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ators with tunneldiodes as threshold elements, a minimum comparison
speed of about 6 ns per stage (bit) was reached. This characteristic can
be improved up to one order of magnitude, if necessary, when fast
tunneldiodes are used.

For data handling purposes two-state comparators should be preferred
because of their possible simplicity and speed. A maximum flexibility
in application is given, in addition.

Three state comparators, also by combination of two two-state
comparators, can be used with advantage for regulation purposes as for
instance gain stabilization.
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SUMMARY

Two digital comparators for binary or binary coded decimal inform-
ation have been realized and tested. The comparator stages for all bits
are cascaded and identical, so that they can be used as standard units
in building block systems. The operation time of the 20-bit three-state
transistor comparator is about 90 ns per bit for the slowest comparison.
With a 10-bit window comparator, containing two two-state compar-
ators with tunneldiodes as threshold elements, a minimum comparison
speed of about 6 ns per stage (bit) was reached. This characteristic can
be improved up to one order of magnitude, if necessary, when fast
tunneldiodes are used.

For data handling purposes two-state comparators should be preferred
because of their possible simplicity and speed. A maximum flexibility
in application is given, in addition.

Three state comparators, also by combination of two two-state
comparators, can be used with advantage for regulation purposes as for
instance gain stabilization.
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INTRODUCTION (o)

The analog signals from particle detectors will mostly
be digitized in analoge-to-digital converters. The
further handling of the experiment information will
therefore be done in a digital manner.

In order to attain adequate resolution, many bits will
be required. Especially in multiparameter experiments,
which are of increasing importance , the data words will
be extremely long. AS a consequence, big store capaci-
ties will be required. If such big stores are not
available, one has to look for a compromise between

the desired resolution, experiment time and instru-
mentation capabilities,

It will often happen, that only a smaller part of all
channels (data words) are of real interest. If one could
provide the physicist with a unit, which would permit
the selection of one or more regions of interest, either
the quantity of information or the number of bits per
data word - to be stored -~ could be reduced.

A digital comparator is a unit which enables the selec-
tion of a region of interest. It will discriminate
whether the information has a greater value than a
selected number, or a smaller one. Two comparators
combined to one unit will enable the user to select a
window. In this manner, the quantity of information to
be stored and handled may be reduced to a certain amount.

Comparators can also be used for the integration of
gselected parts of the spectrum. Besides a reduced
quantity of information, one will also get a smaller
number of bits at the cost of a decrease in resolution
for that particular parameter, of which the parts are
selected. In certain cases a uniy with subtracting

(°Y Manuscript received on March 15, 1966
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properties should be used for the selection of a region
of interest.

Maintaining the same resolution with a reduced number
of bits would be the main advantage. To obtain a di-
gital window, an additional comparator would be re-
quired. Particularly for experiments with on-line
analysis, it can be of real advantage - or even a
requirement - to have the disposal of a unit which
allows a reduction of the number of bits per word.

For off-line experiments,on the other hand, a unit
which reduces the quantity of information words to
be stored, may also be useful.

It may be pointed out, that the application of a
digital comparator will not by far be limited to the
above mentioned goals. Besides the use as a selector
of regions of interest, there will be other appli-
cations for data processing.

A digital comparator compares a digital data word
(number X) to a digital programmed word (number A)
and indicates whether the number X is greater than
A, smaller than A, or equals A.

Generally, all available data words are compared with
one programmed word during one data handling cycle.
In some applications it may occur that one data word
is compared to several programmed words.

In most cases, the number of stages of the comparator
will at least be equal to the number of bits of the
programmed word.

The comparison is effectuated as follows:

Each comparator stage compares the corresponding
bits of A and X. Some stages detect equality of the
applied bits, the other indicate unequality. The



conclusion of the comparison must be prescribed by
the stage of highest significance of all stages de-
tecting uneouality.

Two- and three-state comparators have been realized
for the comparison of digitized data.

A three-state comparator (1,2,4,5,6) is able to iden-
tify separately if a data word (X) is greater, equal
or smaller than a programmed word (4).

In a two-state comparator (3,7), two of the three
possible states are combined to one state and X > A
or X< A, X<AorX>A4, X #4Aor X = A, can be
identified. A unit with the latter mentioned property
is known as an equality detector and is normally very
simple in lay-out.

In most of the known comparators, the comparison pro-
cess begins with a separate comparison of bits with

the same significance. Concerning the detailed com-
parison procedure, i.e. in principle how to find out

the most significant bit for which unequality is given
and the way to elaborate the result, different solutions
have been described (1 - 6).

