
'r- 

Cu-i.'x 
\     i 

V 
1 ■ 

-^ -u ■   " •' " 

<n 0T3< E   6o-ia,6si 

,-*.£* 

io' 

1 

JElSs   £&$ 

2«? October I960 

LOGICAL DESIGNS OF COMPUTERS WITH 

SEMICONDUCTOR 00MPOHEKTS 

By V, A* Zircin 

- USSR 

i\iU2 k l.. L V • 

F" r" r" ^ P H    r "^"" 'T   F 

I: w ii.i:-.    !:.'■.,.■ i-   w.    '   «. 

< 

111 _CD 
2  CD CD 

B5I 
CO 3 

O o 

3 CD 
Kg 
EQ. 

Q 

c 
ID 
c 
.2 +-* 

:9 
"v_ 
■*—■ 

i5 

Reproduced From 
Best Available Copy 

BUG QPALOT IHSPECSSD ^ 
20000724 121 

Distributed by« 

OFFICE OF -TECHNICAL SERVICES 
U, S. DEPARTMENT OF COMMERCE 

WASHINGTON 2$,  De C* 

Prices ,--#&e6e~ 

Ü. S. JOINT PUBLICATIONS RESEARCH SERVICE 
1636 CONNECTICUT A¥E*, N. W. 

WASHINGTON 25, D. C, 



FORE ¥ ORB 

This publication x^as prepared under contract 

by the UNITED STATES HOIMT PUBLICATIONS RE- 

SEARCH SERVICE, a federal government organi- 

zation established to service the translation 

and research needs of the various government 

departments. 



Jr±<§; 591+5 

LOGICAL L'&ölG^if-i UF CG^iiiJT.&Hü  s»;lTK 

/"foiiowisg is the translation of aß. article by V» 1. Zxnxn 
eatitles LoA'Schesfciye Siehst  ^ciiisIätiP'nykh Yashin s R>]upro?caß;k«- 
ovyuvi  Fi'iborami  (English voxsioa above)  in AYtomaticheskoye Upravi=ri- 
lye  1 Vychi3litei"-oaya Tekhuika  (Automatic Control  and Computer Tech- 
nique),  peges 204-222, Koseowj,  I958,,,/ 

I The- ecmtempcrery state of the automatic  control theory allows 
j 
t a oiailiesatiual foriaul^.tiou of all problems of coiapley automation    t.<£ 

I practical impcrtaace aud the r?:oaara Biathoas of  eoaaputer     tscbaisU« 

|E»8Sfe   1'i   pOSSiD-M :,bie to solve taesü problems*    However,  the proQJ.eri.3 ea« 

Ucuutarea iu practice fcre usually very complex and in order %c aoXre 

I then precisely  it  is necessary  to  carry out a large number of  coiapu- 

S '  , .   . 
KatioBs*    for example»  in the automatic ecutroJ. oX aeta.t»::&acaxaxng 

lathes it is naeessery  to cor.vw.it the as&igc ü&te iato the initial ou- 

ta  for  too  eoßtrollias ser^rsüöchariiS'Sg  of  tLe  lathe.    The Ligli-spesö. 

soiayuters which, operate automatically iß acccrä&aee with, s pre-set   pre 

»T^v«    nan  Bri'ivt* Tan1   ccxnnlex euu.ati.oas  in a short ti;s.e„     1« ecaitiori 

to suiseri-sl calculations« a computer can also perform logical opera,- 



i tions and stars the results cf the one-rat ions performed previously. > 
! 1 
!      Computers suitable for use in automatic control systems .wast ]- 
i ... 
be characterised by highspeed and high accuracy of the computations, j 

by an aciaouate flexibility of proauam control» by reliable performance^ 

simplicity and economy of operation and finally, such machines must bej 

transportable and easy to manufacture. j 

These requirements can. be satisfied moat completely when dec« i 

iron networks"! constructed of semiconductor devices are usea in the   ' 

counting and control circuits of a high-speed computer. j 

Thees circuits usually consist-of corrbiration circuits perform-, 
i 

ing the function cf the logical element 0%  the coincidence circuits j 

performing the function of the logical element ANb, anti-coincidence ! 

circuits performing the function of the logical element m}  and also . 

of the circuits having two stable states performing the functions of ; 

the arithiüütic element which may be utilised as the memory cell, the 

counter cell or as the switch ceil. : 

The input arithmetic element actuates directly or through an  ; 

amplifying circuit the circuits of the logical elements which in their ; 

turn actuate directly or through an amplifying cascade the output.    : 

arithmetic element,. Therefore, an analycis of the principles ol the  j 

design of different makes of computera can be reduced to the analysis j 
i 

of the interaction of the electron networks of which the counting and 

and the control circuits are constructed. From the results of the an- 

alysis it is possible to fci-m a conclusion concerning the rate of the 
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! cmors'thon«  reliability and aiuoaui of the accessary ecynpaiert.  x.e.  -^ j 
i   *               '                                                                                                                . * 
j Is possible to obtain a complete idea of the technical and econouau 
t : 

j characteristics of a eonputer» | 

|               Kith respect to the types of couplings,  the computer circuits I 

may be divided into circuits wiiii cireet coupling» usually eailea stat-j 

ic circuits,  circuits with inductive and caparsltivs couplings 'which t 

are visually called dynamic circuits and 1'iraily,  circuits in v.hich 

there say be both the pulse-type and direct linkage, : 

In the sIstic circuits, the electric signals  used are in tit?.«       j 

term of  tv;o voltage levelss high and lo«,  in the eyaamio circuits    -    j 

in the ionr; of an electric voltage pulss or cm-rent pulse, ! 
i 

The static circuits are comparatively simple to E8ke.    Kovrever, j 

1x computers built wich  these circuits  there is u^ed a lajy;i marober of, 

semi cone «tor triodes*    Thus,  in the electronic perforator Ibll-003 AJ\ 

p'Ywf P200 trfoift-s are used* and the ariihsatic unit for it binary 

maabers in the computing devt.ee of thf» "IhANBAO" con wine icl^ trroa&s : 

j- — 
Particularly high requirements era derandted of th« freqr.eacy       j 

characteristics of the semiconductor triodes.    Thus, for example, for   j 
i 

tie electronic perforator lEi^lo operating at th-3 repetition rate of   ; 

SO kilocycles per second,  junction triedas vfihh the maximum frequency   j 

of not beioK 1000 kilocycles per second were selected, and in the car- 

outer «TIbAIISAO« the triggers of 'which can operate at the frequency of 



1 megacycle per second, surface-öarrier triodes designed for a maximum 

frequency of ICO megacycles are used. 

