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Diode Coincidence and Mixing Circuits 
In Digital Computers' 

TU:-\C CHAJ'\'C CIfE~t. ASSOCI,\TE, IRF. 

Summofv-Bulc citcuiu utilbln, cennanium diode. in elK· 
triwly pulsed ',Items ue dC$Cribed. The eircuiLl are of the tol
IO"inI types: 

I. Coincidence tireuits-output 'iena1 OCcurs only wben .11 Ib~ 
inpuhl receive sirnals simult.anlWully. 

2. Mi..rinC circuits-)utpul .i(!l.l occur. wben an1 one of the 
Inputs recel"u I ,Ima!. 

The analJul of tra.Dlienl response of the output .ip.l and tbe 
Input illlpedinct are riven. 

I. I ~TRODliCTIOI' 

COI:\ClDE;,\CE and mixing circ uits, also known 
{ ,IS gales and buITer circuits. rcspeclin·!y. occur 

frequently in many electronic devices and plar 
ill important role in electronic di~ital computers. :\ co
iIlcidcnce circuit prodUl,'cs an output when, and onl y 
.... hen . all inputs orc energized simu ltaneously. A mixing 
(.:i rcuit combines sel'eral inputs without interaction into 
one output which is responsive to anyone of the inputs. 
Tht!Se circuit:; mil)' be formed by using multiple control· 
grid vacuum tubes, tubes in parallel, or diodes. 

The circuits, which are to be described, using ger
manium diodes are not amplitudc sensiti ve, that is, the 
circuil opcf.Jtions depend only upon the presence or 
.• I'''eIlCC of signals pro\·idl..'<1 the amplitudes arc kept 
II jill in a predetermined range. This property is desirable 
in most electronic digital computers and other similar 
.• pplicat ions. 

In the following analysi!> and discussion it is assumed 
th,.t the diodes are ideal except under the conditions 
where their back resistances cannot be neglened. 

II. COiNCIDE~CE CiKCUJT 

A basic coincidence' circuit of n inputs for positive 
pulses is shown in Fig. I . All the voltages shown are 
referfl-d to ground. All the input pulses are assumed to 
tot: rl"Ctangu lar with thc samc duration and equal ampli
tude and will occ ur at the sa me instant when there is a 
~:oincidence . The supply voltages are adjusted so that : 

(I) 

,nd 

(2) 

When there is no signa l at any of the ·inputs. the clamp
ing diode X, a nd all the coupling diodes XI , X" ..• , 
X ~ are conducting ; hence, t . equals E •. When there is a 

• Decimal du.ification: 621.375.2. Original manu5Cripl rw-eived 
Iw !lu: lnsli tulC:. June' 22,1949: revited OIanu!lCTipl rt'Ccivccl, Novcm
loc' 29, 1949. 

t FornlCTly, Research Laboratory, Moore &hoo1 or Electrical 
~n"ineerinll", l tni\'ers;Iy or Pennlylvan;.l ; now, Research Divi,ion, 
Burroughi .\ dding l\loIchine Company, Ph iladelphia, Pa. 

pulse appearing at olle of the in puh, t.,k i n~ inJlut 1 ...... 111 

e.umpJe. XI is cut off. Since I, is ~rC;lt<'r ,iI,ln I tho::: 

Fig. I-Basic coincidencel:ircuit ror ~ili\"e pulJel. 

clamping diode remains conducting. except when a 
coincidence of all the inpu ts occurs. With coincidence all 
the diool..'S arc cut off and e. rises exponentially with time 
COilstant Re, where C is the ou tput capacitance includ
ing the capacitance of the diode X •. 

The rise lime of the output pulse can be found to be: 

T. -
EI - E. 

RC In "::':--'-'
EI - I~ 

(3) 

If the voltage drop across R i" large compared 10 the 
amplitude of the pulse, the rise tillle is approximately: 

(F. - 1~)C 
T. = - -- _ . 

1 
(41 

After the output vuJtage e. has reached E, it follows the 
input voltage e. e..'(uclly: because if e. is greater than eO, 
the cou pling diodes will begin to conduct. If the input 
pulses do not have the same duration and do not occur 
at the same instant, the output pulse only occurs in the 
overlapping part of ail the input pulses and has all am· 
plitude equal to the smallest of the inputs. 

