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AFgLltatOIOF SBOOOHDOCTOE BE9TGES 
IH COHPOTER TECHKD5ÜE. : 

; /"Following is the translation of sa article by !«• I, laaonov 
and Yu« I«-Shar&p<yr entitlod prlwerieaiye polupirovodntkoTjfldi BriberOT , 
v Vyehl0lital*aogr TekhaUte (E&glish vsrsioa above) in "Avtaaatlchesfco-j 
yi& UprsTleniye i Yyohlslitel« n&ya TeMbadJsa« ("Automatic Control a&d 
Computer Technique»), Moscow, 1?58* PP* ITS-SOS.J^» 

lh© reliability of"th& performance of an eteotroalo digital 

computer ooat&ißiBg thousands of tubes depends tö a considerable de- 

gree ©a. the so'ssBd performance of these tubes &ad is determined by the 

probability of tabs failures in tiara.   The reliability can be increased 

first of all by %mm of using durable parts. 

.    Meanwhile, the useful life of heater-cathode tubes is coapara- 

timly short*   The drawbacks of electron~tiiba elemsnta are also, a high 

energy constasption and l&rge distensions« 

Tfi© useful life of. semiconductor diodes and triodes is tens of' 

tisEes longer than'that of tubes. Their use flakes it possible to ralso 

the reliability cf'the machine performftno« and to reduce the expendi- 

ture of ifeeMne'tiK.© for preventive aaintenane®* The electric energy 

consumption is also reduced by teas of ttees. 





Ju- 

lien triodes eharaeteriKed by high power and dependability- and by a 

considerably smaller zero current. 

The semiconductor diodes in the digital computers arc -atilitMsd 

for the construction of logical ci.rcia3.ts which rmlize the basic furie«* 

tions OR* A.NI/J Nö and in particular for the construction of a circuit 

designed for decoding and used for the automatic switching of the con- 

trol signalst Diodes are also used for shaping the pulses by means of 

limiting and damping them and also for stabilialng the voltage lev- 

els » 

Diodes are also used in one-waj devices for the storage of con- 

stants,  'table values and other parmansni inforirrrtioii /*""? 7 which is 

collected beforehand and  is only read at high speed in the process of 

solving a problem.« The;- sir?-  also vred in. diode-capacitor devices for 

the storage of trd'or^a.lion /~3 7»    The utilisation of the passive non~ 

linearity of the diodes is characteristic for these purposes*, saost de- 

sirable being a sharp norilinearj.ty, i*e„ high tepedan.ee in open cir- 

cuits arid low impedance if the circuits are closed«, 

Offing to the attenuation of signals in the circuits with, passive 

elements it is often necessary to vise amplifiers* 

The recently discovered properties of crystal diod.es -which pro* 

vide an. opportunity* of utilising their active nonlirioarlties are of 

interest»    This pertains to the germanium point-contact diodes -with 

S-'Shaped characteristic deformed in the straight-lines direction and to 

junction diodes under the conditions of the so-called delayed conduct« 



ance. „   . 
The frequency of the electron-tube elements of the counting 

circuits in the fastest operating computers amounts at the present 

tirse to about 10 megacycles and the problem of increasing the rate of 

the computations still more is being raised»    Therefore the semicon- 

ductor devices must operate at a higher frequency» 

An essential'feature of the principal circuits in digital com- 

puters is a comparatively high level of the electric signals,    part of 

these signals is used for the presentation of information in accord- 

ance with the program and. the other part servos for control« 

Another distinguishing characteristic of the latest machines is 

the use of ttens of thousands of semiconductor elements.    At the pres- 

ent time information is available on building »».chines in which all 

the basic circuits are made of semiconductor elements £kj» £&Jf 

C*J> D*J* C&J* 
.Of the other requirements demanded of the semiconductor devices 

one should mention the uniformity of the.characteristics of the sasie 

type of devices which secures their interchnngeabiliiy in the circuits 

Another requirement is an adequate stability of the parameters in a 

wider temperature range» Obviously, as the result of the development 

of silicon devices the possibilities of improving the parameters will 

increase„ 
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Ths principles of tb® Structure Of trigger 
Circuits with-point-Contact Germanium diodes. 

HEOATttE-SSSISTAlSJE TKCQCESBS. lllhen a- resistor is eouneeted to 
: t 

th@ base circvü of a* .poiRt-coataci trlode having a sufficient ampli- 

fication factor (M» there is created a. posit IT© feedback between the 

emitter &M ©ollector circuits« The actual condition of the presence 

of aogativ® characteristic regions is* a cirouit with triod© indicates 

that the value of «t should be as high as possible since in that case 

the operating coalitioBS are listened £"&JJ* 

>(» + ■&) (>+#3f) 

vtiere, r., *V R»d i*e   sx1© ©qi&valmt triode resistances! 

& 8 %   ar*d Bb " tiie 3?s3istors ^ja tiie collectors «Liter and  • 

bass circuits» 

proceeding from the condition (1), with a. high«?   e*'   the aag- 

nitudes 'Rc, Hg.and H^ »ay b£ larger is the presence of the neosssary 

e&d' controllable oircy.it instability #*ieh is advantageous from the 

standpoint of lightening the electric operating conditions. 

Circuit diagram shewn in Figotfö 1 may be utilized for a char- 

acteristic of the operating condition of a trigger with two stable 

states*   IK thifi procsss the ourro   Beside) ^ust te intersected by 

(1) 
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the load line at three pointsj 

Two of these points (b and v) are stable and the crossover from 

c&e point  to the other is accomplished in avalanche-like fashion» The 

graph-I^fjClg) shows the character of the gap» For the connection 

■with the circuits of the computer arithmetic and other devices in; the 

make-up of which there are bistable trigger cells, the collector cir- 

cult is usually utilised as being more po?fsrful. It is necessary to 

send to the emitter' pulses of alternating polarity. This is the draw- 

back of the circuit. A pulse of positive polarity should be sent when 

the trigger is in. position b, the amplitude of the pulse having to be 

larger than the magnitude bA counted off along axis Ue. If however, 

the trigger is in the. position ?, then a pulse of negative polarity is 

sent;, this pulse having to be larger than the ffi.agtd.tude vD. 