In time the semiconductor triodes change their characteristics 

and therefore their useful life is limited. As deuonatrated by obser- 

vations, the life of germanium triodes surpasses the life of the elec- 

tron tubes by only a few times. 

Thus, computers with direct couplings based on tho use of semi- 

conductor triodes of the existing makes are characterized by a relat- I 

ively low rate of operation, are insufficiently reliable with respect '< 

to performance and require a comparatix'ely large amount of equipmont. I 

Dynamic pul3e~type counting and control circuits are more com- 

plex with respect to their-manufacture than the static circuits. This 

is explained by the necessity for adhering to the phare relationships i 
i 

of the signals representing the number or command codes. However, the i 

advantage of the dynamic circuits is that in the main, diodes may be '•■ 

used in them and the triodes can be utilized only as amplifiers. Thus,! 

for example, in tho computer «TRADIC« which operates at the frequency j 
j 

of 1000 kilocycles per second, 11,000 germanium diodes are usod and   i 

only 800 point-contact triodes £"3 J0 

A computer consists basically of electron circuits which realize1 

logical operations. The functions of the logical circuits consist of 

the transmission of electric signals in the directions determined by 

the control program of the machine. Therefore, the networks of logical 

circuit elements must have small losses. It is known that the elements 

—  n 



* of the electronic comyvters ere electric circuits in which the ,para- ] 

i meters can he switched /"It 7« Consequently., a died© may bo used as I ... «. 

j the key in the logical circuits. j 

i The sernicoiaünctor diodes should De used in combination vatk the! 
1 " ! 
I m^l'lBlior «irc'oits which have a hi ah effective resistance for the      ; 
f ■" ' 

| pulse'and Esake it possible tu transmit pulses "with a slight attenm«-    j 

| tlori.      Under certain condition, the role of the oscillatory circuit  ' 

I e?n be rsrfonred by the vxu.se shaping transfer v»ith a far rite core 
j * - ! 
|   ,-„ .., ;' 
j /   >  / * ! 

i 

! hs the studies have shown*  the diode-trarsformer circuits can    i 
i , ! 

I or-^rrte orm another sufficiently efficiently ana do not require inter-; 
| *  * ; 

mediate amplifiers for each stage,,    Thus, the dicde-traasforaier eir™    \ 
i ; 

\ cmfs help to solve successfully the basic problem of the computer ; 
I ' ; 
! technique - to create his?hlv economical elements which havs an unlia- 
{ 
I ited useful life» 
I 
j      A particular advantage of diodö-ti-ansfonm.er circuits is that s ■ 

j semiconductor device operates between the transformer coils. The for- ; 

ward resistance of a diode io incomparably- less than the effective re«, 

sistance of the coil for an oscillating component of a pulse. Qa  the 

other hand* the reverse resistance of a diode is considerably higher  | 
i 

than the coil resistance for a direct component. Therefore, a. change j 

I 
in the characteristics of a. semiconductor device in time and tempera-   I 

fcur*» is not reflated on the parameters of a diode-trans former circuit* 
j 

This ex'olains the extremely' reliable performance of Vcie semiconductor    j 
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diodes'in such circuits. 

The semiconductor triodes are characterized by low pev/er and 

arid a low value of the input resistance and therefore they.have to 

operate on small signals. The magnitude of the signal is also United 

by the requirement of high-speed operation because the smaller the 

signal amplitude, the less energy is absorbed by the spurious capacit- 

ances and inductances. Consequently, the smaller the magnitude of the 

signal the quicker the electric circuit is damped. A decrease in the 

signal amplitude is also favorably reflected on the decrease in the  ■j 
i 

power supply. • j 

The parameters of the existing point-contact diodes and aluo      ] 

the technically feasible and economically efficient parameters of toe  j 
•i 

transformers with ferrite cores are such that there is a possibility ; 
i 

of operating with pulses of the amplitude of    2 f 3 volts.    In eaupar-. 

ison with the magnitude of the signals used in other known circuits 

this is several times less, : 

POTENTIALITIES OF THE LOGICAL ELKffiXTS.    All logical operations 

in a computer can be realized with the aid of three basic connectives: 

Oft   AND* WOT.    Let us cite a few examples of the construction of the 

counting and control circuits with these connectives. 

In the adder circuit diagram with three Inputs  (Figure 1) the 

sum   a    is formed in the following manner t 

a=. (x + y + 2) (xy2 + b)f (1) 
..I 



■«tiers x, js a    are the number or Gorman cooe pulses on the adder 
inputs. 

b -> the addition of the carry pulse, 

The carry oee-rrs every time 'vste'i the following relation holds; 

XU ~-f~ U't (25 

*       ¥       / 

&*,«■»« 

tnvti7v>»KH 

OK 

osr* 

r'T&Jlsii'b   Gar2"3?' 

Figure 1*    The basic diagram of an adder bssed on 
ths logical elements OR, A?© and 1CT 
with the predominant use of the logical 
elements OR« 

(1) 
(2) 
(3) 
a.) 
(5) 

AM) 
OR 
NOT 

Carry 

The input pulses arrive at the  circuit AND having three inputs, I 

at the circuit OR having three inputs aid at three circuits OE filth fcwoj 

I 
inputs each« ( 



 ,J_ 

The circuit LW setä3 a ttilxe to the s« output 01Ü7 if thers 

are pulses on all «tor« i*p*Ms    The t^smissian of the puls:* is 

«»«rpUshed tHrou* *e circuit. OH *ith t*o Inputs.    Tu, cirerit OR 

with thr« input* transmit» the pulsar, *» the circuit KOT-    Jf there 

i» a pulso only on om of the lap«* of the adder, the circuit K» 

doe» not Inhibit and tbe pulse ptsaea to the sur. ortpnt.    If to***r: 

thare are pul*« on tiro or .11 three ixpnia, then the carry pulse ap- 

| ,«» indeh iifcittta the !»■■*** of the mlses thro,* the ciruvl- 
if 

NOT. The carry pul*es .re ser* to the output through the circuits 

A® having three inputs when there are pulses on tvro or all three in» j 

Puts of the adder. Tte distribution of the prises appearing oa t«o j 

***. of the edier to the three i»l** of th* oixeid* 1» acco.plicheij 

by the three circuits 0* feigned f«r two input3 eich. ,      j 

to *Kar can be contracted with the prepaid* ce of too»» j 

circuit« Khich ha-re the nicest techr^l characteristics. The adder j 

.bam in Flgpr* 1 coueist. chiefly of the circvits QP. and thereby it I 

differs from the other known ayetous nhrre cireuita AHD are pred«i-    | 

nantly used. 