In general a comparator should allow a symmetrical access
of digital numbers to be compared. Special comparatgr
types, in which the programmed word can be controlled
only manually by means of mechanical switches or

relays, are better characterized as digital thresholds
(1,3). They are not very flexible in application, but

can be very simple in lay-out.

In nuclear experiments, comparators have been used by
different people, to reduce single parameters in
multiparametric analysis to one data word (channel)
with the aid of a digital window (1,2,3). The width
and the location of the window in the parsmeter region
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is fixed by the programmed words of two single com-
parators. '

For the planned applications, which are more general,
comparators should allow a high degree of flexibility.
Needing only one comparator stage per data word bit
seems to be the most suitable solution. The comparator
stages are then identical for all bits, so that they
can be used as standard units in a building block system.
An improved version of such a proposal (6), which is a
three-state comparator allowing automatic programming,
if needed, has been realized by us and will be desribed.
Another solution (7), a two-state comparator for which
the same concept was applied, but simpler in lay-out
and allowing greater processing speed,has been deve-
loped in addition. It is this latter type of comparator
which meets our demands in the best way.

REALIZED_COMPARATORS

Both realized comparators - a three-state comparator
with transistors and a window comparator, consisting
of two identical twh-state comparators with tunnel-
diodes -~ comprise n similar cascaded stages (Pig. 1).
The number of stages n is not limited for circuitry
reasons; both the required quantity of components and
comparison time are roughly proportional to the number
of bits (m).

The following description is related to Fig. 1.

Bach stage compares a bit of the dai'a word (X) with

the corresponding bit of the prograumed word (A). Both
words are supposed to be binary or binary decimal coded.
The comparison result of one stage is determined either
by the information delivered from the preceding stage,
or by the configuration of the two applied bits.

The symbols X5y 8y and 4 respresent the configuration

of the nyn=th bit of the two compared words and of the




ngn=th comparator stage; x, and a  represent the most

significant, x_ and a, the least significant bits of

X and A.

o

The result of the comparison of A and X may be available
at the output of that comparator stage, corresponding
either to the most or to the least significant bit

(Cn or Co). The latter is possible, if the most sig-
nificant comparator stage detecting unequality will
impose its result to all comparing units between that
deciding stage and the output.

If the comparator output is at the most significant
stage, the flow of decisive information will be from
less significant stages to the most significant one
(L.M. mode). The deciding comparator stage imposes then
its result to more significant comparator stages, which
all must have detected equality.

If the output of the comparator is at the least signi-
ficant comparator stage, the flow of deciding infor-
mation will go from a more significant to the least
significant stage (M.L. mode). In this case the de-
ciding comparator stage must impose its result to less
significant comparator stages, which may have detected
themselves unequality of both signsor equality.

In case both words A and X are equal, the single com-
parator stages do not influence each other; every stage
produces an equality signal.

If all possible data words have the same probability of
ooccurrence, the more significant comparator bits take
the decision in the great majority of the comparisons
(nearly 97 % of all decisions are taken by the 5 most
significant bits out of 10). If the comparison process
of a next data word would be started immediately after
the result of the preceding comparison is available,

the integral comparison time needed for a defined amount
of data words will therefore be smaller for an L.M. mode
than for an M.L. mode comparator. Both comparator types
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will need about the same time, if the comparisons are

initiated by clock pulses, because the fastest allowed
repetitior rate is given by the comvarison needing the
iongest time to be effectusted.

The functional analysis of a comparator can be reduced
to the examination of two consecutive stages R and 8 (Pig.2).

The signal R, ., 1s the comparison result of the stage R,

provided that the stage preceding it does not influence

out = 0). The symbols IR, XB and
AR’ AS represent the information delivered by two conse-

the comparison of R(Q

cutive bits of the Aata word (X) and the programmed word
(A). The comparison result of the two examined stages,

Sout’
signals delivered to the stage 8 (R

is determined by the analog sum of the three input
out’ xS and AS)'
According to the significance of the stage R, either the
unequality signal Rout eiminates the influence of any
configuration of Xg and Ag (M.L. mode), or R . is
eliminated by an unequality signal produced by XS and AS
(L.M. mode). As either unequality decision (X > A or

X < A) can be caused by different combinations of the
three input simnals, their analog sum can reach different
values, but the output signal must attain always a dis-
crete level for the same decision. This can be realized
by the introduction of a threshold device, delivering the
required output level, if the sum of the input signals

is greater than the threshold. The weight of the three
input signals Rout’ AS and XS must be chosen in such a
way that for either unequality between A and X, their sum

has the right value in relation to the threshold.