However, owing to instability (for example, owing to the tem- 

perature instability) and the »read of the triode characteristics 

stsch trigger circuit is of little applicability in practice* The 

basic method for the improvement of similar circuits is incorporation 

of diodes and resistors in the triode electrodes circuit* Thus., for 

example, the incorporation of a diode and transmission of positive 

bias voltage to the base circuits (dotted line) makes it possible to 

fix point A of the break of the K-typs characteristic and improve 

(2) 



at the same time the sensitivity of the trigger to starting. The pos- 

ition of tl>is point is affected by the change in the magnitudes of 

Ikv, aad Uh. The volte ge Ue at point A dBterminea chiefly by the 

direct resistance of the diode, is reduced by several tens of times 

upon this change in the c ire-ait and amounts to tenths of a volt. At 

the same t»i*s- point B Is sufficiently stable». 

laput 'I  „„%**'  J'output 

*& 

/& i& 

Figure 1,    Characteristics ^^(Ig) and Icafg(le5 

of a circuit with point-»contact trio de» 

A large number of circuits v&th point-contact triod.es are used 

in practice f'^J" - £"i? 7°    Yfe shall consider below only sojae of 

7       «. 
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these circuits« 

The drawback of the-trigger circuit shown in Figure is that in 

order to switch it fröre, one balanced state to the other it is neces- 

sary to send pulses of different polarity«. By means of dividing P.e 

into two ssries«~coimeoted resistors and connecting the junction point 

between them to the base of the diode (the plus terminal - to the base) 

it is possible to achieve the starting of the circuit'with, single-pol- 

arity pulses * 

la a number of devices, for example in adders and registersj 

for the control and for connection with other circuits it is necessary 

to pick up siiiinltarj.eoti.siy from the trigger sufficiently powerful stat- 

ic signals corresponding to both states. For .this purpose it is most 

convenient to iriiliae the collector circuits« In the circuit diagram 
9 

shown in Figure 3? -a low potential may be picked off from the collect- 

or of the left leg and a high potential -  from the collector of the 

right leg. In the transition of the circuit from one state to the 

other the potentials of the legs are changed to opposite potentials 

and during this the snitching has avalanehe~type cha.ra.cter as the re- 

sult of" the availability of the feedback. The switching rate is de- 

termined by the circuit parameters and the frequency characteristic of 

the trlode when the signals are largCc Single-polarity poises  way be 

utilized to accomplish the switching. 

For quenching to aero or for setting tip unity it is necessary 



to send 'pulses to the appropriate ana» DiodöS J)^ and Sg at the input 

Input 
/Y&0&& in the base 

f\   /   pirci&t is o.ff 

'Xoad Line     * 

Diode ±a the bass?' 
circuit is ©a 

Figure 2«   Characteristic tJ^Cle) and trigger circuit with   ' 
one point-contact tr&sde» 

of the circuit may have bias.   Diodes D3 and % aerro for stabiUaa- 

tica- of emitter characteristics and diodes Dtf &*ü lb secure the dlvt- 

T 
öutpir Output 1 

Start Figure 3«   Circuit diagram of a one-digit binaiy adder 
with, tepoiat'-contaot triodes. 

»*mwyiiiW''"»l"3w«qwBiw 
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sion of the emitter circuits of the triodes.   Resistors R^IO E'b 

comprise about 10 kilohms, Re~l *■ 2 kilohms and Rc - several kilohms„ 

.The voltage Uc'^~(U0 ♦ £0 ) volts»    Leakage resistance VAO f 20 kil- 

ohms.    Capacitors bypassing resistors % «10 £ 20 kHohms are intended 

for speeding up the transmission of high-frequency.signal components 

' in the' feedback circuit during the changing over of the circuit fros» 

one state'to the other.   The coupling capacitor between the ©sitters 

also ssrves for accelerating the transition process» 

The trigger circuits considered were used as the foundation 

for the design of oneway and reversible adders and also for designing 

adders operating in serial and parallel fashion in which the binary 

number system; is usually used« 

By using N-type characteristics of the point.~-cont.act triodes 

there can also be easily constructed some logical circuits CR, NO, 

one-ehot multivibrators designed for a temporary delay of a signal, 

regenerative amplifiers of pulse, shaping and others«   The circuit 

diagram shami in Figure may be used as the foundation of these devices. 

For example, by sending to the emitter the voltage gap and a pulse in- 

stead of the bias magnitude Ue it is possible to realise the logical 

function AND or NO for t-<so input signals.    The appearance of the out- 

put signals in these circuits depends on the combination of the input 

signals ft 

The maximum frequency of the circuits operating on this prin- 

ciple and used in practice amounts to about 100 kilocycles per second 

10 



and the dilation of the transition processes -- to several tenths of a 

microsecond*    First of all, these parameters depend on the design of 

the tried proper and on its characteristic in the region of high fre- 

quencies.    One of the external methods of raising the operation fre- 

quency of the triodes in the circuits of computers is a decrease in 

the saturation depth and in the amount of charge accmulation in the 

base during the switched»on state.    This is achieved by incorporating 

in the emitter and collector circuits diodes -which limit the maxiimim 

values of the currents« 

y 1 

«3 ilC ■ 

IC 

■HUP 

Figure i.u    The basic diagram of a dynamic trigger-» 

DYKM/IIC TRIGGERS.    Dynamic trigger -with, point-contact trio de is 

is based on the same principle as a similar tube circuit /"13 ?»    Like 



„__„ _.__,„_,,„» ^^^~~---~~~~~^-~-~~~—— .— «—.,™J,_™™^™- 

the siatie trigger it can hav© two states - 0 and 1.    Ho signals ax**- 

x-lyo st the output in the state 0 and in the state 1 there are pulse® 

of & definite fixed, frequency at the output# 

The basic aleaesrt of the djmiiiie trigger circuit with point- 

contact trio de developed at the Institute of Precision l&cherdcs anef 

Goinmh&r Technical©, Acad-SKv of Sciences USSE /"lü 7 *s f^0 pvlse am«» 

plifier (Figure !|)tt    On the impart of the amplifier there is a recti- 

fier on which arrive at a fixed rate smri amplitude standard pulses 

call ad the main pulses (HP)».   From the ampli.fi er output the pulses ays 

sent to the memory capacitor 0 deatmea far the maintenance of a high 

potential on the rectifier control inpnt in the interval between, the 

pulses.    In ths amplifier circuit is xjsed the pclnt-contac-t trhode 

C 1 I)   or C2B and a series-type rectifier«    The signal voltage deliv- 

ered on the amplifier represents the BXB. of the voltage on. the caps, a« 

itoi- C and the voltage of ths pvlse II? arriving fron the transformer» 

When there is aero potential on the wsjrsory catecitors the rec- 

tifier is shut off^ the pulses do not pass through und, the trigger is 

in   0    state»    Upon the arrival of the unity pulsa a high potential 

is set up Tfihieh keeps the rectifier on for sose tisse,    The first pulse 

KP passe* through, ths amplifier and through the fescfteck circuit and; 

charges; the aemcyy caxseitorf    This askss possible the passage of th.o 

next pulse ¥& arid so forth*    Upon, the arrival of the a©ro-setting 

puls« 'the memory capacitor is discharged.,  the rectifier is shut off 

and stops the admission of the pulses MP« 

12 



Serving for the suppression of tetdesirable fluctuations which 

jaay arise upon the admission of pulses is resistor R^ which ie connect* 

ed serially to the secondary winding of the transformer«    In order to 

prevent frequency distortion this resistor is bypassed by the capac- 

itor O,sl5>0. gjicromic.ro far ads»   The mssiory capacitor is bypassed by the 

resistor R»&X) kilohms which increases the stability of the time con- 

stant of the memory capacitor discharge«    fhls reduces the dependence 

of the capacitor ,on the reverse resistance of the diodes D-* and Dg and 

of the trlode*   The time constant should be £-10 tunes greater than 

the period of the ptu.se train*    In addition$ the constant -voltage on 

the capacitor from the bias source E? in the mro setting circuit is 

reduced to a minimum, sine© the magnitude of R is considerably less 

than the reverse resistance öf the diode D ft    Constant positive bias 

is transmitted to the base of the trlode connected in conformance with 

the grounded-base configuration.    In. the collector there is a pulse 

transformer one winding of which is utilised for sending the feedback 

signal through the diode B, to ths capacitor C.    Resistor Rg and the 

cap?.citor Op form & filter in. the feed circuit» 