lagKaO. «yrteu ««*• *l3° b'e a**"*8*** ^ for ^ COntro1 

circuits.    let us consider one of the possible citc^t, of control by 

weim of the shift register Figure 2). 

| if in the accumulation cell K vrith a delay line natty 1B set up 

for the repetition period of the synchronising puiaea, toen this cell 



i    rea&ine in the energised stats with the aid of the sjmchronizing 
i 

pulses» These pulses pass through the circuit NOT and arrive at one 

of the inputs of the middle circuit AND the second input of which is 

connected with the output of the Memory cell. At the instant of the 

A 

JLiAND- 

u*«jr      |   v** JHMlra''15 |^ p.***«^    wT*""***! 

"" ft I <b     ,f imniui»*ittj ("'^"'Q i 

„2i.<J.J 
Xeft.Syr'chrordf.etion. 

Rieht f > 
0*7 

Figure 2«    The basic circuit diagram of control 
by means of a shift register with the 
aid of "the logical elements öR.f AMD 

and. NOT. 

(1) - Shift 
(2) - OR 
(3) - HOT 
(k) - AND 
(5) - Left 
(6) - Right 
(?) - Synchronization 
(8) - H Memory cell 

shift, the shifting pulse passes through the circuit OR and' inhibits 

the passage of the synchronizing pulses thro-ugh the circuit MOT* At 

the same time, zero instead of unity is set up in the accumulation 



I cell if it was fensrgiaed and if the cell is as not enargi»ei then it 

remftiiw in the n&ae state.    Dawsnriiiw! on tnc direction in wb Ich the      j 

shift take» place - right a? l->it, the shifting pulsu arrives at tho 

ireout- of the upper or lower circuit AND« 

The recaption of the code ie accomplished by the accumulation    | 

r*ll frorc thr, (a - 1) cell or (n * 1) call.   Aud the code from the        j 

n-ta accumulation cell is transmitted to the (n * 1) or (n - l) cell*  | 

respectively.   After the teralnat&n of the shifting- yul&e, the isMbiti 

is removed from the circuit WOT end tins aynchroniaJng pulsas aaivitein | 

the nevr state of the accumulation cell.    The circuit OR vrifeh three        j 

inputs plays tn faw.iii.aiy role and serves as the separation stege.,        j 

The basic circuit diagram of a computer my be conetrusted in    | 

( 3ueh a manner that the accumulation cells will he the ^.itial and (       ■ 

terminal links of the countsng and oontroIlt&E circuits*    In tJie eaoa , 

when logical eJe^ntP wltii savOl losses are uaad, tha pewvmu?ation        ! 

cell's may be &ven the functions of tho Input and output amplifier*.    , 
i 

lat us shcrr this by the eTcampie of an adder. 

In the adder shown in Figure 3, transformers with ferrite cores 

Otelfer U00 (Forroeart 1*00) and flemicondu^.^ diodes TXi-T»? ard UO-JPaO 

are used.    These transformers have the ssaifi number of turnt in the 

primary and secondary coil».    An cseillegram cf ihe electric charac- 

teristics of a diode~tr-usformer adder confirms that the accumulation 

cells with semi conductor trio des can handle tha irost coaiplax logical 

circuits cf computers.    The effect of the adder on the input circuits 

10 



i    is insignificant,  the transmission coefficient is satisfactory and 

the sii-mal~to~interferep.ee ratio on the output of the adder is stiffi- 

j    cieatly high. 

The study of the electric circuit of the adder' and of the 

osdllograms of the signals on its inputs and outputs shows that ths   j 

dloüe-transfuriuar circuits aaka it possible to realize the logical       i 

elements Oh, AND and NOT -with the transmission coefficient of abmrt    ! 

| HE1 

Figure 3. Electric circuit diagram of a diode- 
trans former adder e.nd osciilo grams of 
the pulses on its inputs and outputs. 

'1 \ {l) -  Input 
(2) - OR 
(3) - AND 
(h) - WOT 

(5) - Sura 
(6) - Carry 
(j)  -. volts 

LI 



' As the theoretical and experimental investigations li*va shown, 
i ,  .  - 
! the optimum value of the controlling pulse amplitude comprises I ? > 

volts. Pulses of smaller amplitude are transmitted with a larger loss j 

thai the pulses of optimum amplitude. This makes it possible to re- 

duce the interference in a diode-tran.Bforii.er circuit to the minimum 

and to secure a sufficiently high quality of the transmission of the | 

useful signals. It was also found that the pulae power expended for I 

•foe control of one logical element does not exceed one milliwatt. , 

Thus, Wie existing high-frequency germanium -triodes aiay be used as an \ 

.amplifier-transformer even in a parallel' computer, watural.ly, the j 

sendoondcutor triodey should be used in a circuit with notching trans-j 

formors whicn secures a high value of the inpvt red J. stance and a lew j 

value of the output resistance« '■■ 

LOGICAL ELEMSWT »CRW.    Logical elements OR may be widely used 

j in the construction of the counting and controlling circuits intended \ 

for different purposes.    They are more efficient than the rest of the ; 

logical elarxntf,    For example, when using ttoee elements the pre cess ; 
i 

of the passage of the pulses is not accompanied by the appearance of j 

interference as in the circuits AND arc! KOI. Tho electronic circuit  j 

performing the logical operation Oh is essentially a combination     | 
I 

circuit vith  n~inputs (Figure h). A pulse appears on the output 

of this circuit every time when there is a pulse on one of its inputs 

The interaction of the input signals is eliminated since diodes are 

12 
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1 serially connected with all inputs« There are known two typt s of the 
i 

i circuits of the logical elements OR with semiconductor devices* diode- 

resistor-type circuits /"6J7 and diode-trans former-type circuits /~5_7« 

Let us consider their advantages and shortcomings. 

Jl 
p»—.». 