The purpo!re of using the clamping diode is threefold. 
First, it acts as a damper or dc restorer to permit the 
use of capacitive coupling. St."Cond, it keeps e. constant, 
except when there is a coincidence, regardless of the 
number of inputs at which signals are present. If the 
damping diode ..... ere not present, the maximum change 
in t. in the absence of a coi ncidence would be: 

R1RI +- nRE, 

RI + nR 

/11'1 

(' I 

I 
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and this vanatlon may hav..: sufficient arnplituue tu 
give a ("lse response when" is large. Third. the clamping 

'diode climin.ltes ienkage signals caused by the back re
sistance of the coupling diodes. The maximum leakage 
signal, which occurs when signals arc applied to n-l in
puts. is: 

(6) 

for no da mping diode. R. is the back resistance of a 
diode and .It; is the amplitude of the inp"Jt pul~ej. 
With the clamping diode, the leakage signal will not 
occur until i. becomes zero or: 

:.-( n_--.-'-I)",( E.:c' _--,E:::.) 
-- -II-I. 

R, 
(7) 

Under this condition the clamping diode is cut off, H the 
. difference I.-I is large enough so that Ihe cla.mping 
diode remains conducting for the highest pulse ampli
tude, no leakage will ~cur. . 

In the case where the total capacitances of the cou
pling uiodcs is comparable to tile output capacitance, the 
output voltage changes abruplly to the value: 

nC.E 
(8) 

wher~ el is the capacity of a coupling diode and the rise 
time is: 

nCo 
E, - -::--:,' E ne. + e 

T: - (nC. + C) R In --~"-';:-'-
EI E 

(9) 

If the voltage drop aCrOSS R is large compared to the 
amplitude of the pulse, the rise time is approximately; 

CE 
T'--, , I (10) 

Several types of input circuits are shown in Fig. 2 
where the notations are identical with those used in 
Fig. 1. Input 1 is a capacitive coupled input. Inputs 2 
and J arc used for direct coupling which is sometimes 
necessary for gate signals of long durations. Input 2 
should not be driven to a potcmial lower than E. for 
then excessive Current may exist in X. and X t in series, 
if the output impedance of the driving source is low. 
This limitation is avoided by the use of input J, since 
diode X I is cut off when the input voltage is less than E •. 

Input 4 is an inhibiting input. A coincidence of inputs. 
I, 2, and J will give an output, except when a coincid
ing negative pulse is applied at input 4. Normally, 
diodes X. and X t are cut off and the presence of a nega· 
tive pulse at the input makes the diode X t conduct and 
inhibits the output. Diode X. is merel y used for clamp
ing, wbile th~ series resistor R, is used to limit the cur
current through X. and X. during the negative pulse 
when the output impedance of the source is low. 

It should be noted that if there is no signal exislln~ 
at the inhibiting input for a considerable length of time 
the potential of point A is approximately midlV3}' be
tween E and E., assur,:ing the back resistance of dioot"S 

" ,T' '" " ' . .. 
~ 

2 " 
~ ,'J , .... ! 

" ~ ~Xe :;:c 
... , 

"'""' " ~' ", " .. . "" " .. 
-

Fie'. 2--coincidtn~ circuil for {lO'it;vt put .... 
dilTerelu trileS of inputs. 

X t and X. are equal and large compared to RI . I , 
put voltage, when it reaches the potential of pull · ~ 
is affected by the output imp<,d.lRce of the ;nhibl tJll"; 
source. The shunt resistor Rl, h.,\ !!I ~ ,I resistance smaU 
compared to the back resistance ~ " t 1, ..- • I q II diode, 
maintains the potential of point A \·er ~ " ... , ,lie 
a~ence of inhibiting puL;es . 

Any combination of the inputs described .d· ",!. 
form a coincidence circuit. The number of I npu t~ J. 

limited by the cu rrent capacity of the clamping diode 
XCI since th,; current in the t l.l!lIping diode, \\hen n,. 
signal exists at any of the input!>. is; 

i. - (Il - p)/, - I, ( III 

where n is the total number of i\':'uts .and p i! tnl' num· 
ber of inhibiting inputs. 

A coincidence circuit for negative pulses is iJ,·· ' !" .tl 
with the one for positive pulses. except that all th,· .!u,.,.le 
conncctions are reversed and the relation of th.: \ l/ :ous 
voltages is; 

E t > E. > Hi. 11.2) 

Positive pulses are required for the inhiIJll, " ,,- ' i,utl' . 

III. MIXING CIRCUITS 

A mixing circuit for positive pulses is shown in Fi~. J. 
The voltage E, is negative with resl)C(:t to E. and ,Ill 
diodes are conducting in the absence of input pul~e.. 
The diodes Xt, X t , etc., are used for clamping. Whl·n a 
signal is applied to any on~ of the inputs, taking input 1 
for example. X t is cut off and XI condUC19 mort he.n ih·. 
Other coupling diodes X" et c. are cut off when t. ris~ 
above E. and the output voltage t. will follow the input 
voltage t. exactly until time II. All the coupling diod~ 
ue cut ofT and e. falls exponentially with time constant 
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kC If the ,"ohag:e drop across R, is large compa red to 
the: amplitude of the pulse. I and C determine the fall 
time rl _ The number of Inputs is limited by the requ ired 
tr.1nsien t r<.-sponse of th e driving sourcc '" hich sees a 
(",I JI:tci tance of C + (n -1)C •. '" here C. i s the shunt C3-
l'<lot.1OC(' of a diode. . 
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Fig J-ndic mixing circuit (or positive pulses.. 