The circuit considered is characterised by adequate reliability 

and the circuit triodes operate, relatively stably.    Reliability may be 

estimated by the difference between the ssaximum value of the base bias 

E3 mx at Tdiieh the unity stata proves to b© unstable and the miniiam 

value of the base bias E^ ffi^n   at which the aero state is unstable* 

13 



This difference called reliability margin is equal to k-6 volts 

without lead»    Tho higher the  &{ s the larger the reliability aargin 

of the circuit*  • 

Forming; on the output of such a trigger-are pulses of 100 mil- 

livolt power and the potential on the capacitor makes' it possible to 

achieve the feeding of ,34> rectifiers of the typs mentioned, 

fiyr&Mo trigger k&s the following advantages over the static 

trigger t or.!/ o?^3 triode and a small number of parts are necessary for 

its eonsiructioru The friede is used in the pulse»*type ssiode of opera- I 

tic<K which makes tlifc conditions of its operation easier and increases  { 

tfc© eocmomy of th<s cdreidt* No particularly rigid requirements are de 

»»&&#& 

Figure 5*    An osoillogrom of dynamic trigger performance 
upon arrival of aero-setting and unity-setting 

pulses every h microseconds. 

An. important advantage is also ths quick operation of the cir- 

cuit»,    The trigger operates at the main-pulse repetition rate of 500 

kilocycles per second (Figure $),    The high rate of the trigger opera» 

111 



I tion is possible ©ring to the circumstance that the point»»contaet tri« 

I odes have good frequency ebsraoheri sties in •which respect they differ 

to advantage from the junction triodes,   A dynamic trigger with jtaiö« 

tton irlodec is constructed according to an analsgotss system with the 

«sceptical that the trio de is incorporated in accordance with the 

grounded-«Tnltter configuration»    However, owing to poor frequency pro» 

perfcies of the existing j^eiion triodes such s trigger Is character- 

ised by lots" frequency under the conditions of satinet ion.    When operat- 

ing with EJT.:S.11 signals, the power of stich a 'trigger will be inadequate. 

Jv.st the ssjnej. in many cases the junction triodes have advantages over 

the point-contact triodes. 

t 

Trigger Circuits with Crystal 
J-ariCtic-n irioäes* 

OliVhiiCTSEIBTIC 0? JUNCTION TRIODES OPERA^'IKCi T?ITH LARGE SIG- 

NALS«,    Th&re are distinguished three regions of operation of the func- 

tion triad es i the reglos of the collector current c-at-off, the region 

of linear dependence between ths Input and output signals and the re- 

gions of ths collector current saturation /^5J7»    I" hbe saturation re- 

gion the voltage hctwe&ri ths ©sitter and collector comprises hun- 

drsiths of a volt*    If the arriving signals are sstall. ths iriode 

operates primarily in the region of linear dapend mae.. 

In the circuits of eorrrp'siierrs the junction triodes &re used in 

ar, orervrheltning majority of cases -ander the conditions of large «ig« 

ih 



iialsj, i«6« only in the cut-off region mä in the region of current 

saturation, fee cost essential characteristic of the triodes being the 

switching time.    In the switching devices the junction triod.es are 

utilised chiefly according to the gro-andeä-emitter configuration« This 

secures the highest amplification with respect to_ power, makes it pos- 

sible to reduce the 'current for control and also to obtain an almost 

ideal changeover switch. 

One? of the most important parameters of a  „junction triode is 

amplification <&'   "with respect to base current*. 

fir 

Output 

input     * 

U" 
£> 

& 

J/r 

a; 

Figure 6S    Diagram of the reading of pulse. 
characteristics. 

In the absence of input signal, the triad© is normally cut off 

!,nd nassing through the collector is a s?3a.ll current which does not 

16      - 



exceed •& few tens microamperes in the normal operation of the triode 

(Figure 6}*    During this, 'the voltage on the collector is close to the 

voltage of the pcwer supply \»   When a negative si goal arrives at the 

input the triode is triggered.    The minimum magnitude of the negative 

voltage on the.base required for this is called the base voltage of the 

collector current cut-off   vb>cut   and for the triodes P 1 E - P 1 I 

!lt amounts „.to about 0,15 volts.   At a definite value of the base cur- 

rent the triode is saturated and the voltage on its collector   Vfc.sat 

comprises 0,03«O.07 volts and the current 1^ is determined by the los, 

resistance Rk and voltage Ejj.    The. base' current at the saturation 

threshold of the collector will be equal to 

Ifa r-/ 
£ 

«"A 
*{RK 

Lhere (W* ie the average value of 0C corresponding to the amplitude 

of the collector current from the cut-off to saturation. 

The collector current cannot increase upon further increase in 

in ths base current* The voltage on the base is determined by the in~ 

put characteristic of the triode (Figure 7). The voltage on the base 

y.  , + irith a definite base current Ib gat may be taken as the par« 

araeter of the input circuit. 

Let us consider the response of the amplifier to a short nega- 

tive pulse having steep fronts (see Figure 6 b). Upon the delivery of 

such a pulse at the input, the voltage on the collector does not in- 

crease to zero at one» but in the course of certain time t0 which char- 

(I 
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acterlzes the duration of the forward pulse front on the output in- 

cluding tha'delay»   After the sending of the Input puls©.la discontin 

tied the voltage on the collector remains the saaaes fox' some tiae and 

passing through •'the has© and collector is the space-charging current. 