JL " 

Pf—"ll 

kiv.sr.r-J 

JL 

Bbfxoö 

£*.1 9 life 

.Jl/ 

S It" ^ö/jrfli? 

fTw7    Tfffi 

0} 
y*£*f     *$?* 613 

Figure U.  Electric circuit of the logical 
element OR; 

a - diode-resistor»type circuit] b - diode-transformer- 
type circuit, 

(i) " input 
(2) - Output 
(3) - b 

An equivalent circuit of the diode-resistor-type element OR 'will; 

appear as show« in. Figure 5 a (% denotes tn.e internal resistance of ! 

the diode),    Trie intermediate transmission function for such an elec- 

tric circuit may be written in tne. following mannen 

uoutaUin " Af •+ R;. 

  /?» - 

\ — e    RoCK 

'li + Ri * 

(3; 

13 



where 

in order that the reactive component (the factor In th& paren- 

thesis) aot reduce in a substantial, »anner the voltage on tha output, 

—<5 

0 ^_X—i—.#^ 
U
6A30 

(fr ß™ 
£1* i'T «MM«»* 

cVfg; 

Fienre 5.    ©piiv&leiA circuits of the logics! 
element OR for the, case of R±n   Rout.t 

a - diode-res; star-type circuitj b - diode-transfarmer- 
type circuit* 

(1) - tt i 
(2) - u output 

(3) •* t> 

it is necessary that the ratio    -A-   * sufficiently largo for the   , 
t 

blatant corresponding to the aaxunai value of the pulse ««plitwta.    If I 

thfl influence of the spurious c&pacitaiwe is limited to 11?» then it la 

necessary that the relation   t^R0C be valid. 

The piüae rise tine   ^   may not be arbitrary and ic determined 

m 



by the shaps ox the pal*es.    Pül&e üvration    «r,,    1» detained by toe | 

»iniimm pulse repetition tisa   tas 

T~ *£. 0*1? t   &±nvto$. ! 

isss Assurdiig that the operation ie performed by triangiüar piü 

we "»ill obtain, ■ i 

R„04P.C£ t_ stadias ; 

Thus, fear the xepetition rate of 1000 kilocycles par second,       i 

I th* tisie constant srest riot exceed 0„o£ microseconds.   Mian this condi-; 
i " ' 

tion is not observed» the effect of spur to» capacit&noe approexaoxy , 
f n * 
[ increases.    Therefore-, if the pulse duration amounts to parts ci a > 

i mloroseooM,,  the resistance R ir. tha diode-resistor«typ«5 circuit OR j 

j must amovtnt to thousands of ohms. ; 

|               Let us analyze now the effect of the internal rssistanee of a 

serai conductor diode OH the transmission coefficient of the diode-re- ' 

Bistor-type circuit OR.    If we want to obtaiß a transmission coeffi- 

cient approaching unity,  i.e.  if we want to sssure the observance of . 

the relation II    ^t"    , than in accordance with (3) it is necessary      ! 
1 out      in ; 

| that fb4jR*    In practicej  if R^-OeQl of It   -which corresponds to a j 

S will sagrdtuäa of the anode voltage drop*  then the transmission GO-    I 

! 
efficient will be very close to unity«. 

The graph repi-oseßted in Figtrre 6 shows that -when the anode 

voltage of the diode is    *1 volt, the internal resistance of the diode 

lf> 



fluctuates frofo 100 to 1000 oians depending on the tyjw of diod-a. 

;..&< 

T--// 

-0,3 ft? 0/t     0J 8% 
HanpFMtHue ua üHG&e^ 

Figure 6,    Internal resistance of point-contact 
germanium diodes DG-Ts* 

(1) 
(2) 
(3) 
(U) 
(5) 
(6) 

Internal resistance 
Ohns 
DG-Ts? 
m-Tsb 
Volts 
Anode voltage 

Upon the drop of the anode voltage to 40.1 volts., the internal   j 

resistance increases to 10,000 ohms and does not depend on the type ofj 

the diode.    After substituting in the expression (3) the v„lue of the 

internal, resistance of the diode obtained from the graph,  it is not 

hard to note that, the diode-resistor circuit OR is characterised by a 

low value of the transmission coefficient, especially when operating 

16 



with email signals. 

Tin», the circuits of the logical «!«*** OR exa^ed Aiwva, ^ 

cannot opcrata without «*liflere,   *w Mas reacting fror, .be p«*- j 

age o^ the rectified current through the resistance R also law** tie " 

, tra^ssicn coefficient.    Tbarefore, i* tte ooiratiag and coaling j 

circuits com-tructod *itfc diode^sistoi^e   logical eKoecrte, it i 

w *A ^r-Vfc +.*» une of the ofecui« OH and replace than j 
I"h*<" "' i ! 

as far as possible *Lxh more corpiex Cj.rcuxM» *iu* j 

i^ BB oowiUar ttu, operatic« of a dioda-t^fo*»«^^ cir~ ; 

I TOit of th» logics ,M Ä «.der ao*»d conditions    to addition, j 

I let « a.»*», that the tr^förmr ha, «»all l«.f.       *«• "«"*- j 

| ticma aak. it possible to disregard the eifoet of the seconds coil    | 

I of the trimerower on the peters of the prinary coil and conse- 

J q^tly to replace the informer with a parallel circuit nithout        j 

I i«««*, the    L   in this clreait «pressing the selM-Muctanee of tbs  ; 

' prfcoary coü. aad   C - fee coil capacitance with the s^tor* eapaci-    j 

in», tak» into «co»t,    A, is knon« the torn of the tuition        j 

funcrtion of ta«*rf*»Ion depends to the ease of a parallel circuit en  j 

the ratio of th« «lrouit and diode parameter tfadar the condition        j 

,1/T • « ^«a^^-if! atv' for the transformation. 
I that   '%<!¥ h th" F«>«*8 xs &periOuic a«~ -i in. 
|                           G 

j ratio equal to tadty, **« have: ■ 

17 



vihera 

._.,„. j  

a^ 2Xvc"""|/ 4R':C! iC 

^^w4 
/   Ak';C* LC 

If however,    R^iV w , then tbo process become oscillatory 
1    c      ° 

and «.tteanating; 

W^.o (4/??-£--..>- !)       c~ '^'slno,/, 
(5) 

?"ber® 
ÜJ /xzz /c 'SKJC 

I Expressions  (a) and  (?) indicate tb-it *rith a definite ratio 

I of the circuit arrl diode parameters, th.j output, voltaga cf the rircuit 

! being considered may exceed the input, voltage ft sons.? instant of tine. ; 