A three-state comparator stage needs two opposite thres-
holds. If neither threshold is reached, the comparator
indicates equality of A and X.

A two-state comparing unit has cnly one threshold. The
equelity case and one of the unequality cases postulate
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a drivirg signal smaller than the threshold, whereas
for the opposite unequality case the sum of innut
signals must be greater than the threshold.

A three-state comparator can be realized also by
an adeoquate combination of two two-state comparators.

Three-state Vomnarator with transistors

- A - — — o ———— o T e o - — v — G — ——— —— — " ——— —

General descrlotlon

A three-state comparator has been built as a general
study for the comparison of binary or binary coded-
decimal information with up to 20 bit word length.
Al]l comparator stages are equal and contain two
transistors as main elements. The realized comparator
is identical in principle to a circuit given

ty  others (8) hut it requires only two supply
voltages (+ 6 V), which are in use as standard vol-
tages for digital electronic equipment in our
laboratories.

The required input signals and the delivered output
signals are of the same "level"-type: a binary "one"
"" = 4+ 5V and a binary "zero", "O" = 0 V,

A data word (X) to be compared with the programmed
word (A) is stored via read-in gates in a 20 bit
binary register (Pig. 3). A buffer stage is used
between the register and the comparator, allowing
a greater fan-out for the connection of different

comparators.

The programmed word can be controlled manually by
means of twenty toggle switches, which allow to
connect the "A" inputs of the comparator stages to

a voltage of O Volts or - 4,3 Voltsyrespectively.

The voltage of - 4,3 Volt is derived from the standard
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pcwer supply voltage of ~ 6 Volts with zener diodes.

On the circuit cards of the comparator, space was
orovided for an A- register and a2 suitable couvling
stage, to allow an electronic control of the pro-
grammed word.

The three different comparison results X > A, X = A,
X < A ere available at seperate outputsj for instan-
ce for "X > A", the voltage at the "X > A" output is:

US ~+ 5V and US = O at the other outputs.

The course of a comparison process can be explained
with Fig., 3. Arn incoming clock pulse will first reset
the X-regicster via an input logic urit. Then the
X-word to be compared which is available at "read-in",
is stored into the X-register via read-in gates

with a "set" pulse. The "set" pulse has a fixed delay
with respect to the '"reset". After setting, the com-
parison begins and its result will be available for
the realized comovarator at the output of the least
significant comparator stage (M.L. mode). The time
necessary for a comrarison depends on the words to

be compared and on their number of bits. The maximum
vossible comparison time determines the delay between
the clock pulse and a strobe pulse, which will sense
the output logic unit in such a way, that the state of
tBBleast significant comparator stage is directed

to the approoriate output. In sddition the strobe
pulse initiates a read out command. The time inter-
vals, necessary for "reset", set, comparisen and

read out" determire the maximum clock pulse rate,
which was about 500 kc/s for the realized comparator.

In the single comparator stages which are described
more in detail in the following chapter, a phase in-
version of signals occurs, caused by transistors in
emitter-grounded configurat®on. This was taken into
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account by using the complements of the corresponding
bitis for the comparison in the even numbered stages.

—— s e it i B e e e M e e e e s e e i D e s e et g B - s . - ——

The lay-out of one stage (3) preceded and followed
by identical stages (R and T) is shown in Pig. 4.
The stage R is connected to a more significant bit

H

of the words to be compared (R Ci,q) and T to a
less significant bit than 8 (T = G, ,). The comparison
result is available at the comparator stage be-

longing to the least significant bit (M.L. mode).

The three states of the compsrator stage representing
the different possible results - X > A, X = A,

X « A - are realized by using two complementary
transistors as a differential switch.

For an unequality between X and A, either transistor
must be switched on, while the other one is in the
cut-off state. In the given circuit and for X > 4,
the input signal SIN must exceed a positive thres-
hold voltage, S > U to switch on the n-p-n

I TH?
trensistor (T,). The corresvonding output signal

(s
out
inversion in the transistors which sre used in emit-

) is of negative polarity, because of the phase

ter-grourded configuration. For X < A, SIN has to
overcome a negative threshold voltage,lSIN1> - UTH’

to switch on T2 and SO will be positive. For

ut
equality between X and A, both transistors will be
in the cut-off state, | Sy| < # Upge The output

signal of the unloaded stage will be zero, because

of the symmetrical lay-out of the circuit.