When the concentration of the holes near the collector junction reaches 

■the equilibriioa -oalue '£"11 J\ C&J th» collector current begins to 

diminish slowly (Mae t2).   Time   t1   during which the collector cur- 

rent preserregs constant B0.gnit0.de during the spadng-charglag, depends 

*l0,MMQ 'M 
Figure 7« 

20D ISO 120 96 43 B 
Input characteristic of the tefiode P 1 E mfoe» 

£^»-10 -volts and 3^*2 kiloixae. 

on tha degree of the saturation of t'm triode and theoretically can be 

reduced sero«    la this case the magnitude of the input signal corres- 

ponds to the threshold of saturation. Magnitudes tQi tp t2   d&perxd 

both oa the paraifeters of the triode and on its operating conditions 

ixartr+mtmvtiUBp™''*"*"!* 
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determined by the parameters of the external circuit f'l&J» 

The amplification factor    OC* may be considered to be constant 

'Kith respect to the base current only rhen operating with small sig- 

nals.    Its mgnitude depends on the emitter cttrrent and is appreciably 

reduced ishen the, currents are large /*"i9„7«    T'^is circumstance should 
I 

b$ taken into consideration -shen operating Y&th large signals0 j 

The raaxlsurn parsdardble magnitudes characterising the triode aref 

*V per* vK«er* Pfc.mr'    ^^ni s particularly important significance 

a»>ng other parareetea's is the dark current    Ik0 passing through the 

collector and base in the .positive direction when the value of the 

emitter currant is zero-*   Also of en important significance is the 

Magnitude of the aero- current    I'M5 this magnitude being defined as 

the collector current v/hen the base current is aero (i*ec for the case 

when, the base circuit is broken)»    In the junction trio&ss, this cur- 

rent reaches several hundreds microamperes and in the case of poor tri- 

odet may be sore than one sdllia.mpere,    If the base of the tri.ode is 

grounded through the resistor Eb? then in the absence of a signal the 

collector current will have the mean value betrreen Iy$ and I5^»    This 

values will he the smaller the emailer %. is.    If Ik0 exceeds the max- 

iKMBi permissible valua, then the value of 1»^ is also large Tmich is 

Xi.:' U     L;t,'i 3k.»Lwi.^ -^ v»'. v « 

STATIC TRIGGER.    There exist many variants of a circuit trigger 

rrlrcrit with iunetion triod.es /"*2Q 7* /"a 7«    The operating frequency 

19 



of Stiels, triggers is usually low and as a rule does not exceed one hun- 

dred kilocycles v>ev second»    Ths appearance of nm higb-fYequencT suy. 

£g.ce-barri*r triodos will ratr-e the operaiin- frequency atove on« Bi- 

cycle pex* secoxicL 

d 
■"to 

d fR. Ü h± 
i, 

Figura 6.   Trigger circuit In junction triodes. 

At +-he Institute of precision. Mechanics and Computer Technique, 

Academy o£ Sciences USSR, thors was investigated the possibility of 

constructing fast«opwriting switching circuits and first of all the 

basic nmory element - a trigger with the use of junction triodes PI E 

« p 1 X (Figure 8), ["&JF' 

In the design it is taker, that every iriode can have two stalls 

states I collector current saturation aid cut-off«    Iß fee stats of sat- 

uration, tbs potential on. the collector is aboirt the saae for all tri 

odea and amounts to   vk#sat * »(0,03 f 0,07) volts«    In. the cut-off 

state the collector potential is equal to the limiting voltage    V 

20 



When svdtching the trigger the duration of the transition process is 

determined by the space-charging iise and,  consequently, the elements 

of the circuit, must be appropriate to the shortest space-charging time» 

The reduction in the duration of the rear front is also achieved, by 

the introduction of the limiting'voltage   E0» 

In order to reduce tbo space-charging time the resistance 

K^ must be as low as possible and its magnitude is determined by the 

permissible collector current I^ePer*.   Thus, if Ijc.per s "£ milliaia:- 

peres and Ek~ -10 volts,  then Yik * -Ji^—— =2 kilohms, 
xk*per 

The conducting triode is kept in the saturated state at the 

expense of it's base current % which roust be larger than, the current 

I?„ arid have a certain margin for higher reliability of the circuit. 

The total current passing through the resistance RT1 is equal to the 

sum of the current , ib and the current passing through the leakage re- 

sistance Rv. and sixes the latter causes useless losses, its magnitude 

(should not excaed 20-3<# of the value of ib* 

The magnitude of 

/>» -. 19 » 

vhere FP    is equal to the difference between E0 plus the voltage drop 

oa the direct resistance of the diode   vD   and the voltage on the base 

of the triode (vv „,..,. )s 

£1 = £„ -f vD — t»^ ^f 

—       ?1 



£'0 Ä — 5 V, iA -f /^ : - — 0,5 mliiiaiaps 

then 

^dn^10 klloJu 
ffl'3 

The resistance B^ Ernst also be as low as possible in order to 

reduce the effect of the aero current, and its mxvimm. Magnitude ie 

determined by the permissible losses of the net power.    If it is taken 

that    %   » 2$% of i^, then in the exwnple cited   %-    « -0.1 ailliam- 

peresa Thea E^ * 
3 sat       0.2? volts « 2*£ kilohms» 

^       counting' 'lÄpttt 
Figure 9« . General-jptopib'S» trigger circuit. 
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A very responsible element of a trigger circuit is capacitor G 

designed not only for speeding-wp of the voltage transmission, as in 

tube circuits, but. also for the transmission of the trigger and space 

charge currents to the triodes until the establishment of a stable 

state»... If the..capacitance is too small, then this hinders the trigger- 

ing, andtif it is too large, then a high saturation takes place during 

'the tune Immediately after the changeover and this reduces the quick 

operation of the trigger. 

The starting of the trigger can be accomplished both by the 

positive and negative pulses delivered to the collector or to the base 

Altogether there exist eight different variants for starting, the best 

Results being given by the variants Bhoim  in Figure 9» In this cir- 

cuit, corresponding to the state «1» is the negative potential on the 

right triode. Separate triggering by the negative unity and zero 

setting pulses delivered to the base is the most economical one. 

The starting pulse acts on the triod and triggers It, The current re- 

quired for this slightly exceeds I,  and the voltage on the base 

cannot exceed vb &&t  * 0*2 f 0*3 volts.  The chains G,It, and C.Rg 

increase the input resistance (G-j and C, serve for the compensation 

of the input capacitances of the triodes). The jnaxiayas frequency of 

the trigger during this does not exceed £00 kilocycles per second since 

the rear front (the cut-off time) determined by the space-charging 

comprises about .2 microseconds„ 

A considerably higher rate is secured by another method of 
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separate starting called "accelerated triggering". With this method* 

there are sent to the collector circuit power pulses which are deliv- 

ered on the unity and aero setting inputs of the emitter repeaters T^ 

and IV For example, if the trigger is in the ..position «1» and a sig~ 

rial is delivered, on the Input of «0«  then the trio de Tj  is triggered. 

and since its output resistance decreases to about 10 ohjnSj the poten- 

tial at point A is reduced to the negativ© level of E0» If the ampli- 

tude of the input pulse exceeds E s then the potential 'is reduced still 

wore. During this, the triode T? is quickly triggered (during the time 

of about 0o3»0c5 microseconds), the potential at point B increases, 

and the. triode f-j «ill be cut off* Its space -charge current does not 

pass through the resistor R-j but through the triggered triode Ti asdiiie 

apses charge occurs   *?ery quicklys in about 0e£ jsicorseconds. With 

the accelerated starting,, the forward and rear fronts of the voltage 

gaps are equal to about 0o$ microseconds which secures reliable trigger 

operation at the frequency of" 1 megacycle., per second, with the power of 

the input pulses being -shout 50 millivolts» 