I After caFipa.rL.nq thesa expressions with ihe expre^'ion (3)* we     ; 

i 
ascertain tlu.t the diode-transfor^er-typ* circuits can trarx:nii tha       ■; 

pulses bettor then the diode-ro-ristor-tn-e circuits, j 
I i 

The application of fe;rite cores %?.kaa it pos.-ible  to create       i 

transformers possessing resistance which ssctsres transmission coefri- 

ciant approaching unity for the diode^rnnsfcrmer-tyoe circuits OR. 
1 

18 



,„_X..- —I 

j An example of the serially connected circuits OR assembled of coupled 
i 

j circuits and semiconductor components in showi in Figure ?. used as 
i 

| coupled circuits are toroidal transformers with ferrite cores Oksifer 

j i|.C)0 (Ferrocari UOO). The number of turns in both coils is the same 

and consequently the transformation ratio amounts to unity. Used as 

the semiconductor components are the point-contact germanium diodes j 

IK}«-Ts2. In the left portion of the Figure is shown a circuit in which j 

the diodes operate to increase the current in the middle circuit - the j 

circuit where the diodes operate for the reduction of the current. j 

Shown in the right portion of the diagram is a chain of transformers i 

without Intermediate"diodes. Each electric circuit was assembled from! 

identical transformers and diodes. ; 

After comparing the oscillogr&ms of the circuits with diodes 

arid the circuit without diodes (the latter can be likened to a long 

line), no appreciable difference can be discovered in the character of 

the passage of the pulses. 

Thus,, the results of the experiment confirm the feasibility of 

creating sufficiently extensive logical circuits OR with diodes and 

transformers and having a transmission ratio approaching unity. A 

study of the role of the voltage of the direct current supply shewed 

that the feed current serves for the bias of the operating point of 

the diodes and performs the loading functions for the transformers. 

Therefore, when selecting the mode of the power supply.it should be 

taken into consideration that it depends to some degree on the repeti- 

I 
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tion rate and the shape of the poLscs. 

iorrrx 
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Figure ?.    The passage of pulses along an electric 
crxeuit composed of the diode-transformer- 
tyrpe logical, elements OR. 
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\ LOGICAL ELLHS5KT "AfiD-'.     In tie exiting compute«,   the must        J 

! „weir used loeioal eifern, Is AM).    As la kucwa,  the oparaWca ABI) 

|  is psrfon&ec! 07 the electric coincidence circuit (Figure Ö).    The aig-| 

\xed 7 £> 

i" 

H $ 1 f># 

N*"** 

^ ill >  HuxOi 
... XL 3 Sit 

£&m?(?       (1/       ,     n       „    I 

pi-1 IK' 

Figure 8*    Electric circuit« of the logical 
element ANI? 

a - dloüe-r-sist.or-tjpe cireuiü;  a - axoce- 
trans 10r.-3.er ~iype ci real, t, 

(1) - Input 
{2}   ™   UV&pXiX. 

ip.1 on the output of such a circuit. appears on^ onl:-' if t'hers are aigna.ts 

on a.i..j... ox its inputs«     If howeverj tna i8 sisals do not arrxva &'C- «• all of 

the circuit inputs,  then interference develops on the output, , 

There exist two tvpüs of circuit» AHD with s«r.iccnduotor de-      j 

^.cea. d^de-roslator-tyr* circuits /"\7 and diode-tr^-fbrraer-typc 

circuits / 5 7»  _ 



The study of the sir suit AMD vdth goravinium dicdes and resist- 

ors shows that it is not sufficiently economical. In addition, such 

circuits cannot opera to one another with a sufficiently high trans- 

mission ratio. This is explained by the circuyaetarca that the input 

resistance must be considerably lower than the output resistance and | 

the output resistance whiüh would be sufficiently high mth respect to | 
I 

the absolute magnitude cannot be selected, \ 

The magnitude of the output resistance R&  iß limited by the 

time constant tr of the output circuit, this constant having to cor- j 

respond to the inequality tr£l/3ir. during normal operation. From  j 
i 

this,   the value of the resistance is defined by the inequality: J 
| 
i 

R'<-*fc' (6)   ! 
I 

where C is the capacitance of the output circuit; i 

-» - the doration of the operating pulse, : 
«u ; 

The minimum value of the output caps.cit.ance is equal to the mag-!. 

nitude of the spurious capacitance. Therefore, similarly to the cir- f 

cuit OR, the resistance Rj must mo^Mit to thousand* of oh&s if the dm*-; 

atlon of the pulses amounts to fractions of a microsecond. In this- j 

case, the input resistance Rk cannot be selected arbitrarily. In order; 

that the interference on the output cf the circuit be smaller than the 

signal, it is necessary to comply with the inequality Rk<f*a« 

d? 
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The ia&xiiUT?a ir&ei ferenc« voltage It, .., will be in the sate frhen j 
iU't 

the signals ars absent on only cne of the input« of the circuit* In 

thie cpsej in the absence of a damping diode IK the current passing 

throusji the only open, diode increases by the jaagaltade 

n, 

i *©re    1.    is the. current passing through the resistance Ra; 
i 

n »the number of iha circuit inputs. i 
j 

In addition to this, ths im.erferer:c?e voltage rill  bf* equal tojj 

iiit  "out'    *    "-'   r -Wf' 
(8) 

where fy  is the diode resistorce at the operating point. 

Let va assume that in the case of the simultaneous arrival of , 

I the niPiiel« at all inmrts,  the signal voltege on the output of the ! 
j    ■ ■     -    -    -c .... 