The given conditions for the input signal of the
stage S must be satisfied by the analog sum of the
three input signals XS’ AS and Rout’ which may be
defined as follows:
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Xg = Uyg, if the nyn=th s g (x;) of the data word is

in the "1" state; st is a positive voltage, equal
for all comparator stages and it may be written:
Xg =+ 1 (fg=0) for x;, = "", Xg = 0 (Xg = + 1)
for x, = 0,

- ~th
AS = UAB’ if the "i" bit of the programmed word
(ai\ is in the "1" state and a negative signal will
be delivered to the comparator stage 8. UAS is a
negative voltage and it follows: Ag = - 1 (IS = Q)

L . - = - =

for a; = "M"; Ay = 0 (Kg 1) for a; = O.
The signal Rout'which is delivered by the preceding
stage R,represents the comparison result of the more
significant stages. If also here unity signals are
taken for an easier explanation, R
signal for X > A, i.e. R
X < A and Rou

out 15 & positive

=+ 1; R - -1 if

out out

o = 0y if X = Ao

If the necessary vredominant influence of R on

the comparison result, for R_ . A0, is takggtinto
consideration, one may write for the analog sum of
input signals, which should determine SIN :

SIN = Z.Rout + Xs + AS 1
Rout’ XS and AS are unity signals as stated before
and % is a factor, Z > 14,

In table I, the possible comparison conditions for
the stage S are given. Two most critical conditions
for a correct operation of the comparator can be

defined with the resuvults for SIN in table I.

- The predominance conditionj; if the result of the
preceding stages (Rout) is opposite with respect

to the result of the stage S itself, Rout must

have the greatest weilght in order to determine the
state of the stage S; for (X > A)R and Xg < As or

(X < A)R and X, > A, table I indicates, Sy = Z-1.

S S’ IN
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- The indevendence condition; if R . = O and Xq £ Ag,
the signal Xs respectively AS must not be influenced
by the zero signal level delivered from the prece-
ding stage R to the input of S, XS or AS have to
determine the state of the stage S.

For the lay-out of a comparator stage, the quantita-
tive behaviour of a transistor as threshold device
must be taken into account. In case of an unequality
decision, the threshold voltage UTH must not only
be exceeded; the transistor which is to be saturated
will also drew a current Ib because of its limited
current gain (8). The current, which is necessary to
bring the transistor into the "on" state, wlill be:

Ibmin =~ UBB/Q.RC and the cocrresponding overdrive

factor is K = Ib/I « Por reliable operation and

bmin
sufficient speed of resronse, a minimum overdrive
factorm Kmin > 1 should be assured ard the minimum r
of the used transistors has to be taken into account.
However, the overdrive factor K will also influence
the minimum time interval bhetween two comparisons in
another wav. The greater K/°o, the greater will be the
base-emitter junction charge to be discharged in case
of a change in the comparison state of a stage i.e.
the minimum distance batween two different comparisons

increases with increassing K/r.

The maximum overdrive factor Km will occur, if the

same wnequality for ccrsecutive bits is given. ‘SINI' Z+1
and the sreatest value of Km will depend on the maximum
current gain of the used transistors. The smallest pos-
sible value of the ratio Km/Kmin for this circuit can

be found by calculations. (K /K ~ 5 for Ry/R_ > 045).

min
This optimum value of the ratio guarantees a maximum
speed of response.
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The smallest value of K is given for the before men-
tioned most critical comparison conditions. For the
predominance condition one obtains:

K o |2 (m+1) e 8+ 2c¢ (2)
1" " *lm (1 + m) n
R Uz, Ys
with m ; n B R o= S 3
™ Y =2 =5 3 a = = -
R Re Uss Usz
U
TH
sand ¢ = T
BB
and for the independence condition it is found:
L -2¢ 2c¢ .
Ky = 7. [ n "1+ nm ] ¢ 3
K1 and K2 have a minimum for 8 = fmin ®

8 and ¢ of equations (2) and (3) are determined by

the supply voltege conditions. & is smaller then one,
because buffer stages are used between the register

and the comparator. Best driving conditions can be
achieved with K1 = K2 = K. An overdrive factor of

Kmin = 2 seems to be necessary for a relisble operation.
The maximum allowed value of ¢ can be calculated in
function of m with K/ as parameter. (Fig, 5). As shown,
the maximum value of ¢ that can be tolerated depends
only to a limited extent on 8 for which a minimum

value, guaranteed by the transistor manufacturers, must
be considered. The values of m and n should be kept

83 small as possible, in order to obtain high operation
speed. The best values for m with E/p = 0,1 are

0,5 < m < 2 for which ¢ varies between 0,08 and

max
0,095. The corresponding values of n can be calculated
with equation (4), which follows from (2) and (3)
(Fig. 6%

n=2%4. 1+ m

J

(4)

|

1 -
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For the used silicon transistors and the standard
power supplies (UBB = + 6V) a value of € smaller
then ¢ max® was realized by using as threshold vol-
tage the difference between the base-emitter
saturation voltage and the diffusion voltage of
biased germanium diodes in the emitters of the tran-

gsistor pairs.