The beet variant of starting through the adder input is the 

transmission of positive pulses having a voltage of 1„£»2 volts through, 

the diodes D3 znti DU (Fig-are 9} • The sensitivity of the trigger with 

respect to the eterting may be regulated by means of varying the pos- 

itive bi.ee E  = 0*3 * 0,£ volts«, The siaxlmiaa frequency during this, 
cm     * 

depends to a considerable degree on the quality of the triodes« The 

l?:rgor the value of ($% the higher the frequency«. Frequency of 300 
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kilocycles« per second msy be considered normal "but for some   triodes 

PIE     ({£*» 60 f 60) ard for triodes P 1 I» the frequency may «jaount 

to 500 Idlocycles per second and higher (Figure 10)* 

TRIGGES WITH DIRECT COUPLINGS.    Circuits with direct couplings 

began to be built after the discovery of surface-barrier trio das £"^\J 

■svhieh bees,nee of their parameters and characteristics proved to be the 

2/V* A* A 

Howeverj some junction triodes may also be used, in these circuits« 

Called direct coupling is such a coupling between the collector 

and the base which is achieved without any intermediate elements«, 

The chief advantage of such circuits is their simplicity and 

operating stability which is achieved through the absence of intermed- 

iate capacitors«    Like the usual static trigger, a trigger -with direct 

couplings (Figure 11) has two stable states of equilibrium.    In each 

one of these states one tried is cut off and the other ons is being 

saturated«    The; octeatisi    ?.        ,    amounts: to only 0*03-0«07 veils on 

the triode collector in the state of saturation»    If this potential is 

less than the base cut-off voltage,  i.e* if jv.   „a+UX ,,«+>  then ttiö 

other triode the, base of which is corseted directly with the collector 

of the conducting -triode   will be cut off, the voltage on the collector 

of the eut-off triode being eqml 'to the voltage on the base of the 

conducting triode   vv ,.t»    ^ tMs case* passing through tho load 

resJ.atarK© of the cut-off triode is the base current of the conducting 
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triode, this current securing the saturation state of the conducting 

triode and! consequently, the stability of the overall state of the 

circuit, Upon the changeover of the trigger frcra one state to the 

other, the voltage difference on the collector is defined by the par- 

ameters of the triodes* 

Avs7b sat " Tk sat« ■ (W 

Shown  in Figure 12 in a single coordinate system is a .family of 

the collector and base characteristics of the triode P6E» The measure, 

ment points at which the triod.se i».ay be located are defined by the iß- 

tersection of the load line AB with the characteristic curves of the 

triode» Determined at point lb is the voltage on the baeo vb sat and 

and the base current I-b gat of the conducting triode* The voltage and 

the collector current of this triode are determined at' point Ik where 

the line AB- is intersected by the corresponding collector characteris- 

tic * The intersection of the perpendicular dropped fron the point 

Ik onto the axis of the abscissae with the base characteristic, defines 

the base current of the cut-off triode, the value of this current ap™ 

orcaehirifr ?.erc The collector of the cut-off triode is also sssll and 

is defined on the collector characteristic corresponding to the base 

voltage vb - vk sat. 

It is efficient to achieve the startin-; of the trigger with the 

aid of auxiliary triodes (seo Figure 11 b). The starting triodes Tx 
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and Tj are energised with negative pulses to saturation and owing to 

.-&) b) 

Figure 11.    Direct«coupled triggers 

& - trigger circuit j b « trigger with triode starting. 

this the -voltage on the collector of the corresponding triode approach- 

las zero. The starting triode raust be in the state of saturation until 

the changeover process is completed/ the duration of this process .being 

determined by the space-charge time. 

/Sea page 28b for Fig.  IZj 
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[■ Iß. the case xxnder consideration* the spacer-charge time is fre«« 

| quenily very considerable when the usual ^uictiou iriod<?£ are used and 

only the surface-barri«1 trio des can secure, the high ret« of operation- 

With 'the otHietiors trloöss P 1 X, these circuits can operate only if the 

frequency comprises several tens kilocycle?? per second tdth the feed j 

volteges being 0e$ volts and higher» Is order to reduce the degree i 

of saturation in the direct«coupled trigger^ triodes with a small val«.^ 

of     <*£.»  are very adequate and secure a shorter flip-flop tlma» j 

Diode !feisoi»y Elements, 

trigger in principle is founded on the property of the junction diodes: 

to operate as amplifiers of the power of the short-duration pulses 

r?:\ 1\ /"*28 7> f""?9 7*    ^hls Property is explained by the well-kncwn 

pji®n.O'!aenon or tne? con sargst ion of the minority carriers (holes) for 

2JS|>i?t. 
nirjM n> „ •!«, imjt,!-*«r/. 

.MP 

»Mi 

<£'      taw»*- 

Figure 13»    Janet ion-Diode Amplifier 
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some time after the passage of the forward current. During this time 

and until the tend.nation of the spAce «charging process, the junction : 
i 

diode has a high reverse conductance. Serving as the povrer supply   I 

source In the diode amplifier- the circuit diagram of which is shown in; 

Figure 13, is the generator of the main pulses W-    In the absence of i 

an Input signal the diode Dg is off all the time. I 

In order that the diode not be triggered in the interval be-  : 

tween the pulses, it is necessary to transmit the fixed bias £ which j 
j 

is equal to the voltage amplitude of the main pulses divided by the  j 

ratio of the average pulse spacing to the average pulse duration» The) 
i 

pulse arriving at the aaiplifier input triggers the diode and forward | 

current begins to flow through it, I.e. there occurs the so-called   J 

«ignition". During this, an increased concentration of holes developsj 

in the semiconductor crystal«, The high reverse conductance lasts un-j 
j 

til the concentration of the holes near  the p - n  junction is re-j 

• duced to the equilibrium value* This period will be the longer the  j 

smaller the current flowing through the diode in reverse direction«  j 

If a pulse MF arrives at this time, it passes through the diode and  j 
j 

the load \,    The  power of the output pulse is determined by the load j 

resistance and by the amplitude of the pulses WP, and the power neces-j 

sary for "igniting« the diode is not great and is expended on the dir- 

ect resistance of. the point-contact diode i^, the direct resistance of 

the .junction diode Dg and-on the internal resistance of the source of 
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the main pixlses„    The Most considerable power losses occur on the in- 

ternal resistance arid therefore it should be as low as possible. 

Owing to the existence of   a   finite time for the space-charg- 

ing of the ho3.es, a junction diode can serve not only for pulse ampli- 

fication but also as ä memory element and can be used in a dynamic 

trigger circuit*    If a signal from the amplifier output arrives at the 

input aftelT'soizie delay for the regeneration of the conduction state of 

the diode, then the pulses MP will be passing through continuously. 