I circuit is equsl to    11^=1,   . %•    Then for the maxfeuo value of the '. 
t _ ' 

intefference we will obtain : 

In _..   P      (p, 4- /?„,') 
//      — /y     in ~. . l_:i.z.....-2;i 

Yv* Stft?«t        " ''■•« 
(9) 

After exarninteg a simplified circuit, we assuaa that the role 

of the damping diode    D    consists of a supplementary redaction in the 

value of the input resistance of the circuit    at the intents of anti- 
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1 coincidence. .'2hm>   the interference is the smeller, tat: ".ever the 

' input resistance of the circuit compared to the output re distance» 
i 
! .  . 
j    Consequently, these circuits cannot operate for one ?noti   r wi.tnoux 

j   considerable damping. ; 

In the diodc-trmi-jforaier-type circuit shown in Fiff xe o b, the] 

transformer may be regarded as a parallel circuit the maf -lindes of    ■ 

the inductance, resistance and capacitance of whish -ire C drained     J 

by the inherent paraa-sters of the transformer.    The advar-caps of the  • 
i 

transformer is  that the d5.ode-»transfomer circuits AND can operate      ; 
t 
\ 

stiffIc1.ent.ly efficiently for one another. j 

For the purpose of determining the advantages end shortcomingsj 
i 

of the diode-transforwer-type circuits AND,  three basic circuits de- j 

noted conditionally by symbols    A, B and C were investigated.    In. the: 
i 

circuit A, the logical operation is accomplished with the aid of   ! 

diodes which operate as keys while the transformer is used only as 

an output circuit. In the circuit £, the logical operation AND is 

performed by the transformers and the diodes play an ancillary P3^ 

by performing the function:; of separation circuits,, In the circuit 

B, both the diodes and the transformers take part in the logical 

operation. 

The bisic parameter of the logical circuits MID is the ratio 

of the signal to interferenea. In the final analysis, the operation- 

al stability of the logical circuits depends on this ratio. There 

exist two basic methods for improving the signal-to-interference 
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ratios limiting the interference and suppression of tha interference, j 

In it» former ease the limiting; voltage is connected to the 

limiting diode In series with 'the siSnal voltage, ths phases of bot 

,/cltsges having to be shifted by 180° and the «asnltiide of the limit 

ing voltage having to correspond to the interference «nplitude. This j 

constitutes the principal drawback of this metiiod. j 

The second method provides for the" parallel connection of the j 
i 

signal output and the resistance of the damping diode,the magnitude j 

I of the resistance being lor for *** si.gna.ls and high for the large j 

signals. It is asamed that the interference 1B weaker with respect | 

to power than the sigmls, For the circuits Al© operating cm the j 

principle of the signal coincidence this condition always corresponds j 

to the actual conditions since the outputs are added at the instant  | 

of the coincidence, j 

The essence of the interference suppression method consists of ; 

the fallowing. The anode voltage of the diode Ua Is laid off on the ; 

operating characteristic of the «toping diode (Figure 9) along the : 

X»«iss and alone the Y-axis - tha internal resistance of the diode j 

Bj. Shown bei«, is the pulse acting on the cathode of the diode un. j 

The damping diode uses up the poise power until the pulse voltage üa i 

increases to the magnitude at which the internal resistance of the 

1 diode *< heads in the direction of an infinitely large magnitude. 

| Meant by the infinity In this case is the tenfold excess of the input 

resistance of the circuit for which the circuit with the damping diode 

25 



': operates, " Th& pov^r rt;:>ei by thy dialing riWe Is proportional to the 

i time   tt.    during nhich the ««gnu ark. of tfca internal res1.st\nc--.? o^ the 

\ Hi 

i 

-*^i 

^4 

\ 
V 

"**"•■■<»«* 

_, 

Figure 9.    Or-iph for fie c&lcul-vlioi.. of the pcvwor 
absorbed by the d'u.pinr aloce, ! 

f 

dioda chfinges .fom a finite 'value to infinity,    Thin  t«n;e may bo e»r~ 
I 

pressed in terms of the parwsatsre of the operating conditions of the    i 

diode and in torms of the pulse parameters 5 j 

(10) 



Miere X*     is tho duration of the forward piii.se front» 

Th.uss the larger the pulse amplitude* the smaller the power 

absorbed by the damping diode.    Consequently, a damping diode repre- 

sents a large load for small pulses and a small load .for large pulses 

This is exp3.ain.ed by the circumstance that In the case of a small | 
■ ■ i 

pulse, the time during which the internal resistance of the diode has j 

j a snail magnitude, is longer than in the ease of a pulse of the sane j 

shape but larger amplitude« In a muaber of cases the 'useful signal •. 

and interference are equal with respect to amplitude but the internal : 

resistance of the equivalent interference generator is greater than 

that of the signal. This is valid for coincidence circuits. At the 

same time, the damping diode sharply reduces the interference ampli- 

tude since the ratio of the Internal resistance of the diode to the 

sun of the resistances of the equivalent generator and diode will be 

considerably smaller for the interference than for the signal. As the 

result, the problem is reduced to the case of small amplitude and con- 

sequently to a continuous connection of the load to the source of the 

interference. 

The electric circuit used for the study of the logical element 

A.FD constructed according to the circuit diagram A (Figure 10) aay be 
f 
j identified with the logical circuit OR-AND-QR. Placed on. the output 

of the circuit for the load is diode D. Used as the coupled circuits 

are toroidal transformers with ferrite cores Oksifer U00 (Ferrocart 

tjOO) and having an equal number of turns in the primary and secondary 
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Pigure 10,    The circuit diagram of the logical 
element AM) and the osciilogranis of 
the pulses on the iK.pu.ta and on the 

out pat. 

The oseillogram show* in Figure 10 gives the resu3ts of the | 

measurements in the cars «hen germsnim diodes DG-Ts8 arc used, Tl;e j 

power obtained from the direct-current source comprises about 0.5 »11-| 

ItaroltB (the voltage Sa*0n3 volte; the current is 1.5 mi.rHan.pwes). j 

The voltage of the direct current power supply ^or the damping diode j 

S   also amounts %o about 0,3 volts with the current, of 1.5 irittiaapersJ 

Tr.8 examination of the os c ill o gram shwo that the transmission 

ratio of the circuit A>ID is close to uaity and the nagnituda of the 

si£nal-to-interforenr.e ratio is satisfactory,    The onti-ceinoidence 
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I pulses «a ths input cf tl:m; circuit undergo larger distortions th:m 

| the coincidence pulses since in ths circuit A, in addition to obe load ^ • 

for x,he dmpinp diode Dg, ths ant i~eo incidence pulse It groped by       | 

the diode Vh  or ö0 at irtiioh the pulse does net arrive at tilts instant   j 
i 
1 i 

Of   11X556» | 

The dioae-transformer-type circuit A in which the logical oper- ; 

ation ANE is accomplished with tie aid of the diodes ^ aud I- «bile | 

the transform T parfoxTcs the functions of the output, circuit, has , 

suffielötttiy good electric clwantsristics and ir convenient to de- j 

sign»    Fcr example, a circuit vLVa three iaputs is erbtet; by the > 

addition of only o^e inyiA diode.    In fchi.3 case it is nececsaiy to        ! 