Por a comparator, designed for operation in L.M. mode,
€ can be greater,as shown in Fig. 7. The best values
for m are: 1 <m ¢ 3 with 0,14 < ¢ < 0,15, B = 20

and K = 2. The corresponding values for n are given in
Pig. 8.

A greater value of ¢ admits either smaller supply

max
voltages - of interest for the realization of a com-
parator with integrated circuits - or greater threshold

voltages UTH'

The collector current of the saturated transistor can
be chosen in a way to obtain maximum switching speed.
The collector resistor is then fixed for a given supply
voltage (R, ¥ BB/I,) and Ry and Ry are determined

by the factors n and m.

D

With the chosen circuit lay-out (Fig. 4) it was not
necessary to select transistors. Reliable operation,
also for the critical comparison conditions, was
reached within a great temperature range because the
threshold voltages of the comparator steges are lar-
gely independent on temperature. This is due to the
mutual compensation of the temperature coefficients

of the transistor base-emitter voltage and the diffusion
voltage of the blasing diode. |

A window compgrator comprising two two-state compara-
tors with tunneldiodes.

The realized window-comparator consists of two identical
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two-state comparators of ten stages each.

The data word (X) and both progrsmmed words (Al and
Aa) are stored in 10-bit binary registers.

If the window boundaries should be controlled only
manually, the A-registers can be replaced by Ttum-

blers representing the two signal levels corres-

ponding to the states of a binary bit.

Both two-state comparators will test whether X > Al
(resp. 12) or X < A, (resp. Az). The lower (resp.
upper) limit of the window is represented by Al
(resp. L2). The decisions of these comparators are
fed to a logic unit, which will deliver a signal at
only one of the three outputs, labelled "X > 12",
"Al <X < LZ" and "X < Ll".

All the required input signals and the delivered out-
put signals are of the same "level"-type :

"I" & + 5 Volt; "O" o O Volt and the used power
supplies are in accordance with the ESONE rules

( +6 Volts and -6 Volts).

The time needed for merely the evaluation of one

10-bit data word is smgaller than 60 nanoseconds. The
maximum comparison rate for the realirzed unit is limited
to 5. 106 words per second, because some additional

time will be required for other purposes, as for
instance the read-in of data.

Phe block diagram of the realized window-comparator
is shown in Pig. 9. The time diagram for the different
signals during one comparison cycle is represented

in Pig. 10. The following description is related to
both figures.

An incoming clock signal will initiate a comparison
cycle. First of all the clock input gate will be
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closed and the "busy"-signal sppears at its output
(Sq); at the same time the registers, both comparators
and the three output binaries (Bl, B, and B3) will

be reset. After a time Tl the numbers X, Ll and A2

are read-in into the appropriate registers by means

of a common set-pulse. After (T1 + Ta) the reset
signal to both comparators will be removed, i.e. the
actuzl comparison is started. Within 60 ns a com-
parison result will be available, preparing only

one of the three output snd-gates (Gl, G2 or G3)°

Then the strobe pulse pacssing the nrevared and-gate
will set the approprriate output binary (Bl, B2 or

Ba\. The clock input gate will be opened again and

the "busy-free" level will turn to "free". Until the
next clock signal is given, the window-comparator
conclusion (i.e. either X > Ajyor Ay <« X < A, or

X < A)) will remsin available at the corresponding
output (either 8

19 82 or 85).

The circuit of a two-state comparator stage with a
tunneldiode as threshold element is shown in Fig. 11.
According to the bistable behaviour of a tunneldiode,
the reset position can be characterized with a
binary value "O", for which the low voltage state
should be prefered in our case. Thus "reset" = binary
"O", means UTD < Upeak and "set" = binary "1",

. Because of the low resistivity

valley
of the tunneldiode, it may be characterized as a

means UTD > T

current sensitive element. In order to set the tun--
neldiode, a current ITD > IPeak nust be aveilable.
Once in the "set"-position, a stage may be forced
to deliver current to its neighbouring stages, if
these are in the reset state. In order to avoid that
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a set stage will return under such cornditions to
the low voltage state, due to a lack of current, a
bias current In > Iv is supplied to each stage.