The result is a trigger with two stable states and characterised by 

the absence or presence of the pulses on the output (Figure lij)«,   The 

positive pulse from the amplifier output passes along the line and 

'after being reflected from its open end returns with the same polarity 

and triggers the diode*   The time between this pulse and the HP »äy be 

brief.    The inconvenience of this circuit is that a comparatively bul-j 

ky element* such as the delay line, has to be used for its construe-    I 
i 

ti xon * ^ i 

Dynamic memory elements with junction diodes have so far been     ! 

little investigated,    However, already now it may be stated that they   | 
i 

are of great interest owing to their simplicity. 

POINT-CONTACT DIODE TRIGGER WITH A KEGÄTI7E REGIOI OF THE CHAR- 

ACTERISTIC. The development of the method for obtaining point-contact 

diodes -with S-type volt-ampere characteristic /~3öJ7 made it possible 
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!   to construct simple trigger circuits.    Diodes consisting of silver 

i   contact springs v/ith an admixture of arsenic and gerai-rmiun   n-type 

rrwtfilK wre shblaoied to electrical forming«.   This wns achieved by 

the short-ddfatloß ^iiag of the current pohsöS of several amperes 

until the diode characteristic was transformed into S-fcype character- I 
S 

istic. ■ i 
■f-% 

1 Ifl» 

4s Jl 

if i 
(dfclay line) 

trtfl$utwt 

II*' Intnrl    Y 

-V-  A '? Output 

«ijoad liKss, 

|     Figaro ilu    Bynawic trigger 
■with ^«action diods (delay 

J     line is used for the trans- Figure l£,    S-type characteristic of 
ission of the feedback a point-contact diode and bistable 

sis'nal)t. trigger circuit on It. 

Diodes having S-iyps characteristic sfrf be utilised for the 

construction of a circuit v/ith two stable states,» For this, it is 

| necessary to select properly the voltage ¥-<-> and the load resistance 

R (Figure 15). Corresponding to one of the stable states is point a, 

arü to the othor - point b. With such diodes it is possible to design' 

trigger motor? cells, logical circuits without signal attenuation, 

different prise generators and shapers. These circuits are simpler ' 

than the circuits with aewiconductor triodes* The frequency of the 

control pnlse train may amount to several megacycles per second, where- 
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as in the circuits with trlodos it <3oes not esecesd 200-300 kilocycles 

x>sr second at tha present time* 

Designs for the Slejasats and Subasseffiblies 
of. a Computer Based on the Use of Bynsuidc 
Trigger with Point-Contact Triode* 

BS0TI?I3Ju    Dynaraie trigger with memory capacitor   represents    j 

a combination of rectifier which is & necessary part of the machine, 

and of an amplifier.    The series-type pulse-potential rectifier (Fig- 

ure 16) operates on the qm-AlisAt^re principle«    Therefore, in order 

to secure a clear and reliable performance of the rectifier, it is 

necessary to stabilise the level of the inpvi pxalsp, , She advances of 

£> 

t*i9*wmtfi«»««i»»itf MWfl-* (»trtb-iseHAjaiJ 

Output'     ::i.:::    v    '4': 
,ir; 

tfiW!*ü&'*»Ai*»'e**wKjartc1i 

kin/""""'11*       •''■■ ,'■ ',J  ..,l "'",.- , 

fo the trigger 

* V 

i-uch a rectifier is the availability of the potential control and aisc 

ihat no synohrordaatioa of the input pulse is  required for this« The 

rectifiers cf a purely pulse type (in. the majority of cases the diode 

rectifiers )   may be utilised in a number of subasseBibli.es 'shers the 

L 
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I coincidence of the pulses is easily achieved /"31./* 

In the circuit of a pulse-type parallel diode rectifer shown 

in Figure 17. the transformers are arranged OR the input and the out- 

put signal is picked off from the resistor Rr In toe absence of | 

signals, the current from the source passes through, the resistor R^ j 

and through both diodes 1^ and 1> In this case, the potential on tha| 

output approaches aero since it is equal to the magnitude of the volt-»! 
i 

age drop on the direct resistance of the diodes* or approximately 0.5 j 

volts. Upon the arrival of the signal at one of the inputs, the cor- j 

responding diode is cut off. However, the potential on the output    j 

changes little since the current continues to flow through 'the second j 

diode. If ho-wever, two signals arrive simultaneously», then both di- ! 

odes are out off at the sane time and the current heads through the 

resistor R, into the load resistance ET. The magnitude of false sig~ 

nals in such a rectifier depends on. the ratio of the resistance 1^ 

and the transformer iaiped&nces. The suppression of false signals is 

achieved to a consl.dera.ble degree by the introduction of a small ■ 

positive voltage E-, through the diode 'jjy 

ADDER. In the computers, the adder is ■utilised chiefly in the " 

control devices for the addition of the series pulses, code storage 

for unlimited ttee and for the presentation of the cods on' the decoder 

after every addition of unity. All the digits of the adder can be set 

at any time at zero. The frequency of the pulse arrival in high-speed 
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Computers is very high while the setting process of all. digits, itrast 

"be completed in the time less than the period of the pulse series. 

The sore digits In the adder, the «sore difficult it iß to carry out 

this requirement and therefore the high-speed devices are provided 

•with a' rectifier circuit for a through transfer, this circuit assuring 

'a fast'passage of .the pulse along the adder. With this method of coup- 

ling it is possible to dispense -with the counter input in the trigger. 

I3 £J ! 

Inhibit 

fyf ■ 
Figur© 17.    Diode pulse rectifiers 1 

a - coincidence rectifierj b - noß-coincidence(inhibit) 
rectifier. 

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

following manner. Located on the input is the pulse synchroniser PS 
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differing frosn the trigger in that in it a. negative feedback is used 

instead of a positive feedback» A pulse arriving at any arbitrary in-' 

stani charges the capacitor and creates the conditions for the passage 

of the first pulse MP which discharges'the capacitor through the feed- 

back circuit as the result of which the next pulses MP already do not 

pass through« The synchroniser is intended for the coincidence of the 

beginning of addition with the beginning of the pulse arrival MP and. 

for securing thereby the completion .of the changeover process before 

the arrival of the new puls MP. 

After the synchroniser., the pulse heads directly to the recti- 

fier of the transfer circuit and also through the delay, line DL of 

the first digit«, If 'there is already unity in the first digit place, 

then the transfer rectifier B-t is cut in and the pulse pisses to the 

next digit place until it finds a  digit place with the aero code on 

which, unity is then set, 

A delay in the unity setting circuit is necessary in order that 

the rectifiers are not cut-in before the input pulse ends,, i.e« the 

magnitude' of the delay should be equal approximately to the rcläth of the 

pulse (0«5 f 0.6 microseconds). In those digit places where there is 

unity, the aero setting is -accomplished hy the pulse passing through 

the rectifier and the delay line in the zero setting circuit. The mag 

nitudc of this delay aust he greater than the delay in the unity set- 

ting circuit by one sore pulse width (1 «■ 1*2 microseconds)« 
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Kej to Figur© IS; See page 3?b 
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She-number of digits i» an adder depends on the frequency and 

the duration of the pulse delay ia the rectifier and in the transfer 

circuit Amplifier, the delay comprising about O.l^Äißroseconds pet   ■ 

cascade*   ; 

! 
t 

DECODSR. The purpose of the decoder .consists of sending the 

signal to the bus irhich corresponds to the number set ia the adder. 

