub off, there will be a

tive vollage level B,
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on itz collector, and the appearamce of a negative pulse on the pulse

vinput of the rectifier will result iu cubbing off the second diode and
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&
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Fipwre 2L. Dicdé rectifiers:

- ihe cirewit is controlled by negative signals; )
- the cireullt is controlled “v positive signals.

L gt

the appesrance of & negative signal on the oubput, the magnitude of
this gignal boing limited by the level E,. Thus, the rectifier shown
in Pigure Zls, ie a load for the conducting triode of the trigger, and
the rectifier rvepreseénted in Figure 21 B, forms a load for the cut~off
tricde of the triggere

The advantage of the rectifiers considersd, is that their output
can be connected directly o the base of the amplifier or of the emit-

ter repester. A small negative blas of about 0.5-1 volta should be

lapplisd to the emitter for the elimination of false gignals. The drawe
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meters 18 eliminated %o a considerabls degree. Placed in the ewmitber

fhe magnitude of the starting pulse snd the general condi tione of the

powsr gupply. For ths triode P 1 E  Ep® =12 volbsy Eye = 5 volis;

Therefore, a rectanpulsr pulse with steep frontz forme on the output

of the second amplification caseade. The pulse requirsd for starting

ie forned by meang of the differentiatlon of the forwerd frouvt which
is approximately the seme for different triodec. By this method, the

dependence of the cirdult operation en the spread of the triode para-

sireuit of all emplifier tricdes ave resistors of 110 am;nrss: intended
for the pru’e hion of accldental buii.d@p of the collector current
which way csuse a breskdown. In order to eliminate the passage of
false signaly in the transfer rectifier, a negative bias Iy of aboub
1owelt 4w sy b,iiw“‘sar the eritter of the zegmm""r;;. Tha pns;ﬁ.‘mﬁm bioz

of the base in the tr rrgm: gomprises O.1 2 0,35 volts depsnding on

u

ES

2

e

Elu' m 3 owolh; Bo= 0,55 volts, These conditions may vary within a

wary wide ranse wiih  corrosponding changes in all vul i"mg;r:m
e waxisan rogne: of the sireuil operation deperds on the

type of the Yriodes wred, Whenm using triodes P L E and P 1 T, the

cperating frequency of the adder comprises 250 & 30 kilocyoles per

second snd the mumber of the camad.-.a smounts to 6«5, AL the sawe time

& delay of the sigaal in the tras wfcﬂr 1ink doez not exceed L-l.5 micros
seconde for the enbire cireult. . Pasieally, the operating rate is lim~

1ted by the duration of the resr front in the trigger proper. The wse

of higher-quelity triodes, for example FOG makes it possible to raice

— 15—
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the freguency to 500 kilocyeles per second.

SHIFT REGISTER. Arising freguently in the arithwetic device

of a compuker iz the necessity of shifting a number by ore or several
digit plar,es to the rigrm: or to the left. This opevation is performed
wmh thca aid of a spescizl slu_f‘f‘iw circuit (Figure 23}. |

: Thew;?ain pulse of the shift is applied to the rectifier B in
the uwnity sstting circuit of each digit. This rectifier is controlled
from oubput 1 of the adjacent digit. If unity is standing in the
adjoining diglt plaé:é;, then ths; 'rea‘cifier le cubt Iin ané the shift
pulﬁé gots wity in a given digit place irrvespective of the preceding
ycode. The main shift pulse MSP i sent through the non-coincidence
rectifier B, to the sero setiing clreult with & slight delay rela’pive
to ﬂne main shift pulss MP. hrriving at the ishibit input of the rec-
tifier By is. the pulse from the wnity setting cireuil. In this case |
the pulse dece ot pass through into the zero setbing elrcult. i |
hcm*”rr, 20vc 3¢ sobt in the adjolning digit place, then the pulse does i
net enber the pnity setbing cireuit, the rectifier By will be cut in,
and the pulse MPS will set zero in this diglt plece. The delay of
the pulsez MSP relative 4o MP must be equal to the delay in the ampli-
fier circuit of the pulse arriving at the inhibit impubt of B, and com-
prises 0,3-0.L microseconds.

Mo preliminary setting of the digits inte zers pogition is re~-

guired in this circuit, and the shift accomplished in the pericd of a
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{ tippinge-over of the friggers. This is of substantial velue for ralsge
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i

 ing the rate of the operation, enpecislly in the case of civenite

D heead on Jueotion Wridcliss. for the

requires conglderable

the accelersted starting of the trigzers which
simal porer. The sigral arriving at the inhibit rectifisr also ree
guires amplification, Emltter repesster B and an amplifier are used
for Wls pUrpess.
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of one digit,

Dirveot-Coupled Circults
Besed on the utilization of direct ccuplings, there can be cone
struched a large number of circuits which may be ugad in the bullde

ing of all the principal subassemblies of a commuter. These circults

£
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are extremely simple and therefore held large pramisé in the computer

| technique. The advantages of the diréct-coupled circulls can be real-

!
1

47ed to full extent only through the use of surface-barrier triodes
possessing good frequency properties and which are most suitable for
the constructidn of such circuits by parameters.

“&erving as the basic elements for the creation of direct-coupled,

logical cirveuits are circuits AND or OR (Figure 2k). Circulh AND

ewitz & signsl only if there is a negative potential on all of its ine!
puts (in this case op thres inputs), During this, all the triocdes are!
triggered, and the potendlal on the ovtpub {the ragniﬁu@e of this
potential being equél to the sum of residual voltagss on the triocdes
 cub-dn in the 1ink) approaches zero, This polential must be sufficient
Tor the cutoff of the other triode cormected to the clroult AND.

If the control is accomplished frém the triggers, then upvto
five’tricdeé'can be comnected te such a chain.

The cirecuit OR 1&g designed for the division of circuits operat-

ing for a single load. The signal will appear on the output if there
i

3

will be a negative pobential even on only one inpub.

It Figure 29 ié reprezented the diagram of cne digit of a half-
adder, thls diagram 1llustreling thé uze of the circuite AND and OR
in the combination of one with the other. OStored in the trigger cells
1 and 2 are the codes of the first and second numbers. Upon sending a
periodic pulse, a partial sum ig seb in cell 3 and in cell b - the

transfer cods to the next digil.
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tiws trere is no ultimate prineiple for the

of eawicondu x:etcn‘ cireuibe of digliel cowputers. This 1s ex- - 1
i

{ all by the imparfection of the exlsting erystal de- |

i

nd by the insuflicient zeccumula ted expsrience., With every dﬁj’

ne junction triod

have ab the present time a particularly ilmportance gignificance

- 3

dovelopnent of compuler technigque.
! iy 4

whion avd mass production of high-quality semiconductor

it RS T T e my N .
devices are belng lmproved. This applies especiale:
P

«g. Pessntlv there have appeared the surface-

i other tricdss, btatrodes,
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