As it can be seen from the circuit diagram (Fig. 11),
the current through the tunnel diode will be deter-
mined by the three possible input signals, i.e. on
one hand xs and AS from the corresponding X- and A-
bits and on the other the signal Rout’ delivered by
the preceding stage (R). The significance of these
three signals must be determined in accordance to
the working principle of the comparator. If the
stage S detects unequality, it will be set (Sout
for Xs > AS; for Xs < AS the stage will remain in
the reset position (Sout = "0"), Bout has the wvalue
"1" only for X > A, because the resalized comparator
is of the "X > A" type. According to the L.M.-mode
of operation of this comparator, a signal from the
preceding less significant stage (Rout) may only
contribute to the comparison result of the stage 8,
if the stage S detects equality.

- n1n)

Summarizing the above mentioned conditions :

For XS > As : Bout must be "1", independent of Rout‘
. " " :

For XS < AS : Sout must be ®"O", independent of Rout'

For XS = AS : sout can be determined by R

out*

With table II it is shown that the given comparison
conditions can be fulfilled if the X-bit and the
complement of the A-bit (K) are fed to the two bit-
inputs of each stage.(For an "X < A" type comparator,
X and A should have been appliedJ) This necessity
follows from the fact that a comparison is equivalent
to a simplified subtraction. It is to be performed,
for an X > A comparator, by adding to the minuend (X)
the complement of the subtrahend (X) and the eventual

carry pulse from a preceding less significent stage
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(Rout). The sum will be greater "1", i.e. a carry
signal (Sout = "1") is produced, only if at least
two of the three possible signals are present. The

sum itself is neglected.

The glven conditions for dlgital signals must be

transformed into analog input currents for the tunnel

diode. With the symbols in Fig. 11 one may write:
InUX- 1.;‘-- I .;2.

b} ’

X Rg A B Rout S

Uo is the mean voltage difference between a set snd
a reset tunnel diode. The signsls should be chosen
equal to allow maximum tolerances for the elements
of the comparator, i.e., Ix - IL - IBout - I, (6)

The already mentioned biasing current Iy (IH > IV)
and the signal current IS can be determined in re-
lation to the peak current (IP) of the tunnel diode.
The tunnel diode must not be set if one input current
is delivered, i.e.:
IH + Is < Ip; (7)

on the other hand, the tunnel diode must be set if
at least two signals IS are present, i.e.:

Iy +2 Ig> I, (8)
In order to allow maximum tolerances for IS snd I
one should select the maximum no-trigger signal
(IM + IS) and the minimum trigger signal (IH + 2 IS)
symmetrical to the pesk current. It therefore follows
from equations (7) and (8):

Ip - (IM + IS) = (IH + 2 Is) - Ip

S

P’

or
Ig = § (1) - 1, (9
For the selected tunnel diode (AEY 11, I, = 5md % 5%)
a minimum value of six is guaranteed for the quotient
of the pesk- and valley currents. If one chooses for
safety reasons IH = 1,5 IV’ it follows for IH with
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Iy = I/6,

Iy = I/4 - (10)
and for Iy wita (9) and (10)

Ig = Ip/a (11)
For the used tunnel diode one finds: lM = 1.25 mA,
IS = 205 on

A reset current IRES is required, before a new com-
parison can begin. 'fnis current must be greater than
tne maximum possivie tunnel diode current, i.e.:

- IRES > 2 IS + IM = 5/4 Ip (12) 5

For safety reasons it was chosen, - Ipps = 1.5 Ip

8)
BB/RR

Tolerance consiuerations of the circuit lay-out

G S - ) e e (e, Gt i ke i P e W - — T —— Y — T T W T — T —_ e — e i S — e g

The allowed tolerances for the signals of a comparator
stage and its elements follow from the critical com-
parison conditions mentioned above and were analyzed
for a stage S.

For a maximum no-trigger signal, (IM + IS), the tunnel-
diode should remain in the reset state. Such con-
ditions are given for the stage S if: XS < AS’

XR > AR and the stage preceding R also in the set
position. The signal IRout = IS delivered to the stage
S, will have its maximum value for a maximum Uo of

the stage R because of element tolerances. Worst

case conditions may occur if in addition, the peak
current of the tunneldiode in the stage S will be

lower than its mean value.