A three-digit 'binary register can store elgrt different binary 

nuabers. Corresponding to this, a three-digit decoder (Figure 19) has 

eight output buses. Each bus is connected by one terminal through the 

resistor to the source of negative voltage E. A low level of the po~ 

*a) Static. 

Output pulse 
Figaro'19. Oteoftt.-t 3>aood@r "■ ^ '   (b)Dynamic tri^~ 

tential on any bus can occur only when all diodes appropriate to ft bns 

are cut off.   For sample, on bus 5S & loir potential will occur vshen 

there is unity on the first trigger, aero - on 'the second and unity - 
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j   on the third which corresponds to number S in the binary system» 
i •   . ■       • 
!   During this, the level of the potential will be approaching aero on     j 

all of the remaining busese I 

When .using dynamic triggers for the decoder control, an output 

of positive arid negative pluses amst be secured from each trigger. In 

this casfe, the diode matrix consists both of the coincidence rectifi- 

ers and the"'non-coincidence rectifiers. Each has is connected by the 

rectifiere to the digits forming the number code. Arriving at these 

rectifiers are the positive pulses from the transformer coils the lowr 

er terminals of which are connected to the negative voltage. Erj_»   With 

all of the remaining digits* this bus Is connected by non-coincidence 
I 

(inhibit) rectifiers«, j 
i 

Upon the arrival of a negative pulse at even only one of these j 

digits, the corresponding diode is triggered which prevents the ap»  ; 

pearenee of a positive pulse on  the output« For the selection of the ! 
j 

code fror,- the decoder j a pulse is sent through an auxiliary coined-  j 

dence rectifier to each has from the synchronous pulse source con-  I 

trolled by the output rectifier, j 

Principles of the Construction of the Ele- 
ments and Sub-assemblies of a Computer Based 
on the Use of Static Trigger with Junction 

Triodes«. 

POTEKTIAL-RJISE HECTIFIERS«    TShen using a static trigger as the 

basic memory element, utilised in the majority of cases are the poten- 

  „_ \ 
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tial-pulse-type rectifiers -which can be constructed both with the di- 

odes and junction triodss«, 

The diagram represented in Figure 20 a, shore a rectifier with  j 

one triode«    The control potential is transmitted to the triode base 

'Sf l»«5KM* 
tt 

V     £l;ii 

Figure 20 e Junction triode rectifiers» 

from the trig^sr arm^ the input pxtlsa arrivss at the emitter and th.9 

output pulse is picked off from the collector load» Such rectifier 

operates on the quantitative principle which iß associated with the 

necessity for the stabilisation of the input signal level. The recti- 

fier represented in the Figure 20 h3  operates on the qualitative prin- 

ciple» The signal is delivered on the output only when both triodes 

are triggered« Such a rectifier may hsve several inputs and in this 

case a larger number of tricdeg are cut into a series circuit. 
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Ths drawback of both of these circuits is the Isrgo magnitude 

of the output pulse delay which comprises about 0,5' microseconds, 

Another drawback is the increase in the pulse -width one .to the lone      j 

STjace-charpe time* I 
i 

The drawbacks reenttoned above have been eliminated in. the rec- j 
j 

tifier shown in Figure 20 e.    In this case the signal arrives at the   • 

emitter repeater •which reproduces the pui.se almost without disior-      | 

tionju    For cutting off the rectifier, the output circuit is short-      I 

circuited by another triode.    However* this circuit is not free from     j 
! 

shortcomings either«    If the rectifier is cut off, the signal power isi 

•wasted,,  and the input of ths circuit for which the rectifier is oper-   j 
i 

stingy proves to be short~cireiiited to the ground for the signals ar-   j 
i 

rivln« fro it: the other circuits <>    The- uso of one or two trio des for ! 
' J 

each rectifier is inefficient* especially if there is a large number     ' 

of rectifier:-: in the circuit.    Therefore^  for the s'ajcrity of circuits ' 

it is more expedient to -use diode rectifiers which are characterised     ! 

by simplicity, snail magnitude of the delay end a slight distortion of ; 

the pulse.    Ifcsi suitable for work with a static trigger are the par-   ; 

ailel diode rectifiers operating on the purely qualitative principle      ! 

(Figure 21)„    The potential input of these circuits is connected di- 

rectlv to the collector of the trigger cell triode.    When there is aero 

potential on the trigger control &m3  i«oa vfoen. the trlode is conduct- 

ing,,, the rectifier controlled by negative signals is cut off.    Eowcver, 

hen this triode is cut off, there will be a negative voltage level E0 
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on its collector, and the appearance of a negative pulse on the pulse 

j-Input of the rectifier will result in cutting off the second diode and 

£? ' 

<«~-p—»   -y- 

;*0«™-»-f 

a) b) 

Fieure 21*   Diode rectifiers; 

a - the circuit is controlled by negative signals? 
b - the circuit is controlled by positive signals. 

the appearance of a negative signal on the output,, the magnitude of       j 

this signal being limited by the level E0.    Thus, the rectifier shewn 

in Figure 21a,  is a load for the conducting triode of the trigger, and 

the rectifier represented in Figure 21 Bs forms a load for the cut-off ;, 

triode of the trigger. 

The advantage of the rectifiers considered, is that their output 

can be connected directly to the base of the amplifier or of the emit- 

ter repeater.    A flmall negative bias of about 0.5-1 volts should be 

applied to the emitter for the elimination of false signals.    The draw- 
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! back of the diode rectifiers is the low power on the output which. 

! causes the necessity for the amplifying esscadee 

ADDER.    Used in the adder circuit ehm;n- in Figure 2.2 is the 

counting input of a trigger with the starting by positive pulses.    In 

addition to the trigger's there are in every digit plsce two amplifiers 

which shape the piu.se for starting the trigger and also a diode recti- 

fier and emitter repeater    £   in the through-transfer circuit 'which 

secure ihe: maximum high-speed operation of the adder«    Distorting the 

pttt.se negligibly, the emitter repeater jsates it possible to obtain a 

sufficient pc/wer amplification to compensate for -the losses in the reo-j 
t 

tifier and for the transmission of the signal to; the starting circuit, j 

The necessary delay due to the pulse width in the starting circuit IK    \ 

■the result of natural delay in two amplification cascades* j 

Per starting, the trigger it is necessary to send a positive       j 

nhh;p ]rr:-';ir a voItapYi o" 1,5-2 volts and the width of which should 

not exceed OS microseconds«    If the uldth should be greater^ then 

.ovriBg to the presence of diodes in the starting circuit the undesirable 

direct 'current will appear which disturbs the conditions of trigger 

operation &t high frequencies.    It is impossible to obtain a. pulse of 

crach duration and stable aspIiiMfc directly from the amplifier on   a 

junction triads because of the poor frequency properties of the exist- 

ing trio des and because of the large spread of the magnitude   0<!» 