For dircct-c(lUplcd input. the coupling capacitur and 
tile chll1ping tliode a rc omitted . \rhcn the inputs are a 
lumbination of direct- and capacitive-coupled inputs, it 
IS uesirable 11"1 shun't the clamping diodes willi resistors 
h.I\-in& .1 I,) .... r~istance compared to the back resista nce 
" f ,j d",oe for a silllil.J r reason as that described for the 
inlllhlllllg Input of a coincidence circu it. 

IV, INP UT IMPEDANCE 

rhe equivalent circui t of a driving source and one of 
the mputs uf a ulinciJence cirruit (or positive pulses is 
... 110'.'. n in Fig, 4(a ). '.'. here R, is the internal resistance of 
the e<lui\'alt'nt generator. It is assumed that the capaci. 
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1 ., , ,., I tjulval!! .. t Input cin. uit of a coincid!!1lCe circui t; (b) 
rd .. tiOIl bel .... ~n InpUl volta,!! and current. 

lance of the coupling capacitor C~ is large so that the 
\ hange in voltage across it is negligible durin~ the pulse. 
For the quiescen t state cu rrent;1 is zero. and the poten. 
t ial at point c is E., When 11 pulse is generated by the 
source. both t, and ;1 are increasing, Since point c is 
clamped at E •• II remains constant and it decreases until 
XI i!'i cut ofT, The input resistance R, across points 4 and 

'- -7S-

b can be expr~ed by the function : 

R. - 0 

R. - RI for I· 

which is rt'pr~entcd by the :-hltJl"'> uf the "1",,1.."11 !il'a: 
OA B in Fig. 4 (h) , 

Letting t, swing f m lll E. lu 1-:, the inl'~Jt ft .... i .. t.PJrl' (,11\ 

be represented by all l'''lui\'.dc!11 p, .. i."t;J.Jltl' N. \\ hkh \\ iil 
satii;fy Ihe cont!lllml'" .It the l'ud I",in'''' V and n. '1 1,1' 

equ;\'alcnt resi::.t;"\lh.c R. <.-,111 bc 1\ riU "11 .t~: 

R. -
/~-F. 1:'- 1-. 
--- "" -- - Rio 
f,' F - F.l " 

where R. is 01 functi on of the amplHuJc "i the [.ube, 
Since the clrc.:ui ts arc not .lmplitud l· ~cn~lti\ . ·. ')r1!Y the 
minimum IJuh.c a mplltuue is to oe lVlbiJ(·rctl. I he 
cquivalcJlt input in*lx'(,b,nce is then a par,lllcl ,'<Jl!llun,t· 
tion of R • . uul C. Ilhieh is the c.tp,llit,JIH.:e uf (r} ... l.d 
diode XI. The kick re.,i~l,H1le \If t ht.: tlH~;lt: i~ ll~u,II:)" 
vcr)' large c(JlIlp<1rC<"1 tu k . and ,',111 he flt'~lectl"u .. [ he 
in put impeda nce of .1 mixing ('i rl'llit 1":111 Lc found in a 
simil.u .... a)'. and \1 ill not he rl'pcall'd here. 

\ . • \ rrLlCA TIOXS 

Coincidence circui(!< arc commonly u::.etl for the fill 
lowing applications: 

1. Reshaping of deteriorated pulses produced by the 
variou!l components of electronic digital computers. 

2. Selecting or inh ibiting a cerlain one or group~, of 
pul!'ics from a pul<;e train. 

Fig. 5 illustrates all the functions mentioned above 
The pulse train at inpu t 1 is reshaped by the st.lndard 

".., , 
"'" .... 
1"",,12 + -- t I I I I I 

+ t I I I I \! 
~I.~ ~,jt--i- --:---~--+--~ I I I I I I 

""" . ,...., ... O I I I I I 
1 V I 1 I 1 
I I I I I 
, 1 1 , r 

• h In! n r 
0--1 I I I I I 

~' ... - .-l I I I I 
I, It I ) 14 15 I , 

n,. s-wa.~ form. of a typical coincidenc!! 
c ,rcuil rOf' poailj\"e pul_. 

timing or clock pulses at inpu t 2 and a portion of the 
train is selected by the gate signal at input J. The pul<;e 
at time t, is deleted by the negative inhi bi ting pulse ..It 

input 4. Complete inhibition can be assured if the in 
hibiting pulse envelopes the clock pulse. regard l~ of 
the shape of pulses of the pulse train. T hese operatioll" 
arc accomplished b}' the use of one diode coincidcnce fi r. 
cuit. whereas many dual control-grid tubes and tlll'ir 
assoc iat~ componen ts would be required if vacuum. 
tube circuits are employed. 
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;\iixin.: cirC' ui u, are u!>( .. d primarily for conlbining and 
isolaling Ihe Otltputtl of !>e\'eral hl)urces which may have 
differen t output impcd,Hlco::s. The transient response of 
many vaC'uum tube .. conncct~ in parallel is greatly im
prov" .. d if they arc isolattod by a mixing circuit. 