A minimum trigger signal (IM + 2IS) to set the stage
S, is given for XS = AS, XR > AR and the stage
preceding R in the low voltage state. Then the set
stage R must deliver to its preceding and to its fol-
lowing stage (S) a signal Ig which will be lower than
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the mean value hecauce of the losd condition of R.
Worst case conditions may bte given if the vesk cur-
rent of the tunneldiode in stage S is higher than
valley of the stage R has its
minimum value Dbecaunse of element tolerances.

its mean value and U

If the set stage 8 (XS > AS) has to deliver two
sienals Is to its neighbouring <tages R and T

(XR < Ap, Xp = AT) the tunneldiode of stage S could
be reset because of overload if IM is smaller than
IV‘
necessary to switch a tunneldiode to the high vol-
tage state is shorter than the switching time for

Howeverythis is improbsble because the time

the inverse direction. As soon as the tunneldiode of
T has reached the high voltage state, the stage S has
to deliver only one signal IS.
The tolerances of the nsed elements are:

2 1

I =5mh +5%:1 . P <« -2, %0ec
P - I ot
r
Un = 470 oV + 10 %; 2 UF < - 2 nV/°C
&t
(UF = tunneldiode forward voltage for ITD = In)'

The resistance %olerances are given with + 5 %, nnd
variztions of the "set™ voltage Uo were smaller than
+ 15 % for the possible load conditions of a stage.

Calculations have shown, that for a supply voltage
variation of + 1 % and ar ambient temperature between
+ 10 °C 3nd + 40 °C, the safety distances of the
signals from Ipeak’ 25 % under ideal conditions, are
reduced to 6 % of Ip.

Measurements ard tests

For both comparators the security margins of the
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discussed worst cese compvarison conditions and the
mavimum comparison time were measured. An integral
overation test controlling the faultless working

of both comparators for temperature and supply vol-
tage variations, was carried out by determining

the maximum comparison rate. The maximum clock rate
will be lower to a2 certain extent because of the
limited speed of the associated electronic circuitry
for logic operations.

3«1. The three-state transistor comparator

To control the critical comparisons, the minimum
overdrive factors for the predominance and the in-
dependence comparison conditions (Kl, Ia) were
determined by measuring the corresponding base cur-
rents in all comparator stages. The lowest values
of K/p which were found are:

K I K I
1 B1 ~ 2 B2 ~
=TT 0,15 ;<= = 7= 7 0,13
c c
i.e. for the minimum current gain, # min = 20, it
follows:
Kimin =3 erd Eypyp = 265

The maximum overdrive factor (Km), which occurs when
two consecutive stages have detected the same un-
equality, can also be determined from the maximum
measurable base current,

En = Tom ¥ 0,66
a I
c
it.e. for Bnax = 100, Kmax = 66,

The meximum time necessary for a comparison will be
measured when all heavily saturated transistors are
driven into cut-off, i.e., the same unequality decision
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being detected on all stages, and the next decision
gives equality of all compared words. The time
interval from the begin of such a comparison (X = A)
ur to the moment at which the result is available

at the comparator output was 1,8 uys, i.e. about

90 ns per stage.

On both two-state comparators of the window compa-
rator, the same tests were performed separately.

For the criticel comparison conditions, mentioned
under 2.3.3., the minimum Adifferences between the
tunneldiode current (ITD) end the tunneldiode peak
current were measured for all steges.

The security margin of ITD’ which avoids a forbid-
den setting of a tunneldiode, was found to be
<IP—ITD>min= 6 % of Ip. The minimum excess current

to set a tunneldiode was found to be (ITD-IP) =7 %

of IP'

A too important undershoot of the reset pulse could

min

have introduced an erratic setting of a stage. For
the realized comparator, the undershoot was not

greater than 3 % of Ipeak'
operatior also under worst case conditions could be

Therefore a correct

assured.

The maximum time needed for a comparison can be
measured if the decision of the least significant
tunneldiode has to be transmitted to the output,
because all more significant stages detect equality
of the applied bits. The time elapsed from the begin
of such a comparison up to the moment the result

was available at the most significant stage output,
is about 60 ns; i.e., about 6 ns per stage.
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Both comparators were tested under identical
operational conditions. An enual vnrobability for
8ll possible data words in one test interval was
reali~ed by using the data word register as =a
scaler (Fig. 12), i.e. in one scaler cycle all data
words (O—Zn_l) occured only once. For a complete
test of the comparators, 2n test cycles would have
been necessary to compare all possible programmed
words with all data words. However,the manually con-
trolled programmed words were set in such a way
that the correct operation of the critical compa-
rison conditions of each comparator stage could be
checked in n+l tests.