U—» 
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Figure 22, Junction trlode adders 
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a) structural diagram of the adders b - basic circuit 
diagram, of one digit. 
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Therefore, a, rectangular piu.se with steep fronts forms on the output 

of the second amplification cascade*    The pulse required for starting 

is formed by i^ans of the differentiation of the forward front which 

is approximately the same for different triodes.    By this method, the 

dependence of the circuit operation on the spread of the triads para- 

meters is eliminated! to a considerable degree.    Placed iß the emitter 

circuit of all amplifier triodes are resistors of HO ohms intended 

for the prevention of accidental build-up of the collector current 

which may cause a breakdown.    Iß order to eliminate the passage of     . 

false signals in the transfer rectifier, a negative bias   E^ of about 

1 volt is applied to the emitter of the repeater'T^.    The positive bias 

of the base in the trigger comprises'   0.1 f 0.35 volts depending on 

fee magnitude of the starting pulse and the general conditions of the 

oower STCplv.   For the trio de PIE     EL™ -12 volts j B0=* - 5' volts}       j j 

£,*■ - 1 voltj Eg« *0«25 volts»    These conditions may vary within a | 

irsry wide ran.« with      corresponding changes in all voltages« I 
i 

Th«:- ^axlsHUB frequency of Hie circuit operation depends on the 

type- of the triodes we.&,   lien using triodes P 1 E   and P 1 I, the 

operating frequency of the adder comprises 2>0 f 30   kilocycles per 

•second and the number of the cascades asoiaits to 6-8»   At the same tiffla 

the delay of the signal 1» the transfer link does not exceed 1-1*5 micro«] 

seconds for the entire circuit. • Basically,  the operating rate Is lim- 

ited by the duration of the rear ftcnt in the, trigger proper.    The use 

of higher-quality triodes, for example P6ß makes it possible to raise 

\6    — 



the frequency to 500 kilocycles per second. 

SHIFT REGISTER. Arising frequently in the arithmetic device 

of a computer ie the necessity of shifting a number by one or several 

digit places to the right or to the left. This operation is performed 

with the aid of a special shifting circuit (Figure 23).  ' 

• The main pulse of the shift is applied to the rectifier B in 

the unity setting circuit of each digit. This rectifier is controlled 

from output 1 of the adjacent digit. If unity is standing in tine 

adjoining digit place, then the rectifier is cut ia and the shift 

pulee sots unity in' a given digit place irrespective of the preceding J 
I 

icode* The sain shift pulse MSP is sent'through the non-coincidence 

rectifier B... to the aero setting circuit with a slight delay relative 
! 

to the main shift pulse HP.    Arriving at the inhibit input of the rec~j 

tifier Br; is ..the pul.se- from, the unity setting circuit.    In this case.    s 
i 

the pu3.se does not pass through into' the zero setting circuit. If 

however, zsro is sot in the adjoining digit place, 'then the pulse does 

not enter the unity setting circuit, the rectifier Bn will be cut in5 

and the pulse MK3 will set aero in this digit place. The delay of 

the pulses MSP relative to MP must be equal to the delay in the ampli- 

fier circuit of the pulse arriving at the inhibit input of Bn and com- 

prises 0e3~0.U microseconds. 

No preliminary setting of the digits into zero position is re- 

quired in this circuit, and the shift accomplished in the period of a 

U6 



I tipplng-over of the triggers.    This is of substantial value for rais- 

! ing the rate of the operation^  especially In tha case of circuits { 

i 

based on junction trio des. The necessity for the presence of ampli- 

fiers in. the sere-setting a.v& unity-setting -circuits 'is explained by 

the accelerated starting of the triggers which requires considerable 

signal power, The signal arriving at the inhibit rectifier also re- 

quires amplification. Emitter repeater E and an amplifier are used 

for this purpose. 

Figure  23 a, 
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Fig-ore 23. Shift register» 

s  - structural, diagram; b - the basic circuit diagram 
of one digit. 

Direct-Coupled Circuits. 

B?.s9d on the utilization of direct couplings, there can be con- 

structed a large number of circuits which may be used in the build- 

in«' of all the principal subassemblie* of a. computer.    These circuits 
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figure £4*    Circuits "baa©& on dirdot-caaplad trio&es, 

a - circuit Jüj2);    b - circuit OB 
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are extremely simple and therefore hold large promise in the Computer 

I technique«. The ad%*antages of the direct-coupled circuits can be real-' 

ised to full extent only through the use of surface-barrier triodes 

possessing good frequency properties and which are most suitable for 

the construction of such circuits by parameters. 

\Serving as the basic element» for the creation of direct-coupled 

logical circuits are circuits AMD or OR'(Figure 2h). Circuit AND 

emits a signal only if there is a negative potential on all of its in- 

puts (in this case 05, three inputs). During this, all the triodes are 

triggered, and the potential on the output (the magnitude of this 

potential being equal to the sum of residual voltages on the triodes 

' cut-in in the link) approaches zero« This potential must be sufficient 

for the cutoff of the other triode connected to the circuit AMD« • 

If the control is accomplished from the triggers, then up to 
1 

five triodes can be connected to such, a chain, \ 

The circuit OR is designed for the division of circuits operat- | 

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

will bo a negative potential even on only one input. 

In Figure 2$ is represented the diagram of one digit of a half- 

adder, this diagram illustrating the use of the circuits Al© and OR 

in the combination of one irithths other« Stored in the trigger cells 

1 and 2 are the codes of the first and second numbers. Upon sending a 

periodic pulse, a partial sum is set ia cell 3 and in cell k  - the 

transfer code to the next digit. 
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In the sisn cell, unity is set only in the combination of   0 

and 1    or    1 and 0,    In the transfer csll,  unity is set in the cora- 

bioatxon of   1 avxi i» 

The output of the logical circuit has tko load resistance .in 

co-son with the trigger triode end the changeover of the trigger oc- 

curs as the? result of grounding the collector of this triode through 

sorue branch of the circuit« 

1 

tip to the present time there is no ultimate principle for the 

design of semiconductor circuits of digital computers.    This is ex- 
-' i 

plained first of all by the imperfection of the exiuting crystal de- j 

vices and 'by the insufficient aceunnOa ted experience. With every da.y : 

the semiconductor devices are being improved« This applies especial»; 

ly to the Junction triodt-s« Ho gently there have appeared the surface-j 

barrier, diffusion* silicon, prip-type and other trisdas, tetrodes, j 

indiuK-coatsd. and silicon diodes, and also diodes with the descending ! 

regions of -yolt-amper© characteristics. 

The adoption am nacs production of high-q.uaH by semiconductor 

devices have at the present time a particularly importance significance 

for the development of ccaprier technique« 
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