P3ace damping diodes at each input of the circuit AMD (see Flgare 3).   j 

' Hoover, because the anti-coincidence pulses £.r© subjected to a heavier 

J load and cor^sntly become distorted, the crix^it A carrot be recog-. 

Bised as being economical when opera tine with the signals of large . 

airolituds.    It ©ay prove to be efficient for small sigpala since in       < 

.this case the semiconductor diodss have high resistance and eonse-        ; 

<y»r.Uy their affect on the anti-coincidence pulses will be iKslgaifl-j 

leant- j 

| For the  construction cf the eieetrie circuit with which the j 

j instigations of the lo-Lest element AN! assaubled according to tht-     j 

circuit diagram B (Fi^re 11} *ere conducted, the same transf&wrars       I 

and diodes ^re used as in the preceding ca.e»    Ihe study of the oscil-, 

lograms shows that here a transmission ratio approaching unity may alsoj 

L 
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be obtained when the value of the signal-io-interferenoe ratio is 

»■'Efficiently high.    Unlike the sir-suit A, the coincider.ee, i«e. the 

operating pulses sve loaded in the circuit under consideration;, which  j 

is normal.    The circuit is comparatively economical: the peter of the  | 

damoinf diode direct currant comprises about 0*2 millivolts, the volfc-j 

age is 0*3 volts, the current   - G,£ ailiiamperes. j 

/r*"*fn> 

9l!lü      si 

.-.J 

Figure 11. Circuit dia'xap. 3 of the logical element 
Al© and the oseillogramo of the pulses on 

the inputs and on the output. 

(1) - Input 
(2) - Output 

Thus, the diode-transformer circuit of the B type has suffi- 

ciently exact electric characteristics.    However, since one of the 

transformers of the circuit AND represents a load for the other, this 
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I  circuit is *ore complex tban circuit A vi tli respect to tna dasign and | 

! technology.    The conditions of grounding the secondary wirings are      J 

' e^tantially different! tha upper transformer is grinded through thej 

winding of the K*«r trannfomar.    The core of the transformer on to« j 

other hand, has a l^kage to the, ground through the distributed capac-l 

itance of the wiping which is to some deproe equivalent to the grcund-j 

j ing of the transform at midpoint*    Therefore, upon the simultaneous  ! 

| appearance of the pulses OB the serially competed secondary windings ;j 

the upper pulse partially compensates the lower pulee.    Therefore, thej 

n      J„ „..--n =1» +>i-n +-VIA rloi-iblo amplitude of the pulses        ; aggregate pulse is sma-Uer tn^n  «no OOXLUXJ a...^ I 

j act tag at a different time. 

«,,,ii,r   .(->..A «irrupt C (Figure 12) in which Let us examine, fins.xly*   une circuxi- v u-fc"- / 

*    .t*r-,e^ n-d d-iodes are wed as in the first two circuits, the same transxoriaers a^a. eaoae,& cu» ..-»-a ^        , 

Passing throrgh the diode, the pulse arrives at ons of tha poles of      \ 

tbo input winding of the transformer and another pulse is siiBoLta-       j 

neonsly ported by 180° by one of the inpat transformers and after      j 

j passing through tho diode arrives at the second pole of the winding,    . 

1 upon the coincidence of the pulses,  the transformer prove, to    j 

J be connected by both poles to the pulse eources, and in the case of      j 

[ anti-coincidence tha transformer is connected to the pulse source by    j 

| only one input pole.    The second input pole of the transformer is 1 

grounded through the second diode of the circuit and the output wind- 

m of the second input transformer,    Lite the preceding circuit, this 

circuit does not require direct-current supply for its operation. 
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Figure 12.    Circuit diagram 0 of th« logical elßfcenl 
AWT; ar.d the oscillogramr of the pulses 

on ths inputs and en ib/i output. 

(1) - hxpnl 
(2) " Output 

The studj  of the    oocillo.fp'a^E SLOVFI; that the circuit weakly 

loads the input siprvüs.    The transraissio-i ratio of this cJrcrii is 

also close  to unity.    The sl.&&l-ta<-inte-rfrre-oe ratio tor this cir- 

cuit is coneidexably better than for the circuit;-  considered ab.rve, 

Vdith respect to the 'jconorcy of the po^3r supply,  this* cire'di, docs ro'i; 

diffar from the circuit B,    Cwing to th*-> .acnlinssriiy of the volt- | 

ampere  character is tic of the diodes,  tnc cenditi.-ns of the trammission 

'of an anti-coincidence puLsfc are always poorer than in tho cape of the 
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coincidence pulses.    Therefore this circuib is the most suitable one 

for the creation of the highly economical typo AMI) circuits« 

LOGICAL FLiSMENT NOT.    The logical operation NOT is performed 

| by the electronic anti»coincidence circuit which has an input for the  | 

signal and an input for its inhibit.    The circuit operates in the fol-j 

lowing earner.    While there is no nesting pulse en the inhibit input,! 

S the pulse appearing on the signal input paoses to the output of the      > 

circuit.    If however, simultaneously vith 'the arrival of a pulse en      j 

the sisnal input, a pulse reaches the inhioit Input, then no signal 

appears on the output»    Thus, upon the addition of the inhibit input 

| to any circuit OH or AMD, this circuit is transform into circuit 

NOT«    As soon as the negating pulse appears, the passage of the sig- 

«Os to the output of the circuit is discontinued. : 

The diode-resistor-type circuit MOT shown in Figure 13 a £"6j  ! 

[ is considerably aora complicated with respect to electricity than the   j 

similar circuits OR or AND,    The signal, which is to be inhibited is       j 

first delayed for a tine equal to one fourth of the pulse duration.       j 

On the other hand, the negating pulse may pass through the delay line   j 

for a time equal to one half of'the pulse duration but may also clear   j 

the delay line.   As the result of this, the nesting pulse arrives st   J 

the inhibit input of the circuit MOT before the signal pulse and con» 

tiaues longer. 

t 
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Figure 13.    Electric circuits of the logical 
element NOTs 

a - diode-resistor-typs circuitj b - diode trcma- 
former-typ-3 circuit with an oscillogram of the sig- 
nals en the inputs and on the output. 