Bpecial care was taken to measure only during com-
plete scaler cyclesqyand with an auxiliary scaler,
the number of cycles in one test interval could be
fixed.

Por temperatures between 20 and 45°C and power sup-
ply variations of + 1 %, the maximum comparison
rate. for which the comparator still delivered
faultless results was measured. The minimum inter-
val between two consecutive comparisons is given

by the sum of the maximum comparison time and the
time needed for the detection of the comparison
result. The number of the "X > A" results per scaler
cycle is given by the programmed word.

The threshold of the discriminator for the detection
of the"X > A"results (Fig. 12) was set at 80 % of
the "X > A" level. This allowed the detection of

the amplitude loss of the critical "X > A" com-
parison results, due to a too rapid sequence of
comparisons.
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The minimum intervael between two comparisons, within
the faultless oreration range, was measured with

1,9 us for the trarsistor comparator and 100 ns for
the tunneldiode solution. It was practically indepen-
dent on the above indicated temperature and power
supvly variations. The transition from the faultless
into the faulty operation region was sharp, in the
order of one or several percents of the maximum
comparison rate for the transistor or the tunnel-
diode cgmparator,respectively. The measuring accuracy
was 107",

Conclusions

The identical lay-out of all stages for the realized
comparators, allowing their application as flexible
units in a building block system, has been proven

as a very useful feature.

For data processinz applications, where mostly digital
thresholds are needed, two-state comparateors are

to be prefered to three-state comparstors. A two-
state commarison can be characterized as a mors fun-
damental logic operation and therefore two-state com-
parators are in general more flexible in application
and in addition simpler in lay-out. Por three-state
comparisons an adequate combination of two two-state
comparators can be used without appreciable additional
element needs. Three-state comparators are neces-
sary for regulation purposes, as for instance the
stabilization of gain by using digital references .

The realizel two~state comparator uses slow tunnel-
diodes as threshold elements. Faster tunneldiodes
would allow an increase in operation speed up to

an order of magnitudey,if necessary.

A disadvantage of the tunneldiodes as main comparator
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elements is their bistable character. Short un-
desired signal transients, like the undershoot
of the reset signal, have to be kept small.

If great operation speed is not needed, a transistor
can be used as threshold element also for a two-
state comparator. The circuit lay-out of one stage
and the quantitative design considerations are

given in Fig. 13 and Pig. 14,respectively.
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COMPARISON RESULT COMPARISON RESULT
OF STAGE “R" AND OF STAGE “S" AND
PRECEDING STAGES  Royr| Xs Ag Sin Sour PRECEDING STAGES
0 0 0 0 0 X = A
0 0 -1 -1 +! X< A
X=4 S o |4 0 | +1 | -1 X> A
L 0 + -1 0 0 X = A
(41 0 0 | +2 | a1
+] 0 -1 +Z-1 -1
X>4 9w e | 0 fezer | a2 § XA
[+ +] -1 +Z -1
(-1 0 o | -z | #
-1 0 -1 -Z-1 +]
X <A ﬁ -1 +] 0 ~Z+] +! ¢ <A
L -7 +] -1 -Z +]

Table I Three— state comparator in M.L. mode .
Possible comparison conditions of the stage “S°’

COMPARISON RESULT COMPARISON RESULT
OF STAGE "R"AND - OF STAGE “S" AND
PRECEDING STAGES Rour Xs As Ag Sum So PRECEDING STAGES
(CARRY)
0 0 0 ! ! 0 X A
0 0 ! 0 0 0 XA
A N

XS 0 ! 0 ) 0 ! X>A

0 1 ! 0 ! 0 XgA

! 0 0 1 0 1 X>A

! 0 1 0 1 0 XA

X>A 1 1| oo | 1 1 1 X>A

! ! ! 0 0 ! X>A

Table IT Two-state comparator in LM. mode .

Possible comparison

conditions of the stage 'S'.










	Table of contents
	1. INTRODUCTION
	1.1. Some needs for a digital comparator in nuclear physics
	1.2. Basic function and way of operation of the digital comparator
	1.3· Some general aspects of digital comparators

	2. REALIZED COMPARATORS
	2.1. Introductory considerations
	2.2. A three-state comparator with transistors
	2.3. A window comparator comprising two two-state comparators with tunneldiodes

	3. MEASUREMENTS AND TESTS
	3.1. The three-state comparator with transistors
	3.2. The two-state comparator with tunneldiodes
	3.3. Integral operation test

	4. CONCLUSIONS
	ACKNOWLEDGMENTS