Since the tliod(' coincidcnce and mixing circuits have 
negligible attenuation, they can be connected in tandem, 
provided that the output of the driving circuit is cap
able of sustaining the current recluired by the input of the 
driven circuit. ThL'SC circuits have been extensively 
used in the EDVAC, an electronic digital computer de
veloped at the ~Ioore School of Electrical Engineering, 
University of Penns}h-ania. In the EDVA C the diode 
coincidence and mixing circuits are designed for pulses 
of 0.3-microsccond duration at repetition rates as high 
as one megaC} clc with rise nnd fall times of O. I micro
second. Tlilse diude d rcu its t:an be designed to operate 
.It pulse rClwtit iOIi ratC's of sewra l IlH'g.lCYcics and hav
ing rise and bIJ times of Ihe order of 0.05 microsecond 
or less. 

Discussion on 
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"Stabilization of Simultaneous Equation Solvers'" 
G. iI. KORl, 

Lotti A. Zadeh:' Dr. Korn':; paper on ':Stabilization or 
Simultaneous Equation Sohers" contains a few errors, 
possibly of a typographical origin, which distort the 
significance of his m.tin result. 

In the first place, equation (3) should read 

L d.l - d,t -- x~ + b. = 0, " [ (n + I)J 
~I .4 

and consequently (8) should be.: written as 

11 + 1 
--I: A, . 
A (p) 

In the second place, Dr. Korn's assertion that the 
real parts or the Xi never ell:ceed unity, provided a,l 
is positive definite and a,.';;; t , is incorrect . Actually. the 
real parts or the X, may be greater than unity, but the 
magnitudes of the X, will certainly be less than n+ 1. 

Finally, in the lltOltcment of Dr. Korn's stabi lity 
criterion (immediately rollowing equation (to», a 
shou ld read lal (magnitude of a), In the corrected form 
the criterion loses much of its simplicity, !'ince in order 
to ascertain whether the computer will be st:tbJe or not, 
it is necessary to vary not only the magnitude of a but 
also its phase. 

A perfectly general and yet aim pie criterion for 
stability of a simultaneous equation soh'cr can easily be 
obtained thr€lugh the use of Nyquist's criterion. Thus, 
we can state that: 

• G. A. Korn, "Stabilization or linluilanf'OUs equation solvers, · 
?oc::. I.R.E .• vol. 37, PI'. 1000-1002; Seplemt.er, 1949. 

'Columbia Unh·trlity. New York. N. Y. 

A system of n equations 

will have a stable solution H, and only if, the I.h.lractt'r
ist icrootsof a,., the Xi, arc such that the points (,,+ I)/'Ai 
arc not enclosed by the NrqUl!>t plot of A (p). 

tn conjunction with the abo\'e criterion it is u .... rlll to 
note that when a,~ is positive definite and fT •• S I. the 
points (n+ 1),1).; are locatcU outside of thl' 111111 ,·ircle 
in the right half of the complex plane. 

Granino A. Koro:! The writer is graterul 10, IIr. L. 
Zadeh of Columbia University for his cr1"lln"l1I of the 
paper on "Stabilization of Simultaneous blllalion 
Solvers. " 

With respec t to Dr. Zadch's first objection. it was 
considered fair enough 10 absorb the "rnixiuJ.: I· ... !>~ 
l / n+1 or the su mming network into the ~.lHl " ., the 
amplifier, so that equations (2) and (3, I'., ' .. t "n
sidercd as correct. Under these c1rcUnbtaIH~'" Illl' redl 
parts of the X, will, indeed, be less than n + I, Ilot one, 
and greater than zero. 

In the statement of the stability crilerion follo\\lIIg 
equation (10) , a should read jaj ( typing error). rhe 
writer has, howc\'er, clearl y staled bela\\. equatiun ( 10) 
that the phase as well as the n1a~nitude of a I1IU,,1 [}e 

varied . Dr. Zadeh's application of .:\yqui~t' !> Hlll'flOIi t~ 
not seU-evident but !'eems to [}e deri\c<! rr'/Ill th l! 
writer's equation (8). 

• Curtiss-Wriiht Corporalion, Columbu •. Ohio. 
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