(1) - Inhibit input 
(2) - Signal iup.it 
(3) - Output 

(U) - Input 
(5) - b 
(6) - Dft 
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i 
When the- inpi.it. pulses are aboent the sigaal input is connected i 

I 
through lbs diode 33-,-to the negative pole of the power supply and the   i 

diodö D,   keeps the ouipirt of the circuit beloia  the    ground potential.»   j 
U ■ - , 

Diodes B... and Dc, are connected through tho transformer to the positive1 

i 
pole of ths power supply. If the -voltage cm the signal Input .becomes j 

j 

positivs as the result of the arrival of the pulse and the negating       j 
i 

pulse is absent on the inhibit input, then diocb DJ, is cut oif and the' 

output Toltage begins to rise otrtil it is balanced md united, by the   \ 
i 

positive DOtential to 'which  the diodes D-t  and Bo are connected.    If      ' 
* *' JL Shu. j 

i 

hmmotj, there is a negation pulse on the inhibit input,, then, having j 

been inverted 'by the transformer by 180°, it serves es tha po^ar sup- j 

ply of negative polarity for the diodes B-| and B2.    Owing to this, j 

when the po^er of the negation poise is sufficient, diode 11. contimiss', 
• 

to conduct the current regardless of the presence of a pulse on the i 

signal inpo.t, ; 

The dio de-trans former circuit of the logical element KOT / $J '■■ 

shown in Figure 13 differs littlo from the circuit B. considered above»; 

The difference, is that ohe secondary wirdirgs of the transformers are   ; 

connected in 'the opposing fashion and not in series, and 'the clasping     ■ 
i 

diode 1).,} is connected to the middle point of tfco circuit and not to      ! 

the npper one»    The opposing eoilß make it possible to compensate the  j 

operating signal by the inhibit signal*    The damping diode connected 

to the middle point keeps one pole of the output coil of the signal 

transformer below the ground potential, 'while there is no negation 
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i 

pulse.    Upon the .^mvai of the oul^e d^ode D, antonatreally switches   j 
'   " i 

this pole to the output of the inhibit transformer.    For a raltibia      j 

compensation of the signal, the pulse in the ov.tpv.t Y-tudiug of the 

inhibit .transformer must be sonewhat larger than the pulse amplitudo 

in the output winding of the signsl transferier.    This is achieved        j 
j 

by using a transformation ratio larger than unity* ' 

With resect to 'the ekegric features tha circuit MOT is not as, 
i 

good as the diods-transfcrmer-type circuits■of the other logical ele- | 

merits,,    The transmission ratio comes out to be somewhat Lass than | 

unity«    The circuit is sensitive  tc phase relationships.    A necessary j 

condition of its Operation is that the inhibit pulse must arrive some-j 

-       J I what earlier than the signal pulse.    However, the technical and econ- j 
I 
i 

csmic characteristics of tha transformer circuit NOT are considerably   ; 

higher than in D similar circuit Tsrith a transformer and resistors j 

(Figure 13 a) inasmuch as all the advantages of the diode-transformer * 

circuits over the diode-resistor-type circuits remain in force. ; 

i 

ACCUMULATION CELL. The remarkable property of the diode-trans ~j 
j 

former logical elements  (to transmit with small losses tha signals       | 

representing the nur.iber or ooraiiand codes) makes it possible to create , 
i 

efficient accumulation cells.   When constructing cells with a seiui-     j 
i 

conductor triode, it is expedient to usa a delay line. In such a 

circuit the. triode is intended chiefly for the compensation of damp- 

ing in the delay line and for making up the snail power losses in the 
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I circuits of .the logical eleaentB.    Such a circuit of the ^c^ulation 

1 cell is mere efficient that the otter kno*m circuits as for example 

I tne Pitching ctrc^ts utilizing the drooping region of the volt- 

ampere characteristic or the dyrasdo trigger circuits with memory 

capscitors« 

Wien using a delay line, no special requirements are demanded 

with, respect to the duration of the input signals, 'their amplitude 

*tc* *hich is characteristic of the cases in TÄieh a reservoir cap- 

acitor or K-typo characteristic are -used. Sfaoe a stooge cell can 

be used as BX, amplifier of low power, the semiconductor tricde should 

; b* used in a-circuit which provides a high input resistance. 

|      Thn structural diagram of a storage cell (Figure lU) has three 

I irpotai for 'the synchronising pulses SI, for the zero setting pulse 

! Trt and for tha unity setting pulse Yr The ttorag* ceil consists of 

Figure 1U. The basic diagram cf a storage cell. 

(2.) - SI - synchronising pulses 

(2) - NOT 
(3) - OR 

(U)  - AND 
(5') « IÄ - delay line 
(6) - Output 
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topnt logical elurr^nts N"h a:,^ OB. ^pe/aUr-p, for t> laical eI^K.3nt 

ANß which in :St3 torn o^yrctei:  for the amplifier  If*    There is r  feed- 

back frcm the amplifier- crtpv.t -through the delay lin IZ to tSt* iarr/b 

circuit OH. 

Ths K-ynchrcv3i.ng pjxfes serve for the reshaping of th'j input j 

s5.£cnrl3 in tine.    For thin prr-pf&s,   the dbl^y Tins l«s !?eip?.«f»i for a    , 
* i 

tlffie sotie^hat shorter hb-Hm the repotilioa time of the synth^caiying      j 

ptur'-CS« ;. 

The zero ^fcttinr, signal is sent e^cry tix.e v.hsu it is nece„<?arr; 
i 

to store now data,    It serves for the erasure of the- ^formation srtor-> 

ed in the cell by blocking the delay xine output from it? inpirt. j 

Afisr ß.u appropriate sipncl Ins beta ::*nt to the unity setting ! 

inpwt, the electric circuit begins to operate ■*«  a pulP-i renfrator . 

tarti! sew ir>tum;itior xs presf-nieä« 

Thus,  th» cyst-sris  of tie electronic automatic oouipnniit  in a      ; 

| high-speed corp^ier can C3 e^;f:t,rrcT.ei erdlro3y cf Fsa-cwndrritor if-    ■ 

| vices of the ixi:itlnr typos vheu palse trsr-üfcrnrrn '/;iih fenitc cor^fj 
i ' 

are used.    The aio&t cornyler: electronic circuits of a computer can    bo j 

| an sailed, in the n.ain fro:;; diode-tr«nsioru,er-4ype e3».i*n'-5! vdth a 

mini-arm uso of the amplifiers.    Therefore,  auch aysiems are character- 

ized by high economy,  high reliability anrf simplicity of operation. 
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